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by PAUL WEIDLINGER

"The use of aluminum has incredibly changed since

it was a rare metal on a par with gold. Now that

structures including bridges are built with it, and

aluminum airplanes are a prime source of instruc-

tion to the building industry, aluminum is a subject

for careful engineering.

"Volume II of Aluminum in Modern Architec-

ture is edited by Paul Weidlinger, one of that small

group of truly creative building engineers in the

U. S. that is endowed with esthetic insight as well

as engineering skill.

"The part that is likely to get most attention

first is the part on joints and connections. 'At

present there are no generally accepted standard-

ized connections in structural aluminum. Thus de-

sign is time consuming compared to conventional

materials.' The book goes a long way toward sup-

plying a full complement of these time conserving

nG6ds.

"Yet the more readers penetrate from the back

to the front of the book the better. For this is a

rare kind of engineering book for the building in-

dustry to have. It treats the building field to the

kind of rounded knowledge which industries like

aviation habitually expect, but building rarely gets.

The book deals with everything pertaining to alu-

minum; its mining, its processing, its fabrication,

its qualities under different conditions of use, and

the various classification systems like the classi-

fication of alloys.

"The publication of this volume is in fact a mark

of the gradual maturing of the building industry as

a modern industry, and the maturing also of

corporate procedures among our big primary

producers. The Reynolds Metals Company, a

company that had its origin in fabrication rather

than production, here tests a modern thesis. Lead-

ership can be achieved by a corporation which

masters communication. Moreover the furnishing

continued on back flap
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TO THE BUILDING INDUSTRY:

Volume II is an engineering reference book, companion to Aluminum in Modern

Architecture, Volume I.

This hook was especially prepared by one of America's outstanding engineers, Paul

Weidlinger. Retjnolds Metals Company feels fortunate to have his experienced services in

preparing an authoritative work on this modern metal.

The scope of the book, the most comprehensive ever published on this subject, can be appre-

ciated from the contents page. From development and theory to application and specification,

with over twelve hundred illustrations, this volume should provide the answers for working
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PREFACE

This volume is intended as a treatise on architec-

tural engineering, directed to a specific building

material: Aluminum. It appears logical to demon-

strate contemporary design concepts and methods

on this material which itself is the result of up-to-

date technological processes.

Up to the present time, contributions and publi-

cations on the application of aluminum have come

exclusively from scientists and engineers directly or

indirectly connected with the development, research

or production of this material. The writing of this

book has become possible because practical, tech-

nical and production problems concerning alumi-

num alloys are largely solved, standardized products

of guaranteed quality are available, and the physical

and mechanical characteristics of the material and

its behavior under various conditions have been

well explored.

As a matter of fact, its importance to the aircraft

industry has resulted in a greater quantity of

theoretical and empirical data than are available

for many traditional building materials. Aluminum

as a full-fledged building material has long since

left the experimental stage and has passed on safely

to the hands of those whose perception and interest

lies in applications to building design and con-

struction.

It is generally recognized that contemporary

approach puts the greatest emphasis on the fullest

use and expression of the pertinent characteristics

of building materials. On the other hand, it is still

customary to compare materials in terms of iso-

lated technical and economical advantages or

drawbacks. One of the aims of this volume is to

demonstrate that such comparisons are pernicious:

there are, in reality, no unsuitable materials

—

only

unsuitable applications. Similarly, drawbacks usu-

ally do not pertain to specific types of building

materials but rather to those architects or engineers

who are unfamiliar with the essential characteristics

of the material itself and how to use it effectively.

The history of building gives many instances of

disappointing results when new materials were

used in accordance with methods applicable to

unrelated traditional materials. To help avoid

such needless mistakes in the use of aluminum

alloys is one of the main purposes of this book. The

aim is to make a positive contribution not only to

contemporary architecture and engineering, but

also to the aluminum industry itself. If mistakes in

application can be avoided, it will have beneficial

effects far outweighing any momentary advantages

which an increased but indiscriminate use of alumi-

num alloys may represent.

The essential physical and mechanical properties

of aluminum alloys are similar in magnitude to

those of ferrous metals. On the other hand, the

ratio of material to labor cost is substantially

different. As a very rough approximation, this

ratio for steel structures is about 1 to 2, while

it will average 2 to 1 for aluminum structures. The

implications on building economics are very impor-

tant and quite clear: In aluminum it is usually

preferable to save on the material even at added

labor cost, while for more conventional materials

the reverse is true in most instances.

The effect of this can be studied by comparing

examples of American and foreign buildings and

structures: the greater slenderness and lightness of

many foreign structures are not so much the result

of better design but rather the end product of the

high material-to-labor cost ratio. A similar effect



exists where properly designed aluminum buildings

and structures are compared to ones constructed

from conventional materials.

The impact of these effects on the design methods

to be used and on the resulting architectural ex-

pression is of vital importance. In practical terms,

this means that the engineer working with alumi-

num alloys must take full advantage of advanced

design methods to obtain maximum efficiency in

use of the material. Special attention and refine-

ment of both design and execution always contrib-

ute to the quality of the building but these become

fully justified economically when using aluminum

alloys.

To facilitate this work, this book aims to supply

sufficient theoretical information to acquaint en-

gineers and architects with the physical, mechan-

ical and fabricating characteristics of the material

pertinent to its application in the building industry.

This general background information is covered in

the first five chapters. It should be noted that the

data presented here are available in a more exten-

sive and different form of presentation in a great

number of books, bulletins and brochures concerned

with various aspects of aluminum and its alloys.

These scattered references are consolidated in

these chapters and organized in a form specifically

directed to the architect and engineer.

Information of a theoretical nature has been

excluded together with certain data of primary

concern to those involved in the production or

purchase of the material. On the other hand, it was

felt desirable to include in a few instances some

information which ordinarily would not be con-

sidered necessary in a book of this type, such as

historical facts, economic data and some detail of

the production techniques and manufacturing

processes.

In Chapter 4, various types of joints and connec-

tions are discussed. These are common for many

phases of design and are of importance not only in

structural applications, but also in most architec-

tural details and in heating, ventilating, air con-

ditioning, and sanitary installations. Some of the

fastening methods described may not be familiar to

designers used to working with more conventional

materials. They were included because it is felt that

special fasteners are of great importance to the

design of prefabricated building systems and ele-

ments, many of which are produced in aluminum.

Since aluminum is still a relatively new material

in the building industry, general background in-

formation (which is more or less common knowledge

with traditional materials) is included here to

enable an intelligent approach to design problems.

Along these lines, an analysis of the implications of

physical and economic factors in Chapter 5 helps

to provide an advance understanding of problems

and pitfalls for those who have no previous ex-

perience with the material. Generally, these first

chapters consist therefore of a compilation of

reference data with an analysis of their implications.

The remaining three chapters discuss architec-

tural, structural, heating, ventilating, air condi-

tioning, and sanitary applications. Wherever

possible, illustrations in terms of executed examples

are given and, where warranted, sample specifica-

tions of certain building elements are provided.

In the Appendix, besides much useful related

data, structural design and fabrication specifica-

tions are reproduced as prepared by the ASCE

Committee of the Structural Division on Design in

Lightweight Structural Alloys. The existence of

such a structural code greatly facilitates the task

of the designer and it is hoped that its incorporation

into local building ordinances will contribute to the

safe and economical use of aluminum alloys. The

design examples in Chapters 5 and 6, wherever

applicable, are worked out in accordance with the

ASCE Codes, with detailed interpretations and

discussions where required.

The lack of authoritative code or design speci-

fications in the past has deterred many engineers

from attempting structural designs in this material.

Even since pubHcation of the ASCE specifications

in 1950, the existence of these reports is still not

general knowledge. It is hoped that by reproducing

these documents in their entirety, together with

examples and discussion of their application, further

impetus will be given to their widespread use.

At the same time it will be well to remember that

while reference tables and specifications are an



important aid to the designer, they should not

serve to discourage further developments and imag-

inative approach to designing. An important factor

in the current state of development of the aluminum

industry is the unusually large choice offered the

architect or engineer not only in the selection of

alloys but also in methods of producing and fabri-

cating specific shapes and forms economically to

satisfy all requirements. As long as this variety of

selection is available, there should be no danger,

temptation (or excuse) to freeze design methods to

cut-and-dry ''handbook" engineering.

The whole development of the aircraft industry

should be held up as an inspiring example of fearless

and imaginative engineering. From the first alumi-

num helicopter constructed in 1862 and the first

rigid airship built with an aluminum alloy frame-

work and outer covering in 1898 to many of the

latest types of aircraft, the incorporation of ad-

vanced designs and techniques spelled the unprece-

dented success of their designers. The contemplation

of these airframe solutions and design methods

should have a stimulating effect on architects,

engineers, and the building industry itself.

With these precedents, it is hoped that readers

of this volume will take advantage of these oppor-

tunities and this challenge in the interest of prog-

ress of contemporary architecture and engineering.

Aeronautical research today provides clues to wider struc-

tural use of aluminum in modern architecture tomorrow.





CHAPTER I: BACKGROUND TO ALUMINUM

The fullest exploitation of anything new, whether

it is an idea, a technique, or a material, demands
understanding and imagination. Even under favor-

able circumstances, many of the potentialities of

any new material remain unused and unexplored.

This represents a challenge, which any imaginative

designer, architect or engineer should want to take

up and pursue. The efficient use of aluminum and
its alloys in the building industry certainly offers

such a challenge.

Fortunately, in this instance, the factual data

with respect to physical, chemical, metallurgical

and technological properties are available. A sur-

prising amount of practical experience has already

been accumulated in the building industry itself

and even more in other fields. Because of the im-

portance of aluminum alloys in aircraft design,

scientific and engineering information is abundant.

It is because this data is available, both scientific

and practical, certain definite conclusions can be

drawn as to the place of aluminum in the building

industry. These might be summarized as follows:

1. Aluminum is a metal generally suitable for build-

ings and structures.

2. Aluminum should be considered a basic building

material in its own right and should not be

thought of as a substitute.

3. Its characteristics are sufficiently different from

other metals to require different and special

methods of design even though sufficient simi-

larities exist to permit the designer to draw, to

an extent, on experiences gained from designs in

other ferrous and non-ferrous metals.

4. Only the full recognition of these principles can

lead to the successful exploitation of the inherent

economical and technological advantages of the

material.

5. The application of these principles requires an

imaginative approach to design problems and

should result in solutions characteristic to alu-

minum and different from those for other

materials.

The point of view outlined above presupposes a

thorough understanding of the pertinent physical

characteristics and technological possibilities. The
basis for this is provided in subsequent chapters of

this volume.

While a knowledge of historical background,

mining, production, and cost factors influencing the

price of aluminum does not enter directly into

architectural design work, it will contribute to

intelligent use of this building material, and so is

included briefly in this chapter.

1.1 HISTORICAL NOTES
In 1807 Sir Humphrey Davy suspected the presence

of aluminum in clay but despite great efforts and

elaborate experiments was unable to obtain it in

any form. Twenty six years later, the basic raw
material of aluminum. Bauxite, was discovered in

the south of France in the village of Les Baux and

five years later, in 1825, Hans Christian Oersted,

Professor of Physics at the University of Copen-

hagen, Denmark, produced what appears to have

been the first metallic aluminum. Two years later,

Friedrich Woehler, a German scientist, produced

aluminum as a gray powder. But it was not until

1845 that he was able to transform the powder to

solid particles, still hardly larger than a pin head.

Working with these small particles, however.
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Figure 1-1 : Production of 99 percent pure aluminum from Bauxite. (The quantities of materials, labor and electric energy indicated are required to produc
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Woehler discovered aluminum's amazingly light

weight. He also discovered that it was easy to shape,

stable in air, and could be melted with a blowtorch.

In 1852, just about 100 years ago, aluminum was so

costly to produce that it sold for $545.00 a pound.

In 1854 both the French scientist, Henri Sainte-

Claire Deville, and Robert Von Bunsen, Professor

of Chemistry at Heidelberg University, working

separately, discovered how to isolate aluminum by

using sodium instead of potassium, and obtained

aluminum of 96-97 percent purity.

Emperor Napoleon III saw the possibilities of the

lightweight metal and commissioned Deville to

make aluminum armor and helmets for his French

Cuirassiers. Deville also produced and displayed

several large bars of aluminum at the 1855 Paris

Exposition. During this early period, the cost of

aluminum was $545.00 a pound (1852). It was more

precious than gold or silver. Banquet places for

Napoleon's most honored guests were set with

forks and spoons of aluminum—lesser guests found

gold and silver service at their plates.

In 1856, the American ^'Mining Magazine"

reported that Alfred Monnier of Camden, N. J.,

had made aluminum in considerable quantity.

Specimens were exhibited at the Franklin Institute

in Philadelphia. 1884 saw the first application of

aluminum in architecture: the aluminum tip,

weighing about six pounds, was mounted on top of

the Washington monument.

The birth date of the modern aluminum industry

is set at 1886. Charles Martin Hall, while a student
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ton of 99 percent pure aluminum).

at Oberlin College, Oberlin, Ohio, became interested

in aluminum and began experimenting to find a

better way of producing it. He continued his work

after graduation and in 1886 discovered that metal-

lic aluminum could be produced by dissolving

alumina in molten cryolite and then passing an

electric current through the solution. He applied

for a patent which was granted in 1889. Paul T.

Heroult, in France, hit upon the same process in the

same year. Neither knew of the other's work until

Heroult applied for a patent in this country. While

Hall obtained a United States patent in 1889,

Heroult secured patent rights in France and some

other European countries.

As a result of Hall's and Heroult's discovery, the

price of aluminum dropped from $11.33 a pound in

1885 to $0.57 a pound in 1892—just 7 years later.

In the same year the first aluminum hull for a yacht

was built in Switzerland, and the building of the

first dirigible with an aluminum frame was begun.

From there on this material spread to practically

all industries. In 1933 it was first applied to bridge

construction. At the present time, aluminum is a

basic material of the building industry.

1.2 MINING & PROCESSING*
Modern methods of mining and producing metallic

aluminum are of course quite different from the

early attempts, even though the basic methods and

inherent difl[iculties remain the same.

Aluminum Ore: Sources of aluminum form one

twelfth of the earth's crust . . . almost twice as much
as iron, the second most plentiful metal. While

most common rocks and clays contain aluminum,

it is uneconomical to produce the metal from them.

Aluminum is commercially obtained only from

bauxite, an ore named after the French town of Le

Baux where the first high grade aluminum deposits

were found. High grade bauxite contains 50-60 per-

cent alumina (aluminum oxide) chemically com-

bined with 15-32 percent water to form a hydrated

oxide. The ore also contains 2-7 percent silica, 2-20

percent iron oxide and 2-4 percent titanium oxide, in

addition to traces of other minerals.

Most of the world's bauxite deposits are outside

the United States, making it necessary for this

country to import about three-fourths of its supply.

Arkansas is the only state with large deposits of

bauxite; 95 percent of the bauxite in the U. S. is

mined in that state, the remainder coming from

small lower grade deposits in Georgia and Ala-

bama. Foreign sources of bauxite include Surinam

(Dutch Guiana), British Guiana, South America

and Jamaica.

There are large quantities of other aluminum

containing materials in the U. S., but production

methods developed up to this time are too costly.

These include clay, alumite and anothosite.

Aluminum cannot be produced directly from the

ore because of the many impurities present which
Source: how aluminum is made by the Aluminum Association,
New York—February 1954



Figure 1-2: Alumina is separated into metallic aluminum and oxygen in electrolytic reduction cells.

would become alloyed with the aluminum. It is,

therefore, necessary to first refine the ore, producing

alumina (aluminum oxide) of nearly 100 percent

purity. The alumina is then reduced to metallic

aluminum of better than 99 percent purity.

The reduction of alumina to metallic aluminum

is an electrolytic process requiring large amounts of

electrical energy. The United States aluminum

industry uses more electricity in a day than a

city of 60,000 houses in an entire year. In order

to obtain 1 ton of metal, 20,000 kilowatt-hours of

electric energy are required. It is therefore essential

that reduction plants be located near large sources

of economical power, such as coal fields, hydro-

electric developments, oil or natural gas fields.

Mining Techniques: Most bauxite deposits

occur near the surface and can therefore be mined

in open pits ... to a depth of 100 feet. Deeper

deposits employ the same underground mining

methods as are employed in the coal industry.

Bauxite as it comes from the mines may be hard

as rock or as soft as clay. It is obtained as lumps of

all sizes containing varying amounts of clay, sand,

and free moisture. After crushing, the clay may be

removed by washing and screening. Where the

distance from the mine to the reduction plant is

long, the ore is first dried to reduce transportation

costs. Drying is done in rotary kilns at tempera-

tures of 200 to 250° F. This removes only the free

moisture, not the chemically combined water (water

of hydration) for which a much higher temperature

is required.

Refining: All commercial refining is done by the

Bayer process*, so named after its inventor Karl

Josef Bayer.

* Ores containing more than about 10 percent silica cannot be refined eco-
nomically by the original Bayer process, since for each pound of silica

about a pound of caustic soda and a pound of alumina are lost in the
red mud along with the silica and other impurities.



The dried ore is ground to a powder and fed into

a mixer together with soda ash, crushed lime and

hot water in the proper proportions, the soda ash

and crushed lime thereby forming caustic soda.

The mixture is then pumped into large digesting

tanks into which steam is admitted under high

pressure to accelerate the reaction. Motor driven

agitators bring all materials into intimate contact;

the alumina is dissolved by the caustic soda, and

then is converted to sodium aluminate; while the

other impurities either form insoluble substances

or are unaffected by the caustic solution.

The sodium aluminate solution is then passed

In order to utilize lower grade bauxites economically, a combination
process was developed which recovers most of the soda and alumina
from bauxite with a silica content of as much as 15 percent.

through pressure reducing tanks and pumped into

filter presses where it runs through heavy cotton

cloth while the solid impurities, called **red mud"

for its red color, are filtered out and then washed

off the cloth by jets of water. In some newer plants

the red mud is separated from the solution by

gravity settling and only the last traces are removed

in filter presses.

Next, the solution is pumped into precipitators.

In these tanks the sodium aluminate is mixed with

a "seed charge" of aluminum hydrate from a pre-

vious cycle. Continuous agitation with compressed

air and cooling gradually cause the seed particles to

grow in size. The mixture is then pumped into

thickeners which separate the precipitated alumina



(now aluminum hydrate) from the caustic soda

solution which is fed back to the digesters for reuse.

The last step in the refining process is calcining

in rotary kilns at 2000°F. This converts the alu-

minum hydrate to alumina by eliminating the

chemically combined water of hydration. After

coohng, the alumina is shipped to the reduction

plant.

The reduction process is basically the same as that

developed by Charles Martin Hall in 1886. A
carbon-lined vessel or *'pot" contains molten cryo-

lite (sodium aluminum fluoride) which dissolves the

alumina. An extremely large electric current (d.c.)

is passed through the solution, breaking down the

alumina into metallic aluminum and oxygen. The
aluminum accumulates at the bottom of the reduc-

tion pot.

Modern reduction pots (or electrolytic cells)

require currents of 100,000 . amperes or more,

operate at temperatures around 1800° F, and are

capable of producing 2000 pounds of aluminum
during a 24-hour day. The molten aluminum is

siphoned off into large ladles from which it is poured
into molds to form pigs weighing 50 pounds each
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Figure 1-5: The number of cubic feet of steel which could be bought for the price of a cubic foot of aluminum.

and measuring about 28 x 6 x 5 inches.

This primary aluminum pig is about 99.0 to

99.5 percent pure aluminum.

If the molten metal is fiuxed and skimmed prior

to casting it into molds, it is called primary alu-

minum ingot.

Both pig and ingot are usually remelted and

alloyed (if aluminum alloy is desired), before they

are cast into rolling, extrusion or casting ingots

(see Figure 3-1).

1.3 ECONOMIC ASPECTS
These techniques of mining and processing have a

very great bearing on both the continued availabil-

ity and on the price structure of aluminum. The
fact is that aluminum is the most abundant

metallic element found in nature and, potentially,

it is twice as plentiful as iron. An increasing share

of the demand for metals for various products is

being satisfied by steadily growing aluminum pro-

duction.

As a matter of fact, aluminum production in the

U. S. increased more than tenfold between 1939 and

1956, while steel production barely doubled (see

Figure 1-6: Aluminum billets, shown at the left, and pigs,
at right, are moved easily by lift trucks.

Figure 1-3). One of the important aspects of the

rapidly growing aluminum capacity is the great

variety of mill products which are now available.

During World War II, about 80 percent of the total

output went into military aircraft production. One
of the largest users of aluminum is the construction

industry. About 23 percent of all aluminum pro-

duced in 1955 found its way into the construction

industry. The increasing acceptance and use of

aluminum in this field is illustrated, for instance, by



the fact that while in 1949 only 5 percent of all win-

dows were made of aluminum, by 1953 this percent-

age increased to 25 percent. This long-range trend

can be attributed to the combination of two impor-

tant factors, namely to the remarkably steady price

level of aluminum as compared to other basic

materials, and to the favorable physical charac-

teristics of this metal.

Since 1939 the cost increase of aluminum

amounted to only about 12.5 percent, while dur-

ing the same period the cost of steel increased 103

percent, zinc 154, lead 217, and copper 284. (see Fig-

ure 1-4). Nevertheless, the price per pound of

primary aluminum ingot is still about six times as

high as carbon steel ingot. On the other hand, cost of

stainless steel, to which aluminum compares in

many applications, is almost 20 percent higher than

aluminum. Current price of copper is 91 percent

higher than aluminum. . . all as of February, 1956.

Because of its low density, aluminum may very

well be compared with other metals on an equal

volume basis (see Figure 1-5). On this basis, the price

of aluminum, at the present time, is the cheapest of

all non-ferrous metals.

The price picture of aluminum is the result of the

high technological level of the industry itself.

Capital charges are about 10 times as high as in

steel production, while labor costs represent only

10-12 percent of the cost of aluminum ingot

against 17-20 percent of steel ingot*. The price of

aluminum is, therefore, not as much affected by the

general tendency of increasing labor costs as is the

price of steel.

On the other hand the production facilities of the

aluminum industry are undergoing an increasing

degree of mechanization, and techniques are con-

tinually improving.

Another factor to be considered is the inherently

high scrap value of aluminum. The reason for this

is that the price of ingot made from scrap (secon-

dary aluminum) need not include the cost of electric

energy, which results in a significant cost saving.

Nevertheless, it must be borne in mind that

"Source: COMPETITION BETWEEN STEEL AND ALUMINUM
by United Nations Economic and Social Council—Economic Commis-
sion for Europe, Steel Committee, Geneva, Switzerland, February 12,
1954, p. 73.

structural shapes in aluminum are still considerably

higher in price than structural steel. However, it

will be shown in Chapter 5 that proper use of the

metal can lead to substantial overall savings, re-

sulting in structures which are economically com-

petitive and technically sound.

The widest application of the strong aluminum
alloys, both historically and in the present, is still in

the manufacture of aircraft. The severity of aircraft

design criteria, however, are now approached in

other engineering fields. Our expanding techno-

logical civilization presents unprecedented de-

mands which must be met within limits set by
economic realities. Such is also the situation in the

building industry.

The spans and unobstructed areas required in

modern buildings and structures have been increas-

ing from year to year. At the same time, buildings

are growing taller and carry heavier superimposed

loads. Structures are erected in locations where

they are subjected to the most severe types of

exposure to extremes of temperature, seismic shocks

and winds. Buildings are constructed in areas where

in previous times subsurface conditions would have

made construction economically, if not technically,

impossible. In addition to this, both in civilian and

military applications, the speedy erection, trans-

portation (sometimes by air) and quick and easy

dismantling of buildings becomes increasingly

important.

Engineers, architects and the industry rose to

this challenge by devising methods which permitted

the fulfillment of these requirements, and new
techniques were devised to achieve these aims.

Yet, the struggle to meet the increasing tech-

nological demands, and still keep construction costs

at an acceptable level, is not always a successful one.

The forward-looking designer is continuously in

search of new materials and methods which will

make the achievement of these aims possible. In a

number of instances, savings obtained in one cost

component will result in an increase of others.

Reduction of field labor costs is often achieved only

by increasing the cost of such items as fabrication

and transportation.

On the other hand, it is also possible to obtain



cost savings in a single component, the effect of

which will be felt throughout the building in the

form of further reductions in the other portions.

Reduced weight, for instance, may simultaneously

reduce erection, transportation and fabrication

cost, together with other savings, as a result of the

lightness of the structure. Architects and engineers

are very familiar with both of these aspects of the

cost picture; and this awareness has resulted in the

trend towards the production of highly industrial-

ized, prefabricated structures.

As a matter of fact, a glance at the summary of

the basic components which make up the total cost

of a building gives convincing proof that the physi-

cal, mechanical, forming and fabricating charac-

teristics of aluminum are potentially favorable in

the cost picture:

Cost of Material: Lower than or equal to

stainless steel, on volume basis lowest of non-ferrous

metals, higher than structural steel, but potential

weight reductions may result in equal or lower cost.

Fabrication Cost: Equal and in many in-

stances lower than that of steel, lower than stainless.

Transporting and Handling Cost: Be-

cause of low weight, considerably lower than that

of most other building materials.

Erection Cost: Because of low weight, lower

than other building materials. Closer tolerances of

aluminum products result in additional savings.

Maintenance Cost: Lower than most building

materials because of good corrosion resistance.

Reuse Value: Higher than most building mate-

rials because of good corrosion resistance. High per-

centage of return on used aluminum because of high

value of secondary aluminum.

The total cost is the sum of these components.

The skill, knowledge and imagination of the archi-

tect and engineer are of course factors which have a

vital influence on this figure.
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CHAPTER 2: PHYSICAL AND MECHANICAL PROPERTIES

2.1 THE ALLOY DESIGNATION
SYSTEM

A large and useful number of aluminum alloys are

currently available. The Aluminum Association

(AA) has devised a designation system for wrought

alloys. However, for cast alloys, a system of arbi-

trary numbers is used.

Familiarity with the designation system will

facilitate work with aluminum.

In addition to the AA number, the old commercial

designations, the A.S.T.M. (American Society for

Testing Materials) numbers, and the S.A.E. (Society

of Automotive Engineers) numbers are sometimes

referred to in technical literature. These, together

with Federal, Military, AMS and ASTM Speci-

fications, and certain foreign designations and

specifications are listed in the form of conversion

tables in the Appendix.

The Aluminum Association Alloy
Designation System for Wrought
Aluminum:
Wrought aluminum and wrought aluminum alloys

are designated by a four-digit index system. The

first digit of the designation serves to indicate alloy

groups. The last two digits identify the aluminum

alloy or indicate the aluminum purity. The second

digit indicates modifications of the original alloy or

impurity limits.

Aluminum and Aluminum Alloy Groups:

In the four-digit index system the first digit indi-

cates the alloy group as shown in Table 2-1. Thus

Ixxx indicates aluminum of 99.00% minimum and

greater, 2xxx indicates an aluminum alloy in which

copper is the major alloying element, and 3xxx an

aluminum alloy with manganese as the major

alloying element, etc. Although most aluminum

alloys contain several alloying elements, only one

group—6xxx for alloys with magnesium and silicon

as major alloying elements—designates more than

one alloying element.

Aluminum: In the Ixxx group for aluminum of

99.00% minimum and greater, the last two of the

four digits in the designation indicate the minimum

aluminum percentage. These digits are the same as

the two digits to the right of the decimal point in

the minimum aluminum percentage when it is ex-

pressed to the nearest 0.01%.

The second digit in the designation indicates

modifications in impurity limits. If the second digit

in the designation is zero, it indicates that there

is no special control on individual impurities; while

integers 1 through 9, which are assigned consecu-

tively as needed, indicate special control of one or

more individual impurities. Thus 1030 indicates

99.30% minimum aluminum without special con-

trol on individual impurities and 1130, 1230 and

the like indicate the same purity with special con-

trol on one or more impurities. Likewise 1075, 1175,

1275 and so on indicate 99.75% minimum alumi-

num; and 1097, 1197, 1297 indicate 99.97%.

Aluminum Alloys: In the 2xxx through 8xxx

alloy groups the last two of the four digits in the

designation have no special significance but serve

only to identify the different alloys in the group.

Generally these digits are the same as those formerly

used to designate the same alloy. Thus 2014 was

formerly 14S, 3003 was 3S, and 7075 was 75S. For
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new alloys these last two digits are assigned con-

secutively beginning with xxOl.

The second digit in the alloy designation indi-

cates alloy modifications. If the second digit in the

designation is zero, it indicates the original alloy;

while integers 1 through 9, which are assigned con-

secutively, indicate alloy modifications. In the
former system, letters were used to designate alloy

modifications. These were assigned consecutively

beginning with A. Thus 17S is now 2017 and A17S
is 2117; 18S is 2018 and B18S is 2218.

Experimental Alloys: Experimental alloys

are also designated in accordance with this system
but they are indicated by the prefix X. The prefix

is dropped when the alloy becomes standard. Dur-
ing development, and before they are designated as

experimental, new alloys are identified by serial

numbers assigned by their originators. Use of the

serial number is discontinued when the X number
is assigned.

Temper Designations: The temper designa-
tion system in effect since December 31, 1947, is

being continued without change. The temper desig-

nation follows the alloy designation and is separated
from it by a dash. Thus 3S-0 is now 3003-0, Alclad
24S-T81 is Alclad 2024-T81, 75S-T6 is 7075-T6.

TABLE 2-1: DESIGNATIONS FOR
ALLOY GROUPS

Aluminum 99.00% minimum and greater. . Ixxx

Major Alloying Element

Copper 2xxx

Aluminum \
Manganese 3xxx

Alloys 1

grouped
\^

by major /

Silicon 4xxx

Magnesium 5xxx

Alloying 1

Elements /

Magnesium and Silicon 6xxx

Zinc 7xxx

Other element 8xxx

Unused Series 9xxx

SCHEMATIC REPRESENTATION OF THE AA NUMBERS
FOR HIGH PURITY WROUGHT ALUMINUM

Ixxx

/8/ Digit 2nd Digit

Is always 1, denoting
at least 99% alumi-
num purity.

3rd and J^th Digits

IF O: No special control of impurities.
IF 1-9: Special control of impurities. (Magnitude of

integer has no bearing on degree of control.)

Two decimal places indi-

cating pure aluminum con-
tent over and above 99%.

Example: Comparison Between 1075 and 1175

No Special Control OF Impurities

1 LlJ 75

\ /
Aluminum Purity 99.75%

/ \
1 rn 75

Composition Limits Are:

Si 0.20 Cu 0.04
Fe 0.20 Mn 0.03

Mg 0.03

Zn 0.03

Ti 0.03
Others

Each 0.03

Total 0.15

Special Control of Impurities Composition Limits Are:
Si + Fe 0.15

Max. Cu 0.10

Silicon -h Iron 0.15% Others
Copper 0.10% Each 0.02



SCHEMATIC REPRESENTATION OF THE AA NUMBERS
FOR WROUGHT ALUMINUM ALLOYS

X X X X

1st Digit 2nd Digit
I

3rd and 4th Digits

Major alloying

element as follows:

2 XXX—Copper
3 XXX—Manganese
4 XXX—Silicon

5 XXX—Magnesium
6 XXX—Magnesium

& Silicon

7 XXX—Zinc

8 XXX—Other element

9 XXX—Unused series

Modification

of alloy

xOxx—original alloy

xlxx
x2xx
x3xx
x4xx Alloy

x5xx Modifications

x6xx
x7xx
x8xx
x9xx

The meaning of the second digit may be further

clarified by the following example:

Alloy 2017 contains, besides other minor ele-

ments, 4% copper, 0.5% manganese, and .5%

magnesium. The second digit is zero and therefore

indicates that 2017 is the original alloy. The alloy

2117 containing 2.5% copper and .3% magnesium

is the first modification. Alloy 2217 will represent

the second modification of the basic alloy 2017.

In the designations of Clad Products (see Sections

2.2 and 3.6) the AA number is preceded by the word

Alclad The cladding alloy itself is not identified.

(Alclad 2024 is clad with alloy 1230, for instance,

while Alclad 7075 is clad with alloy 7072.)

Mill products used for a specific purpose, such as

roofing sheet, utility sheet, brazing sheet and the

like continue to be designated by these commodity

names. The designation EC for elecrtical conductor

grade aluminum with 99.45% minimum purity has

become firmly established in the electrical industry.

Moreover, the use of this alloy is based on guaran-

teed electrical conductivity, but not on a guaran-

teed chemical composition.

Temper Designations are separated from the alloy

by a dash. The letter "H" is used for non-heat-

treatable and the letter "T" for heat-treatable alloys.

Note that some temper designations apply only to

wrought products, others to cast products, but most

Arbitrary Number
to identify alloy

within the series

apply to both. Additional digits to the right indicate

variations in the basic treatment.

TABLE 2-2: TEMPER DESIGNATIONS

-F As fabricated.

-O Annealed and recrystallized (wrought only).

-H Strain hardened (wrought only).

-HI, plus one or more digits.*

Strain hardened only.

-H2, plus one or more digits.*

Strain hardened, then partially annealed.

-H3, plus one or more digits.*

Strain hardened, then stabilized.

-W Solution heat treated—unstable temper.

-T Treated to produce stable tempers other than

-F, -O or -H.

-T2 Annealed (cast only).

-T3 Solution heat treated, then cold worked.

-T4 Solution heat treated and naturally aged

to a substantially stable condition.

* Second digit indicates final degree of strain hardening, i.e. 2 is }4 hard

4 is H hard, 6 is ^ hard, 8 is full hard.



TABLE 2-2: TEMPER DESIGNATIONS

-T5 Artificially aged only.

-T6 Solution heat treated, then artificially

aged.

-T7 Solution heat treated, then stabilized.

-T8 Solution heat treated, cold worked, then
artificially aged.

-T9 Solution heat treated, artificially aged,
then cold worked.

-TIO Artificially aged, then cold worked.

Temper designations in effect prior to December
31, 1947 may sometimes be found in literature.

For the purpose of indentification, conversion

tables are provided in the Appendix.

2.2 METALLURGICAL ASPECTS
In high purity form, aluminum is extremely soft and
ductile. Most commercial uses, however, require

greater strength than pure aluminum affords. This
is achieved in aluminum first by the addition of

other elements to produce various alloys (see Table

2-3), which singly or in combination impart strength

to the metal. Further strengthening is possible by
means which classify the alloys roughly into two
categories, non-heat-treatable and heat-treatable.

Non-Heat-Treatable Alloys: The initial

strength of alloys in this group depends upon the
hardening effect of elements such as manganese,
silicon, iron and magnesium, singly or in various

combinations. The non-heat-treatable alloys are

usually designated, therefore, in the 1000, 3000,

4000, or 5000 series. Since these alloys are work
hardenable, further strengthening is made possible

by various degrees of cold working, denoted by the
"H" series of tempers. Alloys containing apprecia-

ble amounts of magnesium when supplied in strain-

hardened tempers are usually given a final elevated

temperature treatment, called "stabilizing," to in-

sure stability of properties.

Heat-Treatable Alloys: Aluminum alloys

in this group derive their great strength from such

alloying elements as copper, magnesium, zinc and
silicon. Since these elements singly or in various

combinations show increasing solid solubility in

aluminum with increasing temperature, it is pos-

sible to subject these alloys to thermal treatments
which will impart pronounced strengthening.

The first step, called heat treatment or solution

heat treatment, is an elevated temperature process

designed to put the soluble constituents in soHd
solution. This is followed by rapid quenching, usual-

ly in water, which "freezes" the metallurgical struc-

ture and for a short time renders the alloy very
workable. It is at this stage that some fabricators

retain this more workable structure by storing the
alloys at below-freezing temperatures until they are
ready to form them. At room or elevated tempera-
tures most alloys are not stable after quenching,
however, and precipitation of the constituents from
the super-saturated solution begins. After a period
of several days at room temperature, termed aging
or room temperature precipitation, the alloy is con-
siderably stronger. Many alloys approach a stable

condition at room temperature, but some alloys,

particularly those containing magnesium and silicon

or magnesium and zinc, continue to age harden
for long periods of time at room temperature.

By heating for a controlled time at slightly

elevated temperatures, even further strengthening

is possible and properties are stabilized. This proc-

ess is called artificial aging or precipitation harden-
ing. By the proper combination of solution heat
treatment, quenching, cold working and artificial

aging, the highest strengths are obtained.

Clad Alloys: The heat-treatable alloys in

which copper or zinc are major alloying constitu-

ents, are less resistant to corrosive attack than the
majority of non-heat-treatable alloys. To increase

the corrosion resistance of these alloys in sheet and
plate form they are often clad with high purity

aluminum, a low magnesium-silicon alloy, or an
alloy containing 1% zinc. The cladding, usually

from 23^ to 5% of the total thickness on each side,

not only protects the composite due to its own in-

herently excellent corrosion resistance but also

exerts a galvanic effect which further protects the



TABLE 2-3: CHEMICAL COMPOSITIONS FOR WROUGHT AND CAST

ALUMINUM ALLOYS

(Values in Percent Maximum Unless Shown as a Range)

2.2

0 1 2 3 4 5 6 7 8 9 10 11

ALLOY SILICON IRON COPPER
MAN-
GANESE

MAG-
NESIUM

CHRO-
MIUM NICKEL ZINC

TITA-
NIUM OTHERS

ALU-
MINUM

each total

1100 1.00 Si + Fe 0.20 0.05 0.10 0.05 0.15 99.00

2011* 0.40 0.70 5.00-6.00 0.30 0.05 0.15

2014 0.50-1.20 1.00 3.90-5.00 0.40-1.20 0.20-0.80 0.10 0.25 0.15 0.05 0.15 RGm&indGr

2017 0.80 1.00 3.50-4.50 0.40-1.00 0.20-0.80 0.10 0.25 0.05 0.15 XVC I ilet 1 1 1 1

2024 0.50 0 50 3.80-4.90 0.30-0.90 1.20-1.80 0.10 0.25 0.05 0.15 oma 1nHorXvt; 1 1 1a 1 1 1U"i

3003 0.60 0.70 0.20 1.00-1.50 0.10 0.05 0.15

3004 0.30 0.70 0.20 1.00-1.50 0.80-1.30 0.10 0.05 0.15

LOY 4043 4.50-6.00 0.80 0.30 0.05 0.05 0.10 0 20 0 15 RGmAindcr

BROUGHT

AL

5005 0 40 0.70 0.20 0.20 0.50-1.10 0.10 0.25 0.05 0.15

5050 0.40 0.70 0.20 0.10 1.00-1.80 0.10 - 0.25 - 0 05 0.15 Remainder

5052 0.45 Si + Fe 0.10 0.10 2.20-2.80 0.15-0.35 — 0.20 — 0 05 0 15 Remainder

^
5154 0.45 Si + Fe 0.10 0.10 3.10-3.90 0.15-0.35 — 0.20 0.20 0.05 0.15 Remainder

6053 45%-65%
of mag-
nesium

0.35 0.10 _ 1.10-1.40 0.15-0.35 0.10 — 0.05 0.15 Remainder

6061 0.40-0.80 0.70 0.15-0.40 0.15 0.80-1.20 0.15-0.35 0.25 0 15 0.05 0.15 Remainder

6062 0.40-0.80 0.70 0.15-0.40 0.15 0.80-1.20 0.04-0.14 0.25 0.15 0.05 0.15

6063 0.20-0.60 0.35 0.10 0.10 0.45-0.90 0.10 0.10 0.10 0.05 0.15 Xvt: 1 1 1ct 1 1 Avt 1

7075 0.50 0.70 1.20-2.00 0.30 2.10-2.90 0.18-0.40 5.10-6.10 0.20 0.05 0.15

43 4.50-6.00 0.60 0.10 0.10 0.05 0.10 0.20 0.05 0.15 irvt?IIictlllvlc:l

214 0.30 0.30 0.10 0.30 3.70-4.50 0.10 0.20 0.05 0.15

OYS A214 0.30 0.30 0.10 0.30 3.50-4.50 1 A(\ O Of\1.4U—^.^U 0 20 0.05 0.15 Remainder

ALL

B214 1.40-2.20 0.30(1) 0.100) 0 300 3.50-4.50 0.20 0.10 0.20 0.05 0.15 Remainder

AST F214 0.30-0.70 0.30 0.10 0.30 3.50-4.50 0.10 0.20 0.05 0.15 Remainder

U
L214 0.30 0.80 0.12 0.40-0.60 3.50-4.50 0.10 0.05 0.15 Remainder

356 6.50-7.50 0.40 0.20 0.10 0.20-0.40 0.10 0.20 0.05 0.15 Remainder

* Also contains 0.20-0.60% each of lead and bismuth.
. . it u f i f n mor

(1) If the copper content plus the iron content exceeds 0.50%, the manganese content will be at least 0.30%.

core material against corrosive attack.

Special composites such as clad non-heat-treat-

able alloys may be obtained. These have applica-

tions for extra corrosion resistance, for brazing

purposes, or for special surface finishes. Some alloys

in wire and tubular form are clad for similar reasons

and extrusions also have been clad on an experi-

mental basis.

Annealing Characteristics: All wrought

aluminum alloys are available in annealed form. In

addition, it may be desirable to anneal an alloy 27



from any other initial temper, after working, or be-

tween successive stages of working such as in deep

drawing.

Effects of Alloying Elements.

Wrought Alloys:

1000 Series: Aluminum of 99% or higher purity

has many applications, especially in the electrical

and chemical fields. These alloys are characterized

by excellent corrosion resistance, high thermal and

electrical conductivity, low mechanical properties

and excellent workability. Moderate increases in

strength may be obtained by strain hardening.

Iron and silicon are the major impurities.

2000 Series: Copper is the principal alloying

element in this group. These alloys require solution

heat treatment to obtain optimum properties; in the

heat-treated condition mechanical properties are

similar to, and sometimes exceed, those of mild

steel. In some instances artificial aging is employed

to further increase the mechanical properties. This

treatment materially increases yield strength, with

attendant loss in elongation; its effect on tensile

(ultimate) strength is not as great. The alloys in the

2000 series do not have as good corrosion resistance

as most other aluminum alloys and under certain

conditions they may be subject to intergranular

attack. Therefore, these alloys in the form of

sheet are usually clad with high-purity alloy or a

magnesium-siHcon alloy of the 6000 series which

provides galvanic protection to the core material

and thus greatly increases resistance to corrosion.

Alloy 2024 is perhaps the best known and most

widely used aircraft alloy.

3000 Series: Manganese is the major alloying

element of alloys in this group, which are generally

non-heat-treatable. Because only a limited percent-

age of manganese, up to about 1.5%, can be effec-

tively added to aluminum, it is used as a major ele-

ment in only a few instances. One of these, however,

is the popular 3003, which is widely used as a gen-

eral-purpose alloy for moderate-strength applica-

tions requiring good workability.

JfOOO Series: Major alloying element of this group

is silicon, which can be added in sufficient quantities

to cause substantial lowering of the melting point

without producing brittleness in the resulting alloys.

For these reasons aluminum-silicon alloys are used

in welding wire and as brazing alloys where a lower

melting point than that of the parent metal is

required. Most alloys in this series are non-heat-

treatable, but when used in welding heat-treatable

alloys they will pick up some of the alloying con-

stituents of the latter and so respond to heat treat-

ment to a limited extent. The alloys containing

appreciable amounts of silicon become dark grey

when anodic oxide finishes are applied, and hence

are desired for certain architectural applications.

5000 Series: Magnesium is one of the most effec-

tive and widely used alloying elements for aluminum.

When employed as the major alloying element or

with manganese, the result is a moderate-to-high-

strength non-heat-treatable alloy. Magnesium is

considerably more effective than manganese as a

hardener, about 0.8% magnesium being equal to

1.25% manganese; and it can be added in consider-

ably greater quantities. These alloys have especially

good resistance to corrosion in marine atmospheres

and sea water. Prominent in this series are 5052,

having 2.5% magnesium, and 5050, in which the

magnesium content is 1.4%.

6000 Series: Alloys in this group contain silicon

and magnesium in approximate proportions re-

quired to form magnesium silicide, thus making

them capable of being heat treated. Major alloy in

this series is 6061, one of the most versatile of the

heat-treatable alloys. Though less strong than most

alloys of the 2000 or 7000 series, the magnesium-

silicon (or magnesium silicide) series possesses good

formability and corrosion resistance, with medium

strength. Alloys in this heat-treatable group may be

formed in the T4 temper (solution heat treated but

not artificially aged) and then reach full T6 proper-

ties by artificial aging.

7000 Series: Zinc is the major alloying element in

this group, and in combination with a smaller per-

centage of magnesium results in heat-treatable alloys

of very high strength. Usually other elements such

as copper and chromium are also added in small

quantities. Outstanding member of this group is

7075, which is among the highest strength alloys

available. It is frequently used in air-frame struc-



tures and for other highly stressed parts.

Effects of Alloying Elements.

Cast Alloys :

Copper: (With or without other alloying ele-

ments). Increases strength. Castability satisfactory,

especially in the presence of other constituents; cast-

ability and corrosion resistance inferior to the alumi-

num-silicon group. Heat-treatable. Low ductility if

not heat treated. Good machining qualities.

Silicon: (With or without other alloying ele-

ments). Excellent castability for all types of cast-

ings. High corrosion resistance. Without other alloy-

ing elements, silicon alloys are non-heat-treatable

resulting in moderate strengths. With other alloying

elements, these alloys are heat-treatable and de-

velop relatively high strengths after heat treatment,

but copper and magnesium should be kept at a

minimum to retain ductility and castability. High

silicon percentage results in low coefficient of

linear expansion, relatively good ductility, poor

machinability.

Magnesium: Excellent corrosion resistance, high

strength, good machinability and finishing charac-

teristics. Heat-treatable if alloy has high magnesium

percentage. Castability and weldability fair.

Zinc: (With small amounts of copper). High me-

chanical properties (without heat treatment). Good

machinability.

Nickel: (Minor alloying element only). Increases

strength at elevated temperatures, usually with

other alloying elements.

Iron: Sometimes used to reduce shrinkage. High

iron in alloys containing more than 5% silicon re-

sults in coarse structure. About 0.8% iron in alloys

containing more than 8% silicon tends to eliminate

welding of dies in die casting. The iron content in

most aluminum casting alloys must be closely

controlled if the maximum mechanical properties

are to be obtained.

2.3 PHYSICAL, MECHANICAL
AND FABRICATING DATA

The essential physical, mechanical and fabricating

characteristics of aluminum alloys are presented in

Tables 2-4 and 2-5, with supplementary information

in Figure 2-1 and Table 2-6. For more extensive

treatment of these topics, the reader is referred to

the sources listed in the bibliography. The alloys

listed are restricted to those which are commonly

used in the building industry. All the pertinent in-

formation on those alloys is made available in only

two tables. Table 2-4 (for wrought alloys) and

Table 2-5 (for cast alloys), clarifying the relation-

ship between the various characteristics of the

material. This type of presentation is more useful

than a more extensive coverage in a larger number

of detailed tables.

The designer usually selects and specifies an

alloy because of one or several desirable qualities

required for his specific purpose. It is essential,

however, to be aware of other characteristics which

may have only a secondary bearing on the selection.

An ideal choice of an alloy should be a selection

which takes into account all or at least a large

number of properties. The compact
*

'horizontal"

presentation of the data in Tables 2-4 and 2-5 will

make it possible to obtain at a glance all the

relevant information which the designer should be

aware of when choosing the material. For instance,

the designer may desire to specify an alloy for a

product which will require good weathering charac-

teristics. As a first guide in his selection, he should

consult Table 2-9 which gives a list of suggested

alloys employed for various building products.

After that, the section on corrosion and the data

included in Table 2-4 or 2-5 will help him choose one

or two suitable alloys. At the same time Table 2-4

or 2-5, (depending on whether the alloy is wrought

or cast) will call his attention to a number of other

properties which should be considered. This table

should also (and probably in the first place) call his

attention to the fabricating characteristics of the

alloy. For further information on this topic, he may

want to refer to Chapter 3, but Table 2-4 or 2-5

will indicate numerous other qualities which may

improve the product, such as strength, hardness, etc.

The implications of the data covered in these

tables are treated in greater detail in other parts of

the book and therefore, in a sense, this section

represents a brief summary of all relevant data.

Succeeding sections will refer often to these data.



TABLE 2-4: TYPICAL PHYSICAL, MECHANICAL, FABRICATING PROPERTIES OF WROUGHT ALUMINUM ALLOYS

PHYSICAL CHARACTERISTICS MECHANICAL CHARACTERISTICS

AA

ALLOY

NUMBER
TEMPER

DESIGNATION

WEIGHT THERMAL ELECTRICAL TENSION COMPRESSION SHEAR

DENSITY

APPROXIMATE

|

MELTING

RANGE

Degrees

F
COEFFICIENT

OF

EXPANSION

PER

°F

X

10-«(68°-212°F)

CONDUCTIVITY

AT

77°

F btu/in./ftV°F/hr

CONDUCTIVITY AT
fiK°r nv TM-uo r f /Q \jt iiN—

TERNATIONAL AN-
NEALED COPPER RESISTIVITY
STANDARD AT 68°F

ELONGATION STRENGTH-
STRENGTH IN 2 INCHES WEIGHT
psi RATIO SHORT COLUMN

STRENGTH COEFF.
CRITICAL STRESS
fc=a-bk (L/r);

YIELD k(L/r)<c
STRENGTH .

ULTIMATE
STRENGTH

SPECIFIC GRAVITY

EQUAL EQUAL M ohms ohms

fu/fy ULTI-

^" H" ULTIMATE MATE YIELD

f„ THICK DIAM TO YIELD fu fy

ULTI- fy SPECI- SPECI- STRENGTH wXlO^ wXlO<
MATE YIELD MEN MEN RATIO in. in.VOLUME WEIGHT cm' mil-ft psi a b c psi

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 .18 19 20 21 22 23 24

-0 1540 59 194 2.9 17 13,000 5,000 35 45 2.60 13.27 5.10 5,000 9,000

-H12 16,000 15,000 12 25 1.07 16.33 15.31 15,000 10,000

1 100 -H 14 *2 71 0.098 169 1190- 13.10 1520 58 189 3.0 18 18,000 17,000 9 20 1.06 18.37 17.35 17,000 1 1,000

-H16 1215 21,000 20,000 6 17 1.05 21.43 20.41 20,000 12,000

-H 18 1510 57 187 24,000 22,000 5 15 1.09 24.49 22.45 22,000 13,000

-0 1340 50 163 3.4 21 16,000 6,000 30 40 2.67 16.16 6.06 6,000 6,200 18 220 11,000

-11 1 £i 1130 42 137 4.1 25 19,000 18,000 10 20 1.06 19.19 18.18 18,000 18,400 95 126 12,000

oUUo -Il 14 9 TX n AQQ 170 1 190- 12.90 1100 41 134 4.2 25 22,000 21,000 ,s 16 1.05 22.22 21.21 21,000 20 KOO 1 15 120 14,000

-tllO 1210 1085

40

132

4.3 26

26 000 25,000 5 14 1.04 26.26 25.25 25 000 29,400 145 108 15,000

-H 1

S

1070 130 29,0(K) 27,000 4 10 1.07 29.29 27.27 27,000 29,400 193 101 1 6,000

-0 26,000 10,000 20 25 2.60 26.53 10.20 10,000 16,000

-H32 31,000 25,000 10 17 1.24 31.63 25.51 25,000 17,000

3004 -H34 2.72 0.098 170 1165- 13.30 1130 42 137 4.1 25 35,000 29,000 9 12 1.21 35.71 29.59 29,000 n.a. n.a. n.a. 18,000

-H36 1205 38,000 33,000 5 9 1.15 38.78 33.67 33,000 20.000

-H38 41,000 36,000 5 6 1.14 41.84 36.73 36,000 21,000

-U 18,000 6,000 30 3.00 18.37 6.12 6,000 1 1,000

-rl iz 20 000 9,000 10 2.22 20.41 19.39 19,000 14,000

-ri 1

4

•

23,000 22,000 6 1.05 23.47 22.45 22,000 14,000

-11 10 26,000 25,000 5 1.04 26.53 25.51 25,000 1 5,000

5005 -H18 2.70 0.098 169 1170- 13.20 1390 52 172 3.3 20 29,000 28,000 4 n.a. 1.04 29.59 28.57 28,000 n.a. n.a. n.a. 16,000

-H32 1205 20,000 17,000 11 1.18 20.41 17.35 17,000 14,000

-H34 23,000 20,000 8 1.15 23.47 20.41 20,000 14,000

-H36 26,000 24,000 6 1.08 26.53 24.49 24,000 15,000

-H3S 29,000 27,000 5 1.07 29.59 27.55 27,000 16,000

-0 21,000 8,000 24 2.63 21.65 8.25 8,000 15,000

-H32 25,000 21,000 9 1.19 25.77 21.65 21,000 17,000

5050 -H34 2.69 0.097 168 1160- 13.20 1340 50 165 3.4 21 28,000 24,000 8 n.a. 1.17 28.87 24.74 24,000 n.a. n.a n.a. 18,000

-H36 1205 30,000 26,000 7 1.15 30.93 26.80 26,000 19,000

-H38 32,000 29,000 6 1.10 32.99 29.90 29,000 20,000



MECHANICAL CHARACTERISTICS MILL PRODUCTS AVAILABILITY FORMING AND FABRICATING CORROSION
RESISTANCE

BEARING

EDGE DISTANCE «

2.0 X RIVET DIA

ULTIMATE
STRENGTH
psi

YIELD
STRENGTH
psi u ^ a S u o.

QO
OS —

TUBES SHAPES

.1

« q:
o o

WELDING OUTDOOR
ATMOSPHERES

25 26 27 28 29 30 31 32 33 34 35 36 37 3S 39 40 41 42 43 44 45 46 47 4S 49 50 51 52 53 54 55 56

23,400 9,000 5,000 23 A C C -0

2S,800 27.000 6,000 28 A c -H12

32,400 30,600 7,000 10.0X10« 32 B A A A A A A A A+ A A A 1100 -H14

37,800 36,000 9,000 38 A C -Hie

43,200 39,600 9,000 44 B B A -H18

2S,800 10,800 7,000 2S A C C -0

34,200 32,400 8,000 35 A C -H12

39,600 37,800 9,000 10.0X10" 40 C A A A A A A A A-f- A A A 3003 -H14

46,800 45,000 10,000 47 B C -H16

52,200 48,600 10,000 55 C B A -H18

46,800 18,000 14,000 45 A C C A B -0

55,-800 45,000 15,000 32 B C -H32

63,000 52,200 15.000 lO.OxlO* 63 • • B C A n.a. A A B B A+ A A A 3004 -H34

68,400 59,400 16,000 70 C C -H36

73,<800 64,800 16,000 77 D B A B B -H38

32,400 10,300 28 A C -0

36,000 16.200 n.a. A C -H12

41,400 39,600 n.a. B C -H14

46,800 45,000 n.a. B C -H16

52,200 50,400 n.a. 10.0 X10« n.a. • • c B A n.a. C c A A n.a. A+ A A A 5005 -H18

36,000 30,600 36 A C -H32

41,400 36,000 41 B C -H34

46,800 43,200 46 B C -H36

52,200 48,600 51 c B -H38

37,800 14,400, 12,000 36 A C C A -0

45,000 37.800 13,000 46 A C -H32

50,400 43.200 13.000 10.0X10" 53 • • • • • • B C A n.a. A A A B B A+ A A A 5050 -H34

54,000 46,800 14,000 58 C C -H36

57,600 52,200 14,000 65 D B A B -H38



TABLE 2-4: TYPICAL PROPERTIES OF WROUGHT ALUMINUM ALLOYS (Concluded)

PHYSICAL CHARACTERISTICS MECHANICAL CHARACTERISTICS

WEIGHT

o

<<2 HQ

THERMAL ELECTRICAL

lbs/in.' lbs/ft'

O Mo'

^ SQ o Wo u <

CONDUCTIVITY AT
68°F, % OF IN-

TERNATIONAL AN-
NEALED COPPER RESISTIVITY

STANDARD AT 68°F

EQUAL EQUAL M ohms ohms

VOLUME WEIGHT cm' mil-ft

TENSION COMPRESSION SHEAR

STRENGTH
psi

ELONGATION
IN 2 INCHES
%

STRENGTH-
WEIGHT
RATIO

}4" M
fo THICK DIAM TO YIELD
ULTI- fy SPECI- SPECI- STRENGTH
MATE YIELD MEN MEN RATIO

f^/f ULTI-

ULTIMATE MATE YIELD
lu ly YIELD

STRENGTH
psi

SHORT COLUMN
STRENGTH COEFF.
CRITICAL STRESS
fc=a-bk(L/r);
k(L/r)<c

b c

22 2;^

ULTIMATE
STRENGTH
psi

6 8 10 12 13 14 15 16 17 18 19 20 24

-0
28,000 13,000 25 30 2.15 28.87 13.40 13,000 13,850 62 148 18,(K)0

>
28,000 12 18 1.18 34.02 28.87 28,000 30,600 0(\AJU4 lAA JU,UUUs .H32

33,000

<
10 14 1.23 39.18 31.96 31,000 35,800 258 92 2

1
,000

Z
o

5052 -H34 2.68 0.097 167 1100- 13.20 960 35 116 4.9 30 38,000 31,000

10 1.14 41.24 36.08 35,000 •inooUJ r»0

-H36 1200 40,000 35,000 8
%
o
u oi ,\J\JM 1.14 43.30 38.14 37,000 42,500 338 84 24,000

-H38
42,000 7

.BLE

-0 35,000 18,000 27 1 .94 36.46 18.75 18,000 18,000

2.19 36.46 16.67 16,000 n.a.
<

-HI 12
35,000 17,000 25

30,000 15 1.30 40.62 31.25 30,000 n.a. n.a. n.a. 22,000(-

<
5154 -H32 2.66 0.096 166 1100- 13.30 870 32 107 5.3 32 39,000 n.a.

42,000 33,000 13 1.27 43.75 34.37 33,000 24,000
U -H34 1190X

36,000 12 1.25 46.87 37.50 36,000 2(),000Z
o -H36

45,000
z

39,000 10 1.23 50.00 40.62 39,000 28,000
-H38

48,000

2011 -T3 995- 12.70 990 36 113 4.8 29 55,000 43,000 15 1.28 53.92 42.16 43,000
n.a. n.a. n.a.

32,000

-T8
2.82 0.102 176

1190 n.a. n.a. n.a. n.a. n.a. 59,000 45,000

-n.a.

12 1.31 57.84 44.12 45,(X)0 35,000

2014 -T4 950- 12.80 840 30 95 5.7 35 62,000 42,000
-n.a.

20 1.48 61.39 41.58 42,000 50,S00 440 77 38,000

-T6
2.80 0.101 175

1180 1070 40 127 4.3 26 70,000 60,000 13 1.17 69.31 59.41 (iO.OOO 78,000 840 62 42,000

2017 -T4 2.79 0.101 175 955- 13.10 840 30 96 5.7 35 62,000 40,000 n.a. 22 1 .55 61.39 39.()0 40,000 IS.OOO 40:) 79 3S,(M)0

1185

2024 -T36

.T3 840 30 96 5.7 35 70,000 50,000 18 n.a. 1.40

2.77 0.100 173

-T4

935-

1180

12.90 840 30 96 5.7 35 72,000 57,000 13 n.a. 1.26

70.00 50.00 50,000 59,500 560 71 41,000

72.00 57.00 57,000 n.a. n.a. n.a. 42,000

840 30 96 5.7 35 68,000 47,000 20 19 1.45 68.00 47.00 47,000

20.62

59,.500 553 71 41,000

20.000

6053 -T4

-T6

1075-

2.69 0.097 167 n.a. 1070 40

1205

33,000 20,000 30 1.65

39,000 33,000 "
"

20 1.18

34.02

40.21 34.02

21.43

20,000

33,0(M) 24,000

23,200 135 115 24,000

6061 -T4

.T6

1080-

2.70 0.098 169 13.10 1070 40

1200

132 4.3 26
35,000 21,000 22 25 1.67 35.71 21.000

45,000 40,000 12 17 1.13 45.92 40.82

21.43

40,000

21,000

49,400 422 78 30,000

24,000

6062 -T4

-T6
2.70 0.098 169

1100-

1205

13.00 1070 40 132 4.3 26
35,000 21,000 n.a. 25 35.71

45,000 40,000 n.a. 17 1.13 45.92 40.82 40,000 30,000

-T4

-T42

-T5

6063 -T6

n.a. n.a. n.a. n.a. n.a. 25,000 13,000 22 1.92 25.51 13.27 13,000 n.a. n.a. n.a. n.a.

1340 50 165 3.4 21 22,000 13,000 20 1.69 22.45 13.27 13,000 13,850 62 148 14,000

1390 53 175 3.3 20 27,000 21,000 12 1.29 27.55 21.43 21,000 26,900 169 106 17,000

1390 53 175 3.3 20 35,000 31,000 12 n.a. 1.13 35.71 31.63 31,000 34,500 245 94 22,000

.T83 1205

.T831 n.a. n.a.

-T832

37,000 35,000 9

n.a. 30,000 27,000 10

42,000 39,000 12

1.06 37.76 35.71 35,000 22,000

1.11 30.61 27.55 27,000 n.a. n.a. n.a. 18,000

1.08 42.86 39.80 39,000 27,000

7(),()00 14.3 53 48,000

.7075 -T6 2.80 0.101 175 890- 13.10 840 30

1180

95 5.7 35 83,000 73,000 11 1.14 82.18 72.28 73,000



MECHANICAL CHARACTERISTICS MILL PRODUCTS AVAILABILITY FORMING AND FABRICATING CORROSION
RESISTANCE

BEARING

EDGE DISTANCE =
2.0XRIVET DIA

ULTIMATE YIELD
STRENGTH STRENGTH
psi psi

< u

5 t: 5 ^
z 2 -J 33

u ^ a Sua

TUBES SHAPES

.1

o o
« 06

O O

WELDING OUTDOOR
ATMOSPHERES

o

go
WW

;il :i2 :U 35 ;iO 37 3S 39 40 4 1 42 43 44 45 46 47 4S 49 50 52 53 54 56

.50,400

.59.400

68,400

72,000

75,600

23,400 l(),0()l)

50,400 17,000

55,800 IS.OOO 10.2X10'-'

63,000 19,000

66,()(X) 20,0(K)

47

()0

OS

73

77

• • • • • • • A +

-O

-H32

5052 -H34

-H36

-H38

63,000

63,000

70,200

75,()00

SI,000

S6,4()0

99,000

106,200

32,400 17,000

2S,S00 17,000

54,000 IS.OOO

59,400 19,000

-10.2X10«

64,800 20,000

70,200 21.000

58

63

67

73

78

80

-• •

A C n.a. n.a.

B C

B C A C

C B n.a. n.a.

D A+ 5154

-H112

-H32

-H34

-H36

-H38

77,400 18,000
-10.2X10«

81,(KK) 18,000

95

100

• • • n.a. ABDDDDDXA BCC 2011
-T3

-T8

111,600

I26,(K)0

111,600

75,()(K) 2(),()0()

10S,(K)0 18,000

-10.6X10«
105

1.35

72,0(H) 18,000 10.5X10" 10.5

• • n.a. A D - DBCDXA BCC
D

• • • n.a. A D D I) B C 1) X A BCC
C A_

• • DADCDBCDXA BCC
C A

• • BACAAAAAAAAA
• ••BBACAAAAAA ABB

2014
-T4

-T6

2017 -T4

126,000 90,000 20,000 120
-T3

129,600 102,600

122,400 84,600 20.000

18,0(X) 10.6X10^' 130

120

2024 -T36

-T4

59,400 36,000 13,000 ()2

10.1 XI0«
70,200 .59,400 13,000 80

6053
-T4

-T6

()3,0()0

81,000

37,800

72,000

14,000 65
10.0 X10«

14,000 95

6061
-T4

-T6

63,000 37,800 14,000 65
10.0 X10«

81,000 72,000 14,000 95

• • • BBACAAAABA AAB 6062
-T4

-T6

45,000

39,600

48,600

63,000

66,600

54,000

75,600

23,400

23,400

B n.j -T4

9,000

37,800

55,800

10.000

42

60 B A CAAAABA+AAA 6063

-T42

-To

63.000

48,600

70,200

10,000 10.0X10« 73

82

n.a. 70

95

B n.a.

-T6

-T83

-T831

-T832

149,400 131,400 23,(X)0 10.4 XI 0« 150 DABDDDCDDA BCC 7075 -T6



Notes to Table 2-4: Typical Physical,

Mechanical and Fabricating

Properties of Wrought Alloys:

Data in this table on physical and mechanical

properties conform to typical values established by

the Aluminum Association.

The strength characteristics of non-heat-treat-

able alclad alloys listed in this table are virtually

identical with those of the core alloy; strength

values of heat-treatable alclad alloys listed are as

much as 7000 psi lower, depending on the temper.

However, with regard to corrosion resistance, alclad

alloys exhibit superior qualities, as explained in

Sections 2.2 and 3.6, and the corrosion ratings

shown for the core alloys in Columns 51-54 should

therefore be raised. The alloys 3003, 3004, 2014,

2024, 6061 and 7075 are available in their alclad

forms as sheet and plate with claddings of 7072,

7072, 6003, 1230, 7072 and 7072, respectively.

Additional information relative to the structural

apphcations of alloys 6061-T6 and 2014-T6 is

supplied in the ASCE specifications reproduced in

the Appendix.

Physical Properties: The variation of certain

values for the alloys listed is rather slight. The

specific gravity is usually taken as 2.70, the density

(weight in pounds /in'') is roughly 0.10, and the

coefficient of thermal expansion is 13.0 x 10"^ The

latter value, for instance, is recommended for all

computations in structural design.

Mechanical Properties: Values listed under this

heading are average for various forms, sizes, and

methods of manufacture, and may not describe any

one particular product, because strength character-

istics are influenced by these factors.

Guaranteed minimum and limiting values are

specified by the individual producer, by industrial

standardizing organizations and by government

agencies. (See Table 2-6: ASTM Specifications for

Tensile Strengths).

Local variations of values shown may be expected

as a result of individual forming operations. Cold-

worked sections are subject to high local strain

hardening resulting in local variations of strength.

Rolled and extruded materials exhibit their greatest

strengths in the direction of forming.

Columns 13 and H: Tensile Strength, Values for

2011-T3 are shghtly lower for sizes greater than

iy2\ Values for 2014-T6 and 2024-T4 are 15 to 20%

higher for extruded products of more than

thickness. Values for 7075-T6 are about 10% higher

for extruded products.

Tensile yield strength is defined as the tensile

stress which produces a permanent set of 0.2% of

the initial gage length.

Column 17: Ultimate to Yield Strength Ratio fJfy

This value, which is not ordinarily given in tables,

is considered significant because it is a measure of

the safety of aluminum structures. The spread be-

tween yield and ultimate strength represents the

additional safety margin of structures for which the

working stress is based on the yield strength.

Columns 1 8 and 1 9: Tensile Strength-Weight Ratio.

This is essentially a measure of structural eflficiency

representing the length in inches of a vertically

suspended member which will break or yield under

its own weight.

Column 20: Compressive Yield Strength, Compres-

sive yield strength is defined as the compressive

stress which produces a permanent set of 0.2% of

the initial gage length.

The value for 2011-T3 is slightly lower for sizes

greater than UA", Values shown for 2014-T6 and

2024-T4 are 15 to 20% higher for extruded products

of more than W thickness. The value for 7075-T6

is about 10% higher for extruded products.

Columns 21-23: Short Column Strength Coefficient.

These values are empirical coeflficients found in

published data.

Columns 25 and 26: Bearing Strength. These val-

ues indicate typical bearing properties as applied

to riveted and bolted connections. The bearing

strength is assumed as 1.8 times the tensile strength.

The bearing yield strength is defined here as the

bearing stress which produces a permanent set of

2% of the rivet hole diameter.

Column 27: Endurance Limit. Values are based on

5x10 « cycles of completely reversed stress when using

the R. R. Moore type of machine and specimen.

Column 28: Modulus of Elasticity. The values

given are averages of the moduli in tension and

compression at room temperature. The modulus of
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Figure 2-1 : Ultimate tensile strength vs. temperature

elasticity in compression is about 2% greater than

in tension. The modulus of elasticity varies inversely

with temperature.

Columns 30-Ul: Mill Products, Availability, The

various mill products listed are normally produced

in the respective alloy compositions. Alloys 2014,

2024, 3003, 5050 and 6061 in their alclad forms are

available in sheet and plate only.

Column U2: Forming—Column US: Machining,

Materials rated A have the best characteristics, B
have the next best, etc. Alclad alloys usually have

the same forming classification as their core alloys.

Columns UU-50: Joining Methods, Ratings in these

columns are defined as follows:

A: Generally weldable by all commercial proced-

ures and methods.

B: Weldable with special technique or for specific

applications which justify preliminary trials or

testing to develop welding procedure and weld

performance.

C: Limited weldability because of crack sensitiv-

ity or loss in resistance to corrosion and mech-

anical properties.

D: No commonly used welding methods have so

far been developed.

X : Indicates soldering is not recommended.

For additional information on welding 2014-T6 and

6061-T6, see Chapter 4 in this book.

Corrosion Resistance: An A-rating is highest, B-

rating is second best, etc. Implications and use of

this part of the table are discussed in Section 2.4.

Notes to Fig. 2-1: Ultimate Tensile

Strength Versus Temperature:

These curves show ultimate strength variations as a

function of temperature. Values are expressed in

percent of room temperature (75 °F) strength.

Curves shown are for the alloys 2014-T6 and

6061-T6, which are commonly used for structural
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shapes. However, the general trend for other alloys

is similar to the curves shown here. The above

graphs are derived from specimens tested in air

containing no corrosive agents.

The portion of the curve above room temperature

applies to j/^-hour exposure time. Within a tem-

perature range of about 250-500 °F the strength

percentage is also a function of the time of exposure.

During a period of 10,000 hours, the strength

percentage decreases rapidly. Above 500 °F the

strength decrease is more gradual.

The curve for alloy 2014-T6 does not apply to

thick extrusions, especially between about 250

and 550 °F where the strength percentage for thick

extrusions is about 10% less than the values shown

by the curve.

While the strength of aluminum alloys decreases

continuously with increasing temperature, the

strength of structural steel increases and reaches a

maximum at about 550 °F from where it decreases

and again reaches its value at room temperature.*

Notes to Table 2-5: Typical Physical,

Mechanical and Fabricating

Properties of Cast Alloys:

Column 3: Type of Casting. Since some data vary

for the different types of castings values are shown

for sand castings, permanent-mold castings and

die castings.

Mechanical Properties: Values listed are typical

values. Guaranteed minimum and limiting values

are specified by the individual foundry, by in-

dustrial standard organizations, and government

agencies.

Column 12: Tensile Yield Strength. Tensile and

compressive yield strengths are respectively defined

as the tensile or compressive stresses which produce

permanent sets of 0.2% of the initial gage lengths.

Forming and Fabricating: The ratings shown in

these columns differ somewhat from those employed

in the respective columns for wrought alloys; here

the following code letters are used:

A: Excellent

B: Very good
For further details see anc-5 bulletin—strength of metal
AIRCRAFT elem EN TS issued by the Subcommittee on Air Force—Navy
—Civil Aircraft Design Criteria of the Munitions Board Aircraft

Committee.

TABLE 2-5: TYPICAL PHYSICAL,

PHYSICAL

WEIGHT

DENSITY

THERMAL

O
H
<

I 2
CQ CO

g Q

S
< H

>
<

O
U
Em

u
H .S it

5

o

<

o 70

O H
U 0-

1 2 3 4 6 7 H

sand casting 2.69 0 . 097 168

lBLE 43
permanent— mold casting

2.69 0.097 168 1065-1170 12 3

<
die casting 2.65 0.096 166

U
a 214 2.65 0.096 166 1110-1185 13 4

B214 — sand casting 2.65 0.096 166 1090-1170 12 7

F214 2.66 0.096 166 1090-1185 13 1

w
z A214 permanent 2.68 0.097 168 1075-1180 13 3

0
z B214 mold casting 2.65 0.096 166 1090-1170 12 7

C214 — die casting n.a. n.a. n.a. n.a. n. I.

sand casting 2.68 0.097 168 1035-1135 11 .9

356 T6 permanent
mold casting

2.68 0.097 168 1035-1135 11 .9 I

C: Good

D: Fair to poor

Corrosion Resistance: An A-rating is highest, B-

rating is second best, etc. Implications and use of

this part of the Table are discussed in Section 2.4.

Notes to Table 2-6: ASTM
Specifications for Tensile Strengths

The ASTM specifies not only ultimate and yield

tensile strengths, but also chemical and physical

requirements, permissible thickness variations,

testing methods, etc. (See also Notes to Table A2-5

in the Appendix.)

Values shown in this table usually correspond to

the properties guaranteed by the producer and,

therefore, differ from those in Table 2-4 which

gives typical values.

The specified values are given as minimum

values, except for the annealed tempers which are

given in maximum values since it is generally re-
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PROPERTIES MECHANICAL PROPERTIES
FABRICAT- CORROSION
ING RESISTANCE

THERMAL ELEC. TENSION
COM-
PRESSION SHEAR

OUTDOOR
WELDING ATMOS-

PHERES

<

Q d

o 2

a;

STRENGTH
psi

fu fy
ULTI- YIELD
MATE

C/5

X

o

<

:z:

C

CO

Q

Eh

a

M o

Q

O

o
CO

D
Q
O.,

< a;

CO

D
Q
:5

05

PQ

o

55
oM
H

2

P

0^

9 10 11 13 14 16 17 IS 19 20 21 22 23 24 25 26 27 28

19,000 8,000 8.0 8,000 14,000 8,000 40 D- A A A

1020 37 23,000 9,000 10.0 9,000 16,000 n.a. 10.3 X10« 45 D- A A A A A B B 43.

30,000 16,000 9.0 16,000 19,000 17,000 n.a. D- D D D

960 35 25,000 12,000 9.0 12,000 20,000 7,000 50 A B B A 214

1020 38 20,000 13,000 2.0 13,000 17,000 n.a. 10.3 X10« 50 B B B A A + A A B214

990 36 21,000 12,000 3.0 12,000 17,000 n.a. 50 B B B A A F214

930 34 27,000 16,000 7.0 16,000 22,000 n.a. 60
10.3 X10«

B B B A A B B A214

1020 38 n.a. n.a. n.a. n.a. n.a. n.a. n.a. A B B A A + A A B214

n.a. n.a. 41,000 n.a. 8.0 n.a. n.a. n.a. 10 .3 X10« n.a. B D D D A A B B C214

1050 39 33,000 24,000 3.5 24,000 26,000 8,500 10 .3 X10« 70 D A A A
A A B B 356 T6

1050 39 38,000 27,000 5.0 27,000 30,000 13,000 10.4X106 85 C A A A

quired that material in the annealed temper have

the maximum ductility. By specifying maximum

values, complete annealing of the material can be

assured.

If only one value is given in the table, it applies

to all dimensions (thicknesses or diameters) covered

by ASTM. Where a range of values is shown (56/64

MIN, for instance), it indicates the variations for

various dimensional ranges of the product.

Inasmuch as Table 2-6 is merely a guide for

quick reference, thickness ranges are not shown,

and if such information is desired, reference should

be made to the respective ASTM Specification.

2.4 CORROSION RESISTANCE
OF ALUMINUM
One of the many favorable characteristics of alu-

minum and its alloys is its high resistance to corro-

sion. Because of this and because it is not subject

to attack by rot, mildew, vermin, fungi, bacteria

or the like, aluminum is widely employed in the

building industry. Its use is not limited to decora-

tive items. It is also widely employed now for many

structural shapes, air ducts and other items found

throughout industry. The excellent corrosion re-

sistance of aluminum permits its use even in the

highly corrosive conditions found in many chemical

processing plants.

Among those alloys commonly employed in

the building trades are: 1100, 3003, Alclad 3003,

3004, Alclad 3004, 5052, 5154, 6061 and 6063. All

these alloys exhibit excellent corrosion resistance to

industrial and marine atmospheres. Alloys 1100 and

3003 find widest use in siding and roofing. Alloys

6061 and 6063 are employed where strength and

formability must be combined. Those alloys con-

taining magnesium as the major alloying element

(5052, 5154, 6063) are often specified for seacoast

and marine service because they possess superior

corrosion resistance in salt air.



TABLE 2-6: ASTM SPECIFICATIONS FOR TENSILE STRENGTHS

ALLOY
NUMBERS

2? w

<:<Qc«

•<E-

<:<;w <<CL

o

o

Pi
Ex]

WO.

1100 990A

0

H12^
H14
H16
H18

15.5 max
14 min

19 min

15.5 max

16 min

22 min

3003 MIA

0

H12
H14
H16
H18

19 max
17 min

20 min
24 min
27 min

19 max 19 max 19 max

27 min 27 min

3004 MGllA

0

H32
H34
H36
H38

29 max
28 min
32 min
35 min

29 max

4043

4343
X4543

005

H32 22 min

5050 GIA H34 25 min 25 min

H36 27 min

H38 29 min 29 m n

0 31 max 35 max 32 max

H32 31 min

5052 GR20A H34 34 min 34 min 34 min

H36 37 min

H38 39 min 39 min 39 min

5154 GR40A

GB60A
T3 ^^is min 30 min*

2011 T8 52 min 40 min*

T3

2014 CS41A T4 55 min 32 min* 50 min 35 min 59U min 39^6 min

T6 65 min 55 min* 89^8 min *Ho min «9&8min ^H,o min

2017 CM41A T4 55 min 32 min*

CG42A
T3 64 min 42 min 64 min 42 min

2024 T4 &*64 min 40 min 62 min 40 min* s ^,^0 min min «9io min ^948 min

GSUB T4 25 min 14 min
6053 T6 32 min 25 min

6061 GSllA
T4 30 min 16 min 30 min 16 min 30 min 16 min* 26 min 16 min 26 min 16 min

T6 42 min 35 min 42 min 35 min 42 min 35 min* 38 min 35 min 38 min 35 min ^^4^, min 35 min

6062 . ^

T42 17 mill 10 min 17 min 10 min

6063 GSlOA T5 J'J min 1() mill '2'2 min 16 min 22 min 16 min

T6 niin 2.") min ;{() min 25 min 30 min 25 min

7075 ZG62A T6 7077 min «96B min 77 min 66 min* 7^0 min min '^io min 79^72 min

* For a diameter or thickness of 0.125 in. and over. ^ • u • •

NOTICE: Values shown as fractions here indicate ranges. Thus ^^s indicates 42 to 45 KIPS per square mch mmimum.



Alloys 2017, 2024 and 7075 are sometimes used

in buildings, but they should be employed in the

clad form or covered with a protective coating to

provide additional corrosion resistance.

The reason for aluminum's remarkable resistance

to corrosion is the very thin inert film of aluminum

oxide that protects the surface. This film is formed

rapidly in air. After reaching a thickness in the order

of a milHonth of an inch, it effectively halts further

atmospheric oxidation of the metal. If this natural

oxide film is broken, as by a scratch, a new protec-

tive film forms instantly in air or other oxidizing

media. The oxide film increases in thickness with

temperature and remains protective to the under-

lying aluminum even at the melting point.

Although aluminum is quite resistant to indus-

trial atmospheres, nevertheless it may be necessary

to protect the metal from certain severely corrosive

environments. Thus even in exceptionally corrosive

applications, it is still possible to make use of the

metal's high strength-weight ratio by applying

protective coatings such as organic paints, or by

cladding with a sacrificial alloy (see Section 3.7).

Additional protection can also be supplied by in-

creasing the thickness and effectiveness of the nat-

ural oxide film by anodizing (see Section 3.6).

For building purposes, the common alloys (alloys

whose mechanical properties may be increased by

cold working) such as 1100, 3003, 5052 and 5154;

and the age-hardenable alloys of the magnesium

silicide type such as 6061, 6062 and 6063 are

generally satisfactory and may be used in combina-

tion to obtain the desired architectural effects and

structural strength.

Alloys in which copper is the major alloying

element (the 2xxx series) or the alloys in the class of

7075 should be employed for building purposes only

when properly protected against corrosion.

The causes can be classified into three groups:

Atmospheric, electrolytic and direct chemical cor-

rosion. Actually, atmospheric corrosion (or weath-

ering) is caused by electrolytic or chemical action;

the reason for making a separate classification is to

distinguish between the uncontrolled chemical

action under various atmospheric conditions and

the planned use of specific chemicals.

Atmospheric Corrosion (Weathering):
This type of corrosion is due to and depends in its

degree on the type and extent of contamination of

the surrounding atmosphere. It is obvious that more

corrosive elements are present in an industrial or

marine atmosphere than in a rural area. Table 2-4,

Columns 51-54 and Table 2-5, Columns 23-26,

compare the corrosion resistance of various alu-

minum alloys in outdoor atmospheres and in sea

water. In interpreting these columns, caution is

recommended not to draw unwarranted conclusions.

A particular rating should not be construed as an

absolute measure of corrosion resistance.

In general, it can be said that an alloy that be-

comes increasingly susceptible to corrosion with

increased atmospheric contamination, (e.g. 2014,

2017 and 2024) should be adequately protected.

As mentioned before, all of these alloys have copper

as their major alloying element.

According to tests and observations made over a

10-year period in different atmospheric conditions

on 1100, 3003 and 3004, the depth of penetration

of atmospheric corrosion ranges from less than 1

mil for rural areas to about 4 mils for industrial

areas, and up to 6 mils in seacoast locations.

These penetration figures are based on a large

number of tests performed in part under the direc-

tion of the National Bureau of Standards. Except

for highly localized conditions, these data are con-

sidered applicable to the environment noted. They

may or may not apply where an extraordinarily

high degree of contamination prevails. Thorough

investigations and sound judgement are necessary

when further conclusions are drawn. When using

thin sheets, the above figures may be considered an

approximate guide, and sheet thicknesses should be

selected such that, under the most adverse condi-

tions, the corrosion depth will not exceed 10% of

the thickness. If required, a protective surface

finish may be given to the metal.

The rate of corrosion is not uniform inasmuch as

corrosion increases sharply during the first two

years and from thereon proceeds at a much reduced

rate. This reduction in rate of corrosion comes from

the barrier action of accumulated corrosion prod-

ucts. Unless the thin film of corrosion products is



objectionable from a decorative standpoint, it can

be left intact to provide valuable protection against

further attack.

-> c/3 0 2 4 6 8 10 12 14 IG

EXPOSURE TIME-YEARS

Fig. 2-2: Effect of thickness and exposure time on loss in

tensile strength (for 5052-H34 panels). From Walton,

Sprowls and Nock, "Resistance of Aluminum Alloys to

Weathering" (Corrosion, October 1953)

Fig. 2-2 shows that the loss in tensile strength due

to corrosion is, however, not only a function of the

exposure time, but also of the thickness of the alloy.

The expected strength performance of other thick-

nesses may be obtained from these curves by

interpolation.

As far as the effect of atmospheric corrosion on

the strength of structural members is concerned, it

is obvious that it can be neglected because of their

comparatively great thickness.

Protection Against Atmospheric Cor-

rosion: The protection of aluminum against at-

mospheric corrosion depends primarily on the type

and the degree of contamination of the surrounding

atmosphere.

Before having recourse to a protective medium,

it is advisable to investigate whether the alloy to be

used is not adequate by itself. If it is necessary to

provide protection, a protective finish may be used.

Also consider whether the alloy in its alclad form

might not be the most practical solution.

Fig. 2-3 shows the excellent resistance to corro-

sion of Alclad 3003-H14, Alclad 2024-T3 and

2017-T3. It will be noted that the losses in strength

for Alclad 3003-H14 are higher than those for

Alclad 2024-T3 and Alclad 2017-T3. This does not

necessarily indicate a higher corrosion rate of

Alclad 3003. The losses in strength for Alclad 2024

and Alclad 2017 are negligible because the pure

aluminum cladding does not contribute to the

strength. On the other hand, the cladding alloy

7072 used for 3003 does contribute to the strength

and, therefore, there is a proportionally higher loss

in strength.

Galvanic Corrosion occurs with two dissimi-

lar metals in electrical contact in the presence of an

electrolyte. Galvanic attack can occur even in the

atmosphere, for moisture condensed from the air

will act as an electrolyte. In dry air, galvanic attack

cannot occur. It is easily seen that the threat of

dissimilar metal corrosion is greater in industrial

and seacoast areas because the atmospheric moisture

is more contaminated and thus provides a stronger

electrolyte than in rural areas. In seacoast areas,

the danger of electrolytic corrosion increases with

the proximity to the seacoast.

Coupling two metals together in an electrolyte

results in galvanic corrosion of the metal with the

highest negative potential. See Table 2-7. The

severity of the attack will increase with a greater

difference in potential.

For example, coupling zinc to aluminum pro-

duces less corrosion than does coupling zinc to steel.

However, in addition to the difference in potential,

there are other factors to be considered. For exam-

ple, the conductivity of the electrolyte and the

possibility of the formation of high resistance barrier

films on one or both metals can greatly affect the

severity of attack.

It is seen from Table 2-7 that magnesium and

zinc stand above the aluminum alloys and thus pro-

vide cathodic protection to aluminum. Zinc is pre-

ferred for galvanic protection of aluminum. So zinc-

plated steel parts are commonly used with aluminum

to reduce the effect of galvanic action.

Cadmium-plated steel is also satisfactory since

there is no appreciable difference in solution poten-

tials between cadmium and most aluminum alloys.

Alclad alloys, because of the nature of their

composition, may be subject to electrolytic corro-

sion. A galvanic current may be generated at

sheared edges or scratched areas or at spots where

the cladding has been penetrated. In all such cases,
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Figure 2-3 : These illustrations show the outstanding resistance to corrosion of alclad products. Note in the bottom graphs

superimposed on unretouched photomicrographs of the alloys, that the maximum attack does not extend beyond the

alclad coatings (4.0 mils on Alclad 3003; 3.5 mils on Alclad 2024-T3 and 1.9 mils on Alclad 2017-T3) even after extended

exposures in various atmospheres. This is substantiated (top) by micrographs (approx. X77) showing one surface of speci-

mens which had been subjected to the more severe environments. Considerable cladding remains for continued electro-

chemical protection of core alloys. This protective effect of the alclad coatings is reflected in the small or insignificant

losses in tensile strength (Center). Keller's Etch. From Walton, Sprowls and Nock, "Resistance of Aluminum Alloys to

Weathering" (Corrosion, October 1953).

however, the cladding provides cathodic protection.

The rate of corrosion is generally in direct propor-

tion to the area of the cathodic metal. It is, there-

fore, advisable to have the area of the cathode, (i.e.

of the non-aluminum metal) as small as possible.

Protection Against Galvanic Corro-
sion: Galvanic attack may be prevented by one or

more of the following measures:

1. By means of electrical insulation with fiber,

neoprene or some other non-hygroscopic material

;

waterproof papers, such as asphalt-impregnated

or coated paper, wax-film paper, roofing paper;

or by asphalt-impregnated felt. Most commercial

papers used for aluminum protection are at the

same time fire and vermin-proof. Other insulat-

ing materials are plastic coatings or paints.

Caution: Never use lead-base paints on alu-

minum.

2. By inserting a sacrificial alloy between the alloy
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TABLE 2-7: SOLUTION POTENTIALS MEASURED IN SODIUM CHLORIDE SOLUTION

Metal or Alloy Potential m Volts^^^

Magnesium -1.73

Zinc -1.00

220-T4 Aluminum Alloy (Cast) -0.92; 7072 (Wrought) -0.96

214 Aluminum Alloy (Cast) -0.87

5056-0 Aluminum Alloy (Wrought) -0.87

Pure Aluminum -0.85

5052-0 Aluminum Alloy (Wrought •

-0.85

1100-0, 1100-H18, 3003-H18, 6061-T6 Aluminum Alloys (Wrought) -0.83

43 Aluminum Alloy (Cast) -0.83

Cadmium -0.82

356-T4 Aluminum Alloy (Cast) -0.81

355-T4 Aluminum Alloy (Cast) -0.78

195-T4 Aluminum Alloy (Cast) -0.70

2017-T4 2024-T4 Aluminum Alloys (Wrought) -0.68

Mild Steel
-0.58

Lead -0.55

Tin -0.49

Brass (60-40)
-0.28

Copper -0.20

Stainless Steel (18-8) -0.15

Monel Metal -0.10

Silver
-0.08

Nickel —u.u /

Inconel
-0.04

(1) Measured in a 1 normal (5.85%) sodium chloride solution containing 0.3% hydrogen peroxide (N 10 Calomel Scale)

depending on the particular lot of material investigated and on the surface preparation employed.
The values vary somewhat

to be protected and the cathodic metal. An

example of this method is found where aluminum

piping has to be connected to another metal, for

instance to copper fittings. Here a piece of

sacrificial pipe of commercially pure aluminum

is used. Such pipe should be located in an easily

accessible place to permit replacement.

A dangerous source of electrolytic attack may be

water drainage off of metals such as copper. There-

fore, aluminum gutters on buildings with copper

flashing must be protected by painting the copper

flashing, or both the copper and the aluminum.

Direct Chemical Attack: Direct chemical

action may be defined as the tendency for a chem-

ical to dissolve a metal. It is important to under-

stand that galvanic attack is more pronounced in

chemical solutions than in tap or rain water. Table

2-8 contains a list of chemicals and the suitability

of aluminum for use with pure solutions of these

chemicals. Such tables are necessarily limited in

scope and must be considered as a guide only . . .



TABLE 2-8: ACTION OF SOME CHEMICALS TABLE 2-8: ACTION OF SOME CHEMICALS
ON ALUMINUM ALLOYS ON ALUMINUM ALLOYS (Continued)

1. Inorganic Reagents

REACTION
ON
AT TTXyTTKriTAyTAL*UM1IN UM.

1. Inorganic Reagents (Concluded)

REACTION
ON
ALUMINUM

Boric Acid solutions, 1-5% A Ink (iron), 100% B

Chromic Acid (Pure), any concentration B
Various

Mercury X

Hydrochloric Acid X Inorganic Nitrous Gases 100% B

Inorganic Hydrofluoric Acid, 1-60% X Reagents Oxygen A

Acids
Nitric Acid B Sulfur A

Phosphoric Acid X Sulfur Dioxide A

Sulfuric Acid B 2. Organic Reagents

Sulfurous Acid B Acetic Acid, Glacial A

Ammonia Gas or Liquid A Anthranilic Acid X

Ammonia Ammonium Fluoride (any concentration) B Organic
Carbolic Acid (Phenol) A

and

Ammonium
Compounds

Ammonium Hydroxide, Sp. gr. 0.88 B Acids Carbonic Acid (Carbonated Water) A

Ammonium Salts (most) B Fatty Acids A

Ammonium Sulfide (any concentration) A Fruit Acids B

Acid Salts B Organic Acids (most) B

Alkali Metal Bicarbonates A Alcohol. Butyl A

Alkali Metal Carbonates (any concentration) X
Alcohols

Alcohol, Ethyl A

Alkali Metal Hydroxides (any concentration) X Alcohol, Methyl (100%) A

Arsenates (any concentration) B Alcohols, Higher A

Borax solutions, 1-3% B Aniline, liquid X

Bromides X Anthracene B

Chlorides (all) X Anthranilic Acid X

Chromates (most), any concentration B Benzaldehyde B

Metal

Salts

Fulminate of Mercury X Benzene A

Heavy Metal Salts (most) X Coal Tar

and its

Derivatives

Cresol B

and Hydroxides (most), any concentration X Crude Tar and its Fractions B

Hydroxides
Iodides X Dyestuffs (any concentration) B

Mercury Salts X Naphthalene B

Nitrates (all) B Phenol (Carbolic Acid) A

Permanganates (most), any concentration A Pyridine (acid free) B

Phosphates (most), any concentration X Toluene A

Potassium Hydroxide, any concentration X Xylene A

Potassium Nitride A Beer, 100% A

Salt (Sodium Chloride) B Butter, 100% A

Sodium Hydroxide (any concentration) X Fats (acid free) A

Sodium Silicate (Water Glass), any concentration B
Foodstuffs

Fruit Juices B

Sulfates A Gelatine (any concentration) A

Sea Water, 100% See Table 7 Milk, 100% A

Steam, 100%, A Oil, Vegetable (chloride free) A

Water (carbonated) A Sugar Solutions (acid free), any concentration A

Water Water (chlorinated) B Vinegar A

Water (distilled) A Asphalt A

Water (rain) A Castor Oil A

Water (tap), 100% B
Oils, Greases

Waxes and

Gasoline (lead free) A

Air See Table 7 Gasoline (leaded) B

Various

Inorganic

Reagents

Bleaching Solutions X Petroleum Grease (acid free) A

Fluorine X Products Hydraulic Brake Fluids (most) \

Hydrogen Peroxide, 3-30% B; 70-100% B Hydrocarbons A

Hydrogen Sulfide A Kerosene A



TABLE 2-8: ACTION OF SOME CHEMICALS
ON ALUMINUM ALLOYS (Concluded)

2. Organic Reagents

REACTION
ON
ALUMINUM

Linseed Oil

Oil, Animal (acid free and chloride free) A

Oils, Greases, Oil, Mineral (chloride free) A
Waxes and

Petroleum

Products

Oil, Vegetable (chloride free)

Petroleum Products (chloride free^

Tar

Waxes (acid free)

Acetaldehyde A

Acetone (any concentration) A

Acetylene A

Camphor B

Carbon Disulfide A
'

Carbon Dioxide A

Carbon Monoxide A

Carbon Tetrachloride (dry) B

Cellulose A

Chloroform X

Copal A

Ether A

Ethyl Acetate (dry) B

Various Ethyl Chloride (dry) A

Ofct!! nip
Ethylene Bromide B

Reagents
Ethylene Glycol B

Formaldehyde (any concentration) B

Gas, illuminating A

Glue (any concentration) B

Glycerine (CP) A

Ink (dye) B

Methyl Chloride X

Nitroglycerine A

Refrigerants B

Rubber and Rubber Cements A

Tanning Solutions B

Trichlorethylene (dry) A

Turpentine A

Urea A

DEFINITION OF RATINGS:

Chemicals rated "A": Aluminum is not seriously affected by the chemical in question at

ordinary temperatures and in the absence of complicating factors, such as corrosive im-

purities in the chemical or galvanic action resulting from contact with dissimilar metals.

Chemicals rated "B": Aluminum should not be used without further tests or additional

data. Aluminum will be satisfactory under some conditions.

Chemicals rated "X": Aluminum will not normally be satisfactory unless there are special

circumstances and, in any event, should not be used without rather complete additional

testing.

Rating the action of various chemicals on aluminum has certain objections, since minor

changes in composition of the chemicals or operating conditions can greatly affect cor-

rosion rates. For example, impurities, known or unknown, in the chemicals involved may
cause corrosion. Before any substantial application is undertaken, trial should be made.

In some cases, the application of a suitable protective coating permits the use of aluminum

in contact with materials which might attack the bare metal.

Where aluminum is recommended for use ("A"), or trial is warranted ("B"), the recom-

mendation applies to 100% concentration of the reagent unleas otherwise indicated. Where

aluminum is not recommended for use ("X"), the recommendation applies to any con-

centration of the reagent.

not as final authority. If a question exists regarding

an application, always contact a specialist in corro-

sion problems.

Some chemical attack may occur on aluminum

when in contact with wet alkaline building materials

such as mortar, concrete, plaster, etc. For most of

these materials, corrosive action occurs only during

the stage when the material is wet prior to setting.

Little or no corrosion occurs after setting. The

magnesium-chloride cements are an important

exception to this general rule. With these cements,

an inhibitor such as sodium dichromate must always

be added to prevent deterioration of aluminum in

contact with them.

Where aluminum is to be buried in concrete,

it is usually not necessary to paint the parts. Where

aluminum parts rest against concrete, coat the

aluminum surface with any non-leaded or bitu-

minous paint.

Protection Against Chemical Attack:

1. Contact with concrete or masonry surfaces: Under

wet or intermittently wet conditions, coats of bi-

tuminous paints or layers of asphalt-impreg-

nated building paper or felt, or other commer-

cially available insulating materials should be

applied. Coatings of creosote and tar should not

be used because of their acid contents. Where

wet concrete may splash against aluminum dur-

ing construction, the aluminum surface may be

protected by a strippable sprayed-on coating.

2. Contact with soil: Although aluminum is inert

when buried in many types of soils, there are

some soils that cause attack, and certain elec-

trical conditions which may cause severe corro-

sion. For this reason, it is recommended that

buried aluminum pipe should be coated accord-

ing to established pipe practice, unless experience

indicates otherwise, and that the modest re-

quirements of cathodic protection be employed.

3. Contact with wood surfaces: Wood should be dry

and treated against moisture and rot. A layer of

building paper should be inserted for added pro-

tection, or a protective primer of aluminum paint

may be used.

4. Splashes of alkaline materials: If aluminum with



TABLE 2-9: CHOICE OF MILL PRODUCTS AND
ALLOYS FOR VARIOUS FINISHED PRODUCTS

rllNlbHiliU rriKJiJUKy I ALLOY NUMBER

Acoustic ceiling Sheet oUUo-xH4

Air duct Sheet o00o-rll4, 1100-rllo, .UUCt otoCK

Awning Sheet oUUo-rll4

Bridgo floor beam Extrusion DUO I- 1 O

Rolled Structurals
OA1 A I^C2014- 1 o

Bridge rail Extrusion ^lf\^i^ Tit (if\M Rrtfl9 TROUDl-lD, OUDo- J O, DUO^- 1 O

Casting OOD- 1 D

Builders' hardware Sheet ouou-u

Casting 43, 356

Extrusion OUOd- 1

0

Bus bar Extrusion oUbo- 1

0

Cabinet Sheet 3003-H14

Center strip, f. bridges Extrusion 6061-T6

Coping Sheet 3003-H14

Extrusion 6063-T42

Cornice Sheet 3003-H14

Extrusion 6063-T5

Curtain wall Sheet 3003-H14, Alclad 4043, Alclad
1235—

—

:

Casting 43

Extrusion 6063-T5 4043-F

Deck (corrugated) 3003-H14

Door frame Extrusion 6063-T5, 6063-T6

Fascia plate Extrusion OUDO- 1 4^

Sheet 3003-H14

Fasteners (See specific item)

Flashing Sheet OAAO A300o-0

Floor beam for bridge Extrusion 2014- 1 D, bObl- 1 b

Flue lining Sheet 1 1 An IT 1

A

llUU-rllb

Garage door Sheet QAAQ XJ1 A

Grating Bar bUbl- 1

n

Gravel stop Extrusion bUbo- 1 0, bUbo- 1 4^

Grille Sand Casting 43

Sheet QAAQ tJI/l

Extrusion
^A^O T'lTbObo- 1

0

Gutter Sheet

Hand railing Extrusion fi0fi1-T5\>V/\IO— X o

Hardware (See Builders' hardware)

Hood Sheet QOOS-Hl iOV/vO—il X *

Insulation Foil

Jamb Extrusion 6063-T5

Kick plate Sheet OUvO-xllo

Lamp post (bee Light poles)

Letters Sand casting 43 214

Sheet OvvO—XX X**

Light pole Tubing bUbo- 1

4

Lighting fixtures Sheet No. 1 and No. 2 Reflector Sheet

Louver Sheet
QAAQ UtA

Extrusion 6063-T5

Manhole steps Forging 6061-T6

Marquee Sheet 3003-H14

Extrusion 6063-T5

Moulding (See Trim molds)

MuUion Sheet 3003-H14

TABLE 2-9: CHOICE OF MILL PRODUCTS AND
ALLOYS FOR VARIOUS FINISHED PRODUCTS
(Concluded)

FINISHED PRODUCT MILL PRODUCT ALLOY NUMBER
Extrusion 6063-T5, 6063-T6

Nails Wire 6061-T913

Name plate Casting 43, 214

Newel Sand Casting 43, 214

Extrusion 6063-T5

Panel Sheet 3003-H14

Partition Sheet 3003-H14

Extrusion 6063-T5

Pilaster Extrusion 6063-T5

Railing—Bridge Extrusion 6061-T6

—Hand Extrusion 6063-T5

—Pipe Extrusion 6061-T83

Relief panel (sculptural) Casting 43

Rivet Wire 2024-T4, 6061-T6

Roofing—Corrugated Sheet Special

—V-crimp Sheet Roofing Alloys

Scaffold Pipe 6061-T6

Screen Wire Alclad 5056-H392

Screws Screw Machine Stock 2911-T3, 2017-T4

Seat brackets (stadium) Casting 356-T6

Shade screening Sheet 5052-H38 Alodized

Shingle Sheet 3003-H14

Siding Sheet 3003-H14

Signs Sheet 6061-T6

Sill (Window-) (See Window Sill)

Skylight Extrusion 6063-T5

Spandrel Sand Casting 43

(See Curtain Wall) Extrusion 6063-T5

Sheet Alclad 3003-H14

Store front Extrusion 6063-T5, 6063-T6

Storm window (See Window)

Structural shape Extrusion 2014-T6, 6061-T6

Rolled Shape 6061-T6, 2014-T6

Switch plate (Wall) Sheet 3003-H14

Sunshade Sheet 3003-H14

Termite shield Sheet 3003-H14

X erra^^iJ on Sheet 3003-H14

1 nresnoiu Extrusion 6063-T5

Tiles Sheet 3003-H14

Transformer vault frame
sections

Extrusion 6063-T5

Tread plate Sheet 6061-T6

Trim moulds Extrusion 6063-T5

Vapor barrier Foil 1235-0

Venetian blind Sheet 5052-H18

Wall facing (tongue & groove) Casting 43

Extrusion 6063-T5, 6063-T6

Weatherstrip Sheet 5052-H38

Window Extrusion 6063-T5, 6063-T6

6061-T6

Window sill Extrusion 6063-T5

Window stools Extrusion 6063-T5

Sheet 3003-H14
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a natural finish is in danger of being stained by

splashes of alkaline material, an alkali-resistant

strippable methacrylate type lacquer may be

used for temporary protection.

2.5 FINISHED PRODUCTS FOR
THE BUILDING INDUSTRY.
CHOICE OF ALLOY
Table 2-9 lists various finished products with recom-

mended mill products and alloys. The recommenda-

tions are made on the basis of practical experience,

but one should keep in mind that the alloys shown

may depend on a certain set of conditions, and

modifications may be advisable. Thus, in selecting

an alloy, this table should be used as a starting

point rather than as conclusive data. The recom-

mended alloy or alloys should be looked up in Table

2-4 (for wrought products) or in Table 2-5 (for cast

products), and one should verify whether all re-

quirements for the desired product are fulfilled;

another alloy may be substituted if its overall

characteristics appear to be better.

Applications of the various products are shown

pictorially in this volume or in Volume I.
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CHAPTER 3: THE PRODUCTION, FABRICATION

AND SURFACE FINISHING OF

ALUMINUM MILL PRODUCTS AND CASTINGS

The purpose of this chapter is to provide a basic

understanding of the production, fabricating and

finishing processes, as well as of the terminology

employed. It should be an aid in selecting and spe-

cifying a suitable and economical process, and in

avoiding designs which do not take into considera-

tion the inherent advantages of the material. As

with any material, the designer must be fully aware

of the important factors in fabricating aluminum . .

.

converting aluminum mill products into finished

end products. Therefore this chapter contains such

related data as minimum bend radii, standard

dimensional tolerances, and the like.

The selection of a particular mill product or fabri-

cating process must take into consideration not only

design objectives but cost factors as well. Factors

influencing costs are included wherever possible.

While similar considerations apply to designing

in general, they are of particular importance in the

design of aluminum shapes because of the lower

fabricating and forming costs. Due to the relatively

small number of standardized aluminum shapes,

the designer of aluminum shapes must assume more

responsibility than the steel designer who has a

multitude of standardized steel products at his dis-

posal.

These problems are especially vital in the design

of extruded shapes. The extrusion process which,

in terms of design methods, is the least familiar to

architects and engineers working with other mate-

rials, such as steel, concrete or timber, offers the

greatest possibilities in aluminum design.

On the other hand, because of the low initial die

cost and the flexibility of the extrusion process, the

designer may be tempted to employ it where its use

is not justified. It is with a view to the imaginative

design potentials on the one hand and possible pit-

falls on the other that the extrusion process is dis-

cussed in detail in this chapter.

The greater part of aluminum products used in

the building industry are wrought products. There

are, however, a number of applications where cast

products are also quite suitable. Such applications

include architectural hardware, ornamental facing

work, spandrel panels, escutcheons and the like.

Table 2-9 lists aluminum mill and foundry products

most suitable for various end products. Column 3 of

this table also indicates the aluminum alloy which is

recommended on the basis of general experience in

the trade. Inasmuch as the choice of a certain mill

or foundry product depends upon certain deter-

mining qualities, the use of Tables 2-4 and 2-5 is

recommended in conjunction with Table 2-9.

There are a large variety of surface finishes avail-

able. The most important ones are described in this

chapter, so that the engineer or architect may famil-

iarize himself with their properties and characteris-

tics. When choosing an appropriate surface finish,

he may avail himself of Table 3-6 which hsts surface

treatments for various requirements such as appear-

ance (color or texture), surface protection, and the

like. Estimated costs of the most common surface

treatments are given in Table 3-7.

3.1 DEFINITIONS OF INGOT,
WROUGHT ALUMINUM
MILL PRODUCTS
AND CASTINGS
Ingot:

Primary Aluminum Ingot obtained from the re-

duction pots (see Section 1.2) is commercially pure

aluminum. After it has been remelted and alloyed to



REDUCTION PLANT OPERATIONS AND PRODUCTS |-
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Figure 3-1 : Sequence of operations in the production of ingots, wrought products and castings.

GRAVITY CAST

;AND CASTING PERMANENT MOLD
CASTl NG

PRESSURE ( A.^ r

DIE CASTING

FOUNDRY OPERATIONS AND CAST PRODUCTS

a controlled composition for the purpose of harden-

ing and strengthening, it is then cast into ingots of

various sizes and shapes depending upon their ulti-

mate use. There are several types of ingots which

include the following:

Aluminum Rolling Ingot: For producing sheet,

plate, wire, rod, bar or structurals.

Aluminum Extrusion Ingot: For producing ex-

truded rod, bar, shapes, tube and pipe.

Aluminum Casting Ingot: Used in the foundry

where it is remelted for casting.

Aluminum General Purpose Casting Ingot: In this

type of ingot the composition limits for certain ele-

ments, notably iron, manganese, zinc, tin and

nickel, are such that the ingot may be produced by

reclaiming suitable scrap; or by remelting high-iron,

high-silicon aluminum pig; then the required alloy-

ing elements are added and, after fluxing and skim-

ming, the metal is poured into molds.

Wrought Aluminum Mill Products are

basic structural forms of aluminum, made at the

aluminum producer's mill. They include plate,

sheet, foil, bar, rod, wire, extruded sections, struc-

tural shapes, tube, pipe and forging stock. Mechan-

ical properties of such mxaterials are developed by

alloying, hot working, cold working or heat treat-

ment, or by combinations of these processes.

Plate is a solid section hot rolled to a thickness of

0.250-inch or more, in rectangular form with either

sheared or sawed edges.

Plate Circles are plate material cut into circular

form.

Sheet is a solid section rolled to a thickness range

of 0.006-inch to 0.249-inch inclusive, supplied with

sheared, slit or sawed edges. Flat sheet is furnished

in rectangular form with sheared, slit or sawed

edges, which may be flattened by any standard

method. Coiled sheet is a product rolled to finished

gauge and slit to finished width in continuous strip

of at least several hundred feet length, and is wound

on an arbor or core.

Sheet Circles are sheet material cut into circular

form.

Foil is a solid section of aluminum 0.0059-inch or

less (0.010-inch or less for 99.35-99.80 percent



Figure 3-2: First rolling operations widen out the slab by

cross-rolling and reduce its thickness to about =^4 inch.

aluminum) in thickness and is usually supplied

in the form of coils.

Extruded Sections include rod, bar, tube or any

shape produced by the extrusion process.

Structural Shapes are solid shapes used as load-

bearing members. They include angle and channel

sections, I-beams, H-beams, Tees, Zees and others.

Rod refers to round solid sections that are ^ 8-inch

or more in diameter.

Bar is a solid section whose cross-section has some

shape other than round, such as square, hexagonal,

rectangular and so on, and whose greatest diameter

is ^8-iJ^ch or more.

Wire is any solid section whose cross-section

diameter (or greatest dimension) is less than

inch. Cross-section may be a round, square, hex-

agon, octagon, rectangle or other shape.

Tube is a hollow product with a round, square,

rectangular, hexagonal, octagonal or elliptical cross-

section with sharp or rounded corners, and whose

wall is of uniform thickness except as affected by

corner radii.

Tube Stock is a semi-finished tube intended for

subsequent reduction in cross-section.

Pipe is a tube having certain standardized com-

binations of outside diameter and wall thickness,

commonly designated by ''Nominal Pipe Sizes" and

*'A.S.A. Schedule Numbers."

Forging Stock and Forgings are rod, bar or other

sections suitable for subsequent change in cross-

section by hot working in a shaped die. The product

obtained is called a forging.

Cast Products are produced by pouring molten

metal into molds of desired shape. The mechanical

properties of some castings may be improved by

heat treatment. Cast products are manufactured

in the foundry and include sand castings, perma-

nent-mold castings and die castings.

3.2 THE PRODUCTION OF
WROUGHT PRODUCTS
AT THE MILL

Hot and Cold Rolling: Hot rolling is per-

formed in mills which essentially consist of steel

rollers through which aluminum ingot, heated to

soften it, is passed until it is reduced to the desired

size or shape. Hot rolling is continued until thick-

nesses of about 0.125-inch are obtained. Further

reduction in thickness is accomplished by cold roll-

ing. Cold-rolled material has a better finish and in-

creased strength and hardness as compared with

hot-rolled material. The type of rolling ingot to be

used depends on the shape of the mill product.

Plate, sheet and foil are rolled from flat rectangular

ingot (slab ingot), structural shapes from rectan-

gular or cylindrical billets, rod and bar from round

or square-shaped ingot.

Plate (minimum thickness 0.250-inch) is made

from a slab which is hot rolled in a reversing mill

until reduced to a thickness of about 0.750-inch (see

Figure 3-2). Further rolling operations are per-

formed in a continuous hot mill.

Plate is ordinarily available in sizes of 36 x 96

inches, some thicknesses also in 48 x 144. Manufac-

turing limits generally extend up to 72 inches in

width and up to 360 inches in length. Special sizes

are also available upon request. Further informa-
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tion may be obtained from the producer's catalog.

Sheet is likewise rolled in a hot mill to about 0.125-

inch. Thinner gauges are obtained by cold rolling for

additional strength and better finish.

Flat Sheet is ordinarily available in dimensions

ranging between 24 x 72 and 48 x 144, depending

on the thickness. Manufacturing limits are about 48

inches in width and 220 inches in length, depending

upon thickness. Special sizes are available upon

request.

Coiled Sheet is usually supplied in thicknesses up

to .125-inch, and widths up to 62 inches, depending

upon thickness.

In addition to flat and coiled sheet, there are cer-

tain types of special purpose sheet, such as Utility

Sheet, Corrugated Sheet, Non-Earing Sheet, Archi-

tectural Sheet, Reflector Sheet, Clad Sheet and

others.

Utility Sheet is an aluminum alloy similar to 1100

primarily developed for heating and air-condition-

ing ductwork. It is produced in only one temper

with sufficient ductility to take a Pittsburgh lock

Figure 3-3: Matched roller dies corrugate aluminum roofing sheet to close tolerances on

high production basis. Operators merely feed sheet to work rolls.

seam. It has forming characteristics similar to 1100-

H16 and can be used in many sheet applications

where its temper will prove suitable, provided max-

imum corrosion resistance and surface appearance

are not required.

Its flatness and surface appearance are not guar-

anteed to be of the same high quality as standard

aluminum alloys. It is produced in flat sheet or coils

with plain surface or embossed patterns.

Manufacturing limits for utility sheet extend up

to 48 inches in width and up to 144 inches in length,

depending on thickness. Coil sheet comes in widths

from 1 to 48 inches.

Corrugated Sheet is produced by cold forming in a

press brake or by means of corrugating rolls as shown

in Figure 3-3. It is generally known as roofing or

siding sheet in accordance with its most frequent

application. (See Sections 7.1 and 7.2.) Corrugations

extend lengthwise the sheet. For special applications,

curved sheet can be supplied with the curvature

across the width of the sheet.

Non-Earing Sheet is of a type that prevents wavy

symmetrical projections (ears) formed in the course

of deep drawing or spinning. Non-earing sheet is

available flat, coiled or in circles, and in thicknesses

from .006 to .064-inch. Flat sheet is available in

widths ranging up to 60 inches and lengths up to

144 inches. Coiled sheet is furnished in widths up to

62 inches.

Aluminum Foil is made by rolling sheet thinner

and thinner in hand mills. The most common appli-

cation of foil in the building industry is for heat

insulating purposes and vapor barriers.

Foil is available in rolls with a coverage of 250

square feet. They usually come in widths of 25, 33

and 36 inches and in weights of 15 pounds and 11

pounds per roll.

Structural Shapes are hot rolled by means of

special rolls which produce the desired shape; for

example, H-beams are rolled on a series of butterfly-

grooved rolls. The more complicated structural

shapes require a greater number of passes to prevent

undue reduction of the metal beyond its limit of

plastic flow.

Finishing operations include roller or stretch

straightening and when required, the rolled shapes



may be drawn through dies to obtain better surface

finish and closer dimensional tolerances.

Rolls for producing structural shapes are rela-

tively expensive since they involve the use of con-

siderable metal with a high degree of machining

and finishing to get the contours desired. When

special shapes are required, the volume of material

should warrant the comparatively high tooling

costs. The border line depends entirely upon how

complicated the shape is and the tooling cost. Gen-

erally, extruded structural shapes are cheaper be-

cause of lower tooling costs.

Standard rolled structural shapes include equal

angles, unequal angles, channels and sometimes

I-beams. They are usually supplied in 2014 and 6061

alloys. Other structural shapes are available as ex-

trusions. For properties of structural shapes, see

Appendix.

Rod and Bar are produced by hot rolling (see Fig-

ure 3-4) to a size larger than specified and then are

cold drawn through a die for a better finish and

closer dimensional tolerances. Sometimes the cold

finishing is omitted.

Standard rolled rod is supplied in diameters from

1%6 to 6 inches, while cold-finished rod comes in

diameters from % to 2 inches.

Rod for special purposes includes forging stock,

redraw rod, rivet rod and screw machine stock

(rounds).

Forging Stock is always supplied in the as-fabri-

cated condition or **-F" temper. It must always be

specified as "forging stock'* to avoid confusion with

similar material to be used for other purposes.

Forging rod is nearly always rolled. Forging bar

may be rolled or extruded. Forging shapes are usu-

ally extruded, but may be rolled where the volume

of material justifies the roll cost.

Commercial sizes of round forging stock range

from % to 8 inches in diameter.

While forging stock is produced in the mill, forg-

ings themselves are made and fabricated in forge

shops.

Redraw Rod is an as-fabricated rod suitable for

further drawing to produce conductor wire.

Rivet Rod is usually available in all diameters up

to 0.609-inch.

Rounds come in sizes from J/g to 3^ inches. 3.2

Bar is commercially available as square bar

(round or square-edge), square-edge rectangular

bar, and hexagonal bar.

Cold-finished square bar comes in sizes from

0.375-1.500 inches, usually in incrementsof Ko-inch.

Square-edge rectangular bar is supplied in widths

from M to 3 3/8 inches and thicknesses from 34 to

Figure 3-4: A square ingot of aluminum has been heated to soften it and is being rolled

in a 3-high mill to reduce its cross section and lengthen it. Bar is passed successively

back and forth through smaller and smaller die openings to obtain reduction desired.

Note how die openings in rolls become smaller toward right end of the rolls.

1 inch. Hexagonal bar is made in sizes from 0.375 to

1.625 inches (distance across flats).

Cold Drawing: As previously explained, the

main purpose of cold finishing (cold drawing) is to

obtain closer dimensional tolerances and a better

surface finish.

Wire products which by necessity have to be kept

within close tolerances are cold drawn by pulling

rod, which has been hot rolled to 3^-inch diameter

or less, through a series of progressively smaller dies

to obtain the desired dimensions. 51
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Round wire is drawn to a diameter of 0.03-inch,

hexagonal wire is usually available in -^iQ-'inch and

}>i-[nch (distance across flats); flattened wire in

thicknesses from .062 to .093-inch for a width range

of .375 to .625-inch, and in thicknesses from 0.94 to

.187-inch for a width range of .250 to .625-inch.

Welding wire is supplied in diameters from 0.030 to

0.250-inch. Rivet wire is available in a diameter of

0.061-inch.

The cold-finishing of bar and rod is sometimes

referred to as cold drawing.

Tube drawing is similar to drawing bar and rod in

that chain pull draw benches are utilized. The dif-

ference lies in the fact that the tube is hollow. A
mandrel with one end fixed and a bulb attached

to the other is used. The tube is threaded over the

mandrel which is positioned in the center of the die

so that the tube may be drawn over the mandrel

bulb but inside the die orifice, maintaining close

tolerances inside and out.

"Sinking*' refers to tube drawing without a man-

drel. Sinking results in less tube runout because the

inside surface metal tends to sink, thus building up

the wall thickness. Sinking is considerably more

economical since production is increased over bulb

drawing by three times. However, it can only be

utilized where inside tolerances are of little concern.

Extruding is a process by which aluminum is

squeezed out through a die opening. The ejected

or "extruded" aluminum assumes the same size and

cross-section as the die opening. Before extruding,

the metal is heated to a plastic state. Extruded

products include rod, bar, shapes of uniform cross-

section, and seamless tube.

The extrusion is done in hydraulic presses capable

of exerting pressures up to 14,000 tons. Figures

3-5 and 3-6 show details of a typical press and die.

When extruding tube and pipe, extrusion billets

may be cored during casting to produce a hole

throughout their length, or they may be cast solid

and the hole drilled or bored. The same procedure

as described above is then followed, except that a

mandrel is attached to the hydraulic ram. When the

ram is in the extruding position, the mandrel ex-

tends through the hole in the billet and into the die

orifice. As the ram advances, metal is forced through

the orifice and around the mandrel which then de-

termines the inside dimensions of the resultant

seamless tube or pipe.

Extruded shapes emerge from the press in lengths

up to 110 feet. They are then heat treated, straight-

ened and cut. Figure 3-7 shows a few of the shapes

that have been produced by the extrusion process.

Notice that many of these shapes are hollow.

Figure 3-5: This is a typical extrusion press used for producing aluminum shapes. The hydraulically operated ram pushes the hot aluminum billet through

the die opening which has the desired cross section. A typical set of extrusion tools is shown in detail in Figure 3-6.



Selection of Extruded Shapes: According to their

geometry, extrusions are classified as solid, semi-

hollow, and hollow. The hollow shapes are among

the more difficult to produce (see Figure 3-8).

It is suggested that the engineer designing an ex-

trusion check with the manufacturer first, as a stock

die may already be available. This will save time

b) Semi-hollow sections with unbalanced die

tongues.

c) Sections that include extreme variations in

thickness.

d) Hollow shapes with very unsymmetrical

voids, or with inadequate sections between

voids.

Figure 3-6: This detail shows a typical set of steel tools for producing aluminum shapes in an extrusion press. They consist of the die, back-up block,

die holder, die block and tool container. Extrusion billets range in diameter from 4 to 11 inches, or more.

and cost. If, on the other hand, a special die is neces-

sary, it is good practice to consult with the manu-

facturer first, so that all factors involved in the

extrusion process may be taken into account. The

following data will serve to point out some of the

production considerations.

Non-uniform metal flow may occur in extruding

heavy and thin sections simultaneously in the same

die because of friction on the die walls.

In general, the following conditions should be

avoided

:

a) Thin sections in a large circumscribed circle.

Examples of these conditions, pictorially shown

in Figure 3-9, are as follows:

1. Thin-walled shapes inside large circumscribed

circles, such as Sections A and K, are difficult to

straighten. A slight increase in wall thickness

or stiffening ribs as indicated in Section K by

dotted lines can help remedy this condition.

2. Shapes requiring large overhanging die tongues,

as illustrated in Sections A, B and I, create die

problems. If possible, width of the tongue

(shown as "/r" in Sections A and B) should be

increased to permit greater rigidity of die.



Figure 3-7; The extrusion process allows manufacture of special shapes tailormade to meet

the designer's particular requirements at a minimum cost.

3. In shapes with several adjacent die tongues, such

as a, b and c in Section A, an increase of section

thickness /, between the tongues, is desirable.

4. Shape D shows extreme differences of section

WIDTH OF GAP W

© © ©
Figure 3-8: Extruded shapes:

A-C: Solid extruded shapes.

D : Semi-hollow extruded shape. Tongue ratio R =
A2/W is larger than 1 3^2 (if smaller than 1

' 2, shape is

considered solid) . Minimum producible gap width:

0.030-inch.

E-G: Hollow extruded shapes.

thickness. The length of the thin protruding legs

should not exceed 10 times their thickness. Di-

54 mensional tolerances on such thin legs are hard

to control because of variations in metal flow

through the die.

5. In Shapes E and F, which show severe variations

from thick to very thin cross-sections, straight-

ness and flatness are hard to maintain. Waves

tend to form in the thin end of Section E; a blunt

end as shown by dotted lines would alleviate this

condition. In Section F, a smaller difference in

section thickness would facilitate flattening the

thin web.

6. In multi-hole hollow shapes, adequate thickness

between holes is necessary. In Section C, for in-

stance, the center web should be increased to

J^^-inch.

7. Shape G, with a long narrow tongue flanked by a

heavy mass of metal, is undesirable. The pre-

ferred design, which should be approached as

closely as possible, is shown in H. Tongue width

is increased, tongue depth reduced, the thick sec-

tion is narrowed down, and a radius added at

the tongue gap. The dotted line indicates the

open position in which the leg will be extruded,

to be closed by a rolling pass after extrusion.

8. In very thin shapes, such as Section L, a generous

fillet radius helps to maintain straightness.

9. The metal flow of heavy unsymmetrical hollow

shapes, such as Section N, where the void is near

the edge of the section, is difficult to control.

Extrudability is improved if a second void, as

indicated in dotted lines, is added. The closer a

hollow shape approaches uniform wall thickness,

as illustrated by Sketch M, the more readily can

it be extruded.

Weight and Dimensional Limits of Extruded Shapes:

Minimum and maximum weights per foot are de-

pendent on the limits of the extrusion ratio which

is the ratio of cross-sectional area of the extrusion

ingot to the cross-sectional area of the extruded

shape. This ratio should not be greater than 45:1

and no less than 16:1, corresponding to minimum

and maximum weights of 1 ounce or less, to 20

pounds. The maximum weight of 20 pounds corre-

sponds to a cross-sectional area of 15 square inches.

The maximum length of an extruded section de-

pends on the weight per foot of the section, and

upon what the heat-treating and shipping facilities



can accommodate. See Table 3-1. While a 40-foot

length is considered the maximum practical, it is

possible to produce lengths up to 50 feet or more

provided no heat treatment is required and the

cross-sectional area is not too large.

Cross-sectional dimensions have to be kept within

a circumscribed circle of approximately 23 inches in

diameter, as commercially practical presses, at the

present time, cannot handle larger dies. This limita-

tion may be overcome in certain cases by the

method indicated in the caption of Figure 3-10.

Thickness of the desired section is a factor deter-

mining whether extruding is feasible. Very thin sec-

tions are better furnished as continuous-roll-formed

shapes. The minimum permissible thickness of an

extruded section or of a part thereof is basically a

function of

1. the width of the shape, measured in terms of the

diameter of the smallest circumscribed circle

around the shape. The wider the shape, the

greater must be the minimum thickness.

2. the type of extrusion. Minimum thickness is

greater for hollow shapes than for solid shapes

(see Table 3-2).

3. the softness of the alloy. The softer the alloy,

the thinner may be the section.

Fits and Assemblies of Mating Extruded Shapes:

Shapes which cannot be extruded as a single section

because of dimensional limitations or complexity of

cross-section can be obtained by assembling mating

extruded sections. Various possibilities are shown

in Figures 3-11 to 3-16. Regular joints, pecuHar to

extruded shapes, are treated in detail in Section 4.9.

Advantages of extrusions can be listed as shown

below

:

—The extrusion process greatly simplifies design,

inasmuch as the engineer has an exceptionally

free hand in choosing the most suitable shape.

—It is a particularly useful process for meeting

specific non-standard requirements.

—It is highly economical because of the relatively

low cost of the dies.

—Since metal can be placed exactly where most

useful, light weight coupled with high strength

and easier handling, with lower transportation

costs and less wear and tear result.
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Figure 3-9: Examples of poor extrusion design. Shapes such as those shown here present

certain difficult manufacturing problems and should be modified, if at all possible.
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—Close tolerances minimize subsequent machining

and often eliminate its necessity entirely. (See

Figure 3-17a.)

—Machining of long cast frame members (Figure

3-1 7b) or of small parts of such shape that they

can be sliced from an extrusion (Figure 3-1 7c) can

be minimized and often ehminated by redesign-

ing the section to an aluminum extrusion.

—Joining of shapes by means of bolting, riveting,

welding or crimping can be replaced by com-

bining all the required elements into one alu-

TABLE 3-1: MAXIMUM LENGTHS OF ALUMINUM
EXTRUSIONS

WEIGHT OF SECTION
POUNDS PER LINEAL FOOT

MAXIMUM LENGTH OF SECTION
FEET

F TEMPER 0, T4, T5, T6 TEMPERS

Under 2 60 40

2 to under 3 50 40

3 to under 6 40 40

6 to under 10 30 30

10 to under 15 25 25

15 to 25 20 20

TABLE 3-2: MINIMUM THICKNESSES OF ALUMINUM
EXTRUSIONS

MINIMUM THICKNESS, INCHES^

SMALLEST
CIRCUMSCRIBING
CIRCLE DIAMETERS
INCHES

SOLID EXTRUDED SHAPES
HOLLOW
EXTRUDED
SHAPES

3003 3003
6063^

6061

20143 2024 7075 6063 6061

Under 2 .050 .050 .050 .050 .063 .063

2 to under 3 .050 .050 .050 .063 .063 .078

3 to under 4 .050 .050 .063 .078 .078 .094

4 to under 5 .063 .063 .078 .094 .094 .109

5 to under 6 .063 .078 .094 .109

6 to under 7 .078 .094 .109 .188

7 to under 8 .094 .109 .125 .219

8 to under 10 .109 .125 .188 .375

10 to 12 .156 .188 .250 .437

NOTES:
' Applicable to mean thickness if unequal plus and minus tolerances are specified.

2 Minimum thickness less than indicated may be possible for some sections of shapes having a circumscribed

circle diameter under 2".

3 Minimum thickness of 2014-T6 is 0.125".

4 Maximum thickness of 6063-T42 and 6063-T5 shapes is .

minum extrusion, thus reducing costs. (See Fig-

ures 3-17d-f).

—Where the required cross-sectional dimensions

exceed the capacity of the largest presses, i.e.,

where they would extend beyond a circumscribed

circle of 23 inches, it is possible to extrude them

in circular or distorted shapes, as shown in Figure

3-10. After extrusion and before heat treating,

these sections can be formed to the desired shape.

This possibility affords a particular advantage

where a great many joints would otherwise be

necessary.

—Extrusions are straighter, dimensionally more

accurate, and have a better surface finish than

rolled shapes.

—Extrusions can be "tailored" more economically

than roll-formed sheet sections, e.g., by adding

ribs, lugs or pads. Greater stiffness and strength

for equal weight can often be obtained simply by

varying the cross-section (see Figure 3-1 7g).

—Extrusion facilitates the production of a great

variety of ornamental shapes not obtainable by

other methods except at greater expense.

3.3 CAST PRODUCTS
AND THEIR PRODUCTION
IN THE FOUNDRY
Sand Castings: Molds made of sand are lowest

in cost and permit greater flexibility in design

changes. Labor costs are higher than for other cast-

ings. Sand castings are rougher in appearance and

vary in quality. No close dimensional tolerances are

obtainable with these castings. They are, therefore,

mostly used for such applications as spandrel panels,

wall facing panels for exteriors, window mullions,

casings for concrete, posts for bridge railings and

the like.

Permanent-Mold Castings: This method

employs metal molds with a metal core. If a sand

core is used, the casting is called a semi-permanent

mold casting. Molten metal is poured into the mold

under its own gravity pressure.

Die Castings differ from permanent-mold cast-

ings only in that the metal is forced into the die



cavity under pressure by means of a special casting

machine.

Permanent-Mold and Die Castings Versus Sand

Castings: The main advantages of permanent-mold

and die castings over sand castings are higher

strength, better surface appearance and closer dimen-

sional tolerances resulting in increased accuracy

and rendition of detail. Die castings have smoother

surfaces compared to permanent-mold castings.

Permanent-mold and die castings are used for

ornamental work requiring high accuracy and a

smooth surface, whenever the quantity needed

justifies the higher cost. Die castings, in particular,

find application in small mass-production items

such as handles, latches, and other door and win-

dow fittings, and the like.

Commercial dimensions of aluminum castings are

usually limited to about a maximum size of 5 x 7

feet although lengths up to 10 feet are sometimes

furnished. The minimum practical thickness of a

casting that is 5-foot square is about ^((j-inch.

3.4 TEMPERING TREATMENTS
Pure aluminum is alloyed to provide added strength,

to make it responsive to heat treatment, or to ob-

tain other desired characteristics. Where a temper-

ing treatment is applied, it may be either a heat

treatment with subsequent quenching and aging,

or a work-hardening (strain-hardening) process, or

a combination of these treatments.

Heat Treatments: Whether or not an alumi-

num alloy will respond to heat treatment depends

primarily on the alloy composition. In the molten

state, certain alloying elements will be dissolved in

the aluminum. In the course of solidification, some

constituents will remain in a state of solution, others

will precipitate. The latter may be either re-soluble

or insoluble, or they may be a combination of both,

depending on the composition of the alloy. The pur-

pose of the heat treatment is to return certain sol-

uble constituents into solution. The metal is brought

to an elevated temperature and rapidly quenched in

water to accomplish this.

Those alloys with a high degree o solid solubility

at an elevated temperature and limited solubility
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Figure 3-10: Sections exceeding the maximum circumscribing circle can be extruded in

circular or distorted shape and flattened to the desired shape after extrusion and before

heat treatment. For instance, shape C can be extruded as A or B and then flattened.

Figure 3-11: Dovetail Fits up to 10 feet in length are widely used where the desired shape

is too large for a single extrusion or if manufacturing limitations prevail; also if two

extrusions must be machined before assembly.

1.000 ± .012 , 1.125 ± .012

Figure 3-12: Snap Fits: These fits have to be designed

with sufficient spring action so that one may be snapped

on the other. Snap fits are frequently used in architectural

work to conceal pipes, wiring and the like. The material to

be enclosed is inserted after one part has been installed;

then the cover part is snapped in place. 57
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1.312 ± .012
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1.125 ± .026

FOR PARTS

.802^.040 PART 1

.036

.812 ± .000 P A R T 2

Figure 3-13: Sliding Fits are employed to form hollow

shapes by sliding sections together. If assemblies are used

for continual sliding or if they are frequently disengaged,

it is necessary to apply a lubricant such as a zinc stearate

or molybdenum sulfide compound to prevent tightening

of the fit from surface galling.

APPROX. SPAN .562

APPROX. SPAN .437

.375R ± .006

.500R ± .006 .687 ± .009

-i r FOR PARTS 1 & 2

Figure 3-14: Contact {or Contour) Fits: These fits are the

simplest to extrude, but mating sections should match

closely. For applications see Figure 3-15.

at a low temperature are called heat-treatable or

strong alloys. Dissolving the alloying constituents

by heating is known as solution heat treatment. Max-

imum strength is obtained by subsequently em-

ploying precipitation or age hardening, in which

the alloying elements are precipitated in a con-

trolled manner. (See Section 2.2).

Strain Hardening: The non-neat-treatable

or common aluminum alloys have alloying elements

that do not precipitate from solution, or they have

no re-soluble constituents. (See Section 2.2). These

alloys can be strengthened either by cold rolling or

other plastic deformation. This process is called

strain hardening and may be controlled in its degree

by the amount of anneahng.

Annealing: For maximum formability, the alloy-

should be in the soft temper . . . obtained by heating

it to a temperature of 650-750°F and cooling slowly.

This process is known as annealing. After the part

has been annealed and formed, the desired strength,

hardness, ductility and dimensional stability may

be developed by tempering, described above.

3.5 FABRICATION

Fabrication includes forming and machining opera-

tions performed on aluminum mill products and

castings, after they leave the mill or foundry.

Forming : Aluminum is one of the most workable

of all the common commercial metals. It can be

fabricated readily into a variety of shapes by most

any of the conventional methods.

Formability varies greatly with the aluminum

alloy and temper (see Table 2-4). Unlike most other

metals, aluminum does not have a definite yield

point where plastic deformation will take place

without the application of further stress. However,

after a certain stress has been reached (varying

with the alloy and temper), the metal deforms at an

increasing rate. If the load is removed at this point,

the metal will be found to have taken a permanent

set. Yield strength values are always shown for a

permanent set of 0.2 percent of the gauge length by

the aluminum industry.

The spread between the ultimate tensile and

yield strengths and the amount of elongation can

be used for roughly determining the degree of form-

abihty; the greater the spread between tensile and

yield and the higher the elongation, the greater the

possible deformation without rupture.

Bending: The success of any bending operation

depends primarily on the ability of the alloy to

stretch on the outer surface which is under tension

in the bend zone. The metal must also upset

along the inner surface of the bend zone where it is

under compression (see Figure 3-19A).

Temper and thickness must be given careful con-

sideration (see Table 3-3), as they determine the

minimum bend radius that can be employed with-

out fracturing. Table 3-4 shows recommended inside

radii on 90-degree cold bends for various alloys,

tempers and thicknesses. Certain aluminum alloys



can be cold formed 90 degrees on a zero or sharp

bend. Others must be formed on certain stipu-

lated radii. The formula below may be used for

calculating dimensional allowances, especially in

case of several bends.

L = 0.0175 a (r -h 0.4 t)

where

L = Length to allow, in inches

a = Total number of degrees bending occurs

r = Inside bend radius, in inches

t = Material thickness, in inches

Table 3-5 shows dimensional allowances for zero

(90-degree) bending and for 180-degree bending.

A variety of bending and forming methods may

be used with such conventional equipment as press

brakes, bar folders, draw benches, dip rolls, tangent

benders, all types of presses, roll formers and the

like.

Because of the elastic recovery properties of

aluminum (and most other metals), a small amount

of spring-back may occur after forming. Since the

exact amount of spring-back is difficult to compute,

it is good practice to provide tools with adjust-

ments for over-bending, unless the material's spring-

back characteristics are known through previous

tests.

For specifications regarding application of heat

for bending structural shapes, see ASCE Proceed-

ings (Appendix).

Stretch Forming and Contour Forming: Stretch

forming is employed for stretching large sheets

either for the purpose of flattening them (see Figure

3-20) or for forming them to the shape of a form

block (see Figures 3-21 and 3-22). Contour forming

not involving any stretching is shown in Figures

3-23 and 3-24.

The most suitable alloys for stretch forming are

those with high elongation, as this is the controlling

factor in the operation.

The advantage of stretch forming is that there is

hardly any spring-back, as illustrated in Figure

3-19b.

Continuous Roll Forming: Roll formed shapes (see

Figure 3-25) are produced by passing strip through



Figure 3-16: Special types of fits for parallel assemblies of extruded sections include a

tongue-and-groove fit secured by a rolling pass (A), and a dovetail fit secured in the same

manner (D). Sketches B and C show two examples of shapes which cannot be produced

as integral sections because they exceed fabricating limits; they can, however, be designed

as split-up sections and assembled after extrusion. Sketch E shows a cylinder of 60-inch

diameter, built up from extruded segments. Sketch F shows a ball and socket type joint.

a series of roller dies in continuous-roll-forming ma-

chines (see Figures 3-26 and 3-27). Each successive

pair of rolls cause the work to assume a cross-sec-

tional shape more nearly approaching that desired.

Thus only a small bend is made by any single pair

of rolls. At the last pair of rolls, the final shape de-

sired is produced. No straightening is required, since

roll-formed products ordinarily are straight and free

from distortion.

The advantages of the roll-forming process are as

follows:

1. It is a fast, virtually automatic process, once the

roll-forming machine is properly set up.

2. It affords precise control of metal thickness.

3. It reduces handling labor costs, and power.

4. Dimensions of shapes are practically unrestricted

and are limited only by the dimensions of the

material available.

50 5. Automatic arrangements can be made at the

entrance end of the machine for piercing, notch-

ing and the like.

Continuous roll forming is done longitudinally

only and is most economical in mass production.

To avoid excessive strains, the forming is done grad-

ually. This permits use of minimum bend radii about

half of those required for press or brake bending.

Drawing: Aluminum and its alloys are drawn

much in the same manner as steel and the other

non-ferrous metals.

The non-heat-treatable alloys 1100, 3003, 5005,

5050 and 5052 are commonly used for drawn parts

due to the greater degree of deformation possible

with them before rupture.

For shallow draws, a single-action mechanical or

hydraulic press is generally used; for deep or mul-

tiple draws, a double-action press. These latter have

the advantage of permitting fine adjustment of the

important blank-holding pressure.

Hardened tool'Steel dies are used for large scale

production. All surfaces contacting the aluminum

are given a high polish to prevent scratching and

scoring of the drawn part.

Radii of drawn parts range from four to eight

times the metal thickness. Insufficient radii may

result in a tensile fracture in the shell, while exces-

sively large radii may cause wrinkling.

Hydraulic press rams equipped with rubber pads

are normally used for the production of limited

quantities. Male dies only are required inasmuch

as the rubber acts as the female die.

Forming of various embossed designs, stretch and

shrink flanges, flutes and the like can all be done

with rubber dies.

Swaging aluminum tube can be accomplished in a

rotary swaging machine. Aluminum swages excep-

tionally well, but caution must be employed when

swaging alloys that work-harden fast and those that

are of a temper restricting their workability (see

Figure 3-28).

Bending of Aluminum Pipe and Tube: Forming

aluminum pipe and tube can be accomplished by

conventional methods used for other materials.

Pipe made from an aluminum alloy having good

ductility (stretch and elongation) with a reasonably

high tensile strength is desirable for forming. Pipe



Figure 3-17a: Sections machined from bar stock or pipe

can often be replaced by aluminum sections extruded to

exact shape and size.

P'igure 3-17b: Machining cost of long cast-iron frame

members is minimized by redesigning the section to an

aluminum extrusion.

Figure 3-1 7c: Small castings, forgings or parts machined

from bar stock may permit redesign to an extrusion if

they may be sliced off the mother extrusion.

Figure 3-17d: Several rolled structural steel shapes can be

combined into a single aluminum extrusion, thus elimi-

nating joining costs and permitting closer tolerances.

Figure 3-1 7e: Welded assemblies can often be redesigned

to extrusions. Cost is reduced, while the strength and

accuracy are improved.

Figure 3-1 7f: Crimped tubular sections often permit re-

design to extrusions with gain in stiffness and strength.

Figure 3-1 7g: Because extrusions permit changes of cross

section, they can be "tailored" more readily than roll-

formed sheet sections to meet specific design require-

ments. Bosses, ribs, flutes can be obtained easily.

with good elongation and low tensile strength, while

the easiest to bend, will require careful tooling to

avoid fracturing, flattening and collapse. Such

collapse will occur if the ability of the alloy to ab-

sorb compressive stresses is exceeded.

The stretch and shrink properties of aluminum,

as of other metals, are proportionately less for thin

cross-sections than for heavier ones. This means

that the minimum bend radius will increase with

any decrease in wall thickness. Thin-wall tube is

especially susceptible to fracturing or buckling. Ex-

treme care must be used to confine the shape prop-

erly in the forming tools.



Figure 3-18: An example of aluminum casting. y-DIRECTION OF ELASTIC
//RECOVERY OF STRETCHED
// FIBERS

TENSION
CKNESS

EUTRAL

RESULTANT FORCE CAUSING
SEVERE SPRING-BACK DUE
TO ELASTIC RECOVERY

COMPRESSION

DIRECTION OF ELASTIC
RECOVERY OF OUTER
AND INNER F

DIRECTION OF ELASTIC RECOVERY
OF COMPRESSED FIBERS

METAL THICKNESS

NEUTRAL AXIS MOVED OUT
OF PLANE OF METAL

Figure 3-19: Upper diagram shows effect of bending a sheet of metal. It is the compression

and tension forces locked in as shown here that cause "spring-back." Lower diagram

shows how stretch forming eliminates spring-back as all metal fibers are now in tension.

Tube bending is done on various types of machine

formers. All of them stretch the metal on the out-

side of the bend and compress it on the inside . . .

the degree of stretch and upset depending upon the

bender and tooling used. These stresses vary in

proportion to the length of the forming or bending

arc and reach their maximum intensity within a

90-degree arc. Forming over a longer arc does not

create greater stresses.

Forging: Both press forging and drop-hammer

forging have essentially the same effect; they force

the forging stock into a die cavity to obtain a de-

sired shape by pressing, or by repeated blows. Forg-

ing is employed to produce irregular shapes and

contours which could not be formed as satisfactorily

by other methods. Forging also refines and increases

the density of the grain structure with an improve-

ment in strength and fatigue resistance. Thus forg-

ing is used to make various types of builders hard-

ware, where strength is of importance.

While the production rate is higher in drop-ham-

mer forging, press forging has the advantages of

lower die costs and fewer operations.

The drop hammer is seldom used to form thin

material except parts where wrinkling and buckling

are unlikely to occur to an objectionable extent.

Where plywood draw rings and rubber pads are

employed, thin material becomes easier to work.

Annealed (-0) aluminum affords the best re-

sults in drop-hammer forming of shapes because it

stretches and shrinks more readily. Other parts

such as channels, shallow embossed panels or any

shallow irregular shape are often formed from

metal of intermediate temper. Heat-treated parts

can be formed satisfactorily by working immedi-

ately after quenching (see Figures 3-29 and 3-30).

Machining: The machining characteristics of

aluminum (see Tables 2-4 and 2-5), especially of

wrought products, are excellent, the machinabihty

of alloys being superior to that of pure aluminum.

In general, the machinabihty of non-heat-treatable

alloys is superior to that of heat-treatable alloys.

Both classes of alloys possess better machinabihty

in the full-hard condition and offer less resistance to

machining than any other common metal. Machin-



TABLE 3-3: 180-DEGREE COLD BENDING—METAL TO METAL 3.6

ATT rw Ayf A YTAyTTTlVr TWTr'TnslTTQQ TTsir!TTiVl/\A.iiVi U iVi 1 jLliV^JViN ILjOO IINV^-XX

1100 -0 to -H14 .250

-H16 .016

3003 -0 to -H12 .250

-H14 .125

3004 and Alclad 3004 -0 .064

-H32 .016

5050 -0 .250

-H32 .125

-H34 .064

5052 -0 .125

-H32 .032

-H34 .016

.^UZ4 ana AlClclQ -0 .032

6061 -0 .064

2014 -0 .032

ing methods for aluminum vary but little from those

employed for other metals, the most important dif-

ference being the selection of appropriate tools.

Sawing aluminum usually employs circular saws

at high speeds, as they produce cleaner, straighter

cuts than band saws.

Drilling operations require much higher rota-

tional speeds than those customary for heavy

metals. When reaming aluminum, chatter may be

avoided by using the spiral-fluted types of reamers.

Tapping and threading employs thread lengths

increased from 10 to 40 percent as compared to steel

threads, since the shear strengths of some aluminum

alloys are lower than those of steel. The higher per-

centage increase pertains, of course, to the softer

aluminum alloys. Fine threads and those having a

sharp V-contour should be avoided because of seiz-

ing tendencies. A rounded or trapezoidal thread

will usually cause no trouble if smoothly cut.

Where threads must be loosened and tightened

frequently, a trapezoidal form of thread contour

will help to minimize seizing. Application of a good

anti-seize compound or impregnation with it after

an anodizing treatment will also help avoid seizing.

Such compounds as zinc stearate or graphited oils

and greases may be used for this purpose.

The tapping allowance on drilled holes should be

slightly less on aluminum than on iron or steel, or

an oversize tap should be used. This will help to

compensate for the elastic deformation of the alloy

during tapping and thereby avoid a tight-running

thread.

3.6 FINISHING
Uncontrolled Natural Finishes: The

various manufacturing processes of aluminum pro-

ducts generally yield different surface properties

which are not otherwise controlled.

Thus hot-rolled products show a certain amount

of discoloration or darkening, while cold-finished

products have a whiter, brighter surface. Extruded

products have an intermediate appearance nearer

that of cold-finished items and, in addition, show

traces of longitudinal striations caused by the ex-

trusion process.

Castings vary little in their surface appearance,

except that die castings have the smoothest surface

with permanent-mold castings the next best.

Controlled Natural Finishes: Natural

finishes of cold-rolled sheet may be controlled by

the degree of polishing given to the rollers of the

rolling mill, or by other means as explained below:

Mill Finish refers to the surface of sheet given

finishing passes through rolls that have not been

highly polished. It may vary from bright to dull and
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may not be free from stains or light films of rolling oil.

Mill Finish One Side Bright (or One Side Bright

Mill Finish) refers to sheet, one side of which has a

mill finish, the other side being somewhat brighter.

Not a uniform finish.

Standard One Side Bright refers to sheet given a

TABLE 3-4: MINIMUM RECOMMENDED RADII FOR 90-DEGREE

COLD BENDING OF ALUMINUM SHEET
These radii represent average values for forming on conventional equipment with tools of good design and condition.

The minimum permissible radii are subject to several variables and can only be determmed by actual formmg under

shop conditions. ^
THICKNESS OF SHEET—INCH

64

ATT rw TTTA/TPP'R1 IliiVli iLxv 01 fi .025 .032 .040 .051 064 .091 .125 .187 .250

BEND RADII IN 32NUb Ur A XT TVTr'"U'

1100 -0 0 0 0 0 0 0 0 0 0 0

-H12 0 0 0 0 0 0 0 0 3 6

-H14 0 0 0 0 0 0 0 0 3 6

-H16 0 0 0 0 1 2 3 4 8 lb

-H18 1 1 2 2 3 4 6 8 16 32

3003 -0 0 0 0 0 0 0 0 0 0 0

-H12 0 0 0 0 0 0 0 0 3 6

-H14 0 0 0 0 0 0 1 2 4 8

-H16 0 0 1 2 2 3 5 6 12 24

-H18 1 2 3 4 5 6 9 12 24 40

3004 & -0 0 0 0 0 0 0 0 0 2 4

Alclad -H32 0 0 0 1 1 2 3 4 8 16

3004 -H34 1 1 1 2 2 3 5 6 12 24

-H36 1 2 3 4 5 6 9 12 24
A A40

-H38 2 3 4 5 7 8 12 16 32 48

5050 -0 0 0 0 0 0 0 0 0 0 0

-H32 0 0 0 0 0 0 0 0 3 6

-H34 0 0 0 0 0 0 1 2 4 8

-H36 0 1 1 2 2 3 5 6 12 24

-H38 1 2 3 4 5 6 9 12 24 40

5052 -0 0 0 0 0 0 0 0 0 0 0

— tiSZ
A
u U u nu 0 0 2 3 6 12

—H34 0
rv
U

Au 11
11 9

Ct 3 4 8 16

—H36 1
o
Z 9 9 Qo 4 6 8 16 32

— xloo 1
1 9 Qo 4 5 6 9 12 24 40

2024 & -0 0 0 0 0 0 0 0 0 2 4

Alclad

2024
-T3 1 3 4 5 7 8 12 16 32 48

6061 -0 0 0 0 0 0 0 0 0 2 4

-T4 1 2 2 2 3 4 6 8 16 32

-T6 1 2 2 2 3 4 6 8 16 32

7075 & -0 0 0 0 1 1 1 3 4 8 16

Alclad

7075
-T6 2 4 6 8 10 12 18 24 40 64

-0 0 0 0 0 0 0 0 0 2 4

2014 -T3 1 2 3 4 5 6 9 12 24 40

-T6 2 4 6 8 10 12 18 24 40 64



much brighter finish approaching a uniform mirror

finish on one side. The other side will have a mill

finish or better.

Standard Bright Finish refers to sheet products

having a mirror finish on both sides.

For many applications, natural finishes are com-

pletely adequate (see Table 3-6). The ever-present

oxide film makes protective coatings unnecessary

under ordinary conditions, and unless special deco-

rative effects are to be obtained, the pleasing, nat-

ural appearance of aluminum requires no further

finishing.

In addition to the aforementioned rolling finishes,

there are other special mill-finishing operations for

producing special purpose sheet. These include the

following:

Alclads (clad aluminum sheet) : This type of sheet

is obtained by bonding to one or both sides of an

alloy some other alloy which is to perform a specific

function. The bonding is done by diffusing the core

and the claddings into each other during hot rolling.

If the primary purpose of the cladding is protection

against corrosion, a layer of high-purity aluminum

or a layer of an aluminum alloy of higher corrosion

resistance and higher negative solution potential

than the core (see Section 2.4) is employed. Alloys

extensively used for cladding are of the 6000 and

7000 series.

In addition to the higher corrosion resistance of

alclads, the cladding will also provide cathodic pro-

tection of the core at cut edges or at spots where the

cladding has been removed.

Alclads are of special value for thin sheet requir-

ing high resistance to perforations through cor-

rosive action. They are often used for gutters,

downspouts, flashings and the like.

Alclad products are ordinarily supplied in sheet

and plate, sometimes in tube and wire; alclad ex-

trusions have also been made on an experimental

basis.

Brazing Sheet is a special type of alclad sheet usu-

ally of a 1100 or 3003 core with a high silicon alloy

cladding that melts at a lower temperature than the

core. Assemblies of parts made from this type of

sheet can be brazed together by subjecting them to

a temperature of about 1100°F which does not

TABLE 3-5:

FOR ZERO (90-DEGREE) BENDING
B & S GAUGE ALLOWANCE FOR 90-DEGREE

BENDS

Down to No. Z6 {.0^6 )
None

No. 22 (.025 ) to No. 20 (.Uo2 ) incl.

No. 19 (.Ooo ) to No. lb (.Uol ; incl. >l6

No. 15 (.05/ ) to rslo. 14 (.Uo4 ) inci. 3/ "

No. 13 (.072 ) to No. 11 (.091 ) incl. \/"
78

XT^ 1A / 1 AOV\ i-^ XT^ Q / 1 OQ"^ T-K»<^1No. 10 (.102 ) to No. o (.IZo ) incl. 3y "
/16

No. 7 (.144 ) to No. b (.IbJ ; incl. 7A

NTn ^ ( 1 R?""! tn No 4 ( 20V) Incl ^3 2

No. 3 (.229 ) to No. 1 (.289 ) Incl. Vs

17/ "

Vs
s; ///

Formula:

—

Add all outside dimensions and subtract the number of bends X the allowance figure

above. For 45-degree bends subtract one-half the allowance figure for each bend.

P^OR 180-DEGREE BENDING
Formula:

—

Add the outside dimensions and subtract one-half the metal thickness for each bend.

Figure 3-20: Embossed aluminum sheet being stretched to produce perfectly flat panels

in plant of Rigid-Tex Corp., Buffalo, N. Y. Stretcher takes sheet up to 36 x 96 inches;

40-ton grip holds sheets; 7-ton force stretches them.



TABLE 3-6: SUGGESTED FINISHING

REQUIREMENT

Natural Aluminum
(varies slightly with alloy and type of mill product)

Figure 3-21: Stretch forming. Work is held at both ends;

one end moved to wrap it around form block.

Figure 3-22: In this, as in most stretch formers, jaws grip

the ends of the work while a hydraulic ram lifts the form

die in the center, stretching the sheet metal to the three

dimensional form desired.

o

u

<

<

<

Special process colors

Black

Black for interiors

Gray—various shades on architectural sheet

slate

greenish

Green (on alloys)

yellowish

White (on commercially pure aluminum)

Multi-tone metallic color

Metallic colors

(variety of colors available)

Opaque colors

(any color)

Natural finish on sheet

Bright to dull

Mirror finish one side

Mirror finish both sides

one or both sides for reflector sheet

Bright surface

(degree depends on process)

Satin finish

Figure 3-23: Contour forming three-dimensional curves

in thick Z-section extruded aluminum parts using com-

pression forming method diagrammed in Figure 3-24.

Hydraulic cylinder in rear operates forming roller while

•table revolves work about form block.

O
l-H

u

o

Sand blast

(various degrees)

Raised pattern

Base for paints

Base for solder

Base for brazing

Base for electroplating

Abrasion

Corrosion

Temporary protection



PROCESSES FOR SPECIFIC REQUIREMENTS
SUGGESTED FINISHES

r^xvtJV^Cjdo I* IIN loxliiio

NATURAL FINISHES MECHANICAL CHEMICAL ELECTROLYTIC OXIDE ELECTROPLATED
(anodizing)

PAINTS, VITREOUS
ENAMELS & OTHERS

Various types of mill

finishes

Sulphuric acid process

Oxalic acid process

Sulfamic acid process

Phosphoric acid process

Boric acid process

Black nickel plating

Alkali arsenic staining

Sulphuric acid process

M.B.V. process

Chromic acid process

McCulloch

Alrok process

McCuUogh

Pacz process

Colored anodic coating

Vitreous enamel
paint, lacquer

Mill finish, mill finish

one side bright

Standard one side bright

Standard bright finish

Alcladding

Spin finish

Buffing

Mechanical polishing

Chemical polishing Alzac, brytal, batelle

processes

Belt polish, 180-220 emery
Centerless belt polish, 180
emery (tube)

Belt polish, 160-180 emery
Belt polish, 120-140 emery
Hand rubbed with steel wool
Compound or brush back
Sander

Caustic etch + design

etching

For colored background:
Color anodizing after caustic

etch or after design etching

Fine blast, 100 to 200 mesh
Medium blast, 40 to 50 mesh
Coarse blast, 16 to 20 mesh

Embossing
Highlighting

Chromatizing treatments
Phosphatizing treatments
M.B.V. process

Alrok process

Sulphuric acid process

Tin plating, copper plating

brass plating

Alcladding

Grinding
Sandblasting

Zinc immersion process Phosphoric acid treatment Copper plating (for chro-

mium finish)

Nickel plating

Pacz process

Annonizing process

Brytal process

Sulphuric acid treatment
Sulfamic acid treatment
Phosphoric acid treatment
Oxalic acid treatment

Chromium plating

Alcladding Annonizing process

Brytal process

McCulloch process

Bonderite 170
Pacz process

Zinc immersion process

Protal process

Oxalic acid treatment
Sulphuric acid treatment
Sulfamic acid treatment
Chromic acid treatment

Paint finishes

Methacrylate type lacquer
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GUTTER WINDOW SECTION

Figure 3-25: Typical aluminum shapes produced by continuous roll forming.

melt the core alloy but only the cladding, joining

the surfaces. It is produced in flat sheet or coils and

in tempers **-0'' and "-H14" only.

Reflector Sheet is manufactured in two grades: No.

1 and No. 2. The former is used for diffuse reflectors

which are normally etched and anodized. It con-

53 tains a minimum aluminum purity of 99.3 percent.

No. 2 grade is used for specular reflectors and is a

composite material consisting of a 1100 or 3003 core

(whichever is specified) and is clad on one or both

sides with aluminum of minimum purity of 99.75

percent. Nominal thickness of the cladding is de-

termined by the final thickness of the sheet. The

clad side (in the case of one-side clad material) is

used for the reflecting surface, the other side is usu-

ally marked to indicate that it is not to be used.

Flat Reflector Sheet is usually manufactured in

thicknesses from .020 to .072-inch with width and

length limits up to 54 inches and 180 inches, re-

spectively. Coiled sheet comes in widths from 1 to

48 inches.

Embossed Sheet: This type of sheet is obtained by

passing a commercial mill finished sheet through a

pair of rolls with a matched design or between a

design roll and a plain roll, if the embossed pattern

is desired on one side only. Embossed surfaces hide

wear and scratches and so retain their original fine

appearance much longer than plain sheet. Too,

they may eliminate the need for additional surface

finishes, thus lowering the cost of the fabricated

article. Embossed surfaces, at the same time, in-

crease the stiffness of the sheet. Embossed sheet is

usually available in thicknesses (before embossing)

from .010 to .064-inch, in widths up to 60 inches,

and lengths up to 220 inches, depending on thick-

nesses. Patterns include wood grain, leather grain,

fluted, stucco, diamond, notched, ribbed, bark and

pebble designs.

Architectural Sheet differs somewhat from the

aforementioned types of sheet inasmuch as it is not

supplied by the mill with the ultimate finish desired,

but merely conditioned for it. It is made from an

alloy of suitable composition and surface character-

istics for the application of anodized finishes by the

Figure 3-24: Compression forming. Work is held at one

end; a roller used to wrap work around form block.



sulphuric acid process with or without pigments

added.

Anodizing Architectural Sheet No. 5 will, for in-

stance, yield a grayish decorative and protective

coating. Architectural Sheets No. 1 and No. 4 result

in natural surface finishes with the No. 4 sheet

substantially darker than the No. 1 sheet.

Etching of certain types of architectural sheet

prior to anodizing serves to eliminate streaks or

other blemishes.

Architectural Sheet is ordinarily available flat,

coiled or in circles.

Process Finishes are surface treatments ap-

plied by the fabricator and not in the mill or found-

ry. These finishes may have one or more of the

following functions:

1. To change or improve the appearance of the sur-

face for decorative purposes.

2. To improve its mechanical or chemical proper-

ties, such as abrasion or corrosion resistance.

3. To provide a base for subsequent surface treat-

ment, such as painting.

Various process finishes for these requirements are

recommended in Table 3-6; Table 3-7 shows approx-

imate costs. Process finishes include mechanical

finishes, chemical finishes, electrolytic oxide fin-

ishes, electroplated finishes, paints, vitreous enam-

els and others.

A prerequisite for successful application of any

finish (except mechanical finishes) is a properly

cleaned surface. Specifications by the ASCE rela-

tive to cleaning and treatment of metal surfaces to

be painted for structural applications may be found

in the Appendix.

Mechanical Finishes; Grinding: Dry grinding with

a 25-50 grit abrasive cup wheel at a peripheral

speed of 8,000 fpm is employed primarily for re-

moving surface roughness from aluminum castings.

Buffing and Polishing: Bufl^ng employs a fine

abrasive such as Tripoli powder mixed with a grease

binder, resulting in a highly lustrous surface. A
roughing operation should precede the buffing, if

deep scratches are present.

Polishing is done with finer abrasives than in

buffing and with a very light pressure, using speeds

Figure 3-26: Continuous-roll-forming machine fitted with coiling device at exit end.

Inset shows cross section through work produced. Note this setup employs six forming

stations plus the coiler. Latter can be adjusted to produce diameter desired.

Figure 3-27: Eight-station continuous-roll-forming ma-

chine exits work through a sizing die and into a flying

shear which automatically cuts it to required length. The

machine is fed aluminum in the form of coiled strip. 69



Figure 3-28: These are typical swaged parts.

70

around 8,000 sfpm. The resulting highly polished

surfaces should be washed with soap and water from

time to time to prevent dulling.

Scratchbrush Finishing employs power-driven ro-

tating wire brushes to give the aluminum surfaces

a coarse or smooth lined texture, depending on the

size of the wire bristles in the brushes. Rough tex-

tures may be given a lacquer coat or may be ano-

dized to avoid the collection of dust.

Satin Finishing is similar to the scratchbrush fin-

ish, except that the wires are of much smaller diam-

eter. The same effect may be obtained by scratching

the surface with very fine abrasives on a muslin or

felt wheel. Both processes provide a soft, smooth

sheen. Changing the angle of contact of the brush

provides various effects.

Spin Finishing is achieved by pressing an oily

abrasive cloth against the aluminum piece while it

is revolved rapidly. Subsequent application of fine

stainless steel wool and fine mesh emery gives a

bright, silvery finish with a pleasing pattern of con-

centric circles.

Highlighting provides a two-tone effect suitable

for relief surfaces, such as on architectural span-

drels. The elevated areas are masked while the re-

cessed areas are sandblasted. Then the masking is

reversed and the elevated areas are given a high-

light effect by painting or polishing them.

Sandblasting: Uniform matte surfaces in varying

degrees of roughness and shades of gray can be

produced economically by sandblasting, i.e., spray-

ing sand or abrasives under controlled conditions.

The resulting rough surfaces, however, should be

protected by an oxide treatment or by painting.

Sandblasting may be used to prepare aluminum

surfaces for electroplating, although zincating is

much better. Sandblasting is not recommended.

Too, sandblasting very thin sheets is not always

practical, as it may distort sections of the sheet.

Chemical Finishes; Caustic Etch Finish is a deco-

rative, silvery white finish, also known as "frosted

finish.*' It is obtained by treating the work in caus-

tic soda (sodium hydroxide). If partial etching is

required, the entire surface is coated with an acid

resist which is then removed from the areas to be

etched. Since the etching removes the natural oxide

film on the metal, it is necessary to provide a coat-

ing of clear lacquer or enamel to prevent finger-

printing or other subsequent markings.

Suitable proprietary etching compounds are

Wyandotte Seneca Flakes or Wyandotte 1-2289-A2

(Wyandotte Chem. Corp.), Oakite #30 or Test

Q (Oakite Products, Inc.), Detrex X (Detrex

Corp.), Pennsalt A-15 or AE-18 (Penn. Salt Mfg.

Co.), Cowles PC (Cowles Chemical Co.), Kelite

Special Etch (Kelite Products, Inc.), Diversey #30

or Aluminux (The Diversey Corp.), Metex Cleaner

#2 (MacDermid, Inc.), Dynamic Flakes (Turco

Products, Inc.), Sprex (The DuBois Co.), Alkalume

#4 (Northwest Chemical Co.), Enthone Cleaner E

or Compound #139 (Enthone, Inc.), Cee-Bee Satin

Etch (Cee-Bee Chem. Co., Inc.).

Design Etching is a chemical method for producing

designs on aluminum by printing the design on the

metal, and then dusting the ink-dampened areas

with asphaltum powder. Remainder of surface not

covered by the design is then etched.

A colored background can be obtained by apply-

ing a colored anodic or paint film before removing

the asphaltum from the protected areas.

Conversion Films: Since the natural hard oxide film

on aluminum provides a limited key for paints, it is

best to treat the surface prior to applying a paint

coat. These priming layers are known as conversion

films and are obtained by either a. chromatizing or

phosphatizing treatment.

Chromatizing is used on aluminum parts to form

thin, inert surface oxide films which serve to pro-

mote paint adhesion. The process consists of a 3 to

5-minute dip in a 5 to 10 percent chromic acid solu-



tion, maintained at a temperature of approximately

150°F. Parts are then rinsed in cold water and dried

prior to painting.

Suitable proprietary compounds include Bond-

erite 710 (Parker Rust Proof Co.), Iridite 14 and

14-2 (Allied Research Products, Inc.), and Alodine

1000 and 1200 (American Chemical Paint Co.).

Phosphatizing forms a thin, inert phosphate coat-

ing on the metal produced by spraying or immersing

the work for about 5 minutes in a 5-10 percent

solution of phosphoric acid (75 percent) maintained

at room temperature. Then they are rinsed in cold

water and dried. Phosphatizing films are corrosion

resistant and increase the bond obtained on subse-

quent paint films.

Phosphatizing is probably the simplest and least

expensive chemical treating process available for

preparing aluminum surfaces for painting. Suitable

proprietary compounds include Bonderite 170 and

D180 (Parker Rust Proof Co.), Alodine 100 (Amer-

ican Chemical Paint Co.), Lyfanite (Neilson Chem-

Figure 3-29: The air-powered Cecostamp represents an

advance in drop-hammer equipment, as it offers better

control of speed and power of the stroke. Here is a typical

operation producing the aluminum part shown at left, at

Curtiss-Wright Corp., St. Louis, Mo.

ical Co.), Cee-Bee A-62 (Cee-Bee Chemical Co.,

Inc.), Kelite (Kelite Products, Inc.), and Alum-i-

niel 979 (MacDermid, Inc.). Certain of the above

may also be used as a final finish.

Figure 3-30: Typical part formed on a drop hammer.

Chemical Oxidizing: Chemical oxide films exhibit

good corrosion and abrasion resistance and provide

a good base for painting because of their porosity.

They are more economical and easier to apply than

anodic processes which also produce oxide films,

but they are thinner and softer than anodic finishes.

Although chemical oxide coatings may be dyed,

anodic films are preferred if a superior color quality

is desired. The two most widely used for chemical

oxidizing are the Alrok and the Modified Bauer-

Vogel processes.

Alrok Process specifies immersion of the work in a

hot (about 150°F) solution of 2 percent sodium car-

bonate and 0.1 percent potassium dichromate for a

period of about 20 minutes. The pores of the oxide

film thus formed are sealed by subsequent immer-

sion in a hot solution of 5 percent potassium

dichromate, and the parts are then rinsed. The

absorbed dichromate neutralizes any residual alkali

in the coating and tends to increase its protective

power. These oxide films vary in color, depending

on the alloy treated, but are usually a yellowish-

green after sealing in dichromate.

The Modified Bauer-Vogel Process (M.B.V. Treat-

ment) is of considerable commercial importance in

the foreign field for the production of a protective

oxide film on aluminum alloys free of copper. The

treatment involves immersion of the work in an

aqueous solution of 5 percent sodium carbonate and

1.5 percent sodium dichromate at 195-212°F for 3-5

minutes, then rinsing in water. The surface film

formed is a slate gray. It has fair adhesion and

abrasion resistance. It makes a good base for paint-



ALUMINUM TABLE 3-7: GUIDE FOR
IN APPROXIMATING TYPICAL COSTS

OF FINISHING ALUMINUM
ARCHITECTURE

Costs were estimated in 1951 and include labor and
overhead, maintenance, depreciation and other appli-

cable costs. Figures are based on continuous production
operations on relatively large flat panels.

For cleaning treatments an amount
per square foot should be added.

of $.0C25 to .015

Mechanical Finishes Dollar/Sq Ft

Polishing .020--.100

Scratchbrushing .010--.050

Satin Finishing .010--.050

Chemical Treatments

Caustic Etch .010--.020

Alrok Process .020--.040

Alodine Process .015--.030

Bonderite 170 Process .015--.030

Phosphatizing .010--.020

Zincate Coating .040--.080

Electrolytic Oxide Finishes

Chromic Acid Process .150--.300

Sulphuric Acid Process .100--.250

Electropolishing .200--.500

Coloring Anodic Coatings .030--.060

Electroplated Finishes

Copper Plating .200--.400

Chromium Plating .300--.500

Organic Finishes (Chemical Treatm^ent

and Paint) .020--.080

ing and coloring and so is useful for this purpose.

Zinc Immersion Process: Aluminum may be

coated with zinc by immersing the parts in a zincate

bath at room temperature. The result is a very thin,

firmly adherent coating of zinc on aluminum. This

base is recommended wherever aluminum is to be

electroplated. It is also known as Zinrating.

Chemical Polishing: Producing mirror-bright sur-

face finishes on aluminum by simple chemical proc-

esses has received increased attention in recent

years. Usual procedure is to immerse the parts in a

hot chemical solution, followed by subsequent rins-

ing. Depending upon the alloy and its mechanical

preparation, reflectivity values up to 86 percent

may be obtained.

In most cases these mirror-bright surfaces are not

72 appreciably dulled by subsequent clear finishes

produced by chemical oxidation or sulphuric acid

anodizing processes.

Alkali Arsenic Staining may be employed to pro-

duce a black color on aluminum. The process in-

volves immersion in a solution of sodium chloride

and then in arsenous oxide, hydrochloric acid and

ferrous sulphate. Aluminum parts so treated are for

interior use.

Anonizing is a proprietary process developed by

the Colonial Alloys Co., Philadelphia. It produces a

substantially colorless oxide coating with good cor-

rosion resistance and increased abrasion resistance.

The appearance of the film is somewhat similar to

that produced by the sulphuric acid anodizing

process.

The Jirotka Process results in a film of good adher-

ence and is used as a base for painting and electro-

plating. The surface obtained is of aluminum oxide

with heavy-metal particles embedded in it, as the

processing solution contains a number of heavy-

metal salts.

The Protal Process produces an adherent protec-

tive oxide film on the metal.

The Pacz Process is essentially an etching process

in which the solution dissolves aluminum and ex-

poses those alloy constituents that are not attacked.

This results in a variation of color tone. The film

produced is abrasion resistant.

The McCulloch Process results in a white film on

commercially pure aluminum and a greenish-white

film on aluminum alloys. Both films are adherent

and protective.

Electrolytic Oxide Finishes (Anodiz-

ing): Electrolytic oxide coatings are readily ap-

plied to aluminum alloys and are widely employed

because of their many outstanding physical and

chemical properties. Oxide finishes are obtained by

building up the natural oxide film by the anodizing

process, using an oxygen-yielding electrolyte such

as sulphuric, chromic or other acid and making the

metal the anode ... in contrast to the electroplat-

ing process where the metal is the cathode.

The anodic film, which is integral with the alu-

minum itself, consists essentially of amorphous alu-

minum oxide but may contain other substances from



the electrolyte. The film is very hard and durable.

It has high dielectric strength with excellent abra-

sion and corrosion resistance.

Anodic coatings may be transparent or of varying

degrees of silver, gray or brown, depending on a

number of variables as explained in the following.

They are highly absorptive for dyes and paints. A

boiling water treatment will convert the oxide into

the monohydrate, sealing the pores and thus pre-

venting further absorption. A number of electro-

lytic oxide processes are described below. The sul-

phuric acid process is the most common.

Sulphuric Acid Process: Anodizing with a sul-

phuric acid electrolyte is part of the Alumilite proc-

ess. It usually employs direct current, but alternat-

ing current may be used if desired. In general, the

oxide films obtained in a sulphuric acid electrolyte

are very corrosion and abrasion resistant, are highly

absorptive, inert and heat resistant. Oxide films are

commercially made in a sulphuric acid electrolyte

to have a thickness ranging from 0.0001 to 0.001-

inch. Minimum film thicknesses of 0.0004-inch

should be specified for interior use and exterior use

with maintenance, and 0.0007-inch for exterior use

without maintenance, for both wrought and cast

products.

Do not use this or any other anodizing process

(except chromic) where there is any probability of

retaining acid by capillary action in a closed space

such as a lapped joint. This is important since any

acid so retained will cause subsequent deterioration

of the aluminum by contact.

The sulphuric acid process is the most econom-

ical. The coating will vary from a clear, transparent

film to one that is opaque or translucent depending

upon alloy, timing and solution concentrations.

Coatings become more opaque as alloy constituents

increase. The brightest and clearest surfaces are

obtained with alloys containing magnesium (5000

series), and magnesium and silicon (6000 series) as

major elements. Alloys with manganese as the

major element (3000 series) show a yellowish color,

while alloys of the 5000 series with large amounts

of magnesium have a hroivnish-gray appearance.

Copper-containing alloys yield rather dark coatings,

Silicon is not noticeably dissolved by the anodic

process and thus remains in the coating, giving it a

gun metal gray color. Since most aluminum castings

contain silicon, they appear rather dark when

anodized.

In the production of architectural sheet, the alloy

composition is controlled so that a desired color is

obtained when the sheet is anodized. (See "Con-

trolled Natural Finishes—Architectural Sheet")-

Chromic Acid Process produces a gray or greenish-

gray oxide film which is inert, corrosion resistant

and absorptive. Like other anodized coatings, its

thickness depends on current density and time of

treatment; the average thickness is about 0.00005-

inch. It may subsequently be colored in dye baths.

This process is particularly suitable for assembled

parts, since this acid may be trapped in joints with

little or no deleterious effect.

Omlic Acid Treatment: Films obtained by this

method are of moderate hardness and abrasion re-

sistance. Their corrosion resistance is good. Average

thickness is about 0.0001-inch.

Sulfamic Acid Treatment produces films similar to

those formed in oxalic and sulphuric acid electro-

lytes. They are transparent and porous, abrasion

and corrosion resistant, and have good dye absorp-

tive qualities, good heat radiating power and good

electrical resistance.

Phosphoric Acid Treatment produces a hard and

durable oxide film that is a good base for electro-

plated coats where a base smoother than that obtain-

able by zincating is required.

Boric Acid Treatment affords a hard, impervious,

non-absorptive film. Its exceptionally high electric

resistance makes this coating preferred where such

insulating properties are desired.

Colored Anodic Coatings: Anodized films are po-

rous and thus provide an excellent absorptive me-

dium for water-soluble dyestuffs and pigments. The

metallic luster of colored anodic films has great decora-

tive attraction. After coloring, sealing in boiling water

will close the pores of the film, making it stain and

corrosion resistant. Where a high degree of corro-

sion resistance is required, special corrosion inhib-

itors may be incorporated in the coating.

There are three methods for dyeing an anodic

film:



1. The work is immersed in an organic dye bath,

thus absorbing the color.

2. The oxide film is treated successively with solu-

tions which react with one another on the film to

form insoluble colored compounds. A few of these

solutions are nickel-acetate treated with ammo-

nium sulphide to produce black films, zinc acetate

treated with potassium dichromate to produce

yellow films, and potassium ferrocyanide treated

with ferric chloride to produce blue films.

3. Colored oxide films may also be produced di-

rectly in the anodizing bath by acid combina-

tions and additive agents. For example, chromic

and oxalic acids produce varying shades of brown;

sulfamic acid and sodium borate produce silvery

films. The time, temperature, current density,

voltage and electrolyte used, as well as the

aluminum alloy treated, have a direct bearing on

the color obtained.

Electropolishing: High purity aluminum may be

treated by electropolishing to obtain a light re-

flectivity of about 85 percent. Electrolytic buffers

remove impurities from the aluminum surface and

level off minute elevations. The very thin oxide film

produced may be reinforced by subsequent anodiz-

ing in sulphuric or other acids to obtain a clear,

hard coating resistant to corrosion and high temp-

eratures.

The work is made the anode and metal is removed

selectively by the phenomenon of anodic polariza-

tion. The depressions are made anodically passive

and the elevations anodically active. This causes

the rate of dissolution of elevations to be greater

than that of depressions. The grains of the metal

are not distorted as when mechanical buffing is

employed, and a brilliant, highly polished surface

is obtained.

The Alzak, Brytal and Battelle processes are

typical commercial applications of electropolishing.

These processes are used extensively in making

aluminum lighting reflectors.

Alzak Process employs an anodic treatment in a

2.5 percent solution of fluoboric acid, producing sur-

faces which reflect some 85 percent of the incident

light.

Brytal Process entails treating the work anodic-

ally in an alkaline solution. The reflectivity ob-

tained is about 85 percent. The film possesses good

corrosion and abrasion resistance.

Battelle Process was developed by the Battelle

Memorial Institute. It yields high reflectivity on

suitable aluminum sheet. The cleaned and rinsed

parts are immersed in a bath of 40 percent sulphuric

acid and 60 percent phosphoric acid. About 0.0002-

inch of metal may be removed during this treat-

ment.

Electropolished reflecting surfaces are usually

given a final oxidizing treatment to provide pro-

tection to the highly finished surface. Final re-

flectivity will depend upon the purity of the alu-

minum, the thickness of the oxide film, and the par-

ticular procedure employed. The film is usually

sealed by immersion in boiling water. In service,

cleaning with mild soap and water at intervals will

remove accumulations of grime and will restore the

original high reflectivity.

Electroplated Finishes are employed primarily as a

means of enhancing the decorative effect. They

may be applied on aluminum as on other metals if

the metal is first coated by the zinc immersion proc-

ess (zincating). Chromium and copper plates are

the most common and easiest to apply.

Chromium Plating: Chromium is readily plated on

aluminum either after zincating, or after copper,

brass or nickel plating. Lustrous chrome plate is

easy to obtain by plating over buffed copper, brass

or nickel plates on aluminum, and then bufl?ing the

chromium to the polish desired. Chromium plates

are generally applied for the decorative effect ob-

tained and for resistance to abrasion.

The plating thickness varies from 0.00002-inch

for decorative purposes to 0.0005-inch or thicker for

wear resistance. Patents pertaining to chromium

plating are held by United Chromium, Inc.

Copper Plating aluminum may be done after ano-

dizing in phosphoric acid. The thickness of plating

varies from 0.0005 to 0.001-inch, depending on the

time in the solution. Copper may also be electrode-

posited by first precleaning and then zincating the

aluminum. The thickness obtained varies from

0.0005-inch for a color coat to 0.002-inch for a buff-

ing coat, depending on immersion time.



Copper plates on aluminum are generally used

where soldering operations are required, for certain

electrical requirements and for decorative items.

Silver Plating decreases electrical resistance and

is sometimes used for bus bar connections.

Tin and Brass Plates are especially good as a base

for soldering.

Zinc and Cadmium Plates provide corrosion pro-

tection.

Chemically treated nickel plates yield a black

decorative finish.

Vitreous Enamels in various colors may be applied

to aluminum to obtain a hard, abrasion and heat

resistant finish. These materials are complex glasses

prepared by melting and then pouring the molten

material into water. This shatters the glass into

small particles called vitreous enamel frit. Many

types of frit are produced but, chemically speak-

ing, they are essentially lead borosilicates.

The aluminum is first freed of grease, then given

one coat of ground enamel and air dried. This is

followed by two coats of white or one or two coats

of colored enamel applied by spraying or dipping.

The optimum coating thickness is about 0.006-inch

for two or more coats, but the coating thickness

may vary from 0.002 to 0.009-inch.

Vitreous enamels are fused at fairly high tem-

peratures, so the metal may soften and distort if

thin gauges are held at heat for too long a period.

Proper support during firing thus becomes impor-

tant. The high temperatures employed will reduce

the strength of the metal due to the annealing

effect.

Paint and Other Finishes: Paint coatings may be

desirable for decorative purposes or may be em-

ployed for added protection where aluminum is

exposed to severely corrosive conditions ... as in

the presence of alkaline or acidic vapors, for in-

stance. Application methods are basically the same

as those for other metals.

Particular attention should be given to pretreat-

ing the aluminum surface to assure best adhesion.

The Alrok, Bonderite, Alodine or Phosphatizing

processes previously discussed are all satisfactory

pretreatments.

Anodizing affords the best paint base but may be

costly for some applications. Etching is an inex-

pensive method of providing an excellent key for

paint. Lead pigmented primers should be avoided.

The selection of the final paint, lacquer or enamel

coating should be made in accordance with service

requirements and cost considerations.

For rough surfaces (produced by mechanical fin-

ishing processes), a coat of clear lacquer will prevent

the collection of dust. While more economical, no

paint or lacquer finish is as abrasion and corrosion

resistant as an anodized surface.

Bituminous paints, also known as japans, usually

contain asphalt and are employed to protect the

metal under highly corrosive conditions, such as

when embedded in soil or concrete, or immersed in

salt water.

Specifications by the ASCE relative to painting

of structures are included in the Appendix to Chap-

ter 7 in the back of this book.

Miscellaneous other finishes which, however, are

of limited application, include the following:

Luminous Paints should be applied over a white

primer which is free of lead, manganese or cobalt.

In outdoor applications these paints last about 2

years, but may be made to last longer by applying

a clear paint vehicle as a top coat. Indoors, their

service life extends over a long period of time.

Photographic Finishes may be produced on pure

aluminum sheets which show no streaks or grains

after clear anodizing. A light-sensitive substance is

deposited in the pores of this film. Such plates may

be used for negative or positive photo reproduction.

After developing, the photographs are sealed in the

surface by immersion in boiling water or coated

with a clear lacquer.

The Silk Screen Process is applicable to bare as

well as anodized aluminum and is used to reproduce

name plates, display panels and the like.

Strippable Protective Coatings: Strip coatings are

not of a permanent nature, although they should be

weatherproof and temperature-proof. The most

common ones are transparent lacquers of the meth-

acrylate type. The purpose of these coatings is to

protect the metal against staining during construc-

tion as it is always in danger of having mortar or

other materials splashed upon it. Two coats of the
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TABLE 3-8: SUITABILITY OF SOME FINISHING PROCESSES

FOR CAST ALUMINUM ALLOYS

FINISHING PROCESS
ALLOY
DESIGNATION

TYPE OF
CASTING rULIbrilNlj

PLATING

CHEM. OXIDE

(PROTECTION)

ANODIZING

(APPEARANCE)

43 band O. T? p>13 B E

43 rerm. Moia TjlJ
T3
J-> B D

43 jJie yj.
T\LJ c D

214 band C AA Hi A

B 214 band C TDD T\LJ A B

F 214 band vj.
"D
iD

T\LJ A

A 214 Perm. Mold C A Hi A A

B 214 Perm. Mold C. A E A B

C 214 Die C. A D A B

356 Sand C. E B B D

356 Perm. Mold C. C A B D
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protective film with a total minimum thickness of

0.0006-inch should be appHed. An air hose will pro-

vide quick removal.

Suitability of Finishes for Wrought and Cast Alloys:

Wrought alloys take virtually all finishes without

difficulty. The relative ratings for the suitability of

some finishing processes on cast alloys are shown in

Table 3-8. An "A" rating is best, "B" is next and

so on.

Column 5 (Chemical Oxide Coating) shows rat-

ings with respect to protective value. These coat-

ings have a more or less metallic and often slightly

colored appearance. It is seen that chemical oxide

coatings provide good to excellent protection, al-

though anodic finishes are generally more protec-

tive. Chemical finishes are less costly than anodic

finishes and may often be adequate.

Column 6 (Anodizing) shows ratings with respect

to appearance. In the absence of actual samples,

which should be requested from the manufacturer,

this information is a guide whenever anodizing is

desired and when appearance is also of importance.

Maintenance of Surface Finishes: For plain and

anodized surfaces a thorough cleaning with water,

using soap or a wetting agent, will often suffice. If

a stronger cleansing action is required, the use of a

fine pumice powder or very fine stainless steel wool

is recommended.

It a sterilizing sodium carbonate solution is de-

sired, it is necessary to inhibit the alkahne effect by

adding 5 parts of sodium silicate to 100 parts of

sodium carbonate. Metal polish may be used for

polished surfaces, but is not recommended for plain

or anodized surfaces.

When repainting surfaces, the application of

solvent stripping agents is satisfactory, provided

they are not alkaline. In touching up spots that

show metal, a primer should be applied first.
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CHAPTER 4: JOINTS AND CONNECTIONS

Joints and connections of structural members and of

other elements of buildings are recognized as the

most essential detail problems that the engineer or

architect has to face. The clear and simple solution

of a joint or connection in any material indicates

the hand of the resourceful and imaginative designer

because no other detail of the structure presents

greater analytical difficulties than the design of the

simplest connection.

The engineer is usually aided by semi-empirical

formulas and, what is more important, by standard-

ized connection details. The availability of such

standard connections has both advantages and dis-

advantages. While it simplifies and speeds the work

of the designer, it may also act as a deterrent to

further progress. At the present time there are no

generally accepted standardized connections in

structural aluminum. Thus the design of such con-

nections is somewhat more time consuming than for

conventional materials. As a compensation, how-

ever, the greater freedom in developing special de-

tails will be appreciated by many engineers.

Aluminum, moreover, when used in the design of

joints and connections for structural members and

other building elements, has a number of aspects

which distinguish it from other materials. These are:

(a) The specific mechanical properties of the mate-

rial. These properties and their implications are

discussed in Chapters 2 and 5.

(b) The special forming and fabricating character-

istics of aluminum alloys, which permit many

special details not possible in other metals.

These aspects are described in Chapter 3.

(c) Finally, the availability of a great number of

special joining and connection methods which

are particularly suitable for use with aluminum.

These are treated here in this chapter.

The various means of joining and fastening fall

into two groups: The first, discussed in Sections

4.1 to 4.6, are those which can be considered "tra-

ditional" such as riveting, bolting, welding, brazing,

soldering, and the use of various standard screw

fasteners. These are quite familiar to most engi-

neers and architects. Where the methods of design

differ from common practice, details are given

here. Welding, also included in this first group,

utilizes special methods and equipment that dis-

tinguish it from its application in structural steel.

Spot and seam welds are of great importance in

light-gauge aluminum structures. In many in-

stances, they can result in substantial improvements

over riveted connections.

The second group comprises the various uncon-

ventional methods of fastening, discussed here in

Sections 4.6 to 4.10. These include the use of pat-

ented screw fasteners and special rivets, metal

stitching, mechanically formed joints and bonding.

This second group is of special interest when design-

ing with aluminum, because it permits joints and

connections which ordinarily are not possible with

other materials. While some of these special fasten-

ers may appear expensive for ordinary applications,

they can often be used successfully if the resulting

joint effects substantial savings in the weight of

the structure. Weight saving, as demonstrated in

Chapter 5, is an especially desirable objective in

aluminum alloy structures because of the relatively

high basic cost of the material.

In addition to this, the advantages of special

fasteners can be fully exploited with aluminum

because of the possibility of using highly com-

plex extruded shapes at relatively low fabricat-

ing costs. Bonding is an unusually interesting ex-

ample of a non-traditional method of fastening. It
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TABLE 4-1: RIVET ALLOYS FOR
SPECIFIC ASSEMBLY ALLOYS

ASSEMBLY ASSEMBLY
ALLOY ALLOY
TEMPER

RIVET ALLOY,
TEMPER AFTER
DRIVING

1100
1100-F
3003-F

Any
temper

2014
2017
2024

5052

2117-T3*

6063

5056-H321
6053-T6
6053-T61_

"6053-T6
6053-T41
6053-T61
6061-T6
6061-T43

Annealed
temper

3003-O
3004-O
5052-O

1100-F
3003-F

3003- all hard

tempers
5052^ all hard

tempers

2014-T4
2014-T6

2117
6053
6053
6061

6061

"2117-

6061-

7277-

T3
T41
T61
-T31

-T43

.T3*

T43*
.T41*

Hard

tempers

2017-T4

2024-T4

6053-T4
6053-T6
6061-T4
6061-T6

2117

2117
6061

6053
6053
6053
6061

6061
6061
7277

-T3*

T3*
T43*^

T6
•T41

T61
T6
T31
T43
•T41

80 * In addition to alloys 2017-T3, 2017-T31, 2017-T41, 2024-T31.



TABLE 4-2: PROPERTIES OF ALUMINUM RIVET ALLOYS

RIVET ALLOY AND
TEMPER AFTER
DRIVING

RIVET ALLOY AND
TEMPER BEFORE
DRIVING

DRIVING
PROCEDURE

AVERAGE ULTIMATE
SHEAR STRENGTH
AFTER DRIVING, P.S.I.

REMARKS

1100-F 1100-F Cold, as rec'd. 11,000

Relatively soft and easy to drive.

Properties will not change with

prolonged periods of storage.

3003-F 3003-F Cold, as rec'd. N.A.

Relatively soft and easy to drive.

Properties will not change with

prolonged periods of storage.

2117-T3 2117-T4 Cold, as rec'd. 33,000 May be stored indef. with no
change in properties.

2017-T3 2017-T4 Cold, as rec'd. 39,000 Limited to small diameter rivets

—

d = Ya!'

901 7-T4
Cold, immediately
after reheat &
quench

34,000

(after approx. 4 days)

During first 1 or 2 hrs. after

quenching, relatively soft and may
be driven cold. If allowed to age for

more than 2 hrs. after quenching

—

may be too hard to drive cold and
therefore reheat treating is neces-

sary.

2017-T41 2017-T4 Hot, 940°F ± 10°F 33,000 Heated for about 15 min. then

driven.

2024-T31 2024-T4

Cold, immediately
after quenching

42,000

(after approx. 4 days)

Are very strong, but difficult to

drive. Used only in the smaller

sizes, d = y^'

6053-T41 6053-T4 Hot, 960°F& 1050°F 18,000

Shear value is for rivets driven at

temp. 960°F to 980°F; at 1030°F to

1050°F average shear strength =
24,000 psi, normally used in

larger diameters.

6053-T6 6053-T6 Cold, as rec'd. 26,000 May be stored indef. with no

change in properties.

6053-T61 6053-T61 Cold, as rec'd. 23,000

May be stored indef. with no

change in properties. Slightly easier

to drive than 6053-T6 rivet.

5056-H321 5056-F Cold, as rec'd. 29,000

Used primarily for joining mag-
nesium structures. May be stored

indef. with no change in properties.

6061-T31 6061-T4 Cold, immediately

after quenching
24,000

(after approx. 2 weeks)
26,000 psi approx. 4 months after

driving.

6061-T43 6061-T4 Hot, 990°F to

1050°F
24,000

(after approx. 2 weeks)

Heated for about 15 minutes, then

driven.

6061-T6 6061-T6 Cold, as rec'd. 26,000 May be stored indef. with no

change in properties.

7277-T41 7277-T4 Hot, 850 975°F 38,000

Heated in air about 15 minutes;

avoid heating above 975°F as re-

sult may be head cracking and im-

paired resistance to corrosion.

Used in larger diameters.

81



TABLE 4-3: ALLOWABLE DESIGN LOAD, IN KIPS PER RIVET, FOR COLD-DRIVEN 6061-T6 RIVETS

SHEAR STRENGTH = 10 KIPS PER SQUARE INCH

DIMENSIONS
IN INCHES
RIVET DIA.

Vs Hi Me 7A Me 3 „

HOLE DIA. 0.129 0.159 0.191 0 257 0.323 0.386

AREA OF
HOLE 0.0129 0.0199 0.0J87 0.0519 0.0819 0.117

DRILL SIZE 30 21 11 F P W

SINGLE
SHEAR 0.13 0.20 0.29 0.52 0.82 1.17

DOUBLE
SHEAR 0.26 0.40 0.57 1.04 1.64 2.34

BEARING

THICKNESS
OF PLATE
IN INCHES

6061-T6
27 ksi°

2117-T3
36 ksi"

6061-T6
27 ksi"

2117-T3
36 ksi«

6061-T6
27 ksi«

2117-T3
36 ksi«

6061-T6
27 ksi"

2117-T3
36 ksi"

6061-T6
27 ksi«

2117-T3
36 ksi"

6061-T6
27 ksi«

2117-T3
36 ksi»

S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S.

0.13 0.26 0.13 0.26 0.20 0.40 0.20 0.40 0.29 0.57 0.29 0.57 0.52 0.87'' 0.52 0.97* 0.82 1.09'' 0.82 1.43* 1.17 1.30'' 1.17 1.74"

Me 0.29 0.57 0.29 0.57 0.52 1.04 0.52 1.04 0.82 1.62* 0.82 1.62e 1.17 1.95'' 1.17 2.19«=

Va
0.52 1.04 0.52 1.04 0.82 1.64 0.82 1.64 1.17 2.34 1.17 2.34

Me
0.82 1.64 0.82 1.64 1.17 2.34 1.17 2.34

%
1.17 2.34 1.17 2.34

Me

H
H
Vs

1

« Assuming the distance center of rivet to edge of member toward which the pressure of the rivet is directed is not less than twice nominal rivet diameter.

'' These values are governed by bearing.

^ Effective be'arhJg fre'L^irthe^^titTdilmetefum^^^ length in bearing; for countersunk rivets, one half the depth of the countersink shall be deducted from the length.

offers a great many potential advantages, both in

structural and in non-load-bearing applications.

Figure 4-4: Tests on 2024-T31 rivets indicated even

this severe cracking had no adverse effect on static

strength, fatigue strength or resistance to corrosion.

However, defective heads should always be replaced in

82 * the interests of good workmanship.

4.1 RIVETING AND BOLTING

LEGEND

d = Nominal diameter of rivet,

de = Effective diameter (hole diameter).

D = Weld size in inches.

g = Gauge.

G = Grip.

K = Kips.

KSI = Kips per square inch.

I2 = Width of angle leg.

L = Weld length in inches.

P = Load.

S = Pitch.

ta = Thickest section under rivet head.

tft = Thinnest section in single shear joint.

tc = Thickness of middle plate in double shear joint.

td = Thinnest section under rivet head.

W = Width of plate or angle leg through which rivet

passes.

S.S. = Single shear.

D.S. = Double shear.



IN 6061-T6 STRUCTURES, AND 2117-T3 RIVETS IN 2014-T6 STRUCTURES

he ^2 'h
' 8

DIMENSIONS
IN INCHES
RIVET DIA.

0.453 0.516 0.578 0.641 0.766 0.891 1.016 HOLE DIA.

0.161 0.209 0.262 0.323 0.461 0.624 0.811

AREA OF
HOLE

Mm IU4 DRILL SIZE

1.61 2.09 2.62 3.23 4.61 6.24 8.11

SINGLE
SHEAR

3.22 4.18 5.25 6.45 9.22 12.47 16.22

DOUBLE
SHEAR

BEARING

6061-T6
27 ksi«

2117-T3
36 ksi"

6061-T6
27 ksi"

2117-T3
36 ksi"

6061-T6 2117-T3
27 ksi" 36 ksi"

6061-T6
27 ksi"

2117-T3
36 ksi"

6061-T6 2117-T3 6061-T6 2117-T3 6061-T6 2117-T3 THICKNESS
27 ksi- 36 ksi« 27 ksi'» 36 ksi- 27 ksi« 36 ksi" Qp plaTE

TXT TXT/^UIT'C!

S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S.

1.53'' 1.53'' 1.58« 2.04'' 1.74'' 1.74'' 2.0^ 2.32'' 1.95'' 1.95'' 2.52'= 2.60'' 2.16'' 2.16'' 2.88'' 2.88'' — Vs

1.61 2.29'' 1.61 2.88'= 2.09 2.61'' 2.09 3.48'' 2.62 2.93'' 2.62 3.90" 3.18* 3.25'' 3.18*= 4.33'' 3.88'' 3.88'' 4.42'= 5.17'' 4.51'' 4.51'' 5.82' 6.02'' —
1.61 3.06'' 1.61 3.12'= 2.09 3.48'' 2.09 3.91'= 2.62 3.90'' 2.62 4.74*= 3.23 4.33'' 3.23 5.62'= 4.61 5.17'' 4.61 6.89'' 6.02'' 6.02'' 6.11' 8.t)2«' 6.86'' 6.86'' 7.78' 9.14" H

1.61 3.22 1.61 3.22 2.09 4.13'= 2.09 4.13^ 2.62 4.88'' 2.62 5.04' 3.23 5.41'' 3.23 6.03'= 4.61 6.46'' 4.61 8.14*= 6.24 7.52'' 6.24 10.02'' 8.04*= 8.57'' 8.04' 11.43"

1.61 3.22 1.61 3.22 2.09 4.18 2.09 4.18 2.62 5.25 2.62 5.25 3.23 6.31« 3.23 6.31*= 4.61 7.76'' 4.61 8.62« 6.24 9.02'' 6.24 11.12' 8.11 10.29'' 8.11 13.72" Vs

1.61 3.22 1.61 3.22 2.09 4.18 2.09 4.18 2.62 5.25 2.62 5.25 3.23 6.45 3.23 6.45 4.61 8.97*= 4.61 8.97'= 6.24 10.52'' 6.24 11.66' 8.11 12.00" 8.11 14.58' Jl6

2.09 4.18 2.09 4.18 2.62 5.25 2.62 5.25 3.23 6.45 3.23 6.45 4.61 9.22 4.61 9.22 6.24 12.03* 6.24 12.07' 8.11 13.72" 8.11 15.16' H

2.62 5.25 2.62 5.25 3.23 6.45 3.23 6.45 4.61 9.22 4.61 9.22 6.24 12.39'= 6.24 12.39' 8.11 15.43" 8.11 15.64' 9l6

3.23 6.45 3.23 6.45 4.61 9.22 4.61 9.22 6.24 12.47 6.24 12.47 8.11 16.00' 8.11 16.00' Vg

4.61 9.22 4.61 9.22 6.24 12.47 6.24 12.47 8.11 16.22 8.11 16.22 %
6.24 12.47 6.24 12.47 8.11 16.22 8.11 16.22 Vs

8.11 16.22 8.11 16.22 1

Design of riveted connections in aluminum paral-

lels, in general, that of steel; but since the margin

between yield strength and ultimate strength in

aluminum is less than that in structural steel, it is

advisable to be somewhat more conservative when

designing in aluminum than is customary in struc-

tural steel practice. This consideration is of im-

portance because in a riveted joint the end rivets

take a larger than average share of the load, even

under axial load application; the rivet loads will be

equalized only after plastic deformation has oc-

curred within the joint.

The initial consideration for designing the joint

is to select a rivet alloy that will allow the use of the

highest shear stress compatible with the limitations

of the alloy being joined, and the driving and pre-

driving procedures available. The rivet alloys to be

used with the various sheet, plate and structural

MEMBE
2JL3j.>x2

P=+62.4^ I ^ -0^^^^>J^^ P = +54.4"^

3@ 3" = 9"

Figure 4-5: Typical riveted joint in aluminum. See Example 4-1 on Page 87.



TABLE 4-4: ALLOWABLE DESIGN LOAD, IN KIPS PER RIVET, FOR HOT-DRIVEN 6061-T6 RIVETS

IN 6061-T6 STRUCTURES, OR 6061-T6 RIVETS IN 2014-T6 STRUCTURES
SHEAR STRENGTH = 8 KIPS PER SQUARE INCH

DIMENSIONS
IN INCHES
RIVET DIA.

H 1 /, 1

HOLE DIA. 0.397 0.469 0.531 0.594 0.650 0.7.SI 0.922 1.00:5

AREA OF
HOLE 0.124 0.173 0.221 0.278 0.338 0.479 0.667 0.887

DRILL SIZE X ^2 m2 iHe

SINGLE
SHEAR 0.99 1.38 1.77 2.22 2.70 3.83 5.34 7.10

DOUBLE
SHEAR 1.9S 2.76 3.51 4.44 5.41 7.(17 10. (is 14.20

BEARING''

THICKNESS
OF PLATE
INCH

6061-T6
27 ksi°

2014-T6
36 ksi«

6061-T6
27 ksi«

2014-T6
36 ksi"

6061-T6
27 ksi"

2014-T6
36 ksi«

6061-T6
27 ksi«

2014-T6
36 ksi«

6061-T6
27 ksi"

2014-T6
36 ksi"

6061-T6 2014-T6
27 k8i« 36 ksi-

6061-T6
27 ksi«

2014-T6
36 ksi"

6061-T6
27 ksi''

2014-T6
36 ksi"

S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S.

Vs 0.99 1.34'' 0.99 1.60« 1..38<^ 1.58'' 1.35«= 2.05^ 1.70*^ 1.79'' 1.70^ 2.39'' 2.00'^ 2.00'' 2.08^ 2.67'' 2.21'' 2.21'' 2.49- 2.95''

0.99 1.85« 0.99 1.85« 1.38 2.37'' 1.38 2.47^ 1.77 2.69'' 1.77 3.01*^ 2.22 3.01'' 2.22 3.57<^ 2.66^^ 3.32'' 2.66^ 4.12^ 3.68*^ 3.95'' 3.68'= 5.17'= 4.67'' 4.67'' 4.98'= 6.22''

H 0.99 1.98 0.99 1.98 1.38 2.68« 1.38 2.68^ 1.77 3.31^ 1.77 3.3K 2.22 4.00^ 2.22 4.00^ 2.70 4.43'' 2.70 4.71« 3.83 5.27'' 3.83 6.17<= 5.23'= 6.22'' 5.23* 7.91*= 6.82" 7.18* 6.82*= 9.59«=

Me 0.99 1.98 0.99 1.98 1.38 2.76 1.38 2.76 1.77 3.50"= 1.77 3.50« 2.22 4.26«^ 2.22 4.26*= 2.70 5.06« 2.70 5.06« 3.83 6.59*^ 3.83 6.77^ 5.34 7.78'' 5.34 8.88*= 7.04<= 8.97'' 7.04'= 10.88*

Vs 0.99 1.98 0.99 1.98 1.38 2.76 1.38 2 76 1.77 3.54 1.77 3.54 2.22 4.44 2.22 4.44 2.70 5.29« 2.70 5.29« 3.83 7.17'= 3.83 7.17' 5.34 9.34'' 5.34 9.53-= 7.10 10.76'' 7.10 12.04'=

1.38 2 76 1.38 2.76 1.77 3.54 1.77 3.54 2.22 4.44 2.22 4.44 2 70 5.41 2.70 5.41 3.83 7.46*= 3.83 7.46« 5.34 9.99*= 5.34 9.99* 7.10 12.56'' 7.10 12.77'=

Vi
1.77 3.54 1.77 3.54 2.22 4.44 2.22 4.44 2.70 5.41 2.70 5.41 3.83 7.67 3.83 7.67 5.34 10.34-= 5.34 10.34'= 7.10 13.28'= 7.10 13.28'=

Me 2.22 4.44 2.22 4.44 2.70 5.41 2.70 5.41 3.83 7.67 7.67 5.34 lO.ei" 5.34 10.61'= 7.10 13.69-= 7.10 13.69*=

% 2.70 5.41 2.70 5.41 3.83 7.67 3.83 7.67 5.34 10.68 5.34 10.68 7.10 14.02-= 7.10 14.02'-

% 3.83 7.67 3.83 7.67 5.34 10.68 5.34 10.68 7.10 14.20 7.10 14.20

% 5.34 10.68 5.34 10.68 7.10 14.20 7.10 14.20

a Aasumins: the distance from center of rivet to edge of member toward which the pressure of the rivet is not less than twice the nominal diameter.

b These values are governed by bearin<!;.

*= These values are governed by reduced shear strengths.
r • l n i j i . i r *u i u

Effective bearing area is the effective diameter times the length in bearmg; for countersunk rivets, one half the depth of countersink shall be deducted from the iengih.

alloys are listed in Table 4-1, while Table 4-2 lists

some properties of the rivet alloys.

Having selected the proper rivet alloy, actual

design of the connection may now be started. The de-

signer must keep in mind the following considerations

that influence the selection of rivet and plate sizes:

1. Popping of Rivet Heads: The rivet head may be

caused to shear off if the rivet diameter is too

small. Accordingly, it is considered good practice

to keep the rivet diameter no smaller than

the thickest plate.

2. Reduced Shear Strength of Rivet: If the ratio of

rivet diameter to plate thickness exceeds 3.0 for

single shear or 1.5 for double shear connections,

the allowable shear strength of the rivet is re-

duced.

Allowable shear and bearing values for cold-

driven and hot-driven rivets are indicated in

Tables 4-3 and 4-4, respectively. These two

tables cover the range of the most commonly

used combinations of rivet alloys and structural

alloys. Reduction of rivet value is based on the

following formulas:*

Single shear ivorking strength =

Basic alloivable single shear

strength X [1 -OM {d/tc-3)]

Double shear working strength =

Basic allowable double shear

strength X 11-0.13 (d/ic-1.5)]

It should be specially noted that here the area in

shear of a rivet is taken as the area of the hole,

whereas in steel the area of the rivet only is used.

* N.A.C.A. Tech. Note #942, July 1944: "The Shear Strength of Alu-

minum Alloy Driven Rivets as Affected by Increasing d/t Ratios."



TABLE 4-5: MAXIMUM DIAMETER
OF RIVET OR BOLT IN ANGLE
WHEN ANGLE IS NOT
DETERMINED BY CALCULATED
STRESS

ANGLE LEG MAX. RIVET OR BOLT
INCH DIAMETER INCH

W2 1

3 %

2

1^ H

TABLE 4-6 MINIMUM EDGE
DISTANCE
a) FOR NON-LOAD BEARING RIVETS OR

BOLTS
b) FOR LOAD BEARING RIVETS OR BOLTS
NOT IN THE DIRECTION OF THE LOAD.

RIVET OR
BOLT
DIAMETER
(INCH)

1/8

IN ROLLED IN ROLLED
EDGE OF* EDGE OF
PLATE; IN STRUCTURAL
SAWED OR SHAPES
PLANED EDGE (INCH)
OF ANY
SECTION
(INCH)

Hi

Me

>K6

1^6

'Me

16

* NOTE: The distance from the edge of a plate to the nearest rivet line

shall not exceed six times the thickness of the plate. ASCL Code,

Sect. G-U.

Reduction of Load Due to Excessive Grip: The

full allowable strength of the rivet may be used

if the grip of the rivets is equal to or less than

4.5 times the diameter of the rivet. If the grip of

the rivet should be greater than the aforemen-

tioned value, then the allowable load on the rivet

must be reduced. (ASCE Code, Section G-7).

4. Damage to Plate or Sheet: Maintain a ratio of

rivet diameter to plate thickness of less than 3.

If this ratio should exceed 3, then special care

must be taken in driving the rivet head so as not

to damage the material under the rivet head.

There is no reduction in allowable shear strength

of the rivet, except as covered in item (2) above.

5. When Connecting Angles: If the angle has been

determined by a calculated stress, then main-

tain diameter of rivets in angle less than one-

quarter the width of the leg of the angle. If the

angle has not been determined by a calculated

stress, then the diameter of the rivets may be

determined as shown in Table 4-5.

Tension connections for single angles must pro-

vide for stresses in the outstanding leg (ASCE Code,

Section G-6.) See Figure 4-1 for determining net

effective sections for single angles.

In accordance with ASCE Code requirements,

the minimum spacing of rivets in a joint shall be not

less than three times the nominal diameter of the

rivet. The maximum spacing of rivets in a joint,

however, is not specifically limited.

In tests* conducted by S. C. Redshaw it was

shown that rivet efficiency decreases with increasing

rivet pitch and increasing number of rows of rivets

within a joint. Although this decrease in rivet

efficiency can be considered negligible within the

range of joint lengths commonly used in structural

engineering work, it appears to be good practice to

limit the maximum rivet spacing in a joint to six

times the nominal rivet diameter.

The pitch of rivets in built-up compression mem-

bers is governed according to whether the pitch

is in the direction of stress or at right angles to the

direction of stress. (ASCE Code, Sections G-8 and

G-9, respectively.) For stitch rivets and rivets in

built-up tension members, the pitch is determined

in accordance with Section G-9 of the ASCE Code.

Table 4-6 lists the minimum edge distances for

rivets which do not carry design loads or when dis-

tance to edge is not in direction of pressure of rivet.

When rivet is load carrying and distance to edge is

in direction of pressure of rivet, refer to ASCE

* Reported at the Symposium on "Welding & Riveting Larger Alu-

minum Structures," London, November 1951.

4.1



TABLE 4-7: ALLOWABLE DESIGN LOAD, IN KIPS PER BOLT, FOR TURNED BOLTS IN REAMED
HOLES; 2024-T4 BOLTS IN 2014-T6 STRUCTURES, OR 2024-T4 BOLTS IN 6061-T6 STRUCTURES
SHEAR STRENGTH = 12 KIPS PER SQUARE INCH
Holes for turned bolts to be reamed to give a driving fit.

DIMENSIONS
IN INCHES
BOLT DI.\.

Vs y2 Ht H ^8 ]

AREA OF
BOLT 0.110 0.151 0.197 ().24«> 0.307 0.44: ().()()!

SINGLE
SHEAR 1 32 1.81 2.36 2.99 3.68 5.30 7.21 7.21

DOUBLE
SHEAR 2.64 3.62 4.72 5.97 7.36 10.60 14.42 18.84

BEARING

THICKNESS
(W PT ATF

6061-T6
27 ksi°

2014-T6
36 ksi"

6061-T6
27 ksi«

2014-T6
36 ksi«

6061-T6 2914-T6 6061-T6 2014-T6 6061-T6 2014-T6 6061-T6

27ksi° 36ksi« 27 ksi" 36 ksi" 27 ksi- 36 ksi" 27 ksi°

2041-T6
36 ksi«

6061-T6
27 k8i«

2014-T6
36 ksi-

6061-T6
27 ksi°

2014-T6
36 ksi"

IN INCHES
S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S. S.S. D.S.

Vh 1.32 1.27'' 1.32 1.69* 1.48* 1.48* 1.78<^ 1.96* 1.69* 1.69* 2.25* 2.25* 1.90* 1.90* 2.53* 2.53* 2.11* 2.11*2.81*2.81* —

1.32 1.90* 1.32 2.46' 1.81 2.21* 1.81 2.95* 2.36 2.53* 2.36 3.38* 2.85* 2.85* 2.99 3.80* 3.16* 3.16* 3.63«' 4.22* 3.80* 3.80* 5.06* 5.06' 4.43* 4.43* 5.91* 5.91*

1.32 2.64 1.32 2.64 1.81 2.93* 1.81 3.54« 2.36 3.38* 2.36 4.42* 2.99 3.80* 2.99 5.06* 3.68 4.22* 3.68 5.62* 5.06* 5.06* 5.30 6.75* 5.91* 5.91* 6.92' 7.88* 6.75* 6.75* 9.00* 9.00.

Me 1.32 2.64 1.32 2.64 1.81 3.62 1.81 3.62 2.36 4.22* 2.36 4.66« 2.99 4.75* 2.99 5.74* 3.68 5.27* 3.68 e.SS" 5.30 6.33* 5.30 8.44* 7.21 7.30* 7.21 9.84* 8.44* 8.44* 9.34' 11.25*

^8 1.32 2.64 1.32 2.64 1.81 3.62 1.81 3.62 2.36 4.72 2.36 4.72 2.99 5.97 2.99 5.97 3.68 6.33* 3.68 7.22« 5.30 7.59* 5.30 9 92' 7.21 8.86* 7.21 11.81* 9.42 10.13* 9.42 13.50*

}U 1.81 3.62 1.81 3.62 2.36 4.72 2.36 4.72 2.99 5.97 2.99 5.97 3.68 7.36 3.68 7.36 5.30 8.86* 5.30 10.33' 7.21 10.34* 7.21 13.48' 9.42 11.81* 9.42 15.75*

Vi 2.36 4.72 2.36 4.72 2.99 5.97 2.99 5.97 3.68 7.36 3.68 7.36 5.30 10.60 5.30 10.60 7.21 11.81* 7.21 13.96' 9.42 13.50* 9.42 17.61*

2.99 5.97 2.99 5.97 3.68 7.36 3.68 7.36 5.30 10.60 5.30 10.60 7.21 13.28* 7.21 14.24' 942 15.19* 9.42 18.10'

3.68 7.36 3.68 7.36 5.30 10.60 5.30 10.60 7.21 14.42 7 21 14.42 9.42 16.88* 9.42 18.58'

— 5.30 10.60 5.30 10.60 7.21 14.42 7.21 14.42 9.42 18.84 9.42 18.84

7.21 14.42 7.21 14.42 9.42 18.84 9.42 18.84

« Assuming the distance from center of bolt to edge of memlwr toward which the pre.ssure of the bolt is directed is not less than

* These values are governed by bearing.

'These values are governed by reduced shear strength.

Effective bearing area is the effective diameter times the length in bearing.

Code, Section G-1, Exception (b). Figures 4-1 and

4-2 show net width of sections and recommended

edge distances and unit pitches.

In general, tests of various riveted joints have

shown with respect to fatigue strength that:

—Riveted joints in double shear have better fatigue

strength than in single shear.

—Fatigue strength tends to increase with increased

number of rows of rivets.

—The variation in fatigue between hot and cold-

driven aluminum rivets is negligible.

—Fatigue strength increases with size of rivet.

—Fatigue strength of joints is related to the fatigue

strength of the basic alloy.

—Butt-riveted joints have greater fatigue strength

than lap joints. Similarly, a butt joint having a

double splice plate will have greater fatigue

strength than one having a single splice plate.

85 Tests show that the driven heads of rivets, even

twice the nominal diameter.

if badly cracked, are satisfactory from the stand-

point of static strength, fatigue strength and resist-

ance to corrosion. Rivets heads in Figures 4-3 and

4-4 were tested in tension to determine how well

formed a head had to be in order to develop full

strength. The tensile strengths of all of the rivets

in Figure 4-3 were within 5 percent of the strongest

one. This indicates that minor deviations from the

theoretically desired shape of head are not cause

for concern or replacement. While cracks in rivet

heads (Figure 4-4) have no adverse effect on the

strength of a rivet, good workmanship requires

their replacement.

Bolted Connections: The use of bolts in a

joint entails no more problems than the use of

rivets. The same design considerations may be used

except that item (4) (page 85), pertaining to Dam-

age to Plate or Sheet, need not be considered. Table



TABLE 4-8: LIMITATIONS OF RIVET DIAMETER
(ITEMS 1 TO 5 INCLUSIVE OF TEXT)

DIAMETER OF RIVET FOR MEMBER
ijiiVli i r\ i iv7i>i

(1 \ T-*r»rkr»inor nf rivpf. llPa.(i [d ^ ta]

D.S.
(2) Reduced shear strength of rivet g g

*

~ d/U ^ 1.5'

d/t, ^ 3.0

—
^ Vie-

— ^ Vs'

(3) Reduction of load due to excessive grip ^ 4.5
^ 0.097" ^ 0.083" 1 0.111" ^ 0.278"

(4) Damage to plate d/t6 ^ 3.0] ^ ^" ^ IM"

(5) Connecting angles [d ^ H wl ^ H" ^ 3^"

For Members 1, 2 and 3: use ^g" diameter rivet

T- Ki /I Q W^ill ^^^^ = ^
^^•^'^^"^

/hole diameter = 0.386"

For Member 4: use diameter rivet

^^^'^^"^
/hole diameter = 0.516"

NOTE: The use of a 3^" diameter rivet in Member 4 will necessitate a reduction of the allowable shear strength of the

rivet. .

TABLE 4-9: EDGE DISTANCE AND RIVET PITCH DETERMINATION

ITEM CONSIDERED RIVET
Vs"

DIAMETER

Minimum edge distance in direction of pressure of rivet = 2d Y

Minimum edge distance not in direction of pressure of rivet (Table 4-6) Vi' %
Minimum rivet pitch = 3d Iks"

Maximum rivet pitch = 6d
3"

4-7 lists the allowable shear and bearing values for

turned bolts of aluminum alloy 2024-T4 (in reamed

holes) in 2014-T6 and 6061-T6 structures.

Design of a typical riveted joint is illustrated in

the following example:

Example 4-1

:

Problem: To determine the number and size of

rivets for the riveted joint shown in Figure 4-5.

Assumed assembly alloy is 6061-T6. Rivet alloy

after cold driving is 6061-T6 (Tables 4-1 and 4-2).

The proper rivet diameters to use for this are

calculated and shown in Table 4-8.

Edge distances and rivet pitch for selected rivet

diameters are shown in Table 4-9.

Rivets required to join Member 1 (one angle

23/^ X 2 X ^16 ) to Ji" gusset plate:

P = -4.44^

y^' diameter rivet in single shear

Thinnest member joined = He inch

From Table 4-3, rivet value = 1.17*^

Number of rivets required =

4.44

1.17
-= 3.79 (use four rivets)

Rivets required to join Member 2 (one angle

2 X 2 X J/s) to 34" gusset plate:

P = -1.85"^

y^' diameter rivet in single shear

Thinnest member joined = 3^ inch

From Table 4-3, rivet value = 1.17*^

Number of rivets required =

1.85

1.17
= 1.98 (use two rivets)

Rivets required to join Member 3 (two angles

2 X 134 X 3^8) to 34" gusset plate:

P = 6.10*^

y^' diameter rivet in double shear
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Middle plate of connection inch

From Table 4-3, rivet value = 2.34^

Number of rivets required =

6.10

2.34
2.61 (use three rivets)

Tension member, check for net area:

Gross area (one angle) = 0.390 inch-

Area removed by rivet =

0.386'' iVs") = 0.048 inch^

(Refer to Figure 4-7)

Net effective area (one angle) =

0.390 - 0.048 = 0.342 inch-^

Net effective area (both angles) = 0.684 inch^

^aiiorvabie = 0.684 Inch^ (15.0 ksl) = 10.26'^ where

15.0 ksi is allowable unit stress in tension.

Member satisfactory since 10. 26*^ > 6.10*^

Rivets required to join 34" gusset plate to Member

4 (two angles 33^ x 23^ x K):
P = 62.4^^ - 54.4*^ = 8.0*^

3/^" diameter rivet in double shear

Middle plate of connection =

From Table 4-3, rivet value = 3.48^^

Figure 4-6: After tack welding, complicated shaped units

such as this are easily finish welded with little distortion

by skillful use of the torch.

area removed
"by rivet

I'l

Figure 4-7: Area removed by rivet. = 0.386" Ch') =
0.048 inch.2

Number of Rivets Required
8.0

3.48
2.3

It is necessary, because of the length of the gusset

plate, to add one extra rivet so that pitch does not

exceed 3 inches (Refer to Table 4-9). Therefore use

four rivets.

4.2 WELDING
Welding is a method of forming a metallurgical

bond between two or more members of an assembly.

The selection of a welding process for a particular

job depends upon conditions to be encountered in

service and the aluminum alloys employed. In gen-

eral, the heat-treatable alloys are not as suitable

for welding as the non-heat-treatable group. (See

Section 2.2.) Heat-treatable alloys should be heat

treated after welding to develop maximum strength.

Much strength will be lost by partial annealing if

welded after heat treatment.

When cold-work tempers of non-heat-treatable

alloys are fusion welded, partial annealing effects

are again encountered at the weld area. Resistance

welding has practically no effect on the temper

since the weld is made so quickly that the adjoining

area does not heat appreciably. Cold-work tempers

of non-heat-treatable alloys can be spot welded

with little or no reduction in strength. Annealed

material (O temper) has essentially the same strength

when welded as before welding. In Table 2-4, Col-

umns 44-48 show weldability ratings for the vari-

ous aluminum alloys.

Preheating of the pieces to be welded is often

recommended. When working with thick plate on

structural members, heat is conducted from the

weld zone rapidly, and a high rate of heat input is

necessary. Otherwise weld metal is deposited upon



a relatively cool plate, thereby making for incom-

plete and unsatisfactory penetration. Preheating

the plate reduces the heat loss; but the preheating

(except when welding annealed material) may

spread the thermal disturbances over a much

greater area around the weld zone than when the

welds can be completed without preheating. It

would appear, then, that a process giving a heat in-

put sufficiently high to preclude the use of preheat-

ing is preferable.

Except when melting down sheet edges on certain

types of sheet joints, filler metal is required in all

fusion welding. It is important that the filler metal

should resolidify at a temperature lower than

does the base metal. Aluminum alloys solidify over

a temperature range. Throughout this range there

exists in the weld zone a mixture of solid and liquid

particles constituting the weld pool. The contrac-

tion stresses imposed by the thermal and solidifica-

tion contraction of this pool, if transmitted to the

base metal, may cause cracking to occur at the edge

of the weld. But if the filler metal solidifies after the

base metal, it will absorb these stresses.

Figure 4-8: Welding ^^inch thick aluminum wheel sec-

tions to hub with inert-gas-shielded metallic arc (Air-

comatic) at 70 inches per minute weld speed, using 43S

Ke-inch diameter wire for filler metal, 230 amperes direct

current, reverse polarity, and 30 cubic feet per hour of

argon. Motor-driven fixture.

Therefore the filler metal must not only have a
.

low melting point, but also a high degree of fluidity,

along with sufficient strength and ductility to ab-

sorb the contraction stresses. Commercially pure

aluminum (1100) has a high ductility and provides

maximum resistance to corrosion when used as filler

metal. Where greater strength is required and where

the cracking tendency must be minimized, alloy

4043 is recommended and widely used. Certain

other alloys may also be employed.

Welding fluxes are required with some of the

welding processes. The flux combines chemically

with the aluminum oxide and floats to the top of

the weld pool as a slag. This slag must not be

trapped in the weld or corrosion will result. This

factor is particularly important in fillet welds.

Table 4-10 lists the various welding processes

suitable for use with aluminum alloys. Some of the

more important processes are discussed here.

Gas Welding is the earliest welding process suc-

cessfully employed on aluminum. The oxyacetylene

flame is used most widely because of its availability.

Figure 4-9: This 8-inch aluminum pipe line of 6063-T6 alloy carries fuel gas at 200 pounds

per square inch pressure. All joints were made by inert-gas-shielded tungsten-arc (Heliarc)

process. The 34-inch thick walls were welded in one pass using ^i6-inch diameter 5%
silicon rod at 300 amperes. Most welding was downhand as helper turned pipe (roll

welding) in field, making up 200-foot lengths. Subsequently these 200-foot sections were

connected into the line by bell-hole welding.



TABLE 4-10: STANDARD WELDING PROCESSES FOR ALUMINUM

RANGE OF METAL
THICKNESS

TYPES OF WELDS DESCRIPTION OF PROCESS TYPE OF ALLOYS FLUX ELEC- MIN. MAX.
GAS USED TRODES (ordinary

practice)

INCH INCH

GAS WELDING
Employs an oxyacetylene, oxyhydrogen or
other fuel gas flame to melt parent metal &
usually filler material to make a weld.

Oxyhydrogen
Oxyacetylene
Oxybutane
Oxypropane

ARC WELDING (a) tO (f)

(a) metal-arc welding

Is the process wherein the arc between a
flux-coated electrode & the work heats both
the electrode & the work & deposits elec-

trode metal to form weld bead.

—

(b) carbon-arc welding
Utilizes an arc between a carbon electrode
& the work for heat. Added filler metal is

usually provided.

Oxyhydrogen
or
Oxyacetylene

(c) Atomic-hydrogen arc welding
Is done with a special torch that maintains
an arc free of the work. Heat is conveyed
to the work by molecular breakdown &
recombination of hydrogen that flows
through the arc.

Hydrogen

(d) Inert-gas-shielded tungsten-arc
welding

Uses heat from an arc between the work &
a non-consumable tungsten electrode. The
arc is enveloped by a stream of inert gas.

No flux is needed.

Argon
or
Helium

(e) Inert-gas-shielded metal-arc
welding

Employs an automatically-fed, bare elec-

trode. The arc is enveloped by a stream of
inert gas. No flux is needed.

Argon
or
Helium

(f) Multi-arc welding
Employs two arcs. One arc is struck between
a coated filler rod & the work to deposit
weld beads, the other arc flattens & fuses
the beads into the work.

STUD WELDING
Is a process which welds studs directly to
work surface, with either a gas-shielded
or unshielded process.

For gas-shield-
ed process
Argon or
Helium

RESISTANCE WELDING (a) tO (c)

(a) Spot welding

Is a method that forms localized areas of
cast metal between work pieces by combin-
ing the heat of resistance to electric current
with the application of mechanical pressure.

(b) Projection welding
Similar to spot welding. Part to be joined
has raised points or lines to concentrate
welding current to these areas.

(c) Seam welding
Is a form of spot welding in which a row of
spots is made with precise control so that
the welds can, if required, overlap to form
pressure-tight seams.

(d) Flash welding
Applies heat by establishing an arc between
the pieces to be joined. Then they are
pressed together to squeeze out excess
molten metal & to consolidate the joint.

(e) Percussion welding
Employs high intensity heat to rapidly
heat the surfaces to be joined followed by
a pressure applied as a hammer blow.

PRESSURE WELDING
Is done by applying pressure to suitably
prepared surfaces below the melting point
of the parts, or by pressure on cold surfaces.

Flux coated
filler rod.

Not used .031 1

Heavily flux coated electrodes.
Electrodes of Al 25, & Al 435. .125

No limit. Ex-
perience thus
far up to 3"

thickness.

Lightly flux

coating on
filler rod.

Carbon
electrode .125

No limit. Up
to 3" thus far.

Fluxed rod =
to that used
for gas-welding

Two tungsten
electrodes .031 1

Not required
One tungsten
electrode (non-
consumable)

.031 1

Not required
Consumable
metal elec-

trode instead
of filler rod.

.093

No limit. Ex-
perience thus
far up to 3"

thickness.

Heavily
fluxed rod

Not required
in either
process

Not used

Not used

" Elkaloya
metal" &
"Mallory 3
metal"
electrodes

Foil

51 6 : experi-
mental pro-
cedures de-
veloped for

metal up to

Not used Not used
Experimental work need be
done before sat. application to
flat sheet work can be ac-
complished.

Not used
Roller elec-

trode .010

Not used Not used

Not used Not used

Not used Not used



LIMITATIONS, PRECAUTIONS & DISADVANTAGES

1. Parts & filler rods must be fluxed.
'2. All flux must be cleaned after welding.

3. Parts must be preheated at f)oints of welds to ensure proper penetration.

4. Welding speeds are dependent on the angle of the torch, i.e., the flatter the flame, the faster the weld.

5. Not recommended for heat-treatable alloys.

6. For flush welds, the weld bead must be chipped & peened.

1. The thinner the material, the more difficult the application.

2. thick metal minimum for fillet welds, ^i" thick metal minimum for gas-tight welds.

3. Preheating of metal to 250-400°F necessary for complicated welds or thick pieces.

4. Joints to be tack welded.
5. Experience necessary for good welds.

6. In multipass welding flux must be cleaned after every weld; all flux must be cleaned after weldmg.

7. Weld soundness & smoothness of surface not as good as other arc-welding methods.

1. Flux & slag must be cleaned.
..

2. Not as good as gas welding where concentrated heat can be tolerated, or where easily finished bead is desired.

3. Not recommended where very good properties of welds are required, or where minimum general heating is required.

1. Flux & slag must be cleaned.

2. Joints are painted with flux on both sides and filler rod is dipped in flux.

3. To control heat the torch is moved towards & away from the work.
. j j .

4. For sections thick or more, pieces should be preheated to temperature of 600-700°F & maintained during welding.

1. High-frequency energy is needed to start the arc, and keep it going.

2. Equipment must be designed especially for this type of welding.
.. .. a

3. Strict cleanliness is imF)ortant in joint preparation; wire brushing is sometimes necessary to eliminate heavy oxides.

4. Preheating from 4()0°-800°F is advantageous.
5. In hand welding, the arc must be kept short to ensure complete gas envelopment of weld.

1. Correct arc length is important in eliminating porosity.

2. Strict cleanliness in joint preparation is important.

3. Operator must be trained to produce good welds.

Gas shield process: electronic timers are necessary to prevent studs from piercing the thin material because of the high heat.

1. Necessitates the use of welders of high capacity to supply large currents.

2. Precise control of energy input to the weld area.
, . . , . , *x i

3. Adequate provision must be made to compensate for shrinkage of metal after it cools.

4. To provide for welds of high strength, symmetry. & consistency, tlie oxide rnust be removed.
onn^r

5. Alclad alloys are difficult to spot weld for the contacting interfaces of the control alloy tend to decrease weld strength consistency.

6. Cracks and porosity are drvelojx-d in high tensile alloys; spot welds are often attacked by corrosion.

7 T-nw hIIovs 9how more surface indentation & sheet separation with inconsistent weld strengths.
• • oaot

8! VaHatio^^in str^ngTh b^ be not more than 10% - in 21 of 25 consecutive spot welds, the remaining 4 welds should show maximum variation not over 20%

9. Weld size variation should not be over 10% ± the average of 15 weld diameters.

10. Penetration should be half way through each sheet (maximum).
^

^

1. Projections should be backed up by solid masses of metal. This will leave less tendency to squash before weld is completed.

1. Electronic timing equipment is necessary to provide precise control for highest weld quality.

2. Welding speeds must be controlled to prevent metal from sticking to the electrodes.

3. Electrodes must be cooled & cleaned.

4. Same defects occur in seam welding as in spot welding, see list above.

1. Parts must be perfectly aligned.

2. Dies must be exactly shaped to the contour of the work pieces, and must be spaced accurately.
^ . ^ . , ^.

3. Cost of machinery is from $5,000-$100,000; cost of dies from $400-$2000, depending on the shape and intricacy of the section.

1. Same comments as for flash welding.

1. Surfaces must be clean and free of foreign material.

2 Process off"ers best results for non-heat-treatable alloys in the annealed condition.

3. Heat-treatable alloys are weldable only if they are in the annealed temper & later heat treated.

4. High-strength alloys are not recommended for pressure welding.

5. Dies must be precise & joints must be brought together accurately.

6. For optimum welds, deformations of 60-70' ; are necessary.
. ^ „ ^ • ^- •

i

7 Joints should be used only when they are normal to any bending load & where loading is Low.



TABLE 4-10: STANDARD WELDING PROCESSES FOR ALUMINUM (Concluded)

RANGE OF METAL
THICKNESS

TYPES OF WELDS DESCRIPTION OF PROCESS SUIbId
'"'^''"^^

TR0DE3 —arv
PRACTICE)
) . INCH

BRAZING

TORCH BRAZING

FURNACE BRAZING

SALT BATH (DIP) BRAZING

SOLDERING

Employs special fluxes and filler mat rial

having lower melting points than that of

the parent metal which are used to join the

parent metal without melting the parts.

Is done by dipping the filler rod in flux &
melting it into the joint with a torch.

Oxyacetylene
or
Oxyhydrogen

Is done by applying a flux, assembling the

parts, and heating up the parts in a furnace

to point where just the filler will melt &
flow into the joint.

Is done by assembli ig tne parts & dipping

them in a flux bath heated to a tempera-
ture above the filler's melting point but
below the melting point of the parent
metal.

Is similar to soldering steel, etc. Small
parts are soldered with a soldering iron,

large parts are soldered with a torch.

See below Not used

Filler rod is

flux coated or
piece is flux Not used
coated

Flux & filler

material add-
ed before
work is fur-

nace brazed
Not used

With filler in

place, work is

dipped in a Not used
flux bath

For flow sold-

ering flux is

used, for fric-

tion soldering
no flux used

Not used

Figure 4-10: This huge seam welder has a throat 60 inches deep, is used to join sections

of large external fuel tank designed for aircraft. This Federal Type FCS 3-60-UG uni-

versal gear driven unit greatly extends range of seam-welding process.

TABLE 4-11: AVERAGE MECHANICAL
PROPERTIES OF BUTT JOINTS
MANUALLY HELIWELDED WITH DC
STRAIGHT POLARITY, HELIUM,
THORIATED-TUNGSTEN
ELECTRODES

THICK- AS WELDED HEATTREATED(i)
NESS
INCH

TENSILE
PSI

TENSILE
PSI

.040

.750

6061-T6 Sheet

and Plate

33,400 40,200

.125

.250

3004-H34 Sheet

and Plate

26,200

.030

.500

1100-H14 Sheet

13,140

1.00

3003-F Plate

17,500

92

(»)Heat Treated—Solution Treated at 970 °F
Water Quenched—Aged 8 hours at 350 °F



LIMITATIONS. PRECAUTIONS & DISADVANTAGES

2 it'mirfaro Cnmn'al "d^ booauso .f hi.h tomperaturo needed for brazing, not recommended for non heat-treatable alloys.

5: Fcfr max mum stre the assembly should he heat-treated after jomt.ng.

4 Temperature to melt filler should be less than that required to melt Part

5 SelS-fflix so as to j.revent excessive attack & irregular flow of filler mater aU
^...h^I

6 Proper clearance between parts to be joined necessary to assure complete flow of filler material.

S- u.l. HHlloH in hollow members to relieve pressure & distortion.

1. Not used for mass production.
, , . „ , «...

2. Accessibility is necessary for both heating & feeding filler.
/,„„H,n.r tn fume or smoke)

3 Flux selected must provide the required temperature indications, (tending to fume or smoke).

4* Assemblies should be hot-water quenched soon after brazing.

5. Remove all flux.

I- ^^^T^l^^::^ '-^"1^:11:^11^!^ 1000-1200-F.

3. Proper cleaning & etching of surface is vital.

4 Chain speed is critical & must be closely control.ed.

5. Water quench should follow brazing. ^u-«i,„^a^
6. Not recommended for joints with wide range of thicknesses.

T T> anyMra all flllY

3 aeani^g. ventilation & continuous heating of the dipping pot is required.

4* Water quenching after brazing & removal of all flux is required.

I- ?rmt~%tSd Sniin^^ 5° of specified temperature.

1. Preheat parts from 550-700°F.

2. Applicable for small parts.

3. Oxide must be cleared & kept from re-forming.

4 Not recommended for heat-treatable alloys.

6 n m„"s,u?e is'p"?hefe is danger of galvanie action, therefore tin-rich or zinc-rich solders should he used.

Thin materials (less than >nrinch) are often joined

by flanging the sheet and then melting this flange

into the joint as filler material. Filler metal in the

form of rods is generally required for thicker sec-

tions. Flux is required for gas welding.

The most important arc welding processes today

are those employing an inert gas shield about the

weld pool. These methods produce clean, sound

welds in aluminum without corrosive fluxes. Some

assemblies cannot be fusion welded any other way

because of the impossibility of removing fluxes

needed for other methods.

The two monatomic gases, argon or helium, can

be used either alone or in combination. With he-

lium, the penetration of the weld is deeper. There-

fore it is used to obtain higher welding speeds or

where thicker sections are to be welded. Argon,

however, finds more general use than helium be-

cause it is available commercially with greater

purity. Also it provides better control of the weld

pool as the metal stays brighter, affording better

visibility.

Joint areas must be cleaned completely before



TABLE 4-12: SHEAR STRENGTH OF SPOT WELDS
(IN LBS/SPOT) FOR DESIGN WORK
THICKNESS OF
EACH OF TWO
SHEETS OF EQUAL
THICKNESSES
INCH

ALLOY WELDED

1100-H14
1100-H18 3003-O

3003-H14
3003-H18 5052-O

5052-H34
5052-H38

6053-T4
6053-T6
6061-T54
6()61-T6

ALCLAD
2024-T4

0.016 90 90

0.020 75 120 120 160

70 70 170 215

0.032 140 240 240 300

150 340 340

0.051 280

430

620

840
0.064 280 250 390 720

0.081 570 940

720

1000 1080

0.102 480 1320 1320

0.125 590 1000 1450 1620

1320

1450

Values given in this table are about 65^v of average strengths actually obtained.

4

0 0.2 U.-l <».»i

Figure 4-12: Allowable stresses in welded parts.

1.(1 12 1.

VALUES OFJ^-^

Figure 4-13: Inert-gas-shielded metallic-arc (Aircomatic)

weld in ^4-inch thick aluminum plate made in two passes.

Figure 4-14: Butt weld in 1 i<(-inch thick aluminum plate

made in 17 passes by the inert-gas-shielded metallic-arc

(Aircomatic) process.

welding. There is no flux to absorb impurities; the

function of the inert gas shield is to prevent the for-

mation of oxides during the welding operations.

Sometimes the design of the joint is such as to pro-

vide enough parent metal to form the weld bead.

Usually though, filler metal is required and may be

added either manually in rod form or from a coil of

wire when automatic feeds are used.

Inert-Gas-Shielded Tungsten-Arc Weld-

ing with non-consumable electrodes is subdivided

into two categories: (1) AC Welding; (2) DC Weld-

ing. With AC welding equipment there is heat input



TABLE 4-13: AVERAGE MECHANICAL
PROPERTIES OF BUTT JOINTS
MACHINE HELIWELDED WITH DC
STRAIGHT POLARITY, HELIUM,
THORIATED -TUNGSTEN
ELECTRODES

THICK-
NESS
INCH

AS WELDED
TENSILE
PSI

HEAT TREATED(0
TENSILE
PSI

.041

.375

6061-T6 Sheet

and Plate

30,600 39,200

.125

.375

3004-H34 Sheet

and Plate

27,800

.032

.125

1100-H14 Sheet

13,000

<i)Heat Treated -Solution Treated at 970° F
Water Quenched—Aged 8 hours at 350° F

Figure 4-15: Seam welding baffles and stiffeners to the side skin of an aircraft fuel tank.

Each tank has 1500 inches of seams, resistance welded at speeds up to 45 inches per

minute by rotating the tank in the fixture.

TABLE 4-14: WELDABILITY RATINGS OF ALUMINUM ALLOYS FOR SPOT WELDING

BOTTOM SHEET—NO INDENTATION (LARGE FLAT ELECTRODE)

ALLOY
ELEC.
CON.
%

HARD-
NESS*

llOO-O

Alclad

1100-H18 2024-O 6061-O 3003-H14 3003-H18 6053-T6 6061-T6 2017-T4

3003-O 6053-O 2017-O 5052-O 5052-H34 5052-H38 2017-T4 2024-T4

Alclad
2024-T4

SHEET THICKNESS
RATIO

t top

t bottom \i 1
3
1

3
1

1 . 3
3 ^ 1 I

1
3 1

1 3
1 3 1
^ 1 3 1? i

1
3 1 3
1 3 1

1.31.33^13^1 1,31. 31.31. 31, 31 31.31.33^13^13^13M3M3 I3M3M
llOO-O 59 23 B A A B D D B A D B D DAAAAAAADDAADADDADDADDADDADDADDABCABCABCAB C

^ 1100-H18 57 44 B A A B A A BAB B A A A AAA A A A A AAAAAAAAAAAADADDADDADDABCABCABCABC
2 3003-O 50 28 B A A B A A BAA B D D B A A B A A B A DAAA AADADDADDADDADDADDABC ABC ABC AB C

1 2024-O 50 42 B A A B A A BAA B A A B A A B A A B A D A A A AAA AAA AADADDADDADDABCABCABCAB C

6053-O 45 26 C B A C B A BAA B A A B A A B A A B A D B A A A A D A A D AADADDADDADDADDADDADDADD
E
o 6061-O
Q

45 30 C B A C B A BAA B A A B A A B A A B A D B A A AADAADAADAADADDADDADDADDADDADD
^ 2017-0 45 45 C B A C B A B A A B A A B A A B A A B A A B A A A A A A A A AADADDADDADDADDADDADDADD
o

% 3003-H14 42 35 C B A C B A BAA B A A B A A B A A B A A B A A B A D B A A BADBDDBDD BDDADDADDADDADD
J 5052-O 40 45 C B A C B A C B A C B A B A A B A A B A A B A A BAA BAA BADBADBADBADAADAADAADAAD
^ 3003-H18 40 55 C B A C B A C B A C B A B A A B A A B A A B A A BAA BAA BAABAABAABAAAADAADAADAAD
o 5052-H34 40 67 C B A C B A C B A C B A B A A B A A B A A B A A B A A B A A BAABAABAABAAAAAAAAAAAAAA
Eh

^ 6052-T6 40 80 C B A C B A C B A C B A B A A B A A B A A B A A B A A B A A BAABAABAABAAAAAAAAAAAAAA
i 5052-H38 40 85 C B A C B A C B A C B A B A A B A A B A A B A A B A A B A A BAABAABAABAAAAAAAAAAAAAA
s

1

6061-T6 40 95 C B A C B A C B A C B A B A A B A A B A A B A A B A A B A A BAABAABAABAAAAAAAAAAAAAA
S 2017-T4 30 100 C C B C C B C C B C C B C BBC B B C B B C B B C A A C A A CAACAACAACAABAABAABAABAA
J3

^ Alclad 2017-T4 C C B C C B C C B C C B C BBC B B C B B C B B C B A C B A CBACBACBACBABAABAABAABAA
o

fr^ 2024-T4 30 105 C C B C C B C C B C C B C BBC B B C B B C B B C A A C B A CAACBACAACAABAABAABAABAA
Alclad 2024-T4 C C B C C B C C B C C B C BBC B B C B B C B B C B A C B A CBACBACBACBABAABAABAABAA

* Brinell, 500 kg. Id., 10

Legend: A = Good; B
mm. ball.

= Fair, difficulties may be encountered under certain conditions; C = Poor; D = Poor, severe indentation and sheet separation must be expected.
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TABLE 4-15: RECOMMENDED MINIMUM WELD SPACING,

EDGE DISTANCE AND CLEARANCE, IN INCHES

1 rliCKrsI rjJ^b Ur
SHEETS JOINED
INCH

0.016 0.020 0.025 0.032 0.040 0.045 0.051 0.064 0.072 0.081 0.091 0.102

Minimum edge distance Vie H2 '4 '4 He He }\e
1 /
/2

Via•/ID / o % ^8 He He Vi He % Vs H 1

Minimum distance between
rows of staggered welds Yxe Yxe He He % % He V2 Vi %

Minimum overlap, flange

width or "flat" required. Vs Ms Vi Vs Vi H Va % 14 Vi 1

Minimum unobstructed area

required to place a weld.

He Vie Yxe »H6 'Kr, 'He 'He 'He

NOTE= In of combinations of uneven thicknesses, the thicknes. of the next to the heaviest «auge joined is to be considered as the thickness

governing. All above dimensions are in inches.

96

to the work only during one-half cycle of current.

It may become necessary to preheat the work when

welding thick sections. The use of DC, straight po-

larity current provides a ^'hotter" arc than that

obtained with AC. At one time DC could not be

used because the tungsten electrode would melt and

contaminate the weld pool. But the development of

thoriated tungsten electrodes has eliminated this

diflficulty.

With the hotter, more concentrated arc, quick

melting of the base metal and excellent penetration

are achieved with the DC arc. It is not necessary to

preheat before welding, even in heavy sections.

Narrower, deeper-penetrating weld beads are ob-

tained, and less plate-edge preparation is necessary.

Welding is faster, not only because the arc is hotter,

but also because vees and grooves can be eliminated

or reduced in size so that less filler metal is required.

The tendency toward distortion in the weld area is

less because there is less total heat input with the

DC method.

Inert-Gas-Shielded Metal-Arc Welding

is similar to inert-gas-shielded tungsten-arc welding

process except that the tungsten electrode, which is

not consumed in the arc, is replaced by a consum-

able metal electrode. With the metal arc, ther-

mal efficiency is increased because the transfer of

electrode metal to the work carries with it the heat

used to melt the electrode, permitting very rapid

welding. Either a manually operated welding gun

or an automatic head can be used. The gun is suit-

able for welding in all positions whereas the auto-

matic head is limited to flat or horizontal fillet

welding.

Resistance Welding employs an electric cur-

rent which is conducted through the parts to be

joined. Heat is generated at the juncture of the two

parts due to the resistance to the passage of the

heavy current. When combined with pressure ap-

plied by associated equipment, fusion is produced.

Spot and Seam Welding are most important

in fabricating the aluminum alloys, especially the

high-strength heat-treated sheet alloys which can

be joined by these processes with practically no loss

in strength. Spot welding is widely used to replace

riveting, joining sheet structures at intervals as re-

quired. Seam welding is merely spot welding with

the spots spaced so closely that they overlap to

produce a gas-tight joint where desired. The inher-

ent characteristics of aluminum alloys make it

necessary to employ spot-welding procedures dif-

fering somewhat from conventional practice. Alu-

minum alloys have an electrical conductivity much

higher than most materials commonly spot welded.

This necessitates larger welding currents and ma-

chines of greater capacity.

When designing joints for spot and seam welding,



TABLE 4-

FOR 6061

16: ALLOWABLE LOAD (IN POUNDS) ON
-T6 STRUCTURES WITH 4043 FILLER RO

Based on 4,000 psi

Shear on throat =

2,830 psi

FILLET WELDS
D. P = 2,830DL

D = weld size in inches

L = weld length in inches

^uiiouahie = allowable load

in lbs

Based on ASCE code for structures

of 6061-T6 assembly alloys

^ D
Hr> 's •"Mr.

*
I «)

'2 ^0 H Vs 1

0 5 88 177 265 354 442 531 619 708 796 884 1061 1238 1415

1 0 177 354 531 708 884 1061 1238 1415 1592 1769 2123 2476 2830

1. 5 265 531 796 1061 1327 1592 1857 2123 2388 2653 3184 3714 4245

2 0 354 708 1061 1415 1769 2123 2476 2830 3184 3538 4245 4953 5660

2. 5 442 884 1327 1769 2211 2653 3095 3538 3980 4422 5306 6191 7075

3 0 531 1061 1592 2123 2653 3184 3714 4245 4776 5306 6368 7429 8490

3 5 619 1238 1857 2476 3093 3714 4333 4953 5572 6190 7429 8667 9905

4 0 708 1415 2123 2830 3538 4245 4953 5660 6368 7075 8490 9905 11320

4 5 796 1592 2388 3184 3980 4776 5572 6368 7163 7959 9551 11143 12735

5 0 884 1769 2653 3540 4422 5306 6191 7075 7959 8844 10613 12381 14150

5 5 973 1946 2918 3891 4864 5837 6810 7783 8755 9728 11674 13619 15565

6 0 1061 2123 3184 4245 5306 6368 7429 8490 9551 10613 12735 14858 16980

6 5 1150 2299 3449 4599 5748 6898 8048 9198 10347 11497 13796 16096 18395

7 0 1238 2476 3714 4953 6191 7429 8667 9905 11143 12381 14858 17334 19810

7 5 1327 2653 3980 5306 6633 7959 9286 10613 11939 13266 15919 18572 21225

8 0 1415 2830 4245 5660 7075 8490 9905 11320 12735 14150 16980 19810 22640

8 5 1503 3007 4510 6014 7517 9021 10524 12028 13531 15034 18041 21048 24055

9 0 1592 3184 4776 6368 7959 9551 11143 12735 14327 15919 19103 22286 25470

9 5 1680 3361 5041 6721 8402 10082 11762 13443 15123 16803 20164 23524 26885

10 0 1769 3540 5310 7075 8843 10613 12381 14150 15919 17688 21225 24763 28300

10 5 1857 3714 5572 7429 9286 11143 13000 14858 16715 18572 22286 26001 29715

11 0 1946 3891 5837 7783 9728 11674 13619 15565 17511 19456 23348 27239 31130

11 5 2034 4068 6102 8136 10170 12204 14238 16273 18307 20341 24409 28477 32545

12 0 2123 4245 6368 8490 10613 12735 14858 16980 19103 21225 25470 29715 33960

13 .0 2299 4599 6898 9198 11497 13796 16096 18395 20694 22994 27593 32191 36790

14 .0 2476 4953 7429 9905 12381 14858 17334 19810 22286 24763 29715 34668 39620

15 .0 2653 5306 7959 10613 13266 15919 18572 21225 23878 26531 31838 37144 42450

it is essential to provide work faces that can be

placed in the machine normal to the axis of the

electrodes. The work should not touch any uninsu-

lated part of the machine. The distance from the

edge of the assembly must be less than the throat

depth of the machine. To prevent the occurrence of

"edge expulsion" (molten metal squirting out from

the joint), the weld must not be too close to the

edge. Table 4-15 shows recommended minimum

weld spacing, edge distance, and clearance in inches

for spot welds. Table 4-12 shows the shear strength

of spot welds which may be used for design.

It is advisable in spot welding assemblies of three

or more sheets that the thickness ratio of the
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Figure 4-16: Determination of Transformed Distance.

SPECIAL TEE SECTION^^
AREA = 5.34 in

'

A

.0.50"

6.992"

SECTION A-A

Figure 4-17: Typical welded jeint design in aluminum. See Example 4-2, Page 99.

thickest sheet to the thinnest outer sheet in the

combination should not exceed 3:1. Spot and seam

welding are limited to those elements of an assembly

which can be fabricated in the shop.

Figures 4-22 and 4-23 show some typical welded

joint details.

The ASCE Code is applicable to structures built

of aluminum alloy 6061-T6 wherein welding may

be used, subject to certain limitations. The welding

must be either by the arc or resistance welding

process. Filler material of aluminum alloy 4043 is

usually used, although other alloys may be used

subject to approval and qualification tests. Flux

may not be used. Preheating of the weld joint is

allowed, provided the temperature does not exceed

400 °F for a total of 30 minutes.

Standard methods of design are followed, but

with the provision that the allowable stresses in the

heat-af!ected zone be modified in accordance with

the curves of Figure 4-12. This graph is reproduced

from the ASCE Code and is used to determine

allowable stress on a plate of constant thickness at

any distance from weld. At a distance equal to 16

times the plate thickness, the allowable stress equals

the basic working stress.

This graph can be used also for sections which

are composed of plate elements of different thick-

nesses. For this purpose, the section is transformed

into one of constant thickness equal to the thick-

ness immediately adjoining the weld. The distance

to be used in the graph is the sum of the distances

measured along the element adjacent to the weld

and a transformed distance. This transformed dis-

tance is to the actual distance as the thickness ad-

jacent to the weld is to the thickness of the element

under consideration. This interpretation is based on

the fact that the total heat absorption is in propor-

tion to the volume of the parent metal. On this

basis, shapes composed of elements of non-uniform

thickness can also be transformed to plate sections

of constant thickness, which can be used with the

graph. Figure 4-16 illustrates the concept of the

transformed section.

Allowable Loads on fillet welds are listed in Table

4-16. Butt welds are considered to have the same

strength as the structure alloy modified by the
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Figure 4-18: Allowable stresses for Member 1.

curves of Figure 4-12 for the heat-affected area.

Therefore the strength of the butt weld can never

exceed the minimum values as set forth in these

curves.

Example 4-2:

Problem: To determine the required fillet welds

for the welded joint shown in Figure 4-17.

Assumed assembly alloy is 6061-T6. Filler rod

alloy is 4043 (ASCE Code). Welding to be accom-

plished by either the inert-gas-shielded tungsten-arc

or the inert-gas-shielded metal-arc welding proc-

esses.

Fillet welds required to join Member 1 (one angle

23/^ X 2 X He) to stem of tee:

P = -4.44'^

Stress through back of angle =
1 7f;

Stress through toe of angle =

0 7^^ (4.44) = l.SB'^

Use ^i/ fillet weld. From Table 4-16, weld value =

531#/in. Therefore effective length of weld required

3.11
At back of angle = ^'

o-. = ^-^

"

U.Ool

At toe of angle =-prT7rr = ^.o
O.ool

Allow approximately 34" for formation of crater at

end of weld. Therefore use:

At back of angle 634"

At toe of angle — 3"

Check allowable load on angle due to reduction of al-

lowable stress in heat-affected zone: Figure 4-18

shows the allowable unit stress distribution over

the cross section of Member 1. (allowable stresses

taken from Figure 4-12). At weld: maximum allow-

able stress in compression = 8.0 ksi.

At distance "x'' from weld stress is determined

4.2

«
CO

0.299'

•<

<

as

o
2.62 (2.31

3.125" 12.500")

1

11.8 ksi

i 10.8 ksi

Figure 4-19: Allowable stresses (@ Joint) Member 4.

FLANGE

Figure 4-20: Allowable stresses (@ joint) Member 4

with flange (stem not shown). 99
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15.0 ksi

0.188' 3.312" 3.312"

illiPi
Figure 4-21: Allowable stresses beyond joint—adjacent

flange plate Member 4.

®
®

©

®

®

®

©
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Figure 4-22: Diagrams to show the design and position of

joints in aluminum-base materials. The joints A-G
allow easy removal of flux and are recommended when

flux is used to make a joint.

SEAL WELD REQUIRED HERE

SEAL

Figure 4-23: Diagrams to illustrate the sealing of lapped

joints, essential in welding aluminum when fiux is used.

(from Figure 4-12) depending on ratio where

"t** is the thickness of piece welded.

Allowable load = sum of allowable unit stresses

times unit areas.

At toe of outstanding leg*V* = "

0.60. Therefore allowable compression stress = 11.5

ksi. Midway between welds, at long leg, x = IJi"

and = 0.41. Therefore allowable compression
16t

stress = 10.5 ksi.

Allowable load =

{^mvi) + ^(2 K2) +8.o(l'•^^.) +^(1^^6)1(^8)

= 5.10'^

Member satisfactory since 5.10'^ > 4.44*^

The full analysis for determining the reduced

allowable load of this member was undertaken to

demonstrate the procedure to be followed. The unit

load 4.44*^

stress in thismember =
^.^a of member =^^r

5.42 ksi.

The allowable unit stress immediately adjacent

to the weld equals 8.0 ksi > 5.42 ksi.

Fillet welds required to join Member 2 {one angle

2 X 2 X ^) to stem from tee:

P = -1.85*^

Stress through back of angle =

|iL(i.85) ^ 1.36^



stress through toe of angle =

||-(1.85) = 0.49^

Use Yi' fillet weld. From Table 4-16, weld value =

354#/in. Therefore effective length of weld required

1 36
At back of angle = = ^-S" (use 4 J^'O

At toe of angle = ^'11^
= 1.4" (use 2")

1 85*^

Unit stress = '.^ . = 3.78 ksi < 8.0 ksi
0.49 in.^

Fillet weld^ required to join Member 3 {two angles

2 X X ys) stem of tee:

P = + 6.10^ P/2 = + 3.05"^

Stress through back of angle =

— (3.05) = 2.06*^

2.00 ^
^

Stress through toe of angle =

III
(3.05) = 0.99-

Use y/ fillet weld. From Table 4-16, weld value =

354#/ in. Therefore effective length of weld required

2 06
At back of angle =7r^= 5.8" (use e}4'l

0.354

0 99
At toe of angle = = 2.8" (use SHI

Unit stress = . = 7.82 ksi < 8.0 ksiunit srress
o.390in.'

Check allowable load on Member U due to reduction

of allowable stress in heat-affected zone:

P = + 62.4"^

Figure 4-19 shows the allowable unit stress dis-

tribution over the cross section of Member 4 (at

section a).

The allowable load is determined as previously

with Members 1, 2 and 3 with the modification

for the different thicknesses of the flange and the

stem.

Allowable load = 58.4'^ < 62.4^^

Add a flange plate at the joint to increase the

area. Figure 4-20 shows the resultant allowable

stress distribution in the flange and the flange

plate. The allowable stress distribution in the stem

is not affected by the addition of the flange plate

and therefore is not shown. The allowable loads

for each component of the tee and flange plate is:

Stem = 20.8*^

Flange = 29.6«^

Flange Plate = 15.6'^

Total = 66.0'^ > 62.4"^

Check section immediately adjacent to the flange plate

for ability to carry imposed load: Figure 4-21 shows

allowable stress distribution for section immedi-

ately adjacent to the flange plate but beyond the

effects of the stem welds. The allowable load is

61.9- < 62.4-.

Determine welding for flange plate:

P = 62.4 - [20.8 + 29.6] = 12.0-

Use Vs" fillet weld. Weld value = 354#/in. Therefore

Total length of weld required equals 33.9". Total

available length of weld, without returns, for I'-IO"

plate equals 44" (use 44").

4.3 BRAZING
Brazing is a group of welding processes wherein the

filler metal is a non-ferrous metal or alloy with a

melting point higher than 1000°F but lower than

that of the materials joined. Brazing is similar to

soldering, but affords a joint with much higher

strength and corrosion resistance. For this reason it

is sometimes called ''hard soldering."

When the parent metal is heated to the melting

point of the filler material, the latter is drawn by

capillary action through the closely fitted, cleaned

and fluxed parts. SuitabiHty ratings of the various

wrought alloys for brazing are found in Table 2-4,

Column 49.

Filler Metal: In aluminum brazing, filler metal is

an aluminum alloy of the 4000 series which actually

diffuses into the parent metal to produce a metal-

lurgical structure similar to that obtained by weld-

ing. Three types of brazing alloys are available.

They contain 7}4, 10 and 12H percent silicon, and

melt at 1180, 1110 and 1060°F, respectively. The

various aluminum alloys melt at different tempera-

tures. So a brazing alloy should be chosen that

provides suflftcient difference in melting temperature
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between parent metal and filler material. Otherwise

it will be difficult to avoid melting the parent metal.

When brazing sheet is used, no filler metal is ap-

plied during brazing.

Fluxes: Brazing of aluminum has been made pos-

sible by the development of fluxes which melt below

the brazing temperature and not only prevent oxi-

dation but also react on the aluminum oxide film

to permit the filler metal to wet and bond to the

underlying base metal. Brazing fluxes consist of

various combinations of certain fluorides and chlo-

rides. They are supplied in dry powder which is

dissolved in distilled water to form a paste. Those

having the lowest melting point combined with

greatest chemical action produce maximum flow of

the brazing metal. They should be used with tem-

peratures below 1100°F. These are primarily in-

tended for torch brazing or for alloys with poor

brazing characteristics. Less active fluxes with

medium to high melting points are intended prima-

rily for furnace brazing of high purity aluminum

1100, 3003 or clad brazing sheet (see Section 3.6).

Only small quantities of flux should be used as it

may severely attack thin materials. Besides, too

much fiux results in irregular flow of filler material.

Brushing, dipping or spraying may be used to apply

the flux to the work. Each method requires a differ-

ent mix.

Where filler material is to be prevented from flow-

ing in a certain direction, commercial stop-off com-

pounds are available which may be applied as a

paste and then brushed off after brazing. If jigs and

fixtures are used, stop-off compounds may be baked

onto them to last for several brazing cycles.

Characteristics: Brazed joints will show a strength

of approximately 14,000 psi while welded joints will

run considerably higher. Brazed joints make more

economical use of filler metal than welded joints.

They can be made faster and have a neater appear-

ance, requiring little finishing work, if any. Brazing

makes possible the joining of extremely thin sec-

tions to each other or to thicker parts. Due to the

capillary action, the furnace brazing process is par-

ticularly useful for inaccessible joints. The corrosion

resistance of brazed joints is in general comparable

to that of welded joints.

Effect of Brazing on Strength of Assemblies: Be-

cause brazing temperatures (approximately 1100°F)

are above annealing temperatures (650-800°F), the

brazed assembly will normally be in the annealed

condition. Where maximum strength is required, a

heat-treatable alloy should be selected. The assem-

bly can be heat treated after joining by quenching

directly from the brazing temperature or from the

solution heat-treating temperature (910-980°F).

A fast method of confining the annealed material

to only a small area where the heating will have the

least effect on the assembly is the application of

induction or resistance brazing whereby the heating

effect is localized to a minimum. However, such

close temperature control requires electronic equip-

ment, the cost of which may necessitate large pro-

duction quantities.

Brazing Designs: The use of fillet joints is recom-

mended. These facilitate the production because

their smooth, uniform surface needs no grinding to

remove excess metal (see Figures 4-24, 4-25 and

4-26).

The most important single factor in joint design

is complete penetration of filler metal throughout

the joint. Lap joints, T-joints and lock seam joints

should be employed wherever possible. In lap

joints, the lap should be about 4 times the thickness

of the thinnest member. With lock-seam joints,

care should be used to provide sufficient clearance

for proper flow of the brazing alloy into the joint.

Bending up sheets at adjoining edges to form two

short almost parallel flanges has proved satisfac-

tory, especially if there is a small angle between the

flanges to aid the flow of molten metal into the

joint and the flushing out of flux.

As the joint should be cleaned after brazing, it is

essential to provide an exit for flux after it com-

pletes its work. Proper clearance is of great impor-

tance to assure flow of metals throughout all por-

tions of the joint. Pressed fits can be used provided

they are not so long or deep as to entrap flux, and

provided they permit fillets to be formed at the ends.

Wherever a hollow member is to be completely

sealed, a small hole should be drilled to serve as a

relief vent. This will prevent distortion or collapse

of the assembly by air pressure. The hole may be



Figure 4-24: These three before-and-after diagrams show

how properly placed brazing alloy will be drawn through

the entire joint by capillary attraction to form smooth

fillets and good solid joints.

- PRESS FIT

//

Figure 4-25: This brazed tubing joint prevents brazing

flux from entering the system. The press fit at "C" is

tight enough to hold 5-20 pounds air pressure before

brazing, confining brazing alloy and flux to area "D".

Neither alloy nor flux enters area "C".

Figure 4-26: Improperly designed joint causes excess of

molten brazing alloy to remain on surface, requiring

finishing operations. Properly designed joints have fillets

which eliminate this trouble.

sealed later by torch brazing.

Aluminum may be brazed by a number of meth-

ods, differing mainly in the way that heat is applied

to the work. These include torch brazing, salt bath

brazing and resistance brazing.

It is essential that the surfaces be thoroughly

cleaned prior to brazing. For 1100 and 3003 alloys,

degreasing is usually suflftcient, while for the other

alloys an etching treatment is recommended.

Torch Brazing is employed when the joints are

accessible both for heating with the torch flame and

for feeding filler metal into the joint. Inaccessible

joints must be brazed by furnace or salt bath meth-

ods. Filler metal is usually in the form of a rod as in

torch welding.

The oxyacetylene flame is preferred for brazing

because its temperature is around 6300°F. Its

high heat output permits bringing the work up to

temperature faster, speeding the brazing operation.

Also the heat can be concentrated better, aiding

control. While other gases are satisfactory, they are

slower and are used mainly in preheating to increase

production.

Flux is applied either by brushing, or by a filler

rod. If the rod is used, it is dipped into the flux, or it

is flux coated.

Since aluminum shows no color when hot, it is

necessary to have some means for determining when

the parts are reaching the brazing temperature. The

flux selected should be one that provides the re-

quired temperature indications. As the work comes

up to temperature, the liquid flux will first dry out.

Then as more heat is added, it will melt and flow

freely. Just as the brazing temperature is reached,

it will tend to fume or smoke slightly. That is the

temperature indication beyond which parts must

not be heated, or melting will result.

When brazing 5052 and 5056, the oxide coating

must be mechanically abraded with the rod while

at heat and covered with flux to break through the

tough oxide coating on these alloys.

Aluminum brazing alloys are more viscous than

other brazing materials, a distinct advantage where

gaps must be bridged. Also aluminum brazing alloys

tend to surface creep or flow because of their inter-

solubility or tendency to diffuse into the base mate-

rial. These characteristics reduce torch brazing of

aluminum to little more than skillful heating of

base metal to melt the brazing alloy which readily

flows through all portions of the joint by capillary

action.

Non-heat-treatable alloy assemblies are usually

4.3
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TABLE 4-17: SOLDERS AND FLUXES FOR SOLDERING

ALUMINUM
SOLDER FLUX MANUFACTURER

Alumaweld bpecial .

* * A 111 O TTT/il /H AllAiumaweiQ /iii

Motnl"

Tnhnsion Mfp* Co Inc.

Mt. Vernon, Iowa

'^EutecRod 192" ."Eutector 192"
. . . Eutectic Welding Alloys Corp.

"EutecRod 199"
* EutecRod 199B ....

"Eutector 199"

JiiUtector ivvD
172nd St. & Northern Blvd.

PliKsViincy Npw York 58 N. Y.

'*EutecRod 19"

"Allen's Alumi Solder" .L. B. Allen Company
fil^Q T^r\7n IVyTawr Avpnup

Chicago 31, Illinois

Gardiner Metal Co.

4838 South Campbell
Chicago, Illinois

"All State Aluminum Solder" All State Welding Alloy Co.

White Plains,

New York

quenched in hot water to cool the assembly and

help loosen and remove the flux. Heat-treatable

alloy assemblies should also be quenched in hot

water as soon as the filler metal has solidified.

Quenching will produce mechanical properties in

the heat-treatable alloys similar to the "-T4"

temper. Subsequent aging will raise the strength

to within the range of the *'-T6" temper.

To prevent chemical attack, it is vital that all

residual flux be removed from the work. The elimi-

nation of usual grinding and chipping operations in

finishing up the joint is one of the important ad-

vantages of brazing. Most work will require no

finishing at all. Just as the silicon used in welding

to reduce the freezing point of the weld metal will

discolor the weld if it is anodized, so will the silicon

in a brazed joint cause discoloration where a brazed

member is anodized. In each case the filler metal

will turn black.

Furnace Brazing: Any continuous mesh-belt

furnace designed to operate in the temperature

range of 1000-1200°F is suitable for aluminum

brazing provided it can maintain constant and uni-

form temperature, within plus or minus of the

specified temperature, and further, that the furnace

atmosphere is free from contaminating products of

combustion.

• To check furnace temperatures, a thermo-couple

should be attached directly to the part being brazed

and temperature should be recorded as it passes

through the furnace. Factors that influence the

correct brazing time and temperature include the

aluminum alloy being brazed, the brazing alloy

used, material thickness, whether large or small

fillets are desired, and chain speed. The latter is

critical. Assemblies must remain in the furnace long

enough to reach and hold proper brazing tempera-

ture for 1-5 minutes to obtain full flow of filler

metal. Yet, if the parts are held too long at brazing

temperature, the molten brazing alloy will tend to

wash parent metal into the fillet and may even

wash through thin-walled sections.

Depending upon the thickness of the sections to

be joined, chain speed and the like, a period of 4-7

minutes will be required to bring them up to brazing

temperature. As the assemblies come from the fur-

nace, any residual flux will be found quite hygro-

scopic and corrosive. It should be removed within 5

minutes after brazing and preferably before final

cooling.

Salt Bath Brazing, also known as **flux dip"

brazing, or just "dip" brazing, is assuming increas-

ing importance in joining aluminum assemblies for

several reasons. The molten salt used as the heating

medium consists of fluorides which also supply the

fluxing action, eliminating the need for a separate

fluxing operation.

Heating is extremely fast, enabling the entire

brazing operation to be completed in 2-5 minutes.

Precise temperature control is easy to obtain, due

to the excellent temperature uniformity and high

heat content of the bath. These factors aid in rais-

ing the work quickly to a temperature that melts

the brazing alloy, but not the base metal. Actual

time in the flux bath will vary from 30-180 seconds.

Preheating to about 900°F is recommended where

thick and thin sections are to be joined. This will

reduce temperature variations and will avoid undue

cooling of the bath by the assembly.

The design of joints and the form and location of

filler metal have already been discussed. The work

is preferably made self-jigging, or jibs are designed

SO they need not be immersed in the bath. Iron con-



tamination of the bath is a critical factor in brazing

aluminum because of the fluxing action required.

Where fixtures must be immersed in the bath, they

should be made of nickel, monel or pure aluminum.

Salt bath brazing is primarily a high produc-

tion process. It is especially suitable for making a

multiplicity of joints in intricate assemblies, as in

joining tubes and fins to produce heat exchangers.

Also a large number of assemblies can be brazed in

one batch, limited only by the size of the salt bath

furnace and the allowable drop in bath tempera-

ture as the furnace is loaded. After removing from

the bath and draining off as much flux as possible,

the work can be quenched immediately as previ-

ously described.

4.4 SOLDERING
Soldering employs a bonding alloy, called solder,

with a melting point several hundred degrees lower

than that of brazing alloys. Conventional soldering

methods are not easily applicable to aluminum.

The properties of aluminum that necessitate dif-

ferent techniques are its great affinity for oxygen,

its high thermal conductivity, and its large co-

efficient of expansion.

On large parts, the sections adjoining the area to

be soldered will conduct heat away so fast that it

is difficult to hold the working area at the correct

temperature long enough to complete the joint.

Distortion also enters the picture due to the larger

amount of expansion. The usual soldering tempera-

tures for aluminum are 550-700°F. While most

other metals are soldered at 375-400°F, few alu-

minum solders melt in this latter range.

Small parts can be brought up to soldering tem-

perature with a soldering iron and held there while

making the joint. For large parts, a torch is recom-

mended. The practical limit appears to be an area

of about 20 square inches for individual sheet metal

parts. Sections larger or thicker are not so readily

handled.

Most difficulties in soldering aluminum are

caused by the great affinity of aluminum for oxy-

gen. Solder will not bond on the glass-like oxide

film which is present on aluminum as soon as it is

exposed to air. A main objective, therefore, is the

TABLE 4-18: ALUMINUM SPRING
LOCK WASHERS

SCREW OR SECTION
BOLT SIZL

No. 2 .UoO X .UZU

No. 4 .040 X .0Z5

No. 6 .047 X .031

No. 8
ACCr., f\Af\ 1 ^ ^s. \ \
.055 X .040 / // \ \

\

No. 10
t\nc\ — f\ An \ 1 \ \ 1/
.Oo^ X .04 / [ 1 ^

H" .109 X.062 \ VV y //
\ J

He"
1 OC „ ATQ \ ^.lz5 X .0

\

Vs .141 X .094 ^ ^
.156 X .109

/2 171 X 125

.188 X .141

%' .203 X .156

.234 X .188

removal of this oxide coating prior to tinning. This

may be effected in essentially two ways, but prior

to applying either of them, the areas to be soldered

should be cleaned and abraded so as to render the

oxide film as thin as possible.

Ordinarily a suitable flux is applied to dissolve

the oxide and prevent it from re-forming ... or

otherwise react so that the solder may bond di-

rectly to the underlying aluminum. The flux is also

made to fume at the correct soldering temperature

to indicate when that temperature has been at-

tained. At this point the flux should be fluid so the

solder can easily displace it at the joint. It should

produce little or no attack on the aluminum and

should be easily removed after soldering.

The second method to get below the oxide film

is to mechanically abrade it down through an over-

lying layer of molten solder, using the soldering

iron, a wire brush or other tool.

After the surfaces to be joined have been tinned,

they can be soldered together in the usual manner.

W hen soldering aluminum to other metals, it is sug-

gested that the aluminum surfaces be tinned and

then joined to the other metal with ordinary lead-

tin solder and flux. If any difficulty is encountered,

the surface of the other metal should first be tinned.

Since all aluminum solders contain at least two



FLAT HEAD MACHINE BOLTS

CARRIAGE BOLTS STRUT BOLT
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THUMB FINISHING
SCREW WASHERWOOD SCREWS

Figure 4-27: Various types of standard screw fasteners. (Concluded in Figure 4-28.)
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other metals, electrolytic corrosion may occur in

the presence of moisture (see Section 2.4), resulting

in holes or pits which may reduce the strength of the

joint seriously. Tin-rich solders with considerable

zinc content are often preferred because they min-

imize this action. See Table 4-17.

In corrosive atmospheres a moisture-proof lac-

quer coating or a paint coating is recommended.

Where joints are subject to salt water contact, they

may be cathodically protected by attaching strips

of zinc or cadmium.

Suitability ratings of the various alloys to solder-

ing are given in Column 50 of Table 2-4.

4.5 SCREW FASTENERS, NUTS
AND WASHERS
Aluminum screw fasteners are usually made from

alloy 2024 because of its high tensile and shear

strengths. Screw fasteners ordinarily are supplied

unfinished, semi-finished or finished. To prevent

marring, care should be exercised to avoid bringing

a roughly finished fastener in contact with a finely

finished aluminum surface. These fasteners are

available in three weights: regular, heavy,

light.

Aluminum bolts and nuts will not seize if ano-

dized or if given an application of molybdenum di-

sulphide suspension in oil or grease; zinc stearate;

or a 50-50 mixture of petrolatum and 200-mesh

zinc dust.

Lead washers have proved satisfactory not only

because they stop electrolytic corrosion as a result

of polarization, but also because their softness

affords good sealing. They are, however, not recom-

mended in coastal areas, where rubber washers,

possibly with an aluminum washer on top, are more

advantageous. The rubber-aluminum combination

results in good sealing action with adequate me-

chanical strength.

Table 4-18 lists aluminum lock washers available

for use with aluminum screws and bolts. Made of

7075-T6 they compare in hardness and reactive

pressure with stainless steel lock washers. Alumi-

num lock washers are more expensive than steel or

cadmium-plated washers but considerably cheaper

than stainless steel.
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SQUARE HEADLESS SLOTTED SOCKET TYPE

SET SCREWS.

Figure 4-28: Various types of standard screw fasteners.

4.6 PATENTED SCREW
FASTENERS
The majority of special screw fasteners aim at sup-

plying a locking action in the fastener itself and

thus eliminate the need for a lock washer. Excep-

tions are the blind and quick-release fasteners (see

below). Since the locking action is more easily in-

corporated in the design of the nut, the majority of

these special fasteners are nuts. In all cases the

opposite component is a standard part; i.e., for a

special nut a standard screw or bolt is employed and

vice versa. The following types of special fasteners

may be distinguished:

A. Wedge Type Fasteners are locked by the

wedging of one part against the other. Figure 4-34.

They are employed where severe stress, shock or

vibration must be overcome. They are free-running

FLAT HEAD: With an 80 82° angle for use

where flush surface is desired . Countersunk section

aids centering.

ROUNDHEAD: Used almost universally for

general application. Features good slot depth,

ample bearing surface.

OVAL COUNTERSUNK HEAD:
Similar to standard flat head but has outer surface

round for added attractiveness.

FILLISTER HEAD: Little smaller in

diameter than round head but higher with deeper

slot. May be used in counterbored holes.

BINDING HEAD: Undercut beneath

head binds and eliminates fraying of stranded wire in

electric work. Ample bearing surface.

TRUSS HEAD (OVEN HEAD. STOVE
HEAD. OVAL BINDING HEAD):
Good for covering large diameter clearance holes in

sheet metal.

LENTIL HEAD: Similar to oval head but

smaller diameter and greater countersunk angle.

Jackson Head, Dunbar head are similar.

PAN HEAD (BINDER HEAD): Low,

large diameter with high outer edges for maximum

driving power. For self-tapping screws, etc. Dotted

line indicates contour of head when supplied with

Phillips recess.

FLAT FILLISTER HEAD: Similar to

standard fillister but without oval top section. Suitable

for counterbored holes requiring flush screw.

WASHER HEAD: Where great bearing surface

under the head is required, the standard truss head

(carried in stock) normally answers the purpose. But

where larger bearing surface yet is required . the washer

head (resembling a conventional round head plus a

washer) is used.

Figure 4-29: Standard screw heads and their functions; most heads are available with

Phillips recesses. Courtesy Central Screw Co. (Concluded in Figure 4-30)
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ONE-WAY HEAD: While driven with standard

screwdriver, screws with this ingenious head cannot be

removed, once assembled. Economical in large quantities.

FLAT HEAD (UNDERCUT): Standard flat

head screws with lower one-third of countersunk portion

removed for production of short screws. Permits flush

assemblies in thin stock.

FLAT HEAD (100° COUNTERSUNK):
Large head distributes pressure over larger and less angular

surface. For use with thin aluminum, soft plastics, etc.

PLUMBERS HEAD: Similar to standard

round head but higher and smaller diameter to provide

good tightening qualities for plumbing trade. Modern

designs favor standard round heads.

FLAT TOP BINDING HEAD: Gives large

bearing surface with low head height, but poor slot-

contour. Almost obsolete due to popularity of truss head.

SQUARE SHOULDER SCREWS: A truss

head on a square shank to resist rotation, located or driven

in place like carriage bolts. Made in many varieties

and all sizes.

ROUND SHOULDER SCREWS: A truss

head on a round shoulder larger in diameter than screw

threads. Used as spacer, or to provide bearing surface for

rotating parts.

KNURLED SHOULDER SCREWS: A truss

head on a round knurled shoulder. Used for locking pur-

poses. Can be molded into plastics or staked into metal.

FIN HEAD BOLTS: A truss head with two or

four fins underneath on head bearing surface to lock against

rotation . Produces great^ torque- resistance , more than

square shoulder design.

Figure 4-30: Standard screw heads and their functions; most heads are available with

Phillips recesses. Courtesy Central Screw Co.
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to the point where tension is placed on the bolt. All

wedge-type fasteners are re-usable. Their assembly

speed is moderate.

B. Spring-Seating Fasteners lock from a

lever or spring action within the periphery of the

nut or bolt head, as in the Speed Nut and the

Place-Bolt, or lock to a component of the nut or the

head, as in An-Cor-Lox and Screw Fasteners, Figure

4-35. Spring-seating fasteners are re-usable. Assem-

bly speed is moderate to fast.

C. Spring Stop Nuts have continuous clamp-

ing action. They are not free running and thus can

be used as stop nuts. See Figures 4-36 and 4-37.

Spring stop nuts are re-usable. Speed of assembly is

moderate, but not as fast as the wedge-type. The

majority of them can be used for moderately rugged

applications.

D. Interference Nuts employ a plastic or

fiber collar to provide the locking action. These

collars are not threaded; they are elastically de-

formed. Squeezing against the threads, they hold

the nut in position. They are not free running and

their speed of application is moderate to slow (see

Figure 4-38).

E. Blind Screw Fasteners are hardened

thread-forming screws made to be installed like

sheet metal screws which they replace, as well as

blind nuts. Since sheets are held in place by the

thread, these fasteners must be designed for the

specific application because composite thickness of

the material joined will vary. Unlike many other

blind fasteners, these are re-usable. Speed of appli-

cation is equal to or better than that of screw type

fasteners. Various types are shown in Figures 4-39,

4-40, 4-41 and 4-42.

F. Quick-Release Fasteners are used for

doors and panels where intermittent closing and

opening is required, and a positive lock is neces-

sary. Their assembly time is slow, but operation is

comparatively fast. Figures 4-43, 4-44 and 4-45

show examples.



4.7 SPECIAL RIVETS

A. Tubular Rivets (See Figures 4-46, 47 and

48). (Sleeve type, sleeve type with one head formed,

and solid head type.)

Advantages: Increases bearing area without appre-

ciably increasing weight. Increased ratio of bearing

area to effective shear area as compared to solid

rivet.

Limitations: Limited to thin sheets, especially for

.025-inch or less. Will not resist tensile loads because

of nature of head. Shear strength may be limited by

buckling characteristics of rivet. For precision

work, actual value to be determined by tests. For

rough calculations, use shear strength 50 percent of

specified strength.

B. Hi-Shear Rivet (See Figure 4-50) (Reg.

Trademark)

(Made by Pheoll Mfg. Co., Chicago, 111., Hi-Shear

Rivet Tool Co., and other licensees.)

Advantages: Solid rivet with shear strength in ex-

cess of those normally obtainable in standard rivets.

Combines drivability of aluminum and the shear

strength of cold steel rivets with no loss in holding

power.

Limitations: Cannot be driven too tight as excess

material of collar is automatically sheared off by

special tool.

Sizes and Head Types: Ks, '^ic, J<4» '"'le, Ke

3^, %6 and %-inch in 100-degree flat countersunk

head, flat binding head or brazier head with various

grip lengths.

Materials: Pin: High strength alloy steel or stain-

less steel, or 7075-T4. Collar: Anodized and waxed

2117-T4.

C. HucK LocKBOLT (Huckbolt) (Figure 4-51)

Sizes and Heads: He, He and 3^-inch in

brazier head, button head and 90-degree counter-

sunk types.

Materials: Pin: Mild steel (cadmium plated for

aluminum), or 2024-T4, 6061-T6. Collar: Mild steel

(cadmium plated for aluminum) used with mild

steel pins. 6061-T6 (with either 2024-T4 or mild

steel pin), 6061-T6 (with 6061-T6 pins).

INDENTED HEXAGON: An economical wrench

head fastener made to standard hexagon dimensions. With

an identifying depression in top surface.

INDENTED HEXAGON WASHER
HEAD: Same as above except with washer section

at base of head to protect work surfaces against wrench

base of head disfigurement.

ACORN HEAD: Domed "hex" locates socket

wrenches quickly. Slot permits screwdriver operation.

Combines good appearance, fast assembly, protection

to work surfaces.

HEXAGON HEAD (TRIMMED): The

standard for machine bolts and screws. Square, sharp-

corners, generous bearing surface for' wrench tightening.

SQUARE HEAD (TRIMMED): Accurately

dimensioned head is standard for machine bolts: is also

available for screws, offers square, sharp corners and

generous bearing surface for wrench tightening.

HEXAGON HEAD (FINISHED): Integral

washer under head is slightly smaller than diameter across

flats, protects the work against disfigurement by head

corners during tightening.

SEATING BOLTS: A countersunk square

shoulder screw providing neat outside appearance and

s(iuare shank locking. Finishing washers may be used to

further enhance appearance.

HEAD STYLES FOR PROJECTION
WELDING SCREWS: Type "U" or underlug is

for general application, assembles easily into pre located

holes and fully utilizes head strength. Head designed for

efficient electrode contact.

FLAT HEAD styles take full advantage of the self-centering

feature of the countersunk portion yet provide a smooth flush

outer surface for contacting the electrode.

TYPE " T "' or overlug has the welding 'projections formed

on the top'of the head. Under surface is designed for good

electrode contact. For applications requiring a smooth

finished outer surface where head does not show.

Figure 4-31: Standard screw fasteners not ordinarily available in stock. They can be

made to any dimensional specifications whenever the quantity involved warrants the

tool costs. Courtesy Central Screw Co.
j^qq



NESTED
(PUNCHED)

TYPE "U

^QS^ TYPE 21

TYPE F

Figure 4-32: Common self-tapping screws: Type A with coarse thread is for joining

sheet metal, asbestos, impregnated plywood up to .050-inch in thickness. Type B is for

more rugged applications in material up to H-inch. Type C has standard pitch thread.

Type F is for castings. Types U and 21 are driven with a hammer.
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DIE POINT: An economical pointing operation

at time of heading provides this end chamfer starting

with a diameter smaller than the root diameter.

]10G POINT: A straight pointed section with

diameter slightly smaller than root diameter to aid

starting, insure against stripping fine threads and in-

crease production.

ROLLED POINT: Last thread and a half is

slightly cupped by the thread roll-over operation, an

etticient method of"pointing long studs and screws.

PINCH POINT (Rounded) : For aligning several

sheets or parts re(iuiring pilot action, end is pinched off

in dies producing GO" point, slightly rounded.

NAIL POINT (Pinched): Sharp point wit.h 45°

included angle, slightly square surface. For impinging

or locking against wood or other soft material.

CUPPED POINT: Depression on end of this

point reduces area in contact which increases its holding

and locking power under pressure.

ROUND POINT: Dome -like rounded end sur-

face allows point to apply pressure without disfiguring

the work. Supplies friction without cutting.

CONE POINT: Precision cut-pointing provides

smooth surface, accurate length, sharp point. Can be

made with any included angle desired.

CUT POINTS: A variety of tenon ends can be

provided in form of straight cut point where the diameter

of the tenon end is smaller than root diameter of thread

and where a scjuare abutment surface is required. This

style point offers excellent bearing surface when assem-

bled into prepared washers or other assemblies requiring

free turning pressure surfaces, as in clamps, etc. Cut

points can be grooved for sp)ecial locking rings, cupped

for ease in riveting, or machined to special contours for

a particular requirement.

Figure 4-33: Most common styles of points.
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Figure 4-34: WEDGE LOCKING: Four examples of

wedge type locking nuts for standard threaded bolts and

studs. Anco Nut has wire spring element which engages

thread of bolt as shown. Columbia Nut has two elements,

the top one being split to wedge against the bolt thread

as it is screwed into the tapered lower element. Klincher

Nut has tapered upper member which wedges top threads

of lower member against bolt. Drake Nut has prongs on

upper member which wedge against bolt threads when it

is screwed into tapered lower member.

Manufacturers of Wedge Type Fasteners:

Anco Automatic Nut Co., Inc., Lebanon, Pa.

Columbia Columbia Nut & Bolt Co., Bridgeport, Conn.

Dardelet Lamson & Sessions Co., Cleveland, Ohio

Drake National Screw & Mfg. Co., Cleveland, Ohio

Klincher Faultless Caster Corp., Evansville, Ind.

Manufacturers of Spring Seating Type Fasteners:

An-Cor-Lox Laminated Shim Co., Inc., Glenbrook, Conn.

Dynamic National Screw & Mfg. Co., Cleveland, Ohio

Lock Shock Costello Lock & Torque Nut Co.

Lock-Tite Continental Screw Co., New Bedford, Mass.

MF No. 2 MacLean-Fogg Lock Nut Co., Chicago, 111.

Palnut The Palnut Co., Irvington, N.J.

Place-Bolt Place Cap Screw & Bolt Co., Jersey City, N.J.

Sems Illinois Tool Works, Chicago, 111.

Speed Nut Tinnerman Products, Inc., Cleveland, Ohio

Springlock 350 Prestole Corp., Toledo, Ohio

Springnut Prestole Corp., Toledo, Ohio

Figure 4-35: SPRING SEATING: All of the above nuts

and bolts are designed to provide spring seating. They are

free running until seating. Then some sort of spring action

occurs which tends to lock the fastener in position. Palnut

is typical. Made of sheet metal, body distorts when seated

to provide locking action. In the Place-Bolt, the head

distorts to provide the locking. In the An-Cor-Lox, a

special auxiliary member is compressed. Both body and

fingers of Speed Nut are deformed to provide extra strong

locking and long spring action. Speed Nut can be pushed

over screw until seating commences. Others must be

threaded full length of screw section to seat them.
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Figure 4-36- Lamson Lock Nut has grip threads in locking collar distorted out-of-round and heat treated to provide a

spring grip. Thus when working threads are made to take working load, grip threads set up against non-pressure flanks

of bolt threads to exert effective locking action as detailed in the sketches above.

M A R S D E N HUGLOCK SPRING LOCK NUT DUALOCK
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Figure 4-37- SPRING NUTS: All the above lock nuts are distorted before application as against those shown in

Figure 4-35 which are not distorted until seated. Yet they depend upon distortion of the threaded element for their

locking action, with the exception of the Dual-Purpose Nut which has a wire spring engaging slots in the screw. Ihese

nuts are not free running as are the spring seating types shown in Figure 4-35.
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Figure 4-;i8: INTERFERENCE NUTS: In this type

lock nut, a collar of fiber, plastic or similar material is

incorporated into the nut. Collar is smaller than screw so

it must be distorted when nut is threaded onto screw.

Friction between collar and screw threads provides good

locking action shown at top left.

®
OPENING FOR
ANCHOR NUT

©
ANCHOR NUT
INSERTED

®
SCRKW TUKKADhM) INTO AN('H()R
NUT

Figure 4-39: Southco Anchor Nut is not only a blind

screw fastener but also offers a certain amount of locking

action. As the screw is threaded into it, the lower tapered

prong sections are forced to expand sidewise into the

work. In turn they tend to lock the screw by continued

pressure they exert on the bolt threads. Also since the

screw must cut the lower threads, these are tight, in turn

helping to lock the screw.

SNAP NUT

Figure 4-40: The Snap Nut shown above is one of several

types of blind screw fasteners used in sheet metal. Fas-

tener is snapped in place from one side, subsequent ex-

pansion of thread-engaging members spreads fastener out

so that it wedges tightly in hole.

SPEED N'UT I MODIFIED)

Figure 4-41: This Speed Nut is modified for blind fasten-

ing application by adding spring fingers at one end as

shown. Then when the Speed Nut is slipped down through

the special applying hole, it can easily be snapped into

position back of the hole through which the screw will be

driven.

Manufacturers of spring stopnuts:

Boots Nut Boots Aircraft Nut Corp., New Canaan, Conn.

Cling Nut Beach Precision Parts Co., Harrison, N.J.

Dualock Dualock Products Co.

Dual Purpose Simmons Fastener Corp., Albany, N. Y.

Flexloc . . . Standard Prosed Steel Co., Jenkintown, Pa.

Gripco Grip Nut Co., South Whitely, Ind.

Hi-Stress Tinnerman Products, Inc., CU veland, Ohio

Huglock National Machine ProdutTts Co., Detroit, Mich.

Lamson Lamson & Sessions Co., Cleveland, Ohio

MF No. 3 MacLean-Fogg Lock Nut Co., Chicago, 111.

Security . • Security Locknut Corp., Chicago 5, 111.

Spring Locknut George K. (larrett. Inc., Philadelphia, Pa.

Stover Locknut . Stover Locknut & Machmery Corp., Easton, Pa.

Self-Retaining Columbia Nut & Bolt Co., Bridgeport, Conn.

Tri-Lock Boots Aircraft Nut Corp., New Canaan, Conn.

Marsden American Marsden Co., Jersey City, N.J.

Manufacturers of interference stopnuts:

Wsn-^ Elastic Stop Nut Corp. of America, Union, N.J.

Mvlok Russel Burdsall & Ward Bolt & Nut Co., Port

Chester, N.Y.
Pern l*(^nn Engineering & Mfg. Co., Doylestown, Pa.

Manufacturers of blind screw fasteners:

Scrivet National Screw & Mfg. Co., Cleveland, Ohio

Snap Nut Prestole Corp., Toledo, Ohio

Southco Anchor Nut. . South Chester Corp., Philadelphia, Pa.

Speed Clip Tinnerman Products, Inc., Cleveland, Ohio

Speed Nut (Modified) Tinnerman Products! Inc.', Cleveland, Ohio



Figure 4-42: Scrivets, above, are hardened thread-forming

screws employed where a vibration resistant and tamper-

proof fastener is required for sheet metal. It is supplied

with a Phillips recessed head.

Figure 4-43: QUICK-RELEASE FASTENERS: This is a group of typical quick-release

fasteners for use in attaching inspection doors and similar applications. Turning one

element with a screw-driver produces a cam-like engagement with another element m
most of these systems. Turning in opposite direction subsequently disengages the mem-

bers quickly with only a partial turn of the screw-driver. This contrasts with regular

screw fasteners which must be rotated many complete turns to engage or disengage the

members.

n

Figure 4-44: Here is shown another type of quick-release fastening system, the Southco

No. 11 Adjustable Pawl Fastener. Note coiled spring to retain pawl in any position and

the pawl stop which positions pawl at desired point of engagement. Pawl engages bead

rolled on edge of panel or door opening.

i-SPEEI) NUT

•—SEPARATION LINK

Figure 4-45: In the Southco No. 2 fastener, the screw

assembly shown above is designed so that it does not

come loose from the panel when the fastener is disen-

gaged. Note a Speed Nut is riveted to the back side of

the second part to be joined, engaging and locking the

screw against vibration.

Figure 4-46: Sleeve type tubular rivet is hollow all the

way through. No heads have been formed yet on the

rivet shown above.

Manufacturers of quick-rel«'ase fasteners: ^

Airloc United-Carr Fastener Corp., Cambridge, Mass.

Camloc Camloc Fastener Corp., New York 17, N.Y.

Dzus Dzus Fastener Co., Inc., Babylon, N.Y.

Lion Lion Fastener, Inc., Honeoye Falls, N.Y.

Q-l & -2 Shakeproof, Inc., Chicago, III.

Quicklock & Springlock . Simmons Fastener Corp., Albany, N.Y.

Southco No. 2 & No. IL.South Chester Corp., Philadelphia, Pa.
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Figure 4-47: Sleeve type tubular rivet purchased with one

head formed is set by simple tooling shown here.

Figure 4-50: Hi-Shear type rivet has collar formed into head which locks around shaped

shank of cadmium-plated steel to provide a solid rivet stronger than usual rivets.

Figure 4-48: Solid-head tubular rivet is only hollow in

shank of rivet.

1
1

o 7^

Figure 4-49: Chobert Rivet. A mandrel is used to expand

the shank, leaving essentially a tubular rivet. It can be

plugged if additional strength or water tightness is re-

quired. Mandrel is reusable. Riveting can be done by

hand or machine.

1. PIN HAS BEEN INSERTED FROM
ONE SIDE, COLLAR PLACED FROM
OTHER SIDE. C, U N JAWS ENGAGE
PULL G R 0 0 \' E S ON PIN.

2. INITIAL PULL FROM GUN
CLAMPS WORK PIECES TOC; ETHER
TIGHTLY. FILLS HOLE BY PRESS
FIT AT ENLARGED SHANK.

3. INCREASED PULL FORCES GUN
ANVIL DOWN OVER LOCKING
COLLAR, SWAGING IT INTO LOCK
GROOVES OF PIN.

4. FURTHER PULL BREAKS OFF
PIN TO COMPLETE SEQUENCE OF
OPERATIONS.

Figure 4-51 : Huck Lockbolt and how it is applied.
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Figure 4-55: Umbrella plugs made of plastic, copper or

aluminum are used with Cherry Rivets to fill the shank or

to have the head match or contrast with the color of the

material surface. Shank of plug is knurled for easy in-

sertion by finger-tip pressure.

ASSEMBLED HUCK
BLIND RIVET

PIN

Figure 4-52: Assembled Huck Blind Rivet and its two

component parts. Driving sequence is shown in Figures

4-53, 54, 56 and 57 below:

Figure 4-53: Gun pulls extruding angle and land of the

pin through the sleeve, positively expanding sleeve to fill

rivet hole.

Figure 4-56: Driver inside nose of gun breaks off outer

collar from sleeve and forces it into locking groove.

116

Figure 4-54: Sleeve is squeezed between head of pin and

nose of gun upsetting sleeve end to form driven head on

blind or backside of work.

Figure 4-57: Pin is broken ofT in tension at breakneck

groove as gun continues to move pin.
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Figure 4-58: Hollow member and stem of the regular type Cherry Blind Rivet are inserted in hole. Stem is pulled cylindri-

cal upsetting head expands rivet tail to form tulip head. Continuing pull fractures stem which drops out of the head and

the tail of rivet as shown.

Figure 4-59- Pull-through type Cherry Blind Rivet assembly is inserted in hole. Gun pulls conical head of stem mto rivet,

upsetting rivet tail to form tulip head. Continuing pull draws conical head entirely through rivet, thereby expandmg

shank Stem falls out through slot in head of gun. This system avoids any broken stem inside the assembly.

Figure 4-60: A-Self-PIugging Cherry Blind Rivet is placed in gun and inserted in hole preparatory to ariving B

Pull from gun is drawing enlarged portion of stem into shank of rivet, expanding it to fill the hole. C-Continued Full

has expanded all of rivet shank, conical tip of stem has upset rivet tail to form head. D-Gun exerts increased pull to

break stem at notch. Gun end of stem now falls out; other end remains in rivet. E-The job is finished by cutting

off the projecting stem flush with the head of the rivet as shown here.
117
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SEAT HEAD OF RIVET
FIRMLY AGAINST SURFACE
BEFORE DRIVING PIN

Figure 4-61: Rivnut is threaded onto pull-up stud until head rests against tool anvil.

Rivnut is inserted into hole. Rivnut key fits into slot in hole periphery to prevent turn-

ing after attachment. Tool is operated to withdraw stud into tool nose, expanding riv-

nut as shown. Tool stud has been threaded out and an accessory attached.
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HOLDING POWER
INCREASES WITH
DEPTH OF ENGAGEMENT
IN WOOD

Figure 4-62: Dupont Explosive Rivets have a small

charge of explosive in the shank which expands shank

upon heating by means of electrically heated DuPont

Riveting Iron. Rivets are safe because explosive material

is precisely controlled to not explode until exactly 120°

temperature is reached. This guards against premature

explosion during storage or handling. Rivets are available

in regular and blast-free (noiseless) type.

EXPAND RIVET BY DRIVING

Figure 4-63: Southco Blind Rivet uses pin driven through

shank of rivet to expand tail of rivet by wedge action

against tapered members. Southco Blind Rivet can be

used for joining aluminum to aluminum as shown at bot-

tom and also is suitable for joining aluminum to wood,

plastics, and the like as is shown above.

Blind Rivets:

D. Chobert Rivet (See Figure 4-49)

E. HucK Blind Rivet (Figures 4-52, 53, 54, 56,

57) (Manufactured by Huck Mfg. Co., Detroit.)

Advantages: Solid rivet is obtained, although

manufactured as blind tubular rivet. Combination

of alloys and tempers combines formability with

high shear strength.

Sizes and Head Types: Hq and 3^-inch in

brazier or 100-degree countersunk heads with grips

ranging from .020 to .420-inch.

Materials: Pin: 2024-T36. Sleeve: 5056-H14.

F. Cherry Rivet (Figures 4-55, 58, 59, 60)

(Cherry Rivet Co., Los Angeles.) Three types:

Regular Type Cherry Rivet; Pull-Through Type

Cherry Rivet; Self-Plugging Type Cherry Rivet.

Advantages: Regular Type: Very high clinch, can

be used with umbrella plug (Figure 4-55).

Pull-Through Type: Pulling through of stem

affords positive expansion of shank. Can be used

with umbrella plug (Figure 4-55).

Self-Plugging Type: Properties close to those of

solid rivet.

Limitations: Regular Type: Broken stem falls

into assembly. Shank is not expanded.

Pull-Through Type: Clinch not as high as with

regular type, but comparable to a solid rivet.

Self-Plugging Type: Time of application some-



TABLE 4-19: STRENGTH CHARACTERISTICS OF INDUSTRIAL RIVETS

RIVET
MATERIAL

RIVET RIVET
DIAMETER NUMBER

SHEAR STRENGTH
Lbs/Rivet Lbs/Sq In.

TENSILE STRENGTH
Lbs/Rivet Lbs/Sq In/

52SB-- Vh X He 187 15,200

5052 Aluminum
Brazier Head

52SB- 291 15,200

52SB- 420 15,200

52SB—^ X H '743 15,200

290

441

630

1020

23,600

23,000

22,900

23,000

5056 Aluminum
Brazier Head

^i^' (.202^0 56SB-202 x H 800 25,000

14" (.263") 56SB- 263 x K 1360 25,000

Brass Brazier

Head

BRB— 3^ X he 425 34,600

BRB—^^2 X He 641 33,600

BRB- He X He 874 31,900

BRB- 1350 28,600

900

1540

603

882

1345

2200

28,000

28,000

49,200

46,100

51,700

45,000

* Calculated on actual shank diameters of rivets. Area of cavity not subtracted.

what longer than that for other two types because

of trimming operation.

Sizes and Head Types: ^le, }4 and %2-

inch with brazier or 100-degree countersunk heads.

Material: Anodized 5056 or 2117.

G. RiVNUT (See Figure 4-61)

Advantages: Supplies internally threaded rivet for

attachment by means of aluminum or cadmium-

plated steel screws.

Sizes and Head Types: .157, .189, .221, .251, .332

and .413-inch in thread sizes 4-40, 6-32, 8-32,

10-32, M-20, Hg-IS, respectively, with flat heads

or 100-degree countersunk heads.

Materials: Anodized aluminum, cadmium-plated

steel.

H. DUPONT Explosive Rivet (Figure 4-62)

Advantages: Fast application (15-20 a minute).

Any size rivet suitable for a wide range of material

thicknesses. Needs no buffing, trimming or cutting.

Limitations: Storage temperature must be kept be-

low 120°F and relative humidity below 85 per cent.

Sizes and Head Types: Industrial Rivets: As

shown in Table 4-19. Aircraft Rivets: .134, .171 .202

and .263-inch. Both types available with modified

brazier or 100-degree countersunk head.

Material: 5052 aluminum, brass, nickel-plated

brass, nickel, 5056-F aluminum, 2017-T4 and

5056-F alodized aluminum.

Applications: Generally, where one side of assem-

bly is accessible. Plywood sheathing, plywood pan-

els to aluminum door frames. Screen window and

storm door assemblies.

I. SOUTHCO Rivet (See Figure 4-63) (Manufac-

tured by South Chester Corp., Philadelphia.)

Advantages: No special equipment necessary for

driving and no subsequent trimming operation.

Sizes and Head Types: Vs, ^2, He and J^-inch

(aluminum), He and M-inch (steel); with modi-

fied brazier or 100-degree countersunk heads for

aluminum, and modified brazier head or 78-degree

countersunk head for steel.

Materials: Rivet: 2117-T4. Pin: Cadmium or

zinc plated steel; stainless steel.

Applications: Metal to metal, metal to wood.

4.8 METAL STITCHING

Metal stitching fastens materials together with a

short piece of wire. A stitching machine makes the

two ends of the wire penetrate the material at two

points and clinches them on the other side.

There are basically two types of stitches, see Fig-

ure 4-64. The advantage of the flat stitch over the

curved stitch, especially in structural applications,

is its far greater clinching pressure with a virtually

full line contact on the back side of the work. Fur-

thermore, the flat stitch does not cut the material

as it leaves the holes as does the curved stitch. The

curved stitch is not recommended where strength

and resistance to vibration are required. It provides



A-FLAT STITCH B-CURVED STITCH

Figure 4-64: Flat stitch (A) and curved stitch (B).
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A -VERTICAL H HORIZONTAL C-DIAGONAL

Figure 4-65: (A) vertical, (B) horizontal and (C) diag-

onal methods of stitching.

Figure 4-66: Wire stitching provides excellent mechanical

joint between metal and rubber, fabrics or plastics. Here

a rubber element is stitched between two flanges making

an air-tight assembly, yet prevents transmission of vibra-

tions through large air duct. Similar applications in heat-

ing, ventilating, air-conditioning systems permit quick

fastening of nonmetallics to aluminum to isolate various

sections of ducts and equipment.

only point contacts in contrast to the line contacts

of the flat stitch.

Compared to spot welding, stitching is twice as

fast and does not require any precleaning. Its speed

of application is ten times as fast as riveting. The

work to be stitched need not be clamped, drilled or

punched. Considering fatigue, stitched seams are

at least as good as riveted joints.

Three different ways of laying out stitches on a

lap seam are shown in Figure 4-65. Method (A) is

preferred from a production standpoint, but is

weakest because stitches are in direction of shear.

Method (B) is stronger, but not so strong as method

(C) which should be applied whenever maximum

shearing strength is required.

Conditions peculiar to the job, such as the hard-

ness of the material to be joined, size of the machine,

size and hardness of the wire employed, will govern

the thickness of the material that can be joined.

Although dead soft material having a composite

thickness of i^4-inch has been joined, metal stitching

is usually confined to thinner materials. As an ex-

ample, the following limits, although not binding,

have been established for 2024 sheets. As heavier

equipment is developed, these limits will be in-

creased.

Alloy and
Temper

Total Composite
Thickne-s (In.^

Maximum Sheet
Thickness (In.)

2024 0 .160 .084

2024-T3 .080 .051

2024-T36 .070 .051

A wire which has proved satisfactory for alumi-

num stitching is a 0.0475-inch AISI-1086 steel wire

with a 0.0015-inch thick zinc coating to prevent

electrolytic corrosion fsee Section 2.4); this wire has

an approximate tensile strength of 290,000-330,000

psi.

Wire stitching is also well suited for joining alu-

minum to plastics, rubber, cork, asbestos and sim-

ilar material (see Figure 4-66).

4.9 MECHANICALLY FORMED
JOINTS
These are connections obtained by forming or cut-

ting the parts to be joined in such manner that they

interlock. Mechanically formed joints for aluminum

sheet do not differ basically from such joints in

other metals. Where high strength is of primary

importance, other joining methods will usually be

preferred. But the building industry offers many

applications, such as roof work, ducts, gutters,

downspouts, railings, where mechanically formed

joints are quite satisfactory. Where necessary, they

can be made watertight by means of aluminum cold

solder.

Figure 4-69 shows joints readily disassembled.

The tube-rod joint in Figure 4-74 is not intended to

be disassembled. Other mechanically formed joints

appear in Figures 4-70 and 4-73. Mechanically



Figure 4-67: Intersecting extrusions can be joined by

routing holes in one shape, permitting portions of the

second shape to run through. Joint is then reinforced by

backup plate and angle.

1- END CAP
2- MITRE. OUTSIDE
3- SECTION WITH OUTLET
4— SLIP JOINT CONNECTOR
5— EAVES TROUGH
6— HANGAR STRAP
7_N0. 3 ELBOW. 15"

8—CONDUCTOR PIPE
9—CONDUCTOR PIPE BAND

Figure 4-69: Aluminum rain-carrying equipment shown above employs mechanical fast-

ening system based on the slip-joint.

Figure 4-68: Example of hollow extruded shape used as

corner post.

Figure 4-70: This night light affords example of the ''bayonet" type mechanical

fastening system. Three bayonet members stamped on end of tube engage in circular

openings in bottom plate. When inserted and turned, the angle of bayonet slot m tube

ends draws assembly up tight, yet can easily be disassembled and reassembled for m-

sertion of new batteries when required. This nifty night light has a plunger switch m the

bottom which turns on light only when lifted from table.



Figure 4-71: Typical staked joints in aluminum members.

Figure 4-72: Extruded aluminum window-frame sections can be joined by staking them

to serrated corner section, cut from aluminum extrusion of staked joint as shown.

Figure 4-73: Tubular parts can be fitted inside one an-

other and joined mechanically by means of threads rolled

on each of the two members as shown. Engaging the

threads then joins the parts. Axial position in relation to

each other is adjustable, but they can be locked in place

by upsetting both parts with a punch or by crimping to

122 prevent rotation and disengagement.

Figure 4-74: This is one method of joining a tube to a

rod. Tube fits closely over a shoulder machined on the

rod. Tube is then driven into one or more indentations in

the rod as shown in the lower diagram. This locks the

two parts securely together.

©

®
Figure 4-75: When increased resistance to abrasion is

desired, aluminum extrusions can be protected by strips

or shapes of rubber, plastic, steel or brass. Section A shows

safety steps with slip-preventing abrasion-resistant

inserts. Ribs in Section B are extruded straight, then

bent over to lock rubber strips in place.

formed joints for roofing and siding applications are

shown in Chapter 7.

Extrusion Joints: Certain types of joints are

especially suitable for use with extruded shapes.

Staked joints, Figure 4-71, employ prongs cut at the

end of the shape and inserted in corresponding

mating holes in the second member. This type of

joint is used where high strength is not required,

although it affords a tight connection. Serrated

connectors, Figure 4-72, use teeth which prevent the

tubular members joined from sliding back and thus

assure a tight fit. Intersection joints, Figure 4-67,
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Figure 4-76: Examples of mechanical interlocking joints in tubular extrusions. Sketch 1; Ends of hollow step, section

H, are trimmed to leave only the tubular section, which is then inserted through and welded to vertical hollow section,

E. Sketch 2; Tubular ladder rungs are joined to solid upright section by expanding to form beads. Sketch 3; Connection

is made by shouldered ring, B, which is riveted to extrusion, C, inserted into hexagonal opening in I-beam section, then

expanded and upset with steel tool, A.

permit forces to be transmitted with the least pos-

sible degree of interruption. Joined parts may be

riveted. Solid aluminum extrusions can be joined

to tubular members in various ways, as in Figures

4-68 and 4-76. Protection of edges and surfaces

against wear is accomplished with inserts as shown

in Figure 4-75.

4.10 BONDING
Joining by means of rivets, bolts or similar mechan-

ical fasteners provides only local junctures; butt

welding, brazing and soldering generally join the

faying area. However, these latter processes are

limited to metals and are not applicable to the join-

ing of aluminum to non-metals.

Resin bonding, a method which joins the entire

faying surface, utilizes adhesives for bonding alu-

minum to aluminum, aluminum to other metals, or

aluminum to non-metals. Prior to applying the ad-

hesives, the bonding surfaces should be thoroughly

cleaned. For common alloys, degreasers such as tri-

chlorethylene, acetone, carbon tetrachloride are

adequate. For strong alloys, mild alkaline cleaners

or phosphoric acid type cleaners are recommended.

The adhesives, except for those of the thermo-

plastic type, must be applied prior to the assembly

of the joint. Unless available as a tape or thin film,

the adhesive will be in solution form and may be

applied by brushing, spraying, roller coating or

dipping. Adhesives of the thermoplastic type may

be applied by means of gravity or capillary action,

after the joint has been assembled. For effective

bonding, the application of heat and pressure must

conform to the manufacturers* specifications.

The joint design must be stable enough to carry

the appUed bonding pressure in direct compression,

otherwise the design must be such as to allow for

the insertion of packing blocks to relieve part of the 123



PRESSURE
;-TOP PLATEN

> REDUX JOINT

FLIGHT ALLOY BARS

BOTTOM PLATEN

PLATENS ARE STEAM HEATED SKINS .0124' & .0148" D T D 546

AND WATER COOLED CORRUGATION .0124' DTD 546

A. CORRUGATED SECTION

AUTOCLAVE AIR PRESSURE

RUBBER MAT

LEAD BARS
VACUUM

HEATER ELEMENTS

SKIN .028' DTD 746 CORRUGATION .018' DTD 710

Figure 4-77: The application of pressure to Redux joints.
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load. Figure 4-77 illustrates this latter condition.

There is no universal adhesive that can be em-

ployed for all resin bonds. The nature of the mate-

rials joined and the ultimate conditions of service

determine the type of adhesive to be used. Propri-

etary adhesives developed especially for bonding

metals include Redux (Resinous Products & Chem-

ical Co.), Cycleweld (Cycleweld Div. of Chrysler

Corp.), Reanite (U. S. Stoneware Co.), Metalbond

(Consolidated Vultee Aircraft Corp.), Araldite

(Ciba Corp.), and others by the Goodyear Tire &

Rubber Co., U. S. Rubber Co., B. F. Goodrich Co.,

and Minnesota Mining & Mfg. Co.

Table 4-20 lists glues which are used for metal

bonding and their resistances to water and bacterial

attack.

The strength of the bonded joint depends not

only upon the strength of the materials joined and

of the adhesive, but also upon the adherence be-

. tween the adhesive and the adherend, and the geo-

metric configuration of the joint.

Two factors which influence adhesion are shrink-

age of the adhesive on hardening and the difference

in the thermal expansion between the adhesive and

the adherend. The greater the differential contrac-

tion between adhesive and adherend, the stronger

is the induced shearing force at the interface.

According to J. W. McBain's tests, the strength

of the adhesive layer varies with the inverse of the

thickness. This may be explained by (1) the fact

that as the thickness of the adhesive layer is re-

duced, the cumulative effects due to shrinkage are

lessened; (2) the restraint afforded by the adherend

is more pronounced in the thin layer, preventing

reduction of the cross-sectional area; and (3) the

thinner the adhesive layer, the less the probability

of flaws. Figure 4-78 shows the variation of tensile

strength with thickness of adhesive.

In a lap joint, the differential straining between

the adhesive and the adherend causes the develop-

ment of non-uniform stresses at the interface, there

being a stress concentration at each end of the lap.

Plastic flow in the adhesive, however, has a reliev-

4000
I

1 1 1 1

1 I I I

en o

o w

2400

1600

800

aBONDS formed AT 200°C

oBONDS FORMED AT 240°C

BONDS FORMED AT 280°C

0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

Figure 4-78: Variation of tensile strength with thickness

of adhesive.

ing effect on the peak stresses of the lap joint. Under

plastic flow, the highly stressed ends deform and

allow the load to be spread more equally throughout

the joint. This is similar to the action of riveted

joints where the highly stressed end rivets deform

and allow for a more equally distributed load be-

tween all the rivets in the joint. Adhesives of rigid,

non-yielding character do not exhibit this stress-

relieving quality.

A symmetrical double-lap joint is not subject to

bending due to non-coincidence of load and, there-



TABLE 4-20: WATER AND BACTERIAL RESISTANCES OF METAL-

BONDING ADHESIVES

4.10

ADHESIVE MATERIALS JOINED RESISTANCE TO
WATER

RESISTANCE TO
BACTERIAL ATTACK

Casein latex

Ethoxyline resins

Phenol Formaldehyde
Acetal

wood to metal not resistant to water attacked by bacteria

Iwood to metal

rubber to metal

metal to metal

I good resistance to

[boiling water

Resorcinal Formaldehyde rubber to metal indefinite resistance to

boiling water

^not attacked by
bacteria

fore, is stronger than a single-lap joint. See the com-

parison, Figure 4-79.

Assuming adherends of sufficient strength to sus-

tain the imposed loading, failure of the joint would

occur in the adhesive layer. This failure will take

place at the point of highest stress. A high stress

concentration factor (ratio of highest to mean

stress) means that the stress at the ends of the lap

are high, and these stresses may very well limit the

load capacity of the joint. The stress concentration

factor is smaller for lap joints with the following

characteristics: (1) Short overlap, (2) thick adher-

ends, (3) thick adhesive layer, (4) low adhesive

stiffness as compared to adherends, (5) flexible

members.

Item (3) may seem to contradict previous state-

ments regarding the desirability of thin adhesive

layers; but both statements are correct. The ad-

hesive layer is stronger when it is thinner, but the

joint has a lower stress concentration factor when

the adhesive layer is thicker. A delicate balance

must be struck between the two extremes for opti-

mum results.

When designing a lap joint, the thickness of the

adhesive layer is not considered since all joints will

be made in accordance with specifications supplied

by the adhesive manufacturer, and the thickness

of the layer will therefore remain the same. The

length of overlap and width of joint are the vari-

ables which are considered. Table 4-21 shows testing

methods and typical strengths of adhesive joints.

The latter depend not only on the type of adhesive,

but sometimes also on the method of curing.

As can be seen, the peeling or cleavage strength

of bonded joints is relatively low. Where the joint
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Figure 4-79: Comparison between experimental curves

for the strength of single and double-lap joints.
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Figure 4-80: Relation of ultimate shear strength, metal-

to-metal Redux joints, according to overlap and metal

thickness. (From de Bruyne Nomogram) Engineering

Laminates by G. H. Dietz, John Wiley. 125
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TABLE 4-21: TESTING METHODS AND TYPICAL STRENGTHS OF

ADHESIVE JOINTS

MECHANICAL
PROPERTY

TESTING METHOD DlKHiU 1 iUJN Ur r^UKLrL
APPLIED

AT A VTlV/TTTA/riVlAA 1 iVi U IVl

Tensile Strength Pulling apart two blocks Perpendicular to adhesive

film

7000 psi

Shear Strength Pulling apart strips Parallel to adhesive film 5000 psi

Stripping Strength Tearing or peeling one piece from another 10-65 Ibs/ lineal inch

is loaded in such a manner that peeling or cleavage

might occur, it is necessary to use a rivet or bolt

at the point where the tear would start.

The strength of the joint varies directly with the

width but such is not true of the length of the over-

lap. Figure 4-80 shows the relationship of ultimate

shear strength of a metal-to-metal Redux joint to

overlap, for various metal thicknesses. This graph

shows: (1) that up to a limiting length of the over-

lap, the shear strength of the joint increases at a

decreasing rate of change; and (2) that an increase

of thickness for the same overlap increases the

strength of the joint. This increasing strength, how-

ever, is not directly proportional to increasing

thickness and the rate of increase in strength is

not the same for different laps.

Figure 4-80 is characteristic of the overlap-

strength and the thickness-strength relationships

for all adhesives. Numerical values, of course, de-

pend on the type of adhesive. It is, therefore, incor-

rect to state that a glue will give a breaking strength

of so many psi. DeBruyne has used a term called the

"joint factor" which, for a given type and thick-

ness of adhesive and a given adherend, is the quan-

tity determining the degree of stress concentration.

This quantity is the square root of the adherend

thickness divided by the length of overlap and is

expressed: V

s

I

If the adhesive and curing conditions are held

THE JOINT FACTOR V^/\ (s and 1 in m m)

Figure 4-81: Apparent shear stress plotted against joint factor. Tests on simple lap joints of alclad aluminum made with

"Redux," (National Luchtvaart Laboratorium, Amsterdam, Report No. M 1275, Figure 15, 1948). (From "Adhesion and

126 Adhesives" by N. A. DeBruyne; Elsevier Publishing Co.)



constant, varying only the adherend thickness and

the length of overlap, a curve of shear strength

against joint factor may be plotted. From such a

curve, the designer, for a given joint factor, can de-

termine the strength of the joint. Conversely, for a

certain joint strength, the designer can find the

proper joint factor and thereby determine adherend

thickness and length of overlap. Figure 4-81 shows a

graph of shear strength versus joint factor for metal-

to-metal joints made with Redux. Graphs such as

this, for commonly used adherends, should be ob-

tained as an aid to the proper design of lap joints.

Where an adhesive has been especially designed for

use at elevated temperatures, separate plots should

be made for different temperature conditions. Fig-

ure 4-82 shows such a plot for NAA "Hi-Temp".

It is also apparent that since there is an infinite

number of combinations of adherend thicknesses

and joint overlaps which will give the same joint

factor, the designer must be careful in determining

the adherend thickness. Too thin a section may

result in stresses which exceed the yield strength of

the adherend whereas too thick an adherend may

result in a design which is uneconomical.

Table 4-22 shows maximum laps and maximum

shear loads for 1-inch wide test specimens of various

thicknesses of Alclad 2024-T4.

Tests conducted by the National Advisory Com-

mittee for Aeronautics on bonded and riveted sheet

stringer panels have shown that the sheets of riv-

eted panels buckled at an average stress 40 percent

below that of the sheets of the bonded panels. This

may be explained by the fact that because of the

wider area and continuity of contact between the

sheet and stringer in the bonded panel, there is a

greater effective width of sheet. Inter-rivet buckling

was also eliminated.

Should a rivet or bolt fail, it can easily be located

and replaced. The inability, at present, to readily

locate failures or unbonded areas has been a deter-

rent to the greater use of adhesives. Another factor

which has somewhat restricted the use of adhesives

for metal bonding has been the requirement for the

application of heat and pressure. As stated by F.

Chapman, "For bonding metal to metal, the ideal

adhesive would be one that could be used at room

2500
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Figure 4-82: Joint factor for NAA "Hi-Temp" bonds.

temperature without the application of more pres-

sure than is required to bring the surfaces into con-

tact and which, in a reasonably short time, would

give an assembly that, on testing to destruction,

resulted in complete metal failure.*'

Inasmuch as the bonding strength of aluminum

to a non-metal is greater than the aluminum-to-

aluminum combination, a thin rubber layer is some-

times inserted between the two aluminum sheets

where maximum strength is desired.

Bonding of aluminum, especially aluminum to

non-metal assemblies, finds wide application in

architecture where plastics, cork, rubber, wood

TABLE 4-22: LAP LIMITS AND
MAXIMUM SHEAR LOADS

GAUGE LAP STRENGTH
INCH INCH POUNDS

.032 .7 1190

.045 1.1 1660

.051 1.3 1890

.064 1.5 2370

.081 2.1 3000



ALUMINUM veneering and other materials are used with alu-

IN minum. Sandwich panels, consisting of a layer of

MODERN a plastic sandwiched between two sheets of alumi-

ARCHITECTURE num, are widely used. The design of such panels is

treated in Chapter 6.
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CHAPTER 5: POTENTIALS AND LIMITATIONS OF

ALUMINUM AS A STRUCTURAL MATERIAL

The usefulness of a material is determined by the

relationship of its relevant mechanical properties to

the cost. Economically and technically sound ap-

plications will only be possible if the function of the

product is consistent with the optimum performance

of the material. The finding of the most suitable

application and the defining of the optimum range

of the material is of basic concern to the designer.

This chapter is devoted to the discussion of basic

relationships which will serve to point up some of

the potentials and limitations of aluminum as a

structural material,

5.1 RELATIONSHIP OF
PHYSICAL CHARACTERISTICS
AND COST
Aluminum is extremely versatile and adaptable. Its

applicabiUty within the building industry is very

broad, practically covering the entire field. It is

used as a decorative material and trim, as an ex-

terior or interior finish and protection. Windows

and doors are made of aluminum. It finds applica-

tion in heating, ventilating, air-conditioning and

piping installations. It is used for electrical con-

ductors and lighting fixtures.

Load-carrying capacity and rigidity are of funda-

mental importance in all applications, although they

may be of only secondary concern with respect to

the specific function of the product. Trim, windows,

spandrel panels, even ducts and bus bars must

have strength and rigidity.

Aluminum is also an important structural mate-

rial and it is playing an increasingly important

role in this application. Consistent and intelligent

use of aluminum structures offers many benefits to

engineers, architects and the industry itself.

For these reasons, the interaction of the various

mechanical properties will be explored, and their in-

fluence on the cost of aluminum structural members

determined, in this chapter. This information should

help the reader to become better acquainted with

this metal and to acquire what may be best de-

scribed as a "feel" for the material. This type of

understanding is ordinarily obtained after prolonged

experience in designing and comparative study of

executed projects. The data and conclusions con-

tained herein should speed up this process, especially

since the investigation has been carried out through

comparison with the veteran building material,

structural steel. The use of this comparison was

not motivated by any desire to increase the com-

petition between these two metals. In fact, it will

be shown that there are distinct areas within which

each material performs to its best advantage.

Mechanical properties of materials can be related

conveniently to their densities whenever compari-

sons of eflficiency in terms of dead-load, live-load

ratio of the structural members are indicated. This

relationship is also meaningful if cost comparisons

are made between two materials, and if the cost is

measured per unit weight. Such ratios between

strength and weight are usually referred to as

strength-weight ratios. Similar relationships can be

found between the rigidity or elasticity of a struc-

ture and its weight.

In numerical examples, values pertaining to alu-

minum alloy 20H-T6 and structural steel ASTM
designation A-7 will be used. Furthermore, strength

characteristics considered will be in terms of allow-

able stresses. For alloys 2014-T6, the ASCE Speci-

fications (see Appendix to Chapter 7), and for

structural steel the AISC Specifications, are used to



TABLE 5-1: MECHANICAL
PROPERTIES, DENSITY, COST AND
RELATED QUANTITIES OF ALLOY
2014-T6 AND STRUCTURAL
STEEL A 7

UNIT 2014-T6 A 7

Density lbs

y in.^ 0.101 0.283

Factor of

Safety at

Yield Point

2.41 1.75

Allowable Ten-

sile Stress

and Extreme

Fiber Stress

in Bending psi 22,000 20,000

Modulus of

Elasticity psi 10.6 xlO« 29 x 10«

E
Coefficient of

Thermal

Expansion in./in./^F 12.8xl0-« 6.7 x 10-«

ott

Average Cost

per lb of

Structural

Sections cents/lb 47.4 7.48

c

//\ Basic

\7/ Strength-

Weight

Ratio in. 21.8x10^ 7.07x10^

/E\ Basic

\y ) Elasticity-

Weight

Ratio in. 10.5 x 10^ 10.2 x 10^

(Et) lbs'

in.^ 1.07x10" 8.21 xlO«

Cost per cu cents

in. in.^ 4.79 2.12

in)

Ratio of Cost of Aluminum

to Cost of Steel of Equal Weight

.CJCs 6£4
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obtain allowable or working stresses. The use of

the allowable instead of ultimate or yield stress is

indicated since the purpose of the comparisons is to

provide an approximate guidance in the practical

design of aluminum structures governed by cost

criteria. The pertinent characteristics of the two

materials are given in Table 5-1.

The results of the comparisons are illustrated in

a series of graphs. These are not intended for pur-

poses of design of aluminum alloy members or the

"conversion" of steel members into aluminum.

Rather, it is hoped that these graphs, together with

other chapters of this volume, will convince the

reader of the complete uselessness of the "conver-

sion" approach. The engineer must learn to think

and work in terms of the material used and this

chapter is designed to aid him in making this

transition from a well known material to a less

familiar one.

The graphs show the ratio of weights of structural

elements of equal capacity in both materials and

indicate a range of efficiency in relation to the span.

When the weight of an aluminum structure is only

about 16 percent that of a steel structure of equal

capacity, then the cost of the material in both is

roughly equal. This weight ratio is therefore the ap-

proximate demarcation in terms of economic span

of structural elements for the materials compared.

On the other hand it must be remembered that the

total cost of the structure is made up of numerous

components. While the cost of the material itself is

an important component, the cost of fabrication

and erection labor is equally significant but unfor-

tunately not subject to very precise numerical com-

parisons. Nevertheless the following approximation

will give some idea of its influence:

It is assumed that the fabrication and erection

labor is in direct proportion to the volume of the

metal. For example, the fabrication and erection

cost of an aluminum girder should be approxi-

mately three times that of a steel girder of equal

cross-section and equal weight, since the length of

the aluminum member (due to the lower density of

the material) will be three times that of the steel

member, and therefore it may have three times as

many connections and other details requiring fab-



rication and erection labor. For these conditions,

the total cost including material and labor is given

in Table 5-2.

TABLE 5-2: COST OF STRUCTURES
IN CENTS PER POUND
MATERIAL MATERIAL LABOR TOTAL

COST COST COST

Steel 7.48 7.5-15.0 15.0-22.5

Aluminum 47.40 22.5-45.0 69.9-92.4

The assumption that the labor cost is a function

of the volume is unfavorable to aluminum. In many

instances the cost of labor may turn out to be re-

lated to the weight, which would result in lowering

the total cost estimate for aluminum. Nevertheless

Table 5-2 indicates that even for this conservative

assumption it may not be necessary to achieve an

extreme weight reduction in aluminum. Instead of

16 percent, it may be sufficient to produce alumi-

num structures weighing about 25 percent of sim-

ilar steel structures. Since an aluminum structure

which is geometrically identical to a steel structure

weighs only 35.6 percent of the steel structure, an

additional reduction of 10 percent should be possi-

ble in many instances. In subsequent sections of

this chapter, the criteria and limitations of weight

savings and their further implications will be

examined.

5.2 THE STRUCTURAL RATIO

The problem of structural design is a complex one.

Generalized discussion of such a subject must of ne-

cessity avoid considerations of certain details which

ordinarily enter into the design of structures. For

this reason, the results of this study can be no

more than approximations and are to be used as a

general guide only, indicating certain trends which,

if followed, will lead toward the desired economy

of design.

The numerical data given in the graphs should be

modified by additional considerations. Data re-

ferring to girders, for instance, do not take into

consideration effects of shear and local buckling.

In many instances, these factors may lead to im-

portant modifications. Nevertheless, it is safe to

assume that the results arrived at, even neglecting

such factors, are of use by indicating general design

principles pertaining to aluminum in terms of a

more familiar material, namely structural steel.

The most important mechanical property of alu-

minum in which it differs greatly from steel, besides

its lower density, is its lower modulus of elasticity.

For this reason, elastic stability considerations

(buckling) enter more frequently into the design

of aluminum structures than those of structural

steel. In this respect, a design in aluminum may be

closer to that in light-gauge steel than in structural

steel.

The various strength-weight ratios, therefore, de-

pend very strongly on the geometric properties of

the structural members under consideration. This

applies primarily to members subject to buckling

but members in bending are also affected, as will be

demonstrated. While the strength-weight ratios

serve a useful purpose for economic comparison of

structural materials, they may be misleading if

economic considerations are not paramount. If

minimum weight in itself is an objective, the weight-

strength ratio is a more suitable measure. This

distinction is important because one is not the

reciprocal of the other.*

In order to measure the economic efficiency of a

structural element in terms of the span (L), its

weight per unit of length (w), the concept of the

structural ratio is used here, symbolized by the letter

R, Superscripts s and a refer to aluminum and steel.

The structural ratio is defined, and its character-

istics are given as follows:

''Structural Ratio'' (strength-weight or elasticity-

weight ratio) symbolized by the letter R is a, prop-

erty of a structural element built of a specific mate-

rial and has the form of

It has the dimension of length and it represents

the span (or length or height) limit; that is, the

maximum span of the structural element within

given design and code limitation. As the span limit

is approached, the ratio of the dead load (the weight

of the structure itself) to the total load approaches

WEIGHT-STRENGTH ANALYSIS OF AIRCRAFT STRUC-
TURES, F. R. Shanley, McGraw-Hill, 1952—p.7.



unity, and the superimposed load approaches zero

Urn L = R = L^az (2)

at which span the structure is not capable of sup-

porting superimposed loads.

In principle therefore it is possible to support a

superimposed load on a span which is unattainable

with a structure having a lower structural ratio

L«,„„. > L^ma. if R" > R'

Of two geometrically identical structures supporting

identical superimposed loads, the one possessing a

higher structural ratio will be of lower weight

j ^ < 1.0, i.e. < gMR'^ > R' (4)

R'
~ W

The structural ratio is a function of two sets of vari-

ables:

—Variables depending on the physical character-

istics of the material and on the use of the structure:

Allowable stresses, allowable deflections, modulus

of elasticity, density. These are generally deter-

mined by the material and therefore are constants.

—Design parameters, representing the designer's

choice in the method of supporting the structure,

the use of determinate or indeterminate structures,

and the like, as well as certain geometric character-

istics such as span—depth ratio, slenderness ratio,

and so on.

The weight of a structure, therefore, can be con-

trolled effectively through the choice of these design

parameters and, in principle, a structure can always

be designed in such a manner that its weight and

cost (provided that the latter is in proportion to the

weight) are equal or less than that of another sim-

ilar structure possessing a lower structural ratio.

The above procedure, however, can only be ex-

tended to certain practical values of the design

parameters due to limitations on the maximum size

or depth (fabrication and space considerations) or

minimum thickness (fabrication, corrosion danger).

In aluminum structures, due to favorable produc-

tion, fabrication and non-corrosive properties of the

material, most of the above practical limits are lower

than in steel structures. For this reason, a high

structural ratio in aluminum can be fully exploited.

The specific structural ratios under consideration

are defined as follows:

Structural ratio for tensile strength: Length of a

vertical member of uniform cross-section sus-

pended at the top which will be stressed to the

maximum allowable tensile strength under its

own weight.

R.y Structural ratio for elongation: Length of a ver-

tical member of uniform cross-section suspended

at the top which will be stretched (elongated) to

an allowable limit of elongation under its own

weight.

i?3. Structural ratio for bending strength: Span of a

transverse member of uniform cross-section and

shape supported at both ends, which will be

stressed to the allowable extreme tensile fiber

stress in bending under its own weight.

7^4, Structural ratio for deflection: Span of a trans-

verse member of uniform cross-section and shape

supported at both ends, which will deflect to the

allowable limit of deflection under its own

weight.

i^s. Structural ratio for compression: Length of a ver-

tical member of uniform cross section and shape

braced at both ends, which will be stressed to

the allowable column compressive stress under

its own weight.

5.3 TENSION MEMBERS
The axially loaded tension member is the simplest

structural element and it will therefore be used for

the proof and derivation of equations 1, 2, 3 and 4

presented in the previous section. Similar proce-

dures are used for the derivations in the case of

members in bending and columns, but because of

the elementary nature of the proof they will not be

repeated in the sections dealing with these members.

Strength:
The weight (g) of the tension member per unit

length is given by

g = A y (^)

where A is the cross-sectional area and y the density

of the material. The maximum total load on a

member subject to an axial load P is

W = P Lg (6)



if the maximum tensile stress at the top of the mem-

ber is given by

/ = W/A (V

where the maximum tensile stress is equal to the

allowable stress /. Inserting Equation 5 and 6 into

Equation 7 and rearranging, the required weight per

unit length of the member is obtained

_ P (8)

^ " (f/y)-L

inserting

=f/y (9)

which is the structural ratio for tensile strength,

the following relation is obtained

w -\- g= L (10)

where w = P/L (the superimposed load per unit

length). The numerical value of Ri for steel and

aluminum is obtained from Equation 9.

R,^ = 5,900 feet

= 18,200 feet

and therefore

i^i- > Ri^

The ratio of the weight ri of an aluminum tension

member to that of a steertension member of iden-

tical length and load capacity is given in non-

dimensional form by

_ 1^ - L/R,
(11)-

n, - L/R,^

where rii = Ri^/Ri' and the fraction L/Ri' is the

ratio of the length of the members compared to the

span limit (i.e. structural ratio) of steel in tension.

It is obvious that the weight ratio ri will decrease

(i.e. will become more favorable to aluminum) if

the length of the member increases. It will reach

the demarcation line of equal cost at

cost of steel per unit weight ^ ^^2)
^ ^

cost of aluminum per unit weight

when L/Ri = .61, i.e. when the length of the mem-

ber is 61 percent of the span limit of steel in tension.

For structural applications this is far beyond prac-

tical dimensions.

Reduction of the weight ratio could also be ob-

tained by increasing the value of n to that of

In this case the structural ratio contains only phys-

ical constants (without design parameters) which

are usually not under the control of the designer.

Aluminum tension members therefore are usually

less economical than steel members. The structural

ratio can be increased by using higher strength

alloys and this is indicated for the design of tension

members.

Elongation:

The elongation (AL) of an axially loaded tension

member is given by

^_ g (L/2) + P (13)
- EA

where E is the modulus of elasticity of the material.

If the allowable strain^ is given, the structural

5.4

ratio becomes

--(x)(f)
and the weight ratio is given by

1 -J^/Ri
L/R^^

(14)

(15)

(16)

no

where

_R^ _^j±
"

R'>:
~ 7a E,

and therefore

r, - 1 (17)

i.e. aluminum and steel tension members will always

be of equal weight if the capacity is limited by

allowable strain. In this case, however, the allow-

able capacity in strength

Pa _ L/Rx

Ps
-,»1 (18)

1 - L/R^

will be considerably higher in aluminum. For short

lengths of tension members (which is the case in

most practical applications), the strength capacity

of the aluminum member will be nearly three times

that of the steel member. On the other hand, in case

of members of equal maximum allowable capacity,

the elongation of the aluminum member will always

be higher. Where the members are short, the elonga-

tion of the aluminum member will be about three

times that of the steel member.

5.4 TRANSVERSE BENDING
Strength: The structural ratio in transverse

bending for girders of constant cross-section (ig-

noring elastic stability considerations) is given by

^3 = (//7) i^l^) (Jc/a) (19)

where h/L is the depth span ratio of the girder, 133



k* is the form factor in bending and a is the maxi-

mum moment coefficient.

In this expression (h/L) and a are design param-

eters and therefore subject to the choice of the

designer within a relatively wide range of values,

while k is variable only within a much smaller range.

The allowable extreme fiber stress / and the density

7 are constant for each material. The design param-

eters in most practical cases fall within the in-

tervals:

^4 <h/L <ys
Ke < « < Vs

and therefore the structural ratios have the follow-

ing ranges

687 ft < R,' < 4,122 feet

2,083 ft < Rs'^ < 12,498 feet

These ranges indicate the effect of the choice of the

design parameters: The lower limit is obtained

with smallest depth-span ratio and the moment co-

efficient of a simply supported girder with uniform

loading. The upper limit is obtained with cer-

tain types of continuous girders of a relatively great

depth. At the spans corresponding to the structural

ratio, no superimposed load can be carried but for a

given ratio of girder weight to total load, the max-

imum allowable span can be obtained

T _ p _1 (20)

For most practical applications, the ratio of dead

load to total load cannot be less than }.i and there-

fore the limit of the span where the girder is still able

to carry a practical amount ot superimposed loads

can be estimated by multiplying the structural

ratios by H- In certain steel bridge structures these

ranges are already approached.

The ratio of the weights of aluminum and steel

girders of identical capacity and span are given by

_ 1 — L/Rz' ^21)
n, - L/R,^

where

= (fc) (:-;) (fei:)
The weight ratio here depends not only on the span

but also on the value of which is variable.

If the design parameters are equal for both steel

* The form factor k is related to the section modulus (Z) of the member
by the relation Z =kAh. For WF sections and some plate girders and

• trusses k =0.35 with good approximation.

and aluminum girders

713 = til (23)

and the weight relations are those of tension mem-

bers. If on the other hand an aluminum girder can

be designed in which it is practicable to have a

greater depth than in a steel member, then

n, > n, (24)

The effect of the increased depth on the weight re-

lations are shown on Graph 5-1. If the depth of the

aluminum girder is at least twice that of the steel

girder, the cost of the material will be less in alu-

minum for all spans. As was shown previously, it

may not be necessary to achieve equal material cost

to obtain equal total cost of structures.

It should be noted that in many instances it is

practicable to use greater depth for aluminum

girders than for steel members. This is possible since

lighter gauge material can be employed because of

its better corrosion resistance, and also because

larger aluminum girders are still relatively easy to

handle owing to their low weight.

Increased structural ratio can also be obtained

by designing continuous girders wherever prac-

ticable. Because of the higher cost of the material

itself, the significant weight savings which may be

achieved in this manner will be justified, even at

increased fabrication cost.

Deflection: The structural ratio for the deflec-

tion ot girders of symmetrical uniform cross-section

is given by

where d is the allowable deflection and /3 is the de-

flection coefficient.*

In this case the structural ratio differs from the

previous instances primarily by the fact that it is a

function of the second power of the depth-span

ratio and is therefore more sensitive to variations in

the depth of the girder. If both steel and aluminum

girders are of identical cross-section, the structural

ratio of both materials will be equal with good

approximation and both girders will have approxi-

mately identical weights. In this instance, however,

* The meaning of /3 is given by d = fiL where M is the bending

moment.



the capacity of the aluminum girder in terms of

strength will be higher than that given by Equation

18 for tension members.

In many problems it is desirable to obtain girders

which operate at full efficiency both with respect to

allowable extreme fiber stress and allowable max-

GRAPH 5-1:

GIRDER WEIGHT
COMPARISON FOR VARIOUS RATIOS
OF THE DEPTH 0-//.) OF ALUMINUM
GIRDER TO STEEL GIRDER
(Equal Superimposed Load on Girders)
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The weight of aluminum girders compared to steel girders

of identical capacity decreases with increasing span.

(Solid line on graph).

Increasing the depth of an aluminum girder relative to

a steel girder also results in reduction of relative weight.

The points on the curve below the "equal cost line" repre-

sent those spans at which aluminum is more economical

than steel. If the depth of the aluminum girder is at least

twice that of the steel girder, its cost will be lower for any

span length.

If in addition to equal capacity, equal deflection is re-

quired, the weight of the aluminum girders will be higher

than if strength alone governs. (Dashed line).

imum deflection. Such girders are characterized by

j,/T = / (26)

The particular depth span ratio for (d/L) allowable

= 1/290 and the allowable extreme fiber stress given

in Table 5-2 is obtained

for steel A7 h/L = K4
for 2014-T6 h/L = \i

This relation is significant because it shows that

aluminum girders operating at full efficiency with

respect to bending strength and deflection should

have three times the customary depth-span ratio of

steel girders. On the other hand, if both steel and

aluminum girders have the same span, but the

depth of the aluminum girder is three times that of

steel, then the ratio of load-bearing capacities is

given by
9 — L/^-s ^ ^ (27)

5.5

The ratio will increase with increasing span. If the

depth-span ratio of the aluminum girder is less than

then the design will be governed by the allowable

deflection-span ratio and the member will operate

below the maximum allowable fiber stress. If it

were loaded to the maximum strength, it would ex-

ceed deflection limitations. If we now compare the

weight of such an aluminum girder with a steel

girder of equal span and identical manner of sup-

port, the ratio of the weights is given by

_ 1 — L/i?3' /2g)~ {hJKr^ - L/R^^

Graph 5-1 indicates the weight relationship for

(ha/hs) = 2 (dotted line). It should be remarked

that effects equivalent to depth increase can be

accomplished by the use of continuous girders or

rigid connections as in the case of girders governed

by strength only.

5.5 COMPRESSION
In the analysis of compression members, columns

as a specific example, it is evident that the type of

column formula used has a great bearing on the

conclusions reached. For steel columns, the AISC

specifications employ a formula based on the John-

son parabola for slenderness ratios of less than 120;

for larger values, a modified Rankine formula is

used. 135
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GRAPH 5-2:

COLUMN WEIGHT COMPARISON
(Equal Axial Load on Columns)

GRAPH 5-3:

COLUMN WEIGHT COMPARISON
(Aluminum and Steel Columns of Equal

Slenderness Ratio)
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SLENDKRXESS RATIO OF STEEL COLUMN

The relative weight of the aluminum column increases

with increasing slenderness ratio, if both columns main-

tain equal radii of gyration. Under these conditions the

cost of aluminum columns is higher than of steel columns.

(Solid line on graph).

If the slenderness ratio of the aluminum column is

lower, the relative economy of aluminum increases with

increasing slenderness. If the radius of gyration of the alu-

minum column is twice that of the steel column, equal cost

is approached at very slender columns only. {Dai^hed li}ie).

ASCE specifications for alloy 2014-T6 use tan-

gent-modulus column curves with a factor of safety

of 2.5 and for ordinary conditions assume a partial

restraint at the ends. This curve has a cut-off point

at (L/V) = 20, after which the basic allowable

stress of 22,000 psi governs, while the ASCE sets

the maximum stress at 17,000 psi at (L/r) = 0.

These properties of the column formulas naturally

influence the obtainable weight and cost savings

•strongly, and the use of different column curves
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AND

The i^olid horizontal lines indicate the weight relationship

(at three different slenderness ratios) if both aluminum

and steel columns carry equal axial loads. If the column

load is the reaction of a supported girder, then the total

load transmitted to the aluminum column is less than to

the steel column if each carries girders of its own material.

In this instance, the relative weight and cost of the

aluminum column decreases with increasing girder span,

i.e. column spacing (doi^hed line). The situation is even

more favorable if the entire superstructure is made of

aluminum {dai^h-dotted line). The comparison is made for

girders and beams of equal capacity, depth and super-

imposed load, supported in identical manner.

may lead to different conclusions.

In practical applications in one-story structures,

the weight of the column is negligible compared to

the superimposed loads and is expressed by the



GRAPH 5-4:

FOUNDATION LOAD COMPARISON
(Equal Superimposed Load on Girders)

PERCENT OF SPAN LIMIT OF STEEL C I R D E K

The load transmitted to foundations or columns is con-

siderably lower if aluminum girders are used instead of

steel girders. The relative economy increases with increas-

ing span. The graph shows the ratio of the reactions of

aluminum girders to identically supported steel girders

with equal superimposed loads, spans, depths and capa-

cities.

relationship that is shown below

1
(29)

^ R, - L

where P is the superimposed axial load.

If the length L of the column is short compared

to R^, the following approximation is obtained

f/
- P ^ (30)

and the ratio of weight of aluminum column to steel

column is

- = £ = h ^''^

and the strength-weight ratio in compression is of

the form

R. = — (32)
T

where F, is the allowable compressive stress, which

is a function of the slenderness ratio (L/ r). In Graph

5-2, values of are given as a function of (L/r)

plotted from the previously mentioned column for-

mulas. The value of r-^ decreases with decreasing

(L/r) and reaches its minimal value of 0.27. Even

at this weight ratio, the cost of the aluminum col-

umn is L7 times as much as of the steel column.

Obviously this relationship can be materially im-

proved by using a lower slenderness ratio for the

aluminum column than for the steel column. This is

essentially equivalent to the increase of depth of

aluminum girders as discussed in the preceding sec-

tion. Graph 5-2 illustrates the effect of the slender-

ness ratio on column weights.

In all-aluminum structures the superimposed load

on the aluminum column is lower than on the steel

column, resulting in further reduction of the column

weight and increased economy.

5.6 CUMULATIVE WEIGHT
SAVINGS
Due to their lighter weight, it is evident that alumi-

num structural elements will transmit reduced re-

actions to supporting members. The total load W
carried by the girder is obtained from Equation 1

W = L (g ^ w) = R,g ^33)

and the ratio of the reactions of identically loaded

aluminum and steel girders of equal capacity is

given by

yy s

and is shown on Graph 5-4 for equal span and depth

of both girders. The reduction of the transmitted

load results in lighter foundation and lighter column

loads. The weight of columns in turn also decreases,

and the reduced weight ratio (rs') of an aluminum

column supporting an aluminum girder to a steel

column supporting a steel girder is given by
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provided that the superimposed loads are equal

and the girders are of identical span.

Further lightening of the load on columns is

achieved if the aluminum girders themselves sup-

port aluminum secondary framing members (pur-

lins or beams or deck).

In case of square panels of span L and superim-

posed load p per unit area, the total load transmitted

to the column is further reduced if aluminum is used

throughout and the weight ratio of the columns is

r5'' = ^ (36)

Equation 36 is similar to 35 but the effect of the

reduction is represented by the second power of rg,

indicating the cumulative effect of savings obtainable

in all-aluminum structures. (See Graph 5-3.)

5.7 THE EFFECT OF
CORROSION RESISTANCE
The implications of corrosion resistance are quite

obvious in terms of lowered maintenance cost.

There are, however, a number of less obvious ad-

vantages which can be utilized by fully exploring

this particular property. One major advantage

comes from the fact that corrosive attack limits

the minimum thickness of light-gauge steel shapes

due to loss of cross-sectional area.

The loss in tensile strength of thin sheets and

sheet-metal sections is directly proportional to the

loss in thickness due to corrosion. In aluminum, this

loss seldom exceeds .002-inch as is pointed out in

Chapter 3. This loss even in thin aluminum sheets

(.020-inch thick) thus usually does not exceed 10

percent even after prolonged exposure. The cor-

responding loss in .064-inch aluminum would only

amount to about 3 percent. This amount of reduc-

tion in structural applications with a factor of

safety of 2.00 would still permit an 80 percent over-

loading above the design load, if other factors do

not contribute to loss of capacity. This overload

margin is ample for all structural applications.

The reduction of load carrying capacity of light-

gauge members, however, cannot be properly meas-

ured in terms of tensile strength loss only because

of the governing influence of elastic stability failure

.in compression or shear. Under these criteria, the

TABLE 5-3: EFFECT OF
REDUCTION OF THICKNESS, DUE
TO CORROSION, ON THE
STRENGTH OF LIGHT-GAUGE
MEMBERS
PERCENT
REDUCTION
IN THICK-
NESS

S REDUC-
TION OF
STRENGTH
Ten- Compres-
sile sive

(critical

buckling
load)

OVERLOAD
MARGIN IN %
WITH A
FACTOR OF
SAFETY OF
2.00

Ten- Compres-
sile sive

0 0 0 100 100

~1 1 3 98 94

5 5 14 90
"~72

10 10 27 80 46

20 20 48 60 4

capacity of light-gauge structural members is pro-

portional to the third power of the thickness of the

material and consequently the effect of the reduc-

tion in thickness is greatly magnified. The effect of

reduction in thickness in terms of strength loss is

compared in Table 5-3.

This table illustrates the magnitude of the loss of

capacity if elastic instability (buckling) is taken

into consideration. For this and similar reasons, the

use of light-gauge structural steel members below a

thickness of .076-inch (14 gauge) is usually not rec-

ommended, while aluminum sections of half this

thickness and less are used with satisfactory results.

This substantial reduction of the lower limit of the

thickness of aluminum light-gauge sections compared

to cold-rolled steel sections can lead to an important

weight and cost advantage.

The depth of penetration of corrosion does not

depend on the thickness of the section. This leads

to a second consideration at the opposite extreme

of sizes. Aluminum shapes used as girders or col-

umns of equal or even lesser weights than corre-

sponding steel members have a larger volume and

therefore greater thickness. This results in a further

reduction of strength loss over and above the in-

herent corrosion resistance of the material.

Under favorable circumstances, the effect of cor-

rosion on strength can be neglected, and this may

permit the design and fabrication of details which



are not accessible to repainting and maintenance.

Hollow sections, box sections, multiple web mem-

bers with openings which leave the interior open to

atmospheric contact but otherwise inaccessible, are

often of great structural advantage. However, they

can only be exploited if strength loss due to cor-

rosion is negligible.

5.8 THE EFFECT OF THE
MODULUS OF ELASTICITY
In practical structural applications, the modulus of

elasticity is the elastic constant of major impor-

tance. Its influence on the design of the members in

tension and especially in transverse bending has

been investigated in the preceding sections. Other

influences should also be evaluated in relation to

other mechanical properties.

Deformations: Since deformations are generally

inversely proportional to the value of high values

of this constant imply low deformations and, con-

versely, low values (as in aluminum) imply larger

deformations. Whether this is an advantage or a

disadvantage depends on the particular structural

considerations. The relationship between the

modulus of elasticity, the strain, and the unit stress

is expressed by the familiar formula

f (37)

which indicates that in problems requiring a speci-

fic deformation, the induced stress will be lower for

materials with lower modulus of elasticity. There

are two such instances which are of practical signif-

icance. These are assembly stresses (often referred

to as locked-in stresses) and stresses due to settlement

or rotation of foundations.

In the first instance, the stress is induced by in-

accuracy of the fit or by initial distortion of the

members which are assembled. The induced stress

is additive to the stresses from exterior loads. In

the second case, the stresses are induced by founda-

tion displacement or rotation. These stresses are

also superimposed on the live load and dead load

stresses. In both instances, due to the 1:3 ratio

of the elastic moduli of aluminum and steel, these

stresses in the aluminum structure will be only one-

third as high as in a similar steel structure.

In connection with foundation displacements, a

further potential reduction of stresses is possible

due to the lower foundation pressure obtainable in

aluminum structures because of reduced dead

loads.

Temperature Stresses: A somewhat similar situa-

tion exists with regard to temperature stresses. The

magnitude of this stress due to a temperature differ-

ential At is generally expressed by the following re-

lationship

/ = {at E) (38)

where a, is the coeflficient of thermal expansion of

the material. For constant temperature differential,

the stress is proportional to the quantity atE. While

the coeflftcient of expansion of aluminum is nearly

twice as high as that of steel, the product with the

modulus of elasticity is lower

For aluminum {octE) = 135.7

For steel {atE) = 194.3

Thermal stresses in an aluminum structure therefore

will be about only 70 percent as high as in a compar-

able steel structure.

Elastic Behavior: In a number of applications, the

elastic behavior of a structure under dynamic load-

ing is of importance. Under these types of loadings,

such as impact and vibration, the structure is to

transmit a certain amount of kinetic energy while

maintaining the allowable stress. The total weight

of material required to accomplish this is inversely

proportional to the strain energy which can be

stored in the structure. The expression for the strain

energy per unit weight has the form

/!_ (39)
2Ey

Substituting the corresponding numerical values,

the ratio of weights required to absorb a given

amount of kinetic energy by tension is

5.8

(2Ey\

g. \f')._
0.108 (40)

This value illustrates one of the outstanding qualities

of aluminum, the ability to absorb impact and other

dynamic loadings. Compared with structural steel,

aluminum is nearly 10 times as effective in the elastic

range. 139



The lower dead load of aluminum structures also

expresses itself as reduction in the design of struc-

tures subject to inertia forces such as seismic

motions. In this case, the total shear induced by

seismic shocks is directly proportional to the mass

of the building, which is lower in aluminum struc-

tures, thus indicating further potential economies.

Elastic Stability (Buckling): Probably the most

important influence of the modulus of elasticity is

in determining the critical load of systems governed

by elastic stability (buckling). The most common

case of this is the buckling of columns (Section 5.5

in this discussion). Due to the use of empirical or

semi-empirical column curves, this relationship is

somewhat obscured. But the classical Euler equa-

tion

p^^ = fj) (41)

clearly shows that the critical buckling load of long

hinged columns is in direct proportion to the value

of (EI) ; that is, the stiffness of the member. Since

the magnitude of E for aluminum is about one-

third that of steel, it appears that the capacity of an

aluminum column will be only one-third of the

capacity of a geometrically identical steel column.

Following a reasoning similar to that used in the

foregoing sections, the ratio of the weights of alu-

minum and steel columns of equal capacities and

lengths can be expressed. The weight of the column

(neglecting its effect on the critical load) is

Observing that the expression is approximately

equal for aluminum and steel, the ratio of the

weights is obtained

(43)

CO " CO
which indicates that, by proper choice of the geo-

metric parameter, the weight ratio can be adjusted

to almost any desired value, and the value of this

ratio is independent of the length of the member.

The above case referred to the critical load with

respect to overall instability of the member. In the

design of light -gauge members, the load limit may be

reached by local instability of its elements, which

are essentially thin plates.

The expression for the critical compressive or

shear load is generally expressible in the form

p^^ = ^X constant (44)

where the constant depends on the type and dis-

tribution of stresses and the geometric properties of

the plate.

The cross-sectional area of the plate of thickness

t and width h is

A = 6/ = ^ (45)
7

The weight ratio then is obtained by

{b/t)a
(46)

The weight ratio, therefore, is controlled by the

choice of the geometric parameter (b/t), that is, the

flat-width ratio of the plate. To obtain equal cost, the

flat-width ratio of the aluminum member should there-

fore be about W percent that of the steel member.

It should be noted that there are instances of

light-gauge design where buckling limitations can be

eliminated entirely. This occurs, for example, in the

Wagner beam, in which the web is allowed to

buckle under shear loading, and stress transfer is

effected through tension in the buckled web and

through compression in the stiffeners. In this appli-

cation, it is essential that the web be made of

sufficiently thin material. This is only possible if

non-corrosive properties of the material permit the

full utilization of the tensile strength of the thin

web. While this type of structure is not at present

used in building structures, it has often been applied

in airframe construction and is especially suitable

for aluminum.

The disadvantage of a lower elastic modulus as

regards critical buckling stress can also be overcome

by the use of stiffeners. The idea of stiffened thin

plate and shells is fully accepted in fuselage design

of aircraft and can be applied to advantage for all

structural purposes. In aluminum it is possible to

produce, by the extrusion process, plates with in-

tegral stiffeners, which should be of interest in

building structures (see Figure 3-10).



5.9 CONCLUSIONS
Because the cost of aluminum is considerably higher

than that of structural steel at the present time,

there are ranges of application defined by these cost

considerations. To extend this area of application

to its limit, certain facts have to be taken into con-

sideration and specific recommendations governing

the design of aluminum structures should be ob-

served. These facts and recommendations, which

are essentially the results and applications of the

above listed conclusions (aluminum alloy 2014-T6

versus structural steel ASTM designation A7) can

be summarized as follows:*

Tension Members: If design is limited by load

capacity only, the weight will be no more than 32.4

percent that of an equivalent steel member; the cost

will be no more than twice that of the steel member.

Both cost and weight decrease with increasing

length of member, but equal cost is achieved only at

a length of 3600 feet which is beyond ordinary appli-

cations. Aluminum tension members should be made

of highest strength alloys to achieve economy.

// elongation is limited, the weight will always

nearly equal that of the equivalent steel member.

Girders and Beams governed by /oadcapaci72/:

Weight: Not more than 32.4 percent that of the

equivalent steel member, the percentage rapidly re-

ducing with increasing span.

Cost: For members of equal depth, cost of aluminum

becomes lower beyond about 60 percent of the span

limit of steel. // the depth of the aluminum girder is

at least twice that of the steel member, cost of the

aluminum girder can always be lower than for steel

Both cost and weight percentage reduce with (1) in-

creasing span, (2) increasing depth, (3) when mem-

ber is continuous or rigidly connected, and (4) when

secondary members (purlins, deck) are also in alu-

minum.

Girders and Beams limited by deflection:

Members of equal depth will have equal weight, and

* It is important to note that the effects of shear and local buckling

have been omitted in this discussion in the interest of simplicity. See

second paragraph, Section 5.2 on Page 131.

the weight can be decreased by any amount either by

increasing depth or by using continuous or rigidly

connected members.

If members are stressed to maximum allowable

fiber stress and deflection is simultaneously limited,

the depth-span ratio of an aluminum girder must

be three times that of the steel girder; otherwise

the aluminum member must be made continuous

or rigidly connected with secondary members also

in aluminum. The capacity of such aluminum girders,

hoivever, is at least nine times that of the steel

member.

Columns:
Weight of aluminum columns is at least 27.5 per-

cent of steel columns, both carrying equal axial

load and having equal slenderness. Weight percent-

age increases with increasing slenderness.

Cost of these columns is always higher than for

steel columns. This cannot be reduced substantially

by the use of higher strength alloys as in tension

members. Aluminum columns should have a lower

slenderness ratio; that is, a higher radius of gyration.

Weight and Cost, however, can be reduced sub-

stantially if the aluminum column supports an all-

aluminum superstructure. The savings in weight and

cost increase with increasing column spacing.

Framing Systems (using hot rolled or extruded

beams, girders and columns):

Cost of the system can be brought below that of steel

systems provided all or most of the following design

methods are employed:

—Members have a maximum depth consistent

with other criteria.

—Continuous or rigidly connected framing is

employed, taking full advantage of the possibility

of designing special extruded connecting elements

and other more complex details not usually em-

ployed in structural steel constructions, but fre-

quently used in aircraft design. It should be re-

membered that temperature stresses and secondary

stresses due to inaccurate fit in these indeterminate

structures are lower than in steel structures.

—Because of high cost per pound coupled with

advantageous fabricating and forming character-



ALUMINUM istics and corrosion resistance, built-up aluminum

IN members with economical distribution of the mate-

MODERN rial (also removal of excess material in form of cuts

ARCHITECTURE Openings) should be used. This includes box

girders, multi-web girders and similar structures

which may have parts inaccessible to painting. The

favorable corrosion-resistant characteristics of the

material should also be exploited so that the mini-

mum thickness is determined only by structural

considerations.

—If primary members (columns, main girders or

trusses) are of aluminum, it is essential that the

maximum of secondary elements (decks, purlins,

wall panels, ceihngs and the like) also be in the

same material.

—Planning of buildings should take advantage of

the fact that both aluminum girders and columns

operate with increasing efficiency at large bay
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spacings. This will also effect a substantial reduc-

tion in loads on the foundation, resulting in further

savings.

—Low total weight of the structure greatly re-

duces seismic loads. The high resiliency of alumi-

num should be fully exploited in designs where im-

pact and dynamic loads are encountered.
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CHAPTER 6: STRUCTURAL DESIGN

Aluminum alloy, while relatively new for such

structural uses as buildings and bridges, is actually

the
*

'traditional" material for airframes. For this

reason, a wealth of information can be obtained on

the behavior and the properties of such structural

members. This chapter attempts to make this in-

formation available in a form which will be of direct

use to structural engineers concerned with the

design of buildings.

This is accomplished through the application of

the ASCE Specifications for alloy 6061-T6, which is

of moderate strength and high corrosion resistance,

and alloy 2014-T6 which is of high strength. The

design examples here are worked out in terms of

the second of these alloys, but this does not imply a

preference or a specific recommendation for the use

of this particular material. In a great many applica-

tions the higher corrosion resistance of alloy

6061-T6, which eliminates the necessity of paint-

ing, will lead to more economical solutions. The

ASCE Specifications may also be used for design-

ing with other aluminum alloys which meet the

strength and elongation requirements of the ASTM
Specifications. In selecting a particular alloy, these

three factors should receive paramount considera-

tion:

—Strength

—Cost

—Corrosion resistance

The design examples presented here to illustrate

the application of the ASCE Specifications are re-

stricted to simple, conventional types of construc-

tion, with certain alternate design solutions pro-

posed for particular structural members in order

to indicate the direction where a departure from

the ordinary structural steel practice may prove

worthwhile. In this connection it should be pointed

out that, while the fabrication cost of aluminum

alloys is relatively low compared to the cost of the

material itself, the economic feasibility of using

very complex shapes and assemblies should be

investigated carefully to avoid shifting cost

factors from material into fabrication. While this

danger is much less than is the case in steel struc-

tures, the designer should not lose sight of fabrica-

tion costs in his enthusiasm for weight saving. In

this connection, the reader is referred to the perti-

nent paragraphs of the Preface and to the conclu-

sions and recommendations of Chapter 5.

Special attention was given in the design ex-

amples to certain design details which are not

explicitly covered by the ASCE Specifications.

Where necessary, additional recommendations are

included to facilitate the solution of such problems.

Sections 6.4 and 6.5 cover the design of aluminum

sandwich constructions. This type of structure,

ordinarily not included in standard texts on struc-

tural engineering, is detailed here because of its

increasing importance and application in con-

temporary buildings. As in the case of more con-

ventional structural elements, most of the readily

available information pertains to aircraft appli-

cations. The information presented in this chapter

has been simplified and made usable for the

building designer.

6.1 STRUCTURAL ELEMENTS
The design of structures in aluminum alloys follows

along the lines of structural steel design with a few

important variations. These variations are es-

sentially due to the differences in physical charac-

teristics, the most significant being the lower values



of the elastic constants, the lower density and the

specific stress-strain relations. The implications of

these variations, especially in terms of weight

economy, are discussed in Chapter 5. The following

brief review is concentrated on direct structural

implications. The actual details of design procedure

are illustrated and discussed in Design Examples 1

and 2.

Factor of Safety: The ASCE Specifications

set the factor of safety for tensile stress at 2.33 and

2.41 respectively for alloys 6061-T6 and 2014-T6.

This factor of safety is with respect to the yield

strength and is more conservative than the 1.75

factor of safety used by AISC Specification for

structural steel ASTM-A7. This is justified by the

fact that the spread between yield and ultimate

tensile strengths is smaller for aluminum alloys than

for structural steel. The factor of safety with respect

to the critical buckling stress in columns and in the

compression flanges of beams and girders is set at

2.5 by the ASCE Specifications.

Stress-Strain Relations: In referring the

factor of safety to the yield strength, it should also

be remembered that, in contrast to structural steel,

aluminum alloys do not exhibit a clearly defined

yield point on the stress-strain curve, but show a

gradual transition. The yield point is arbitrarily

defined at a permanent strain of 0.2 percent. In

this connection it should also be recalled that, while

many of the design procedures are based on the

assumption of a linear stress-strain relationship

within design stresses, the tensile proportional limit

is usually measured at a permanent strain equal to

0.0001. This also indicates that beyond this point

the standard value of the modulus of elasticity is

not applicable. This fact has significance in gaging

the precision of the result of design computations in

indeterminate structures.*

Elastic Constants: The effect of the rela-

tively low modulus of elasticity is very strongly felt

in the design procedures used and constitutes the

most significant departure from design practice in

structural steel. The reader will note in the design

"*ANC-o bulletin: strength of metal aircraft elements.

examples and also in the ASCE Specifications (re-

printed in the Appendix to this volume) that the

investigation for various types of overall and local

buckling stresses represents the major portion of

design computations. This means that in the great

majority of instances the critical buckling stress

falls below the yield point stress of the elements.

This fact alone requires a different outlook on the

design of aluminum alloy structures and, in this

regard, the procedures employed are similar to

those used in the design of light-gauge steel mem-

bers. In working out aluminum alloy members, the

designer is often required to satisfy simultaneously

a much greater number of criteria than in the design

of structural steel members. In the design of a

simple I-section, in bending, for example, the de-

signer will find it necessary to check and satisfy the

following requirements:

1. Extreme tensile fiber stress: Check for tensile

strength.

2. Compressive stress in flange: Check for lateral

buckling.

3. Shear stress in web: Check for shear strength.

4. Moment of inertia: Check for deflection.

5. Shear stress in web: Check for local buckling.

6. Compressive stress in web: Check for local

buckling.

7. Compressive stress in flange: Check for local

buckling.

In structural steel, the designer would usually

check only the first four of the above items. In

addition to the seven items above, the design of

connections requires correspondingly greater care.

In case of welded designs, for instance, the allow-

able stress and the limit of the heat-affected zone

need to be determined to establish the strength

of the welded connection. (See Sections 4.1, 4.2).

The above examples probably illustrate quite

effectively the increased complexity of the design

methods. A certain amount of this added work load

could be reduced by the preparation of design

tables for standard structural sections. Unfortu-

nately, at the present time only very little such

standardization is available. Standard extruded

or rolled structural sections usually follow the pro-

portions established for structural steel and are



therefore inherently uneconomical for aluminum

alloys inasmuch as the various elements will

usually fail in local buckling long before overall

failure or yield stress is reached, thereby preventing

the full economical utilization of the material.* It

is hoped that, with increasing use and demand,

sti*ndardized I- and WF-sections suitable for

aluminum alloys will be made available, at which

time a great deal of the design data could be

profitably represented in tabular form.

In this connection, it may be pointed out that

further improvement in the design methods will

be obtained if the inelastic range of the material is

fully taken into account and the great reserve

strength past the elastic limit is fully exploited.

This procedure which, in the structural design of

buildings, is being introduced both for reinforced

concrete and structural steel, may also result in a

more realistic criterion of strength for structures

in aluminum alloys.

6.2 PRACTICAL
CONSIDERATIONS
At the present time a number of all-aluminum

structures have been executed which are both

technically and economically satisfactory. Struc-

tural economy resulted, as is to be expected, mostly

in larger spans. The theoretical reasons for this are

discussed in Chapter 5. In this regard, bridges

represent an interesting example. Studies by Lieb-

ingf in Germany indicate that aluminum alloy

bridges should be more economical than bridges

built of ordinary structural steel for spans above

426 feet. The following table shows three repre-

sentative examples where the comparative weight

of aluminum to steel {ga/Os) was available:

LOCA-
TION

USE YEAR
COM-
PLETED

SPAN
FEET

TYPE
{'[)

Grass Rail- 100 Girder 41.5

River road

(N. Y.)

Sagueney
(Canada)

High-
way

'50 290 Arch 43.5

Clunie Pedes- '50 173 Arch 36

(Scotland) trian

* THEORY OK LIMIT DESIGN, J. A. Van Den Broek, John Wiley, 1948.

t ALUMINIUM-WEKKSTOFFE FUEH UEN BRUECKBNBAU, Liebing, Alumi-

nium, i-eiU-fVi-h. 1953.

These spans are relatively short for bridge con-

struction; however, more significant results were

obtained in English aircraft hangar structures. The

217-foot span Havilland Hangar in Hatfield weighs

only about 14 percent of a comparable steel struc-

ture. When such significant material savings are

achieved, there can be no question as to economic

justification for aluminum at present price relation-

ships. This hangar, which is 330 feet long with a

clear height of 45 feet was erected in 13 hours with

two 5-ton cranes. (See Figure 6-9, Page 148).

Experience and theoretical considerations indi-

cate that it is desirable to increase the depth of

aluminum alloy members above the usual dimen-

sions employed with structural steel members.

(See Chapter 5).

When this policy is translated into practical

design details, it is important to consider all its

implications:

Benefits: Limitations:

1. Increased rigidity in 1. Increased depth of

plane of member construction

(large /). (large h),

2. Increased overall 2. Decreased local

buckling strength in buckling strength

plane of member (large h/t),

(large r). 3. Increased weight of

3. Decreased weight of web.

flange. 4. Decreased thickness

4. Decreased forces at of material available

moment connections. for connections.

Other benefits and limitations than those listed

above may have to be studied in individual prob-

lems, but most of the usual instances are covered by

these points. The objective of the designer is to

achieve optimal dimensions, balancing benefits

against limitations. In practice, therefore, it is al-

ways advisable to compare various preliminary

solutions in which essential design parameters, like

the depth of the members, are varied. To fully ex-

ploit the potential benefits of the design policy, it is

desirable to arrive at details which minimize the

effects of the limitations. How this can be achieved

will be illustrated in a few individual instances in

the subsequent paragraphs. Before these particular

examples are examined, two pertinent observations



Figure 6-1 : The Grasse River Bridge, Massena, New York, includes a

100-foot span weighing 53,000 pounds, compared with 128,000 pounds

weight for the adjoining steel spans.

Figure 6-3: Complete Grasse River Bridge showing the aluminum span.

Figure 6-2: Lifting the 100-foot aluminum span of the Grasse River

Bridge.

Figure 6-4: Fabrication of the Grasse River aluminum span.



should be made:

—Special details developed to take into account

the many design requirements are often in-

herently complex. This may result in increased

cost of fabrication, which should be balanced

against potential savings in weight and material

cost. The extrusion process makes possible the

fabrication of these complex cross-sectional

shapes at low cost.

—Consistent use of the most suitable details leads

to an idiom peculiar to aluminum alloy construc-

tion. It points to a typical expression of the ma-

terial, resulting in a recognizable "aluminum

architecture*' distinct from the architecture of

other materials.

Flange Details: Extruded shapes for the

flange section of girders, beams, trusses and columns

can be detailed to perform various functions.

Extruded stifTener lip serves to increase the

critical buckling strength of the flange (Figure

6-10).

The flange can be formed to facilitate satisfactory

lateral bracing of the flange by the deck (Figure

6-11).

The function of the flange can on occasion be

fully or partially taken over by the deck itself

(Figure 6-12).

The purpose of the above details is to develop very

light flange sections possessing sufficient lateral

and local buckling strength for use with deep

girders and trusses.

The flange can also be formed to facilitate the

connection of other elements or members:

A "T** section with deep extruded web permits

the connection of verticals and diagonals in

trusses without the use of gusset plates (Figure

6-13). Eflficient connections to the web can some-

times be obtained if a double stem is used in

(Figure 6-14). This arrangement uses rivets in

double shear and also permits symmetrical connec-

tion of the web plate, both of which are of impor-

tance if theweb is of very light material. This double

stem arrangment essentially replaces the usual

double angle detail with a single member.

In girders supporting continuous beams, the

6.2

Figure 6-5: Arvida Bridge, Saguenay River, completed

arch. The arch rise is 47 feet 6 inches; span is 290 feet.

Figure 6-7: Fabrication of Arvida Bridge.



case) the girder need not be increased beyond what

would be required for the girder alone. Inasmuch

as for biaxial stress (without superimposed shear)

the principal shearing stress is one half of the larger

normal stress (if these are of opposite sign as the

case would be at the top flanges), it will be always

within the allowable shear stress for the material if

it is designed to resist the longitudinal stresses.

Some of these details can be combined into a

single extruded flange section as illustrated in

P^igure 6-16.

Web Details: As the depth of girders is in-

creased, it is usually found that a very large per-

centage of the material will have to be used in the

web, leading to lowered efficiency in bending. Small

rolled or extruded sections, for instance, may use

less than 20 percent of the total material in the

web, while in deep sections the web can take up

more than half of the weight. Under these circum-

stances to maintain the efficiency of the section,

the thickness of the web is kept at a minimum

leading to local shear or bending instability. The

obvious way to overcome these difficulties is to

use trussed members. In steel construction, trusses

are used either for long spans or as open-web joists.

In aluminum, the use of trussed members for inter-

mediate spans both for girders and joists should be

considered together with the detail solutions sug-

• Figure 6-9: De Haviland Hanger, Hatfield, England.

ALUMINUM

IN

MODl'RN

ARCHITECTURE

Figure 6-8: Clunie Footbridge. This unpainted aluminum

span over the River Tummel, Pitlochry, Perthshire, has

central span of 172.5 feet. Each side span is 69 feet.

Clear width between parapets is 6 feet 6 inches.

function of the cover plate, providing for the con-

tinuity of the beam, can be taken over by the

girder flange by forming the flange *'T" of the

girder with a double flange (Figure 6-15). This ar-

rangement is efficient because it provides a sym-

metrical and double shear connection between the

beam and girder. Furthermore, the girder flange at

the connection is in a state of biaxial stress and

therefore the principal stress directions remain

longitudinal and transverse to the direction of the

flange.

If the maximum stress in the beam flange is not

larger than in the girder flange (which is the usual
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gested for the forming of the web-to-flange connec-

tions.

In a member with solid web, various means

have to be employed to minimize the effects of

web buckling. If the web is shear resistant, the use

of lower strength alloys should be given considera-

tion. The critical buckling stress (which is governed

by the modulus of elasticity) is substantially the

same for the lower strength (and usually cheaper)

alloy as it is for the high strength alloys. Removing

the ineffective portions of the web leads essentially

to the trussed solution, but solid webs can be light-

ened by cutting out these sections (Figure 6-17).

Such details can often be justified because of the

high scrap value of aluminum and, therefore, the

waste due to cutting out portions of the web is less

than it would be with other materials.

In simply supported members, the maximum

bending occurs at the section of minimum or zero

shear, while the maximum shear is at the section

where bending stresses are small. Wedge-shaped

members therefore retain their bending efficiency,

while buckling is minimized due to the reduced

height at the supports (Figure 6-18). While this

solution will be useful in reducing the effects of the

web instability, the reduced moment of inertia at

the area of maximum shear will lead to an increased

number of rivets at the flange-web connection.

Web buckling is usually controlled by the use of

horizontal and vertical stiffeners. The fabrication

cost can be reduced for such members if the web is

extruded with integral stiffeners or if the section

near the flanges is made of heavier material to

reduce the unsupported height of the web (Figure

6-19).

Minimum web thickness can be achieved if the

web is allowed to buckle and is utilized to resist the

diagonal component of the shear in tension only.

This leads to the use of tension field girders, which

allow full utilization of materials but at an added

cost of fabrication. (See Design Example No. 1).

Since extrusion dies limit the maximum depth of

members which can be obtained in a single piece,

most deep aluminum members are built up of indi-

vidual elements. By the use of automatic welding

the depth of an extruded member can easily be
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doubled (Figure 6-20). The weld at the center of the

web occurs at point of minimum tensile stress and

is designed to resist shear only.

Deck Structures, especially in multi-story

buildings, represent a significant portion of the total

dead load of the active structural members. The

design of aluminum decks presents problems similar

to those of other members in bending. Inasmuch as

the deck is usually manufactured of light-gauge ma-

terial, the elastic stability of its elements governs.

The most efficient solution of this problem em-

ploys sandwich construction, discussed in detail

later in this chapter.

Sandwich panels offer important advantages be-

sides their inherent efficiency. Such a panel can be

made to provide continuous lateral bracing of the

compression flange of beams. Because it is rigid in

two directions, this ability can be exploited simul-

taneously for both beams and girders, while

ordinary corrugated deck can be used for flange

bracing in one direction only.

In aluminum construction the use of sub-

purlins should be given consideration. The extru-

sion process permits the fabrication of deck mem-

bers in which the subpurlins or stiffeners are an

integral part of the deck. (See Chapter 3 and

Figure 3-10).

Compression Members: Many of the consid-

erations which apply to the design of members in

bending are also applicable to struts and columns.

Extruded angles can be stiffened with lips (Figure

6-21). If the member is subject to axial load only,

the distinction between web and flange becomes

unimportant and various types of extruded or

built-up box sections are favorable (Figure 6-22).

Since the use of continuous girders are of great

importance, built-up column sections should be

detailed to permit this condition (Figure 6-23).

Construction Depth: Inasmuch as the rela-

tively large depth of aluminum alloy members has

an overall influence on the design of most buildings,

it should be considered at an early stage. In a num-

ber of instances the additional depth need not be a
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CONTINUOUS GIRDER

Figure 6-23

Figure 6-24

drawback. As a matter of fact, in some cases it can

be turned into an advantage. In contemporary con-

struction, increasing space is required to accommo-

date pipes and ducts for heating, air conditioning

and ventilating purposes. These conduits are usually-

accommodated below the structural members. If

they are incorporated within the structure, addi-

tional structural depth is obtained without increasing

the total construction depth. 151
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Figure 6-25: Framing plan

As a matter of fact, if the structural members

extend to the ceiling line, the cost of a suspended

ceiling could in some instances be reduced. Various

details are suggested in Figure 6-24.

6.3 DESIGN EXAMPLE NO. 1

Determine structural members for typical bay of

building shown in Figure 6-25.

Materials

Roof deck: Aluminum industrial corrugated roofing

(Corrugations: Js-inch deep, 2.67-inch

pitch, 0.024-inch thick sheet)

Structural members: Aluminum Alloy 2014-T6

Loads

Roof live load: 30.00 psf

Deck dead load: 0.42 psf

Total loading: 30.42 psf

Roof Deck
Roof deck selected from load tables. The fabri-

cators of industrial roofing supply the allowable

load table suitable to the individual products.

Purlins
Dimensions and properties of the purlin section are

shown in Figure 6-26.

Loading

Purlin spacing = Wiy^" o.c.

Total vertical loading on purlin:

Wr - (30.42) (5.62) + 1.50 = 172.5 lbs/ft

Purhn loading in plane of web:

Wu^ = 172.5 (cos a) = 163.5 lbs/ft

Purlin loading normal to web:

w„ = 172.5 (sin q;) = 54.6 1bs/ft

This structure utilizes the hung span type of purlin

framing wherein for all bays (except the end bays)

the positive and negative moments are:

W
:^Mrr,ax = ^ = 2615 foot'pounds

lb

where

L = Span of purlins between trusses (feet)

The total shear is

= 1310 pounds

Design

In accordance with the ASCE Specifications, the

purlin must be checked for the following:



(a) Compressive stress in flange (gross section)

(Sect. C- ASCE Specifications)

(b) Local buckling of compression flange

(Sect. D—ASCE Specifications)

(c) Shear stress (critical stress for shear buckling)

(Sect. E—ASCE Specifications)

(d) Longitudinal compressive stress web (local com-

pression buckling of web)

(Sect. ASCE Specifications)

(a) Determination of allowable compressive stress in

flange {gross area).

The ASCE Specifications do not specifically

cover Hght-gauge shapes but it is proposed that the

graphs of Section C be applied. The unsupported

width of compression flange for light-gauge shapes is

determined in accordance with NACA procedure

and is shown in Figure 6-26.

L
Compute value of

——

^

and then from Figure 3,

ASCE Specifications, determine the allowable com-

pressive stress (gross area).

L = laterally unsupported length of compression

flange (inches)

Sc = section modulus (compression side) (inches')

B

/, moment of inertia about axis parallel to the

web (inches^)

2.375"

2.324"

A = 1.236 in'

w = 1.50 lbs /ft.

I^^ = 10 ,884 in*

yy
= 0.606 in*

= 2.721 in'

= 0.323 in'

toe

web

XX
2.97 in

0.70 in
' yy
J = 0.0043 in^

0.500"

PURLIN FABRICATED FROM 0.102" SHEET

Figure 6-26: Dimensions and properties of purlins.

J = torsion factor (inches^)

d = depth of section (inches)

—Top flange

L = 2(2.67") = 5.34"

where 2.67" is the pitch of the corrugations in the

roof deck. Therefore:

6.3

B = 0.606 X S.OOt 11.7 -h
0.0043 /^5.34

0.606 \8.00/
16.6

5.34
= 2.16

VB/Sc 16S
^2.721

= 22,000 psi (from Figure 3, ASCE Specifica-

tions)

2615 X 12
11,500 psi < 22,000 psi

2.721

where

fji = allowable compressive stress in flange (gross

section) (psi)

= actual compressive stress in flange (gross

section) (psi)

- Bottom flange

L = 281^"

where 283^2^' is the length of the cantilever.

In a manner similar to that for the top flange, the

following values are obtained:

fu = 21,000 psi

= 11,500 psi

(h) Local buckling of compression flange

—Top flange

b__ 2^24
T~ 07102

L _ 5^
b

fc

= 22.8

= 2.29
2.324

11,500 psi

where

b = unsupported width of compression flange

(inches)

t = thickness of compression flange (inches)

The limiting or critical value of b/ t corresponding

to the stress in the gross area is determined from

Figure 5 of the ASCE Specifications.

When (6//),Hticai > (&/0=utu.i, local buckling is

not a limiting condition and the full gross area of

the flange may be used. 153



o.o.'>ij^L^^i.on" = be

TOP FLAXGE

GROSS AREA= 0.346 in'

1.88:r

4

0.051

BOTTOM FLANGE
l.Ori" bp

EFFECTIVE A R E A = 0.274 in»

TOr COMPRESSION FLANGE

Figure 6-27: Areas of compression flanges.

EFFECTIVE AREA= 0.212 in*

BOTTOM COMPRESSION FLANGE
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When (&/Ocriticai < (^/Oactuai, theii the effective

width of the compression flange must be deter-

mined. The effective width is calculated from the

equation

be = hfi/fc

where

be = that part of the unsupported width con-

sidered effective (inches)

// = stress found from Figure 5 of the ASCE Speci-

fications, corresponding to (b/t) actual (psi)

/, = 8000 psi and from the equation above:

= 2-324 (^) = 1.617 inches

The compressive stress (U) on the effective area is

determined from the following equation:

gross flange area
fee = fe effective flange area

Included in the flange areas is the outermost one-

sixth of the overall depth of the section. (Figure

6-27 shows the effective compression flanges)

;

therefore

= 11,500 (^) = 14,500 psi < 22,000 psi

For a flat roof structure, this is as far as it would

be necessary to go in checking the stresses in the

compression flanges. However, in this particular

case, it is necessary to check for the stresses due to

the component of roof loading which is perpen-

dicular to the web of the purlin. These lateral

stresses are easily determined and will not be

treated in detail here.

The combination of the moments parallel to and

perpendicular to the web which result in the

greatest flange stresses must be determined. With

regard to the top flange of the example, this com-

bination occurs at the center of the hung span.

It is proposed that the extreme fiber compressive

stress due to lateral bending be added to the com-

pressive stress in the flange and that this total stress

be considered The lateral compressive stress is

determined as 2140 psi, therefore

/, = 11,500 + 2140 = 13,640

b. = 2.324 = 1.365 inches

U = 13,640 (^) = 19,050 psi < 22,000 psi



This procedure is conservative, since the allow-

able critical buckling stress for a plate subjected to

bending is much greater than that for a plate sub-

jected to a uniform axial compressive stress.

—Bottom flange

These stress computations are similar to those for

the top flange, and the total extreme fiber com-

pressive stress in the flange on the effective area is

Total/.. = 19,650 psi < 21,200 psi

= 0.04

76.5

(c) Check for shear buckling

7.796

a " 16 X 12

K _ 7.796

t
~ 0.102

where

bu = depth of purlin web (inches)

a = purlin span (inches)

From Figure 7, ASCE Specifications and values of

— and — determine allowable shear stress (v allow-
n t

able:

v.now....o = 6000 psi

The actual shear stress (Vaetuai) = 1645 psi <

6000 psi.

The graph of Section E, ASCE Specifications is

based upon a condition of partial restraint at the

edges of the panel or web. The light-gauge shape

cannot be considered as meeting this condition; all

edges are considered as simply supported. The

actual shearing stress in the purlin is very low and

is considerably less than the allowable shearing

stress determined from the curves of Figure 7, ASCE

Specifications; therefore, it is considered that shear

buckling is not a critical condition for the purlin.

(d) Longitudinal compressive stress in web

The provisions of Section F, ASCE Specifica-

tions apply to plate girder design. Pertinent provi-

sions shall be considered as applying to light-gauge

shapes or any other shape specially designed. The

curves of Figure 8, ASCE Specifications, are based

upon the classical equations for critical buckling.*

Since (in Figure 8, ASCE Specifications) the curve

of critical stresses for the condition of a girder with

* THEORY OF EiJ^STic STAKILITY, S. Timoshenko. p. 355.

no horizontal stiffener is based upon a condition of

partial restraint at the edges, it will be necessary,

for the light-gauge shape, to enter into the equation

Allowable stress = ^ i2{r^)il) (f^)

where

k = instability constant

E = modulus of elasticity of material (psi)

jjL = Poisson's ratio

F.S. = factor of safety (use 1.5, as in ASCE
Specifications)

t = thickness of web (inches)

by, = depth of web (inches)

The instability constant (k) is a function of the

ratio of the span to the depth of the web and of a,

where a is a function of the combination of bending

and axial compression stresses. The lateral com-

pressive stress in the web is considered an axial

stress since it is uniform over the entire depth of

the web. Figure 6-28 is a graph of "K" values

plotted against a** To determine a use the following

equation

:

2
" ~

^ ^
axial compression stress

compressive stress due to bending

therefore

1 +
2140

:1.76

/ 11,500 X 7.796\
19

V 13,640 X 8.00 /

k = 17.3

Allowable stress =

rTT-me X lO'Q l (0A02y(J^\ ^ 1^ 500 psi^^'^
I 12(1 - iVs]') J \7.796/ V1.5/ '

^

Actual maximum stress in the web is

15,620 + 2140 = 17,760 psi < 19,400 psi

Sag Rods
Rods are %-inch diameter with upset ends. Sag

rods are determined from the lateral component

of the purlin loading.

** Timoshenko op. cit. and buckling strength of metal structures,

Hans Bleich, p. 401.
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Roof Truss

The roof truss is illustrated in Figure 6-29. Member

lengths, stresses and sections are listed in Table 6-1.

The designs for one compression member and

one tension member will be shown in detail to

illustrate the procedure.

Truss member Lo-U, consists of two angles that are

X 2H" X Vs" as shown in Figure 6-30.

P = -67.0K

I = 71.12 inches

(^/r).nowHu.e ^ 120

r = 1.07 inches

A = 4.20 inches^

(l/rU..A = 66.5

where

P = axial load on member (kips)

TRUSS SYMMETRICAL ABOUT <t

1.42'^

+63.7"

22.72«

Figure 6-29: Roof truss.

TABLE 6-1: TRUSS MEMBERS
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MEMBER LENGTH
(FT)

STRESS
fKIPS)

SECTION

L0-U3 17.77 -67.0 2X33^x23^x Vs

U.vU., 11.85 -53.5 2 JL 33^x23^ x^fe

U.,-U8 17.77 -44.4 2 JL 33^x21^ X 1^

U,-L.2 5.93 - 4.5 1 L 3 X 3 X Kb

U.,-L4 7.96 - 6.2 2 JL 3 X 2 X -^rn

U,-L« 10.92 - 8.2 2 JL 33^x3x^6

Ut-Ls 14.30 -10.8 2 JL 6 X 4 X -M r.

Uo-L., 3.75 - 2.84 1 L2x2x ^

V^-U 7.50 - 2.84 2 JL2^x2x Vs

U«-Lfi 11.25 - 2.84 2 JL 31^ X 3 X He

U,-Ls 15.00 + 19.6 2 JL 4 X 3 X 14

L.,-U3 7.96 -f 6.2 2 JL2xl34x 3^

L4-U5 10.92 + 8.2 2 JL3x2>^x ^

L«-U7 14.30 + 10.8 2 JL 4 X 3 X K

L0-L4 22.50 +63.7 2 JL 3 X 2 X %
22.50 + 46.5 2 JL3x23^x M



I = length of member (inches)

r = least radius of gyration of member (inches)

A = area of member (inches'-)

The section will be checked for the following:

(a) Allowable column compressive stress (gross

section) (Sect. B, ASCE Specifications)

(b) Local buckling. (Sect. D, ASCE Specifications)

(a) The allowable comprei^i^ive unit stress (/.,) in

gross section is determined from Figure 2, ASCE

Specifications.

/,, = 16.2 ksi (for condition of partial restraint

at ends)

/, = P/A = 1^20 = ^^'^^ ^ ^^-^

(b) Local buckling

Check for local buckling of outstanding leg. The

legs back to back will be stitch riveted together;

therefore, they need not be considered (See Section

4.1).

l/b = 33.5

/, = 15.95 ksi ^ 16.0 ksi

(fe/0.ritK.ai = 12.3 (from Figure 5, ASCE Specifica-

tions)

(ft/Oaotuai = 5.67 < 12.3; therefore local buckling

is not a critical condition.

When (6/O.u.tuai > (^/Ocr.,i.ai, the effective width

of the outstanding leg must be obtained from the

equation b, = ^({')' the compressive stress is

then computed on the effective area. Make member

L,-U:i continuous and of same section as Lo-Ui.

Truss member L,rLi consists of two angles

3" X 3" X ^fe".

P = +63.7K

I = 135 inches

(?/r).no.aMe ^ 150 + (Sect. H, ASCE Specifica-

tions)

r = 0.92 inch

A =3.54 inches^

(//r).e.ua. = 147

where

f,
= the lowest net tensile stress to which the mem-

ber will be subjected in actual service (psi).

The member need only be checked for allowable

(l/r) and stress on net section.

6.3

21 r3!.5>x 2^2x3

A = 4.20 in^

= 1.09 in

Fyy =1.07 in

W = 5.10 lbs /ft.

Figure 6-30: Section member Lo-Ui

Dead load is approximately 10 percent of the

total load, therefore

6.37x1000
ft =

(l/r).

3.54
= 1800 psi

150 +^ = 168 > 147

Assuming %-inch diameter rivets:

Net area = 3.54 in.^ - 0.56 in.^ = 2.98 in.^

Therefore, the net tensile unit stress is

63.7

2.98ft 21,400 psi < 22,000 psi

Make member L0-L4 continuous and of same

section as Lo-Li.

The design of a typical truss connection is shown

in Section 4.11.

The total weight of one complete truss (including

allowance for gussets and rivets) is 1450 pounds or

16.1 pounds per foot.

It is possible to design this truss using thin-

walled tubes as web members. The chord members

are changed to Tees to allow for connecting the

tubes. Design for one compression member and

one tension member are shown below:

Alternate Roof Truss

Table 6-2 lists the sections required.

Truss member U1-L2 consists of a2'inch diameter tube

with y^'inch wall. 157



TABLE 6-2: TRUSS MEMBERS

MEMBER 0 XTT^ T rMVTbHiC 1 lUiN

L0-U3 Tee 6 x 4 —4.93#/tt

U3-U5 Tee 6 x 4 —4.00 #/it

Us-Us Tee 6 x 4 —4.00 #/it

U1-L2 Tube 2"</)

—

Ys wall

U3-L4 Tube 2 0— 1 6 wall

Tube 334>

—

^ i
wall

Tube A}4"(t>- wall

U2-L2 Tube 1^ 3^ 1 « wall

U4-L4 Tube 2J4V— ^ifi" wall

U6-L« Tube S}xi"(t>— wall

Tube iy/(i>— wall

L2-U3
r¥*i 1 c\tf i 0 / ^/ •••nilTube 2 </)— i^ifi wall

L4-U5 Tube 2% <t>
—^ 1 (>

wall

T TT Tiihp i{V-)"(b— ft" wall

L0-L4 Tee 6 x 4—4.00 #/ft

L4-L8 Tee 6 x 4—4.00 #/ft

p = -4.54K

/ = 71.12 inches

(^/r).iiow.b.e = 120

r = 0.664 inch

A = 0.736 inches*^

(i/r)actual = 107

The section will be checked for the following:

(a) Allowable column compressive stress

(b) Local buckling

(a) Allowable column compressive unit stress (fee)

is determined from Figure 2, ASCE Specifications,

/ee = 10.8 ksi (partial restraint at ends)

= mm = <

(b) Local buckling

The ASCE Specifications do not cover the con-

dition of local buckling in tubes. Therefore, the

critical buckling stress will be determined by using

the following equation*

_ Et
'''' ~ aVson^T^

where

t = wall thickness of tube

a = radius of the tube to center of wall

A factor of safety of 2.5 will be used.

* Timoshenko, op. cit. p. 457.

Allowable stress = 346,000 psi

Local buckling is not a consideration.

Truss member L1-U3 consists of a 2-inch diameter tube

with '^ic,-inch wall,

P = +6.24K

I = 95.5 inches

(«/r).n.nv.bu. ^ 150 + ^
r = 0.644 inch

A = 1.068 inch'^

(^/r)..,u,... = 148.5

The section is checked for allowable il/r) and

stress on net section as follows:

a/r) = 156.5 > 148.5

Assuming %-inch diameter rivets

Net area = 1.068 - 0.240 = 0.828 inches^

ft = Q g28 = '^•^'^ ^ ^^'^

A tube of 2-inch diameter and Y^-inQh wall would

satisfy the design conditions but would not allow

for sufficient riveting.

The total weight of one complete truss is 1183

pounds or 13.2 pounds per foot.

Built-up Girder: (Shear resistant web) Figure

6-31 shows loading on girder, moment diagram and

shear diagram. Figure 6-32 shows section and

properties.

In accordance with the ASCE Specifications, the

girder will be designed by the Moment of Inertia

method and the following conditions computed and

checked:

(a) Allowable compressive stress in flange (gross

section).

(b) Local buckling of compression flange.

(c) Spacing of intermediate vertical stiffeners.

(Sect. F, ASCE Specifications)

(d) Vertical stiffener at point of load.

(Sect. F, ASCE Specifications)

(e) Vertical bearing stiffener at supports.

(Sect. F, ASCE Specifications)

(f ) Longitudinal compression stress in web.

(Sect. F, ASCE Specifications)

(a) Allowable compressive stress in flange (gross

section)



110.76 X 40.00 l/l^^+J^sCS)'-

28.3

i/B 1/15250
1^8. ^ 332

= 13,500 psi (from Figure 3, ASCE Specifications)

= ^^^27^2^^^^^ = 16,350 psi < 22,000 psi

(b) Check for local buckling of compression flange

^ =_^= 12.7
t ,'l6

(&//).r,rtca? = 14.0 (from Figure 5, ASCE Specifica-

tions)

14.0 > 12.7 therefore, local buckling is not a critical

condition.

(c) Spacing of vertical stiffeners (1 angle 2" X

2" X H")

" 0:i88

V = 2^11^ = 3160 psi

where

h = clear height of web between flanges (inches)

t^. = thickness of web (inches)

V = shear in web (psi)

From Figure 9, ASCE Specifications, determine

r = 0.7
h

lf= 175

where

8 = required spacing between intermediate verti-

cal stiffeners (inches)

= moment of inertia of stiffener, required to

resist shear buckling (inches^)

Figure 6-31: Loading, shear and moment diagrams of built-up girder,

therefore

S = 0.7 (33.0) = 23.1 inches

/« = 175 (Me)' = 0.216 inches^

Figure 6-33 shows properties of vertical stiffeners.

Stiffener satisfactory since

0.32 inches^ > 0.216 inches^

(d) Vertical stiffener at point of load (2 angles 4" X

3" X 3^")



GIRDER PROPERTIES

WT. COMPONENT AREA

Lx
(a

N.A. Ij/i/-Ii J

8.96

Web
R 39H X He 7.40

963

29 0.0218 0.087

9.62

Top flange

2-|r 6 X 31 2 X He 7.96

7

2360 64.91 0.530

6.98

Bott. flange

2JL 6 X 3M X He 5.76

5

2605 45.82 0.194

25.56 21.12 in.- 5969 in.^ 110.75 in.^ 0.811 in.'

2 nr 6x3HxK6
A = 7.96 in.2

w = 9.62 lbs ft

J = 0.930 in.^

= 7.32 in.^

lyy = 64.91 in.'

2 JL6x33^x^{6
A = 5.76 in.'-^

w = 6.98 lbs, ft

J = 0.194 in.'

Ixx = 5.40 in.^

lyy = 45.82 in.^

Section Modulus
5969

Compression side: Scxx =

5969

= 332 in.'

Tension side: Stxx =
21.99

272 in/
N.A.

Figure 6-32: Properties and cross-section of built-up girder.

N.A.

I = in'

A = 0.49 in^

w - 0.59 lbs. /ft.

I , , , ,
= 0.18 + 0.49 (0.53)' = 0.32 in*

back of angle

0.53"

Figure 6-33. Properties of intermediate vertical stiffener.

ONE ANGLE
In A =2.68 in'

A = 1.69 in-

w = 2.05 lbs., ft.

BEARING AREA
FILLET RADIUS TOP CHORD
ANGLE

1.21

1
I (t

= 2.68+1.69 (1.30)- = 2.68+ 2.86 = 5.54 in*

TOTAL I = 2(5.54) = 11.08 in*

TOTAL Ab = 2(0.906) = 1.812 in'

4"-Jis''= 3^" AND Au = 3>^' (H") - 0.906 in^

Figure 6-34: Properties of bearing stiffener.
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^ ~ ^ 74,000,000

where

I = moment of inertia of stiffener at point of

bearing (inches')

P = local load concentration on stiffener (pounds)

therefore

r _ 0 216
^-^^''^^^ =

0.216 -h 0.334 = 0.550 inch^

Bearing Area (An) required

P 22,720
^ allowable bearing stress

" 36,000

Figure 6-34 shows properties of vertical stiffener.

Stiffener satisfactory since

11.08 inch^ > 0.550 inch^

1.812 inch^ > 0.630 inch*-^

(e) Vertical bearing stiffener at supports (2 angles

4" X 3" X H")

^ ~ + 74,000,000

23,390(33.0)2 ^/ - 0.216 + 72,000,000

0.216 + 0.343 = 0.559 inch'

Bearing area required



P 23390 _
~ Allowable bearing stress

~ 36000
"

0.650 inch^

Figure 6-34 shows properties of vertical end stiffener.

Stiffener satisfactory, since

11.08 inch^ > 0.570 inch^

1.812 inch*^ > 0.650 inch^

(/) Longitudinal compression stress in web

(fcL)artual = \^ (13,050) = 10,580 psi

f
= 176

{frL)aiiov.abie = 6500 psl < 10,580 psi (From Figure

8, ASCE Specifications. No horizontal stiffener.)

(fcL)anouu.bie = 22,000 psi > 10,580 psi (From

Figure 8, ASCE Specifications. With horizontal

stiffener.)

Therefore, a single horizontal stiffener is neces-

sary and the required moment of inertia for the

horizontal stiffener is determined from

7. = ^^^'^;.^' [(16 + 90
4^)

(:)V6]lO-^

where

h = moment of inertia of the horizontal stiffener

(inches'*)

Ah = area of the horizontal stiffener (inches^)

therefore

/. = 10.8(K6)(33)4jl6+90^^j0.7'^+ 6]l0"'

/, = 0.1007 + 0.0518 A,

for a horizontal stiffener consisting of one angle

2" Xiy/ X 3^"; then

= 0.1007 + 0.0502 (0.42) = 0.118 inch^

The moment of inertia of the horizontal stiffener

about the back of the angle with 1 3^-inch leg out-

standing is 0.134 inch\ therefore stiffener satis-

factory since 0.134 inch^ > 0.118 inch^

Total weight of the girder (with allowance for

riveting) is 1430 pounds or 29.8 pounds per foot.

This girder may also be designed as a partial ten-

sion field beam with thin web. The flanges will be

extruded sections.

Alternate Built-up Girder

(Partial Tension Field): The partial-ten-

sion-field girder can best be explained by giving a

brief description of the shear-resistant web girder,

the tension-field or wagner girder and the partial or

incomplete-tension-field girder.

The shear-resistant web girder is the design most

commonly used and is the design specified in

Section F, ASCE Specifications. The assumption

in this type of design is that the web does not

buckle, and that the shear on a section is resisted

by diagonal tensions and compressions of equal

magnitude.

The tension-field girder is based upon the

assumption that the web buckles completely, that

there are no diagonal compressions and that the

shear is carried entirely by diagonal tensions in the

web. The diagonal tensions in the web form the
*

'diagonal tension field". This design is somewhat

more conservative than the partial-tension-field

girder.

In the partial-tension-field girder the assump-

tion is also made that the web buckles completely

but, as proved by experience, the diagonal com-

pressions do not disappear. The girder acts, there-

fore, partially as a shear-resistant web girder to the

point when buckling or wrinkling occurs in the

web; the balance of the loading is then taken by

the girder as if it were a tension-field girder. In a

brief description, it is not possible to enter into a

complete design procedure, but the explanation

will be continued by enumerating and giving the

functions of the components of the partial-tension-

field girder. The components are as follows:

(1) A web

(2) Stiffeners

—Intermediate

—End
(3) Chords

The web function has been adequately described

in the introduction to the partial-tension-field

girder; therefore, it may merely be said that the

web carries the shear by means of an incomplete

diagonal tension field.

The functions of the stiffeners are as follows:

—The intermediate stiffener acts to break up



ALUMINUM

IN

MODERN
ARCHITECTURE

IG'-O"

INTERMEDIATE
S T I F F E NERS

lLl>4"xl}4''ix?32" (a 16"b.t.b.

TOP FLANGE EXTRUSI0N7

16"

INTERMEDIATE
STIFFENERS

-BOTTOM FLANGE
EXTRUSION

END STIFFENER
2JL4 x4 X U"

STIFFENER AT LOAD
2 J L 4 X 4 X J^'

SYMMETRICAL ABOUT <t

Fi^jure 6-35: Partial-tension-field girder.

en

b = 6hl_

R = 'Ai

Va!'

A = 3.130 im

Ixx = 2.630 in^

lyy = 19.770 in"*

J = 0.075 in^

R = y%

2.95"

TOTAL FLANGE SECTION

A = 6.26 in-

I^x = 5.236 in^

lyy = 95.540 in^

J = 0.150 in^

162 Figure 6-36: Properties of flange section.



the deformation patterns in the web into groups

of wrinkles. The wrinkles are prevented by the

stiffener from passing from one side of the stiffener

to the other. The stiffener must also act as a column

to resist the difference in vertical components of the

diagonal tensions and diagonal compressions in

the web.

—The end stiffener serves the same function

as the intermediate stiffener with the addition of

the requirement that it sustain the concentrated

load and also that it resist in bending the lateral

component of the diagonal tension field. The end

stiffener acts as a beam-column.

The chord must resist stresses due to the follow-

ing three factors:

—Stresses due to bending moment in girder.

—Stresses due to secondary bending moment

in chord as a result of the components of the

diagonal tension field acting perpendicular to the

chords.

—Axial stresses due to the components of the

diagonal tension field acting parallel to the chords.

The partial-tension-field girder as determined in

this example is diagrammed in Figure 6-35. Figure

6-36 shows section and properties of the flange

member, whereas Figure 6-37 shows section and

properties of the girder. The total weight of the

partial tension field beam is 1070 pounds or 22.3

pounds per foot. As a further illustration of the

design of this particular girder, the allowable

stresses and the actual stresses in each component

will be given.

(1) Web

Shear stress in web =

Critical buckling stress =

Allowable web stress =

(2) Stiffeners

—Intermediate stiffener

Compressive stress in

stiffener

Allowable compressive

stress to preclude

torsional failure

Allowable compressive

stress to preclude local

8,720 psi

1,830 psi

14,800 psi

= 3,370 psi

= 4,860 psi

buckling = 10,000 psi

Allowable column stress = 6,130 psi

—End stiffener

Axial compressive stress in

stiffener = 3,110 psi

Compressive stress due to

bending = 7,260 psi

Total compressive stress = 10,370 psi

Allowable compressive

stress to preclude

torsional failure = 12,900 psi

Allowable compressive

stress to preclude local

buckling = 11,800 psi

Allowable column stress = 11,300 psi

(3) Chords

Top chord only will be considered in illustration.

Compressive stress due to

primary bending = 17,550 psi

Compressive stress due to

secondary bending in

chord = 730 psi

Axial stress due to

diagonal tension field = 650 psi

Total compressive stress = 18,930 psi

Allowable compressive

stress = 19,200 psi

Column: The column at the built-up girder will be

investigated. Figure 6-38 shows framing plan and

properties of column section.

The column will be checked for the following con-

ditions:

(a) Failure of column by bending in plane of

bending forces. (Sect. B, ASCE Specifications.)

(b) Failure of column by buckling normal to plane

of bending forces. (Sect. B, ASCE Specifica-

tions.)

Loading conditions:

From Girder 23,390 pounds

From truss 22,720 pounds

Total P = 46,110 pounds

Moment due to eccentricity of connection:

Mx = 22,720 (4'0 = 90,880 foot-pounds

L = 348 inches

6.3

163



6^'

0.081"

WT. COMPONENT AREA
@
N.A. J

3.94
Web
393/^ X 0.081

3.20 416 0.007

7.70
Top flange

Extrusion 6.26

5

2325 95.66 0.150

7.70
Bott. flange

Extrusion 6.26

5

2325 95.66 0.150

19.341bs/ft 15.72 in.2 5076 in.^ 191.32 in.4 0.307 in. '

Figure 6-37: Properties of built-up girder (partial tension field).

ly = 174 inches

(«/r)..nowab.e ^ 120

(a) Check for failure of column by bending in plane

of bending forces.

(l/r). ^u.:A = 105

B = 36.79 (8.00)|/ll.7 + (^~) (|^)' = 1445

fs = 16,500 psi (fromFigure3,ASCE Specifications)

Fc = 6,800 psi (from Figure 2, ASCE Specifications

. —Partial restraint at ends)

Section Modulus

5076

20.00
253.80 in.^

46,110 ..^^ .

fc =
-xY^oT

= 4180 psi

90,880 .

ih) ..ctu.i = 3Q^23" ^ ^^^^

where

fb actual = extreme fiber stress due to bending

fb = the maximum allowable bending stress

(compression) at or near the center of the

unsupported length

fii = allowable compressive working stress for a

member considered as a beam

Fc = allowable working stress for a member con-

sidered as an axially loaded column tending

to fail in the plane of the bending forces



HEIGHT TO
4'' x UNDERSIDE OF

TRUSS = 2d'-0''

COLUMN WEB
BRACING AT U'-Q"

COLUMN SECTION
IS H SECTION
8"x83ix3/ WEB.

PROPERTIES OF
SECTION
A = ILOl IN.'

w = 13.32 # / FT.
Ixx = 120.92 IN*
lyy = 36.79 IN.*

Sxx = 30.23 IN.'

Syy = 9.06 I N .»

r XX = 3.31 I N .

ryy = 1.83 IN
J = 0.96 I N .*

Figure 6-38: Column section and framing,

therefore

/ 4180\
A = (16,500 - 4,180) (l -

68ooj
=

4750 psi > 3000 psi

(h) Check for failure of column by buckling normal to

plane of bending forces

(?/r)y actual =95

Frn = 8200 psi (from Figure 2, ASCE Specifications

—Partial restraint at ends)

Fri-j = 6720 psi

where

Frn = the allowable working stress for a member

considered as an axially loaded column tend-

ing to fail in a direction normal to the plane

of bending forces (psi)

FcE = ^^^'p^^ and (l/r) is in the plane of the
^ bending forces

therefore

/. = .6,500 (1
=

3050 psi > 3000 psi

Wind bracing and bottom chord bracing have not

been considered inasmuch as their design inter-

poses no special problems or procedures.

TRUSS
^

(FRAME TO
COLUMN FACE)

<

PURLINS® 5'-7H'__gX^

I

,—

^

*

c

:
RO c

V
a
u

1

\

] o

GIRDER o
00

. . J

3.

>

5

n

Figure 6-39a: Steel framing.
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T Lo-U., 2L-4 X 3H X Lo-L„ 2L-4 x 3^ x Vfe

U.-U„ 2L-4 X x L.-L„ 2L-4 x 3'i^ x V,,

U.^_U3, 2L-4 X 3H X 5^" La-Lo 2L-4 x 3 x V,,"

U,—U4, 2L—4 X 3H X s/fe" L4—L„ 2L- 4 X 3 X Vfe"

U,—U3, 2L-4 X 3H X Ve" L5—U. 2L-4 X 3 X H"

U —Ue, 2L—4 X 31/^ X Vi^" Le—U, 2L-4 x 3 x

Ue-U:, 2L—4 X 3H X M" U— U, 2L-4 x 3 x 34"

U:-Us, 2L-4 X 3H X

Figure 6-39 b: Steel truss.

A comparison between the aluminum design and

a standard design in steel is shown in Table 6-3.

Discussion of Design Example No. 1

In order to evaluate the results of the design

presented above, a comparative design in structural

steel was prepared, as shown in Figure 6-39. This

design follows standard procedure and is in ac-

cordance with requirements of the AISC Specifica-

tions. This comparison is made not for the purpose

of showing specific advantages or disadvantages of

one type of construction or another. It is assumed

that the reader who is better acquainted with steel

construction will be able to judge the efficiency of

the aluminum design if it is measured in terms of

familiar material. For this purpose the steel design

arrived at represents the average practice. With

more ingenious or more refined design methods,

better results could probably have been obtained,

but this would have reduced its value as a "meas-

uring rod."

-L„ IL—2j ^ X 2 X Lo—U, , 1L-2H x 2 x

-L3, 1L-2H X 2ii^ X ^Ae!' L3-U4 , 1L-2H x 2 x

-L„ 1L-3H X 3H x L.-Us , 1L-2H x 2 x ^A^"

-L„ 2L-2H X 2 x 34" L5-U6 , lL-21 ^ x 2 x V,^''

-U, 2L-214 X 2 x U-Uz , XL- 2].^ x 2 x V,,"

-U, 2L-3x2xK" Lt—Us, XL- 2Hx 2x5^6"

The steel structure consists of steel trusses with

rolled purlins supporting a 21-gauge corrugated steel

deck weighing 1.50 pounds per square foot. All

essential dimensions and live loads are identical to

those of the aluminum structure. For the purlins the

cantilever-hung bay system is used. The results of

this comparison are shown in Table 6-3.

It will be observed that the weight of the indi-

vidual aluminum members vary from a maximum

of 30.1 percent to a minimum of 16.7 percent of the

weight of the corresponding steel members. The

maximum corresponds approximately to the direct

substitution of an aluminum member for a steel

member of equal size. The minimum approaches

the condition of equal cost for aluminum and steel

members (see Chapter 5). Besides the weight com-

parison, the dead-load, live-load ratio of this

structure is quite revealing. This ratio is 0.28 for

the steel structure; /.c, for each pound of live load

supported, 0,28-pound of steel are required; while for

the two aluminum designs considered, 0,07-pound



TABLE 6-3: COMPARISON OF ALUMINUM AND STEEL STRUCTURES

IN DESIGN EXAMPLE 1

WEIGHT IN PSF OF:

COMPONENT
STANDARD ALTERNATE

ALUMINUM
cnrUTTPTTTPP
c) 1 rtU U 1 U xvrj

(g'a)

STEEL
^TRTTCTTTRE

WEIGHT RATIOS
ALUMINUM
STRUCTURE
((7J

ga/gs

(%)
h/g'a g'a/ga

(%)

Deck 0 A90 1.590 3.79 26.4 3.79 26.4

Purlins
A OUT 1.601 6.00 16.7 6.00 16.7

Sag rods \J ,\J LiO 0.131 5.24 19.1 5.24 19.1

Truss I.UUd 3.340 3.32 30.1 '-t,\j\j 24.6

Girder
A QQ 1v.ooi 1.378 4.16 24.0 5.56 18.0

Column 0.139 0.139 0.469 3.37 29.6 3.37 29.6

2.187 1.921 8.509 AVERAGES:

LL/DL 13.717 15.617 3.526 4.31 24.3 4.67 22.4

DL/LL 0.073 0.064 0.284

Note: U. =30 PSF.
. ^

(*) Alternate design used on truss and girder only.

or 0.06U-Vound of aluminum are required to support

one pound of live load.

For the individual components the following

additional observations can be made:

Deck: The design of this component was essen-

tially restricted to the selection of commercially

available products in either material. Deeper corru-

gations than %-inch would result in a somewhat

lighter deck.

Purlins: The design of these members represents

an interesting example, as considerable weight

saving was achieved even though the depth of the

aluminum member is less than that of the steel

section used. This is due to the lack of sufficiently

small rolled steel sections. The use of a light-gauge

section for these relatively light loads would lead to

weight saving in any material; in aluminum this

solution became especially advantageous because

the deflection is not critical in the continuous pur-

lins. It is also interesting to note that if, instead of

the 8-inch light-gauge aluminum channel section

weighing 1.50 pounds per lineal foot, extruded

standard channels were used, the lightest available

member would be a 5-inch channel of 2.38 pounds

weight. Since deflection becomes the governing

criterion for the 5-inch depth, either 2014 or 6061

alloy could be used.

Sag Rods: The function of these sag rods is to

transmit the component of the load which is parallel

to the slope of the roof. Inasmuch as the lateral

strength of the light-gauge aluminum channel is

relatively low, three rows of sag rods are required,

while with rolled steel section two rows are sufficient.

This results in a proportionately greater weight in

aluminum. In this instance, therefore, some of the

saving obtained with the purHns is lost in the sag

rods. If a sufficiently strong connection between

deck and purlin could be developed, the full

lateral component of the load could be resisted in

the deck itself, reducing the lateral strength re-

quirements in the purlin.

Truss: In this instance the depth of both the steel

and the aluminum member are identical. The major

difference is in the type of truss used. Various types

were investigated for both the steel and the alu-

minum design, and the lowest weight was selected

for comparison. The various types of aluminum

trusses, which were checked, showed only small

differences in weight. The solution adopted weighs

16.1 pounds per foot while different bar arrange-

ments would result in an increased weight of 1-2

pounds per foot.

On the other hand, significant savings can be

obtained if the web members of the truss are made

of more efficient pipe sections. The cord members

were changed into *'T" sections to permit connec-



tion of the web members. This alternate truss be-

comes nearly 19 percent lighter than the conven-

tional design using angle members.

Girder: The significant difference between the

steel and the aluminum girder is that the latter is a

built-up section, since rolled or extruded members

in the required size are not available. The weight

of the built-up aluminum girder is not very sensitive

as to variation in depth. The 40-inch deep member

used weighs 29.8 pounds per foot, and since either

an increase or decrease of 4 inches in depth would

result in a change in weight of 1.0 pound per foot,

the optimal depth therefore is the depth selected.

The steel section used is the most economical for

the required section modulus and laterally un-

braced span. If, instead of the selected 30 WF 124

steel member, a built-up section of greater depth is

substituted to achieve weight saving, insufficient

lateral stability results. Therefore, in the steel

design, the rolled section is the most economical

size. On the other hand, savings can be obtained in

the aluminum member if, as shown in the alternate

design, a partial-tension-field girder is substituted

for the conventional built-up section. This results

in a weight reduction of 25 percent, but the added

fabrication required for this girder will be reflected

in the cost saving achieved.

Columns: The least favorable weight relationship

(with the exception of the sag rods) is exhibited in

the columns. This is to be expected in view of the

discussion on this subject in Chapter 5. An addi-

tional limitation is the availability of standard wide-

flange aluminum sections; the maximum depth with

8-inch wide flange is only 8 inches. In the steel

design the column used is 10 inches deep. The use of

a shallower aluminum member therefore results in

a relatively higher weight. If a special or built-up

section had been used, further weight reduction

could have been obtained.

FACING

Figure 6-40: Sandwich construction.

CORE

6.4 SANDWICH CONSTRUCTION

The need for a structural element which is strong

and stiff and also light in weight sparked the de-

velopment of new constructional techniques.

Research in the aircraft field led to the significant

fact that a composite structure with thin, strong

facings, bonded to a thick lightweight core, satis-

fies these requirements. The development of sand-

wich construction has been materially affected by

the relatively recent advances in adhesives and

fabricating techniques, and also by the availability

of numerous facing and core materials.

The sandwich (Figure 6-40) is not a material

having unique mechanical properties; rather it

is a structure which must be designed for the par-

ticular uses to which it will be subjected. The

composition of the sandwich is limited only by the

availability of materials and the engineer's in-

genuity.

Some of the materials which are presently used

in the manufacture of sandwich structures are:

Facings: Aluminum, magnesium, steel, plywood,

fiberboards, asbestos board and resin-treated glass-

cloth, fabric and paper.

Core: Wood, plywood, fiberboard, cellular cellu-

lose acetate, expanded rubber, foamed polystyrene,

calcium alginate, foamed-in-place polyesterisocinate

resin, honeycombed glass-cloth, paper, aluminum

foil and waffle-type glass-fiber mat.

The current trend in sandwich construction is the

metal-faced honeycomb-cored sandwich. In alu-

minum construction, the facings are frequently

alclad and the honeycomb core is phenolic-resin

impregnated fabric or paper. Table 6-4 lists various

core materials and results of tests on these materials.

The primary users of sandwich construction have

been the aeronautical, transportation and building

industries, with special emphasis on the aero-

nautical industry.

In recent years, the use of this material in the

building field has become widespread. Sandwich

construction is used for floor and roof decks, par-

titions, spandrels and bearing walls. Applications

for doors and furniture are also common. The

widest use, however, is found in connection with



TABLE 6-4 MECHANICAL PROPERTIES OF SOME LOW-DENSITY CORE MATERIALS

DITIONING

iR

TO

TEST

COMPRESSION SHEAR

MATERIAL

SPECIFIC GRAVITY

GROSS

DENSITY

*
FT3

STRENGTH
PSI

PROPOR-
TIONAL
LIMIT
STRESS
PSI

MODULUS OF
ELASTICITY PSI

SILE

ENGTH

P
STRENGTH
PSI

MODULUS OF
RIGIDITY PSI

CON PRIO L L L R T Hew LT LR LT LR RT

Balsa wood

Cellular cellulose acetate

0.08 5.0 9-12% E.M.C. 640-530 305-300 205,000 12.000 3,800

0.10 6.2 75°F—64% R.H. 164

150 140 8,900 12,300 1,300

30,600 23,600 5,000 316 117 4,400

Aluminum foil honeycomb

(Perforated Al 0.0021-in.
^ 3 ^ 75°F-64% R.H. 206

foil %" cell)

(Perforated Al 0.0060-in.

foil cell) 0.134 8.4 75°F—64% R.H. 976

Cotton fabric honeycomb

(4-oz duck W cell) 0.060 3.7 75°F—64% R.H. 190

(4-oz duck ^ie'' cell) 0.147 9.2 75°F—64% R.H. 774

97

145,400

421,200

24,700 11

«'306 '146

25 283 146

c62 32,900 12,600

Hig ''183 ''231 95,100 34,900

82 5,600 2,800

''365 ''317 '•157 14,200 5,700

Glass fabric honeycomb

(>i-cell WESTPLAK"B-4" ^^^^ ^ ^ 75°F-64% R.H. 295
polyester-fabric 108)

Oi" cell WESTPLAK"B-6"
polyester-fabric 112) 0.096 6.0 75°F—64% R.H. 499

Glass mat—"Waffil"

(0.28" polyester)

(0.30" polyester)

0.150 9.4 75°F—64%R.H. 691

0.199 12.4 75°F—64%R.H. 678

62,400

91,300

29,300

34,600

''299 ''175 «63 8,800 2,800

'163 aOO

^83 ''113

8,800

''268 ''193 ''109 12,900 4,800

11,400

Paper honeycomb

(Paper core in T-l-P-7

sandwich) [U.S. Plywood 75°F—64% R.H. 512 42,300 ''184 ''152 «=135 14,900 9,100

(Paper core in T-l-P-7

sandwich) [U.S. Plywood

Corp.l

80°F—97% R.H. 327 25,600 ''105 ''125 ''93 10,200 6,000

14 AF Kraft paper

4.1 mils (NACA-TN-1529)
0.10 6.2 75°F—65% R.H. 490 190 72,500 100 110 340 270 200 17,700 11,600

REMARKS—The orientation for the various materials is as follows:

1. Balsa wood— (L) direction of grain, (R) radial direction, (T) tangential direction.

2. Cellular cellulose acetate-(L) direction of slab thickness, (R) direction of slab width, (T) direction of slab extrusion.

3 Cellular hard rubber— (L) direction of slab thickness, (R) direction of slab width, (T) direction of formed length.

4! Honeycomb materials-(L) direction of flutes, (R) direction perpendicular to flutes & perpendicular to planes of corrugated sheets, (T) direction perpendicular to flutes & parallel to

planes of corrugated sheets.

Stresses indicated in table are stresses of gross area.

The mode of failure, when known, is indicated by either (') if core failed or (") if failure occurred in the bond or facing.

Table extracted from "Symposium on Structural Sandwich Constructions," June 21, 1951-American Society for Testing Materials.
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Figure 6-41: Various edges for sandwich, panels.



prefabrication, where the durable finished surface,

Hght weight and good thermal characteristics pro-

vide the nearly ideal prefabricated element.

The requirements for such application differ

greatly from the original use of sandwich construc-

tion in aircraft. The most frequent considerations

in the design of sandwich panels in building con-

struction are as follows:

(a) The design is affected in the first place by cost

factors rather than favorable strength-weight

relationships.

(b) The stiffness of the panels is usually more

critical than ultimate strength. The useful ser-

vice limit is governed by limiting deformations

and also by resistance and indentation under

concentrated load applications. In panels used

as walls or partitions, the "racking strength,

i.e., the ability to transmit wind at seismic shear

to the foundations without undue deformation,

is important.

(c) Edge members of aluminum or other metals, of

wood, or of extruded plastics are required in

most installations (Figure 6-41).

(d) The joint between individual panels is the most

vital detail of the construction. Joints are

detailed to provide structural integrity, but

^'through-thermal" conductance is undesirable

if condensation is to be avoided and heat losses

reduced. The joints also must be tight enough

to prevent both air and water leakage (Figure

6-42).

(e) The thermal conductance of the panel is im-

portant. The low-density core can often be

used as bulk insulation, while the aluminum

facing provides reflective insulation and also

acts as vapor barrier. (See Section 8.3).

In the following sections of this chapter the solu-

tion of the structural problems connected with the

design of sandwich panels in building applications

is discussed. The complete design of the panels,

however, must incorporate all the above listed

requirements which involve many aspects not

directly related to structural integrity.

In the sandwich structure, the function of the

facing is to carry the stresses due to the loading,

whereas the function of the core is to space the

facings so as to obtain sufficient flexural rigidity and

provide enough support to make them elastically

stable under high stresses.

The important mechanical properties of a core

material are tensile strength, compressive strength

and modulus of elasticity in the direction perpen-

dicular to the plane of the facings, shear strength

in planes parallel to the facings, and modulus of

rigidity measured in planes perpendicular to the

facings.*

Honeycomb Cores: The compressive strength

of the honeycomb core was found to be affected by

the shape of the cells of the honeycomb. Also it was

found that for any given weight of honeycomb

structure, the strongest honeycomb will be that in

which the cell is a square wherein the double thick-

ness walls are virtually eliminated** (see Figure

6-43).

Figure 6-44 shows the increase of apparent com-

pressive strength (compressive strength in gross

area) of hexagonal honeycomb cores tested parallel

to flutes with decreasing length of double-thickness

wall. The curves of Figure 6-44 apply only when

the cell walls buckle at stresses less than the com-

pressive strength of the material. When the cell

walls are sufficiently thick to preclude buckling,

but will fail in compression, the apparent com-

pressive strength of the honeycomb will he directly pro-

portional to the apparent specific gravity. It has also

been shown that the compressive strength was af-

fected by the kind of resin employed in the manu-

facture of the structure and that, in the case of

kraft paper, a 50 to 55 percent resin impregnation

achieves maximum results for mechanical prop-

erties.

If the compressive and shear strength for a

specific material and shape of cells have been de-

termined by test, then these values can be com-

puted for any thickness of the cell wall. For com-

pressive strength*** (see Page 172):

* AN INVESTIGATION OF MECHANICAL PROPERTIES OF HONEYCOMB STRUC-

TURES MADE OF RESIN-IMPREGNATED PAPER. C. B. Norris and G. E.

Mackin—NACA, TN 1529.

** EFFECT OF CELL SHAPE ON COMPRESSIVE STRENGTH OF HEXAGONAL
HONEYCOMB STRUCTURES, L. A. Ringelstetter, A. W. Voss and C. B.

Norris—NACA, TN 2243.

*** Norris and Mackin op. cit.—p. 7
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D

Figure 6-42: Joint details. (Concluded on- Page 173

where Ps = specific compressive strength, psi, (ap-

parent compressive strength divided

by apparent specific gravity)

h = thickness of cell wall (inches)

Qa = apparent specific gravity (gross spe-

cific gravity of core)

Subscripts 1 and 2 rofer respectively to the prototype and the

material with which it is compared.

For shear strength**

V72 ~ h," V^"^/

where
** Adapted from analysis of shear strength of honeycomb cores

FOR sandwich construction, NACA. TN 2208-Werren and Norris.





Figure 6-43: Honeycomb.

Ts = specific shear strength, psi, (apparent shear

strength divided by apparent specific

gravity)

p = height of corrugation plus wall thickness,

inches, (height of corrugation is a constant

in this problem).

(See Figure 6-43).

If the cell walls are sufficiently thick so that they

do not buckle, the specific compressive strength and

the specific shear strength are constant.

The above equations have been derived em-

pirically from tests on resin-impregnated kraft

paper. It is believed that they are valid for other

types of honeycomb core material but they should

be verified.

Design Considerations: The usual methods

of design are based upon assumptions which are not

applicable to sandwich constructions, and therefore

may not be used. The usual equations must be

modified to fit the properties of this type of con-

struction :

(1) The sandwich is a composite structure.

(2) The materials used may be anisotropic.

(3) The modulus of rigidity of the core is usually

very low, which may result in high core shear-

deformation.

(4) The mechanical properties of the core material

are usually very low as compared to those of

the facing material and therefore, may limit

the performance of the sandwich construction.

When designing a sandwich beam, the important

considerations are (1) the deflection, (2) shear stress

•in core, (3) compressive and tensile stresses in

facings and (4) crushing strength of the core. The

equations which follow will be based upon the sim-

plified assumption of equal facings and isotropic

materials.

Deflection: The deflection of the sandwich beam

may be determined from the following equation:*

w = Wo[l + eQ]

where

Wo = central deflection without correction for

shear-deformation (inches)

a = span of beam (inches)

t = thickness of sandwich (inches)

e = factor depending upon the thickness and

elastic moduli of the facings and core

and

Wo = jgg (for concentrated live loads)

Wo = ^^^^ uniform load)

where

P = concentrated load (pounds)

q = load per unit length (pounds per inch)

_ Ejfic ^frb
^ - 2(1 - M/)

in which

Ef = modulus of elasticity of facing material (psi)

/ = thickness of facing (inches)

c = thickness of core (inches)

iJLf
= Poisson's ratio of facing material

b = width of beam (inches)

The correction factor *'e" is expressed by the

following equation:

g = ^ (^A (for concentrated loads)

e = __i:lSL_ (^^) (for uniform loads)
2(1 - fif'W\Gj

where

Gc = modulus of rigidity of the core material (psi)

associated with the direction of the span

and the perpendicular to the panel

Shear in Core: The shear stress in the core may be

* SANDWICH CONSTRUCTION IN THE ELASTIC RANCIE by H. W. March

—

Symposium on Structural Sandwich Construction—June 12, 1951.



determined when — is very small, from the ap-
Ef

proximate formula:*

P
b{t-\-'c)

where

T = shear stress in core (psi)

Era = modulus of elasticity of the core material

(psi) (associated with the direction of the

span)

The foregoing formula applies to a concentrated

load applied at the center of the span—it may also

be used for other types of loading with reasonable

accuracy.

Stresses in Facings: The extreme fiber stress in the

facing material may be computed by

6 EfM
^^ = El^
where

(Tf = extreme fiber stress in the facing material (psi)

M = bending moment per unit width

(inch-pounds per inch of width)

E = flexural modulus of elasticity of sandwich (psi)

and E = -(?)]

The preceding equation for the determination of

the extreme fiber stress in the facings is applicable

to constructions wherein the stresses encountered

are below the proportional limit of the material. In

building construction, the various elements of the

structure are not stressed to the ultimate, but only

to stresses beyond which the element will no

longer be serviceable in its application; the stresses

therefore will always be below the proportional

limit. In fields other than the building industry,

however, allowable stresses in the facings may ap-

proach the proportional limit. When the stresses

in the facings exceed the proportional limit, the

neutral axis of the sandwich may split and ap-

proach the facings. Consequently, the stresses in the

facings will be higher than those computed by the

preceding equation.

t

* STRENGTH OF SANDWICH CONSTRUCTION, C. B. Noms—Symposium on
Structural Sandwich Constructions—June 21, 1951, American Society
for Testing Materials.

t SYMPOSIUM ON STRUCTURAL SANDV^'ICH STEEL—June 21, 1951. C. B.
Norris.

LENGTH OF A (in.)

0 ,01 .02 .03 .04 .05 .06 .07 .08

APPARENT SPECIFIC GRAVITY, 9a

Figure 6-44 : Apparent compressive strength of hexagonal honeycomb cores tested parallel

to flute direction plotted against apparent specific gravity of test specimens. Average

test values for different core shapes are shown by point symbols; curves are based on

theoretical values.
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It should also be noted that within the range of

stresses below the proportional limit there may be a

split of the neutral axis in the neighborhood of a

concentrated load. This is somewhat similar to the

effect of stress concentrations in the neighborhood

of concentrated loads in ordinary materials.

It is desirable to design the sandwich so that the

facings govern the failure load, in order to utihze

the full strength of the facings, and also because

failures in the core cannot readily be detected.

The allowable value of o-/ is governed either by

the elastic limit or by the critical buckling stress of

the facing material.

The critical buckhng stress of the facing material

is dependent upon E/, Ecb and G^, and may be com-

puted for practical core thickness—facing thickness

ratios from the following equation*

0"cr = }/2 y/^ f ^cc Gc

where Ecb = modulus of elasticity of core material

(psi) associated with the direction

perpendicular to the panel

This equation gives a conservative value for o-^r.

The extreme fiber stress in the core is determined

from

_ 6Ecc M c
'''' ~ 'wir t

where

o-c
= extreme fiber stress in the core material (psi).

The allowable value of Gc is determined from

tests on the core material.

Crushing Strength of Core: The crushing strength

of the core material is the ultimate compressive

strength of the core perpendicular to the facings,

and is determined from tests.

Axial Loads: When considering sandwich con-

struction loaded as a column, the core modulus in

the direction of the axis of the column is usually

small enough to warrant the assumption that the

entire compressive load is carried by the two facings.

The column is subject to failure due to the follow-

ing: Overall buckling, wrinkling of the facings, and

in the particular case of the grid type core, such as

the honeycomb, local buckling of the facing into

the grid.

engineering laminates, a. G. H. Dietz—p. 71.

Tests have shown that the latter two conditions

are encountered only when the slenderness ratio is

very small.** In normal building construction

practice such small slenderness ratios would not be

encountered; therefore, it is necessary to compute

only the critical buckling load for overall buckling

failure.

The critical Euler buckling load of a simply sup-

ported column may be determined from the follow-

ing equation***

P\P2 + Ge6c(l

^'^^ " Pi -h Gc be

where

and Pi is the buckling load of a column of which

the core is perfectly rigid in shear and p is con-

sidered negligibly small, and

P2 - 6 / ^ ^2

and P.> is the buckling load when the core is con-

sidered to have no shearing rigidity and therefore

the facings are considered as two independent

columns.

L = length of the column (inches)

b = width of the column (inches)

Simply supported rectangular sandwich panels

which are subjected to combined compressive edge

loads and lateral forces have been investigated, and

formulas derived which permit calculation of the

deflection, bending moments and reactions of the

supports.f

The formulas are quite complex, but in the

reference mentioned, H. W. March has presented,

in the form of tables and graphs, the results of

computations for square panels having shear stiff-

nesses within the range of practical interest.

Racking: It is possible to compute the shear

resistance of sandwich panels with simply supported

edges, which are subject only to shearing forces in

** Engel, Hemming, Merriman, op. cit.—p. 182

*** A. G. H. Dietz, op. cit.—p. 76

t BEHAVIOR OF A RECTANGULAR SANDWICH PANEL UNDER A UNIFORM

LATERAL LOAD AND COMPRESSIVE EDGE LOADS, H. W. March—Report

—1834 Forest Products Laboratory, U. S. Department of Agriculture.



the plane of the panel (racking forces). The shear

resistance of the panel, in pounds per inch width of

the panel, is

= 2/r

where r is either Tuinmau, the ultimate shear stress of

the facing, or r.r, the critical shear buckling stress

of the facing for the particular geometry of the

sandwich panel. The critical shear buckling stress

may be computed from the equation*

'^)\ h J- "-4(1 - Mr)

where

k = 5.35 + 4 approx., and b ^ L

b = width of the panel (inches)

L = height of the panel (inches)

6.5 DESIGN EXAMPLE NO. 2

To investigate load carrying capacities of sandwich

panel illustrated in Figure 6-45.

Materials:
Facings: Aluminum Alloy 3003-H14

E = 10.0 X 10<' psi

(7,^,u = 21.0 X 10'^ psi

T.,u. = 14.0 X lO--^ psi

M = >^

Core: Kraft paper honeycomb, resin impreg-

nated. Type 14AF.

Ea = 100 psi

Ec = 72.5 X lO*^ psi

G = 17.7 X lO*^ psi

(Tprop = 2 psi
limit

Tuu. = 270 psi

Ultimate compression strength in direction of cell

= 490 psi

Beam Characteristics:

Deflection: Limit deflection to

^ = TTo =^ = ^•^^^^-'"'^•^

W =-4.- (-:)•]

DIRECTION OF PLANE OF
CORRUGATED SHEETS

S'-O' .

(a) OR (L)

Figure 6-45: Sandwich panel.

2Vo =

D =

D =

Wo =

5qa^

384Z)

Effjc^fyjb) ^ (10') (0.025) (1.975)M1)

2 (1 - M/O 2 (%)

0.55 X 10«

4.8c/ fEf\ ^ 4.8(1.950) (0.025) (10^)

(1 - Mr)<'^ V / (%)(2.0)'H17.7 X 10^)

= 37.2

5(7 (96)^

384 (0.55 X 10«)
= 2Mq

2.04^ = 0.533"

0.261 pounds per inch per inch of width

0.261 (144) = 37.6 pounds per square foot

Shear

b (t ^ c)

Puit = (Tuit) (b) {t + c)

Puit = (270) (12) (1.975) = 6400 pounds per foot of

width

TT1.. . ^ A 2P«/. 2(6400)
Ultimate uniform load = =

= 1600 pounds per square foot

Stress in Facings and Core

Facings: a/ = 6 E/M
EV^

6 Ef

* Engel, Hemming and Merriman, op. cit.—p. 188, also theory op

EijvsTic STABILITY, S. Timoshenko, McGraw-Hill Publ.—1936— p. 361.

E =£..(9%K,[:-0)']



^ = ""(IS)' + -(IS)']
E ^ 0.74 X 106

Tension Face: Myield = ^ q e

M

{CT/ yield)
I

_ (21.0 X 10^) (0.74 X 10^) (2.0)^

neld - 6 (10^)

Myieid = 1035 inch-pounds per inch of width

= 1035 foot-pounds per foot of width

_ (8) (1035)

a'
" (8.0)2Yield uniform load

= 129.5 pounds per square foot

Compression Face: Check critical wrinkling stress.

(Tcr = (3^) \/Ef Ecc Gc

= {1/2) (72.5 X 10^) (17.7 X 10«)

acr = 117.2 X 103

<7cr > (y yield' Therefore Gyi^u governs and loading is

same as for tension face.

Core:

M WcPr)Et' (2) (0.74 X 10^) (2.0)^

uZ. = '6E;:C~ = 6 (10-^) (1.950)

= 10,100 inch-pounds per inch of width

Prop. Limit Uniform Load ^ 1,260 pounds per

square foot

Crushing

Ultimate compressive strength of core = 490 psi.

Proportional Limit Compressive strength of core

= 190 psi. A customary performance requirement

for floors is that the floor sustain a load of 250

pounds applied on a 1-inch diameter circle (a per-

manent set greater than 25 percent of maximum

deflection is considered failure). This load is equiva-

lent to 318 psi.

318 psi < 490 psi

Column Characteristics

[P2 + Gc be (1 + p)]

p. =(?)(c+/)-^/K&)

P, = i^) (1.975)^ (0.025) (48) [^J
• Pi = 25.1 X 10'

P. = (?) (f ) m
P, = (1^) (0.025)3 (48) [^J
P2 = 1.34

(25.1 X 10') [1.34 +(17.7 X10>) (48) (1.950)
(^1

(25.1 X 103) 4- (17.7 X 103) (48) (1.950)

Per = 24.7 X 10^ pounds

p^^ = ^^'^^^ = 514 pounds per inch of width

Racking:

S = 2/r

Tuit = 14.0 X 10^ psi

Tcr = ik)^ ^ _ ^^,)L 5 J

k =5.35+4(^)^ = 5.35+4(1)"

k = 6.35

oc, TT-^ (10^) ri.975T
Tcr = (6.35) 4 ^y^^ L 48 J

Tcr = 0.298 X 10«

Tcr > Tuit therefore use Tuu

Suit = 2 (0.025) (14.0 X 10^)

Suit = 700 pounds per inch of width
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CHAPTER 7: ARCHITECTURAL DESIGN AND DETAILS

Architecture expresses the way of life of an epoch

in terms of materials and building methods.

The great gothic cathedrals expressed the domi-

nating religious idea of their time through the

masterful use of cut stone. This new spatial and

structural concept of lofty arches and vaults soaring

to the heavens with unprecedented ease and grace

on the wings of their dematerialized flying butt-

resses, manifested great understanding in the cre-

ative use of the structural qualities of cut stone.

Despite the great advances in the theory of en-

gineering today, we couldn't build more daring

structures than the gothic cathedrals if we were lim-

ited to the same materials, equipment and skills.

Similarly today, to be creative, we must express

our way of life in terms of our advanced technology.

The development of science and engineering, the

technological progress in communications and pro-

duction have changed our way of life. Handicraft

has been replaced by machine production, indi-

vidual efforts by mass production, haphazard

methods by processes meeting exact requirements

and specifications. Consequently, the product of

our work has changed.

This change has revealed itself through marked

architectural trends. Modern architectural plan-

ning, design and construction methods require

open, flexible spaces, large spans, large window

areas, fast erection methods and decrease in field

labor, permanent finishes, low maintenance cost.

This trend during recent years obviously in-

creased the use of metals, glass and synthetic ma-

terials and encouraged the development of pre-

fabricated elements and assemblies.

In this process, aluminum has gained an out-

standing position because of its advantages, as de-

tailed in preceding chapters. The properties of

aluminum, its potentials and limitations, have

been explored and are well known; production and

fabricating methods are well advanced.

Yet, there remains a great challenge for the en-

gineer and architect to take advantage of this ma-

terial and its product in a creative way. Although

this chapter deals with the architectural applica-

tions, we necessarily have to refer to the engineering

aspects—they cannot be divorced from the archi-

tectural solutions. New construction materials,

methods and elements are characterized, for ex-

ample, by taking advantage of the material's

tensile strength, by combining the frame with

stressed covering, by combining the structural ele-

ments with the finish and with thermal and acous-

tical insulation. We realize more and more that the

form is not an independent aim but the result of the

overall process.

Yet the resulting form and appearance are an

important part of the function; they determine the

emotional impact and represent a cultural and

spiritual value that is indispensable. For this reason,

it is felt that even within the framework of the

technical nature of this chapter a short discussion

of the outward expression is in order.

In the beginning, man was limited to available

natural materials. He employed the strictly handi-

craft method of production and modified only

slightly the natural appearance of the clay, wood

and rock. Buildings seemed to grow out of their

surroundings. Later, as manual techniques came

into use, repetitive elements of considerable ac-

curacy were introduced, foreshadowing the ma-

chine-made mass production. Architectural com-

position in the past depended on masses, solids

and openings, with mass and space remaining dis-

tinctly separate. Though frequently dominating



their surroundings, the materials used—brick,

stone, wood, copper—^were natural materials in-

herently blending with nature.

Today, light framework and transparent en-

closures make it possible to visualize the shape of

the building and its spaces simultaneously. This

quality of transparency lays nature open to view.

Polished surfaces reflect the surroundings. These

provide a new way of linking the buildings to

nature, although the new materials themselves are

detached from nature. This represents a difference

in basic concept from the architecture of the past.

It should guide us in the design of architectural

elements.

Some elements that originated under handicraft

methods are greatly improved today by mass pro-

duction—masonry blocks, cut lumber, windows,

roofing, and the like. In other cases, new materials

are utilized in the manufacture of conventional

elements. While the material advantage of an in-

novation, such as greater economy or comfort, is

usually recognized, the need to win consumer ac-

ceptance is often made the excuse for retaining and

imitating the conventional form. This practice usu-

ally shows a lack of imagination and retards the

progress of an expanding market.

By educating its merchandisers as well as the

public, the aluminum industry can speed up the

simultaneous development of new methods and

their proper expression.

When used to the best advantage, aluminum,

like every other material, determines its own scale

and character. Keeping it distinctive and genuine

means making a contribution to good design that

will eventually lead to the best commercial pro-

motion.

The natural materials and handicraft methods of

the past produced results that evoked human under-

standing and appreciation—they were warm and

lovable in their imperfection. Our challenge today is

to produce, by machine, from our new materials

qualities just as ingratiating.

An example of such an accomplishment of mod-

ern industry is the corrugated sheet. The corru-

gations have been devised to increase the rigidity,

.allowing the material to span greater distances

without sagging or **oil-canning." At the same time,

unhampered by conventionality, they offer new

esthetic values.

The finish of aluminum also offers a challenge.

Traditional, natural materials weathered grace-

fully by blending with nature. Aluminum, like

other new materials, has yet to solve the problem of

finish, not only technically but aesthetically.

These considerations point to the fact that the

success of aluminum in the building industry de-

pends upon the degree of boldness and creativeness

in applying its great, and in many ways unique,

inherent advantages. This will be achieved not by

the rationahzation of traditional building methods,

but by a creative, original approach.

Although present-day construction depends on

standardization for economy and perfection, the

use and applications of standardized elements

offer great opportunities for the creative designer.

Aluminum's highly favorable workability as com-

pared to other metals greatly sharpens this chal-

lenge to the designer.

The review of architectural applications of alumi-

num on the following pages does not attempt to

give a complete list of applications or available

products. It attempts to indicate the potentialities,

to point to available standardized products and es-

tablished methods and, by showing some outstand-

ing applications, to stimulate the imagination of

designers.

In this chapter, only representative examples are

shown. For variations and commercial standards,

manufacturers' catalogs should be consulted.

In assembling and installing aluminum products

or in the design of special application, the following

suggestions will be useful: Select and specify the

most suitable alloy for each particular application

from the point of view of fabrication, strength and

finish.

Aluminum is commercially available in a wide

range of products for every architectural require-

ment. It can be readily formed, rolled, stamped,

cast, forged or extruded. Its easy workability by

common methods without special tools, along with

improved fastening and welding methods, make it

a material that is most versatile and economical



to fabricate as well as to erect.

Select and specify the proper gauge or dimensions

for strength, durability, and the prevention of sur-

face distortion.

Design joints and fastenings for economy, re-

liability and appearance. Slip and snap joints are

extremely practical; mechanical fastenings are to

be used only where they do not detract from ap-

pearance; for maximum strength, use welding. Pro-

vide for expansion and contraction. Alloys used for

architectural work have a coefficient of thermal ex-

pansion of .000013 inch per inch per degree F.

Insulate aluminum from contact with dissimilar

metals. For detailed information on physical and

mechanical properties, fabrication, joining and

finishing, refer to the chapters in which the par-

ticular subjects are discussed.

7.1 INDUSTRIAL ROOFING
AND SIDING
Aluminum roofing and siding in general is designed

for use on industrial plants, commercial and public

buildings, farms and houses. Typical examples of

the use of industrial roofing and siding, as differ-

entiated from the roofing and siding for farm use,

are power plants, conveyor housings, mine heads,

warehouses, loading docks, armories, grandstands,

hangars, bus and railroad terminals, drive-in

theaters, and the like. Restaurants, super-markets,

filling stations and other stores are using it for both

interiors and exteriors because of its clean, modern

appearance and freedom from maintenance.

Light-weight, strong, aluminum roofing and sid-

ing cut handling costs all along the line. During

erection, for instance, they can be raised into posi-

tion by hand, and can be lifted to working level in

small quantities with a hand line, eliminating ex-

pensive hoisting equipment. A 12-foot sheet, full

ASH inches wide, weighs less than 28 pounds com-

pared to weights up to 182 pounds for the same

area of certain other roofing and siding materials.

Aluminum sheets are easily handled by the erecting

crew without costly fatigue.

In addition, these sheets are easy to cut, form,

drill and punch, since they require no special equip-

ment. As a result, work is speeded up, and scaffold-

COVERING WIDTH 32" AND 45ir

OVE R-ALL WIDTH APPROXIMATELY 35'

l'/ CORRUGATION S IDE LAP
AND 48^'

1

CORRUGATED ROOFING

'^'^ITCH z-er^^p*^:^

COVERING WIDTH 32" AND 45l^j'

OVER-ALlTwrDTtr APPROXIMATELY 33^4' AN^D-TTH'
|

CORRUGATED SIDING

Fig. 7-1.

ing held to a minimum. Reduction of scaffolding

can be especially important on maintenance work,

where it means a minimum of interference with pro-

duction. The use of recommended fasteners and

flashings ensures further savings in installation,

since they are designed for simplicity of application

and possess the required structural properties.

Sheets are available in different forms which

allow considerable latitude in architectural ap-

pearance and detail. The following sections describe

the various types and indicate the general uses and

methods of application of the materials. The uses of

these products, however, are not limited to those

mentioned, and may be expanded by the designer's

ingenuity.

Corrugated Roofing and Siding for Indus-

trial Applications: The production of cor-

rugated sheets is described in Chapter 3. Sheets are

available in thicknesses of 0.024 and 0.032-inch, in

plain mill or embossed finishes, and in lengths of

5 feet to 12 feet in increments of 6 inches.

Figure 7-1 shows the cross-sectional shape, the

widths and the laps normally used. As can be seen,

the roofing sheets have one side turned up and one

down, whereas some siding sheets have both sides

turned in the same direction.

Sheets can be curved across the width of the

sheet so that the ridges and valleys form an arc, with

a tolerance of ±1 inch measured across the chord.

The minimum radius for such bends is 18 inches. 183



TABLE 7-1: WEIGHTS AND AREAS OF INDUSTRIAL

CORRUGATED ROOFING AND SIDING

pnoFTMa .

SHEET

IN FEET

SO FT PER LBS PER SHEET
APFKUX. NU.
OF SHEETS
PER SQUARE

SHEET .024''! .032''

1

(100 SQ FT)

483.f2
35"' 4 3/'

2

35"2 /I Q 1 35'"2 43//?

5 14.58 20. 16 6.03 10.04 Q fiA0 . U4 11. 05 6.86 C CO
5 . 58 4. 96

5^ 16.04 22. 17 6.64 11 . 04 0 . oO 12. 16 6.23 5 . 07 4. 51

6 17.50 24. 19 7.24 12.04 y . bo 13. 27 5.71 4 . bo 4. 13

6^ 18.96 26. 20 7 .84 IS . 04 14. 37 5.27
A on
4 .29 3. 82

7 20.42 28. 22 8.45 14 .05 11 . ^b 15. 48 4.90 3 . 99 3. 54

21.88 30. 23 9 .05 15 . 05 IZ . U < 16. 58 4 . 57 6 . 7^ 3. 31

8 23.33 32. 25 9 . 65 lb . Ub IZ . 0 < 17. 69 4 .29
0 AC\
6

.

49 6

.

lU

sy2 24.79 34. 27 10.26 17 . 06 lo . bo 18. 79 3.28 2. 92

9 ZD . ^0 36. 28 18.06 14.48 19. 20 3.81 3.10 2 76

27.71 38. 30 11.46 19.06 15.29 21. 00 3.61 2.04 2 61

10 29.17 40. 31 12.07 20.06 16.09 00
. 11 3.43 2.79 2 48

10^ 30.63 42. 33 12.67 21.07 16.90 23. 21 3.26 2.66 2 36

11 32.08 44 34 13.27 22.08 17.70 24. 32 3.12 2.54 2 2^
iiH 33.54 46 36 13.88 23.08 18.51 25. 43 2.98 2.43 2 16

12 35.00 48 37 14.48 24.08 19.31 26. 53 2.86 2.33 2 07

* To allow for side and end laps in estimating, add 16 percent for 35-inch roofing and 11 percent for 48

roofing; add 9 percent for 33^-inch siding and 6 percent for 47)/8-inch siding.

1 Sheet thickness.
* Sheet width.

s-inch

SIDING

SHEET
LENGTH
IN FEET

SQ FT PER LBS PER SHEET
APFKOX. NO.
OF SHEETS
PER SQUARE

SHEET .024''! .032''! (100 SQ FT)

33 H"' 471 33^4"' 47^8''' 471 33 47i^"2

5 14.06 19 .64 5.82 8.06 7.76 10 .75 7.11 5. 09

15.47 21 .60 6.40 8.87 8.54 11 .82 6.46 4. 63

6 16.87 23 .56 6.99 9.67 9.31 12 .90 5.93 4 24

61/^ 18.28 25 .53 7.57 10.48 10.09 13 .97 5.47 3 92

7 19.69 27 .49 8.15 11.29 10.87 15 .05 5.08 3 64

m 21.09 29 .45 8.73 12.09 11.65 16 .12 4.74 3 40

8 22.50 31 .42 9.31 12.90 12.42 17 .20 4.44 3 18

23.91 33 .38 9.90 13.70 13.20 18 .27 4.18 3 00

9 25.31 35 .34 10.48 14.51 13.97 19 .35 3.95 2 83

26.72 37 .31 11.06 15.32 14.75 20 .42 3.74 2 .68

10 28.12 39 .27 11.64 16.12 15.52 21 .50 3.56 2 .55

10^ 29.53 41 .23 12.22 16.93 16.30 22 .57 3.39 2 .43

11 30.94 43 .20 12.81 17.73 17.08 23 .65 3.23 2 .31

113^ 32.34 45 .16 13.39 18.54 17.86 24 .72 3.09 2 .21

12 33.75 47 .13 13.97 19.35 18.63 25 .80 2.96 2 .12

* To allow for side and end laps in estimating, add 16 percent for 35-inch roofing and 11 percent for

roofing; add 9 percent for 33M-inch siding and 6 percent for 473^-inch siding.

» Sheet thickness.
2 Sheet width.
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However, corrugated sheets can be curved length-

wise also but to a radius of no less than 20 feet,

as the edge that is downturned goes into compres-

sion and buckles when the sheet is curved to a

shorter radius. Sheets may be obtained precurved to

any radius desired, down to a minimum of 30 inches.

As indicated in Table 7-2, the strength-to-weight

ratio of corrugated aluminum sheet is very high.

Resulting advantages are very light loading on the

structure and reduced labor for handling. A 12-foot

by 4-foot sheet weighs about 27 pounds and the

material can be applied rapidly, allowing the struc-

ture to be enclosed within a very short period. The

finish is such that the sheets require no painting

either inside or out. Aluminum roofing and siding

offers an additional insulating advantage over other

corrugated materials, as can be seen in Table 7-3.

From Table 7-3 it is evident that the heat loss is

far less through aluminum than through any of the

other materials. Even more important, note that

for "Heat Flow Down" as in summer, aluminum

permits less than half as much heat to enter a build-

ing. In air-conditioned buildings this is of utmost

importance in reducing operating costs. Another

advantage is the low first cost of aluminum which

is less than any other rustproof metal.

Ribbed Siding: Another product designed pri-

marily for industrial use is ribbed siding shown in

Figure 7-2. This sheet is available in 5-foot to

22-foot, 5-inch lengths in 6-inch increments, in

thicknesses of .032, .040 and .050-inch and with

or without an embossed finish. Sheet coverage is

shown in Table 7-4.

Table 7-5: Lists recommended maximum support

spacings for various uniform loading conditions on

continuous spans (where the individual sheet spans

two or more spaces, and is supported by three or

more girts). The loads listed for each spacing are

not an indication of the maximum strength of the

material, but were selected to provide sound, prac-

ticable application. When compared to the load-

carrying capacity of the sheet, the recommended

loads provide a minimum safety factor of two. In

selecting load and spacing from this table, it is sug-

gested that local building codes be consulted.



Roofing Application: When using corrugated

roofing sheet, sufficient slope or roof pitch is re-

quired to obtain suitable drainage, inasmuch as

weather-tightness in application is obtained by

end and side lapping of the sheets (see Figure 7-3).

To accomplish this, the following roof-pitch recom-

mendations are listed. For roof slopes up to 30 feet

in length, the minimum rise recommended is 3

inches per foot. For slopes over 30 feet in length,

or with more than three courses of sheets, the

minimum rise recommended is 4 inches per foot.

Begin application of roofing sheets with the lower

course, starting at the end of the roof opposite the

prevailing wind. Application may proceed across the

roof one course at a time, or all courses may proceed

simultaneously, each course being kept at least one

sheet ahead of the next course above. Lay each

sheet so that the exposed edge is turned down and

the overlapped or covered edge is turned up. Lap

sheets a minimum of 1 3^ corrugations at the sides

and fasten together on 12 to 15-inch centers with

No. 10 slotted-head aluminum or stainless steel

sheet-metal screws (see Figure 7-4). Use >^-inch

O.D. X 1%4-inch I.D. aluminum or stainless-steel-

backed neoprene washers (see Figure 7-5).

Aluminum or stainless steel nuts and bolts are an

acceptable substitute for sheet-metal screws. Nuts

and bolts must have aluminum-backed neoprene

washers. Lap ends of sheets a minimum of 6 inches,

with fasteners passing through laps not less than

1 inch from the ends of the sheets. Make end laps

only over supports. Continue application up to

ridge on both roof slopes, and finish with formed

ridge roll. Fasten apron of ridge roll to crown of

every fourth corrugation, using No. 10 sheet-metal

screws with washers. Molded neoprene closure strips

may be used under aprons of ridge roll if desired.

Flashing and Closures: Use formed alumi-

num flashing sections at junctures of roofs and side

walls or end walls, around openings, and the like.

Molded neoprene or preformed contoured aluminum

closure strips may be used in conjunction with

aluminum flashing if desired. Figure 7-6 shows

typical flashing cross-sections and closure strips.

For all methods of attachment other than nailing.

TABLE 7-2: RECOMMENDED SPANS, WEIGHTS AND
AREAS FOR INDUSTRIAL CORRUGATED ALUMINUM
Recommended Maximum Spans for Various Loadings for .032"

Thickness: These tables list recommended maximum support spacings for

various uniform loading conditions on continuous spans (where the individual

sheet spans two or more spaces, and is supported by three or more purlins or

girts). The loads listed for each spacing are not an indication of the maximum

strength of the material, but were selected to provide sound, practicable ap-

plication. When compared to the load-carrying capacity of the sheet, the rec-

ommended loads provide a minimum safety factor of two. In selecting a load

from these tables, it is suggested that local building codes be consulted.

ROOFING SPANS SIDING SPANS

UNIFORM
LOAD
POUNDS
PER SQ FT

PURLIN
SPACING
INCHES

UNIFORM
LOAD
POUNDS
PER SQ FT

GIRT
SPACING
INCHES

EQUIV.
WIND VEL.
MILES PER
HOUR

20 72 10 72 50

25 72 15 72 61

30 72 20 72 71

35 69 25 72 79

40 66 30 72 87

45 63 35 69 93

50 60 40 66 100

WEIGHTS * AND AREAS*
SHEET
LENGTH
IN FEET

WEIGHT PER
SQUARE
FOOT IN
POUNDS

SQUARE FEET
PER SHEET

POUNDS
PER
SHEET

NUMBER OF
SHEETS PER
SQUARE OF
CORRUGATION

5 .560 20.14 11.28 4.97

6 .560 24.17 13.53 4.14

7 .560 28.19 15.79 3.55

8 .560 32.22 18.04 3.10

9 .560 36.25 20.30 2.76

10 .560 40.28 22.56 2.48

11 .560 44.31 24.81 2.26

12 .560 48.33 27.07 2.07

* This table is for 48».^-inch wide sheet.

V/s'

\ -

/
1^8-

4

TH 32" AND 40'COVERING WID
'over-all width approximately 33'./ AND 41J^

J

RIBBED SIDING

Figure 7-2 : Ribbed siding.
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TABLE 7-3: HEAT LOSSES THROUGH
CORRUGATED ALUMINUM SHEET
AND OTHER MATERIALS

VERTI- HORIZONTAL
GAL SURFACE

MATERIAL SUR- HEAT
FLOW
UP

HEAT
FLOW
DOWN

Corrugated
Asbestos Cement 1.13 1.30 0.92

Corrugated
Steel 1.28 1.47 1.00

0.032" Industrial

Corrugated
Aluminum 0.65 0.95 0.41

Values in Btu per hr per sq ft per degree F

TABLE 7-4: SHEET COVERAGE FOR 415i-INCH WIDE

RIBBED ALUMINUM SHEET WEIGHING APPROXI-

MATELY 59 POUNDS PER 100 SQUARE FEET (.032-INCH)

SHEET
LENGTH
FEET

SQUARE
FEET
PER
SHEET

NO. OF
SHEETS PER
SQUARE
(100 SQ FT)

SHEET
LENGTH
FEET

SQUARE
FEET
PER
SHEET

NO. OF
SHEETS PER
SQUARE
(100 SQ FT)

5 17. 34 5.77 13'-0" 45 09 2 22

19 08 5.24 13'-6" 46 83 2 14

6 20 81 4.81 14'-0" 48 56 2 06

22 55 4.43 14'-6" 50 30 1 99

7 24 28 4.12 15'-0" 52 03 1 92

26 02 3.84 15'-6" 53 77 1 86

8 27 75 3.60 16'-0" 55 50 1 80

29 48 3.39 16'-6" 57 23 1 75

9 31 22 3.20 17'-0" 58 97 1 70

32 95 3.03 17'-6" 60 70 1 .65

10 34 .69 2.88 18'-0" 62 44 1 .60

103^ 36 .42 2.75 19'-0" 65 91 1 .52

11 38 .16 2.62 20'-0" 69 .37 1 .44

39 .89 2.51 21'-0" 72 .84 1 .37

12'-0" 41 .63 2.40 22'-0" 76 .31 1 .31

12'-6" 43 .36 2.31 22 '-5" 77 .76 1 .29

locate fasteners at every fourth corrugation, or on

102^-inch centers, at each support. Punch holes for

clipped or welded type stud fasteners by first at-

taching studs to the structural members in their

proper location, and then driving the sheet down

over each stud with a rubber mallet. Drill or punch

.holes for other types of fasteners as required. In-

stall rivet-stud type fasteners with formed alumi-

num washers under riveted heads of the studs

against the corrugation. Locate a sheet-metal screw

with neoprene washer at each sheet corner not

fastened to purlins (see Figures 7-4 and 7-5).

When roofing is attached to metal structures by

means of self-tapping screws (see Figure 7-7), make

attachments only in the valleys of the corrugations.

If roofing sheet and purlins are drilled at the same

time, use a No. 1 (.228-inch diameter) split-point

drill. If they are drilled separately, drill .228-inch

diameter through the girt and J^-inch (.250-inch)

diameter through the corrugated sheets. Draw

fasteners up to a snug fit.

For all other types of fastening, place holes for

fasteners only in the crowns of the corrugations

(see Figures 7-8 and 7-10).

When nails are used for attaching corrugated

roofing to wood purlins, maximum purlin spacing is

3 feet. Nail the roofing sheets to purlins at every

third corrugation, or on 8-inch centers, beginning

at the side lap on each sheet. Use a 3^-inch CD. x

1%4-inch I.D. aluminum or stainless-steel-backed

neoprene washer under the head of each nail. Use

a minimum of 50 aluminum nails and washers per

square of roofing. The smallest size aluminum nail

used is 9 gauge, .150-inch diameter spiral shank, 23/^-

inch length. Nail must penetrate sound wood at

least 13^ inches (see Figure 7-10).

For applying roofing over solid deck, or over

closely spaced deck boards, use aluminum nails with

neoprene washers attached. Apply one layer of

15-pound felt over solid decks before applying

roofing. Nail in horizontal rows at every third cor-

rugation, or on 8-inch centers, spacing the rows of

nails not more than 20 inches apart. Use a minimum

of 85 nails and washers per square of roofing. Drive

nails only until washers are held snugly against the

corrugation. Do not deform the roof sheet by over-

driving nails.

Siding Application: For siding, begin appli-

cation at the end of the building opposite the pre-

vailing wind. Proceed in horizontal courses, begin-

ning with the lowest course. Use molded neoprene

or contoured aluminum closure strips to close the



WHERE FASTENINGS DO NOT
OCCUR AT JUNCTION OF SID
END LAPS, FASTEN CORNERS
SHEETS TOGETHER WITH SH
METAL SCREWS AND "WEATH
WASHERS.

SIDE LAP VA CORRUGATIONS

FASTENINGS SPACED AT EVE
CORRUGATION (1023' CENTERS
PURLIN. IN CORRUGATION C

RY FOURTH
ON EACH

ROWNS ONLY

Figure 7-3: Roofing application of aluminum industrial corrugated sheets on steel frame.

COAT CONTA
STEEL SURF
WITH ALUM I

PIGMENTED
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ACES
NUM
ASPHALT
ASTIC.

TABLE 7-5: RECOMMENDED
MAXIMUM SPANS FOR VARIOUS
LOADINGS, RIBBED SIDING

.032-INCH THICK

UNIFORM
LOAD
POUNDS PER
SQ FT

GIRT
SPACING,
CENTER TO
CENTER
INCHES

EQUIV.
WIND VEL.
MILES PER
HOUR

30 78 87

35 69 93

40 65 100

45 63 106

50 61 110

55 59 117

60 57 123

bottom of the lower course of siding sheets (see

Figure 7-6). Apply each siding sheet so that the

exposed edge is turned in toward the building.

Keep the horizontal and vertical lines of the sheet

straight, plumb and true to line. Lap the sheets

1 3/^ corrugations at the sides and fasten together as

for roofing. Lap ends of sheets a minimum of 4

inches. Make end laps only over supports.

Continue appHcation up to top of wall, finishing

at eaves with formed eaves closures, fastening

closure to both roofing and siding at every fourth

corrugation, using No. 10 aluminum or stainless

steel sheet-metal screws with aluminum or stain-

less-steel-backed neoprene washers (see Figures 7-4

and 7-5).

For all methods of attachment other than nailing,

locate fasteners at every fourth corrugation, or on

10%-inch centers, at each girt. Punch holes for

rivet-stud type fasteners as described above for

roofing. Drill or punch holes for other types of fas-

teners as required. Install rivet-stud type fasteners

Figure 7-4: Type "A" sheet-metal screw No. 10 X H"
inch aluminum or stainless steel.

Figure 7-5: "Weath-R-Seal" type washer ^^-inch OD
X 1% 4-inch ID aluminum-backed neoprene. Use with

nail or sheet-metal screw. 187
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CONTOURED ALUMINUM CLOSURE STRIP

.Figure 7-6: Typical flashing accessories for corru

industrial roofing and siding.

with the aluminum washers under the riveted heads

of the studs against the corrugation. Locate a sheet-

metal screw with aluminum or stainless-steel-

backed neoprene washer at each sheet corner not

fastened to girts. For method of attachment by

means of clips, see Figure 7-12.

When siding is attached to metal structures by

means of self-tapping screws, make attachments

only in the valleys of the corrugations. If siding

sheet and girts are drilled at the same time, the

same procedure as for roofing is used (see Figure

7-13).

When nails are used for attaching siding to wood

girts, maximum girt spacing is 3 feet 6 inches.

Nail siding sheets to girts at every third corruga-

tion, or on 8-inch centers and nail all side laps.

Use aluminum or stainless-steel-backed neoprene

washer under the head of each nail. Use a minimum

Fieure 7-7 : "Topseal" Type "Z" self-tapping screw^ Stain-

less steel hex head, No. 14 x ^^-inch with "Weath-R-Seal

washer.

of 45 aluminum nails and washers per square of

siding. The smallest size aluminum nail to be used

is .150-inch diameter, spiral shank, 23^-inch length.

Nail must penetrate sound wood at least 1J4

inches (see Figure 7-10).

For applying siding over solid or closely spaced

sheathing, use aluminum nails with neoprene

washers attached. Nail in horizontal rows at every

third corrugation, or on 8-inch centers, spacing the

rows of nails not more than 24 inches apart. Use a

minimum of 75 nails and washers per square of

siding. Drive nails only until washers are held

snugly against the corrugation. Apply one layer of

15-pound felt over solid sheathing before applying

siding.

Flashing and Closures: Use formed alumi-

num flashing at window and door openings. Molded

neoprene or contoured aluminum closure strips

(see Figure 7-6) may be used in conjunction with

aluminum flashing if desired.



Corner flashing may be made from flat aluminum

sheet or, if preferred, corners may be closed by

bending the corrugated siding sheet around the

corners. When using this method, continue the di-

rection of bend of the corrugation; do not attempt

to reverse the bend. Typical details for both roofing

and siding are shown in Figure 7-14.

Figure 7-15 shows a typical ribbed installation

that is similar to corrugated siding details.

Special Installations: The applications de-

scribed are typical. Many variations, such as ap-

plying siding with corrugations running horizon-

tally, can be used to meet special conditions or to

achieve desired architectural effects.

Aluminum sheets can be combined with other

materials, such as translucent sheets, or used to

make insulated sandwich panels as will be shown in

the following sections; perforated sheet is also

available.

Perforated Corrugated Sheet: The cor-

rugated industrial siding 33 -inch wide is available

in a .024-inch thick perforated sheet. The same

fasteners as shown previously can be used for this

perforated sheet for assembly in installations where

an acoustical surface is desired on ceilings or walls.

It should be used with sound-absorbing materials

made from mineral or vegetable fibers. The per-

forated sheet can be used as the inside sheet on the

insulated sandwich wall adding acoustical qualities

to the insulating value. This sheet has a stucco

finish and is available in three standard lengths:

5 feet nVs inches, 7 feet 11^ inches and 12 feet.

An outstanding application for corrugated per-

forated aluminum sheet is the special acoustical

paneling developed for interior areas where pro-

duction operations produce high noise levels. This

treatment consists of a layer of glass fiber fastened

to the side walls and covered with .024-inch thick

perforated corrugated sheets.

On a typical job, paneling should be started

about 4 feet above the floor beyond range of possi-

ble damage from material handling and similar

equipment. Wood furring strips may then be nailed

to the concrete blocks in order to space and support

5<6'DIA.

Fieure 7-8: Weldable composite stud fastener, having a steel base with an aluminum

shank and aluminum washer, left, and cross-sectional view of its application, right. Studs

are first automatically welded with an arc gun to structural member in proper location

then a sheet is driven down over each stud with rubber mallet. Stud extension is then

riveted over formed aluminum washer.

Figure 7-9: 'Top-Side" Type A clip with formed aluminum washer, left, and right,

cro^s4ctional view of its application by fastening it to angle or channel. Method of

application is same as for unit in Figure 7-8.

ALUMINUM BACKED
NEOPRENE WASHER

INDUSTRIAL CORRUGATED SHEET

WOOD PURLIN
-SPIRAL SHANK NAIL MUST PENETRATE
VA' INTO PURLINS OR DECK BOARDS

Figure 7-10: Spiral-shank aluminum roofing nail, left, and its application with aluminum-

backed neoprene washer, right.



ARCHITECTURE

ALUMINUM 2-inch thick glass fiber in 24-inch x 48-inch batts

IN and to hold the corrugated aluminum sheets. Glass

MODERN fiber is also available in rolls 2 inches thick in

widths of 24, 30, 32, 36 and 48 inches.

A layer of thin plastic may be applied over the

glass fiber before placing the aluminum perforated

sheets to prevent oil vapors from damaging the

sound-deadening value of the fiber batts. The per-

forated corrugated sheets may then be fastened to

the nailing strips with aluminum nails.

TRANSLUCENT CORRUGATED SHEET APPLI-

CATION: Lighting problems are greatly simplified

MINIMUM END LAP 4"

<1

SIDE LAP V/2 CORRUGATIONS. FASTEN
SHEETS TOGETHER WITH SHEET METAL
SCREWS AND " WE ATH-R-SE AL"
WASHERS ON 12" TO 15" CENTERS.

FASTjENERS SPACED AT EVERY FOURTH
CORRUGATION '(lOV CENTERS) ON EACH
GIRT OR PURLIN

COAT CONTACTING STEEL SURFACES
WITH ALUMINUM PIGMENTED
ASPHALT PAINT OR MASTIC. .

^

WHERE FASTENERS DO NOT OCCUR AT
JUNCTION OF SIDE AND END LAPS.

FASTEN CORNERS OF SHEET TOGETHER
WITH SHEET METAL SCREWS AND
"WEATH-R-SEAL" WASHERS.-
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Figure 7-11: Siding application on steel girts using" Top-

cal for rivet-stud fasteners.

by the use of corrugated plastic sheets. These are

available from several sources and in a variety of

colors, and are corrugated to interfit with the cor-

rugated aluminum sheets of roofing or siding. The

plastic sheets can be alternated with aluminum

sheets, or installed in continuous courses, depending

on the interior lighting requirements.

Spacing of purlins and girts for application of

corrugated plastic panels should be in accordance

with recommendations of the manufacturer of such

panels.

Attach corrugated plastic panels by any of the

methods listed for aluminum corrugated sheets.



Drill rather than punch attachment holes in the

plastic. Space fasteners on 8-inch maximum centers

along each girt or purlin. Side-lap, fastener and

end-lap requirements are the same for corrugated

plastic as for corrugated aluminum.

Insulated Corrugated Sandwich Siding:

If insulation in the wall is desired, two industrial

corrugated sheets with an insulating material such

as glass wool or mineral wool between them may be

installed. Maximum girt spacing for this type

installation is 36 inches.

Apply the first or inner sheet directly to the build-

ing structure. If structure is of metal, use No. 14

stainless steel self-tapping screws, spacing fasteners

at every third corrugation (8-inch centers) at each

girt. When attaching to a wooden structure, nail the

sheet to each girt at every other corrugation

(53^^-inch centers). All attachments for the inner

sheets should be in the valleys of the corrugation.

Allow 1 Yi corrugations for side laps and make end

laps 4-inch minimum, with end laps occurring

only over girts (see Figure 7-16).

Spacing members for the inner and outer cor-

rugated sheets consist of formed aluminum "U"

and **Z"-shaped sections. These are formed in the

field from aluminum sheet, 3003-H14 alloy, .060-

inch thick (Figure 7-17).

Attach the "U" sections along top and bottom of

the corrugated sheets, and attach the "Z'* sections

to the corrugated sheets between and parallel to the

'*U" sections, using No. 10 x ^-inch aluminum or

stainless steel sheet-metal screws. Space these

members to correspond to the dimensions of the

insulation panel to be used. Place the insulation in

position and attach the outer corrugated panels to

the spacing members, using No. 10 x ^-inch alumi-

num sheet-metal screws, placed in the corrugation

valleys and spaced at every third corrugation

(8-inch centers). Install an aluminum-backed neo-

prene washer under the head of each exposed sheet-

metal screw. Side lap the sheets 1 Yi corrugations,

fastening side laps on 12 to 15-inch centers, using

No. 10 X ^-inch aluminum sheet-metal screws

with an aluminum-backed neoprene washer under

the head of each screw. End lap the sheets a mini-

SIDING

GIRT

SIDING

14" D I A. MACHINE SCREW & NUT

11 GA. (MIN.1 STEEL,
ZINC DIPPED—

WASHER

M' DIA. MACHINE SCREW & NUT

11 GA. (MIN.) STEEL
ZINC DIPPED

I.D. X CD. WASHER

ALUMINUM BACKED
NEOPRENE WASHER-

ALUMINUM
MACHINE SCREW
AND NUT 5^6' DIA

FASTENER

GIRT
SIDING

Figure 7-12: Clips for attaching aluminum siding.

SIDING

ALUMINUM BACKED-
NEOPRENE WASHER^

GIRT-^^

"TOPSEAL" NO. 14 X

TYPE "Z" STAINLESS
-STEEL SELF-TAPPING

SCREW WITH
HEXAGONAL HEAD

Figure 7-13: Self-tapping screw attachment. 191
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Figure 7-14: Typical flashing 'details.
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mum of 4 inches, with end laps occurring only over

spacing members (Figure 7-16).

Form flashing for doors, windows and corners

from flat aluminum sheet.

7.2 ROOFING AND SIDING FOR
FARM USE, STANDARD
CORRUGATED AND 5V-CRIMP
This material has the same advantages as industrial

roofing and siding. As progressive farmers realize

the harmful effects of heat on the health and pro-

duction of farm animals, the use of aluminum

roofing and siding increases. This material re-

flects up to 95 percent of all radiant heat and keeps

interiors up to 15 degrees cooler in summer.

An added advantage is that pure rainwater can

be collected, for aluminum is non-toxic.

Farm roofing and siding sheets are available in

two thicknesses: .024 and .019-inch. Standard

lengths are 6, 7, 8, 9, 10, 11 and 12 feet.

The three types available are IJ^-inch, 23^-inch

corrugated and 5V-Crimp. All of these sheets

are available in a smooth mill or stipple embossed

finish. (See Figure 7-18)

Roof Application: Sheets are applied over

closed or spaced roof boards, with the opening be-

tween boards not to exceed 6 inches. A typical roof

deck is 1-inch x 6-inch board laid on 12-inch centers.

While 5-V Crimp sheets and 1 34 x 1 J4 x .019-inch cor-

rugated sheets are applied onlyover solid roof sheath-

ing, the other corrugated sheets can be applied

over purlins. The spacing of purlins is governed by

the loading and the sheet used (see Table 7-6).

The minimum roof pitch for single-course roofs

is 3 inches per foot. For roofs having two courses

up to 20 feet in length of slope, the minimum roof

pitch is 4 inches per foot. For roofs having more

than two courses and for roofs over 20 feet in length

of slope, the minimum roof pitch is 5 inches per foot.

Apply a single layer of asphalt-saturated felt,

15-pound weight or heavier, using aluminum felt

paper nails, over roof deck before applying alumi-

num roof sheets. Lay the felt in horizontal courses

starting at the eave and lapping the courses a

minimum of 3 inches, with laps occurring over the

ALUMINUM NAll,

GRAVEL STOP

EAVE

L

7

7.2

ALUMINUM i /
CABLE FLASHING

#14 X SS SELF-TAPPING-

^lOxS-s'.ALUMlNUM SMS —

CLOSURE

\l 1 > DOW II E A D

#14 X SS SELF-TAPPING SCREW

RIBBED SIDING

WINDOW SILL

ALUMINUM WINDOW

ALUMINUM SILL FLASHING

CURB

RIBBED SIDING

#lUx^i' ALUMINUM SMS

4

Figure 7-15: Ribbed siding installation, vertical section,

deck boards.

If installed over old roofs, asphalt-saturated felt

should be used over old decks before applying alumi-

num roof sheets. In general, asphalt-saturated

roll roofing and asphalt shingles make satisfactory

bases for aluminum roof sheets if unbroken and

reasonably smooth. For re-roofing an existing wood

shingle roof, 2x4 nailers placed flat over the old 193



ALUMINUM INDUSTRIAL
CORRUGATED SHEETS L

si
NO. 10x5^" TYPE "A" ALUMINUM
OR STAINLESS STEEL SHEET
METAL SCREWS WITH ALUMINUJ
BACKED NEOPRENE WASHERS
EVERY THIRD CORRUGATION
STARTING AT SIDE LAP

MINIMUM END LAP 4"
I

1" INSULATION PANEL-
Si

ALUMINUM "Z" SECTION
FORMED BY APPLICATOR

SIDE LAP VA CORRUGATIONS.
FASTEN SHEETS TOGETHER
WITH SHEET METAL SCREWS-
AND WEATH-R-SEAL WASHERS
ON 12" TO 15" CENTERS

COAT STEEL SURFACES
WITH ALUMINUM PIGMENTED
ASPHALT PAINT OR MASTIC

APPROXIMATE "U" VALUE: 0.175

Figure 7-16: Application of insulated corrugated sandwich siding.

DETAIL AT TOP

TYPICAL CROSS SECTION
SHOWING FASTENING DETAIL

No. 10x5/^' TYPE "A" ALUMINUM
OR STAINLESS STEEL SHEET
METAL SCREWS EVERY THIRD
CORRUGATION (8' CENTERS)

ALUMINUM "U" SECTION

ALUMINUM INDUSTRIAL
CORRUGATED SHEETS

ALUMINUM "Z" SECTION
FORMED BY APPLICATOR

ALUMINUM BACKED
NEOPRENE WASHER

1" INSULATION

"TOPSEAL" No. 14x?," TYPE "Z"

STAINLESS STEEL SELF-TAPPING
SCREW WITH HEX HEAD

Figure 7-17: Sandwich siding—typical details.
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shingles may be used. Maximum spacing of nailers

should be 18 inches. Nailers should run parallel

with the shingle courses, should be nailed to the

building structure, and be spaced so that end laps

of roof sheets occur only over nailers. Steel nail

heads should be covered with aluminum pigmented

mastic or asphalt-saturated felt.

Start first course of roof sheets at lower corner of

roof and proceed horizontally in parallel courses

and upward from eaves to ridge. Extend lower

sheets 1 to 2 inches below edge of deck to form a

drip edge. Lap the 1 34-inch corrugated sheets

corrugations, lapping the sheets so that the pre-

vailing winds blow over the laps and not into them.

The 23/^-inch corrugated sheets have both edges

turned down. Consequently, to obtain the necessary

lYi corrugation side lap, every other sheet must be

reversed so the edges are up. Be sure the upturned

edges are covered by the edges of both adjoining

sheets.

Use only spiral-shank aluminum roofing nails

with neoprene sealing washers attached. Nails

should be sufficiently long to penetrate the full

thickness of deck boards. Nail only through crowns

of corrugations. Do not overdrive nail and crush or

flatten corrugation, but stop when nail head holds

sealing washer snug in slight dimpling of corru-

gation crown.

For all types of applications of sheets other than

over spaced purlins: Nail at end laps and eaves at

every other corrugation on the 23/^-inch corrugated

sheets, and at every third corrugation on the 134-

inch corrugated material. Nail side laps at approxi-

mately 12-inch intervals. Equally space three nails

vertically through the center of each sheet up to 8 feet

long, and four nails for sheets over 8 feet long. Space

three nails horizontally through the center of each

sheet. Use a minimum of 100 nails per square of

roofing. For improved holding qualities use spiral-

shank roofing nails. For fastening corrugations to

2x4 purlins or nailers, use only 2 34-inch long spiral-

shank aluminum roofing nails with attached neo-

prene sealing washers. For fastening to nailers,

nail at eaves and end laps as described above. At

intermediate nailers, space nails at every fourth

corrugation for the 23/^-inch type and at every sixth



corrugation for the type. For fastening

23/^-inch corrugated to 2 x 4 purlins, nail at every

corrugation at eaves and end laps, and at every

other corrugation at intermediate purlins.

Slight curving may be done on the job to fit

roofs having a slight curvature. In such cases, each

end of all sheets should be fastened with not less

than four J^-inch diameter aluminum or stainless

steel bolts and nuts, using neoprene sealing washers.

Use aluminum-pigmented mastic at side and end

laps.

Siding Application: Sheets may be applied

over solid or spaced sheathing, with openings not to

exceed 12 inches. Where siding is subjected to

traffic, openings in lower 4 feet (approx.) of sheath-

ing should not exceed 4 inches. Apply one layer of

15-pound asphalt-saturated felt over sheathing be-

fore applying siding.

Start siding at bottom of building and work in

horizontal courses proceeding upward to eave or

gable end. Make side laps same as for roof sheets.

Make end laps by lapping upper sheets a minimum

of 4 inches over lower sheets. End laps should

occur only over girts. Use the same type of nails

and washers as in application of roofing. Side lap the

sheets a minimum of IVz corrugations. Nail the

23/^-inch corrugated at every other corrugation and

the 1 34-inch corrugated at every third corrugation

at tops and bottoms of sheets and at end laps.

Nail side laps on approximately 12-inch centers and

space one row of nails vertically in each sheet, as

was done in the roofing operation.

Nailing surface for the 2>^-inch corrugation may

also consist of 2 x 4 girts applied flat against the

structure, with a maximum spacing of 30 inches.

Approximately 2 feet of the bottom of such a wall

is generally composed of 2-inch pressure-treated

T & G lumber, the aluminum siding overlapping the

top of the PT lumber approximately 2 inches. Nail

siding at every corrugation at bottom of sheets, at

the laps and at tops of sheets at eaves and gables.

At intermediate girts nail at every second cor-

rugation. Use 1^1-inch long spiral-shank aluminum

roofing nails with attached neoprene washers.

Fasten side laps together on 12 to 15-inch centers

TABLE 7-6: MAXIMUM RECOMMENDED LOADING

FOR STANDARD CORRUGATED ALUMINUM ROOFING*

O "D A XT

IN.

1 H X 2Hx Y 9/ 1^ X /IQ

.0192 .0242 .0272 .0192 .0242 .0272 .0192 .0242 .0272

OA oo 48 oo 84 100 120 72 91 99

OU 97Li i o** 38 45 55 65 43 56 60

Qd.OD 30 30 35 40 29 37 41

42 16 20 22 23 26 31 20 26 27

48 12 16 17 19 21 25 17 23 24

54 16 18 21 15 20 22

60 13 14 17 12 16 18

* Loading values are in pounds per square foot.

> Dimensions of corrugations (width and depth) in inches.

2 Sheet thickness in inches.

1.263'

ri

LAP:
C 0 R R

.

ROOFING COVERAGE 22H'

26'

IH'xH' CORRUGATED

2^2'x^/ CORRUGATED

COVERAGE 24'

5V CRIMP

Figure 7-18: Corrugated and 5V-Crimp aluminum sheet.

3.00'

V

^yr^ X

12" k
26'

3^.

with aluminum or stainless steel sheet-metal screws.

Bending: Avoid sharp ends. Allow ample radius

when bending of sheet is required. Do not use sharp

bending tools or shoes. Limit bends to 90 degrees

and do not rebend.

Application Over Metal Structures: Methods of

fastening are similar to the ones described for in-

dustrial applications. For all applications use only

aluminum accessories. The available accessories are

shown in Figure 7-19.



Figure 7-19: Accessories for farm roofing and siding.

TABLE 7-7: PHYSICAL DIMENSIONS, ROOF DECK

Aluminum Thickness .032" (No. 20 B & S Gauge) and .036" (No. 19 B & S)

and .040" (No. 18 B & S Gauge)

Width Nominal coverage—24" (with 1 rib side lap)

Overall width—24 i^fg"

Ribs Spacing^4.8" center to center

Depth—1.75"

Weight .755 lb psf .032" thickness; .851 lb psf for .036"; .945

lb psf for .040"

TABLE 7-8: LOADS AND SPANS, ROOF DECK

Sheet

Thickness

SPANS (MULTIPLE TYPE OF SPAN)

4'-0" 4'-6" 5'-0" 5'-6" 6'-0" 6'-6" 6'-8"

Inch TOTAL LOADS IN LBS PER SQ FT

.032 93 70 56 43 —

.036 110 82 66 58 50 45 40

.040 150 112 . 90 74 60 50 45

Cross-Corrugated Aluminum Roll Roof-

ing AND Siding: This material is available in

rolls of 50, 100 and 200 lineal feet, 28 and 48 inches

wide and .019, .024 and .032-inch thick. It is made

with either IJ^-inch or 2H-inch corrugations.

The rolls are easily unrolled on the surface to be

covered and the matching corrugations nest to

form a tight, snug-fitting covering without the need

of side laps, as one roll will easily cover the full

width of an ordinary building.

7.3 ROOF DECK
The aluminum roof deck in Figure 7-20 is fabricated

from mill finish aluminum sheets, .032, .036 and

.040-inch thick, in an alloy and temper carefully

selected to offer the desired strength combined

with optimum resistance to corrosion. The sheets

are formed into panels having six stiffener ribs

1.75 inches deep and 4.8 inches center to center,

shaped to combine economy of metal usage with

good structural characteristics. The sides of the ribs

are sloped to facilitate nesting of panels. Overall

panel width is 241^(5 inches, providing a nominal

coverage of 24 inches when applied with a one-rib

side lap as recommended. The panels are designed

with provisions for a 2-inch overlap at ends. The flat

surfaces between stiffener ribs are embossed on

.032-inch sheets to provide added rigidity. Panels

are available in lengths up to a maximum of 14 feet

5H inches in .036 and .040 inch (see Figure 7-20)

Table 7-8 lists total loads per square foot, uni-

formly distributed, with corresponding support

spacing. These loads are based on deflections not

exceeding 1/240 of the span under live load. The

loads listed will not produce a stress greater than

10,300 psi in the roof deck panels. It is suggested

that local building codes be consulted when selecting

a value from this table.

Installation: Begin application of roof deck

at eaves in the case of pitched roofs. Application on

fiat roof may begin at any corner. Lap ends of

panels; 2 inches with end laps occuring directly

over purlins. Overlap one rib at sides of panels.

Fasten roof deck panels to building structure by

means of "Rivweld" or "Topside** fasteners or No.
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.031' R.

TYP. 3

\062''R

TYP. 3

TYPICAL SECTIONS
THROUGH RIBS

5 SPACES 4.8" = 24'

PLAN AND ELEVATION

Figure 7-20: Roof deck panel details.

SECTION THROUGH STIFFENER

SECTION ON STIFFENER

14 self-tapping screws. For application with "Riv-

weld" or ''Topside" fasteners, use template for

spacing fasteners. Install fasteners on top flange of

purlin and place deck panel in position. Impale

panel on rivet by a blow from a rubber mallet, place

aluminum washer over rivet, and form head on rivet

extension by upsetting with hammer. Fasten at

every rib at eaves and ridge, and at every other rib

at end laps and intermediate purlins.

To attach roof deck panels using No. 14 self-

tapping screws, drill matching holes through

bottoms of deck ribs and purlin flanges. If deck and

purlin are drilled together, use a No. 1 (.228-inch

diameter) splitpoint drill. If drilled separately, drill

i^-inch (.250-inch) diameter through deck and

No. 1 (.228-inch diameter) through purlin. Use

aluminum washers under the heads of the self-

tapping screws, and draw the screws up to a snug

fit. To prevent loss of alignment of holes due to

creep of decking when being laid, first make an

occasional fastening and then complete the fasten-

ings (see Figure 7-21).

Fasten side laps together on approximately

24-inch centers, using No. 10 aluminum or stainless



ROOF DECK

V STEEL PURLIN

TOPSIDE TYPE 'A' FASTENER

•CLIP FASTENER

-NO. 14x-3r HEX. HEAD SELF
TAPPING SCREW AT VALLEYS ONLY

^^^^

ROOF DECK

STEEL PURLIN-

Figure 7-21: Typical cross-sections showing alternate fastening methods.

V
RIV.-WELD' COMPOSITE

STUD WELDED TO PURLIN

steel slotted-head sheet-metal screws.

Finish gables, parapets, eaves, ridges and valleys

with proper aluminum accessories, such as cant

strip, ridge or valley plate, gravel stop, end closure,

edge closure, and angle closure. Fasten accessories

to roof deck by using No. 10 aluminum or stainless

steel slotted-head sheet-metal screws 12 inches on

center. (See Figure 7-22.)

Store roof deck panels on end or on edge off the

ground in a dry location. Do not allow aluminum

roof deck panels to come in contact with fertilizers

caustic soda, nitrate, lime, salt, acids or alkalis.

Avoid handling or application methods that will

scratch, gouge or dent the aluminum surfaces.

During application, securely fasten edges of un-

completed courses to structure at completion of all

work periods.

Insulate the aluminum from steel supporting

structure with a coating of aluminum-pigmented

asphalt paint or equivalent. Insulate galvanized or

steel surfaces and masonry surfaces from aluminum

surfaces with aluminum-pigmented asphalt or

equivalent. Avoid the use of mixed installations of

copper and aluminum.

Aluminum Roof Deck Specifications:

The aluminum roof deck shall be made from .032-

inch nominal thickness (No. 20B&S gauge) or .036-

inch (No. 19 B&S gauge) or .040-inch (No. 18B&S

gauge) aluminum sheet in Reynolds roof deck alloy

and in HI 6 temper. The aluminum material shall

be structurally sound, of uniform quality and free

from harmful defects. The roof deck panels shall be

24 inches in covering width. Lengths shall be suit-

able for the support spacing but shall not exceed 22

feet 5 inches. The main ribs shall be 1 ?i-inch deep,

spaced 4.8-inch on centers, with provision for 2-inch

overlap at ends. The flat surface between stiffener

ribs shall be embossed to provide added rigidity

where required. Roof deck shall be fabricated by

acceptable methods to specifications and tolerances

established by Reynolds Metals Company.

Fastener Specifications: Fasteners shall

be of standard style and quality of any of the types

listed herein:

For Attaching Deck Purlins: Welded Stud
—

**Riv-

weld'* composite stud, i^fc-inch diameter steel

body, 6-inch diameter aluminum rivet, 1 2 2-inch



body length, ^/^-inch rivet length, with .198 I.D. x

.688 O.D. X Kr>-inch thick aluminum washer.

Clip Fastener— Topside" Type *'A" fastener

No. 11 gauge (.125-inch) zinc-dipped steel body

with aluminum rivet stud, ^-inch body diameter,

^fe-inch rivet diameter, 1 3^-inch body length,

^-inch rivet length, with .198 I.D. x .688 O.D. x

K 6-inch thick aluminum washer.

Self-Tapping Screws—No. 14, Type **Z," hex

head, ^-inch length, cadmium plated Type 410

stainless steel, self-tapping screws with .264 I.D. x

^ O.D. X Keinch thick aluminum washers.

For Fastening Side Laps and Attaching Closure

Flashing to Roof Deck: Aluminum or stainless steel

No. 10 Type **A" sheet-metal screws, slotted head,

5^-inch length.

Application Specifications: Storage, han-

dling and application of aluminum roof deck shall

be in accordance with instructions furnished by the

Reynolds Metals Company. No handling or appH-

cation methods shall be used that will scratch,

gouge or dent the aluminum surfaces. During

application, edges of uncompleted courses shall be

securely fastened to structure at completion of all

work periods. Application shall be of good work-

manship complying with established standards.

Accessory Specifications: Aluminum ac-

cessories, such as cant strip, ridge or valley plate,

gravel stop, end closure, edge closure and angle

closure shall be of 1100 or 3003 alloy or equivalent

aluminum material of .032-inch minimum thickness

(No. 20 B&S gauge). AppHcation of aluminum ac-

cessories shall be in compliance with general con-

tractor's specifications.

General Specifications: The aluminum

shall be insulated from steel supporting structure

with a coating of aluminum-pigmented asphalt

paint or equivalent. Galvanized or steel surfaces

and masonry surfaces shall be insulated from

aluminum surfaces with aluminum pigmented as-

phalt coating or equivalent. Mixed installations of

copper and aluminum shall not be used. The roof

deck panels shall be kept dry prior to application

TABLE 7-9: INSULATION VALUE ' 'U"—BTU/SF/ HR/°F
(Based on wind velocity of 15 mph, with underside exposed)

X lilUxViiCoo y2
1" iy2

Fiber Board—U = .36 .23 .17

Glass Fiber—U = .30 .19 .14

4"

11/,'

|— PLAIN END CLOSURE

6"

ALUM.
ROOF DECK

Figure 7-22 : Typical flashing accessories used in applica-

tion of aluminum roof deck. Concluded on page 200. 199
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Figure 7-22: Typical flashing accessories used in applica-

tion of aluminum roof deck. Concluded from Page 199.

and shall not be permitted to come in contact with

lime, acids or alkalis.

Loading and Support Spacing, Specifi-

cations: For recommended loading and support

spacing, see Table 7-8.

7.4 PAN TYPE ROOFING
This type roofing has been in use for many years.

The earliest known installation is on the semi-

cupolas of the Gioacchino Church in Rome.

They are covered with aluminum sheets riveted

with aluminum rivets, and are about 65 feet above

ground level and 12-15 miles from the sea. An ex-

amination in 1949 showed the exposed surface to

be covered with a granular powder that formed an

adherent coating. The unexposed aluminum had

retained its original brightness with the exception

of a few discolored strips. Generally, the roofing

was reported to be in good condition and with only

superficial atmospheric corrosion; the maximum

depth of pitting was only 3 mils.

The usual gauges in use are B&S 20 (.032-inch)

with a plain mill finish. These can be prefabricated

so that any type of roof can be covered with a

minimum of field work.

Some typical details of installing pan-type roofing

are shown in Figures 7-23 to 7-25. Minimum recom-

mended pitch for standing-seam roofing is 2 inches

in 12 inches. Flat-seam roofs are used for pitches

less than 4 inches in 12 inches, minimum pitch

3/^-inch in 12 inches. Ribbed-seam roofs (see Figure

7-26) require a minimum pitch of 4 inches in

12 inches. Roofing is applied over wood battens

as in Figure 7-27.

Batten Bar Installation: This type is suit-

able for roofs with a minimum pitch of IH inches

in 12 inches. It can be applied to pitched roofs, high

roots, domes, spires and the like. The sheets are pre-

fabricated to job specifications. The sheets are ap-

plied over one layer of 30 pound saturated felt laid on

the deck, and are joined by mechanical interlocking

joints. Figure 7-27 shows a typical application. The

lower batten bar is held to the roof deck by the

batten bar clip. The roofing sheets are hooked over



Figure 7-23: Standing-seam detail as formed on the job, for use with pan type roofing.

^ ^3
^

(A) FORMED IN THE SHOP

(B) FORMED ON THE JOB

Figure 7-24: Double lock-seam detail, for use with pan type roofing.

^,^vT rypANDED CONTRACTEDATINSTALLATION EXi'ANUtLU

Figure 7-25: Expansion joint detail, for use with pan type roofing.

the edges of this batten bar. The joint is then

covered by a batten cap which is applied by using

14 X J^-inch aluminum machine screws threaded

into the batten clip.

7.5 ROOF SHINGLES
Shingles in Figure 7-28 have a 14H-inch x 8-inch

exposed surface, and are made by Reynolds Metals.

They have a shadow-cap design and are used for



TRANSVERSE SEAM DETAIL

Figure 7-26: Ribbed-seam roofing details for use with pan type aluminum roofing.

BATTEN SEAM AS
FORMED ON JOB
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new construction or remodeling of homes, schools,

churches, institutions or commercial buildings. They

are impervious to rust, rot, and insulate by reflect-

ing heat. They are available in a stipple embossed

or wood grain finish.

Application: The shingles are applied on solid

wood decking over 30-pound asphalt saturated felt.

The sides of shingles interlock so as to form an air

space that resists capillary action of water between

shingles. Minimum roof pitch—4 inches per foot.



Figure 7-27: Batten bar installation details for use with pan type aluminum roofing.

Use at least two aluminum nails to attach each

shingle to the roof deck, employing spiral shank

nails of 13^ or 1% inches long. The following

aluminum accessories are available: Eave starters,

gable end starters, ridge caps, formed valley, flash-

ing sheet or coil, and nails.

7.6 WEATHERBOARD SIDING

The siding in Figure 7-29 has multiple clapboard-

like surfaces. It is made by Reynolds Metals. It is

used on residences, farm buildings and also com-

mercial structures. It has the same advantages as

other aluminum siding materials: It is rustproof,

rotproof, insulating, fire resistant, termite and ver-

minproof, light and strong. The sheets are 2 feet

wide, 8, 10 or 12 feet long. They are .024-inch thick,

weigh approximately 41 pounds per square. They

are available in three finishes: Smooth mill finish,

stipple embossed and wood grain embossed.

Application: Cover sheathing with water-resist-

ant building paper. Fasten siding with aluminum

nails at every other shadow line on 16-inch centers,

nailing at an angle into the corner of the shadow line.

(See Figure 7-29.) Lap panels at ends a minimum

of 2 inches. Use spiral shank nails 13^ inches

long, 6-inch head. Accessories available are inside

and outside corner posts, trim and aluminum flash-

ing. Insulate the aluminum from dissimilar metals

and masonry with aluminum-pigmented asphalt

CROSS SECTION

Figure 7-28: Aluminum roof shingle.



Figure 7-29: Application

of weatherboard siding.
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paint, and keep siding from coming into contact

with lime, acids, alkalis or mud.

7.7 FLASHING
Aluminum flashing meets a need for durable flashing

at an economical cost for homes, farm buildings,

commercial and industrial structures. It never shows

red rust or unsightly discoloration, yet it costs less

than other rustproof materials. It is non-staining

and will not mar white or light-colored masonry.

Exposed surfaces do not require painting for weather

protection. It is fire-resistant and makes an excel-

lent termite shield.

Aluminum flashing is easy to cut, shape and trim,

and holds its shape indefinitely. It is neat in appear-

ance. There is no coating or ''outer layer^* to wear or

flake off. It is solid aluminum and weathers to a

pleasing neutral finish.

The flashing material is available in flat sheets or

in rolls. The sheet comes in 18 x 48-inch sheets. No.

26 U.S. gauge (.019-inch thick). Roll flashing is

available in No. 26 U.S. gauge (.019-inch thick) in

rolls 14, 20 or 28 inches wide and 50 feet long, or

No. 24 U.S. gauge (.024-inch thick) in rolls 6 inches

wide and 100 feet long, or 20 inches wide and 50 feet

long.

This material is used for all flashing applications

such as around windows and doors, gutter flashing,

at chimneys, side walls, end walls, corners, founda-

tion damp-coursing, termite shielding and the like.

This flashing is appHed with aluminum nails.

Heavier flashing (.032-inch thick) is used for in-

dustrial buildings. It is available in sheets 36 x 120

inches and 28 x 120 inches in mill finish and 36 x 120

inches embossed. Industrial flashing is also available

in coils 14 inches wide, 186 feet long, embossed.

Industrial flashing is fastened by means of alu-

minum or stainless steel self-tapping or sheet metal

screws with aluminum backed neoprene washers.

Typical flashing details are shown in Figure 7-14.

7.8 GUTTERS, DOWN SPOUTS
AND DRAINAGE EQUIPMENT
Aluminum gutters and downspouts are permanent.

They cannot rust and will remain attractive year

after year. No painting is required for weather pro-

OGEE BOX HALF ROUND

Figure 7-30: Box type and half-round gutters.

tection. They are attractive in their natural smooth

or embossed aluminum finishes, but they can be

painted if desired.

Aluminum does away with stains, the brown of

rust or the green of corrosion on walls. In weather-

ing, aluminum forms a thin film of oxide which pro-

tects the surfaces. This oxide is non-toxic. Water

drained from aluminum is not contaminated by

this oxide, an important advantage in rural areas.

These gutters are light and strong—one-third to

one-half lighter than traditional materials for gut-

ters and downspouts. They are easier to handle,

lighter on the eaves, hangers and the nails that hold

them.

Gutters are available in two types, half round or

box type; in two finishes, plain or embossed; and are

.027-inch thick. The 4-inch OGEE is .02-inch thick.

Downspouts are plain round, corrugated round

or rectangular, of plain or embossed finished alu-

minum of .020-inch thickness. Conductor pipe and

elbows have one end crimped to fit into the adjoin-

ing piece.

Installation: Gutters and downspouts are in-

stalled with slip joints, requiring no solder. Typical

details and accessories are shown in Figure 4-69

(Chapter 4).

Hangers for gutters are also of aluminum and are

spaced 30 and 36 inches on centers. Conductor

pipe is held in place by the use of two aluminum

bands per 10-foot length of pipe.

Industrial Roof-Drainage Material is

mill finish aluminum, .032 to .188-inch thick. It is

available in unformed flat sheets, 36 inches or 48

inches wide and 96, 120 or 144 inches long, ready for



fabrication at the job site. Thickness and alloy are

selected to offer the desired strength combined with

maximum formability and resistance to corrosion.

7.9 COPINGS AND GRAVEL
STOPS
These provide a positive and permanent solution

for one of the most vulnerable spots in building con-

struction. Aluminum copings and gravel stops are

economical, durable, do not require painting or

E

Figure 7-31: Typical coping sections. "A" is for 8 and
12-inch walls, "B" and "D" are for 8-inch walls. "C" is

for any wall thickness; this type combines an extruded

shape with formed sheet aluminum. "E" is a sheet

aluminum coping, used where economy is the first consi-

deration. Variations of this basic design can easily be

executed in any sheet-metal shop.

TABLE 7-10: THICKNESS OF 3003-H14 ALUMINUM
REQUIRED FOR EAVE GUTTER CONTINUOUSLY
SUPPORTED ON ONE SIDE

MAXIMUM
LIVE LOAD MAXIMUM WIDTH OF GUTTER—INCHES

Depth
Lbs per of

Sq In. Water
in In. 6 7 8 y i A10

.1 2.77 .032" .040" .051" .051" .064"

.2 5.54 .051" .064" .064" .081" .081"

.3 8.31 .064" .064" .081" .091" .091"

.4 11.08 .v/O J.
0Q1" .125" .125"

.5 13.85 .081" .091" .125" .125" .125"

.6 16.62 .081" .091" .125" .125" .188"

.7 19.39 .091" .125" .125" .188" .188"

.8 22.16 .091" .125" .125" .188" .188"

.9 24.93 .125" .125" .188" .188" .188"

1.0 27.70 .125" .125" .188" .188" .188"

TABLE 7-11: THICKNESS OF 3003-H14 ALUMINUM
REQUIRED FOR VALLEY GUTTER CONTINUOUSLY
SUPPORTED ON BOTH SIDES

MAXIMUM TXTr.TTT:.0
LIVE LOAD MAXIMUM WIDTH OF GUTTER—INCHES

Depth
Lbs per of

Sq In. Watercjq 111. VV itbtJl

in In. 10 12 14 16 18 20 22 24 26 28

.1 2.77 .032" .032" .040" .051" .051" .064" .064" .064" .081" .081"

.2 5.54 .040" .051" .064" .064" .081" .081" .091" .091" .125" .125"

.3 8.31 .051" .064" .064" .081" .091" .091" .125" .125" .125" .188"

.4 11.08 .064" .064" .081" .091" .125" .125" .125" .188" .188" .188"

.5 13.85 .064" .081" .091" .125" .125" .125" .188" .188" .188" .188"

.6 16.62 .081" .081" .091" .125" .125" .188" .188" .188" .188"

.7 19.39 .081" .091" .125" .125" .188" .188" .188" .188"

.8 22.16 .081" .091" .125" .125" .188" .188" .188"

.9 24.93 .091" .125" .125" .188" .188" .188" .188"

1.0 27.70 .091" .125" .125" .188" .188" .188"

maintenance, and are rustproof. The extruded sec-

tions and cover plates provide a water-sealed unit

that is very simple to install. The long length of

sections speeds installation. The extruded sections

are sharp, precise and straight, which is a great ad-

vantage from the architectural point of view. There

is a variety of standard sections to satisfy most

needs. Special requirements can be met at relatively 205
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COPING DETAIL

I'-G'

l'-6"

206

OUTSIDE CORNER INSIDE CORNER

Figure 7-32 : Coping installation and accessories.

low cost. Figure 7-31 illustrates typical coping sec-

tions. Figure 7-32 shows a typical coping installa-

tion. Anchor-plate and bolt assemblies are placed

during construction. The first assembly is placed

1 foot 534 inches from face of corner; successive

anchor-plate assemblies are located at 10-foot in-

tervals. Installation procedure for coping:

1. Set mitered corner in place.

2. Loosely bolt anchor gutter bar in place.

3. Place bearing fins of coping under anchor gutter

bar allow 1 3^^ inches for expansion and contrac-

tion joint.

4. Fasten anchor gutter bar.

5. Place formed lip of joint over outside drip edge

of coping section and bend in place. Secure joint

cover to one coping section only by crimping or

with aluminum sheet-metal screw.

ALUMINUM
JOINT COVER

STAMPED ALUMIN
ANCHOR GUTTER

ANCHOR BOLT &

PLATE ASSEMBLY

ACCESSORIES

ANCHOR. GUTTER BAR. AND JOINT COVER

6. Repeat procedure at next construction joint.

Figure 7-36 shows a typical gravel stop installa-

tion and accessories. Installation procedure for

gravel stop:

1. Center sheet aluminum flashing at expansion

joint, 1 foot 6 inches from face of corner wall

and nail in place.

2. Screw mitered corner in place.

3. Slide joint cover to temporary position.

4. Place 9 foot 113/^-inch long section of extruded

gravel stop next to mitered corner with j/^-inch

expansion joint.

5. Screw gravel stop section at mid-point in two

places.

6. Place bed of plastic roofing cement at expansion

joint.

7. Slide the joint cover over the expansion joint



and then screw securely in place.

8. Repeat procedure at the next expansion joint.

7.10 THRESHOLDS
Extruded aluminum thresholds are economical in

first cost and maintenance—lowest in cost of the

non-rusting metals. There is a variety of types both

for exterior and interior doors, including floor pivot

doors.

Types designed for exterior entrances have pro-

vision for weatherstripping. The lengths of stocked

sections give flexibility in design, and the ease of

working with aluminum assures good fit and easy

installation. Tread patterns minimize slip hazards.

The thresholds are fastened in place by means of

aluminum screws. Recommended screws: No. 10

FHWS Phillips head aluminum screw for use on

wood; No. 10 FHWS Phillips head aluminum screw

with masonry plug for masonry; No. 10 FHWS
Phillips head aluminum screw for use on metal.

Space fastenings not over 10 inches apart, using

one row of screws in center of thresholds not over

4 inches wide, and two rows of screws with staggered

spacing in thresholds over 4 inches wide. See Fig-

ures 7-37 and 7-38.

7.11 WINDOW SILLS

Extruded aluminum window sills are economical,

and the exactness of the extruded sections guaran-

tees the crisp appearance that modern architecture

demands. The light weight of the single long

sections makes the installation simple. Accessories

ensure a watertight job. There is no rusting; no

painting is needed; and there is no discoloration of

adjoining surfaces.

Since the extruded sections are thin, the sill can

be extended into the masonry joint of the jamb. In

this case, the bedding mortar must be raked away

from the end of the sill to permit free expansion;

it is then caulked. In other instances, the extruded

section can simply be cut to length, brought up to

the masonry jamb and caulked.

In the case of long sills or continuous sills with

butted sections, expansion space of about 0.02-inch

per foot of length must be provided. Long sills must

be secured with anchor clips not more than 3 feet

Figure 7-33: Standard gravel stops.

2)4 " .

2^%"

4

Figure 7-34: Combination gravel stops. At left: One-
piece extrusion that combines gravel stop, cant strip

terminal cap for roof membrane and fascia band. At
right: Combination gravel stop, coping, terminal cap
for roof membrane and fascia band.

2"

Figure 7-35: Fascia and soffit drip plates. Gravel stops
are often used in combination with additional extruded
aluminum fascia plates and soffit drip plates.



apart. Sill surfaces in contact with masonry and

other materials must be properly protected. After

sills have been installed, their exposed surfaces

should be protected with paper or light boards dur-

ing construction.

In addition to the standard window sills shown

in Figure 7-39, special sills may be extruded to

comply with special job requirements. The die

charge is negligible when prorated over the quantity

. of sills required for a large size building.

7.12 SAFETY TREADS
In public buildings, industrial plants and other

places where treads will receive heavy traffic, rough

usage or exposure, it is necessary to use plates,

treads and nosings with special surfacing. Accom-

panying illustrations show typical examples.

Safe-Groove Treads: These are used where

fine appearance is a factor, such as in office build-
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THRESHOLD AS INSTALLED OVER EXTERIOR

WOOD SILL A X D I N T E R I 0 R WOOD FLOOR.

5', 6". r

THRESHOLDS

Figure 7-37: Standard extruded aluminum thresholds.

ings, churches, schools and the like. Absolute uni-

formity of size and thickness makes them particu-

larly adaptable in combination with other floor ma-

terials to ensure a perfect fit. The heat-treated ex-

truded aluminum base has fillers of anti-slip lead or

of abrasive grits. Figure 7-40 shows examples of var-

ious types. Treads are available with long nosing,

THRESHOLD USED AT DOUBLE-ACTING DOOR.

SHOWING WOOD FLOOR IN ONE ROOM AND*

LINOLEUM OVER PLYWOOD IN THE OTHER.

THRESHOLD OVER WOOD FLOOR ACTING AS

LINOLEUM STOP.

Figure 7-38: Typical threshold installations. These are

concluded on Page 210.
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THRESHOLD USED OVER EXTERIOR CONCRETE

SILL. THE INTERIOR FLOOR IS WOOD LAID

OVER CONCRETE SLAB.

ALUMINUM THRESHOLD FOR W E A T H E R S T R I P P E B

DOOR. SHOWN WITH EXTERIOR STONE SILL

AND INTERIOR FLOOR OF TILE LAID OVER

CONCRETE SLAB.
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THRESHOLD FOR WEATHER STRIPPED
DOOR SHOWN 0 \' E R EXTERIOR MASONRY SILL.

INTERIOR FLOOR IS LINOLEUM LAID OVER

CONCRETE SLAB.

Figure 7-38: Typical threshold installations, concluded.

lip nosing, square back, beveled back in widths up

to 6 inches. Flat plates that can be combined with

treads are available in 3, 4 and 6-inch widths. The

thickness of these sections is M-i^ch, maximum

length available is 12 feet. Figure 7-41 shows typical

installation details. The treads are attached with

wing-type anchors to concrete, marble, steel pan

stair or with screws to wood.

Abrasive Cast Thresholds and SiLLS:Fig-

ure 7-42 shows example of threshold and elevator

sill. In addition to standard sections, special sec-

tions to meet individual requirements are made to

order.

Abrasive Cast Treads: Diamond hard alu-

minum oxide grits are securely imbedded into the

walking surface during the casting process. Figure

7-48 shows typical plates, nosings, and stair or lad-

der treads.

Figure 7-44 shows typical nosing applications on

concrete and steel pan, and also structural use on

stairs and ladders. Also shown is an example of plat-

form construction.

Abrasive Cast Expansion Plates: These

provide non-slip, long wearing safety where they

are subjected to pedestrian traffic. Figure 7-45 illus-

trates various types. Plates are available in widths

up to 16 inches and lengths up to 8 feet 6 inches.

Abrasive Cast Floor Plates: Available in

12, 24, 32 and 44-inch widths in thicknesses of

J, yy and %-inch, respectively. Crosshatch surface

recommended.

Trench and Drain Covers: Available in solid

plates (24 and 44 inches wide), with diamond open-

ings (24 and 44 inches wide) and with open slots

(36 inches wide). See Figure 7-46 for setting in cast

frame.

Abrasive Cast Curb Bars: Available in

lengths of 5 feet maximum. Section shown in Fio:ure

7-47.
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For unit sills not over 6 feet

A B C D E F t

WEIGHT
PER
FOOT

3^6" 3" l^le" Ks" Jfe" %2" .524

31^6" 3H" 11^2" %2"' .574

4K6"'
4" m' ^fe" 5^2"' .636

41^6" 4}^" 12^2" 9/ "
73 2 H^" VZ2" .691

bKe" 5" 1^2" H^' Hi" .746

1^2" 12%2"' 13^2" H^' .804

63^" 6" y%" 1.147

7" 61^" «/^" '%2" \/"
78 1.222

7^" 7" 11^6" Ke" He" Vs" 1.297

12?^2"' 1^2" H" 1.716

8^6" 8" >?^2" H" 1.710

gKe" 8H" 1%2" 1^2" %2 1.903

Standard warehouse length- 20 feet

Figure 7-39: Standard window sills. See also Page 212.

7.13 VAULT FRAMES, GRATINGS,
LADDER RUNGS AND STEPS

Vault Frames and Gratings of aluminum

are frequently used in access panels to transformer

vaults and junction boxes, manholes, for walkways

and catwalks in boiler houses, refineries, ships and

the like. In applications exposed to weather, their

carefully designed tapers and close tolerances of

mating sections minimize penetration of surface

water. Their high resistance to corrosion assures

ready access in emergencies. Inspection and main-

tenance are substantially reduced. The non-spark-

ing characteristic of aluminum makes it especially

suitable for use in vaults where explosive gases or

dust accumulate. The favorable weight to cross-

SILL AND STOOL FOR NARROW OPENINGS IN

BRICK VENEER WALL CONSTRUCTION

r— ALUM IX I'M STOOL

OPENIN(; MAXIMUM 6'-0"

SILL LENCTH

section ratio of aluminum frames and gratings as-

sures a minimum of dead load with increased mo-

bility.

Figure 7-48 shows a standard vault frame and a

cross-section of a vault cover with hinged grating.

Figure 7-49 shows typical standard gratings.

Ladder Rungs and Steps: Designed for con-

crete, brick or concrete block construction, these

are used in manholes, and for ladder installation on

stacks and side walls. They are especially suitable

for sanitary and sewage systems for their non-spark-

ing characteristic and ability to withstand the cor-

rosive effects of these highly humid and gas-laden

atmospheres.

Figure 7-50 illustrates the flat rungs and the 211
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For unit sills over 6 feet and continuous sills

A B C D E F t

WEIGHT
PER
FOOT

2M" %" 1>?16" He"
\/"
rs .767

4" 123^2" F32" He"
\/"
rs .842

SM" ^" VA" H" He"
\/"
rs .919

5" 12%2" 9/ "
He"

\/"
rs .994

lis^s" He" Xh 1.067

6" im/ He"
\/"
rs 1.141

2" He" H2" 1.529

2H6" Ke" He" yz2" 1.716

714" 'He" 2?^ 2" H" He" 2.189

S}4" 'He" 2%2" 1^32" H" He 2.414

Standard warehouse length—20 feet

ANCHOR CLIP

0 P E N' I N G

nr

JOINT COVER

SILL LENGTH < MAX. 20') SILL LENGTH (MAX 20')

JOINT COVER

4 V

212

V ANCHOR CLIPS SPACED MAX 3'-0" 4" 4" ANCHOR CLIPS SPACED MAX S'-O" 4"

Figure 7-39: Standard window sills. Concluded from Page 211.
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Figure 7-40: Typical safe-groove treads.
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Figure 7-41 : Safe-groove tread installation details.

7.14

Figure 7-42: Abrasive cast threshold and elevator sill.

safety step v^hich prevents side slip of the foot. The

steps have a minimum tensile strength of 38,000 psi.

Projected 6 inches from the wall, the cross bar will

carry 1000 pounds without permanent deformation,

1500 pounds when projected 4 inches.

7.14 WINDOWS
Window areas have increased considerably in recent

years. Instead of the traditional isolated window,

windows are often found in continuous strips or

window walls. Frequently, the windows are partly

fixed. This trend has increased the importance of

aluminum, which not only ensures better appear-

ance and smoother operation but also provides

greater economy and reduced maintenance. Alumi-

num windows occupy an outstanding place in this

respect.

Advantages:
Strength of material permits slender members.

Light weight facilitates erection.

No painting needed.

Rustproof, non-staining.

Rotproof, termite-proof.

Corrosion resistant.

Fire resistant.

Not subject to swelling, splitting, warping.

Easy to clean.

Attractive appearance of narrow frames, in-

creased glass areas.

Pleasing aluminum finish.

Types: A variety of types, sizes and grades offers

a wide choice for all uses from residential to com- 213
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mercial, institutional, industrial, monumental and

other specialized applications.

Specifications: To facilitate the specification,

the Aluminum Window Manufacturers Association

set up standard specification requirements for the

following types: Double-hung, casement, projected,

awning and sliding windows.

These specifications and minimum structural

standards covering quality of materials, construc-

tion, strength of sections and minimum air infiltra-

tion requirements were established by the Associa-

tion for the protection of all who specify, buy or use

aluminum windows. Use of the "Quality-Approved"

Seal is not limited to members of the Association.

Any manufacturer whose windows, when tested by

the independent Pittsburgh Testing Laboratory,

meet these minimum standards, can qualify for use

:z :z:

< < <
o~,

m m tfi

5", 6% 7". 8\ 9^ lo^ ll^ \r

thickness

Pi

0 o o
CZ4 (X4 Pch

1 ^

11 2" max.

< < <

WIDTH THICKNESS

18*'

30"

44" -He'

WIDTH

18"

30"

44"

44"

44*

5^ 6", r, 8^ 9". lo^ iv, 12"

thickness

Kg"

'A'

thickness

CO

c«000
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214 .Figure 7-43 : Typical abrasive cast treads.



PLAIN. FLUTED,
CROSSHATCH
THICKNESS y^"

AND »4"

PLAIN. WITH INTER-
LOCKING EDGE
T H I CMC N E S S - M I N Vi"

PLAIN OR FLUTED
T H I C K N E S S M I N . S/fe'

Figure 7-45: Abrasive cast expansion plates. See also the

top of the next column on this page.

of the '^Quality-Approved" Seal.

The "Quality-Approved" Seal, featuring the

copyrighted emblems of the Aluminum Window

Manufacturers Association and of the Pittsburgh

Testing Laboratory, is the joint guarantee of the

Association and of the Laboratory, first (on the part

of the Association) that these minimum specifica-

tions constitute the best judgment and experience

of many years of responsible aluminum window

manufacture and that, if followed in letter and

spirit, will ensure a worthy product, and second (on

the part of the Laboratory) that a sample of a par-

ticular window on which the ''Quality-Approved"

Seal is displayed did, in fact, meet or exceed these

exacting requirements. 215



Figure 7-49: Standard gratings.

In an endeavor to simplify the writing of speci-

fications for ''Quality-Approved'' aluminum win-

dows the Technical Committee of the Aluminum

Window Manufacturers Association offers a short

form specification as well as a complete master speci-

fication in two parts.

Use of the short form is recommended wherever

possible. It may be used for any aluminum window

merely by inserting the specific type or types

ordered. The short form will save time, yet its use

will assure full compliance on the part of the bidder

with the complete detailed specification.

Where a complete detailed specification is required

copy Section 1 in full. Then, follow with the specific

portion of Section 2 that covers the type of windows

to be used.

Short Form Specification: The following is

a short form specification covering aluminum windows:

All aluminum windows of the types and sizes

shown on the drawings and to be furnished under

this contract shall be manufactured by

or or equal to conform

to all requirements for ''Quality-Approved" alumi-

num windows in the Aluminum Window Manufac-

turers Association Master Specification (choose the

applicable designation (s) from the following):

DH-Al—Double-Hung (and Single-Hung) Win-

dows for Residential Type Buildings

DH-A2—Double-Hung (and Single and Triple-

Hung) Windows for Comn^rcial Type Buildings

DH-A3— Double-Hung (and Single and Triple-

Hung) Windows for Monumental Type Buildings



C-Al— Casement Windows for Residential Type

Buildings

C-A2—Casement Windows for Commercial Type

Buildings

C-A3—Casement Windows for Monumental Type

Buildings

P-Al—Projected Windows for Residential Type

Buildings

P-A2—Projected Windows for Commercial and

Monumental Type Buildings

A-Al—Awning Windows for Residential Type

Buildings

A-A2—Awning Windows for Commercial and

Monumental Type Buildings

DS-Al—Double-Sliding (and Single-Sliding) Win-

dows for Residential Type Buildings

as published in Sweet's File, Architectural, latest

edition, and available from the Aluminum Window

Manufacturers Association, 74 Trinity Place, New

York 6, N. Y. Erection, glass, glazing cHps, glazing

compound, glazing, caulking compound, caulking,

grouting and cleaning after erection shall be by

others.

Master Specification: To form a complete

specification to cover aluminum windows of one or

more types which you desire for your requirements^ use

Section 1 in its entirety and combine with it one or

more of the following portions of Section 2:

DH-Al—Double-Hung (and Single-Hung) Win-

dows for Residential Type Buildings (Page 220)

DH-A2—Double-Hung (and Single and Triple-

Hung) Windows for Commercial Type Buildings

(Page 221)

DH-A3—Double-Hung (and Single and Triple-

Hung) Windows for Monumental Type Buildings

(Page 223)

C-Al—Casement Windows for Residential Type

Buildings (Page 225)

C-A2—Casement Windows for Commercial Type

Buildings (Page 227)

C-A3—Casement Windows for Monumental Type

Buildings (Page 230)

P-Al—Projected Windows for Residential Type

Buildings (Page 231)

P-A2—Projected Windows for Commercial and

Figure 7-50: Safety step and flat rung.

Monumental Type Buildings (Page 233)

A-Al—Awning Windows for Residential Type

Buildings (Page 234)

A-A2—Awning Windows for Commercial and

Monumental Type Buildings (Page 236)

DS-Al—Double-Sliding (and Single-Sliding) Win-

dows for Residential Type Buildings (Page 239)

Section 1: This section contains the general re-

quirements applicable to all aluminum windows and

is to be used in conjunction with Section 2.

1.1 General and Scope: All aluminum win-

dows of the types and sizes shown in the plans and/or

as called for in this specification shall be furnished

with all necessary hardware, anchors and miscel-

laneous equipment as herein specified and shall be

manufactured by or

or equal. Erection, glass, glazing clips,

glazing compound, glazing, caulking compound,

caulking, grouting and cleaning after erection shall

be by others.

1.2 Materials:

1.2.1 Window Members. All window members in-

cluding muntin bars shall be of aluminum. Alumi-

num shall be of commercial quality and of proper

alloy for window construction, free from defects

impairing strength and/or durability. The alumi-

num alloy used shall contain not more than 0.4 per-

cent copper. Reinforcing members, if used, shall be

of aluminum or non-magnetic stainless steel. Mate-

rial thickness for aluminum members shall be such

as to adequately perform the functions for which

they are designed.

1.2.2 Fasteners. Screws, nuts, washers, bolts,
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Figure 7-51 : Modular sizes and muntin arrangements of

residential type double-hung windows.

rivets and other miscellaneous fastening devices in-

corporated in the windows shall be of aluminum,

non-magnetic stainless steel or other non-corrosive

materials compatible with aluminum and shall be of

•sufficient strength to perform the Junctions for

which they are used. Plated or coated materials are

not permitted.

1.2.3 Hardware, Hardware having component

parts which are exposed shall be of aluminum, non-

magnetic stainless steel or other non-corrosive mate-

rials compatible with aluminum and shall be of

sufficient strength to perform the functions for

which it is used. Plated or coated materials not com-

patible with aluminum are not permitted unless

properly insulated from the aluminum.

1.2.4 Weatherstrip. Weatherstrip where used shall

be of material which is compatible with alumi-

num.

1.2.5 Moving Parts, There shall be no aluminum-

to-aluminum contact between hardware parts or

window members which are required to move rela-

tive to one another and at the same time remain in

contact.

1.2.6 Anchors. All anchoring devices used in the

erection of the windows shall be of aluminum, non-

magnetic stainless steel or other non-corrosive mate-

rials compatible with aluminum. Steel anchors may

be used provided that they are insulated properly

from the aluminum.

1.3 Construction:

1.3.1 Assembly. The windows shall be assembled

in a secure and workmanlike manner to perform as

hereinafter specified and to assure neat, weather-

tight construction. A permanent watertight joint

shall be made at the junction of the sill and side-

frame members. Individual windows having ven-

tilating units shall be completely assembled at the

plant of the manufacturer ready for shipment as a

unit, except that muntin installation may be at the

factory or in the field. When welding flux is used, it

shall be completely removed immediately upon com-

pletion of the welding operation.

1.3.2 Hardware. The hardware shall be designed

to perform the functions for which it is intended and

shall be securely attached to the window.

1.3.3 Mullions. Where multiple-unit openings

occur, the individual window units shall be joined

together with the manufacturer's standard vertical

mullion. Where special vertical or horizontal mul-

lions are required for architectural or structural



reasons, they shall be furnished by others unless

otherwise specified.

1.3.4 Glazing, Windows shall be designed for glaz-

ing with }4-mch glass unless otherwise specified.

Adequate provision shall be made for use of glazing

compound and, if specified, glazing beads of any

material compatible with aluminum.

1.4 Finish: The exposed surfaces of all aluminum

members shall be cleaned to make them reasonably

uniform in color and free from serious surface blem-

ishes. If exposed welded joints are used, they shall

be dressed flush and finished to match adjacent sur-

faces.

1.5 Protective Coating:

1.5.1 Windows. A suitable protective coating shall

be applied to all frame and sash members after fab-

rication. This applied coating on the aluminum sur-

face must be such as to withstand the action of lime

mortar for a period of at least one month in an

atmosphere of 100 percent relative humidity at room

temperature. The coating used shall be of a type to

which the glazing compound will adhere. The pre-

ferred coating is a clear water-white methacrylate

type lacquer, resistant to alkaline mortar and plas-

ter. Before application of the protective coating the

manufacturer shall remove all fabrication com-

pounds, dirt accumulations and/or steel wool fibers

deposited by abrasion cleaning.

1.5.2 Sub-Frames, If steel sub-frames are used, all

surfaces of the steel shall be insulated from direct

contact with aluminum surfaces by a heavy coat of

an alkali-resistant bituminous paint or a zinc-chro-

mate primer coat or other coating suitable for this

purpose. If wood sub-frames are used, the wood

shall be properly treated with a preservative which

will not promote corrosion of the aluminum. No

part of the steel or wood sub-frame shall be left ex-

posed on exterior of building.

1.6 Air Infiltration: The manufacturer shall,

when requested, furnish photostatic copies of a test

made on a window identical in construction with

windows being furnished under this specification.

The test shall be made by a recognized testing lab-

oratory showing that air infiltration did not exceed

the applicable maximum limit as specified in Section

2 below. The amount of air infiltration shall be meas-

ured in terms of cubic feet per minute per foot of

crack length when the window is subjected to a

static air pressure equal to the pressure exerted by

wind at a velocity of 25 miles per hour.

1.7 Screens: Screens, where called for, shall be

of manufacturer's standard design, have aluminum

or non-magnetic stainless steel frames and be wired

with 16 X 16 or 18 x 14 mesh aluminum wire cloth.

The screen spline shall be aluminum or other suit-

able material compatible with aluminum. Assembly

of the screens shall be in accordance with the con-

struction standards set forth above. Suitable secur-

ing devices shall be furnished.

1.8 Drawings and Installation Details:

The window manufacturer shall furnish standard

details showing recommendations for the instal-

lation of the windows.

1.9 Erection: The erection contractor shall se-

curely anchor windows in place to a straight, plumb

and level condition, without distortion of the win-

dows and shall make final adjustment for proper

operation of ventilating units after glazing.

1.10 Caulking: Windows shall be properly

caulked by others with a suitable compound to

accomplish a thoroughly weathertight installation

around the perimeter of the window frame and wall

opening.

1.11 Glazing: The glazing contractor shall fur-

nish a glazing compound which shall have a com-

position particularly adapted for use with aluminum

windows and shall not require painting to protect it

from drying out or deterioration. Any material to

which the glazing compound will not readily adhere

shall be removed from the glazing surfaces by the

glazing contractor. If a methacrylate type lacquer

has been apphed as the protective coating, it need

not be removed. Glazing clips, or glazing beads if

specified, shall be used with the glazing compound.



The glass shall rest upon shims installed in accord-

ance with accepted glazing procedure so that it will

not rest upon any aluminum member.

1.12 Cleaning After Erection: All exposed

portions of the windows shall be cleaned by others

after the painting and finishing of the building is

completed.

Note: To complete the specification add here one or

more portions of Section 2.

Section 2: This section contains the specific re-

quirements applicable to particular types and classes

of aluminum windows, and is to be used in conjunction

with Section 1

.

Specification DH-Al: Double-Hung (and

Single-Hung) Windows for Residential

Type Buildings. Section 1 in its entirety is a

part of this specification.

2.1.1 Materials: Main frame and sash members

shall be not less than 0.062-inch in thickness.

2.1.2 Construction: 2.1.2.1 Cut-outs to give

access to the sash balances shall be neat and closely

fitted. Meeting rails shall contact tightly with each

other or with weatherstrips and with wedge blocks

at jambs when closed.

2.1.2.2 Where single-hung windows are specified

they shall meet all provisions applying to double-

hung windows except that only one sash shall be

required to operate.

2.1.3 Hardware: The windows shall be equipped

with locks and lifts of suitable non-ferrous or non-

magnetic stainless steel materials. Sash shall operate

freely and be equipped with balancing mechanisms

or other devices which will hold both sash stationary

at any open position. The mechanisms used shall be

easily accessible. Balances shall be installed in the

plant of the manufacturer.
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2.1.4 Performance Requirements:

2.1.4.1 Physical Load Tests: Note: Sample sub-

mitted for Physical Load Test shall be of manufac-

turer's largest standard size, of standard construction,

and at least 3 feet wide by 5 feet high.

A.—Horizontal Load Test. A concentrated load of

20 pounds, acting horizontally and applied at the

center of the span of any horizontal sash rail assem-

bled in the sash, shall not cause, before the sash are

glazed, a horizontal deflection of more than 1/175

of its span and in no case shall the deflection exceed

.219-inch.

B.—Vertical Load Test. A concentrated load of

20 pounds, acting vertically and applied at the cen-

ter of the span of any horizontal rail assembled in

the sash, shall not cause, before the sash are glazed,

a vertical deflection of more than 1/375 of its span

and in no case shall the deflection exceed .094-inch.

C—Uniform Load Test. Under an exterior uni-

form load of 10 pounds per square foot no member

in completely assembled window without muntins,

glazed, closed and locked, continuously supported

around its outside perimeter and securely anchored,

shall deflect more than 1/175 of its span. Note: The

span length of any horizontal sash member shall be

considered as equal to the overall width of the sash pro-

vided for that size of window.

2.1.4.2 Air Infiltration Test. When tested in ac-

cordance with the procedure as outlined in Section

1 under Air Infiltration, the air infiltration shall

not exceed H cubic foot per minute per foot

of crack length with sash in closed position and

locked. The sash shall have been adjusted to operate

in either direction with a force not exceeding 20

pounds after the sash is in motion. The nominal size

of the window tested shall be 3 feet wide by 5 feet

high or have a frame and integral sash perimeter

equal thereto.

Manufacturers: The following companies manu-

facture a DH-Al type window which meets these speci-

fications and are eligible to display the "'Quality-

Approved'' Seal. Ceco Steel Products Corporation

{Sterling Aluminum Window Division), 5601 West

26th St., Chicago 50, 111. (Series. 50-B). Cupples

Products Corp., 2650 So. Hanley Road, Maplewood,

St. Louis 17, Mo. {Series 200-B). Michael Flynn

Mfg. Co., 700 East Godfrey Ave., Philadelphia 24,

Pa. {Lupton DH). General Bronze Corporation

{Alwintite Division), Stewart Ave., Garden City,
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Figure 7-52: Typical double-hung window installations !

N. Y. (Alwintite, Series DHA-0), Luria Building

Products, Inc. Box 27, Bristol, Pa. (Series 60).

Metal Arts Mfg. Co., Inc., Harwell & Oakcliff Rd.,

Atlanta, Ga. (Metalart, Series 100-E). J. S. Thorn

Co., 8501 Hegerman St. Philadelphia 36, Pa.

iSeries A-200). Windalume Corporation, Route

46, Kenvil, N. J. {Series 100),

Specification DH-A2: Double-Hung (and

Single and Triple-Hung) Windows for

Commercial Type Buildings. Section 1 in

its entirety is a part of this specification,

2.2.1 Materials: Main frame and sash members

WITHOUT FIN

residential type buildings with and without fins.

(excluding sills) shall not be less than 0.062-inch in

thickness. Sill members not reinforced by sub-

frames or by proper stiffening ribs shall not be less

than .078-inch in thickness.

2.2.2 Construction: 2.2.2.1 Cut-outs to give

access to the sash balances shall be neat and closely

fitted. Meeting rails of sliding sash shall contact

tightly with each other or with weatherstrips and

with wedge blocks at jambs when closed.

2.2.2.2 Where single-hung or triple-hung win-

dows are specified they shall meet all provisions

applying to double-hung windows except that one

sash and three sash respectively shall be required to

operate.
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2.2.3 Hardware: 2.2.3.1 The lower sash shall

have two grips or bar lifts attached to the lower

rail or shall have a continuous lift, except that for

sash less than 3 feet wide between stops one grip or

bar lift will be required.

2.2.3.2 When specified, the upper sash shall have

two pull handles at the underside of its meeting

rail, except that for sash less than 3 feet wide be-

tween stops one pull handle will be required.

2.2.3.3 Where meeting rails are over 6 feet above

the finished floor, pull handles shall be omitted and

the upper sash shall be provided with a pull-down

socket at the inner side of its top rail for pole opera-

tion.

2.2.3.4 Unless otherwise specified, holes for shade

brackets shall be omitted. If shade brackets are

specified, provision for them shall be made on all

windows by two clear holes, to receive self-tapping

screws, spaced 1}4 inches on center and located in

the upper corner of each window, as directed by the

architect. Shade brackets will be furnished and in-

stalled under another contract.

2.2.3.5 Sash shall operate freely and be equipped

with balancing mechanisms or other devices which

will hold sash stationary at any open position. The

mechanisms used shall be easily accessible. Balances

shall be installed in the plant of the manufacturer.

2.2.3.6 Unless otherwise specified, provision for

window cleaner anchors shall be omitted. If window

cleaner anchors are specified to be secured to the

window frame, the frame shall be reinforced as may

be required to receive the window cleaner anchors,

and the window frames shall be anchored securely

to the wall construction at the point of application

of the window cleaner bolts.

2.2.4 Performance Requirements:

2.2.4.1. Physical Load Tests. Note: Sample sub-

mitted for Physical Load Tests shall he of manu-

facturer's largest standard size, of standard construc-

tion, and at leasts feet 6 inches wide by 7 feet 6 inches

high.

A,—Horizontal Load Test. A concentrated load of

30 pounds, acting horizontally and applied at the

center of the span of any horizontal sash rail, shall

not cause, before the sash are glazed, a horizontal

Figure 7-53: Typical double-hung commercial type win-

dow installation.

deflection of more than 1/175 of its span and in no

case shall the deflection exceed .250-inch.

B,—Vertical Load Test. A concentrated load of

30 pounds, acting vertically and applied at the

center of the span of any horizontal sash rail, shall

not cause, before the sash are glazed, a vertical

deflection of more than 1/375 of its span and in no

case shall the deflection exceed .160 inches.

C.—Uniform Load Test. Under an exterior uni-

form load of 15 pounds per square foot, no member



in a completely assembled window without muntins,

glazed, closed and locked, continuously supported

around its outside perimeter and securely anchored,

shall deflect more than 1 175 of its span. Note:

The span length of any horizontal sash member shall

be considered as equal to the overall width of the sash

provided for that size of window,

2.2.4.2 Air Infiltration Test. When tested in ac-

cordance with the procedure as outlined in Section

1 under Air Infiltration, the air infiltration shall

not exceed 14 cubic foot per minute per foot

of crack length with sash in closed position and

locked. The sash shall have been adjusted to operate

in either direction with a force not exceeding 35

pounds after the sash is in motion. The nominal

size of the window tested shall be 4 feet wide by

6 feet high or have a frame and integral sash perim-

eter equal thereto.

2.2.5 Drawings and Installation De-

tails: Shop drawings shall be submitted, in tripli-

cate, for approval. Drawings will show elevations of

windows, full-size sections of sash and frames, de-

tails of construction, hardware and methods of

anchoring window frame in the opening.

2.2.6 Glazing : If bead glazed windows are speci-

fied, provision shall be made for the glass to be held

in place by aluminum glazing beads, neatly fitted

and securely attached to the sash members, and so

designed that the glass may be bedded in glazing

compound on both sides of the glass.

Manufacturers: The following companies manufac-

ture a DH-A2 type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'* Seal. Ceco Steel Products Corporation

{Sterling Aluminum Window Division), 5601 West

26th St., Chicago 50, 111. (Series 150-B and 200-B).

Cupples Products Corp., 2650 So. Hanley Road,

Maplewood, St. Louis 17, Mo. {Series U90 and SO).

General Bronze Corp., Stewart Ave., Garden City,

N. Y. (Permatite, Series DHA-3). Luria Building

Products, Inc., Box 27, Bristol, Pa. {Series 100).

J. S. Thorn Co., 8501 Hegerman St. Philadelphia

36, Pa. iSeries A-500). Windalume Corporation,

Route 46, Kenvil, N. J. {Series 200).

Specification DH-A3: Double-Hung (and

Single and Triple-Hung) Windows For

Monumental Type Buildings: Sedzon 1 in

its entirety is a part of this specification,

2.3.1. Materials: Main frame and sash mem-

bers (excluding sills) shall not be less than 0.062-

inch in thickness. Sill members not reinforced by

sub-frames or by proper stiffening ribs shall not be

less than .094-inch in thickness.

2.3.2 Construction: 2.3.2.1 Cut-outs to give

access to the sash balances shall be neat and closely

fitted. Meeting rails of sliding sash shall contact

tightly with each other or with weatherstrips and

with wedge blocks at jambs when closed.

2.3.2.2. Where Single-Hung or Triple-Hung win-

dows are specified they shall meet all provisions ap-

plying to Double-Hung windows, except that one

sash and three sash respectively shall be required to

operate.

2.3.3 Hardware: 2.3.3.1 The lower sash shall

have two grips or bar lifts attached to the lower rail

or shall have a continuous lift, except that for sash

less than 3 feet wide between stops one grip or bar

lift will be required.

2.3.3.2 Where specified, the upper sash shall have

two pull handles at the underside of its meeting

rail, except that for sash less than 3 feet wide be-

tween stops one pull handle will be required.

2.3.3.3 Where meeting rails are over 6 feet above

the finished floor, pull handles shall be omitted and

the upper sash shall be provided with a pull-down

socket at the inner side of its top rail for pole

operation.

2.3.3.4 Unless otherwise specified, holes for shade

brackets shall be omitted. If shade brackets are

specified, provision for them shall be made on all

windows by two clear holes, to receive self-tapping

screws, spaced 1}4 inches on center and located in

the upper corner of each window, as directed by the

architect. Shade brackets will be furnished and in-

stalled under another contract.

2.3.3.5 Sash shall operate freely and be equipped

with balancing mechanisms or other devices which



Figure 7-54: Typical installations with fin.

Figure 7-55: Typical installations with fin stop.

will hold sash stationary at any open position. The

mechanisms used shall be easily accessible. Balances

shall be installed in the plant of the manufacturer.

2.3.3.6 Unless otherwise specified, provision for

window cleaner anchors shall be omitted. If window

cleaner anchors are specified to be secured to the

window frame, the frame shall be reinforced as may

be required to receive the window cleaner anchors,

and the window frames shall be anchored securely

to the wall construction at point of application of

the window cleaner bolts.

2.3.4 Performance Requirements:
2.3.4.1 Physical Load Tests. Note: Sample snh-

mitted for Physical Load Tests shall be of manufac-

turer's largest standard size^ of standard construction,

and at least 5 feet 6 inches wide by 10 feet high.

A.—Horizontal Load Test. A concentrated load of

40 pounds, acting horizontally and applied at the

center of the span of any horizontal sash rail, shall

not cause, before the sash are glazed, a horizontal

deflection of more than 1/175 of its span and in no

case shall the deflection exceed .312-inch.

B.— Vertical Load Test. A concentrated load of 40

pounds, acting vertically and applied at the center

of the span of any horizontal sash rail, shall not

cause, before the sash are glazed, a vertical de-

flection of more than 1/375 of its span and in no

case shall the deflection exceed .188-inch.

C.— Uniform Load Test. Under a minimum ex-

terior uniform load of 15 pounds per square foot no

member in a completely assembled window with-

out muntins, glazed, closed and locked, continu-

ously supported around its outside perimeter and

securely anchored, shall deflect more than 1/175 of

its span. Note: The span length of any horizontal sash

member shall be considered as equal to the overall

width of the sash provided for that size of window.

2.3.4.2 Air Infiltration Test. When tested in ac-

cordance with the procedure as outlined in Section

1 under Air Infiltration, the air infiltration

shall not exceed ^2 cubic foot per minute per foot

of crack length with sash in closed position and

locked. The sash shall have been adjusted to

operate in either direction with a force not exceed-

ing 45 pounds after the sash is in motion. The
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Figure 7-56: Standard size casement windows.

nominal size of the window tested shall be 4 feet

wide by 6 feet high or have a frame and integral

sash perimeter equal thereto.

2.3.5 Drawings and Installation De-

tails: Shop drawings shall be submitted in tripli-

cate, for approval. Drawings shall show elevations

of windows, full-size sections of sash and frames,

details of construction, hardware and methods of

anchoring window frame in the opening.

2.3.6 Glazing: If bead glazed windows are speci-

fied, provision shall be made for the glass to be held

in place by aluminum glazing beads, neatly fitted

and securely attached to the sash members, and so

constructed that the glass may be bedded in glazing

compound on both sides of the glass.

Manufacturers: The following companies manu-

facture a DH-A3 type window which meets these speci-

fications and are eligible to display the ''Quality-Ap-

proved'' Seal Ceco Steel Products Corporation

{Sterling Aluminum Window Division) 5601 West

26th St., Chicago 50, 111. {Series 200-B). Cupples

Products Corp., 2650 So. Hanley Road, Maple-

3'-r 4'-5>/8 7.14
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wood, St. Louis 17, Mo. {Series 500 and 1^95),

General Bronze Corp., Stewart Ave., Garden City,

N. Y. {Permatite, Series DHA-3 and DHA-5),

J. S. Thorn Co., 8501 Hegerman St., Philadelphia

36, Pa. {Series A-5000). Windalume Corporation,

Route 46, Kenvil, N. J. {Series 300 and 350).

Specification C-Al: Casement Windows
For Residential Type Bvildings: Section

1 in its entirety is a part of this specification,

2.4.1 Materials: Main frame and sash mem-

bers shall not be less than .062-inch in thickness. De-

tached hardware and hinges having component parts

which are exposed shall be aluminum, non-magnetic

stainless steel or other non-corrosive materials which

are compatible with aluminum and of sufficient

strength to perform the functions for which they are

used. Plated or coated materials not compatible with

aluminum are not permitted unless properly insu-

lated from the aluminum.

2.4.2 Hardware: Satisfactory hardware shall be

provided to control and securely lock the operating

units. Extension hinges, locking handles and roto 225
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type operators shall be furnished unless otherwise

specified.
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2.4.3 Performance Requirements:
2.4.3.1 Physical Load Tests. Note: Sample sub-

mitted for Physical Load Tests shall he of standard

construction containing outswinging ventilators of

manufacturer's largest standard size, at least 5 feet 9

inches wide by 5 feet S inches high,

A.—Vertical Deflection Test of completely as-

sembled window, ventilator without muntins, un-

glazed, with manufacturer's standard hardware. A
concentrated load of 45 pounds, acting at the lower

unrestrained corner of a ventilator opened 90° shall

not cause a vertical deflection at the lower unre-

strained corner greater than yi-mohy and at the con-

clusion of the test the ventilator shall properly close

and operate. Note: Load of 1^5 pounds arbitrarily

chosen to establish this standard test,

B,—Horizontal Deflection Test on ventilator in-

stalled in window frame, without muntins, un-

glazed, locking hardware in approximate center of

ventilator side rail in locked position. A concen-

trated load of 20 pounds acting at either of the un-

restrained corners of a ventilator shall not cause a

deflection at the unrestrained corners greater than

%-inch, and at the conclusion of the test the

ventilator shall properly close and operate. Note:

Load of 20 pounds arbitrarily chosen to establish this

standard test,

C,—Hardware Load Test on ventilators with

hinges and roto-operating hardware. Standard win-

dow having two ventilators of manufacturer's

largest standard size shall be securely fastened in

the vertical plane so that when both ventilators are

opened to their fullest extent they will be horizon-

tal. The hardware shall be strong enough to support

a uniform load equivalent to a wind velocity of 45

miles per hour, and at the conclusion of the test the

operators shall function in such a manner as to

satisfactorily close and weather the ventilators.

There shall be no failure of screws, track or perma-

nent deformation of arm allowed.

D,—Uniform Load Test on single and multiple

window openings, glazed, closed and locked, sup-

ported continuously around outside perimeter and

securely anchored. When subjected to an exterior

uniform load of 10 pounds per square foot:

a. No member in a single window unit, includ-

ing those consisting of a combination of vents,

fixed side lights and/or transoms, shall deflect

more than 1/175 of its span. Window tested

shall be manufacturer's largest standard size.

b. No member, including horizontal and vertical

mulHons connecting single window units into

multiple openings, shall deflect more than

1/175 of its span. All members in single units

so combined must meet test described in

paragraph (a) immediately above.

2.4.3.2 Air Infiltration Test: When tested in ac-

cordance with the procedure as outlined in Section 1

under Air Infiltration, the air infiltration shall

not exceed one cubic foot per minute per foot of

crack length with ventilator in closed position and

locked for non-weatherstnpped windows; 3^ cubic

foot for weatherstripped. The window tested shall

have a nominal size of 3 feet x 4 feet and shall have
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Figure 7-59: Modular size casement windows.

WITHOUT MUNTINS

two ventilators, each 1 foot 6 inches x 4 foot. 3700 N. W. 25th St., Miami, Florida.

2.4.4 Hopper and Transom Ventilators:

When used in combination with side-hinged venti-

lators as covered by this specification, hopper and/

or transom ventilators shall be correlated with the

provisions of Specification P-Al.

Manufacturers: The following campanies manu-

facture a C-Al type window which meets these speci-

fications and are eligible to display the
*

'Quality-

Approved'' Seal. Alcasco Products, Inc., 12640 Burt

Road, Detroit, Mich. (Series C-9 Casements).

Bourne Products Inc., 900 Bourne Place, El Cajon,

Calif. (Dual-Fin). Ceco Steel Products Corporation

(Sterling Aluminum Window Division), 5601 West

26th St., Chicago 50, 111. (Series 800). Duralite Win-

dow Corp., Carr St. & Southern, Knoxville, Tenn.

Fentron Industries, Inc., 2801 MarketSt., Seattle 7,

Wash. (Series 30-Casement). Michael Flynn Mfg.

Co., 700 East Godfrey Ave., Philadelphia 24, Penn-

sylvania. (Lupton Residential Casement.) Reynolds

Metals Co. (Window Division), 2000 S. 9th St.,

Louisville, Ky. (Series 3000 Residential Casement)

J. S. Thorn Co., 8501 Hegerman St., Philadelphia

36, Pennsylvania. (Series A-lOO, A-lOU, A-105).

Universal Window Co., 950 ParkerSt., Berkeley 10,

Cahfornia. (Series C-100). Ware Laboratories, Inc.,

Specification C-A2: Casement Windows

For Commercial Type Buildings: Section

1 in its entirety is a part of this specification.

2.5.1 Materials: Main frame and sash mem-

bers, including sills, shall not be less than .062-inch

in thickness. Detached hardware, including hinges

or sliding shoes, having component parts which are

exposed, shall be of aluminum, non-magnetic stain-

less steel or other non-corrosive materials which are

compatible with aluminum and of suflftcient strength

to perform the functions for which they are used.

Bronze hardware may be used provided that it has

a heavy deposit of chrome plate and is properly

insulated from direct contact with the aluminum.

2.5.2 Hardware: Satisfactory hardware shall be

provided to control and securely lock the venti-

lators. Extension hinges or sliding type pivots,

locking handles and roto type operators shall be

furnished unless otherwise specified.

2.5.3 Performance Requirements:

2.5.3.1 Physical Load Tests. Note: Sample sub-

mitted for Physical Load Test shall be of standard 227
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Figure 7-60: Modular size fixed and picture windows.

construction containing outswinging ventilators of

manufacturer's largest standard size.

A.- Vertical Deflection Test of completely as-

sembled window, ventilator without muntins, un-

glazed, with manufacturer's standard hardware.

A concentrated load of 60 pounds, acting at the

lower unrestrained corner of a ventilator opened

90° shall not cause a vertical deflection at the

lower unrestrained corner greater than ^lo-inch,

and at the conclusion of the test the ventilator shall

properly close and operate. Note: Load of 60 pounds

arbitrarily chosen to establish this standard test.

B.^Horizontal Deflection Test on ventilator in-

stalled in window frame, without muntins, un-

glazed, locking hardware in approximate center of

ventilator side rail in locked position. A concen-

trated load of 20 pounds acting at either of the un-

restrained corners of a ventilator shall not cause a

deflection at the unrestrained corners greater than

•^ffi-inch, and at the conclusion of the test the

ventilator shall properly close and operate. Note:

Load of 20 pounds arbitrarily chosen to establish this

standard test.

C.^Hardware Load Test on ventilator with hinges

and roto operating hardware. Standard window

having two ventilators of manufacturer's largest

standard size shall be securely fastened in the

228 vertical plane so that when both ventilators are
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opened to their fullest extent they will be horizon-

tal. The hardware shall be strong enough to support

a uniform load equivalent to a wind velocity of 50

miles per hour, and at the conclusion of the test the

operators shall function in such a manner as to

satisfactorily close and weather the ventilators.

No failure of screws or track nor any permanent

deformation of arm shall be allowed.

D.— Uniform Load Test on unit consisting of

frame and pair of ventilating sash, glazed, closed

and locked. This unit, which shall be manufac-

turer's largest standard size, is to be continuously

supported around the outside perimeter and se-

curely anchored. When subjected to a minimum

exterior uniform load of 15 pounds per square foot,

no member in this unit shall deflect more than

1/175 of its span. Note: Due to the great variation of

design and arrangements of ventilatirig units required

by windows of this type and clasSj this uniform load

test cannot be performed except on a standard unit

such as that specified above. In order to ensure uni-

formity of strength of all members required in any type

of multiple unit opening, the manufacturer shall

guarantee the use of a design for mullions, transom

bars and other connecting members that will not permit

a deflection greater than 1 /1 75 of the span of any mem-

ber under conditions simulating the load test described

immediately above.
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2.5.3.2 Air Infiltration Test

A.—Windows With Weatherstripping. When

tested in accordance with the procedure as outlined

in Section 1 under Air Infiltration, the air in-

filtration shall not exceed J/^ cubic foot per min-

ute per foot of crack length with ventilator in

closed position and locked. The window tested

shall be of a nominal size of 4 feet x 6 feet and

shall have two ventilators, each being of a nomi-

nal size of 2 feet x 6 feet. Ventilators shall be

equipped with metal or other approved type weath-

erstripping.

B,—Windows Without Weatherstripping. Where

windows are specified to be of a design with two-

point or three-point metal-to-metal contact with-

out the use of auxiliary weatherstripping the air

infiltration, when tested in accordance with the

procedure as outlined in Section 1 under Air In-

filtration, shall not exceed one cubic foot per

minute per foot of crack length with ventilator in

closed position and locked. The window tested shall

be of a nominal size of 4 feet x 6 feet and shall have

two ventilators, each being of a nominal size of

2 feet X 6 feet.
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Figure 7-62 : Standard casement windows for commercial

and monumental type buildings . . . sizes and typical

window sections. Dimensions are window opening. Hori-

zontal and /or vertical muntins may be added, based on
20-inch or 24-inch bar centers for width and 1 6-inch bar cen-

ters for height. Fixed light may be provided at sill in place

of sill vents. Fixed types furnished for all sizes shown.

2.5.4 Hopper and Transom Ventilators:

When used in combination with side-hinged venti-

lators as covered by this specification, hopper and/

or transom ventilators shall be correlated with the

provisions of Specification P-A2.

Manufacturers: The following companies manu-

facture a C'A2 type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'' Seal Cupples Products Corp., 2650 So.

Hanley Road, Maplewood, St. Louis 17, Mo. Fen-

tron Industries, Inc., 2801 Market St., Seattle 7,

Wash. {Series 310 Casement). Michael Flynn Mfg.

Co., 700 East Godfrey Ave., Philadelphia 24, Pa.

(Lupton Master Casement and Lupton Master Com-

bination), General Bronze Corp., Stewart Ave., Gar-

den City, N.Y. [Permatite, Series CPA-2), J. S.

Thorn Co., 8501 Hegerman St., Philadelphia 36,

Pa. {Series A-1 755 and A-1 75C). Universal Window

Co., 950 Parker St., Berkley 10, Calif. {Series

C-300 and C-500).

Specification C-A3: Casement Windows

For Monumental Type Buildings: Section

1 in its entirety is a part of this specification. Note:

For C-A3 specifications use C-A2 specification in its

entirety and add the following paragraph under

2.5.3A-D,

E.—Torsion Test on ventilator, without muntins,

unglazed, supported on fulcrums, at diagonally op-

posite corners, with the corner diagonally opposite

the loaded corner secured in the same plane by ful-

crum support block and clamp. A concentrated load

of 20 pounds acting at the unrestrained corner of

the ventilator shall not cause a deflection at the un-

restrained corner greater than l}/2 inches. Note:

Load of 20 pounds arbitrarily chosen to establish this

standard test.

Manufacturers: The following companies manu-

facture a C-A3 type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'' Seal. Cupples Products Corp., 2650 So.

Hanley Road, Maplewood, St. Louis 17, Mo.

Fentron Industries, Inc., 2801 Market St., Seattle 7,

Wash. {Series 20-Casement). General Bronze Corp.,

Stewart Ave., Garden City, N. Y. {Permatite,

Series CPA-2).



Specification P-Al: Projected Windows

For Residential Type Buildings: Section

1 in its entirety is a part of this specification.

2.7.1 Materials: Main frame and sash mem-

bers, including sills, shall not be less than 0.062-inch

in thickness. Detached hardware and sliding shoes

having component parts which are exposed shall be

aluminum, non-magnetic stainless steel, or other

non-corrosive materials which are compatible with

aluminum and of sufficient strength to perform the

functions for which they are used. Bronze hardware

may be used provided that it has a heavy deposit

of chrome plate and is properly insulated from

direct contact with the aluminum.

2.7.2 Hardware: Satisfactory hardware shall be

provided to control and securely lock the venti-

lators. Ventilators shall have balance arms to posi-

tion the ventilator with built-in sliding friction

pivots having springs and non-abrasive shoes. De-

tached hardware shall consist of locking handle for

manual operation as standard or spring catch for

pole operation where required.

2.7.3 Performance Requirements:

2.7.3.1 Physical Load Tests, Note: Sample submitted

for Physical Load Tests shall be ofstandard construction

containing projected-out ventilator of manufacturers'

largest standard size at least U feet by 5 feet 9 inches,

—Hardware Load Test on unglazed window

with projected-out ventilator open to 45°, securely

clamped and continuously supported around the

outside perimeter, one free corner of the open venti-

lator securely held in the 45° position by blocking

between the corner of the ventilator and the fixed

portion of the window. A concentrated load of 17

pounds acting from the outside, perpendicular to

the plane of the fixed portion and applied to the

free rail of the ventilator at the point of locking

handle attachment, shall not cause a deflection at

the free corner opposite the blocked corner, meas-

ured perpendicular to plane of the fixed portion,

greater than 33^ inches.

B.— Uniform Load Test on complete unit. A
glazed window with ventilator closed and locked
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Figure 7-63: Standard sizes of projected windows.

shall be continuously supported around the outside

perimeter and securely anchored. When subjected

to an exterior uniform load of 10 pounds per square

foot, applied perpendicular to and on the surface
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Figure 7-64: Awning windows; standard sizes and typical details.

corresponding to the outside of the window, no

member of a window unit or vertical or horizontal

mullions, shall deflect more than 1/175 of its span.

2.7.3.2 Air Infiltration Test: When tested in ac-

cordance with the procedure as outlined in Section 1

under AiR Infiltration, the air infiltration shall

not exceed one cubic foot per minute per foot of

crack length with ventilator in closed position and

locked (non-weatherstripped; H cubic foot for

w^eatherstripped). The nominal size of the ventila-

tors of the window tested shall be approximately

3 feet wide by 2 feet high.

• Manufacturers: The following compcinies manu-

iBB
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facture a P-Al type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'' Seal. Bourne Products Inc., 900 Bourne

Place, El Cajon, Calif. {Town & Country Series).

Ceco Steel Products Corp. (Sterling Aluminum Win-

dow Div.), 5601 West 26th St., Chicago 50, 111. (Series

500, 525). Cupples Products Corp., 2650 So. Hanley

Road, Maplewood, St. Louis 17, Mo. (Series 700).

Fentron Industries, Inc., 2801 Market St., Seattle 7,

Wash. (Series 30- Projected). Reynolds Metals Co.

(Window Division), 2000 S. 9th St., Louisville, Ky.

(Series 500 Residential Projected) J. S. Thorn Co.,

8501 Hegerman St., Philadelphia, 36 Pa. Univer-



sal Window Co., 950 Parker St., Berkeley 10, Cal.

{Series A'l 75P). Ware Laboratories, Inc., 3700 N.W.

25th St., Miami, Fla.

Specification P-A2: Projected Windows
For Commercial and Monumental Type

Buildings: Section 1 in its entirety is a part of

this specification,

2.8.1 Materials: Main frame and sash mem-

bers, including sills, shall not be less than .062-inch

in thickness. Detached hardware and sliding shoes

having component parts which are exposed shall be

aluminum, non-magnetic stainless steel, or other

non-corrosive materials which are compatible with

aluminum and of sufficient strength to perform the

functions for which they are used. Bronze hardware

may be used provided that it has a heavy deposit

of chrome plate and is properly insulated from direct

contact with the aluminum.

2.8.2 Hardware: Satisfactory hardware shall be

provided to control and securely lock the venti-

lators. Ventilators shall have balance arms to posi-

tion the ventilator with built-in sliding friction

pivots having springs and non-abrasive shoes.

Detached hardware shall consist of one locking

handle for manual operation as standard, or spring

catch for pole operation where required.

2.8.3 Performance Requirements:

2.8.3.1 Physical Load Tests. Note: Samples sub-

mitted for Physical Load Test shall be of standard

construction containing projected-out ventilator of

manufacturer's largest standard size at least x 8 feet.

A.-—Torsion Load Test on unglazed window

with projected-out ventilator open to 45°, securely

clamped and continuously supported around the

outside perimeter, one free corner of the open venti-

lator securely held in the 45° position by blocking

between the corner of the ventilator and the fixed

portion of the window. A concentrated load of 30

pounds acting from the outside, perpendicular to

the plane of the fixed portion and applied to the

free rail of the ventilator at the point of locking

handle attachment, shall not cause a deflection at

Figure 7-65: Horizontal sliding windows for residential

type buildings, showing standard sizes and details. The
double sill drains off both wind driven water and moisture

from interior condensation. Concluded on Page 234.

the free corner opposite the blocked corner, meas-

ured perpendicular to plane of fixed portion, greater

than 3 3^ inches.

B.— Uniform Load Test on complete unit. A

glazed window with ventilator closed and locked
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Figure 7-65: Horizontal sliding windows for residential type buildings, showing standard

sizes and details. Concluded from Page 233.
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shall be continuously supported around the outside

perimeter and securely anchored. When subjected

to an exterior uniform load of 15 pounds per square

foot, applied perpendicular to and on the surface

corresponding to the outside of the window, no

member of a window unit or vertical or horizontal

mullions shall deflect more than 1/175 of its span.

2.8.3.2 Air Infiltration Test: When tested in ac-

cordance with the procedure as outlined in Section 1

under AiR Infiltration, the air infiltration shall

not exceed one cubic foot per minute per foot of

crack length with ventilator in closed position and

locked (non-weatherstripped windows; 3^ cubic foot

for weatherstripped windows). The nominal size of

the ventilators of the window tested shall be ap-

proximately 4 feet wide by 2 feet 8 inches high.

Manufactnrers: The following companies manu-

facture a P-A2 type window which meets these speci-

fications and are eligible to display the Quality-

Approved*' Seal. Alcasco Products, Inc., 12640 Burt

Road, Detroit, Mich. {Series P-100 Intermediate

Projected). The Wm. Bayley Co., 1200 Warder St.,

Springfield 99, Ohio. Ceco Steel Products Corpo-

ration (Sterling Aluminum Window Division), 5601

West 26th St., Chicago 50, 111. (Series 525). Cupples

Products Corp., 2650 So. Hanley Road, Maplewood,

St. Louis 17, Mo. (Series 700, 800 and 900). Fentron

Industries, Inc., 2801 Market St., Seattle 7, Wash.

(Series 310-Projected). Michael Flynn Mfg. Co.,

700 East Godfrey Ave., Philadelphia 24, Pa.

(Lupton, Master Projected). General Bronze Corp.,

Stewart Ave., Garden City, N. Y. (Permatite,

Series CPA-2 Projected). Reynolds Metals Co.,

(Window Division), 2000 S. 9th St., Louisville, Ky.

(Series 500 and 600 Commercial Projected). J. S.

Thorn Co., 8501 Hegerman St., Philadelphia 36, Pa.

(Series A-6000 P). Universal Window Co., 950 Par-

ker St., Berkeley 10, Cal. (Series S-300 and S-500).

Ware Laboratories, Inc., 3700 N.W. 25th St.,

Miami, Fla.

Specification A-Al: Awning Windows

For Residential Type Buildings: Section

1 in its entirety is a part of this specification.

2.9.1 General: Awning windows are those win-

dows consisting of a multiplicity of top-hinged

ventilators arranged in a vertical series and oper-

ated by one or more control devices which swing

the bottom edges of the ventilators outward. The

hinges may be sliding or fixed. The ventilators may

be operated simultaneously, in sequence or indi-

vidually. The ventilators may close and weather on

themselves or on independent meeting rails as-

sembled as part of the window frame. There may or

may not be fixed glass units between the ventilators.
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Figure 7-66: Examples of typical sliding window installations.

2.9.2 Materials: Main frame and sash mem-

bers shall not be less than .062-inch in thickness.

Detached hardware and sliding shoes having com-

ponent parts which are exposed shall be aluminum,

non-magnetic stainless steel, or other non-corrosive

materials which are compatible with aluminum and

of sufficient strength to perform the functions for

which they are used. Bronze hardware may be used

provided that it have a heavy deposit of chrome

plate and is properly insulated from direct contact

with the aluminum.

2.9.3 Hardware: Satisfactory hardware shall be

provided to control and securely lock the venti-

lators. Detached hardware shall consist of roto type

operator for crank type operation or locking handle

for manual operation of ventilators in unison or

sequence, or push bars for manual, individual opera-

tion of ventilators.

2.9.4 Performance Requirements:

2.9.4.1 Physical Load Tests. Note: Sample win-

dow submitted for Physical Load Tests shall he of

standard construction of manufacturer's largest stand-

ard size containing maximum number of largest

standard size ventilators at least 3 feet by 5 feet

3 inches.

A.—Horizontal Deflection Test on ventilators in-

stalled in window frame, closed and locked, without

muntins, unglazed. A concentrated load of 20

pounds acting individually on each lower corner of

all ventilators shall not cause a deflection at the



corner greater than ^-inch, and at the conclusion

of the test the ventilators shall properly close and

operate. Note: Load of 20 pounds arbitrarily chosen

to establish this standard test,

B.—Hardware Load Test on ventilators. Standard

window having ventilators of manufacturer's

largest standard size shall be securely mounted in

such a position that when ventilators are opened to

their fullest extent they will be horizontal. The

hardware shall be strong enough to support a uni-

form load equivalent to a wind velocity of 50 miles

per hour, and at the conclusion of the test the

operators shall function in such a manner as to

satisfactorily close and weather the ventilators.

No failure of screws or hardware parts nor any

permanent deformation of arms shall be allowed.

C,—Uniform Load Test on complete unit. A

glazed window with ventilators closed and locked

shall be continuously supported around the outside

perimeter and securely anchored. When subjected

to an exterior uniform load of 10 pounds per square

foot, apphed perpendicular to and on the surface

corresponding to the outside of the window, no

member of a window unit or vertical or horizontal

mulHons shall deflect more than 1/175 of its span.

2.9.4.2 Air Infiltration Test: When tested in ac-

cordance with the procedure as outlined in Section 1

under Air Infiltration, the air infiltration shall

not exceed one cubic foot per minute per foot of

crack length with ventilators in closed position and

locked (non-weatherstripped; 3^ cubic foot for

weatherstripped windows). The window tested shall

be of a nominal size of 3 feet wide x 4 feet high

and shall be 100 percent ventilated, using manu-

facturer's standard ventilator arrangement.

Manufacturers: The following companies manu-

facture an A-Al type window which meets these sped-

fications and are eligible to display the
*

'Quality-

Approved'' Seal Fentron Industries, Inc., 2801

Market St., Seattle 7, Washington. (Series 30-

Awning). Michael Flynn Mfg. Co., 700 Godfrey

Ave., Philadelphia 24, Pennsylvania. (Lupton Awn-

ing). General Bronze Corp. (Alwintite Division),

Stewart Ave., Garden City, New York. (Alwintite,

Series AWA-0). Reynolds Metals Co. (Window

Division), 2000 S. 9th St., Louisville^ Kentucky.

(Series UOOO and UlOO Residental Awning) . Universal

Window Co., 950 Parker St., Berkeley 10, California.

(Series M-200). Ware Laboratories, Inc., 3700 N.W.

25th St., Miami, Florida. (Intermediate Awning).

Specification A-A2: Awning Windows:

For Commercial and Monumental Type

Buildings: Section 1 in its entirety is a part of

this specification.

2.10.1 General: Awning windows are those win-

dows consisting of a multiplicity of top-hinged

ventilators arranged in vertical series and operated

by one or more control devices which swing the

bottom edges of the ventilators outward. The

hinges may be sliding or fixed. The ventilators may

be operated simultaneously, in sequence or indi-

vidually. The ventilators may close and weather on

themselves or on independent meeting rails assem-

bled as part of the window frame. There may or may

not be fixed glass units between the ventilators.

2.10.2 Materials: Main frame and sash mem-

bers shall not be less than .062-inch in thickness.

Detached hardware and sliding shoes having com-

ponent parts which are exposed shall be aluminum,

non-magnetic stainless steel, or other non-corrosive

materials which are compatible with aluminum and

of sufficient strength to perform the functions for

which they are used. Bronze hardware may be

used provided that it has a heavy deposit of chrome

plate and is properly insulated from direct contact

with the aluminum.

2.10.3 Hardware: Satisfactory hardware shall

be provided to control and securely lock the venti-

lators. Detached hardware shall consist of roto type

operator for crank type operation or locking handle

for manual operation of ventilators in unison or

sequence, or push bars for manual, individual oper-

tion of ventilators.

2.10.4 Performance Requirements:

2.10.4.1 Physical Load Tests. Note: Sample win-

dow submitted for Physical Load Tests shall be of

standard construction of manufacturer's largest stand-

ard size containing maximum number of largest

standard size ventilators at least U x 8 feet.



A.^Horizontal Deflection Test on ventilators in-

stalled in window frame, closed and locked, without

muntins, unglazed. A concentrated load of 20

pounds acting individually on each lower corner of

all ventilators shall not cause a deflection at the

corner greater than '>n;-inch, and at the conclusion

of the test the ventilator shall properly close and

operate. Note: Load of 20 pounds arbitrarily chosen

to establish this standard test.

B.- Hardware Load Test on ventilators. Standard

window having ventilators of manufacturer's largest

standard size shall be securely mounted in such a

position that when the ventilators are opened to

their fullest extent they will be horizontal. The

hardware shall be strong enough to support a uni-

form load equivalent to a wind velocity of 50 miles

per hour, and at the conclusion of the test the

operators shall function in such a manner as to

satisfactorily close and weather the ventilators.

No failure of screws or hardware parts nor any

permanent deformation of arms shall be allowed.

C.— Uniform Load Test on complete unit. A
glazed window with ventilators closed and locked

shall be continuously supported around the outside

perimeter and securely anchored. When subjected

to an exterior uniform load of 15 pounds per square

foot, applied perpendicular to and on the surface

corresponding to the outside of the window, no

member of a window unit or vertical or horizontal

mulHons shall deflect more than 1/175 of its span.

Note: Due to the great variation of design and arrange-

ments of ventilating units required by windows of this

type and class^ this uniform load test cannot be per-

formed except on a standard unit such as that speci-

fied above. In order to ensure uniformity of strength of

all members required in any type of multiple unit

opening, the manufacturer shall guarantee the use of

a design for mullionSy transom bars and other con-

necting members that will not permit a deflection

greater than 1/175 of the span of any member under

conditions simulating the load test described immedi-

ately above.

2.10.4.2 Air Infiltration Test:

A.— Windows With Weatherstripping. When

tested in accordance with the procedure as outlined

in Section 1 under Air Infiltration, the air in-
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filtration shall not exceed ^ cubic foot per minute

per foot of crack length with ventilators in closed

position and locked. The window tested shall be of

a nominal size of 4 feet wide x 5 feet 6 inches high

and shall be 100 percent ventilated, using manu-

facturer's standard ventilator arrangement. Venti-

lators shall be equipped with metal or., some other

approved type of weatherstripping.

B. Windows Without Weatherstripping. Where

windows are specified to be of a design with two-

point or three-point metal-to-metal contact with-

out the use of auxiliary weatherstripping the air

infiltration, when tested in accordance with the

procedure as outlined in Section 1 under Air In-



FILTRATION, shall not exceed one cubic foot per

minute per foot of crack length with ventilators in

closed position and locked. The window tested shall

be of a nominal size of 4 feet wide x 5 feet 6 inches

high and shall be 100 percent ventilated, using the

manufacturer's standard ventilator arrangement.

Manufacturers: The following companies manu-

facture an A-A2 type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'' Seal. Cupples Products Corp., 2650 So.

Hanley Road, Maplewood, St. Louis 17, Mo.

Fentron Industries, Inc., 2801 Market St., Seattle

7, Wash. {Series 310-Awning). Michael Flynn Mfg.

Co., 700 Godfrey Ave., Philadelphia 24, Pa.

{Lupton Awning). Reynolds Metals Co. {Window

Division), 2000 S. 9th St., Louisville, Ky. {Series

JfOOO and 4.100 Commercial Awning). J. S. Thorn

Co., 8501 Hegerman St., Philadelphia 36, Pa.

{Series A-1000). Universal Window Co., 950 Parker

St., Berkeley 10, Cal. {Series M-200). Ware

Laboratories, Inc., 3700 N.W. 25th St., Miami, Fla.

Specification DS-Al: Double -Sliding
(AND Single-Sliding) Windows For Resi-

dential Type Buildings: Section l in its en-

tirety is a part of this specification,

2.11.1 Materials: Main frame and sash mem-

bers shall not be less than .062-inch in thickness.

2.11.2 Construction: 2.11.2.1 Frames and/or

sash units shall be completely assembled at the

plant of the manufacturer or by duly authorized

representatives.

2.11.2.2 Frames shall be constructed to permit

horizontal movement of sash. Meeting stiles shall

contact tightly with each other or with weather-

strips. Sash shall not be removable from the outside

when locked.

2.11.2.3 Provision shall be made in sill for ex-

terior drainage of water.

2.11.2.4 Where Single-Slide windows or Multi-

ple-Slide windows with fixed lights are specified,

they shall meet all of the provisions applying to the

Double-Slide windows as herein specified.

2.11.3 Hardware: The windows shall be equip-

ped with locks and pulls of suitable non-ferrous or

non-magnetic stainless steel materials. Sash shall

operate freely.

2.11.4 Performance Requirements:

2.11.4.1 Physical Load Tests:

Class 1 Sliding Windows: {This class includes

sliding windows having a height not exceeding 2 feet

6 inches and a total window area not exceeding 9

square feet.) Note: Sample submitted for Physical

Load Tests shall be of manufacturer's largest standard

size, of standard construction, and at least U feet wide

by 2 feet high.

A.—Horizontal Load Test perpendicular to plane

of window. A concentrated load of 10 pounds, acting

horizontally and applied at the center of the span

of any vertical sash stile assembled in the sash, shall

not cause, before the sash are glazed, a horizontal

deflection of more than 1/165 of its span and in no

case shall the deflection exceed .145-inch.

B.—Horizontal Load Test parallel to plane of

window. A concentrated load of 10 pounds, acting

horizontally and applied at the center of the span

of any vertical sash stile assembled in the sash,

shall not cause, before the sash are glazed, a hori-

zontal deflection of more than 1/160 of its span and

in no case shall the deflection exceed .150-inch.

C—Uniform Load Test. Under an exterior uni-

form load of 10 pounds per square foot no member

in completely assembled windows without muntins,

glazed, closed and locked, continuously supported

around its outside perimeter and securely anchored,

shall deflect more than 1/175 of its span. Note:

The span length of any vertical sash member shall be

considered as equal to the overall height of the sash

provided for that size of window.

Class II Sliding Windows: {This class includes

sliding windows having a height and/or total window

area exceeding the Class I limits.) Note: Sample sub-

mitted of Physical Load Tests shall be of manufac-

turer's largest standard size, of standard construction,

and at least ^ feet 6 inches wide by 3 feet 6 inches high.

A.— Horizontal Load Test perpendicular to plane

of window. A concentrated load of 10 pounds, acting

horizontally and applied at the center of the span
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of any vertical sash stile assembled in the sash,

shall not cause, before the sash are glazed, a hori-

zontal deflection of more than 1/175 of its span and

in no case shall the deflection exceed .240-inch.

B—Horizontal Load Test parallel to plane of

window. A concentrated load of 10 pounds, acting

horizontally and applied at the center of the span

of any vertical sash stile assembled in the sash,

shall not cause, before the sash are glazed, a hori-

zontal deflection of more than 1/175 of its span and

in no case shall the deflection exceed .240-inch.

C— Uniform Load Test. Under an exterior uni-

form load of 10 pounds per square foot no member

in completely assembled window without muntins,

glazed, closed and locked, continuously supported

around its outside perimeter and securely anchored,

shalj deflect more than 1/175 of its span. Note: The

span length of any vertical sash member shall be con-

sidered as equal to the overall height of the sash pro-

vided for that size of window.

2.11.4.2 Air Infiltration Test. When tested in ac-

cordance with the procedure as outlined in Section 1

under Air Infiltration, the air infiltration shall not

exceed ^ cubic foot per minute per foot of crack

length with sash in closed position and locked.

The sash shall have been adjusted to operate in

either direction with a force not exceeding 10 pounds

after the sash is in motion. The nominal size of the

window tested shall be 4 feet wide by 2 feet high or

have a frame and integral sash perimeter equal there-

to for Class I Sliding Windows and 4 feet wide by 3

feet high or have a frame and integral sash peri-

meter equal thereto for Class II Sliding Windows.

2.11.4.3 Water Resistance Test. When subjected

for a period of 15 minutes to dynamic testing con-

ditions as established by the Aluminum Window

Manufacturers Association, consisting of a flow of

water downward (through a horizontal area defined

by rotating the window unit 90° about an axis

6 inches above the head of the window unit) at a

rate equivalent to a rainfall of 2 inches per hour

introduced into an airstream of 45 miles per hour

velocity directed perpendicular to the exterior face

of the window, no water shall overflow the sill on

the interior face of the window over an area en-

compassing the size of the window tested. The



above pressure differential shall be maintained

throughout the test. The sash shall be equipped

with manufacturer's standard insect screen and set

true, plumb, level and square. The sash shall have

been adjusted to operate in either direction, in any

position, with a force not exceeding 10 pounds.

The nominal size of the window tested shall be

identical to that specified under paragraph 2.11.4.2

of the Air Infiltration Test.

Manufacturers: The following companies manu-

facture a DS-Al type window which meets these speci-

fications and are eligible to display the ''Quality-

Approved'* Seal. Alcasco Products, Inc., 12640 Burt

Road, Detroit 23, Mich. {Series S-100 Horizontal

Sliding). Cupples Products Corp., 2650 So. Hanley

Road, Maplewood, St. Louis 17, Mo. Ceco Steel

Products Corp., {Sterling Aluminum Window Dir.),

5601 West 26 St., Chicago 50, 111. {Series 700). Gen-

eral Bronze Corporation {Alwintite Division), Stew-

art Ave., Garden City, N. Y. {Series D, M, VF).

Luria Building Products, Box 27, Bristol, Pa. {Series

UO, 60, 61,100 and 101). Metal Arts Mfg. Co., Inc.,

Harwell & Oakcliff Rd., Atlanta, Ga. Reynolds

Metals Co. {Window Division), 2000 S. 9th St.,

Louisville, Ky. {Series 5000 Traverse Window). J. S.

Thorn Co., 8501 Hegerman St. Philadelphia 36,

Pa. {Series A-300).

Double-Hung Windows: Balancing mecha-

nism makes easy operation possible and holds the

sash in any open position.

Double-Hung Windows for Residential Type Build-

ings are available without muntins and also in

various muntin arrangements (see Figure 7-51).

Aluminum screens and storm sash are available in

standard sizes. Both attach flush to outside of win-

dow frame and are easily installed from the inside.

FOR WINDOWS 5' TO 7' HIGH

MULLIONS

Figure 7-70: Vertically pivoted window as manufactured

by Reynolds Metals. The frame sections may be adjusted

to meet the requirements of the wall construction. The
design can be modified within the limitations of a maxi-

mum size of 5 feet x 7 feet.
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Figure 7-71: Basement and utility windows.

The frames for residential type buildings come

without fin trim or with a fin trim that makes the

attachment to frame construction extremely simple

and quick (see Figure 7-52).

Double-Hung Windows for Commercial Type and

Monumental Type Buildings are custom built to ac-

commodate any size or wall condition. They are of

rugged construction; accommodate i<;-inch glass, 34-

inch glass or thermopane. See Figure 7-53.
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Casement Windows are operated by a roto

type operator that holds the sash rigidly in any de-

sired position and works underneath fixed screen or

storm sash. Wide-opening extension hinges allow

easy cleaning of both sides of glass from the inside.

Standard size aluminum screens require no fitting

or marking for storage and are installed from inside

by simple clips. Casement windows are available

for residential type buildings and for commercial

and monumental type buildings.

Figures 7-54 to and including 7-61 show various

types of casement windows for residential type

buildings.

Figure 7-62 shows standard casement windows

for commercial and monumental type buildings.

The windows illustrated are completely flush both

inside and out. Frames are designed so that there

are no projections or offsets to interrupt the clean,

modern lines. Note also that all glass is in the same

plane.

Serrated webs and glazing compound retaining

lips make glazing easier and more secure. All glazing

is done from the outside with the use of either glaz-

ing compound or mechanical glazing beads. Com-

plete weatherstripping with neoprene extrusions is

an optional feature and can mean considerable

savings in heating and air-conditioning costs.

Projected Windows: Standard sizes for resi-

dential, commercial and monumental type buildings

are shown in Figure 7-63. Projected windows for

commercial and monumental type buildings are

available in a great variety of sizes and sash com-

binations of projecting and hopper sash that pro-

vide flexible and efficient ventilation. Windows are

available with vertical and/or horizontal muntins.

Picture windows are also available. In addition to

standard sizes, these windows are manufactured

to special sizes and combinations of fixed and oper-

ating sash, within the exceptionally wide limits of

the material.

Awning Windows (see Figure 7-64) permit

100 percent ventilation. The degree of ventila-

tion can be easily controlled by a roto type opera-

tor. All vents are held rigidly in any position

without interference with screens, storm sash,

blinds or curtains. The open sash sheds water, thus

providing partial weather protection. The closing

surfaces are protected against air and water in-

filtration by special vinyl weatherstripping. Stand-



ard size aluminum screens require no fitting. Venti-

lated or fixed storm sash are also available. Both fit

flush inside frame. Awning windows can be com-

bined with fixed units, single or double glazed.

Horizontal Sliding Windows: This type

window eliminates any projection of the sash to the

outside or inside. There is no interference with

screens, blinds, shades or curtaining. The appear-

ance is architecturally very pleasing. They are

simple to operate and, if properly designed, ex-

tremely weathertight.

Windows up to a limited height have vents sliding

on wool pile or on a weatherstrip made of other

material such as zinc. Representative of this type

are the typical windows illustrated in Figures 7-65

through 7-68.

Vertically Pivoted Windows: This type

is especially suitable for multi-story buildings. It

is designed for ease of cleaning from the interior

of the building with a safety feature built into a

key lock that opens easily but permits removal of

the key only if the window is fully closed. These

windows ensure a minimum of air infiltrationy

which is so important in the design of air-condi-

tioned buildings. This is accomplished by a double

gasket, friction seal weatherstripping. Vertically

pivoted windows are manufactured to the archi-

tect's specifications. (Figures 7-69 and 7-70).

Vertically Pivoted Windows—Specifi-

cations: No specifications have been issued for

this type of window by the Aluminum Window

Manufacturers Association. The following specifi-

cation is suggested by Reynolds Metals Company:

General: Windows shall be 100 Series Vertically

Pivoted Sash as furnished by the Reynolds Metals

Company, and shall conform to the Aluminum

Window Manufacturers Association specifications

as outlined in Section 1. Windows shall be furnished

with or without hopper vents to the sizes and types

as shown on the drawings.

Material: Frame and ventilator sections shall be

especially designed aluminum extruded shapes of

6063-T5 alloy having an ultimate tensile strength

Figure 7-72: Available stock sizes of jalousie windows.

of not less than 22,000 psi with a minimum metal

thickness in all principal window members of not

less than .125-inch. Glazing beads shall be 6063-T5

alloy not less than .062-inch thick. All pivot pins,

bearings and miscellaneous window parts shall be

non-magnetic stainless steel, white bronze or alumi-

num of suflftcient strength to enable them to per-

form the function for which they are designed.

Specially extruded neoprene weatherstripping must

remain elastic and permit proper functioning of

windows over a long period of time under extremes

of temperature and climatic conditions.

Finish hardware shall be white bronze and/or

stainless steel. Lacquer protective coatings shall be

clear, water-white methacrylate type resistant to

the action of lime mortar.



Figure 7-73: Typical details of jalousie windows.

Construction:
Frames: Corners of frame sections shall be securely

welded from the inside around the entire perimeter

of the joint. Joint design and welding shall be such

as to permit anodizing of frame without discolora-

tion or deformation of the exposed faces. Frames

shall be of special design which permits collection

and drainage of any water passing exterior weather-

ing seal down through frame and out weep holes

provided in the sill section. Frame sections, at jambs

only, shall have integrally extruded flanges which

accurately position the pivoted sash in the washing

position as well as the fully closed position. The

flange design shall be such as to provide an addi-

tional weathering contact with the pivoted vent

along each jamb; to ensure accurate alignment be-

tween frame and pivoted sash of double Neoprene

weathering seals and locking devices; and to ensure

that the original position of the exterior and in-

terior faces of the pivoted sash will remain fixed.

Pivoted Sash: Sash members shall be fastened at

the corners by means of concealed die-cast alumi-

num corner inserts, accurately fitted into the hollow

portion of the sash frame and securely fastened by

means of concealed non-magnetic stainless steel

screws. Before assembly, these inserts shall be

coated with an approved type sealing compound.

Design of pivoted sash shall be such as to permit

the sash to revolve counter-clockwise approximately

180°, in which position the sash may be securely

locked to permit washing of exterior surfaces from

the interior of the building. Design of sash also shall

be such as to permit rapid removal of entire pivoted

portion and easy replacement with a spare vent.

Weatherstripping: Two parallel extruded neo-

prene weathering strips of special design and with

vulcanized corners shall be provided to effect a

positive seal between the pivoted sash and the win-

dow frame. These strips shall be securely anchored

in special slots in the sash, shall contact the window

frame firmly around its perimeter at two mating

positions, and shall be of such design and type as to

afford the degree weathertightness specified in the

performance requirements listed under ''Tests''



below. Design of weatherstripping shall be such as

to permit replacement.

Hardware: Locking devices shall consist of two

concealed cam type locks of aluminum or non-mag-

netic stainless steel, one mounted in each jamb of

the window frame. (Where pivoted sash is over

60 inches in height, four such locks shall be pro-

vided.) Operation of the locks shall be by means of a

special key of chrome-plated steel which can be

removed from the locks only when the pivoted

sash has been returned to the fully closed position

and is positively locked. Locking keys shall be

provided in the quantity specified (specify quan-

tity). All hardware parts shall be so designed as to

permit replacement.

Hopper Vents: Where windows are scheduled and

specified to be provided with hopper vents, special

inward-operating vents shall be furnished to the

sizes shown on the drawings. Vents shall be designed

for inside glazing and provided with operating arms

and adjustable friction shoes, which will effectively

hold the vent in any open position to a maximum

of 45°. Design of vent sections shall be such as to

provide flush interior and exterior surfaces con-

forming to the lines of the window frame and pivoted

sash and to provide double extruded neoprene

w^eathering contacts around the perimeter of the

vent, which afford the same general weathertight-

ness as that of the pivoted sash. Design of the hop-

per vent shall also permit entrapment of any water

leakage past lower contact and drainage through

weep holes in frame as described above. Cam action

locking handles and strikes shall be white bronze;

shoe housings shall be die-cast aluminum, and shall

have nylon friction shoes.

Glazing: Glazing shall be as specified under the

Glass and Glazing" Section of the general specifi-

cations and shall be furnished and installed by the

contractor for that portion of the work. Glazing

shall be effected by means of special aluminum

glazing beads applied on the interior and furnished

as a part of the window to conform to the glass

thickness specified.

Finish: All windows shall be furnished with a

chemically cleaned, etched, anodized (30 minutes),

and spray-lacquered finish. Other types of finishes

Figure 7-74: Typical installations of jalousie windows.

such as anodized, anodized and lacquered, plain

and the like will be furnished to meet the architect's

specifications.

Tests: When subjected to the simulated hurricane

conditions as stipulated by the Florida Window

Manufacturing Association, windows shall show no

evidence of water leakage into the building interior

when 20 gallons of water per minute are injected

into the air stream at wind velocities from 50 to

110 mph for a duration of not less than 15 minutes.

Total air infiltration through the window when sub-

jected to the Florida Window Manufacturers' tests

shall not be greater than .10 cfm at an average

wind velocity of 50 mph.

Upon request, manufacturer will provide evidence

showing compliance with these specifications.

Basement and Utility Windows: Frames

have serrated edges that grip masonry. Two guide

arms hold vent rigid in all open positions. The vent

is removable for easy cleaning. The vents have

double contact with window frame and there are no

overlapping edges—vent and frame fit flush inside

and out. Figure 7-71 shows typical units of this

type.

No standard specifications for this type have 245



been issued by the Aluminum Window Manufac-

turers Association. The following specification is

suggested by Reynolds Metals Company:

General: Windows shall be Aluminum Basement

and/or Utility type as manufactured by Reynolds

Metals Company and designed for use in base-

ments, garages, areaways, and the like (or with de-

sign and/or engineering changes which will provide

the user with equal or superior operation, appear-

ance and service) . Sizes and types shall be as shown

on the general plans.

Material: Sections shall be specially designed

aluminum extruded shapes of 6063-T5 alloy having

an ultimate tensile strength of not less than 22,000

246 .
psi, with a minimum thickness of .062-inch. Frame

and ventilator sections shall be Z-Sections 1-inch in

depth with offset weathering.

Construction: All corners shall be of the mortise

and tenon type, securely riveted to provide sturdy

tight corners. Vent arms shall be securely riveted to

ventilator and slide in the frame tracks which shall

be an integral part of the frame jamb extrusions.

Frame members under the ventilator shall contain

two weep holes to allow for water run-off. Vent shall

open in at the top and pivot on the sill to a 45

degree angle. They shall further open to 90 degrees

at any location on the frame from center of window

frame to top. Vents shall also be designed for com-

plete removal, if necessary, for cleaning of glass or

to permit use of a clear opening for passage of

materials to and from the basement. Sections shall

provide continuous double contact between frame

and ventilator members. Sections shall be designed

so as to provide a flush surface on both the interior

and exterior. In no case shall the ventilator overlap

the outside or inside face of frame. All window sec-

tions shall be provided with serrated edges to ensure

the adherence of either glazing compound or grout-

ing material.

Hardware: Each window shall be provided with

a cam type catch of aluminum riveted to the head

of the ventilator which will pivot about a riveted

pin to close and lock the window securely. Catch

shall come attached to window.

All windows shall have a **Satinized" finish and a

protective coating of a lime-resistant, water-white,

methacrylate type lacquer, dip applied after chem-

ical cleaning.

Erection: All windows shall be set by others level,

plumb and square without springing, forcing or dis-

tortion, in accordance with the manufacturer's

standard recommendations. When possible, win-

dows shall be installed in the closed and locked

position to insure proper ventilator alignment. Mas-

tic provided by the window erector shall be used in

sufficient quantity to provide a weathertight seal

between windows and surrounding construction. All

such joints must be thoroughly caulked. In no

case use incompatible materials with aluminum.

Where unprotected aluminum comes into contact

with lime-content masonry, the surfaces shall be



coated by others with an approved type lacquer or

bitumastic paint.

Glazing: All windows are factory adjusted; but

prior to glazing, window shall be inspected to ensure

that ventilators correctly seat and weather as per

manufacturer's recommendations. If found incor-

rect, windows should be adjusted prior to the appli-

cation of glass and compound. (This work is not

done by Reynolds Metals Company.) All windows

shall be putty glazed from the inside with an ap-

proved type aluminum window glazing compound,

or bead glazed (beads furnished by Reynolds Metals

Company at extra cost) on the inside as per manu-

facturer's recommendations. When using com-

pound, glass shall be carefully bed-puttied and face-

puttied in a neat manner, being secured with spring-

type clips provided by the glazing contractor (not

Reynolds Metals Company).

Screens and Storm Sash: Screens of the flat, fixed

type shall be easily applied to, and removed from,

all openings from the outside. Screen frames shall

be tubular aluminum sections .75-inch in thickness

and .438-inch in depth, securely joined at corners by

force-fit inserts with a minimum thickness of .091-

inch. Screen cloth shall be aluminum of an 18-14

mesh. Screens shall be furnished by the manufac-

turer (at extra cost).

Storm sash panels of a flat, fixed type shall be

easily applied to, and removed from, the outside

and shall cover entire window area. Glass shall be

bedded in a neoprene or vinyl-type extrusion, which

shall extend around the storm sash frame and pro-

vide a complete coverage between storm sash and

window frame. Storm sash shall be furnished by

the manufacturer (at extra cost).

Glass Louvered (Jalousie) Windows: This

type of window provides maximum ventilation. The

louvers are controlled by a roto type operator and

lock in any position. The frames are designed for

interchangeable inside screen and storm windows.

The louvers are made of J^-inch polished clear plate

glass or obscure glass where privacy is required. See

Figures 7-72 through 7-74.

Windows for Special Applications: In

Figure 7-76: Twin-beam aluminum window.

addition to the standard types of windows there are

special products answering specialized needs. One
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Figure 7-77: Screen porch enclosure using x 1 H inch frames as recommended for large

brace-free openings. For smaller openings Jf ^ x 1 inch sections are sufficient.

of these adaptations is ventilating sash for glass

block walls.

A representative product of this type is illustrated

in Figure 7-75. It comes in single units, fitting 1

to 4 blocks in height and 2 to 5 blocks in width

(for 6, 8 and 12-inch blocks) and multiple units.

Another product is the special aluminum window

sections shown in Figure 7-76. These windows are

particularly suitable for churches and similar instal-

lations. The double glazing protects the valuable

stained glass and provides thermal and acoustical

insulation. The aluminum sections can be formed

readily to fit arched or circular windows.

Other examples of aluminum windows that can

248 be custom built to fit special requirements and de-

signs are illustrated in this book in Section 7.25

devoted to curtain walls.

Storm Windows and Screens: Whether

used separately or in combination, aluminum storm

windows and screens offer the advantages of light

weight for easy installation, permanent fit with no

swelling and shrinking problems, resistance to rust

and corrosion, attractive appearance and minimum

maintenance. Many standard makes are available.

Where the climate does not require storm windows,

roll-up and tension screens are of advantage. Stand-

ard combination storm and screen doors are also

available in aluminum.

Shutters: Aluminum shutters ehminate prob-

lems of rotting, warping, splitting and rusting. They

can be finished permanently in various aluminum

tones that do not require repaiating, or they can be

painted where it is desired.

7.15 SCREEN PORCH
ENCLOSURES
Extruded aluminum screen porch enclosures are

strong, lightweight units which require practically

no maintenance. The members are narrow, provid-

ing minimum obstruction to view.

The fittings are designed so that the entire en-

closure can be removed and stored for v/inter. This

is optional since the aluminum will not deteriorate if

left exposed the year around. The bottom panels of

screens may be reinforced with standard aluminum

guards, or the bottom rail can be increased in height

to align with the bottom rail of the screen door.

The spline is roll-formed aluminum to permit re-

placement of wire cloth in case of damage. Figure

7-77 shows a typical porch enclosure.

7.16 GLASS ENCLOSURES,
SKYLIGHTS, PENTHOUSES
Extruded aluminum sections are ideal as glazing

bars of glass enclosures for greenhouses, solariums,

aviaries, indoor swimming pools and tennis courts,

sewage treatment plants, glass roofs and the like.

Usually employed with hot-dip galvanized steel

structural members, they constitute a maintenance-



Figure 7-78: Extruded glazing bar.
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Figure 7-79: All-aluminum standard greenhouses.

free construction.

Figure 7-78 shows a glazing bar with integral

gutter for carrying off condensation. The bar is

mounted free from the structural member by means

of an aluminum bracket so that there will be no

heat transfer.

This manufacturer also produces glass enclosures

in three standard spans: 18 feet, 21 feet 6 inches and

25 feet. There is great variety in greenhouse design

including curved eaves. All-aluminum standard

greenhouses are also available in spans up to 14 feet

with ridge-hung vent sash running the full length

of the roof. Two of the standard products are shown

in Figure 7-79. A standard all-aluminum lean-to

of similar design is also obtainable.

In addition to conventional skylight construction

of glass and extruded aluminum sections, roof dome

units are being used increasingly in schools, fac-

tories, residences and the like. These units consist

of a translucent material in a complete frame of

extruded aluminum ready to fasten to the roof deck

and with provisions for flashing.

One company uses a slightly domed translucent

corrugated fiber-glass panel. Others use clear or

translucent plastic domes. The domes are single or

double. The aluminum unit is either fixed or man-

ually opened for ventilation, or serves as a roof

hatchway. Sometimes it is combined with a built-in

mechanical air exhaust (see Figure 7-80).

Figure 7-81 shows a typical louvered ventilating

roof penthouse with fixed louvers and a typical

adjustable louver unit.

7.17 RAILINGS
Aluminum railings offer a great variety in design

and application on an economical basis and a prac-

tically maintenance-free installation.

Pipe Railings: These are ideal for heavy-duty

applications in service areas. The pipe is available

in nominal sizes of 1, 134, 13^ and 2 inches and in

standard lengths of 20 feet. The commonly used

nominal sizes are IJ^-inch (1.38-inch inside diam-

eter, 1.66-inch outside diameter, .14-inch thick-

ness) and 13^-inch (1.61-inch inside diameter, 1.90-

inch outside diameter, .145-inch thickness). The

recommended post spacing is 5 feet 8 inches for the

li^-inch size and 7 feet between posts for the 13^-

inch size pipe.

Aluminum pipe railing can be erected economi-

cally in view of the availability of flush fittings such

as those shown in Figure 7-82. These not only pro-

vide speed of erection, but also produce a crisp.



Figure 7-80: Ventilating dome skylight.

standard sections and wall brackets. Handrail sec-

tions are supplied in 20-foot lengths.

The combination of handrails with balusters

made of square, rectangular or round tubing or

bars can produce a variety of architectural solu-

OVERALL SIZE ROOF OPENING

201^x 203/8 16 X 16

247^x24% 20H X 20^
363^x36}/^ 32 X 32

52i^x52i/s 48 X 48

201^ X 281s 16 X 24

27H X 91M
SeVs X 521^ 32 X 48

60Kx60K 66H X 56^^

633^x75^ 591^ X 71H
633^ X 953^ 59M X 91H

projection-free railing of excellent appearance.

Ornamental Railings: Standard handrails

are available in a great variety of sections to suit

.design conditions. Figure 7-83 shows some typical
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tions. Balustration is carried sometimes floor-to-

floor, eliminating double rows and uneven align-

ment of posts. Examples are shown in Figure 7-84.

Available sizes of architectural tubing, bars and

rods are as follows:

Square tubing: 1 x 1, 1}^ x IJ/2, 2 x 2 inches—

>^-inch thick, standard length—21 feet 1 inch

Rectangular tubing: 1^4 x 2}^, 1% x 3, 1% x 4,

1^ X 5, 2 X 3 inches, 3^-inch thick, standard

length— 21 feet 1 inch

Round pipe: 1, IJi, 13^, 2 inches diameter,

standard length—20 feet

Square bar: 3^ x 3^, 5^ x ^, ^ x ^A. 1 x 1,

13^x134, 13^x13/^ inches, standard length—

16 feet

Rectangular bar: 3^ x }^ to 2, x 3/^ to 23^,

X 3^ to 3, ^ X 1^ to 3, ^ X ^ to 3, ^ X 13^,

^x 2, 1x1 3^, 1x2 inches, standard length—

16 feet

•-STRUCTURAL ALUMINUM ANGLE

ROOF PLAN

Figure 7-81: Details of a ventilating penthouse.
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Figure 7-82: Flush type pipe-rail fittings.

Round rod: 1^, 1-inch diameter, standard

length—16 feet.

In addition to standard tubing, bars and hand-

rails, other aluminum components are available to

fabricators. These include shaped balusters, brack-

ets, grilles and other accessories that can be com-

bined with materials such as glass, plastics, wood

and the like. Figure 7-85 shows examples of typical

252 • assemblies of such components.

Bridge Railings: Use of aluminum alloys for

bridge railings means the elimination of costly main-

tenance. It also permits great latitude in design

using made-to-order extrusions and economical fab-

ricating methods. Figure 7-86 shows a horizontal

parapet railing and a vertical type railing.

Figure 7-87 illustrates two methods of anchoring

posts into concrete. The post at left is secured with

anchor bolts set into concrete during pouring opera-





Figure 7-84: Examples of floor-to-floor balustration.

Figure 7-85: Examples of assemblies of ornamental railings.
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Figure 7-90: Counterbalanced tilting flagpole.



tions. The post at right is bolted into a fabricated

or cast aluminum sleeved base set into the concrete

during pouring. Figure 7-88 shows aluminum railing

attached to steel bridge construction.

7.18 FLAGPOLES AND
LIGHTING STANDARDS
Flagpoles: Aluminum flagpoles are available

either with a continuous straight taper or with a

curved taper that is more graceful but also more

expensive. The poles for ground setting are avail-

able in standard lengths, starting with a 22-foot

total length (20 feet exposed) to a 110-foot total

length (100 feet exposed). They are made of seam-

less aluminum having a minimum wall thickness of

16-inch and are cold rolled, ensuring smooth con-

centric shape.

Finish: The exterior surface is machined to a satin

brush finish, then waxed to minimize any handling

discolorations and to insure uniform weathering

characteristics. Or the exterior surface is painted

with one coat of Corrosite primer, one coat of alumi-

num plastic paint and a finishing coat of Corrosite

plastic paint.

Flagpoles are usually set into a concrete founda-

tion with one-tenth of the pole length below ground

(see Figure 7-89). Counterbalanced tilting flagpoles

offer the advantage of being speedily lowered by

one man for maintenance, halyard replacement,

and the like. Available in lengths from 25 to 70 feet

(see Figure 7-90).

Lighting Standards: Aluminum lighting

standards for street and highway, and standards for

flood lighting, traffic signals and signs are used in-

creasingly because they are resistant to atmospheric

corrosion without maintenance. This is especially

important in industrial areas. They are suitable also

for the sea coast as they are relatively unaffected by

salt atmosphere, and the slight initial corrosion does

not affect the structural stability. The weight of

aluminum standards is less than one half of the

weight of steel standards of comparable strength

which means economy in shipping and erection.

Aluminum standards have a seamless tapered

shaft, heat treated after fabrication. They are manu-

7.18

Figure 7-91 : Lighting standards for street and highway.

factured in one piece up to a 40-foot length. Some

of the aluminum lighting standards developed in

recent years are of excellent design, taking full ad-

vantage of the structural possibilities of the light,

strong aluminum.

The arm illustrated in Figure 7-91 has a vertically

elliptical shape, resists downward stresses and ob-

viates braces on arms up to 8 feet. On longer arms,

a horizontally elliptical base, welded to the arm,

eliminates the need for side-bracing.
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Figure 7-92 : Typical acoustical ceiling system.

7.19 ACOUSTICAL CEILINGS

Due to complex mechanical and electrical require-

ments and the desirability of the easy access they

provide, hung ceilings of dry assembly are increas-

ing in demand. These aluminum ceilings have the

advantage of light weight and low maintenance.

They never need repainting and are easily cleaned.

Figure 7-92 shows a typical acoustical ceiling

system. The perforated pans are 12 inches wide

in lengths up to 60 inches, with beveled edges for

fine Hne joints. The perforations are of .094-inch

diameter on i^-inch straight centers. Panels are

made of .025-inch thick sheets.

The pans are backed with acoustical pads of

rock wool in flameproof envelopes or glass wool in

moist areas, such as kitchens. The suspension sys-

tem provides for combinations with recessed light-

ing. These panels are available also for use as inte-

grated air ducts for heating or cooling.

Figure 7-93 illustrates a system manufactured by

Reynolds Metals using corrugated perforated pan-

els. This system consists of formed perforated alumi-

num panels supporting a glass fiber sound-absorbing

blanket. The panels are either suspended on a sys-

tem of supporting tees and angles, or are attached

to the ceiling. Panels are available either corrugated

or ribbed. The corrugated panels are formed to a

T/g-inch depth with a nominal 2.67-inch pitch with

i^-inch perforations and spans up to 8 feet. Stand-

ard panel length are 6 and 8 feet. In corridors up to

12 feet wide, this ceiling is suspended entirely from

the walls without intermediate overhead sus-

pension.

The ribbed pyramid panels are formed to ^-inch

depth with a nominal 1 3^-inch pitch with .094-inch

diameter perforations. Standard panel lengths are

4 and 5 feet. This panel is available also in 12-foot

lengths for sidewall applications.

The panels have either a natural aluminum or

painted white finish. The supporting tees are avail-

able in either white baked enamel or clear anodized
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Figure 7-94: Suspended aluminum grid for luminous ceiling.

finish. This Reynocoustic System has a noise re-

duction coefficient up to .90 depending on the

thickness of the acoustical blanket. The glass fiber

blanket offers, in addition, excellent thermal in-

sulating properties. Where desired, the sound-

absorbing blankets can be attached to the

ceiling and conditioned air can be distributed

through the suspended perforated panels.

Aluminum Suspension Grids: In addition

to the above systems in which both the suspension

members and the panels are made of aluminum,

there are various suspension systems that use alumi-

num sections to form a grid. These grids are de-

signed to receive aluminum panels or acoustical

ceiling board.

7.20 LUMINOUS CEILINGS
These ceilings integrate the function of hung acous-

tical ceilings with an overall source of diffused

illumination. An example of such a system is shown

in Figure 7-94.

This system consists of suspended aluminum ex-

truded sections supporting a translucent white vinyl

plastic sheet corrugated for rigidity. Fluorescent or

slimline strip fixtures placed above this ceiling are

the source of illumination. (See Figure 7-94.)

The aluminum sections are spaced on 3-foot cen-

ters to receive the plastic corrugated sheet that

comes in 50-foot rolls. If the sound deadening qual-

ity of these sheets is not sufficient, auxiliary acous-

tical baffles are installed. Luminous ceilings can also

be installed by suspending an egg-crate louver

below the light source.

Figure 7-95 shows an example of such an alumi-

num egg-crate ceiling. The aluminum louver is sus-

pended on a grid ot aluminum tubes and channels.

The luminous surface can also be applied verti-

cally forming a luminous wall. Such a wall is shown

in Figure 7-96. Perforated aluminum panels are

held in a vertical grid of aluminum sections. This

screen is back-lighted by rigidized aluminum sheets

curved for even illumination. This combination of

reflectors with rigidized and perforated aluminum

sheets illustrates the potentialities of aluminum as

a reflecting and luminous surface.

7.21 INTERIOR MOVABLE
PARTITIONS
Today's flexible office layouts call for movable par-

titions. Aluminum partitions reduce the floor load

and are easy to maintain and move. Figure 7-97

illustrates a product manufactured by Reynolds

Metals. These partitions are insulated, movable

partitions fabricated from aluminum-faced 1%-inch

thick tray-type panels and extruded aluminum

structural members. Simple provisions are made for

concealed wiring, switches and convenience outlets.

The partitions are available in four general types:

Ceiling-high partitions, with or without glass;

cornice-high, with or without glass; bank screen

partitions 66^4 inches high; and railing units i2}4

inches high. The panels may be obtained from the

factory in baked-on standard or selected colors with

a "leather grain" embossed surface.

7.22 ENTRANCES
Aluminum entrance doors are available in stock

sizes, with or without transoms, at an economical

cost. The common stock sizes are 3 feet x 7 feet,

3 feet 6 inches x 7 feet for single doors; and 5 feet x 7

feet, 6 feet x 7 feet for double doors. Both single and

double-acting doors are available. In addition to

the stock sizes, entrances are available in a vari-

ety of special sizes in an endless combination of

groupings, with sidelights, fixed or operating tran-

soms. Any design requirement of entrance glass

walls, vestibule enclosures, combinations with re-
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Figure 7-96: Aluminum luminous wall.

volving doors, and so on can be met readily.

The doors are generally of seamless tubular con-

struction, welded, with all reinforcing at corners,

and with hardware concealed. All joints are milled

to a hairline joint. Glazing is done ^yithout visible

screws. Door frames are either tubular or made of

channels or of split sections. All parts have a pol-

ished or satin anodized finish.

All hardware is generally furnished with the

doors. Hinges are of the pivot type or ball-bearing

butt hinges; door closers are of the overhead or floor

type. There is usually a choice of standard pulls,

pull-and-push bars or plates. Entrances can be

readily adapted to use special hardware, such as

panic hardware, electric eyes and the like.

The tendency today is to make the members as

slim as possible with all glazing done in a trim

manner. Due to the versatility of aluminum ex-

trusions, this can be accomplished easily as shown

in accompanying illustrations. The examples of

entrances, as made by various manufacturers, illus-

trate the variety of choices available to achieve the

desired appearance, and also suggest the possibil-

ities for special designs. Figure 7-98 shows one line

of standard entrances.

Figure 7-99 shows another line of entrances. This

producer has a line of standard entrances of sizes

described previously, with fixed transoms 3 feet and

5 feet high. The details shown here are special nar-

row stile entrances with split section frames. These

sections are flexible and interchangeable and are

assembled without face screws. Note the recessed

glazing of the sidelights.

Figures 7-100 and 7-101 show other examples of

entrance door sections.

Figure 7-102 illustrates other entrances. In addi-

tion to the usual anodized finish, these products are

available in a polished or satin gold anodized finish.

Revolving Doors: Aluminum extruded sec-

tions and aluminum sheets are also used to full ad-

vantage in revolving doors. Figure 7-103 illustrates

a typical revolving door.

Tempered Plate-Glass Doors: Aluminum

sections are used also for flush type door to match

in appearance the aluminum construction of en-

trance walls or store fronts. Figure 7-104 illustrates

door sections. These doors are available in widths of

3 feet or 3 feet 6 inches for single doors and 5 feet or

6 feet for double doors.
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Figure 7-97: Insulated movable partition.

Screen Doors are also available to complement

entrances. Figure 7-105 shows a typical screen door

constructed of heavy extruded sections with alumi-

num screen cloth. The entire unit is anodized to

ensure appearance that matches the entrances.

The hardware includes push bar and lucite pull

handle, butt hinges and overhead door closer. Avail-

able only in stock sizes.

Flush Doors: Figure 7-106 illustrates a flush

SECTION X-X

door construction. Its sandwich panel structure has

great resistance to flexure and good impact resist-

ance. The standard surface is ribbed anodized

aluminum. Special surfaces of pebbled, stippled or

other textured aluminum skins are also available.

Optional piercing and glazing provide complete

flexibility of installation and permit use on special

units, within the following limitations:

—One light that does not exceed one-third of the

door area.
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—Two lights that do not exceed one-half of the

door area.

—Special size lights are not to be placed closer

than 1 inch to the edge of the stile or 6 inches

from the top or bottom.

7.23 STORE. FRONTS
Modern store fronts strongly emphasize the impact

of display on the public both in terms of show win-

dows and the open front. In both cases, the emphasis

is on making the glass barrier as inconspicuous as

possible. In the case of the open front, the division

between street and shop is reduced to the minimum.

In line with this development in store design, store

front construction has advanced accordingly.

Available aluminum store front sections and tech-

niques facilitate the construction of store fronts that

utilize large glass areas and incorporate all the

wanted devices. The sections are narrow, without

separate glazing moldings. If necessary, sections are

recessed to provide flush glazing, letting the soffit or

wall continue without marked interruption. The

sections have integral resilient locking devices and

grips that hold the glass firmly without the need

for screws on the face of the store front.

Where cost is an important factor, rolled alumi-

num sections that incorporate all the advances of

today's store front construction may be used. Ex-

truded sections, somewhat more costly, provide the

ultimate in sharp, straight lines and finish. Figures

7-107 through 7-113 show examples of rolled and

extruded sections.

Figure 7-114 illustrates examples of trim mold-

ings. These are used to cover fascias, columns, and

as trim to receive other materials such as structural

glass. The examples of sections and moldings illus-

trated represent only a fraction of the entire line of

store front products, but they give an idea of the

great variety and general characteristics of ele-

ments available to the designer as a working tool.

Special sections and components, if needed, can be

made at a relatively low cost.

7.24 SUN-CONTROL DEVICES

The marked trend toward larger glass areas in to-

day's buildings makes sun control an increasingly

SPECIAL ENTRANCES—NARROW STILE

7-99: Examples of entrances with sidelights and transom.
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Figure 7-102: Entrance door, typical details.

important factor. Sun-control devices provide some

of these advantages in various degrees and com-

binations:

—^Protection from direct sunrays.

—Reduction of sky glare.

—Control of solar radiation and heat infiltration,

thereby reducing interior temperatures and air

conditioning loads.

—Weather protection.

—Protection of furnishings from bleaching and



fading.

—Increased privacy.

—Elimination of need for drapes, shades and the

like.

It is obvious that these advantages.are important

from the point of view of economy as well as the

occupant's comfort and efficiency. Sun-control de-

vices are of necessity exposed to the weather and

often are complex. Maintenance charges on such

items could easily become prohibitive unless they
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Figure 7-105: Screen door details.

were constructed of a metal which does not require

painting and does not stain the building face.

The great variety of designs is influenced by the

climate, use, architecture and other considerations.

Many designs are custom made. The accompanying

GLASS

-EXTRUDED ALUMINUM FRAME

-RIBBED ALUMINUM WITH

ANODIZED FINISH

-HARDBOARD BACKING SHEET

-RESIN-IMPREGNATED
HONEYCOMB CORE

-EXTRUDED ALUMINUM
BOTTOM RAIL

Figure 7-106: Flush door construction.

SETTING SCREW

Figure 7-107: Rolled sections for store fronts. Spring clip

eliminates all screws on the fare of store front and holds

the glass firmly without exerting undue pressure on the

glass. The controlling screw in the gutter does not work

loose by sheet vibration.

drawings show some of the devices and products

that are available.

Shade Screening: This device is a system of

miniature louvres fabricated by stamping an alumi-



Figure 7-109: Rolled sections for store fronts.
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• Figure 7-111: Extruded sections for store.fronts.
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Figure 7-112: Extruded sections for store fronts.

num sheet. (See Figure 7-115.) This screening can be

used with most types of windows and is most

efficient from the thermal point of view when

placed on the exterior. It is also an effective shading

device for terraces as it blocks most of the direct

sun rays during the hot hours of the day. (See

Figure 7-116.)

The screening reduces glare, diffuses the light

and reduces solar radiation. It increases privacy

because it partially blocks the view from the out-

side. The closely spaced louvers (17.5 per inch)

provide a barrier against all but the smallest flying

insects and deflect light rainfall. This screening can

be used in wood or metal frames.

Venetian Blinds: The slats of aluminum Vene-

tian blinds are usually 2 inches wide and in cross

section have a crown for additional stability and

rigidity. Available in a variety of finishes and colors.

Louvers can run horizontally or vertically, de-

pending on the exposure and architectural solution.

On the south side, the louvers running horizontally

provide effective shading and can be placed either

in a vertical plane or as a sloping sunshade. On the

east or west side, vertical louvers, properly placed, Figure 7-113: Extruded sections for store fronts.



Figure 7-114: Trim moldings.for store fronts. Concluded on Page 273.



Figure 7-114: Trim moldings for store fronts, concluded.

will control the low angle of the sun more readily

where outward view is desirable.

For the sake of economy in first cost and main-

tenance, fixed louvers are preferable where effective.

If necessary, louvers can be movable, operated

manually or mechanically. Due to the open con-

struction, heat is not trapped behind louvers and

natural convection is created.

A good example of commercially available units

are those in Figure 7-117. These are available either

fixed or operating. They can be installed in an in-

clined plane or horizontally as an eyebrow or under

a skylight. When installed parallel to the plane of

glass, louvers can run horizontally or vertically.

Solar Overhangs (Eyebrows): These de-

vices are effective against steep sunrays. In the

United States, they are most effective on facades

oriented to the south. The overhangs are either

solid, providing protection against sun and rain, or

louvered. The blades are either of extruded alumi-

num or of built-up sections.

Figure 7-118 illustrates typical eyebrows. The

identical extruded sections can be set on aluminum

outriggers to form either a solid or louvred over-

hang.

Figures 7-119 and 7-120 show other examples of

horizontal louvered sunshades. The blades are sup-

ported on structural aluminum outriggers connected

by aluminum fascia.

Often solar shading is integrated with the archi-

tectural aluminum facing and is part of the overall

assembly, as shown in Figure 7-121, with all com-

ponents made of aluminum. Such all-aluminum as-

semblies eliminate galvanic action and all corrosion

staining. Illustrated is the Diagnostic Building,

Mayo Clinic in Rochester, Minnesota (Ellerbe &
Company, Architects).

Figure 7-122 illustrates a solar eyebrow. The

blades can be fixed in three positions. If ready ad-

justment is required, blades can be manually or

motor operated by worm-and-gear operators.

Each individual blade is made of two pieces, air-

foil formed to cellular design. These are set under

stress over, and riveted to, a center axis with edges

joined together by extruded interlocking sections.



Figure 7-115: Aluminum shade screening.

See Figure 7-122 for details. Ends are enclosed with

mesh. Maximum length for an individual shade is

8 feet. Where shades are over 8 feet in length, they

are made in two or more sections joined together

with a concealed expansion clip. Shade frame is also

aluminum.

In orientations, where horizontal sun shades are

insufficient, a combination of horizontal blades

—

fixed or adjustable—and vertical fins is used. This

system is illustrated in Figure 7-123. Figure 7-124

shows a system, including details of vertical fins,

• that is effective in the United States in the case of

ANGLE OF SUN'S RAYS

WITH HORIZON

SUN'S RAYS

BLOCKED

(APPROX .)

100% BLOCKED

100% BLOCKED

92% SHUT OUT

86^;; SHUT OUT

75% SHUT OUT

45% SHUT OUT

Figure 7-116: Diagram showing the extent of sunrays

blocked by shade screenings.

east or west exposure. See Pages 280 and 281 in this

book.

Awnings: Roll-up aluminum awnings are used

mostly in industrial and commercial structures for

sun protection and also weather protection over

sidewalks. They are easy to operate, more durable

than canvas awnings and more effective in reflecting

the heat. Aluminum awnings are available in pro-

jections from 4 to 8 feet and in widths up to 18 feet.

The awning rolls up tight in a concealed box or

under a protective hood. (See Figure 7-125.) Opera-
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Figure 7-117: Louvers for sun control.

tion is manual or electrical. The slats have a cor-

rosion resistant anodized finish that gives them long

life.

Canopies (Marquees) provide protection

from sunlight and rain. Figure 7-126 shows venti-

lated canopies. They can be installed on cantilever

supports or are prepared to receive standard pipe

hanger fittings. The W-sections, with edges pre-

venting splashing, channel the rainwater to the

gutter along the building face while the open spaces

between W-sections permit hot air to escape.

7.25 ARCHITECTURAL SIDING
AND CURTAIN WALLS
One of the most conspicuous recent advances in

OPERATING ARM

(MAY BE OPERATED
MECHANICALLY OR
MANUALLY)

OPERATING LOUVER DETAIL

building techniques is the rapidly increasing use of

thin, light non-load-bearing exterior walls. The use

of these curtain walls results in substantial savings,

mainly due to the following factors:

—Savings in the structural frame due to decreased

wall loads.

—Reduction of heating and air-conditioning loads

due to effective insulation.

—Increase in rentable floor area due to thin ex-

terior walls.

—Reduction of construction time due to speedy

erection and integration of various elements

such as windows, sills, convector and conduit

covers, and the like.

The general aspects of curtain wall construction

will not be discussed here, and the reader is referred
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Figure 7-118: Solar overhangs of extruded sections, louvered (top) or solid (bottom).

to catalogs of the various manufacturers.

It is important to note that aluminum has certain

natural properties that make its use in curtain wall

construction of special advantage. Its light weight

allows larger sections to be fabricated and erected.

This means fewer joints and economies in erection

over panels of other materials. Aluminum's work-

ability, assuring easy forming and fabrication with

resulting savings in cost, as well as the great variety

in possible finishes and its textures are fully dis-

cussed in Chapter 3. Its resistance to weathering is

dealt with in detail in Section 2.3. Curtain walls

consist of a combination of several or all of the

following components:

- Exterior facing.

— Insulation.

—Backup.

—Interior finish.

—Mullions and window assemblies.

—Joints and attachments.

It is significant that all the above items, with ex-

ception of "backup" can be made of aluminum.

Even reflective insulation is feasible in aluminum,

while "backup" is often not needed.

The Exterior Facing is usually made of sheet

material. However, extrusions can sometimes be

used to advantage (see Figure 7-138) as can cast-

ings, especially for ornamental spandrels. The prop-

erties, advantages and manufacturing limitations of

these materials are explained in Chapter 3.

In using sheet material for the facing, great care

must be taken in the design, manufacture and erec-

tion to prevent waviness. The first consideration

must be the use of the proper thickness for the par-

ticular design and application. Furthermore, large

flat surfaces are to be avoided. For this purpose,

corrugations of various kinds are used (see Figures

7-127, 7-129, 7-130), or the panels are pressed to

larger patterns (see Figure 7-137). Another aid in

this respect is the use of textured sheets and non-

reflective finishes. Waviness can also be prevented

by continuous backing, which can be accomplished

by filling pan units with a lightweight insulating

material or by laminating the facing sheets to a

flat board or honeycomb. Unequal stresses due to

welding and forming during fabrication must be

avoided.

Provisions must also be made to allow for expansion

and contraction from temperature changes. Finally,

it is essential that erection and attachments avoid

racking or warping of the panels by providing ad-

justable devices that allow for movement of the

structure. (See Figures 7-132, 7-133, 7-134, 7-135.)

Insulation and Core Materials are avail-

able in a wide range. Some consist of noncombus-

tible sheets or batts while others can be poured in

place or sprayed on. Table 7-12, reproduced from a

study prepared by the School of Architecture,

Princeton University, on "Curtain Walls of Stain-

less Steel," gives a comparison of core and in-

sulating materials.

To ensure the life and effectiveness of insulation,

a vapor barrier is essential, as are provisions for the

escape of condensation through weepholes or evap-



Figure 7-119: Solar shade.

TABLE 7- 12: CORE AND INSULATING MATERIALS

MATERIAL WEIGHTi
POUNDS

AVAIL-
ABLE
THICK-
NESS
INCH

AVAILABLE
SIZES

CONDUC-
TIVITY
BTU PER
INCH

MOIS-
TURE
RESIST-
ANCE

FIRE
RESIST-
ANCE

THER-
MAL
EXPAN-
SION

COSTi REMARKS

Gy{)sum board 5.23 H to 2 4'x8', 10', 12' 1.41 Poor Incombustible m
Asbestos-cement
with fiberboard
core

3.75 1^42 to 2 4'x6'. 8', 9', 10', 12' .40 Fair
(expands)

Incombustible Negligible

Marinite
(calcium silicate)

3.00 i^to2 4'x8', 10', 12' .75 Poor Excellent Negligible High

Cemented
excelsior

2.3 2 to 3 32" wide .45 Fair
(expands)

Incombustible Negligible 2" thick—
12.5^
3" thick—
11.0^

Foamglas .75 2 to 5 12" X 18" .39 Excellent Incombustible Negligible Vapor proof

Paper honey-
comb with
perlite fill

.7
.39 Fair Poor

Cork board .6 lto6 12" X 36" to 36" by 36" .26 Fair Fire retardant Negligible

Fiberglas P-F 615 .47 lto4 24" X 48" .24 Good Incombustible Negligible 6M Batts resist fire

to 450°
Fibers resist fire

to 1000°

Aluminum
honeycomb

.4
Excellent Incombustible High SO^

Paper honey-
comb

.3 to 4 .58 Fair Poor Negligible I2i

Mineral wool .25 .27 Fair Excellent Negligible

Polystyrene
foam

.16 .27 Fair Self-

extinguishing
Negligible

Pumice concrete 8.0 2.42 Poor Excellent Small

Perlite concrete 2.6 .77 Poor Excellent Small 1 to 5 mix.
Shrinks consid-
erably in curing

Foam concrete 2.5 .6 Good Excellent Small Including ma-
terial & labor

Vermiculite
Concrete

2.25 .76 Poor Excellent Small 1 to 6 mix.
Shrinks consid-
erably in curing

Sprayed
Asbestos

.9 K to2 .26 Good Excellent

1 Per square foot 1" thick; costs are approximate.
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278 Figure 7-121: Elevation and details of Iquvered solar shade.



Figure 7-122: Solar eyebrow with built-up blades—fixed or adjustable.

oration through a ventilated air space.

Backup has the following functions:

—Insulation

^Base for applying finish

— Fireproofing

The first two functions can be taken care of

effectively and economically by a curtain wall panel

without backup. In most cases, the use of backup is

dictated by the requirements of fireproofing.

Requirements of many new city codes can be met

by the use of noncombustible core materials having

a fire resistance of 1 or 2 hours. Some other codes,

virtually dictating a masonry backup, are incon-

sistent in permitting fully glazed curtain walls while

prohibiting the substitution of glazing by panels of

a 1 or 2-hour rating.

Interior Finish is ideally an integral part of

the wall panel. It can be laminated to the core or

attached in some other way as a prefabricated com-

ponent, or it can be applied in the field. The finish
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Figure 7-123: Combination of vertical fin with horizontal blades. Figure 7-124: Vertical solar fin elevation. For plan and

section details, see Page 281.

can be of aluminum (see Figures 7-131, 7-138) or

other material. In some instances, continuous con-

vector or conduit covers constitute the entire in-

terior finish (see Figures 7-135, 7-137). Where back-

up is used, the finish can be applied in the con-

ventional way.

Architectural siding and panels that do not span

from floor to floor or between architecturally treated

mullions are attached to girts. In some buildings it

is possible to leave them exposed, in others a sepa-

rate finish facing has to be applied. Figure 7-130

shows an integrated system of exterior siding and

interior insulating finish.

Mullions and Window Assemblies are

the components of most commercially available



Figure 7-124: Vertical solar fin, plan and section details.

See elevation on Page 280.

curtain-wall grid systems. The mullions, often struc-

tural, are extended window mullions which receive

the windows and opaque components of the wall.

Most of them have provisions for attaching panels

and weather seal. At the same time they permit the

necessary movement. The mullions are usually built

up of extrusions (see Figures 7-132, 7-133, 7-134).

In some mullion type curtain walls, structural

WELD AFTER ALIGNMENT TO PREVENT
STACKING OF SECTIONS OR EXCESSIVE
EXPANSION AND CONTRACTION JOINT-

SECTION B-B

ALUMINUM LOOKOUT TRUSS AND
WATER REPELLENT EXPANSION
AND CONTRACTION JOINTS

1 :

4^ 5" OR 6"

SECTION A-A

SNAP-ON NOSE CAP COVERS ERECTION
ACCESS HOLES IN FIN

vertical and horizontal steel members are faced

with aluminum (see Figure 7-139), or special ex-

truded structural aluminum members form a grid

for a fully glazed assembly (see Figure 7-140). The

mullion type curtain wall has produced the most

satisfactory architectural solutions. It seems to ex-

press well its idea, and the grid provides the proper

scale and setting for the other elements. It provides



Figure 7-125: Concealed awning box. Covers unsightly

mechanism of roll type awning and keeps moving parts

out of the weather.

also for ready variations in material and color. The

materials most often used with the clear glass win-

dow assemblies are structural glass, aluminum and

enameled metal.

Joints and Attachments are the most crit-

ical elements of curtain wall construction. There is

a great variety of possible solutions. Joints can be

interlocking (see Figures 7-127, 7-128, 7-129, 7-138).

In some cases, these joints have sufficient structural

strength. In other cases, they are strengthened or

backed with structural muUions (see Figures 7-136,

7-137).

Certain types of joints are self-draining or are

made weathertight by rubber gaskets or by caulk-

ing (the least desirable method). Some joints have

splines or batten type covers, and frequently the

joints are taken care of by the mullions, as discussed

above.

The joints have to provide a sufficient amount of

tolerance for variation and movement. An impor-

tant point in the design of the joint, and of the panel

generally, is through-conductivity. This causes con-

densation and a reduction in insulation and fire re-

sistance. This problem is solved either by inserting a

nonconductivetape or gasket between the metal com-

ponents (see Figures 7-128, 7-131), or by completely

separating them with insulation. Attachments must

meet the structural requirements and at the same

time provide for an easy economical erection, pref-

erably from the interior of the building. They also

must incorporate the necessary provisions for tol-

erances, alignment and movement.

Commercially Available Components:

A number of manufacturers supply aluminum siding

materials suitable for the outside skin or interior

finish. Some of these manufacturers make standard

insulated panels. These are discussed and shown in

Figures 7-127 through 7-130. Other manufacturers,

often makers of windows, have devised integrated

curtain wall panels which provide the complete ex-

terior skin and sometimes the insulation. These

give the designer great latitude, both in sizes and in

the choice of accessory materials.

Examples of these commercially available curtain

wall panels are shown in Figures 7-131 through

7-135. Illustrations in Figures 7-136 through 7-140

and their descriptions show curtain walls involving

various degrees of prefabrication and integration

of functions. These indicate the potentialities and

point to future developments.

Figures 7-127 and 7-128 show standard insulated

panels of one manufacturer. Aluminum Type 'T"

Panels shown in Figure 7-127 are formed from a

16 B & S gauge sheet with mill finish of an alloy

which offers high structural strength and excellent

resistance to weathering and corrosion.

Factory-assembled *T" panels are formed from

two rolled sections, a flat interior sheet and a fluted

exterior sheet. Both have formed male and female

side joints for easy interlocking during erection and

to ensure uniform coverage. The exterior sheets are

fastened to U 2-inch depth spacer channels, spaced

4 feet o.c. throughout the length of the panel section

for the combined effect of shear transfer and to
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Figure 7-126 Ventilated canopy.

Figure 7-127: Insulated panels.
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Figure 7-128: Insulated panels.

"1 m _r~\ r
Figure 7-129: The Q-panel in cross section, and a wall built up with it.

provide a sandwich construction. The spacer chan-

nel is isolated from the inside sheet by felt stripping

to prevent through-metal conductivity. Glass fiber

insulation, 1 Yi inches thick and of 2-pound density is

inserted to give high insulating effect, superior to

that of 12-inch furred and plastered masonry walls.

.
• Die-cut end closures and profile plates completely

close the panel. "F" panels have a standard cover-

age width of 24 inches and are 3^ inches deep.

At horizontal joints, where two tiers of panels

adjoin, the upper panel is swedged out over the

lower panel profile, thus making the joint mechan-

ically weathertight without flashing or caulking.

Panels are rolled to lengths to accommodate contin-



Figure 7-130: Reyconowall insulated wall system.

uous spans wherever possible and to minimize hori-

zontal joints throughout the building.

The Type "C" wall panel shown in Figure 7-128

consists of two members pressed together at the

sides to form a structural unit. Before pressing, a

strip of felt is inserted the full length of the joint

to prevent through-metal contact. The panels are

factory filled with borosilicate glass fiber insulation

of 2-pound density. This insulation is non-settling,

chemically inert and acid resistant. An end closure

is inserted at both ends of the panel to ensure proper

retention of the insulation and to completely close

the building unit. Type **C" panels have a standard

width of 16 inches and a standard depth of 3 inches.

The ordinary lengths used in construction vary be-

tween 6 feet and 14 feet (the maximum available

length) to allow ease of shipping and handling, to

accommodate floor heights and to permit spacing

of structural steel supports.

The interlocking tongue and groove connection

between adjacent panels offers a joint that unites

the series of wall panels into a continuous wall sur-

face, with each section offering three positive bear-

ing surfaces to resist applied loads from either side.

The nature of these connecting joints allows *'C'*

panels to be used either vertically or horizontally in

walls and partitions. When "C" panels are used in

a horizontal position the double tongue and groove

joint acts to ship lap the construction, adding to

the weather-resisting properties of the complete

wall unit.

Ribbed aluminum Type *'C" panels, formed from 285
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Figure 7-131: Curtain wall units and elevation detail.

16 B & S gauge mill finish alloy are designed to offer

additional architectural treatment by providing

long narrow rib lines. The ribs are shallow, semi-

circular, inturned flutes of approximately K-inch

opening, '^ o-inch deep. Four ribs are spaced evenly

across the face of the panel and so formed that when

a wall elevation is viewed in its entirety, the ribbed

lines and the lines of the side lap blend together. In

addition to providing architectural treatment, the

metal panels are stiffened against compression and

wind loads by the ribs.

Figure 7-129 shows the use of the "Q" panel. This

industrial building (designed by Raymond & Rado

for the Electrolux Corp. in Old Greenwich, Conn.)

illustrates the combination of various elements

that best meet the requirements in the particular

areas. Above the bottom section of the wall, built

of masonry for resistance to impact, there is a con-

tinuous glass area composed of a top and bottom

strip of aluminum ventilating sash and an 8-foot

middle strip of glare-reducing fixed corrugated glass

with aluminum cover plates at the vertical joints.
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Figure 7-131: Curtain wall units and elevation detail.

16 B & S gauge mill finish alloy are designed to offer

additional architectural treatment by providing

long narrow rib lines. The ribs are shallow, semi-

circular, inturned flutes of approximately %-inch

opening, •'^ nrinch deep. Four ribs are spaced evenly

across the face of the panel and so formed that when

a wall elevation is viewed in its entirety, the ribbed

lines and the lines of the side lap blend together. In

addition to providing architectural treatment, the

metal panels are stiffened against compression and

wind loads by the ribs.

Figure 7-129 shows the use of the **Q" panel. This

industrial building (designed by Raymond & Rado

for the Electrolux Corp. in Old Greenwich, Conn.)

illustrates the combination of various elements

that best meet the requirements in the particular

areas. Above the bottom section of the wall, built

of masonry for resistance to impact, there is a con-

tinuous glass area composed of a top and bottom

strip of aluminum ventilating sash and an 8-foot

middle strip of glare-reducing fixed corrugated glass

with aluminum cover plates at the vertical joints.

VERTICAL SECTION
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Figure 7-184: Curtain wall assembly.

The top portion of this curtain wall is constructed of

insulated "Q" panels.

These panels are made of flat and fluted (see de-

tail Figure 7-129) or two flat aluminum sections

enclosing 1 Yi inches (or more) of noncombustible in-

sulation. The maximum length of fluted aluminum

sections is 18 feet and of flat sections 16 feet. The

''Q" panels, designed to take the specified wind

load, arrive at the job cut to fit and are fastened to

the structure by welding or bolting. Where un-

broken wall heights exceed the maximum panel

lengths, ends can be die-set to provide a tight

counterflashed joint.

Reyconoivall manufactured by Reynolds Metals

provides a complete field-assembled insulating wall

system for use on industrial and commercial build-

ings. It consists, as shown in Figure 7-130, of an

exterior aluminum skin and an interior aluminum

wall panel with a 1-inch thick insulating board

between. It provides a simple economical wall made

of three standard components for installation on

erected steel girts.

Exterior walls are formed of ribbed or corrugated

aluminum siding material used for industrial and

commercial construction. Three forms are available:

(1) 4-inch rib, .032, .040 or .050-inch thick; (2) 28
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Figure 7-136: Aluminum sheet building enclosure.



8-inch rib, either .032-inch or .040-inch thick; (3)

corrugated .032-inch thick. Ribbed exterior sheets

are 41^ inches wide and available in lengths up to

22 feet 5 inches. Corrugated sheets are 48>.^ inches

wide and up to 12 feet in length. The exterior walls

are hung on steel framing by means of welded studs.

Interior walls are .032-inch corrugated aluminum

sheet. Nominal overall wall thickness is 2% inches.

Reyconowall offers exterior beauty with fast

application. It permits construction of a single-story

building with an eave height up to 22 feet without

.horizontal joints.

The natural heat-reflective quality of aluminum,

combined with the additional insulation of a 1-inch

thick glass fiber blanket, provides a U-factor of .155

which is far superior to many other constructions.

For windows, Reyconowall panels are cut and

flashed and mounted against the structural girts.

Since the interior panels overlap at edges, there is

no appreciable air leakage. Reyconowall is well

suited for air-conditioned buildings. The aluminum

walls store little heat. This also decreases the load

on air-conditioning equipment.

The entirely different units shown in Figure



Figure 7-137: Aluminum sheet clad skyscraper. These de-

tails concluded from Page 292.
293
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7-131 form a complete floor-to-ceiling exterior

aluminum wall. No additional interior or exterior

finish is required. Provision is made for solid areas,

glazing areas and ventilating areas m any arrange-

ment.

The insulated panels used in solid areas are only

V/iQ inches in thickness yet have a low heat trans-

mission coefficient (about .20), less than for a 12-

inch brick wall. The space normally occupied by

thick masonry is available for convectors, cabinets

or general use.

Walls can be erected quickly because units are

installed in the same way as windows—anchored

with clips at head and sill and connected laterally

by vertical mullions. Many variations are possible,

other than those shown. Panels may be 100 percent

glazed, 100 percent insulated or the combination

varied to suit the building requirements.

Figure 7-132 shows floor-to-floor panels. Note the

attachment and provisions for movement.

Figure 7-133 shows another curtain wall system.

The vertical mullions are attached to brackets at

the top of each floor slab and span from floor to

floor. The aluminum-faced insulating panels may

be removed without disturbing the structural grid.

This system permits a flexibility in the choice of

ventilating areas, fixed glass areas, single or double

glazing and insulated panel areas.

Figure 7-134 shows a complete curtain wall con-

sisting of bi-folding aluminum windows and Uni-

core panels and a grid. The units are one story high.

The aluminum structural grid supports the dead

load, resists wind load, eliminates vertical caulking.

Note the tolerances and flexible alignment clips for

expansion and contraction. The Uni-core panels are

1 inches thick with an exterior and interior alumi-

num skin laminated to an insulating core. The panel

weighs less than 5 pounds per square foot, is non-

combustible and has a 1-hour rating. The insulating

value U-factor is about .20 for this unit.

The panel interior is ventilated to allow for con-

densation and re-evaporation without damage to

core or skins. The bottom edge of the panel has

provisions for condensation escape and the frame

has weepholes. This panel is used also for the win-

dow stool.

Shown in Figure 7-135 is a complete floor-to-ceil-

ing assembly. This consists of an aluminum window

(with a fixed upper portion and in-swinging ven-

tilating sections) and an insulated aluminum-faced

parapet with integral all-aluminum convector cover

or conduit compartment. Note also aluminum trim

and dual curtain track.

Figure 7-136 illustrates details of an aluminum

clad oflfice building (designed by Emery Roth &

Sons) with conventional masonry backup. The

panel assemblies are two stories (21 feet 3 inches)

high, 4 feet 8 inches wide and contain two windows,

two sheet panels and a right-and-left-hand extruded

jointing that requires no caulking.

The formed panels were bolted to steel brackets

previously aligned and welded to the building frame-

work. Installation was made from the inside with-

out exterior scaffolding.

Figure 7-137 shows details of an aluminum clad

skyscraper (designed by Harrison & Abramowitz

and Grill & Harrell for the Republic National Bank

in Dallas). Sections B and D show a curtain wall

using H-inch aluminum sheet backed with 1 3/^-inch

fiber glass insulation and vapor sealed with alumi-

num foil. Sections A and C show aluminum facing

panels attached to a perlite backup wall.

The panels were impressed with a pyramidal de-

sign to stiffen the panel as well as for decorative pur-

poses. The aluminum wall panel assemblies of both

window and non-window types were one-story high

with joints requiring no caulking. The formed panels

were hoisted to the floors they were to enclose and

installed from inside without scaffolding. Each panel

assembly was anchored to lightweight reinforced

concrete mullions. Insulation was then applied to

metal and backed with aluminum foil.

The curtain wall in Figure 7-138 is an example of

a prefabricated extruded exterior wall panel that

is insulated and made from extruded aluminum.

It is used in a school building (designed by Button

& McLean and WiUiam C. Young).

Figure 7-139 illustrates a mullion type curtain

wall (designed by Skidmore, Owings & Merrill for

the Manufacturers Trust Building in New York)

in which mullions of structural steel are covered

with aluminum sheet material and combined with
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Figure 7-141: Stadium seat bracket.

LIGHT & REFLECTOR

-CORKBOARD

-CORKBOARD

Figure 7-142: Show case with hinged door and light.

secondary extruded members. The glazing is of

plate glass and structural glass along the floor con-

struction. Note use of aluminum for flashing, cop-

ing, railing, radiator covers and the like.

Figure 7-140 illustrates an industrial building (de-

signed by Skidmore, Owings & Merrill for the J. H.

Heinz Co.).

In this instance fully glazed curtain walls are

fitted between the structural steel columns and

horizontal steel channels.

Structural vertical aluminum mullions are spaced

2 feet llKe inches on center to receive projected

ventilating sections and fixed glazing of translucent,

heat-and-glare-reducing hammered glass.

7.26 MISCELLANEOUS
The preceding pages indicate the principal archi-

tectural applications of aluminum. In addition,

there are many other uses that do not lend them-

selves to systematic review within the scope of this

volume. For these, the reader is referred to manu-

facturers' catalogues. For instance, builders* hard- 299
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ware of aluminum is being widely used. Leading

hardware manufacturers have lines available in

aluminum. Further, aluminum is a logical choice for

hardware items used in conjunction with aluminum

doors, store fronts, windows and so on. Door

Figure 7-143: Show case front with sliding doors.

closers, door stops, push plates and kick plates of

aluminum are also widely used.

300

Many other accessories are made of aluminum,

such as shelf brackets, mail slots, exposed parts of

mail chutes, curtain tracks and the like. Aluminum

extrusions are ideally suited to the fabrication

of such items as directory frames and show cases

(see Figures 7-142 and 7-143). Stadium brackets,

illustrated in Figure 7-141, are an example of the

varied use of aluminum castings.

Aluminum is being introduced in many other new

fields, such as wall tiles. These tiles are stamped

from aluminum of .025-inch thickness and have a

ceramic coating. This glazed surface is available in

a variety of colors, is resistant to chipping and is

easy to maintain. The tiles are applied economically

with mastic. One company manufactures the follow-

ing sizes: 43^ x 434 inches, 4^x8^^ inches, 8^ x

83/^ inches. Trim tile, cove base, corner coves and

bullnoses are also available.

Modern buildings contain a great variety of

accessories and fixtures made of aluminum, such as

grills, registers, name plates, letters and numerals,

lighting fixtures, and so on. Aluminum is of course

widely used in the field of furniture, commercial

fixtures and other related fields that do not fall

within the scope of this volume.



CHAPTER 8: ALUMINUM PIPING,

DUCTWORK AND INSULATION

In addition to its wide application in architectural

details and structural elements, aluminum finds in-

creasing use in connection with building services

that involve piping, ductwork and insulation. This

chapter is devoted to presenting design data in these

fields 01 particular interest to the architect.

8.1 USE OF ALUMINUM
IN PIPING SYSTEMS
Aluminum as a piping material has gained greatly

in importance in the past several years, until today

it stands almost on a par with stainless steel in

usefulness for industrial piping.

Alloys usually available are as follows:

Aluminum pipe and wrought welding fittings:

1100, 2014, 3003, 5052, 6061, 6062, 6063, 7075

and Alclad 3003

Forged flanges:

5053

Valves (cast):

43, 356

Fittings and flanges (cast)

:

B214, F214, and L214

The chemical compositions of these materials are

given in Table 2-3. Tables 2-4 and 2-5 give their

physical properties. ASTM Specifications for tensile

strengths are given in Table 2-6. ASTM Specifica-

tion B 178-56T and B 26-56T, applying to pressure

vessels and castings respectively, are also available.

Among the advantages of aluminum and its

alloys, which deserve consideration in setting up

specifications for piping materials, are high strength,

light weight, good thermal conductivity, resistance

to corrosion, passivity when in contact with numer-

ous corrodents, high scrap value, and absence of

sparking characteristics. These qualities make

aluminum an important piping material.

Corrosion Resistance: Aluminum safely handles

many liquids and gases which are corrosive to steel

or other metals. It remains passive in many chemi-

cal solutions where most other metals and alloys

tend to catalyze or alter the chemistry of these

solutions. Where certain fluids cause mild corro-

sion, the corrosion products are mostly colorless

and non-toxic. It resists weathering better than

galvanized steel, especially in contaminated indus-

trial atmospheres. It will not stain woodwork or

masonry (see Section 2.4).

Aluminum pipe makes an attractive installation.

It is easy to keep clean and does not require expen-

sive maintenance or protection (see Section 2.4).

Strength: Aluminum pipe is made in alloys on a

par with low carbon steel in mechanical strength

(see Table 2-4). Aluminum pipe exhibits improved

mechanical properties at temperatures as low as

minus 320° F (see Figure 2-1) ; it is excellent for use

at liquefied gas pressures. (See also Chapter 6 on

structural design.)

Weight: Aluminum pipe weighs only one third as

much as carbon steel pipe. This means far easier

handling of movable pipe structures, faster con-

struction, less worker fatigue, cheaper transporta-

tion, less load on structures (see Chapter 2).

Non-Sparking: Aluminum pipe is non-sparking

and so is suitable for use in explosive or inflammable

atmospheres.

Economy: While aluminum pipe costs approxi-

mately twice as much as carbon steel pipe, its price

is only about one-fourth as much as copper or cop-

per alloy pipe, and one-seventh as much as stainless

steel pipe of the same wall thickness. Even if the

stainless steel pipe thickness is reduced to one-

fourth that of standard weight, the cost per 100

feet is still nearly twice that of aluminum pipe.



In view of the differences in weight, all price com-

parisons with aluminum should be made using

the price per foot rather than the price per pound.

Table 8-1 lists the relative cost of piping ma-

terials.

TABLE 8-1: RELATIVE COST*

OF PIPING MATERIALS

Lap Welded Carbon Steel—ASTM A120 1

Seamless Carbon Steel—ASTM 106 Gr. A 1

Wrought Iron—ASTM A72 2

Aluminum Type 3003 2

Aluminum Type 6063 2

Aluminum Type 6061 2.25

Aluminum Type 1100

5% Chrome Molybdenum ASTM A158

Gr. P5a 4

Copper ASTM B42 7.5

Red Brass ASTM B43 7.5

Silicon Bronze 8

Stainless Steel Type 304 ASTM A213 TP304 13

Stainless Steel Type 347 ASTM A213 TP347 16

Stainless Steel Type 316 ASTM A213 TP316 21

* Based on price per 100 feet of 6-inch standard weight pipe, with carbon

steel pegged at 1. See Appendix for source of this and other data.

Physical and Mechanical Properties

OF Aluminum as Utilized in Piping Sys-

tems: The Charpy impact strength of wrought

aluminum and its alloys is of the order of 10 foot-

pounds at room temperature. This is substantially

lower than carbon steel but is adequate for piping

service. In addition, the toughness of these wrought

aluminum materials is not substantially affected by

low temperatures down to -320°F. Hence they

may be safely used under sub-zero conditions. Cast

aluminum alloys, on the other hand, are quite notch

sensitive and have a materially lower impact

strength. When piping systems are subjected to

unusual shock conditions, care should be exercised

in the use of the high strength aluminum alloys

until further information is available.

There is need for additional data on the as-

welded properties of the higher strength aluminum

alloys. When such high strength materials are

welded, the physical properties of the heat-affected

zone (a width of one to five times the wall thick-

ness) are altered by the welding operation. This

then raises the question regarding the basis for

determining the pressure capacity of the pipe (see

Section 4.2). Intensive investigations are under

way to determine the answers to this problem.

Thus far aluminum pipe has not been recognized

in safety codes such as the Boiler Construction

Code of the American Society of Mechanical

Engineers and the American Standard Code for

Pressure Piping, issued by the American Standards

Association, and therefore is not included in their

specifications of materials and allowable working

stresses. However, it is understood that the code-

making bodies have these piping materials under

consideration and will soon publish such data.

ASME Boiler Code, Section VIII for unfired pres-

sure vessels does provide allowable stresses for type

1100, 3003 and 6061 aluminum sheet and plate for

temperatures up to 400°F. From these and from

the general principles underlying the allowable

working stresses established by code-making bodies,

it is possible to draw some conclusions as to suitable

design stresses for aluminum piping:

Allowable working stresses for piping falling

under the jurisdiction of Section 1 (Power Boilers)

of the ASME Boiler Code, Section 1 (Power Piping)

and Section 4 (District Heating) of the ASA code

for pressure piping are either one-fifth of the ulti-

mate strength or 80 percent of the stress required to

produce 1 percent creep in 100,000 hours (both

values being determined at the actual operating

temperature). The lower of the two values is the

allowable working stress.

For oil refinery piping (Section 3 of the Code for

Pressure Piping) the allowable working stress is

one-fourth of the ultimate tensile strength, or 60

percent of the yield strength, or the stress required

to produce 1 percent creep in 100,000 hours, all

determined at operating temperature, the lowest

value being selected. Chemical process piping in

other than oil refineries is not specifically covered



by any of the safety codes. In view of the similarity

of the hazards involved, it would appear that the

design of chemical process piping should follow the

principles established in the oil piping section of the

pressure piping code.

Chapter 3 of Section 6 of the Code for Pressure

Piping treats expansion and flexibility under the

general heading of fabrication details. This chapter

gives rules for determining the allowable stress range

for the combined stress from bending and internal

pressure which should be adhered to in designing

aluminum piping systems. The rules given in para-

graphs 620 (g) and (h) of this code are as follows:

*\g) Where a piping system is subjected to the

occasional temperature changes and to combina-

tions of constant stress and minor cyclic variable

stresses associated with the normal operation of the

plant, the combined stresses due to bending and

pressure shall not exceed three-fourths the sum

(of the allowable working stress) for the piping

material at atmospheric temperatures and (the

allowable working stress) at the nominal operating

temperature, but in no case shall the combined

stress due to bending and pressure exceed 40 percent

of the specified tensile strength of the pipe material

at room temperature.

"The longitudinal pressure stress shall be de-

termined by dividing the end force due to internal

pressure

by the cross-sectional area of the pipe wall

A =^(D'^ - d'O
4

in which p = internal pressure, pounds per square

inch; d = nominal outside diameter of the pipe

minus two times the nominal wall thickness, inches;

and D = nominal outside diameter of pipe, inches.*'

*'(h) Where a piping system is subject to tem-

perature changes of a definitely cyclic nature or to

severe vibration that may result in failure by

fatigue, the limit of the safe combined stress per-

mitted in paragraph (g) shall be divided by 2."

As indicated above, it is questionable at present

whether it is permissible or desirable, in the case of

welded aluminum piping systems, to determine the

wall thickness of the pipe on the basis of its cold-

worked or heat-treated strength; or on the basis of

its annealed strength, since the effect of welding

is to anneal the pipe for a distance of one to five

times the wall thickness from the center line of the

weld. Since alummum piping is not treated by the

codes, no direct guidance is available in them.

However, an interpretation (known as Case 994)

of Section VIII of the Boiler Code has been made

by the Boiler Code Committee. According to this

interpretation, when fabricating welded pressure

vessels of cold worked 3003 plate, it is necessary to

use the allowable working stresses established for

annealed 3003 plate in Table U3 of Section VIII in

designing the pressure vessel. Experiments are being

made with seamless aluminum pipe to determine

whether the rule established in Case 994 must be

followed or whether it is possible to take advantage

of the higher physical properties of cold-worked and

heat-treated pipe in spite of the annealing effect of

the welding operation. Until these experiments are

completed, it would appear necessary for the user

either to design welded aluminum piping on the

basis of the annealed physical properties or to con-

duct bursting pressure tests on the type of material

he wishes to employ.

Joint efficiencies established in the Boiler Code

apply only to longitudinal joints. The efficiency of

circumferential or girth welds is considered by the

code to be 100 percent. Hence, joint efficiencies

need be taken into account only in welded piping

systems when the pipe is fabricated from plate by

forming into a cylinder and welding the longitudinal

seam.

Allowable working pressures for annealed seam-

less 3003 pipe and butt welding fittings at tempera-

tures up to and including 400°F are given in Table

8-2.

These working pressures are based on the stress

value given for annealed 3003 plate in Table U-3

of Section VIII of the Boiler Code multiplied by

1.25. The figure 1.25 has been used to convert the

stresses from a factor of safety of five used in

Section VIII to a factor of safety of four, as used in

the oil piping section of the Code for Pressure

Piping.



TABLE 8-2: ALLOWABLE WORKING PRESSURES FOR

ANNEALED 3003 ALUMINUM ALLOY PIPE AND
WROUGHT SEAMLESS BUTT WELDING FITTINGS

NOMINAL
PIPE SIZE
INCHES

WlliiCjri 1

OR
SCH. NO.

WALL
THICK-
NESS
INCH

FOR TEMPERATURES
EXCEED

NOT TO

150°F 250°F 300°F ^50°F 400°F

S-40 U 1 1 ollo 660 570 494 424 377

X-80 0 154 900 770 680 580 520

1 S-40 0 620 540 465 398 354

X-80 u 1 7Q 840 720 630 540 476

S-40 0 1 /( A14U 520 443 387 332 295

X-80 0 . 191 710 610 530 453
^ 403

iy2 S-40 0 . 145 467 401 350 300 267

X-80 0 .200 650 560 484 414 ^368

2 S-40 0 . 154 397 340 298 255 227

X-80 u 01 Q
. Zio 570 482 422 361 321

S-40
Au OAO 432 371 324 278 247

X-80 0 .276 590 510 441 378 336

3 S-40
Au . Zlb 378 324 284 243 216

X-80 0
OAA

. 300 530 450 394 338 300

3^9 S-40
A

. ^Zb 346 297 260 222 198

X-80 AU Q1 ft 487 417 365 313 278

4 S-40
A

. Zo ( 322 276 242 207 184

X-80 AU QQ7
. OO t 459 393 344 295 262

5 S-40
A

. Z5o 284 243 213 183 162

X-80 0 .375 413 354 310 265 236

6 S-40
A0 OCA 259 222 194 166 148

X-80 0 .432 399 342 300 257 228

8 S-40
A ooo

. oZZ 229 196 171 147 131

X-80 0 .500 355 304 266 228 203

10 S-40 0 .365 208 178 156 134 119

X 0 .500 Zoo OA AZ44 91 AZi4 183 163

12 s 0 .375 180 154 135 116 103

X 0 .500 240 206 180 1 K/ii04 lo /

14 s 0 .375 164 141 123 105 94

X 0 .500 219 188 164 141 125

16 s 0 .375 144 123 108 92 82

X 0 .500 191 164 144 123 109

Note: S = Standard. X = Extra Strong. Numbers are Schedule Numbers.
_ . u t ^

1 The above tabular values are rounded off to the next higher unit of 10 for pressures 500 psi and higher. Inter-

polation is permissible for intermediate temperatures.
. , » . j j j * r»

2 The allowable pressures were calculated by the formula given m the American Standard Code for Pressure

Piping, ASA B31. 1—1942 Section 3, paragraph 325(a), as follows:
2iS (/ rn c)

D
where P = allowable pressure in psig. S = allowable working stress in psi. D = outside diameter in inches

tm = minimum thickness in inches or 22H percent less than the normal thickness shown in the table for

wrought iron and 12^ Percent less for aluminum, c = allowance in inches for corrosion and/or mechanical

strength, = 0.05 in. for all pipe sizes for wrought iron, = 0 for aluminum (nonferrous).

The allowable working stresses for aluminum correspond to the allowable stresses given for the annealed

erade cf specification SB 126 in the ASME Boiler Construction Code, 1946 Ed. Section VIII, Table U3. cor-

rected from a safety factor of 5 to one of 4 in conformance with code practice in establishing stressss in the

?Plant"process^!^^^ It is recommended that the allowable working pressures listed above be used also for

orocess piping in plants other than oil refineries (such as chemical industries) except where such Pipmg is ex-

pressly covered in the ASME Boiler Construction Code or other sections of the American Standard Code for

Pressure Piping.

Cast screwed and flanged aluminum fittings are

uniformly rated at 125 pounds per square inch work-

ing pressure for service at room temperature.

Pressure ratings at higher temperatures must be

obtained from the manufacturer of the particular

fitting under consideration.

Piping Components: Tables 8-3, 8-4 and 8-5 list

the various sizes in which aluminum alloy pipe,

tubing, fittings and flanges are regularly available.

Pipe and tubing are either extruded or cold drawn.

Speaking generally, the cold-drawn product is

closer to dimensions than the extruded item, al-

though for most piping purposes either classifica-

tion should be satisfactory.

Cast flanged and threaded valves are available

in sizes from H to 30 inches in aluminum alloy 43.

These valves are available in 75, 100, 125 and 200

pounds per square inch with 18-8 stainless steel

stem and wedge. Although the maximum tempera-

ture will depend on the service, these valves are

recommended for service up to 350°F. For service

above this temperature, stainless steel valves should

be considered.

Applications:

Indui^irial Plants: Aluminum already holds a

position of growing importance in many industries

because of its high degree of inertness in the presence

of numerous chemicals, in contrast to a large

number of metals and alloys which tend to catalyze

or alter the chemistry of solutions without them-

selves entering into the reactions.

Since maintenance of color is often of great

importance, another point in favor of aluminum is

that its corrosion products are colorless. Some solu-

tions tend to cause slight corrosion, which helps to

immunize the aluminum against further attack.

As can be seen from Table 2-8, aluminum ex-

hibits favorable characteristics in the presence of a

large number of chemicals, and it is for this reason

that aluminum piping is frequently employed in

chemical, food, soap and cosmetic plants, and in

the petroleum industry.

Because aluminum alloys guard against color

degeneration and because they also aid in main-

taining quality standards in the handling of fatty



acids, they receive serious consideration from manu-

facturers of soap and cosmetics. They are also

found useful in the construction of equipment for

the vacuum distillation of these acids, where the

separation of the acid from the mixed solution is

accomplished by heat transfer.

In the petroleum industry, both in the production

field and the refinery, resistance of aluminum to

corrosive attack by hydrogen sulphide and sour

crude oils, mineral oils and liquid fuels warrants its

careful consideration as a material of construction.

Internal aluminum components (such as bubble

trays and caps) of many oil refinery vessels have

been giving satisfactory service for some time.

Considerable interest is being shown in the use of

aluminum piping for oil and gas transmission for

varying service conditions and pressures up to

1000 pounds per square inch. Wrought fittings are

available for such service.

With both pipe and fittings fabricated from the

same high-strength material, the piping engineer

can take fuller advantage of the increased mechani-

cal properties offered by the heat-treatable alumi-

num alloys.

Low Temperature Applications: In the synthesis of

gasoline from natural gas, as in many other opera-

tions in the various chemical fields, large quantities

of liquid oxygen must be employed. Because the

temperature involved is -300 °F, aluminum is

used in the fabrication of pressure vessels, heat

exchangers and piping for handling this liquid.

Irrigation: The light weight of aluminum has led

to its wide use in irrigation piping in the South,

Southwest and Northwest. Since this piping has a

combination of mechanical and welded joints, it is

readily portable and can be moved from location to

location with a minimum amount of labor expended.

Plumbing; Drainage Piping: The use of aluminum

soil pipe for above-ground drainage systems is

gaining in popularity due to its workability and

light weight. Although aluminum pipe is not rec-

ommended for drains carrying alkaline liquids,

it may be suitable if used with a chemical protective

coating to resist acid and alkaline attack. The fol-

lowing technical data can be used as a guide in

determining applications for aluminum soil pipe:

TABLE 8-3: WROUGHT ALUMINUM AND ALUMINUM
ALLOY^ PIPE, TUBING, BUTT WELDING
FITTINGS AND FLANGES'

ITEM INCHES RANGE

ri 1 Tl* /TT)0 /^"P\\
Seamless Pipe (Irb OD)

Cold Drawn Std. & E. H.

Extruded 1^-12 Std. & E. H.

Seamless Tubmg (Nom. Uu)
Cold Drawn 12 0.010 in.-0.500 in.

Extruded lH-12 0.063 in.-1.500 in.

Seamless Butt Welding Fittings

90-deg Ells, Long Radius Std. & E. H.

45-deg Ells, Long Radius Std. & E. H.

180-deg Returns, Long Radius Std. & E. H.

90-deg Ells, Short Radius 1-16 Std.

90-deg Ells, Short Radius 1>^-16 E. H.

180-deg Returns, Short Radius 1-16 Std.

180-deg Returns, Short Radius 1>^-16 E. H.

Tees, Straight and Reducing^ M-8 Std.

Tees, Straight and Reducing^ E. H.

Reducers, Concentric and Eccentric Std. & E. H.

Lap Joint Stubs Std. & E. H.

Caps 1 24 Std. & E. H.

Crosses^ Std.

Crosses^ E. H.

Welding Flanges

Welding Neck Refer to maker

Notes:
1 The pipe tubing and fittings listed in this table are regularly available in alloy 3003. Pipe and tubing are

also regularly available in alloys 1100, 6061 and 6063 in various hardnesses or temper. Fittings of these matt^

rials are also availaV^le on special order. Flanges are furnished only in alloy 6053.

-' Fittings are regularly made to IPS dimensions. Fittings to match tubmg dimensions are available on special

order Fittings grooved for special couplings are also available on special order.

i Tees and crosses drawn from fusion welded pipe can be obtained in sizes u|) to 18 inches on special order.

- Minimum tensile strength: 27,000 pounds per

square inch.

- Minimum hydrostatic pressure: 150 pounds.

- Completely resistant to sulphuric gases.

—A 5-foot length of pipe weighs only 13 pounds.

^Completely interchangeable with extra heavy

cast-iron pipe and fittings.

—Will not rust or scale. 305



TABLE 8-4: CAST ALUMINUM
ALLOY^ SCREWED FITTINGS AND
FLANGES, 125 PSP

SIZE

ITEM RANGE
INCHES

90-deg Elbows Is 6

90-deg Elbows, Reducing M-2

45-deg Elbows H-5

90-deg Street Elbows

90-deg Street Elbows, Reducing 3^-4

45-deg Street Elbows 3^-2

180-deg Close Returns

180-deg Open Returns

Tees, Straight

Tees, Reducing 14-2

Y's, Straight 3^-5

Crosses, Straight 3^-4

Reducers 3^-6

Plugs, Square Head 3^-6

Bushings Vs-e

Caps 3^-6

CoupHngs (Std. and Extra Heavy) 1/ R

Unions H-2

Locknuts ^-4

Nipples^

?Th?fittings listed are regularly available in Alloy B214. Fittings cast

in other alloys may be obtained on special order.
. lor;

2 These fittings are air tested at 60 psi. They are rated at 125 psi

working pressure at 150 °F. For adjusted prej^ure-temperature ratings

at higher temperatures, consult the manufacturers. These fittmgs

meet U. S. Navy specification 45F11.
,

, . ...
3 These nipples are made from the wrought alummum materials.

Water Piping: With certain limitations, alumi-

num piping with its savings in weight and cost can

perform as well as copper and steel for many water

supply systems. In the new Alcoa building in

Pittsburgh about 60 percent of all piping used is

aluminum. As a result, the builders estimate that

aluminum can save 25 percent of the piping costs in

similar office buildings.

Aluminum pipe for use in water systems offers

less resistance to the flow of water 4;han does steel

TABLE 8-5: CAST ALUMINUM
ALLOY' FLANGED FITTINGS AND
FLANGES, 125 PSI^

ITEM RANGE
i IN n -Cjo

90-deg Elbows 1-8

90-deg Long Sweep Elbows 1-8

90-deg Side Outlet r!ilDO>^'S 1-8J. o

45-deg Elbows 1-8J. o

Tees 1-8

Tees, Single Sweep 1-8

Tees, Double Sweep 1-8X o

Tees, Side Outlet 1-8

Crosses
1-8X o

Laterals
1-8X—

o

I S
1-8

Reducers 1-8

Flanges, Screwed 1-8

Flanges, Blind 1 8

i^The^fittings listed are regularly available in Alloy B214. Fittings cast

in other alloys may be obtained on special order.
, , lu

•i These fittings and flanges conform to the dimensions of IJ^O 1" cast

steel fianged fittings and flanges (See ASA Standard B16e). They are

air tested at 60 psi and are rated at. 125 psi working pressure at 150 F.

For adjusted pressure-temperature ratings at higher temperatures,

consult the manufacturers.

of the same internal diameter due to lower friction

loss. Table 8-6 gives the loss of head in feet per 100

feet for flow of water in aluminum piping. Table

8-7 provides data on dimensions and weights.

When using aluminum for water piping, it is

necessary to provide for protection against electro-

lytic corrosion, since at the present time all plumb-

ing fixtures come with copper fittings.

This problem can be solved by terminating the

aluminum pipes at the flanged water valves before

the fixtures. At the valved connection, electrolytic

corrosion can be prevented by using special non-

conductive gaskets between flanges and around

bolts, thus barring the electrolytic current from

flowing across the joint. Although these joints seem

complicated, they cost about the same as copper-

to-copper joints, and the need for them will dis-



TABLE 8-6: LOSS OF HEAD IN FEET PER HUNDRED FEET

FOR FLOW OF WATER IN ALUMINUM PIPING (Continued on Page 308)

8.1

FLOW NOMINAL PIPE SIZE, INCH

GALLONS
PER
MINUTE

CUBIC
FEET
PER
SECOND

IV2

.0003 1.76 0 .43

H .0006 6.00 1 .42

Vs .0008 12.2 2 .91

'A .0011 20.4 4 .84 1.13

Vs .0014 30.3 7 .18 1.69

'A .0017 41.9 9 .91 2.34

ys .0019 55.1 13 .0 3.06

1 .0022 69.5 16 .5 3.88 1.28 .34 11

.0028 104 24 4 5.74 1.89 .50 .16

.0033 142 33 .6 7.94 2.62 .69 .22

.0039 187 44 1 10.5 3.45 .90 .28

2 .0045 238 56 1 13.3 4.36 1 .14 .36 .10

.0056 351 83 3 19.6 6.47 1 70 .53 .15

3 .0067 487 115 27.1 8.94 2 .34 .74 .20 .10

.0078 151 35.5 11.7 3 07 96 .26 .13

4 .0089 191 45.1 14.9 3 88 1 23 33 .16

.010 237 57.5 18.3 4 77 1 51 .41 .20

5 .011 285 66.9 22.1 5 78 1 82 49 23 .07

6 .013 92.4 30.0 7 96 2 50 68 33 .10

7 .016 121 39.9 10 5 3 29 90 43 .13

8 .018 232 3 153 50.5 13 3 4 17 1 13 54 .16

9 .020 62.3 16 3 5 14 1 39 67 .20

10 .022 .11 04 75.1 19 6 6 20 1 68 77 .24

15 .033 .21 08 SA 40 0 12 7 3 44 1 65 .50

20 .045 .36 13 .06 67 0 21 1 5 71 2 75 .83

25 .056 .53 19 .09 31 2 8 50 4 06 1 24

30 .067 .73 26 .13 43 0 11 7 5 59 1 70

35 .078 .96 34 .17 4 56 8 15 4 7 32 2 24

40 .089 1.22 43 .22 .12 71 9 19 5 9 35 2 48

45 .10 1.50 53 .27 .15 5 23 9 11 5 3 49

50 .11 1.81 64 .32 .18 28 8 13 8 4 20

60 .13 2.49 89 .45 .24 08 39 7 19 2 5 78
307



ALUMINUM TABLE 8-6: LOSS OF HEAD IN FEET PER HUNDRED FEET
IN FOR FLOW OF WATER IN ALUMINUM PIPING (Continued)

MODERN ^

ARCHITECTURE FLOW NOMINAL PIPE SIZE, INCH
^

CUBIC
GALLONS FEET w ,/ 3/ 1/2 ^4 1 *V4 IV2 2

PER PER ^* ^* ^

MINUTE SECOND

To Tg 3.26 1.16 .58 .32 .11 52.3 25.1 7.64

SO ^8 4~12 1A7 ^73 lo ^4 6 65.9 31.8 9.64

^ ^0 5.09 1.81 ~91 .49 .17 39.4 11.9

^ 6.14 2.18 1.08 .60 20 .09 47.1 14.3

120 .27 8.50 3.02 1.51 .83 .28 .12 65.0 19.7

^li^ 11.1 3.95 1.97 1.08 .37 .15 85.7 26^
^60 ^6 14. 2 4.99 2.49 1.37 .47 .19 8 32.7

VTS 6I5 3T08 1.68 . 57 .24 (32"2)

^45 20^9 7.4 1 3.70 ~2. 04 .69 .29 .08

^ 24^6 8775 r39 2^40 82 .34 .09

;53 28^7 I0T2 57l4 2.81 .96 .40 .11 10

. 58 33.2 11.8 5.92 3.24 1.10 .47 .12 (.365)

~2^5 ^2 37.7 13.5 6.72 3.66 1.25 .52 T4

300 .67 42.7 15.2 7.62 4.13 1 4 1 .58 .16 .05

^78 20.0 9.95 5.48 T86 .78 .21 .07 12

.89 25.4 12.7 6.92 2 . 35 .98 .27 .09 _(£75)_

Too 3L8 15^ 8. 50 2 .88 1 . 20 . 3^
U

Tli 77777. 38^6 r9.0 10.3 349' 1.45 .39 .13 .06

-J^O r23 22I 12:3 4.13 L72 A7 .16 .07

~600 Tsi 26^8 14.4 4.82 2. 00 .54 .18 .08

~^^0 1.45 31.1 16.7 5.56 2.31 .63 .21 .09

"^0 r56 ^-^^ ^-^^
'^^ '^^

-^^5 Y767 rTTTT^TTTTT". 22.2 ' 7.25 2.99 .si .27 .12

~^00 TtS 24.8 8.19 3.35 .90 .30 .13

~i50 r89 27.8 ri9_ 3.7"5 1.00 .34 .14

"^0 ~2.01 31.2 1072 4.17 1.11 .37 .16

2712 ^^-^ ^-^^ ^-^^
'^^

TOOO 213" 37.6 12.5 5.08
~~1.35

- .45 .19

ijoO 2^5 14.9 6.10 1.60 .53 .23

"1700 ^67 17-5 7.22 1.87 .62 ^
^0 20.4 8.40 2.20 .72 ^
TJK-^ rr9. 23.4 9765 2.52 .83 .35



TABLE 8-6: LOSS OF HEAD IN FEET PER HUNDRED FEET
FOR FLOW OF WATER IN ALUMINUM PIPING (Concluded)

8.1

FLOW NOMINAL PIPE SIZE, INCH

GALLONS
PER

CUBIC
FEET
PER % IV4 IV2

1,500 3 34 ... 26 7 10 9 2.88 .94 .40

1,600 8 56 . . . 30 1 12 3 3.24 1.07 .44

1,700 3 79 . . . 33 7 13 8 3.64 1.19 .49

1,800 4 01 . . . 37 6 15 4 4.05 1.33 .55

1,900 4 23 . . . 41 5 17 0 4.47 1.46 .61

2,000 4 46 . . . 45 6 18 7 4.92 1.61 .67

2,200 4 90 . 22 4 5.85 1.93 .81

2,400 5 35 . 26 2 6.88 2.27 .95

2,600 5 79 . 30 2 8.00 2.64 1.08

2,800 • 6 24 9.16 3.04 1.26

3,000 6 68 . 10.5 3.46 1.44

3,500 7 80 . 13.9 4.64 1.93

4,000 8 91 . 17.8 5.91 2.46

4,500 10 03 . 22.2 7.36 3.06

5,000 11 14 . 27.1 8.92 3.72

5,500 12 26 . 32.5 10.7 4.47

6,000 13 37 . 38.0 12.6 5.22

7,000 15 60 16.7 7.00

8,000 17 83 21.3 8.95

9,000 20 .05 26.6 11.1

10,000 22 .28 32.2 13.5

12,500 27 .85 20.3

15,000 33 .42 28.7

17,500 39 .00 38.3

('()mput(>d for new pipe, exclusive of losses at joints, valves, etc,

Temperature of water 7f)°V.

appear in a completely aluminum plumbing system

which would be free of electrolytic action.

Another method of protection is the application

of sacrificial pipes as discussed in Section 2.4

(Protective Measures Against Corrosion).

Aluminum piping is seldom specified for carry-

ing steam or waste or high water pressures because

steam condensate is sometimes laden with salt

compounds which may attack the metal; caustic

compounds presently used for cleaning waste lines

may corrode aluminum; large water risers demand

thick-walled pipes, uneconomical in aluminum.

Precautionary Measures: Experience as

well as field and laboratory tests have shown that,

in addition to precautions against galvanic corro- 309



TABLE 8-7: DIMENSIONS AND WEIGHTS OF ALUMINUM PIPING

NOMINAL OUTSIDE INSIDE WALL
PIPE SCHED- DIA- DIA-
SIZE ULE METER METER NESS
INCHES NUMBER' INCHES INCHES INCH

WEIGHT
PER CROSS- INSIDE MOMENT
LINEAR SECTIONAL CROSS- OF

WALL SECTIONAL INERTIA MODULUS
AREA INCHES^ INCHES^
SQUARE
INCHES

FOOT
POUNDS AREA
PLAIN SQUARE
ENDS^ INCHES

RADIUS
OF
GYRA-
TION
INCHES

40^ 0.405 0. 269 0.068 0.085 0.0720 0.0568 0.0011 0.0053 0. 1215

80^ 0.405 0. 215 0.095 0.109 0.0925 0.0363 0.0012 0.0060 0. 1146

H 403 0.540 0. 364 0.088 0.147 0.1250 0.1041 0.0033 0.0123 0. 1628

80^ 0.540 0. 302 0.119 0.185 0.1574 0.0716 0.0038 0.0139 0. 1547

Vs 403 0.675 0. 493 0.091 0.196 0.1670 0.1909 0.0073 0.0216 0. 2090

80^ 0.675 0. 423 0.126 0.256 0.2173 0.1405 0.0086 0.0255 0. 1991

Vi 403 0.840 0. 622 0.109 0.294 0.2503 0.3039 0.0171 0.0407 0. 2613

80 4 0.840 0. 546 0.147 0.376 0.3200 0.2341 0.0201 0.0478 0. 2505

10 1.050 0. 884 0.083 0.297 0.2521 0.6138 0.0297 0.0566 0. 3432

403 1.050 0. 824 0.113 0.391 0.3326 0.5333 0.0370 0.0705 0. 3337

80^ 1.050 0. 742 0.154 0.510 0.4335 0.4324 0.0448 0.0853 0. 3214

1 5 1.315 1 185 0.065 0.300 0.2553 1.103 0.0500 0.0760 0. 4425

10 1.315 1 097 0.109 0.486 0.4130 0.9452 0.0757 0.1151 0 4282

403 1.315 1 049 0.133 0.581 0.4939 0.8643 0.0873 0.1328 0 4205

80^ 1.315 0 957 0.179 0.751 0.6388 0.7193 0.1056 0.1606 0.4066

1^ 5 1.660 1 530 0.065 0.383 0.3257 1.839 0.1037 0.1250 0 .5644

10 1.660 1 .442 0.109 0.625 0.5311 1.633 0.1605 0.1934 0 .5497

403 1.660 1 .380 0.140 0.786 0.6685 1.496 0.1947 0.2346 0 .5397

80^ 1.660 1 .278 0.191 1.037 0.8815 1.283 0.2418 0.2913 0 .5238

5 1.900 1 .770 0.065 0.441 0.3747 2.461 0.1579 0.1662 0 .6492

10 1.900 1 .682 0.109 0.721 0.6133 2.222 0.2468 0.2598 0 .6344

403 1.900 1 .610 0.145 0.940 0.7995 2.036 0.3099 0.3262 0 .6226

80* 1.900 1 .500 0.200 1.256 1.068 1.767 0.3912 0.4118 0 .6052

2 5 2.375 2 .245 0.065 0.555 0.4717 3.958 0.3149 0.2652 0 .8170

10 2.375 2 .157 0.109 0.913 0.7760 3.654 0.4992 U . 4^U4 0 .8021

403 2.375 2 .067 0.154 1.264 1.074 3.356 U . obo

1

U . ODUD 0 .7871

80* J . O /O 1i 0.218 1.737 1.477 2.953 0.8679 0.7309 0 .7665

5 2.875 2 .709 0.083 0.856 0 . 7280 5.764 0.7100 0.4939 0 .9876

10 2.875 2 .635 0.120 1.221 1.039 5.453 0.9873 0.6868 0 .9750

403 2.875 2 .469 0.203 2.004 1.704 4.788 1.530 1.064 0 .9474

80* 2.875 2 .323 0.276 2.650 2.254 4.238 1.924 1.339 0 .9241

3 5 3.500 3 .334 0.083 1.048 0.8910 8.730 1.301 0.7435 1 .208



TABLE 8-7: DIMENSIONS AND WEIGHTS OF ALUMINUM PIPING (Concluded)

WEIGHT
MOMTN AT. OUTSIDE INSIDE WALL PER CROSS- INSIDE MOMENT
PIPE SCHED- DIA- DIA- THICK LINEAR SECTIONAL CROSS- OF SECTION RADIUS
SIZE ULE METER TV /t T7' TP "DMil. 1 titi In rjc»o r \JkJ 1 WALL SECTIONAL INERTIA MODULUS OF
INCHES NUMBER INCHES INCHES INCH POUNDS AREA AREA INCHES' INCHES^ GIRA-

PLAIN SQUARE SQUARE TTOM
ENDS2 INCHES INCHES INCHES

10 3.500 3.260 0.120 1. 498 1. 274 8 346 1 822 1 041 1.196

403 3.500 3.068 0.216 2 621 2 228 7 393 3 017 1 724 1.164

80^ 3.500 2.900 0.300 3. 547 3. 016 6 605 3. 894 2. 225 1.136

5 4.000 3.834 0.083 1. 201 1. 021 11. 55 1. 960 0. 9799 1.385

10 4.000 3.760 0.120 1 720 1 463 11 10 2 755 1 378 1.372

403 4.000 3.548 0.226 3 151 2 680 9 887 4 788 2 394 1.337

80^ 4.000 3.364 0.318 4 326 3 678 8 888 6 281 3 140 1.307

4 5 4.500 4.334 0.083 1 354 1 152 14 75 2 810 1 249 1.562

10 4.500 4.260 0.120 1 942 1 651 14 25 3 963 1 761 1.549

403 4.500 4.026 0.237 3 733 3 174 12 73 7 232 3 214 1.510

80^ 4.500 3.826 0.337 5 183 4 407 11 50 9 611 4 272 1.477

5 403 5.563 5.047 0.258 5 057 4 .300 20 .01 15 16 5 451 1.878

80^ 5.563 4.813 0.375 7 188 6 112 18 19 20 67 7 432 1.839

6 403 6.625 6.065 0.280 6 564 5 .581 28 .89 28 14 8.496 2.246

80^ 6.625 5.761 0.432 9 884 8.405 26 07 40.49 12 22 2.195

8 30 8.625 8.071 0.277 8 543 7 265 51 16 63 35 14 69 2.953

403 8.625 7.981 0.322 9 878 8 399 50 .03 72 49 16 81 2.938

80^ 8.625 7.625 0.500 15 01 12 76 45 .66 105 7 24 .51 2.878

10 10.750 10.192 0.279 10 79 9 178 81 59 125 9 23 .42 3.704

30 10.750 10.136 0.307 11 .84 10 .07 80 .69 137 .4 25 .57 3.694

403 10.750 10.020 0.365 14 00 11 .91 78 .85 160 7 29 .90 3.674

SO* 10.750 9.750 0.500 18 93 16 10 74 66 211 9 39 .43 3.628

12 30 12.750 12.090 0.330 15 14 12 88 114 8 248 5 38 .97 4.393

3 12.750 12.000 0.375 17 14 14 58 113 .1 279 .3 43 .81 4.377

4 12.750 11.750 0.500 22 .63 19 .24 108.4 361 .5 56 .71 4.335

' Schedule Numbers conform to American Standard for Wrought Iron and Wrought
Pipe, ASA B36.1().
-Weights calculated for 6061 and 6063. For 3003 multij)ly by 1.010.

Steel 'Also designated
dimensions.
'Also designated

as Extra-heavy or Extra-strong Pipe. All calculations based on nominal

as Standard Pipe.

sion (see Section 2.4) in general, the following

specific precautions must be observed in designing

aluminum piping systems:

Pipe Anchors, Hangers and Supports: Where

possible, anchors, hangers and supports should be

made of aluminum. If steel or cast iron is employed

for these members, the surfaces that contact the

aluminum should be galvanized or cadmium plated

as a protection against galvanic corrosion.

Insulation: Dry thermal insulation is satisfactory.

However, if the piping is moist or collects conden-

sate, boro-silicate glass fiber should be employed. 311



ALUMINUM Painting the aluminum piping is also recommended.

IN Gaskets: Those materials which do not readily

MODERN absorb moisture are best suited for use with alumi-

ARCHITECTUKE alloys. Synthetic resins, synthetic rubbers,

cloth or paper impregnated with bituminous prod-

ucts, and rubber-base compounds are most suitable.

Cleaning: When corrosive action is evident on

aluminum piping systems, the lines should be

cleaned with a wire brush and washed with hot

solutions of Oakite No. 33 or 36, Dioxine 526,

Kilite Process K, or Turco WD-1. The pipe should

then be rinsed with cold water and air dried.

Painting: If aluminum pipe is to be buried in the

ground, it should be protected thoroughly by a

suitable bituminous coating or wrapping similar to

that used for steel pipe.

Pipes can be painted inside and out with such

paints as carbozite, zinc chromate primer, or

zincilate (see Section 2.4).

Flexibility: The coefficient ot thermal expansion

of aluminum is approximately twice that of steel.

This should be taken into consideration by provid-

ing sufficient clearances in aluminum piping sys-

tems. Because of the low modulus of elasticity,

however, thermal stresses in aluminum pipes are

no greater than they are in steel. Due to high ther-

mal conductivity, temperature stresses may be lower

in some applications.

Installation:

Bending: Aluminum pipe and tube can be formed

either cold or hot, following procedures similar to

those employed when bending ferrous materials.

In view of the wide varieties of tempers available,

the supplier of the pipe should be advised of specific

bending requirements (see Section 3.5).

Cutting: No difficulty should be experienced when

the normal hacksaw practice is followed. A cutting

lubricant of kerosene and lard oil is quite satis-

factory. When machine cutting, the best results will

be obtained by using fine to medium feeds and

comparatively high speeds (see Section 3.5).

Threading: When threading aluminum, a lubri-

cant of zinc dust and vaseline, or a heavy cup grease

containing about 25 percent lubricating graphite,

should be used (see Section 3.5).

Welding: (See Section 4.2). The following proc-

cesses are usually employed in welding aluminum

piping installations:

Inert Gas-Shielded Arc Welding Using Argon ap-

pears to be the most suitable method for the various

requirements of pipe welding. An arc is struck

between a tungsten electrode and the base metal,

and an inert gas (argon) is used as a protective

covering for the weld and filler metal. Alternating

current welding is used with high frequency power

superimposed on the welding circuit. In this method

no flux is necessary. High purity (99.8 percent or

better) welding grade argon must be used.

Where the thickness of the metal is h o-inch or

more, the ends to be welded should be spaced from

1 1 to Vs-inch apart. Square ends do not have to be

separated for satisfactory results where the metal

is less than •
,
(,-inch in thickness, but the standard

373/2 degree bevel should be used on thicker ma-

terial. The equipment required in addition to the

standard a.c. welding generator includes an argon

tank, special hose, a special electrode holder, a

source of cooling water, a high frequency stabilizer,

a regulator and a flowmeter.

The welds produced by this method are of accept-

able quality. Worthwhile advantages stem from

two facts: No flux is necessary, and all-position

welding is possible.

Oxyhydrogen and Oxyacetylene Welding: Some

pipe fabricators express a preference for the oxy-

hydrogen welding method. Welding qualifications,

including the back and face bends and elongation

tests required by the ASME code, have been met

by this method.

The comments already made on joint preparation

also apply to gas welding. In the oxyhydrogen

and oxyacetylene methods, aluminum flux is used

on both the material to be welded and the rod.

Complete removal of the flux is mandatory. This is

done immediately after welding by washing both

the inside and outside with hot water. Preheating

from 500 to 700 °F is desirable on heavy sections.

Temperature indicating equipment is preferable for

control. A neutral or slightly reducing flame is

recommended. A neutral flame is indicated by a

well-defined blue cone near the torch tip.



Finings and Flanges: Tables 8-3, 8-4 and 8-5

show the sizes and types of fittings and flanges

available for aluminum piping systems.

Valves: Aluminum body valves are available in

sizes 3^ through 8 inches for 150 pounds service for

use on water lines. OS&Y victulic end gate valves

designed for use on light hydrocarbon service have

proven themselves over a long period of time for

pressures up to 200 pounds per square inch.

8.2 ALUMINUM DUCT SYSTEMS
FOR HEATING, VENTILATING
AND AIR CONDITIONING
The purpose of this section is to treat those physical

properties of aluminum which have a direct bearing

on ducts, and to discuss the design and construction

of duct systems.

Basic physical and mechanical properties treated

in Chapter 2 should aid the designer in making the

best selection of aluminum for these systems.

Physical Properties of Aluminum as

Utilized in Duct Systems:

Appearayice and Durability: Original finish of

aluminum is maintained without cleaning or paint-

ing. The metal is not subject to rusting or corrosion

from condensation when handling cooled air.

Emissivity: Due to low emissivity, aluminum

ducts have less heat gain (in cooling systems) and

heat loss (in heating systems) than do conventional

galvanized steel ducts, black steel ducts or asbestos-

paper-covered ducts of the same size and shape.

Thus, by reducing the heat-transfer loss through

the duct wall, the actual quantity of air to be

delivered to the conditioned space can be reduced

with a corresponding decrease in duct size.

Thermal Expansion: The average coefficient of

linear expansion for aluminum is 13 x 10 " per

degree Fahrenheit (68 212 °F). (See Table 2-4.)

Particular consideration must be given to the effect

of expansion and contraction when using aluminum.

Non-Sparking: Aluminum is generally non-spark-

ing and can therefore be used in certain hazardous

locations where an accidental spark might cause an

explosion or a fire.

Weight: The light weight of the aluminum results

in great savings in cost during shipping, fabrication

and erection. Aluminum has a specific gravity of

about 2.7 as compared to 7.9 for steel and 8.9 for

copper.

Friction Losses: In laying out aluminum duct

systems, the designer may employ the same pro-

cedures used for galvanized steel ducts. The figures

in the "Guide" of the American Society of Heating

and Ventilating Engineers are based on standard

air of .075-pound per cubic foot density flowing

through average, clean, round, galvanized metal

ducts having approximately 40 joints per 100 feet.

The figures for determining friction losses in alu-

minum ducts are in the same form as those in the

"Guide". Figure 8-1 gives friction loss per 100 feet

in aluminum duct as a function of velocity, volume

and diameter. Figure 8-2 is similar to Figure 8-1,

but is for larger size ducts.

By use of a few typical examples of duct selec-

tion, the difference between aluminum duct and

galvanized steel duct can clearly be illustrated:

Example 1: Given 2000 CFM, 100-foot duct,

allowable friction loss of .10. Determine aluminum

duct size and velocity and galvanized steel duct

size and velocity. From Figure 8-1, select 18-inch

diameter aluminum duct at a velocity of 1150 feet

per minute.

From ASHVE Guide, select 18-inch diameter

galvanized steel duct at a velocity of 1150 feet per

minute.

Example 2: Given 200 CFM, 1500 feet per

minute maximum allowable velocity. Determine

aluminum duct size and friction loss, and galvan-

ized steel duct size and friction loss.

From Figure 8-1, select 5-inch diameter aluminum

duct at .75-inch of water per 100 feet.

From ASHVE Guide, select 5-inch diameter

galvanized steel duct at .80-inch of water per 100

feet.

Example 3: Given 6-inch diameter duct, 100 feet

long 1>2 inches allowable static pressure friction

loss. Determine maximum quantity of air through

aluminum duct and through galvanized steel duct.

From Figure 8-1: 500 CFM, 2500 FPM.

From ASHVE Guide: 460 CFM, 2350 FPM.

From the above examples, it can readily be seen



Figure 8-1. Friction loss in inches

of water per 100 feet. (From "The

Design of Aluminum Duct Systems"

by F. W. Hutchinson, Kaiser Alumi-

num & Chemical Sales, Inc. 1954.)
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TABLE 8-8A: CIRCULAR EQUIVALENTS OF RECTANGULAR DUCTS FOR

EQUAL FRICTION AND CAPACITY

niMFNmONS IN INCHES

SIDE RECTAN-
GULAR DUCT 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

o.U 3.8 4.0 4.2 4.4 4.6 4.8 4.9 5.1 5.2 5.4 5.5 5.6 5.7

6,0 4.1 4.3 4 fi*±.u 4.8 5.0 5.2 5.3 5.5 5.7 5.8 6.0 6.1 6.3

4.4 4.6 4.9 5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.4 6.6 6.8

4.5 4.6 4.9 5.2 5.4 5.6 5.9 6.1 6.3 6.5 6.7 6.9 7.0 7.2

5.0 4.9 5.2 5.5 5.7 6.0 6.2 6.4 6.7 6.9 7.1 7.3 7.4 7.6

5.5 5.1 5.4 5.7 6.0 6.3 6.5 6.8 7.0 7.2 7.4 7.6 7.8 8.0

SIDE RECTAN-
GULAR DUCT 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13 5 14.0 14.5 15.0 15.5 16.0

3.0 5.7 5.9 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0

3.5 6.3 6.4 6.5 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6

4.0 6.8 6.9 7.1 7.2 7.3 7.5 7.6 7.7 7.8 7.9 8.1 8.2 8.3

4.5 7.2 7.4 7.5 7.7 7.8 8.0 8.1 8.2 8.4 8.5 8.6 8.7 8.9

5.0 7.6 7.8 8.0 8.1 8.3 8.4 8.6 8.7 8.9 9.0 9.1 9.3 9.4

5.5 8.0 8.2 8.4 8.6 8.7 8.8 9.0 9.2 9.4 9.5 9.6 9.8 9.8

TABLE 8-8B; CIRCULAR EQUIVALENTS OF RECTANGULAR DUCTS FOR

EQUAL FRICTION AND CAPACITY (Continued)

DIMENSIONS IN INCHES

SIDE
RECTAN-
GULAR
DUCT

6 7 8 9 10 11 12 13 14 15 16 17 18 19

6 6.6

7 7.1 7.7

8 7.5 8.2 8.8

9 8.0 8.6 9.3 9.9

10 8.4 9.1 9.8 10.4 10.9

11 8.8 9.5 10.2 10.8 11.4 12.0

12 9.1 9.9 10.7 11.3 11.9 12.5 13.1

13 9.5 10.3 11.1 11.8 12.4 13.0 13.6 14.2

14 9.8 10.7 11.5 12.2 12.9 13.5 14.2 14.7 15.3

15 10.1 11.0 11.8 12.6 13.3 14.0 14.6 15.3 15.8 16.4

16 10.4 11.4 12.2 13.0 13.7 14.4 15.1 15.7 16.3 16.9 17.5

17 10.7 11.7 12.5 13.4 14.1 14.9 15.5 16.1 16.8 17.4 18.0 18.6'

18 11.0 11.9 12.9 13.7 14.5 15.3 16.0 16.6 17.3 17.9 18.5 19.1 19.7

19 11.2 12.2 13.2 14.1 14.9 15.6 16.4 17.1 17.8 18.4 19.0 19.6 20.2 20.8

20 11.5 12.5 13.5 14.4 15.2 15.9 16.8 17.5 18.2 18.8 19.5 20.1 20.7 21.3

22 12.0 13.1 14.1 15.0 15.9 16.7 17.6 18.3 19.1 19.7 20.4 21.0 21.7 22.3



TABLE 8-8C; CIRCULAR EQUIVALENTS OF RECTANGULAR
DUCTS (Continued)

DIMENSION IN INCHES

SIDE
RECTAN-
GULAR 6 7 8 9 10 11 12 13 14 15 16 17 18 19

DUCT

24 12.4 13.6 14.6 15^ li^i Til Tsl lil 19^8 20^6 2L3 2^9 22^6 2sl

26 12.8 14.1 15.2 16^2 17:2 ISTl 19^0 19.8 20.6 2L4 22l 22^8 23^5 24.1

28 13.2 14.5 15.6 16.7 17.7 18.7 19.6 20.5 21.3 22.1 22.9 23.6 24.4 25.0'

30 1376 14.9 16.1 1 7.2 18.3 19.3 20.2 21.1 22.0 22.9 23.7 24.4 25.2 25.9

32 14.0 15.3 16.5 17?7 IS^ 19L8 20^8 2L8 22?7 23.6 24.4 25.2 26.0 26.7

31 14.4 15.7 17.0 18^2 19^3 20^4 2L4 22^4 2Sl 24.2 25.1 25.9 26.7 27.5

36 14.7 16.1 17.4 18.6 19.8 20.9 2 1.9 23^0 23^9 20 25^8 26^6 27^ 28^3

38 1:5.0" 16.4 17.8 19.0 20.3 21.4 22.5 23.5 24.5 25.4 26.4 27.3 28.1 29.0

40 15.3 16.8 18.2 19A 20?7 2L9 23^0 2Z0 25J 26^0 27^0 27^9 28^8 29J

42 15 .6 17.1 18.5 19.8 21.1 22.3 23.4 24.5 25.6 26.6 27.6 28.5 29.4 30^4

44 15.9 17.5 18.9 20.2 21.5 22.7 23.9 25.0 26.1 27.2 28.2 29.1 30.0 31.0

46 16.2 17.8 19.2 20.6 21.9 23.2 24.3 25.5 26.7 27.7 28.7 29.7 30.6 31.6

48 16.5 1 8.1 19.6 20.9 22.3 23.6 24.8 26.0 27.2 28.2 29.2 30.2 31.2 32.2

50 16.8 18.4 19.9 21.3 22.7 24.0 25.2 26.4 27.6 28.7 29.8 30.8 31.8 32.8

52 17.0 18.7 20.2 2 1.6 23.1 24.4 25.6 26.8 28.1 29.2 30.3 31.4 32.4 33.4

54 ~~ 17.3 19.0 20.5 22.0 23.4 24.8 26.1 27.3 28.5 29.7 30.8 31.9 32.9 33.9

56 17.6 19.3 20.9 22.4 23.8 25.2 26.5 27.7 28.9 30.1 31.2 32.4 33.4 34.5

58 17.8 19.5 21.1 22/7 24T2 25.5 26.9 28.2 29.3 30.5 31.7 32.9 33.9 35.0

60 18.1 19.8 21.4 ~23.0 24.5 25.8 27.3 28.7 29.8 31.0 32.2 33.4 34.5 35^
62 18.3 20.1 21.7 23 .3 24.8 26.2 27.6 29.0 30.2 31.4 32.6 33.8 35.0 36.0

64 18.6 20.3 22.0 23.6 25.2 26.5 27.9 29.3 30.6 31.8 33.1 34.2 35.5 36.5

66 18.8 20.6 22.3 23.9 25.5 26.9 28.3 29.7 31.0 32.2 33.5 34.7 35.9 37.0

68 19.0 20.8 22.5 24.2 25.8 27.3 28/7 30l 3L4 32^6 33^9 35l 30 S7\5

70 19.2^. 22T8 24^5 26l 27^ 29A 30^4 31.8 33.1 30 35^6 36^8 37^

that for large ducts at low velocity the lower surface

coefficient of friction for aluminum duct as com-

pared to that for galvanized steel is negligible.

However, for small ducts at high velocity the effect

can be considerable. With the present trend in air-

conditioning systems toward small high velocity

ducts, the savings resulting from the use of alumi-

num ducts may be appreciable.

If rectangular ducts are desired, they can be

obtained by using Tables 8-8A, B, C and D listing

the circular equivalents of rectangular ducts.

Fittings such as elbows, expansions and the like

in a duct system result in dynamic losses (see

Figures 8-3, 8-4, and Table 8-9). Since most of the

losses due to fittings are caused by turbulence

rather than skin friction, the material from which

the fittings are fabricated (for conventional duct

materials) will have only a small effect on the total

loss. Therefore, the charts that have been devel-

oped previously for calculating pressure losses are

equally applicable to aluminum duct systems.

Some designers may prefer to use Figure 8-5

which permits direct determination of friction

losses in 90-degree elbows of round or rectangular

cross-section.

The losses due to area changes can be calculated

as indicated in the ASHVE Guide. However, in

some instances it may be easier to use Figures



TABLE 8-8D: CIRCULAR EQUIVALENTS OF RECTANGULAR DUCTS FOR

EQUAL FRICTION AND CAPACITY (Concluded)

DIMENSIONS IN INCHES

SIDE
RECTAN- 20 22
GULAR
DUCT

24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 56 60 64 68 72 76

SIDE
88 RECTAN-

GULAR
DUCT

20

22

24

26

22.9 24.1

23.9 25.1 26.2

24.8 26.1 27.2 28.4

22

2A

26

28_
30

32

34

25.7 27.1 28.2 29.5 30.6

26.7

27.5

28.0 29.3 30.5 31.6 32.8

28.9 30.1 31.4 32.6 33.8 35.0

_28_
30

32

28.3 29.7 31.0 32.3 33.6 34.8 36.0 37.2
34

36

38_
40

42

29.0 30.5 32.0 33.0 34.6 35.8 37.0 38.2 39.4

29^
^0.5
31.2

.^1.4 32.8 34.2 35.5 36.7 38.0 39.2 40.4 41.6

32.1 33.6 35.1 36:4 37.6 39.0 40.2 41.4 42.6 43.8

^6
38

40

32.8 34.4 35.9 37.3 38.6 39.9 41.1 42.4 43.6 44.8 45.9

44_
46^
48_
50

31.9

32.5

3.5 35.2 36.7 38.1 39.5 40.8 42.0 43.4 44.6 45.8 46.9 48.1

34.2 35.9 37.4 38.9 40.3 41.7 43.0 44.3 45.6~46.8 47.9 49.1 50.3

33.1

33.7

34^9^6 38.2 39.7 41.2 42.6 43.9 45.2 46.5 47.8 48.9 50.2 51.3 52.6

35'5 37^3 38!9~40.4 42.0 43.5 44.8 46.1 47.4 48.8 49.8 51.2 52.3 53.6 54.7

44

_46_
48

50

52.

54

56_
58

60

62

64

66

68

70_

72_
74

76

78

80

82

84

86

88^
90

92

94^
96

34.3 36.2 38.0 39.6 41.2 42.8 44.3 45.7 47.1 48.3 49.7 50.8 52.2 53.3 56.9

34^9 36.8 38.7 40.3 42.0 43.6 4570 46.5 48.0 49.2 50.6 51.8 53.2 57.9

^5.5
36.0

37.4 39.3 41.0 42.7 4473 45.8 47.3 48.8 50.1 51.5 52.7

38.0 39.8 41.7 43.4 45.0 46.6 48.1 49.6 51.0 52.4 53.7

54.1

55.0

54.6 55.8

54.3 55.6 56.8

55.3 56.5 57.8 58.9 61.3

56.2

52

54

56

57.5 58.8 60.0 62.3 58

.n. ...a 44.0 45.8 47.3 48.9 50.4 51.8 53.3 54.6 55.9 57.1 58.5 59.8 61.0 63^65^

^7.1^
37.6

Z o 4.:9 44:7 46:5 48.0 49.7 51.2 52.6 54.2 55.5 56.8 58.0 59.4 60.7 62.0 64 3 66.7

60

62

!l^|-4^raf^ 54.2 55.8 57.2 58.6 59.9 61.2 62-.5 63.9 66.3 68.7 71.1
47'.2 48^7 50.4 52.0 53.4 55.0 56.4 57.7 59.0 60.3 61.6_62j_65j^7,7^^0^

66

38.6 40.7 42.8 U^-Ue^^J^AJO^S^Z^^S^ 58.0 59.5 60.8 62.1 63.4 64 8 67.3 69.7 72a7|4 68

39.1 41.3 43.3 45.3 47.2

J9^
40.0

49^0 50^9 52!5~54.2 55.8 57.3 58.8 60.3 61.7 63.0 64.3 65.7 68.3 70.7 73.1 75.4

41.8 4d.8
-50:3 52.1 53.9 55.6 57:2"T8X^oXTl.9 63.3 64.8 66.1 67.5 70.1 72.7

40.5

40.9

41.3

42.3 44.4 46.4 48.4

42.8 44.9 47.0 49.0 50.8 52.7 54.6 56.3

74.1^

75.1

7j6^
77.4

78.8

79.9

72

43.3 45.5 47.5 49.5 51.5 53.3 55.2 57.0

57.9 59.5 61.2 62.7 64.1 65.6 67.0

58.6 60.3 62.0 63.4 64.9 66.4 67^
68.4 71.0 73.6 76.1 78^80.9 83.2

69.3 71.8 74.5 77.1 79.4 81.8 84.2

74

76

78

43.8 46.0 48.0 50.1
".t.-: ... B,:n 62.7 64.1 6^.7 67.2 68.7 70.1 72.7 75.4 78.1 80.4 82.8j5j^ 80

41.8 44.2 46.4 48.6 50.6

42.2

42.6

44.6 46.9 49.2 51.1

52r6-^4!5rwWWW"63^ 66.5 68.0 69.5 71.0 73.6 76.3 79.0 81.4 83.8 86.2

... ...1 .7.)58j_60.7 62.4 64.1 65.7 67.3 68.8 70.3 71.8 74.5 77.2_79 .9 82.4 84 8 StI

88.6

89.6 91.9

82

84

43.0

43.4

45.0 47.4 49.6 51.6 53.7 55.7 57.6 59.5

45.4 47.9 50.1 52.2

45.9 48.3 50.6 52.8

61.3 63.0 64.8 66.4 68.0 69.5 71.1 72.6 75.4 78.1 80.8 83.3 85.8 88.2 90.6 92.9

54.3 56.3 58.2 60.1

54.8 56.9 58.8 60.7

62:o 63:7 65:4 67:0 68:7 70.3 71.8 73.4 76.3 79.0 81.6 84.2 86 8 89.2 91.6 93.9 96.3 88

43.8

j44^
44.6

46.3 48.7 51.1 53.4 55.4 57.4 59.4 61.3

j46^7

47.2

49J^

49.5

51.6

52.0 54.4

55.9 57.9 60.0 60

62.6 64.4 66.0 67.8 69.4 71.1 72.6 74.2 77.1 79.9 82.5 85.1 87.8 90.2

63.2 65.0 66.8 68.5 70.1 71.8 73.3 74.9 77.9 80.8 83.4 86.0 88.7 91.2

63.8 65.6 67.5 69.2 70.8 72.5 74.1 75.6 78.7 81.7

56:3^58T"60XT2X~64X'66.2 68.2 69.8 71.5 73.2 74.3 76.3 79.4 82.6

^.3
85.2

89.6_92.1
~90.5 93.0

92.6 94.9

93.6 95.9

96.9

97.9

94.6

95.6

97.3 90

98.3 92

99.3 94

100.3 96

8-6, 8-7 and 8-8 which permit direct determination

of friction losses.

Heat Losses or Gains: The net heating or cooling

effect of a given quantity of air delivered to a room

will be greater if the heat losses or gains in the duct-

work are minimized. The choice of duct material is

important because different metals have different

rates of emissivity. Assuming the heat lost from a

theoretically perfect black body surface to be 100

percent, the heat loss from an aluminum surface

will average only 4-5 percent as compared to 23-28

percent loss for galvanized iron and 80-85 percent

loss for black iron. Tests made using 100-foot

lengths of 12-inch ducts with same rate of air flow

indicate aluminum ducts have greater relative

efficiency than bare galvanized iron, galvanized iron

covered with asbestos paper, or galvanized iron

covered with J^-inch asbestocel insulation (see

Table 8-10).

To determine the actual heat loss through bare

aluminum ducts carrying air at a temperature

greater than the space ambient temperature, the



following equation can be used

t, = K {U - U) + ^3

where U = temperature of air at entrance to the

duct

U = temperature at end of a 100-foot length of

duct

tz = ambient temperature of space through which

duct runs

X = a coefficient whose value depends on air

velocity and on duct diameter (see Figure

8-9).

Figure 8-3. Loss in 90-degree elbows of rectangular cross-

section expressed in equivalent duct length. (From the

"Guide" The American Society of Heating & Ventilating

Engineers, 1954.)

For duct lengths other than 100 feet, linear inter-

polation is not exact but can be used as a means of

obtaining an approximate upstream temperature.

Where an exact value is required, it can be calcu-

lated. See Reynolds, Aluminum Air Duct Guide."

For bare aluminum ducts carrying air at a tem-

perature less than the space ambient temperature,

the following equation can be used

t, = ts - K (h - 12)

where all terms are as defined previously.

In the case of insulated air ducts, the heat

transfer will depend on the kind and the thickness

of the insulation (Figure 8-10), rather than on the

material from which the duct is made. Thus the

usual methods for calculating heat transfer through

insulated aluminum ducts is the same as that used

for insulated galvanized iron ducts.

1 1 1

PIE CE E .BO vs

— 4 P I EC E E LI ;o w

ELBOWS OF 5 ^
OR MORE P IECES->v

\
\

s

0.5 1.0 2.0 4.0 6.0 8.0 10.0

Figure 8-4. Loss in 90-degree elbows of round cross-section

expressed in additional equivalent duct length. (From the

"Guide" The American Society of Heating & Ventilating

Engineers, 1954.)

Duct Design and Construction: The air

handling system using aluminum ducts may be

designed in accordance with any standard method

in common usage today. Whether the design is based

upon the ^'Velocity Reduction Method," "Equal

Friction Method," or "Static Regain Method" for

duct sizing, the advantages to be obtained by using

aluminum ducts are always present. The proce-

dures for using any of the above methods for duct

design can be found in Reynolds "Aluminum Air

Duct Guide," the "Guide" of the American Society

of Heating and Ventilating Engineers, or in any one

of several standard textbooks on heating, ventilat-

ing and air conditioning. However, in using any of

the above methods, the designer should select sizes

for aluminum ductwork from charts prepared

specifically for aluminum (as presented) in order to

obtain the advantage of reduced duct sizes that

aluminum affords as compared with galvanized iron

(see Figure 8-11).



TABLE 8-9: PRESSURE LOSS IN VANED ELBOWS OF

SQUARE CROSS-SECTION EXPRESSED IN ADDITIONAL

EQUIVALENT DUCT LENGTH
Additional Equivalent Length L = Duct Width W, in Feet, Multiplied by L/W

Values Shown

MITER ELBOW

R

Ri
/w 0 2 .4 .6 .8 1.0

^'w 70 34 28 33 54 60

R
/w 0 .2 .3 .2 .3

R
/w 0 .4 .5 .4 .5

R
/w 0 0 0 .6 .7

L
/w 70 22 22 18 20

L/W = 20 14 15

D ' '

L/W = 15 28 70

ELBOWS WITH VARIOUS RADIUS
RATIOS

^

R/W = 0.5
Ri/
/w 0 .2 .4 .6 .8 1.0

60 20 19 24 30 60W

R/W = 0.5 R,
0 .2 .3 .4 .6

W 0 .4 .5 .6 .7

W 60 16 19 20 21 24

B C

R/W = 0.7
Ri/
jW 0 .4 . 6 .8 1.0 1.2

/W 24 13 12 14 21 24

W 0 .7 .8 .9 1.0 1.2

W 10 8.0 8.0 7.4 7.2 7.4

radius of 0.5 W; F = no vanes or splitters.

TABLE 8-10: RELATIVE EFFICIENCY

OF SEVERAL TYPES OF METAL
HEATING-DUCTS*

DIFFERENCE BE-
TWEEN INLET AND

MATERIAL OUTLET TEMPERA-
TURES

Bare aluminum 43°F

Bare galvanized iron 52°F

Galvanized iron covered

with asbestos paper 61°F

Galvanized iron covered

with 3^-in. asbestocel 45°F

Galvanized iron painted

with aluminum paint 50°F

Asbestos paper covered

galvanized iron

wrapped with alumi-

num foil 38°F

320
* Comparative Tests of Aluminum and Galvanized Ducts. Sheet

Metal Worker, December 1949, page 48.

Aluminum's higher coefficient of thermal expan-

sion must be considered in the design of long ducts

and their supports.

Commercially pure aluminum 1100 is suitable

for practically all duct work (see Table 8-11).

For larger ducts or where additional strength is

desired, alloy 3003 may be used. The tempers

H18 and H19 have greater strength and hardness

but possess less formability ; therefore, most fabrica-

tors use the H14 and H16 tempers. Probably the

most common choice of sheet-metal shops fabricat-

ing ductwork would be 1100-H16, with large ducts

or ducts requiring extra strength being fabricated

from 3003-H16.

The recommended gauges for aluminum rectangu-

lar ducts are given in Table 8-12. Aluminum sheets

are specified according to the American or Brown

and Sharpe Gauge System. (Steel or iron sheets are

specified according to the Manufacturer's or U.S.

Standard Gauge System.)

Round ducts should be constructed of the thick-

ness specified in Table 8-12. Round ducts are usu-

ally formed from sheets rolled to the proper radius

with a longitudinal grooved seam. Each section is

swaged IJ2 inches from each end and assembled

with the larger end of the adjoining section butting

against the swage.

Rectangular ducts are generally constructed by

breaking the corners and grooving the longitudinal

seams, or by using a standing seam.

Elbows and transformation sections are generally

formed with Pittsburgh corner seams because this

seam is easier to lock in place than the double seam.

Complicated fittings such as double compounded

elbows are usually constructed with double-seam

corners. The construction of the various seams and

girth connections is shown in Figures 8-12 and 8-13

(see Section 3.5).

The various slips and connections should be as

indicated in Table 8-12, and as illustrated in Figures

8-12 and 8-13. The end sHp may be used wherever S

slips are recommended. Where drive slips are used,

the end slip may be applied on the narrow side of the

duct and drive slips on only the maximum side.

Aluminum of 16 B & S gauge or heavier can readily

be welded by the metallic arc or acetylene process.
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Figure 8-5. Friction loss in inches ol* water. (From "The Design of Aluminum Duct Systems" by F. W. Hutchinson)

Figure 8-6.
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Friction loss in inches of water. (From 'The Design of Aluminum Duct Systems" by F. W. Hutchinson) 321



ALUMINUM

IN

MODERN
ARCHITECTURE

Figure 8-7. Friction loss in inches of water. (From "The Design of Aluminum Duct Systems" by F. W. Hutchinson.)

322 Figure 8-8. Friction loss in inches of water. (From "The Design of Aluminum Duct Systems" by F. W. Hutchinson.)
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Figure 8-9. Values of coefficient "K" for use in determining t

ducts. (From "The Design of Aluminum Duct Systems" by F

However, inert-gas-shielded metallic-arc welding is

the preferred method for all aluminum welding.

Aluminum can be riveted in the same manner as

iron or steel sheets. However, aluminum rivets

should always be used with aluminum ductwork.

Self-tapping sheet-metal screws are not generally

recommended for use in aluminum duct systems, as

they tend to loosen. But where they are used, they

should be cadmium plated. Lock-seam assemblies

should not be malleted shut completely because

some changes may be required during installation.

It is good practice to close only an inch or two of the

seams at intervals of 8-10 inches in the shop, and

then mallet the seam completely shut when fitting

has been completed.

Aluminum is one of the most readily workable

of all metals and easily takes the sharp 180-degree

bends employed in making Pittsburgh lock seams,

standing seams, and the like. Not only will it take

the severe forming operations, but the completed

1.5 1.4 1.3 1.2 1.1 1-0

emperature drop due to heat loss through bare aluminum

W. Hutchinson.)

joint is neater since there is no cracking, breaking

or peeling of the coating as in other types of metal

sheets. This eliminates the unsightly joints that

result when galvanized coating is broken loose in

making these severe bends.

The fabrication of aluminum ducts presents no

problem as aluminum cuts easily when hand tools

are used on cutouts for fittings; it forms readily, is

smooth to the touch, makes neat joints and seams

with no jagged edges to cut or tear hands.

In general, aluminum may be formed and handled

in the same manner as other commonly used metals.

No change is required in the blade gap or setting of

the shear over that used for galvanized steel of the

same gauge. When using aluminum, the shear blades

need sharpening at less frequent intervals. Lock-

former rolls can be used for aluminum with the

same setting used with galvanized steel of the same

thickness. Lock-former rolls last longer with alumi-

num, and little trouble is experienced with wrinkling 323



TABLE 8-11: WEIGHTS AND THICKNESSES OF 1100

ALUMINUM (DENSITY 0.098 LB/IN.^)

THICKNESS, INCH FOOT
B. & S. GAUGE

DECIMAL
NEAREST
FRACTION OUNCES POUNDS

0.012 2.7 0.169

9f5 0.016 3.6 0.226

0.020 \U 4.5 0.282

99 0.025 M2 5.4
t\ O CO

90 0.032 H2 7.2 0.452

lO 0.040 %4 9.0 0.563

16 0.051 %4 11.5 0.720

14 0.064 >16 14.4 0.903

Note: Above table for 1100 aluminum can be used for 3003 aluminum alloy except where extreme accuracy

is required. Density of 3003 is 0.099 pounds per cubic inch.

0.20 0.25 0.;{<) 0.:i5 0.40 0.45 0.50

CONDUCTIVITY OF INSULATION (k) ( H T U

I»EK HOUR PElt SQ. FT. VVAl DKC. F A 11 R.

I'KR INCH THICKNESS)

Figure 8-10. Heat loss coefficients for insulated ducts.

(From the ''Guide" The American Society of Heating &
Ventilating Engineers, 1954.)

''^ For round ducts less than 30 in. diameter, increase heat transmission

values by the percentages shown below.
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THICKNESS OF
INSULATION (Inches) 1 2

12 to 21 in. Duct Diameter 3% 5% 7% 9%
21 to 30 in. Duct Diameter 1% 2% 3% 4%

or tearing. However, the aluminum has to be kept

moving owing to a slight tendency to stick in the

lock-former rolls.

Most sheet-metal shops prefer to use coiled sheet

once they are set up to handle it and become accus-

tomed to working with it in coil form. Coils range in

weight from 420 to 4000 pounds. Thus each shop,

depending upon size, may select coils best suited to

its particular requirements. Coils can be mounted

on a dolly or a frame which may be moved about

the shop by hand-lift truck or crane. Some shops

have made reels and reel stands from pipe so located

that the aluminum sheet can be run off the coil and

onto the run-out table, straightener and shear. . . .

all in line. Whatever the arrangement, the arbor

supporting the coil should be mounted on ball or

roller bearings so that the sheet can be unwound

easily from the coil.

Material for fittings may be used directly from

the coils, but coiled sheet employed for flat sections

must be run through a roller leveler to flatten it.

The end of the coil is fed through the roller leveler

and into a pair of rubber covered pinch rolls fitted

with a crank so that they can be turned to pull the

sheet through the leveler as it unwinds from the coil.

A standard slip roll former can be used for straight-

ening and uncoiling the sheet. From the leveler, the

metal goes to the shear and then to the layout table

(see Section 3-5).

Installation: Due to its light weight, aluminum

ductwork has a particular advantage over other

commonly used metals during erection. Larger sec-

tions can be assembled on the ground and raised

into position by the workmen. Also, since the weight

of aluminum is only one-third that of galvanized

steel, an aluminum duct system requires less me-

chanical support. This results in savings because

there are fewer and smaller straps, attachments,

inserts and holes to be drilled.

Rolled aluminum angles are recommended for

hangers and stiffeners in connection with aluminum

ducts. Aluminum supporting members will prevent

stains which may occur with steel supports, and will

prevent the possibility of electrogalvanic action

from contact of dissimilar metals (see Section 2.4).



TABLE 8-12: RECOMMENDATIONS FOR ALUMINUM DUCT CONSTRUCTION

RECTANGULAR DUCTS

MAXIMUM
SIDE
INCHES

ALUMINUM SHEET
THICKNESS, MINIMUM

B & S
INCH GAUGE TRANSVERSE JOINT CONNECTIONS BRACING

Up to 12 .020 24 S, drive, pocket or bar slips on 1' 10"

centers None

13 to 24 .025 22 S, drive, pocket or bar slips on 7' 10"

centers None

25 to 30 .025 22 S, drive, V pocket or V bar slips on

7' 10" centers

1x1x1^" angles, 4'

from joint

31 to 40 .032 20 Drive, V pocket or 1" bar slips on 7' 10"

centers

1 X 1 X y^' angles, 4'

from joint

41 to 60 .032 20 13/^" angle connections, 13^" pocket or

ly/ bar slips with IH x Vs bar rein-

forcing on 7' 10" centers

13^ X 13^ X 3^" angles,

4' from joint

61 to 90 .040 18 1 lyiC" nno-lp ponnprtiona or IW Docket

or XYi' bar slips 3' 9" maximum centers

with \y% X bar reinforcing

134 X 13/^ X dia-

gonal angles, or 134 x

11^ X 3^" angles, 2'

from joint

91 and up .051 16 2" angle connections or 13^" pocket or

13^" bar slips 3' 9" maximum centers

with 1% x Y'i' bar reinforcing

13-^ X 134 X y% dia-

gonal angles, or 134 x

1 34 X 14" angles, 2' from

joint

NOTES:

1. This table is a modification of one appearing in ASHVE Guide.

2. Unless heavy insulation is used, rectangular ducts 18" and larger should be cross-

broken; however, cross-breaking may be omitted if the aluminum sheet thickness

is increased by about two gauge numbers for any special reason.

3. Bracing angles may be omitted on duct sizes 25" to 60" incl. {max. side) if S' 9"

section lengths are used.

ROUND DUCTS
ALUMINUM SHEET

DIAMETER, THICKNESS, MINIMUM
INCHES INCH B & S

GAUGE

Up to 12 .016 26

12 to 24 .020 24

Aluminum angles are light to handle, easy to work,

readily available and have a good appearance. Typ-

ical sizes for air ducts are as follows:

SIZE
INCH

THICKNESS
INCH

WEIGHT
POUNDS PER FOOT

Mx% %2 0.16

1x1 VZ2 0.22

iMxlK %2 0.28

l^xU^ H2 0.34

If aluminum is not used, hangers, braces and

fasteners should be hot-dipped galvanized steel.

Aluminum rivets should always be used with alu-

minum ductwork.

Although self-tapping sheet-metal screws are not

generally recommended for aluminum ducts, where

they are used they should be cadmium plated.

Wherever aluminum ductwork is likely to con-

tact wet or intermittently wet and dry masonry,

the masonry or the aluminum should be coated with

alkali-resistant paint. Likewise, it is good practice

to allow a small clearance around ducts passing

through plaster walls in order to reduce the possi-

bihty of attack by alkaline elements in the plaster.

8.3 ALUMINUM FOIL AS RE-
FLECTIVE INSULATION AND
VAPOR BARRIER
The use of aluminum foil as a building material has
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Figure 8-11. Comparison between aluminum vs. galvanized iron ducts. (From "The Design of Aluminum Duct Systems'

by F. W. Hutchinson.)
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gained wide acceptance because of two essential

characteristics:

—It has the highest thermal reflectivity of all

suitable and economical materials (95 to 98

percent) and, therefore, can serve as an efficient

thermal insulation.

—Aluminum foil, when intact, is vaporproof. It

has a very low moisture vapor transmission

rating and therefore it makes an effective vapor

barrier.

If aluminum foil is properly installed, both of the

above characteristics can be utilized simultaneously,

as is required in most cases. But even where only

one of these properties is of major concern, the

other one can still be utilized. While it is possible

to install aluminum foil in such fashion that it will

serve only one of the two purposes, ordinarily both

are utilized.

Due to its non-corrosive characteristics, alumi-

num retains both its reflectivity and non-perme-

ability indefinitely. Because of this and because of

its high efficiency in these two applications, alumi-

num foil at the present time predominates in these

fields. Most common ferrous metals are inferior in

reflective power and are also subject to rusting,

while protective coatings like lacquers or even oils

detract from the reflectivity. Silver, though it has

an even higher reflectivity, is uneconomical for

ordinary usage in buildings. Bituminous treated

papers, even those marketed as vapor barriers, have

considerably less resistance to the penetration of

water vapor than aluminum foil. Permeability of
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Figure 8-12. Duct seams and connections. (From "Aluminum Sheet Metal Practice in the Building Industry" by

Aluminium Company of Canada, Ltd.)

aluminum foil ranges from 0— .129, while treated

paper has a permeability of .66— 4.07 and higher.

Requirements for Thermal
Insulation and Vapor Barriers:

Criteria for the design of insulation and vapor bar-

riers in buildings are at present based on prevailing

practice. Insulation requirements are usually given

by specifying the maximum allowable heat loss for

both whole units of a building and its components.

Vapor barriers are specified by maximum perme-

ability. The current practice for residential con-

struction is represented in the "Minimum Property

Requirements" of the Federal Housing Administra-

tion, pertinent sections of which follow:

402-A. Insulation

1. The total hourly heat loss of a living unit in

Btu shall not exceed 60 times the floor area in square

feet. Such floor area shall include closets and in-

terior partitions, but not exterior walls or partitions

exposed to unheated spaces.

2. In addition the over-all coefficient of heat

transmission in Btu per hour per square foot per

degree temperature difference from air inside to air

outside or to air in unheated spaces ("U" factor)

shall not exceed:

a. 0.15 for a ceiHng or portion thereof exposed

to an unheated space.

b. The values listed in the following table for

exterior walls or partitions exposed to un-

heated spaces, and for floors over unheated

spaces, for the outside design temperature

established by the Federal Housing Admin-

istration for the locality.

TABLE 8-13

OUTSIDE DESIGN
TEMPERATURE
op

WALLS
"U"
FACTOR

FLOORS
"U"
FACTOR

— 36 and lower 0.15 0.06

-26 to -35 inclusive .19 .10

— 16 to —25 inclusive .23 .16

— 6 to —15 inclusive .27 .22

— 5 to -|-5 inclusive .31 .28

-1-6 to 4-15 inclusive .35 .31

-f-16to -1-25 inclusive .40 .34

-1-26 to -1-35 inclusive .45 .42

+36 and higher .50 .50

3. The Chief Underwriter may require insulation

in excess of 1 and 2 above.

402-B. Vapor Barriers

The vapor resistance of the vapor barrier should

be equal to or greater than the total vapor resistance

of all materials and construction on the exterior side

of the vapor barrier including exterior painting.

In conventional frame walls where sheathing

paper is required and where insulation is not added 327



Figure 8-13. Duct constructions details; continued on Page 329. (From "Aluminum Sheet
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within the stud spaces, a water resistant sheathing

paper or felt with low vapor resistant characteristics

(high vapor permeability) is preferred.

In all frame walls of conventional or similar con-

struction where insulation is added within the stud

spaces, the installation of a vapor barrier on the

warm side of the wall shall be required. The vapor

barrier shall be as follows:

a. Paper conforming to Class A or B of Federal

Specification UU-P-147, or

b. Continuous metallic sheet, or

c. Other material having moisture vapor per-

meability not exceeding:

(1) 6 grams per 24 hours per square meter

at 50 percent vs. 5 percent relative hu-

midity and 73°F. (TAPPI test method)

or

(2) 1 grain per square foot per hour at a

vapor pressure difference through the

material of 1 inch of mercury or

(3) 2 grains per square foot per hour at a

vapor pressure difference through the

material of 1 pound per square inch.

Vapor barriers shall be installed as continuous as

practicable and shall be securely fastened at top,

sides, bottom and at any intermediate framing. Any

perforations of the barrier required for the installa-

tion of electric outlet boxes or the like should be

made so that there is a minimum of free opening.

These permissible heat loss and U-values are still

under discussion, and it is possible that some

changes will be made with a view to reducing heat

requirements of houses.

In the past, much work has been done to establish

insulation requirements based on fuel or cost sav-

ings. Uncertainties are inevitable concerning future

fuel costs, heating plant efficiency, obsolescence,

proper interest on the investment, and the like.

After the permissible heat loss and U-values for

the several exposed elements of a house have been

established, the insulating material and installation

arrangement can usually be selected on the basis of

installed cost. Some consideration of durability is in

order, but there is no substantial evidence that the

materials on the market are not generally satisfac-

tory in this respect, particularly if they are kept dry.
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Advantages and Limitations of Alumi-

num Insulation and Vapor Barriers:

Buildings can be insulated with any of the several

forms of reflective insulation or bulk type insula-

tion, or with various combinations of these. Any

reasonable U-value can be specified and attained

with most any insulation. The installed cost is likely

to differ for the same U-value, depending on the

cost of labor and material in the various regions.

Reflective material is most likely to suffer in such a

comparison when a U-value for heat flow upward is

specified. This is expected because the convective

heat transfer is most active for heat flow upward, as

discussed under "Principles of Reflective Insula-

tion" (see below).

It is said for aluminum foil insulation that its low

mass and consequent small heat capacity is an ad-

vantage in keeping houses cool in summer. The

weight of bulk insulation in a house can be con-

siderable, and if the material is heated by solar



Figure 8-14: Aluminum trunk lines.

energy during the day, it will remain warm and con-

tinue to throw off heat during much of the night.

Test data are not available but it appears that this

action can be a cause of considerable discomfort in

summer.

Bulk insulation, in particular mineral wool, is said

to have merit as a fire stop. It seems reasonable that

such material would retard the spread of flames in

stud spaces and through ceilings due to its mass

and fire resistance. . . . Noncombustible aluminum

foil is preferable to asphaltic paper and other in-

flammable materials. Because of its low emissivity,

aluminum foil is reported to be an effective fire

retardant, which is of importance in paper or fiber-

backed reflective insulation and in vapor barriers.

The low density of reflective insulation can be

appreciated if the weight of the reflective insulation

is compared to an equivalent bulk insulating mate-

rial, such as rock wool for instance. The reflective

insulation may weigh as little as 2 to 3 percent of

the weight of bulk insulation. This has a bearing

not only on heat-storage capacity, as previously

mentioned, but it also contributes to the reduction

of the total weight of the building, which may be of

importance in prefabricated and portable structures.

Inasmuch as reflective insulation is shipped in roll

form, storage space requirements are also reduced.

Certain advantages are also attributed to reflec-

tive type insulation because of its ease of installa-

tion. It does not produce dust during installation,

and its insulating characteristics are not influenced

unduly by workmanship. Care must be exercised in

installing aluminum foil in contact with wet

masonry or plaster (see Section 2-4).

Although aluminum is an electrical conductor,

there has been no indication that interference with

the operation of radio or television equipment is

caused by the presence of reflective insulation. On

the other hand, it may have a shielding effect against

lightning. Data on these subjects are not available.

Principles of Reflective Insulation:

Heat can be transmitted through an air space by

three modes: Conduction, convection and radiation.

Conduction is essentially heat transmission by

direct contact. Conduction through an air space is

therefore accomplished through the air molecules.

Air conductance increases sharply for very narrow

air spaces, and resistance, of course, vanishes for

zero width. On the other hand, for air spaces ^^-inch

or more in width, in the direction of the heat flow,

conduction through air plays an insignificant part

in heat transfer and can be ignored for most prac-

tical purposes. This fact is an important factor in

the insulation of buildings, since the distance be-

tween exterior and interior surfaces of walls and

floors is usually considerably greater than ^-inch.

Heat transfer by convection occurs through the

movement of air and, in ordinary types of construc-

tion, accounts for 15-50 percent of the total heat

transmission. Convection is influenced by the orien-

tation of the air space and the direction of the flow.

Radiation is the transmission of energy^rough

space. As can be seen from the previous data, this

type of transfer accounts for a substantial percent-

age of the heat flow in all practical instances under

consideration. Since radiant heat transmission is

reduced by the use of reflective insulation, the ap-



plication of aluminum foil of 95 percent reflectivity

will prevent at least one half of the total heat flow

through the air space. This accounts for the effec-

tiveness of reflective insulation. It is obviously

desirable to use materials of high reflectivity (or

low emissivity), such as aluminum foil, for this

purpose. When designing a building employing

reflective insulation, the following facts and their

implications should be considered:

The reflectance of surfaces is affected by the wave

length of the incident light or radiant heat. As reflective

insulation in a house wall, for instance, glossy white

paint is not effective. For heat (long wave lengths),

white paint acts about the same as black paint,

while a metal surface like that of aluminum may

reflect 95 percent or more of the radiation received.

On the other hand, white paint is much superior to

dark paint for reflecting direct sunlight and is,

in fact, equal and sometimes superior to metal sur-

faces for this purpose.

It does not matter whether the reflective surface is

applied to the warmer or the cooler side of the stud

space so far as the radiant heat is concerned. A poor

emitter is also a poor absorber of radiant heat. In

effect, a reflective surface acts as a barrier to radiant

heat regardless of the direction of flow. However, the

futility of applying reflective material to both sur-

faces is apparent because, if one surface arrests 95

percent of the radiation, the other surface can op-

erate only upon the remaining five percent. If, how-

ever, a sheet of material with both sides reflective

is installed in the middle of the stud space, forming

two air spaces each with a reflective surface, the in-

sulating effect will be approximately doubled. Mul-

tiple air spaces are resistant to heat flow approxi-

mately in proportion to their number.

Aluminum foil should not be placed in contact with

sheathing. In that position the foil will be cold in

winter and water vapor, migrating through the wall,

may condense on the foil. Such foil can be placed

advantageously on or near the back of wallboard or

plaster. In that position the foil retards the emission

of heat across the stud space. Being an excellent

vapor barrier, the foil also protects the wall struc-

ture from condensation of water vapor originating

in the house. Furthermore, due to contact or prox-

imity to the wall or plasterboard, the foil will usu-

ally be sufficiently warm to preclude condensation

on its own surface.

The radiant heat transfer across an air space is not

affected by orientation, that is, the radiant transfer

is the same horizontally across a vertical air space,

upward through a horizontal air space, or down-

ward through a horizontal air space. This, however,

is not true of convection. In a horizontal air space

with heat flow downward, the air stratifies and con-

vection almost ceases. Thus an air space with a

single refiective surface is, comparatively, an ex-

cellent insulator against heat flow downward.

This fact favors reflective materials for insulating

floors over cold spaces in winter and for insulating

ceilings or attics to exclude heat in summer. On the

other hand, the convection currents are vigorous

in a horizontal air space with heat flow upward. A

reflective sheet, therefore, affects a smaller part of

the heat transfer. Consequently, for reducing up-

ward heat flow, such as that through ceilings or

roofs in winter, some arrangement affording mul-

tiple reflective air spaces is usually recommended

where reflective material is employed.

In a vertical air space, the convection currents

have an intermediate effect between those for up-

ward and those for downward heat flows in horizon-

tal spaces.

Equations and Computations: Heat trans-

fer equations applicable in the building field are as

follows:

Transmittance: Heat transfer through an out-

side wall, roof, exposed floor or ceiling is the special

conductance

Q = U (ti - to) (1)

where

Q = heat flow, Btu per hour per square foot

U = transmittance factor, Btu per hour for one

square foot and for a temperature differ-

ence of 1°F between the air inside and that

outside the building

ti = temperature, inside, °F

to = temperature, outside, °F



ALUMINUM

IN

MODERN
ARCHITECTURE

Conductance: Heat flow through a wall or other

heat barrier from a surface to another surface paral-

lel to the first is

Q = C{h - t,) (2)

where

Q = heat flow, Btu per hour per square foot

C = conductance factor, Btu per hour for one

square foot and for a temperature differ-

ence of 1°F between the two surfaces

^1 = temperature, warmer surface, °F

U = temperature, cooler surface, °F

Also, the conductance factor is equal to the in-

verse of the total thermal resistance of the heat

barrier between the two surfaces considered; thus

1 1

r, + r, -f . . . + fn RC = (3)

where

i-^ _^ 7-., 4- . . . -f r„ = the individual resistance

of the components of the heat barrier.

R = total resistance of the heat barrier

Also, the transmittance factor is equal to the in-

verse of the total resistance of the wall, floor, roof

or ceiling including the film resistance on the two

sides; thus

1 ^U (4)
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where

r, = inside air film resistance to heat flow from

air to surface of wall, ceiling, roof or floor

To = outside air film resistance to heat fiow from

surface to air

The thermal resistance of a homogeneous* mate-

rial is its thickness divided by its conductivity; so

. 4- (5)

where

L = length of heat path = thickness of mate-

rial, inches

k = conductivity, Btu per hour, for 1 square

foot for a temperature difference of 1°F

through a thickness of 1 inch

* Homogoneous in the heat transfer sonso; a mass of fibors is not strictly

homogeneous since it contains both fibers and air spaces, but it is being

treated as such for present purposes.

Values of conductivity, k, for various materials

are determined by laboratory tests and are pub-

lished in various references.

Radiant Heat Transfer Across an

Air Space:

Qr = 0.172
\100 ) \ioo)

E (6)

where

qr = heat flow by radiation across an air space,

Btu per hour for 1 square foot

Ti = surface temperature, warm side, °F abso-

lute

Tj = surface temperatures, cool side, °F abso-

lute

E = emissivity factor; depends on nature of

surfaces of space

Emissivity Factor For an Air Space:

1
E--

(7)

where

I\ = emissivity, warm side

P.> = emissivity, cool side

Combined Radiation and Convection

Across Air Spaces:

Crr (T, - Td (8)

where

Qr, = heat flow across an air space due to com-

bined effects of radiation and convection,

Btu per hour per square foot

Crc = coeflficient of heat transfer by radiation

and convection ; Btu per hour per square

foot per degree F temperature difference

between the warm and the cool sides.

Some values of this factor can be com-

puted from the data in Table 8-14

Convection Heat Transfer: No equation

for the transfer of heat across an air space by con-

vection has been generally accepted. Therefore, to



determine the convection transfer, when it is re-

quired, total conductance is determined by labora-

tory test and the radiant transfer, computed by

Equation 6, is deducted.

Some selected materials of interest in the building

field are given in Table 8-14.

The effective emissivity E of an air space can be

computed by means of Equation 7 and the data in

Table 8-14 as follows:

Example A: Assume the stud space in a house

wall to be bounded on one side by paper-backed

wallboard and on the other side by wood sheathing:

From Table 8-14, Pi = 0.92; P, = 0.90;

then E = —j = ^ = 0.83

oM 0:90 ~ ^

Example B: Consider the same air space as in

Example A, except the wall board is backed with

aluminum foil which faces the air space.

From Table 8-14, P, = 0.04; P, = 0.9

0.04 0.90

The radiant heat transfer across an air space can

be computed by means of Equation 6, and the

results of Equation 7 as shown in Examples A and

B, as follows:

Example C: Assume in an air space

Warm surface temperature, 60°F, = 460 + 60 =

520°F

Cool surface temperature, 30°F, = 460 + 30 =

490°F

The radiant heat flow for "black body" condition

is given by that portion of Equation 6 exclusive of

the Emissivity Factor, E.

Therefore

,. = 0.172[(f|^)'-(ff^)']=0.172[(5.2)-(4.9)1

= 26.3 Btu per hour per square foot.

If the air space has no reflective surfaces, as in

Example A, the heat transfer by radiation becomes

Example D: 0.83 x 26.3 = 21.8 Btu per hour per

square foot.

If the air space has one reflective side, as in ex-

ample B, the heat transfer by radiation becomes

TABLE 8-14: SURFACE EMISSIVITIES

SURFACE
\

FEMPERATURE
T

EMISSIVITY
P

Aluminum, Polished 73 0.04

Al. Powder on Paper 0.15 to 0.35

Wrought Iron, Polished LOO-480 .28

Galvanized Iron, Bright 82 .23

Brick, Red, Rough 70 .93

Porcelain 72 .92

Marble, Polished 72 .92

Wood (Oak, Planed) 70 .90

Paper 66 .92

Roofing Paper 69 .91

Plaster 50-190 .91

TABLE 8-15: THERMAL RESISTANCES* (R^c

OF 13.2-INCH AIR SPACES
)

TEMP. DIFF.=20°F MEAN TEMP. = 50°F

ORIENTATION DIRECTION
OF SPACE HEAT FLOW

OF EFFECTIVE EMISSIVITY (E)

OF SPACE
0.05 0.20 0.50 0.82

Horizontal Down 5.7 3.2 1.7 1.1

45° angle Down 3.9 3.6 1.5 1.0

Vertical Horizontal 2.8 2.0 1.3 0.9

Horizontal Up 2.0 1.6 1.1 .8

45° angle Up 2.3 1.8 1.2 .9

* Degrees F per Btu per hour per square foot. I/Rrc = Cr in Equation H.

Example E—QM x 26.3 = 1.05 Btu per hour per

square foot.

The equations discussed are fundamental to heat

flow computations. Data based on direct experiment

are given in Table 8-15.*

The data in Table 8-15 apply to the total heat

flow due to both radiation and convection across an

air space. The data can be appHed to spaces wider

than 1H inches for estimating purposes.

Effectiveness: The effects of reflective insula-

tion applied to some typical structural elements are

shown in Tables 8-16, 8-17 and 8-18. The data

quoted here for convenience were taken from 'The

These data were extracted from "The Thermal Insulating Value of

Air Spaces" HHFA Bulletin 32 issued by the Housmg and Home
Finance Agency, Washington 25, D. C. available from Superintendent qqq
of Documents, Government Printmg Office, Washmgton 2d, D. C. OOO



ALUMINUM TABLE 8-16: U-VALUES FOR WALLS—EFFECT OF INSULATION
IN IN STUD OR FURRING SPACE
^^^^^^

EMISSIVITY OF WALL
ARCHITECTURE INSULATION IN SPACE SPACE U-VA^UE

3-inch Wall of Brick and Cinder Block with Furring Strips and

Plasterboard

None 0.82 0.25

Reflective Paper on Plasterboard .20
on

Aluminum Foil on Plasterboard .05
1 Q —

Fibrous Insulation
.17

'

Timpr Wall of T.an Sidino" Sheathiner. with Plaster on Plaster-

board
None 0.82 0.24

Aluminum Foil on Plasterboard .Uo

Aluminum Sheet, middle of Stud Space

(forming two reflective air spaces) .05 .12

Reflective Paper, Dbl. Faced, Middle of Space .20 .14

2-Inch Fibrous Insulation, No Reflective Surface .82 .085

Three Reflective Spaces Formed by Two Sheets of Alummum Foil .04 .077

TABLE 8-17: U-VALUES FOR CEILINGS- EFFECT OF INSULATION

BETWEEN JOISTS*

INSULATION IN JOIST SPACE EMISSIVITY OF
SPACE

U-VALUES
HEAT FLOW
UP DOWN

None 0.82 0.30 0.25

Aluminum Foil on Plasterboard .05 .22 .088

Rpflpctive Paper on Plasterboard .20 .24 .156

Aluminum Sheet, Middle of Space

(forming two reflective spaces) .05 .146 .052

Reflective Paper, Middle of Space .20 .17 .105

4-Inch Fibrous Insulation, No Foil .82 .055 .053

* Plaster on plasterboard sui)ported by 2 x H joists with sinsle-thickness pine floor above.

TABLE 8-18: U-VALUES FOR FLOORS—EFFECT OF INSULATION

BETWEEN JOISTS*

INSULATION IN JOIST SPACE EMISSIVITY OF
SPACE

U-VALUES
HEAT FLOW
DOWN

None 0,28

Aluminum Foil on Bottom of Joists 0.05 .07

Reflective Paper, Bottom of Joists .20 .12

i/^-Inch Insulating Board— Bottom of Joists .82 .16

2-Inch Fibrous Blanket, Air Space Above .08

334 * Double floor, paper between, on 2 x 10 joists, no .ceiling below.



Thermal Insulating Value of Air Spaces'' and are

based on work done at the National Bureau of

Standards.

It is, of course, possible to compute heat transfer

coefficients by means of the theory and data given

under Equations and Computations above but it is

simpler and usually safer to extract them from

tables based on direct experiment when available.

Types of Reflective Insulation: Flat

aluminum foil purchased in rolls for insulating pur-

poses is likely to be .0003 to .0015-inch in thick-

ness and is available in various widths up to at

least 36 inches. It is also available in accordion

folded strips with flanges for easy stapling, for up to

24-inch centers in .0015-inch thickness. Such

material can be conveniently attached to timber by

means of stapling tools. Cardboard "battens" are

sometimes used to permit better sealing between

foil and timber when the flanges are not an integral

part of the foil. This sealing at joints is important

to prevent convection around the edges. The thin-

ner foils are fragile and must be carefully handled

to avoid tearing. Thicker foils are relatively tough;

foil .0015 inch thick is said to have a tearing

strength of 64 grams.

Paper-backed aluminum foil has some advantages

in strength and workability compared to thin foil.

Both single-faced and double-faced paper-backed

foils are available. The material is installed and

fastened substantially like plain foil and the same

insulating effects are expected of it.

Reflective paper is prepared by the application

of aluminum powder or flake material to the surface

of paper sheet. The emissivity of this material is

usually higher than that of foil, in the range of

.15-.35 instead of .04, expected of foil. Reflective

papers are to some degree permeable to water vapor

which is advantageous when it is desirable to place

a reflective surface on or near the cold side of a

wall, floor or other exposed structural element.

Combinations of bulk and reflective insulation

offer important advantages. Those with an alumi-

num foil outer surface (facing to outside of building)

will reflect up to 95 percent of the radiant heat

energy striking them. This high reflectivity is im-

portant in reducing the heat stored in the bulk

insulation. The outer foil surface has small holes

punched in it at regular intervals to permit moisture

from the bulk insulation to escape outward. Those

combinations of bulk and reflective insulation that

employ reflective paper as the outer surface will

reflect approximately 80 percent of the radiant heat

energy striking them.

Combinations of bulk and reflective insulation

can be classified into three groups: Type A employs

aluminum foil to completely encase the batt of bulk

insulation on all four sides. Type B uses foil only on

the inner surface (facing inside of building); the

outer being kraft paper coated with polished

aluminum pigment. Type C has a layer of foil on

the inner side of the batt only; the outer side being

uncovered.

All these various combinations of bulk and reflec-

tive insulation employ aluminum foil on the side

toward the interior of the building. When intact and

installed with proper joints, this foil is almost a

perfect vapor barrier, effectively preventing ingress

of water vapor from the house into the bulk insula-

tion. When installing any of these insulations, it

thus is very important to be sure that the solid foil

surface faces the interior of the house.

Plasterboard or wallboard is available with a

reflective surface of aluminum foil on one side.

Wallboard or plasterboard alone is not usually

considered insulating material, but if it is installed

with such a reflective surface facing an air space,

such as that between the furring strips on a masonry

wall, a considerable insulating effect results.

A well-known insulation designed for conserving

heat in winter and for excluding solar heat in sum-

mer is termed "accordion pleated aluminum foil

insulation". This is composed of two or more sheets

of aluminum foil or of foil and paper, and it is

furnished folded or rolled so that material for a

large area can be shipped in a relatively small

package. This insulation may be applied to walls,

roofs or ceilings or to floors over exposed spaces to

reduce heating requirements of buildings in winter

or air-conditioning loads in summer. The object of

the design is to obtain the effect of multiple reflec-

tive air spaces in a self-sufficient material that is
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applied like a single sheet of material.

Condensation in Buildings: Water vapor

in dwellings comes from perspiration and exhalation

of the occupants as well as from cooking, wash-

ing, potted plants, unvented devices burning fuel

containing hydrogen, and the like. Due to these

factors the absolute humidity is usually higher

inside an occupied house than outdoors, particularly

in winter when the house is kept closed for warmth.

Humidity in houses is reduced by infiltration or

ventilation, condensation on windows and migra-

tion of water vapor through walls, ceilings and floors.

If water vapor is allowed to migrate excessively

through walls or other exposed building elements,

condensation may occur within the structure with

resultant wetting and damage to insulation or other

building parts. For this reason vapor barriers are a

usual component of insulated walls, and materials

consisting of paper treated with bituminous sub-

stances are available for this purpose. Aluminum

foil is practically vaporproof, and this attribute

can be utilized when the foil is employed for heat

insulation. The vapor barrier, be it either aluminum

foil or some other material, must be placed in a

warmer region of a wall to avoid condensation on

the barrier itself and to retard the migration of

water vapor toward the colder parts of the wall.

Window condensation is often an indicator of

excessive humidity. Houses and buildings should be

so constructed that condensation occurs on win-

dows before it does on walls or other parts. Data

on humidities for incipient window condensation

are given in Table 8-19.

A theory* on condensation has been developed,

based on an assumed proportionality of vapor pres-

sure to vapor transfer by diffusion. This theory,

however, is not much used for three reasons: The

assumed proportionality is not generally accepted,

the permeability of materials is uncertain, and the

probability of improper installation makes a very

high factor of safety essential in selecting vapor

barriers. Present practice indicates the following

procedures for dwelling houses:

—Install no insulation in contact with roof boards

or roof decks on the underside.

—Provide an air space between insulation and

roof boards or deck above. If fibrous insulation

is used, the air space should be ventilated with

outdoor air by louvers or other means.

* Moisture Condensation in Building Walls by H. W. Worley. NBS
EMS Report 65.
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TABLE 8-19: COMPUTED RELATIVE HUMIDITIES IN BUILDINGS

FOR INCIPIENT WINDOW CONDENSATION

OUTSIDE
TEMP.

COMPUTED INSIDE RELATIVE
HUMIDITY (%) FOR WINDOW
CONDENSATION
SINGLE
GLAZED
NO WIND

SINGLE
GLAZED
WIND
15 MPH

DOUBLE
GLAZED
WIND
15 MPH

MEAN OF OBSERVED INSIDE RELATIVE
HUMIDITY {<o) FROM BMS 56

HUMIDIFIER

YES NO

40 59 44 73 45 31

30 49 32 66 30 27

20 40 24 59 25 22

10 33 18 51 21* 18*

0 27 13 46

-10 21 10 40

-20 19 6 36

* Extrapolated.

Inside temperature assumed: 70°F. Also, mean of inside relative humidities observed during survey of residence, reported in NBS BMS Report

No. 56.



—Provide a vapor barrier at or near the interior

surface of insulated walls. Aluminum foil on

the back of gypsum lath is a practically perfect

vapor barrier. Good commercial vapor barrier

material will serve.

—Allow no high resistance to vapor migration

outside of the insulation. Pervious paper only

should be used on sheathing.

These precautions result in walls, roofs and ceil-

ings that are less subject to condensation than

windows under all ordinary conditions.

Ventilation is the usual means for preventing

excessive humidity in dwellings in winter. The real

purpose of vapor barriers is to prevent condensation

in damageable parts like walls, roofs and ceilings

before it appears on windows where, in small quan-

tity, the resulting water is harmless. Infiltration,

which is natural or accidental ventilation due to

leaks in the structure, is sufficient to prevent con-

densation in many houses, particularly those built

some time ago.

A new modern house, weatherstripped or fitted

with storm windows and insulated with aluminum

foil, is likely to be nearly airtight. This is good from

the standpoint of fuel conservation, but deliberate

ventilation may be necessary to prevent excessive

humidity in the house as well as to expel odors and

keep the air fresh. Partial opening of windows may

be sufficient but exhaust fans for occasional use are

desirable in kitchens, baths and laundry rooms.

In summer, a house is likely to be either air con-

ditioned or copiously ventilated by open windows

and doors. In either case the humidity maintained

is not directly involved with the insulation. Summer

condensation usually results from heat lag due to

mass, as in the case of a concrete floor or masonry

wall. When such a mass, cooled by a period of cool

weather, is exposed to warm, humid air due to a

change in weather, condensation may occur.

Since humidity control is part of any air condi-

tioning system, condensation is not expected in an

air-conditioned house.

Aluminum Foil as a Vapor Barrier:

Aluminum sheet, if intact, is vaporproof. In a

house or building, therefore, the material can be a

perfect vapor barrier if the joints between sheets

are tight.

For this reason it is usual for insulation, either

consisting of such foil or having it as a component^

to form its own vapor barrier. If the foil is used in

conjunction with bulk insulation, economy dictates

that both the vapor-resisting property and the

insulating property of the foil should be utilized.

To accomplish this, (1) the reflective surface of the

foil must face an air space and (2) the foil should be

on the warm side of the bulk insulation. Thus, in a

frame wall, for instance, a blanket of bulk insula-

tion with aluminum foil on one side must be in-

stalled with the foil toward the plaster and with an

air space, preferably an inch or more in width,

between the foil and the plaster. Infiltration of air

through the clapboards and sheathing will ordinarily

be sufficient to carry away water vapor migrating

through leaks in the joints if aluminum foil is in-

stalled with reasonable care.

Bituminous-treated papers, even those marketed

as vapor barriers, have much less resistance to

water vapor than aluminum foil. It is therefore

impractical to protect a blanket of mass insulation

with a sheet of ordinary vapor barrier material on

the warm side when it has a sheet of aluminum foil

on the cold side.
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TABLE A2-1: CONVERSIONS FROM COMMERCIAL DESIGNATIONS TO AA NUM

OLD DESIGNATION A A XTTTAyTRFPAA iN U iVlJDlijXV OT.D DFSTGNATION AA NUMBER OLD DESIGNATION AA NUMBER

99.31 1230 AL/iDo X2316 Alclad 61S Alclad 6061

99.35, R995 1235 1 7Q 2017 62S 6062

99.6, GDIS A 1 7QAi 10 2117 63S 6063

99.752 1

1

1 QQ 2018 B64S 6264

99.8, CGlb Dloo 2218 X64S X6064

99.85, DBIS r loo, xvrvOo 2618 XA64S X6164

99.87, EBIS 1 1 87iio 1
V A 1 QQ X2119 66S 6066

EG^ OA Q 2024 70S 7070

AAIS Alclaa Z4o Alrlad 2024 XG70S X7370

ABIS ZOo 2025 72S 7072

AGIS 1 070 2225 XB72S X7272

ADIS 1 Of^O 4032 X73S X7073

AEIS 1 OQO 4ob, IV140 4043 75S 7075

1099 TA^m 44S K143 4343 Alclad 75S Alclad 7075

1188 XE43S X4543 XG75S X7375

1080 44S, G43S, K143 4343 76S 7076

1060 45S 4045 B77S 7277

1145 X47S X4047 XA78S X7178

1197 50S 5050 X79S X7079

1185 Alrlad 50S Alclad 5050 XB80S X8280

1180 A50S, R305, K155 5005 XG80S X8380

1160 XD50S X5405 XD80S X8480

1285 A51S 6151 HZMIOO 7001

1260 XB51S X6251 K112 8112

DEIS 1330 J51S, K160 6951 K143, G43S, 44S 4343

1187 52S 5052 K145, 43S 4043

1090 F52S 5652 K155, A50S, R305 5005

1170 XE52S X5006 K157, G57S 5357

HGIS 1270 53S 6053 K160, J51S 6951

JGIS 1075 B53S 6253 K162, R3064 6003

2S 1100 G53S 6353 LK183 5083

A2S 1200 XD53S X6453 K186 5086

3S 3003 E53S 6553 R301 Gore, 14S 2014

Aicidu 00 Alclad 3003 A54S 5154 R301, Alclad 14S Alclad 2014

4S 3004 B54S 5254 R305, K155, A50S 5005

Alclad 3004 X55S X5055 R306, K1624 6003

X3005 AlcladX55S Alclad X5055 R308^ 1130

1 1 ^ 2011 56S 5056 R399 8099

R.*^01 Core 2014 Alclad 56S Alclad 5056 R995, 99.35 1235

AlClaU 1^0, xvOUX Alclad 2014 XG56S X5356 R998, BGIS 1080

XB14S X2214 G57S, K157 5357 RR58, F18S 2618

XB16S X2216 61S 6061

I Cladding on Alclad 24S (Alclad 20241.

:gc-T"h'c"de2gna\iof fSrel!?trical conductor metal is not being changed since it is so firmly established in the electrical industry.

4 Cladding on R301 and Alclad 14S.(Alclad 2014).

5 No. 1 Reflector Sheet.



TABLE A2-2: CONVERSIONS FROM AA NUMBERS TO COMMERCIAL DESIGNATIONS

AA NUMBER OLD DESIGNATION AA NUMBER OLD DESIGNATION AA NUMBER OLD DESIGNATION

EC^ EC 2117 A17S 5652 F52S

1030 AEIS X2119 XA19S 6003^ R306, K162

1050 ADIS X2214 XB14S 6053 53S

1060 BDIS X2216 XB16S 6061 61S

1070 ACIS 2218 B18S Alclad 6061 Alclad 61

S

1075 JCIS X2219 6062 62S

1080 BCIS, R998 2225 B25S 6063 63S

1085 ABIS X2316 XC16S X6064 X64S

1090 FBIS 2618 F18S, RR58 6066 66S

1095 AAIS 3003 3S 6151 A51S

1099 BAIS Alclad 3003 Alclad 3S X6163

1100 2S 3004 4S X6164 XA64S

11302 R308 Alclad 3004 Alclad 4S X6251 XB51S

1145 BEIS X3005 XA5S 6253 B53S

1160 CDIS, 99.6 4032 32S 6264 B64S

1170 FCIS 4043 43S, K145 6353 C53S

11753 99.75 4045 45S X6453 XD53S

1180 CClS, 99.8 X4047 X47S 6553 E53S

1185 CBIS 4343 C43S, 44S, K143 6951 J51S, K160

1187 EBIS, 99.87 X4543 XE43S 7001 HZMIOO

1188 BBIS 5005 A50S, R305, K155 7070 70S

1197 CAIS X5006 XE52S 7072 72S

1200 A2S 5050 50S X7073 X73S

1230^ 99.3 Alclad 5050 Alclad 50S 7075 75S

1235 R995, 99.35 5052 52S Alclad 7075 Alclad 75S

1260 DDIS X5055 X55S 7076 76S

1270 HCIS Alclad X5055 AlcladX55S X7079 X79S

1285 DBIS, 99.85 5056 56S X7178 XA78S

1330 DEIS Alclad 5056 Alclad 56S X7272 XB72S

2011 lis 5083 LK183 7277 B77S

2014 14S, R301 Core 5086 K186 X7370 XC70S

Alclad 2014 R301, Alclad 14S 5152 X7375 XC75S

2017 17S 5154 A54S 8099 R399

2018 18S 5254 B54S 8112 K112

2024 24S X5356 XC56S X8280 XB80S

Alclad 2024 Alclad 24S 5357 C57S, K157 "VQQfinAoooU

2025 25S X5405 XD50S X8480 XD80S

1 EC—Tho designation for electrical conductor metal is not being changed since it is so firmly established in the electrical

2 No. 1 Reflector Sheet .

3 Cladding on No, 2 Reflector Sheet.
4 Cladding on Alclad 2024 (Alclad 24S). 341
6 Cladding on Alclad 2014 (R301 and Alclad 14S).



Notes to Tables A2-1 and A2-2:

The old commercial designations consisted essentially of

a numeral and the letter S, e.g., ITS. Modifications of the

original alloy were denoted by a preceding letter, used

consecutively in alphabetical order, e.g., A17S. Certain

other letters preceding the numeral were sometimes used

to indicate the producer of the alloy; the letter X denoted

an alloy in the experimental stage.

The numeral identified the major alloying element; a

range of numerals was assigned to each major element.

Numerals within this range were used for different alloy

compositions with the same major alloying element,

according to the following table:

NUMERICAL MAJOR ALLOYING
RANGE ELEMENT

2 S Commercially pure aluminum

3 S to 9 S Manganese

10 S to 29 S Copper

30 S to 49 S Silicon

50 S to 69 S Magnesium

70 S to 79 S Zinc

TABLE A2-3: TEMPER CONVERSION
TABLE FOR NON-HEAT-TREATABLE
WROUGHT ALUMINUM PRODUCTS*

TEMPER DESIGNATION
SINCE DEC. 31, 1947

EFFECTIVE

TEMPER DESIGNA-
TIONS PRIOR TO
DEC. 31, 1947

If strain
hardenod
only

If strain
hardened
and then
partially
annealed

If strain
hardened
and then
stabilized

H -H 12 -H 22 -H 32

-H 14 -H 24 -H 34

-Va h -H 16 -H 26 -H 36

-H -H 18 -H 28 -H 38

Extra-Hard -H 19 -H 39

Also available in -O and -F tempers.

Notes to Table A2-3:

The main difference between old and present temper

designations for non-heat-treatable alloys consists in that

the old designation merely indicated the temper condi-

tion, such as ^4 hard (UH), H hard, etc., while the

present designation specifies the type of hardening treat-

ment as well. (See also Table 2-2).

Notes to Tables A2-5 {Aluminum Mill Product Specifica-

tions)y and Table A2-6 (Aluminum Ingot and Casting

Specifications):

Alloy Numbers (Table A2-5, Columns 1-3 and Table

A2-6, Columns 1-3). Alloy numbers identify the alloys

on the basis of their chemical compositions.

Products (Column 4, Table A2-5). This column lists

mill products of the respective alloys for which specifica-

tions have been issued.

Alloy Specifications (Table A2-5, Columns 5-8 and

Table A2-6, Columns 4-7). Alloy specifications estab-

lish the requirements which a certain mill product of

a particular alloy composition has to meet for the pur-

chasing needs of a government agency or a certain

industry.

In addition to the specifications listed there are Army,

Air Force, Navy, and Air Force—Navy Aeronautical

specifications. However, these specifications are to be

replaced by the Federal and Military Specifications and

are, therefore, not included here.

Federal Specifications (Table A2-5, Column 5 and Table

A2-6, Column 4). Federal specifications are issued under

the direction of the Administrator of General Services for

procurement use by the Government Agencies and De-

partments. Departmental or other specifications may be

used only if no suitable Federal Specification is available

or if the applicable Federal Specification does not cover

the grade of material required.

These specifications establish values for minimum ulti-

mate and yield tensile strength and elongation, in addi-

tion to specifying many other requirements, such as

chemical composition, tolerances, markings for identifica-

tion, workmanship, etc.

Tolerances on all aluminum wrought products covered

by Federal specifications are in accordance with the latest

issue of QQ-A-245.

Copies of Federal specifications can be purchased from

the General Services Administration, Washington 25,

D.C. Single copies may be obtained free of charge from

the nearest Regional Oflice of General Services Adminis-

tration.

Military Specifications (Table A2-5, Column 6 and

Table A2-6, Column 5). Military specifications are issued

by the Oflice of Standards, Defense Supply Management

Agencies for use by the Armed Forces for the procurement

of such products or the control of such processes which are

peculiar to them and not covered adequately by Federal

Specifications. Originally this series was the Joint Army-

Navy series of specifications so that some specifications in

the series are still identified by the old "JAN" symbol.

These will be changed to "MIL" as they are revised. In

the majority of cases the remaining portion of the designa-

tion will remain the same. Copies of these specifications

can be obtained from the cognizant bureau or department

or any Government Agency using the specification.

AMS Specifications (Table A2-5, Column 7 and Table

A2-6, Column 6). The Aeronautical Material Specifica-

tions Division of the Society of Automotive Engineers,

which is composed of representatives from the manufac-

turers and suppliers of the aircraft industry, issues this

series of specifications. Copies can be purchased from the

Society of Automotive Engineers, 29 West 39th Street,

New York, N. Y. Successive revisions of a specification

are indicated by a capital letter (A, B, C, etc.) following

the number.



ASTM Specifications (Table A2-5, Column 8 and Table

A2-6, Column 7). The ASTM specifications constitute a

widely recognized set of commercial standards. The speci-

fication number (called ASTM Designation) is in two

parts; that to the left of the dash indicating the material,

product or process defined, and that to the right showing

the year in which the specification last was revised. Desig-

nations beginning with B cover light metals and alloys

including aluminum and aluminum alloys. Those begin-

ning with D cover miscellaneous materials such as paint,

wood, oil and the like, including aluminum pigments. All

designations beginning with E cover various methods of

testing or analysis.

Copies of ASTM specifications may be purchased indi-

vidually from the Society's Oflice at 1916 Race Street,

Philadelphia 3. Pennsylvania.

TABLE A2-4: TEMPER CONVERSION TABLE
FOR HEAT-TREATABLE WROUGHT ALUMINUM PRODUCTS

ALLOY
DESIGNA-
TION

NEW TEMPER DESIGNATION SINCE DECEMBER 31, 1947

OLD
TEMPER
DESIGNA-
TION
PRIOR TO
DEC. 31,
1947

SHEET AND PLATE'

FLAT SHEET COILED
SHEET

PLATE

WIRE,
-ROD AND
BAR>—
ROLLED
OR COLD-
FINISHED

ROLLED
STRUC-
TURAL
SHAPES!

EXTRUDED
ROD, BAR,
SHAPES, TUBING
AND PIPEi

DRAWN TUBING
AND PIPEi FORC-

INGS-'
RIVETS

Hoat-
Treated
by Pro-
ducer

Heat-
Treated
by Cus-
tomer

Heat-
Treated Heat-
by Pro- Treated
ducer or by Pro-
Customer ducer

Heat- Heat-
Treated Treated
by Cus- by Pro-
tomer ducer

Heat-
Treated
by Pro-
ducer or
Customer

Heat-
Treated
by Pro-
ducer

Heat-
Treated
by Cus-
tomer

Heat-
Treated
by Pro-
duced

Heat-
Treated
by Cus-
tomer

Heat-
Treated
by Pro-
ducer or
Customer

Heat-
Treated
by Pro-
ducer or
Customer

Driven
Rivets

2011

-W

-T3

-T8

-T4

-T3

-T8

-W

-T

-T4

-T6

-T4

-T6

-T42 -T4

-T62 -T6

-T613

2017 -T

-T4 -T4 T4 -T3«

-TBI'

-T41«

2024
and
Alclad
2024-

-T

-RT

-T80

-TBI

-T86

-T3 T4 -T4 -T4 T42

-T36

-TBI

-T86

-T36

-T4

-T36

T4 -T42 -T4 T4 -T31'

-T6

-T86

6053

-W

-w

-T

-T61

-T4 -T4

_T41«

T6 -T6 -T6

-T61 -T61

-W

-T

-T5

-T62

-TBI

-T7

-T4 -T4 -T4 -T4 -T4 -T4 -T4 -T4 -T4

-T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6 -T6

-T5

-T62 -T62 -T62

-TBI

-T91

6063

-F

-T

-T5

-T42

-T6 -T6

-T5 -T5

7075 and
Alclad 7075-

-W« -W« -W8 -W8

-T6 -T6 -T6 -T6

-W8

-T6

-W8 -W8

-T6 -T6 -T6

1 Products listed are also available in -O and -F tempers.

2 Forgings are also available in -F temper.
« Boiling water quench.
4 Driven cold after full natural agmg.

• Driven cold immediately after solution heat treatment, or when refrigerated to defer

natural aging.
fi Driven hot, at the solution heat-treating temperature.
7 Available only in the form of sheet and plate. „wo u
s To be specific, the time of natural aging must be stated, for example, 7075-W (2 hours)

7075-W (2 months).
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TABLE A2-5: ALUMINUM MILL PRODUCl brLCli^ lO A l lUJN ^

ALLOY NUMBER PRODUCT ALLOY SPECIFICATIONS

A A ASTM
1 2

SAE
3 4

FEDERAL
5

TV/TTT XT' A "DVMiLil 1 AK I

6

AMS
7

ASTM
8

1100 990A 25 Plate & Sheet QQ-A-561b 4001B

4003B

B209-54T

Platp & Sheet for

Pressure Vessels B178-53T

Bar, Rod, Wire &
Shapes; Rolled or

Drawn QQ-A-411C 4102A B211-53T

Bar, Rod & Shapes;

Extruded B221-53T

Bar, Rod & Shapes for

Pressure Vessels B273-53T

Tubes, Drawn WW-T-783b 4062B

Wave Guide Tubes MIL-T-SSB-l

Foil MIL-A-1486B

Rivet Wire MIL-W-7986

Rivets MIL-R-5674A-1 7220B

Spray Gun Wire MIL-W-6712 4180A

Welding Rod QQ-R-566 MIL-E-16053C B184-43T

3003 MIA 29 Plate & Sheet QQ-A-359C 4008B B209-54T

Platp Shppt for

Pressure Vessels B178-53T

Bar, Rod & Shapes;

Rolled or Drawn QQ-A-356C

Bar, Rod & Shapes;

Extruded QQ-A-357 B221-53T

Bar, Rod, & Shapes for

Pressure Vessels B273-53T

Tubes; Drawn WW-T-788b 4065B

4067B

B210-54T

Tubes; Extruded B235-53T

Pipe & Tubes for

Pressure Vessels B274-53T

Condenser Tubes B234-53T

Pipe B241-53T

Foil 4010

Rivet Wire MIL-R-1150A-1

Rivets MIL-R-1150A-1



TABLE A2-5- ALUMINUM MILL PRODUCT SPECIFICATIONS (Continued)

ATT nV IN U IVlD Hi Iv PRODTirT ALLOY SPECIFICATIONS

AA
1

ASTM
2

SAE
3 4

FEDERAL MILITARY
5 6

AMS
7

ASTM
8

Alclad

3003
Clad
MIA Plate & Sheet for

Pressure Vessels B178-53T

Condenser Tubes B234-53T

3004 MGllA 20 Plate & Sheet B209-54T

Plate & Sheet for

Pressure Vessels B178-53T

Tubes; Drawn B210-54T

Pipe & Tube for

Pressure Vessels B274-53T

Alclad

3004
Clad
MGllA Plate & Sheet for

Pressure Vessels B178-53T

4043 Welding Rod QQ-R-566 MIL-E-16053 4190A B184-43T

5050 GIA Plate & Sheet B209-54T

Plate & Sheet for

Pressure Vessels B178-53T

Pipe & Tubes for

Pressure Vessels B274-53T

505

J

relate & oneet
4016C
4017C

Plate & Sheet for

Pressure Vessels B178-53T

T* T* J ITT* P
Bar, Rod, Wire &

Shapes; Rolled or

Drawn QQ-A-315a-l 4114A B211-53T

Tubes; Drawn WW-T-787a 4070D B210-54T

Tubes; Hydraulic WW-T-787a 4071D

Pipe & Tubes for

Pressure Vessels B274-53T

5154 GR40A Plate & Sheet MIL-A-17357-1

Plate & Sheet for

Pressure Vessels B178-53T

Bar, Rod & Shapes for

Pressure Vessels B273-53T

Pipe & Tubes for

Pressure Vessels B274-53T

Welding Rod MIL-E-16053C

2011 CP60A Bar, Rod & Wire;

Rolled or Drawn QQ-A-365 B211-53T 345
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TABLE A2-5: ALUMINUM MILL rKUJJUUi &rJiiOirn^i\ii^^iMi5 ( r^/On tin 11pd ^

ALLOY NUMBER PRODUCT

AA ASTM
1 2

SAE
3 4

FEDERAL MILITARY
5 6

AMS
7

ASTM
8

2014 CS41A 260 Bar, Rod, Wire &
Shapes; Rolled or

QQ-A-266 4121A B211-53T

Bar, Rod & Shapes;

HiAtl UU.CU. QQ-A-261 4153A B221-53T

"Ror RnH Xj SViJinpq for

Pressure Vessels B273-53T

Tubes, Extruded ... B235-53T

Pipe & Tubes for

Pressure Vessels

Forgings & Forging

Stock QQ-A-367C-2 4134A

B274-53T

Alclad Clad

2014 CS41A 260 Plate & Sheet QQ-A-255

346

2017 CM41A 26 Bar, Rod, Wire &
Shanes* Rolled or

Drawn QQ-A-351C 4118B B211-53T

Rivet Wire MIL-W-7986

Rivets MIL-R-5674A-1

Forgings & Forging

Stock QQ-A-367C-2

2024 CG42A 24 Plate & Sheet QQ-A-355b 4035C
4037C
4120C

B209-53T

Bar, Rod, Wire &
Shapes; Rolled or

Drawn QQ-A-268 B211-53T

Bar, Rod & Shapes;

Extruded QQ-A-267.1 4152E B221-53T

Bar, Rod & Shapes for

Pressure Vessels B273-53T

Tubes, Drawn WW-T-785a 4087A
4088C

B210-54T

Tubes, Extruded B235-53T

Tubes; Hydraulic 4086C

Pipe & Tubes for

Pressure Vessels B274-53T

Rivet Wire MIL-W-7986

Rivets MIL-R-5674A-1



TABLE A2-5: ALUMINUM MILL PRODUCT SPECIFICATIONS (Continued)

ALLOY NUMBER PRODUCT ALLOY SPECIFICATIONS

AA ASTM
1 2

SAE
3 4

FEDERAL
5

MILITARY
6

AMS
7

ASTM
8

Alclad Clad

2024 CG42A 240 Plate & Sheet QQ-A-362a-l 4040C
40041C
4042C

BzUy-o4 i

Extruded B221-53T

Rivet Wire MTT-P-1

1

iV± 1 J-/^Xv~ J. X tivn.-

X

Rivets MIL-R-1150A-1

6061 GSllA 281 Plate & Sheet QQ-A-327a-l
A AO C 13

4026B
4027B

Plate & Sheet for

Pressure Vessels B178-53T

Bar, Rod, Wire &
Shapes; Rolled or

Drawn QQ-A-325a-l B211-53T

Bar, Rod & Shapes;

QQ-A-270-1 4150B B221-53T

Bar, Rod & Shapes for

xrcbourtf V csstrio B273-53T

Tubes; Drawn WW-T-789a-l 4080D
4082D

T'liKpQ' T-rvHraiilif* WW-T-789a-l MIL-T-7081-2 4081

4083C

X ipc;
B241-53T

Pipe & Tubes for

PrpfMiirp VpsspIs B274-53T

T^'orcrin CTQ and F'ore^inc

Stock QQ-A-367C-2 4127

Rivet Wire MIL-R-1150A-1

Rivets MIL-R-1150A-1

Alclad Clad

6061 GSllA Plate & Sheet 4021A
4022A
4023A

Plate & Sheet for

Prpqaiirp VpSSPlsX 1 coo 1.41 C T vJOOviiO B178-53T

6063 GSlOA Bar, Rod & Shapes;

Extruded 4156A B221-53T

Tubes; Extruded =^AXS 1752 B235-53T 347
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TABLE A2-5: ALUMINUM MILL PRODUCT SPECIFICATIONS (Concluded)

ALLOY NUMBER PRODUCT ALLOY SPECIFICATIONS

AA ASTM
1 2

SAE
3 4

FEDERAL
5

MILITARY
6

6063 GSlOA

7075 ZG62A

Alclad Clad

7075 ZG62A

Pipe

Pipe & Tubes for

Pressure Vessels

Plate & Sheet

Bar, Rod, Wire &
Shapes; Rolled or

Drawn

Bar, Rod & Shapes;

Extruded

Tubes; Extruded

Forgings & Forging

Stock

Impact Extrusions &
Stock

Plate & Sheet

Tapered Plate & Sheet

QQ-A-283-1

QQ-A-282

QQ-A-277

QQ-A-367C-2

QQ-A-287-1

AMS ASTM
7 8

4139E

4170

4047

B241-53T

B274-53T

4044A B209-53T
4045A

4122B B211-53T

4154D B221-53T

T. . B235-53T

4048A B209-52T
4049A

348

TABLE A2-6: ALUMINUM INGOT & CASTING SPECIFICATIONS

ALLOY NUMBER ALLOY SPECIFICATIONS

COMMERCIAL ASTM
1

'2

SAE FEDERAL
4

MILITARY AMS
6

ASTM
7

INGOT, FOUNDRY

43 S5A,B,C 35,304 QQ-A-371b B179-53T

214 G4A 320 QQ-A-371b B179-53T

A214 GZ42A B179-53T

B214 GS42A B179-53T

356 SG70A 323 QQ-A-371b B179-53T

SAND CASTINGS
43 S5A 35 QQ-A-601a MIL-A-17129-1 B26-54T

214 GZ42A 320 QQ-A-601a MIL-A-17129-1

B214 GS42A

356 SG70A 323 QQ-A-601a MIL-A-17129-1 4217B

B26-54T

PERMANENT MOLD CASTINGS

43 S5A,B 35 QQ-A-596a-l MIL-A-958A B108-54T

A214 GZ42A QQ-A-596a-l B108-54T



TABLE A2-6: ALUMINUM INGOT & CASTING SPECIFICATIONS (Concluded)

ALLOY NUMBER ALLOY SPECIFICATIONS

COMMERCIAL
1

ASTM
2

SAE
3

FEDERAL
4

MILITARY
5

AMS
6

ASTM
rr
i

B214 GS42A

356 SG70A 323 QQ-A-596a-l MIL-A-958A 4284B B108-54T

DIE CASTING

43 S5C 304 QQ-A-591a-l MIL-A-15153A B85-54T

TABLE A2-7: COMPARABLE U.S. AND FOREIGN ALLOY DESIGNATIONS*

U.S.A. CANADA GREAT BRITAIN FRANCE GERMANY SWITZERLAND
(VSM)

ITALY
(UNI)(ALCAN) (B.S.) (B.A.) (NORAL) (AFNOR) (DIN)

1100 2S IC B.A. 99 2S A4 Al 99 (Hu) Al 99 APO

3003 3S N. .3 B.A. 60 38 A-M Al Mn Al Mn Pq Al Mn 1.5

4043 33S N. .21 33S A-S5 8 Al Si5

5052 57S N. .4 B.A. 21 M57S A-G3 Al Mg3 2.5 Mg Al 3 Mg

2011 28S (Al Cu Pb Bi)

2014 26S H. . .15 B.A. 303 268 A-U48G (Al Cu MglSi]) Al Cu 1 Mg Pq Al Cu 4.1

2017 ITS H. . .14 B.A. 301 178 A-U4G Al Cu Mg
(Normalleg.)

Al Cu 0.5 Mg Pq Al Cu 3.5

2024 24S A-U4C»1 Al Cu Mg
(hochfeste Leg.)

~A1 Cu 1 Mg ~Pq Al Cu 4.1

6053 55S (Al Mg Si)

6061 65S 658 (Al Mg Si Cu)

6063 SOS H. .9 B.A. 24 50S ~A-GS E Al Mg .Si Al Mg Si Pq Al Si 0.5

* Condensed from Aluminium-Taschenbuch, 1955 by Aluminium-VerlaK G.m.b.H.-Diisseldorf, Germany.

Notes to Table A2-7:

When comparing foreign designations with the respective AA numbers, one should bear m mmd that the chemical com-

positions of corresponding alloys are not necessarily identical, but may only be the nearest available in the respective

country.
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AMERICAN SOCIETY OF CIVIL ENGINEERS
Founded November 5, 1852

REPORTS

SPECIFICATIONS FOR STRUCTURES OF A
MODERATE STRENGTH ALUMINUM

ALLOY OF HIGH RESISTANCE
TO CORROSION

PROGRESS REPORT OF THE COMMITTEE OF THE
STRUCTURAL DIVISION

ON DESIGN IN LIGHTWEIGHT STRUCTURAL ALLOYS

Synopsis

These specifications cover allowable stresses, design rules, and fabrication

procedures for structures built of the aluminum alloy known commercially as

61S-T6. The basic allowable tensile working stress is 15 kips per sq in. based

on a minimum yield strength of 35 kips per sq in. and a minimum tensile

strength of 38 kips per s(i in.

PART I. GENERAL

Introduction

These specifications cover the allowable stresses, the design rules, and the

fabrication procedures for the aluminum alloy most commonly used for struc-

tural purposes where a high degree of resistance to corrosion is desired. In

the preparation of these specifications the Committee has made use of the

available theoretical and experimental work relating to this subject and particu-

larly to the Committee's previously published* "Specifications for Heavy Duty

Structures of High-Strength Aluminum Alloy."

These specifications are confined to allowable stresses, design rules, and

fabrication. No attempt has been made to cover the loading, erection, in-

spection, or nontechnical provisions included in many specifications, since

such provisions are fairly well established in current good structural practice.

Furthermore, no attempt has been made to include design rules which cover

every detail of construction but rather those which are different from steel

Note— Please forward all comments on this report directly to E. C. Hartmann, Box 772. New Kensing-

ton, Pa.

> "Specifications for Heavy Duty Structures of High-StrenRth Aluminum Alloy. proRress report of the

Committee of the Structural Division on Design in Lightweight Structural Alloys, Proceedings iieparate I\o.

22, Vol. 76. ASCE, June. 1950.

350 Excerpt: American Society of Civil Engineers Reports, Proceedings- Vol. 78, May 1952, Separate



2 ALUMINUM ALLOY SPECIFICATIONS

practice or which are needed for the sake of completeness. It is intended, of

course, that structures built under these specifications will be designed, con-

structed, and erected by following the current good practice already well

established for steel structures, except as modified herein.

When the abbreviation "kip" is used in these specifications it denotes

"kilo"-pound8, or "thousands of pounds."

Material

The principal material considered in these specifications is an aluminum

alloy having the following nominal chemical composition:

Composition Percentage
by weight

Copper 0.25

Silicon 0.6

Magnesium 1.0

Chromium 0.25

Aluminum 97.9

Total 100.0

This material is covered by the American Society for Testing Materials

(ASTM) Specifications Nos. B221-49T(GS11A), B211-49T(GS1 1 A), B209-50T

(GSllA), B247-50T(GS11A), B210-50T(GS1 1 A), B235-50T(GS11A), and

B241-50T(GS11A). It is produced by several manufacturers under the com-

mercial designation 61S-TG and is available in the form of sheet, plate, shapes,

tubing, rods, bars, rivets and forgings. All these products are given a solution

heat treatment and a precipitation heat treatment before being shipped.

The specified minimum tensile strength of this material is 42 kips per sq in.

for all products except extruded shapes and forgings, for which the specified

minimum tensile strength is 38 kips per sq~-in. The specified minimum yield

strength for all products is 35 kips per sq in. The following are the lowest of the

various specified minimum properties and have been used as a basis for the

.selection of allowable stresses in these specifications (in kips per square inch)

:

Description Stress

Tensile strength 38

Yield strength (offset 0.2%) 35

In addition to the specified minimum tensile properties the engineer will be

interested in some of the other mechanical properties not covered by specifica-

tions. The following are typical mechanical properties of this alloy:

Shear strength, in kips per square inch 30

Modulus of elasticity in tension and compression, in kips per

square inch 10,000

Modulus of elasticity in shear, in kips per square incli 3,800

Poisson's ratio 1/3

Coefficient of expansion per degree Fahrenheit 0.000012

Weight, in pounds per cubic inch 0.098

Excerpt: American Society of Civil Engineers Reports,

aluminum alloy spkcificatioxs 3

(The foregoing value of shear strength is typical as determined with steel

shearing tools. The value determined by torsion tests is greater.)

Fig. 1 shows tensile and compressive stress-strain curves and the compressive

tangent modulus curve for 61S-T6 material having tlio minimum properties

listed in the second paragrapli of this section.

Alloy 61S-T6 is the one principally considered in the i)reparati()n of these

specifications and the one to which the allowable stresses for parts other than

bolts apply. However, these specifications may be applied to structures built

of other suitable aluminum alloys, provided such alloys meet the specified

COMPRESSIVE STRESS
KIPS PER SQ IN.

Fig. L—.Stress-Strain Ci rvks and Tangent Modulus Curve for Alloy 61S-T6
Hased on Minimum Properties

strengths and elongations listed in the ASTM specifications mentioned in the

first paragraph of this section. Whether or not such other alloys need paint

protection will depend upon whether they are as resistant to corrosion as

61S-T6. The sections of this specification dealing with welding should not be

applied to other alloys unless it has been clearly demonstrated that such alloys

are suitable for welding.

Rivets used in fabricating structures designed in accordance with these

specifications shall be of alluminum alloy and may be either cold driven or

hot driven. The alloy used is indicated in Table 1. Supplementary informa-

Vol. 78, May 1952, Separate No. 132. 351



4 ALUMINUM ALLOY SPECIFICATIONS

tion on riveting was published^ by E. C. Hartmann, M. ASCE, G. 0. Hoglund,

and M. A. Miller in 1944.

Permanent bolts used in structures designed in accordance with these

specifications shall be of the aluminum alloy known commercially as 24S-T4.

Such bolts have a specified minimum ultimate shear strength of 37 kips per sq in.

TABLE 1—Alloys to be Used for Rivets

Designation Driving Designation Typical shear

before driving procedure after driving strength"

61S-T6 Cold, as received GKS-T6 .30

Hot. 990° F to 1,050° F 61S-T43 24

• Typical ultimate shear strength of the driven rivet, in kips per square inch.

PART II. SPECIFICATIONS FOR RIVETED
AND BOLTED STRUCTURES

Section A. Summary of Allowable Stresses

The allowable stresses to be used in proportioning the parts of a structure

shall be as follows:

Specification Description Stress in
^ kips per

square inch

A-1 Axial tension, net section (see Specification H-4) 15

A-2 Tension in extreme fibers, of shapes, girders, and built-up

members subject to bending, net section (see Specifica-

tion H-4) 15

A-3 Axial compression (see Section B)

A-4 Compression in e.xtreme fibers of shapes, girders, and

built-up members subject to bending (see Section C) .

.

A-5 Compression in plates, legs, and webs (see Section D)

A-6 Stress in extreme fibers of pins 22

A-7 Shear in plates and webs (see Section E)

A-8 Shear in aluminum alloy 61S-T6 rivets, cold driven (see

Tables 4 and 5) 10

A-9 Shear in aluminum alloy 61S-T43 rivets, driven at tem-

peratures of from 990° F to 1 ,050° F (see Tables 4 and 6) 8

A- 10 Shear in turned bolts of aluminum alloy 24S-T4 in reamed

holes (see Table 4) 12

A- 11 Shear in pins 10

A-12 Bearing on pins • •
22

A-1 3 Bearing on hot-driven or cold-driven rivets, milled stiff-

eners, turned bolts in reamed holes, and other parts in

fixed contact (see Section G) 27

s "Joining Aluminum Alloys," by E. C. Hartmann, G. O. Hoglund, and M. A. Miller, Steel, August 7,

1044, p. 84.

352 Excerpt: American Society of Civil Er
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Section B. Column Design

B-1. Allowable Compressive Stress in Columns.—The allowable compressive

stress on the gross section of axially loaded columns shall be determined from

the curves in Fig. 2. Let k be a factor descrii)ing end restraint. Ordinarily

the curve for partial restraint (A; = 0.75) shall be used. The curves for pin-

ended and fixed-ended columns, also shown in Fig. 2, may be used as a guide

in the selection of allowable compressive stresses for those cases in which the

degree of end restraint is known to be different from that represented by

k = 0.75. It is important, however, that no allowable stresses higher than

those given for the case of k = 0.75 be used in actual design unless a detailed

analysis of the structure demonstrates convincingly that a value of k smaller

than 0.75 is justified for the member in question.

z

o
(/)

q:
ui
Q.

tn

in

>
10

20

16

12

^ FIXED ENDS
(A-'O.S)

/] ^ PARTIAL
RESTRAINT
AT ENDS
(/r»0.75)

r-
Nk

PIN ENDS-
(/r* 1.0)

S
s

0 20 40 60 80 100 120 140 160 180

SLENDERNESS RATIO, j-

YiQ, 2.—Allowaulk Comi'Rkshivk Stukssks for Axi.m-ly Loadkd Comimns (Gross Skction)

Columns having cross sections involving webs and outstanding legs of

sucli proportions that local buckling may control the design shall be checked

by the method outlined in Section I).

B-2. Maximum Sle7ider7icss Ratio—The ratio of unsui)i)orted length to

least radius of gyration for compression members shall not exceed 120.

Connections.—Compression members shall be so designed that the

main elements of the section will })e connected directly to the gusset plates,

pins, or other members.

B-4. Compression Splices.—Members designed for compression, if faced

for bearing, shall be spliced on four sides sufficiently to hold the abutting parts

true to place. The splice shall be as near a panel point as practical)le and

shall be designed to transmit at least one half of the stress through the splice

neers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132.



6 ALUMINUM ALLOY SPECIFICATIONS

material. Members not faced for bearing shall be fully spliced for the com-

puted stress. In either case, adequate provision shall be made for trans-

mitting shear.

B-5, Stay Plates.—On the open sides of compression members, the flanges

shall be connected by lacing bars, and there shall be stay plates as near each

end as practicable. There shall be stay plates at intermediate points where

the lacing is interrupted. In main members the length of the end stay plates

shall not be less than one and one-fourth times the distance between rivet lines.

The thickness of stay plates shall not be less than one fortieth of the distance

between rivet lines.

B-6. Diagonal Lacing.—The slenderness ratio of the part of the flange

between the lacing bar connections shall be not more than two thirds of the

slenderness ratio of the member.

B-7. Combined Compression and Bending.—The allowable bending stress

in a member which carries bending moment in addition to uniform compression

(as, for example, an eccentrically loaded column) shall be determined from one

of the following two formulas—whichever gives the lower value:

a. Failure by Bending in Plane of Bending Forces.—The maximum

bending stress (compression) which may be permitted at or near the center of

the unsupported length, in addition to uniform compression, P/A, equals

in which (in kips per square inch):

P/A is the average compressive stress on the gross cross section, A, of a

member, produced by a column load, P]

fx is the comi)ressive stress taken from P^igs. 4, 5, or 6 for a member when con-

sidered as a beam, and

fcp is the allowable compressive working stress for a member considered as

an axially loaded column tending to fail in the plane of the bending forces.

b. Failure by Buckling Normal to Plane of Bending Forces.—The maxi-

mum bending stress (compression) which may be permitted at or near the

center of the unsupported length, in addition to the uniform compression,

P/A, equals

'-'"(' -^p?)0-?^) «'

in which (in kips per square inch) : is the allowable compressive working

stress for a member considered as a beam; /cn is the allowable working stress

for a member considered as an axially loaded column tending to fail in a direc-

tion normal to the plane of the bending forces; and

_ 70000

{L/rY

in which L/r is the slenderness ratio for a member considered as a column

tending to fail in the plane of the bending forces.

Excerpt: American Society of Civil Engineers Reports,

ALUMINUM .\LLOY SPECIFICATIONS

B-8. Transverse Shear in Columns.—In designing lacing or shear webs for

columns, the maximum shear on the column shall be computed from the

formula:

Jc LiC

but shall not be taken less than

V = 0.02 P + Vt

.(3a)

.(36)

in which:

V is the maximum transverse shear on any transverse section of a column

in the outer eighth of the length at each end, in the direction of assumed

bending, in kips;

r is the radius of gyration, in inches;

fc is the allowable compressive working stress taken from Fig. 2, in kips per

sq in.;

L is the length of the member, in inches;

c is the distance from the centroidal axis to the extreme fiber, in inches; and

Vt is the shear due to any transverse loads on a column, in kips.

The values of Jb, fc, L, r, and c must be consistent with the direction of

bending assumed.

VALUES OF ^
Fia. 3.-Al,LOWABLE COMPRBSSIVB STRKSSB8 IX BkaM AND GiROEK FlAMOKS (Gr088 SECTIO>f)

Section C. Allowable Compressive Stresses

IN Flanges of Beams and Girders

e-/ —The allowable compressive stress in the extreme fiber (gross section)

of single-web rolled shapes, extruded shai)es, j^irders, and built-up sections,

subject to bending, shall be determined from the curve in Fig. 3. The terms

used in Fig. 3 are defined as follows:

Vol. 78, May 1952, Separate No. 132. 353



s ALUMINUM ALLOY SPECIFICATIONS

L is the laterally unsupported length of compression flange (clear distance

between supports at which the beam is prevented from lateral displacement)

in inches;

TABLE 2.

—

Allowable Compressive Stress in Beam Flanges

FOR Various Values of Laterally Unsupported Length

OF Compression Flange, L, in Inches

Procedure.—Maximum allowable bendirm moments are found by multiplying the allowable com-
pressive stresses (in kips per square inch^ by the gross section modulus of the beam. The stress on the net

section of the tension flange must also be kept within allowable limits.

Depth
(in.)

Weight
(lb per ft)

Section
modulus

(in.')

Value.h OF L

16 32 64 96 128 160 192 256 480

[a^ l-BeAMS

2 0.804 0.481 13.1» 12.1 9.4 5.8 4.2 3.3 2.7 2.0 1.4

2.32 1.473 0.782 13.7 12.7 11.4 10.4 8.6 6.8 5.7 4.2 3.1

2.5 1.850 1.162 13.8 12.9 11.9 11.1 10.3 9.0 7.5 5.6 4.1 3.0

3 2.02 1.68 13.8 12.7 11.1 9.5 7.1 5.6 4.6 3.5 2.5 1.8
2.63 2.67 1.95 13.9 12.9 11.7 10.8 9.5 7.8 6.5 4.8 3.5

4 2,72 3.03 13.9 12.8 11.

1

9.1 6.6 5.2 4.3 3.1 2.3 1.7

4 3.74 3.59 13.9» 13.0 11.7 10.7 9.3 7.4 6.1 4.6 3.3 2.4

5 3.53 4.90 13.9- 12.9 11.2 9.3 6.7 5.2 4.2 3.1 2.3 1.6

5.25 6.09 13.9" 13.2 11.9 10.9 9.8 8.0 6.6 4.9 3.6 2.6

6 4.43 7.36 13.9« 13.1 11.4 9.6 6.9 5.3 4.3 3.1 2.3 1.6

6 6.13 8.77 13.9" 13.2 11.8 10.7 9.1 7.2 5.9 4.4 3.1 2.3

7 5.42 10.48 13.9» 13.2 11.6 10.0 7.2 5.5 4.4 3.2 2.3 1.6

7 7.12 12.12 13.9» 13.3 11.8 10.7 8.8 6.8 5.6 4.1 2.9 2.1

8 6.53 14.39 13.9» 13.4 11.8 10.4 7.7 5.8 4.6 3.3 2.4 1.7

8 9.07 17.18 13.9» 13.4 12.0 11.0 9.6 7.6 6.2 4.5 3.2 2.3

9 7.72 19.0» 13.9'' 13.5 12.0 10.7 8.2 6.1 4.9 3.5 2.4 1.8

2.49 10.68 22.75 13.9" 13.5 12.2 11.1 9.8 7.8 6.3 4.6 3.3

10 9.01 24.68 13.9- 13.6 12.1 10.9 8.8 6.5 5.1 3.6 2.5 1.8
2.410 12.45 29.41 13.9« 13.6 12.3 11.2 10.1 8.2 6.6 4.8 3.4

12 11.31 36.35 13.9» 13.6 12.2 11.0 9.2 6.7 5.2 3.6 2.5 1.8

2.912 17.78 50.81 14.0 13.8 12.6 11.6 10.8 9.6 7.9 5.6 4.0

ife^ H-Be.\M8

4 4.85 5.36 13.8- 13.6 12.5 11.6 11.0 10.2 9.1 6.8 4.9 3.5

5 6.63 9.53 13.7- 13.7" 12.8 12.0 11.3 10.6 9.7 7.2 5.2 3.7

6 8.04 14.69 13.6» 13.6» 13.1 12.2 1 1 .5 10.9 10.0 7.6 5.3 3.8

6 9.40 1.5.81 13.6" 13.6" 13.1 12.3 11.7 11.1 10.5 8.5 6.0 4.3

8
8

11.51 28.23 13.3« 13.3" 13.0" 12.6" 12.0 11.3 10.7 8.6
9.3

5.7 3.9

13.32 30.23 13.3" 13.3" 13.0" 12.7" 12.1 11.5 10.9 6.4 4.5

• These values are governed by local buckling (see Section D). All other values are determined from

Fig. 3, Section C.

Se is the section modulus for the beam about the axis normal to the web

(compression side) in inches cubed:

B = /.<i^l..7+^(5y;

7, is the moment of inertia for the beam about the axis parallel to the web,

in inches*;

354 Excerpt: American

aluminum alloy specifications 9

.7 is the torsion factor, in inches to the fourth power; and

d is the depth of beam, in inches.

In the case of beams having top and bottom flanges of different lateral stiffness,

7, should be calculated as if both flanges were the same as the compression

flange. Values of the torsion factor J are published for many standard shapes.^

Values of J for plates and shapes not published may be calculated by assuming

the section to be composed of rectangles and taking the sum of the terms h e/'i

for each rectangle, in which h equals the length and /, the thickness of the

rectangle, both in inches. The value of J for a built-up member is the sum of

the individual values of .7 of the sections of which it is composed.

TABLE 3.—Allowable Compre.ssive Stress in Channel Flanges

FOR Various Values of Laterally Unsupported Length

OF Compression Flange, L, in Inches

Procedure-Maximum allowable bending moments are found 'nultiplyinR the a"*>"^a^'«.

pre.s.siN'e stresses (in kips per sqt.are inch) by the gross section mcKlulus of the beam. The stress on the net

.section of the tension flange must also be kept withm allowable hmits.

Depth
(in.)

Weight
(lb per ft)

Section
modulus

(in.»)

Vali'ks OF /.

16 32 64 96 128 160 192 2.56 352 480

3 1.46 1.10 13.5 12.3 10.6 8.0 5.9 4.7 3.9 2.9 2.1 1.5

3 2.13 1.38 13.7 12.8 11.6 10.6 9.2 7.4 6.1 4.6 3.3 2.4

1.90 1.92 13.6 12.3 10.4 7.2 5.2 4.1 3.4 2.5 1.8 1.3
4
4 2.58 2.29 13.7 12.6 11.1 9.4 7.1 5.6 4.7 3.5

Tj
1.8

5 2..38 3.00 13.7 12.4 10.4 7.0 5.0 3.9 3.2 2.6 1.3

5 4.09 4.17 13.8" 12.9 11.6 10.5 8.9 7.1 5.9 4.4 3.2 2.3

6 2.91 4.37 13.7" 12.6 10.6 7.0 5.0 3.8 3.1 2.3 1.7 1.2

6 4.63 5.80 13.8" 12.9 11.4 9.9 7.6 6.0 4.9 3.7 2.7 1.9

7 3.47 6.08 13.7" 12.8 10.8 7.4 5.1 3.9 3.2 2.3 1.7 1.2

7 6.13 8.64 13.8" 13.0 1 1 .6 10.4 8.5 6.7 .5.5 4.1 2.9 2.1

8 4. .38 8.46 13.8" 12.9 11.0 8.0 5.4 4.1 3.3 2.4 1.7 1.3

8 6.99 11.34 13.8" 13.1 11.6 10.4 8.2 6.4 5.2 3.9 2.8 2.0

9 t.74 10.60 13.8" 13.0 11.2 8.3 5.5 4.1 3.3 2.4 1.7
2!2

9 R.iM) 1.5.75 13.8" 13.2 11.8 10.7 9.0 7.1 5.8 4.3 3.1

10 5.43 13.47 13.8" 13.1 11.3 8.8 5.8 4.3 3.4 2.4 1.7 1.2

10 10.67 20.69 13.8" 13.3 12.0 10.9 9.5 7.6 6.2 4.6 3.3 2.3

12 7.63 21.97 13.8" 13.4 11.7 12.0 6.8 5.0 3.9 2.7 1.8 1.4

12 12.45 29.94 13.8" 13.5 12.0 10.9 9.2 7.1 5.7 4.1 2.9 2.1

« The.se values are governed by local buckling (see Section D). All other values arc determined from

Fig. 3, Section C,

The allowable stresses from Fig. 3 provide a safe margin against the lateral

buckling type of failure. The outstanding compression flanges of the beams

and girders should be checked for local buckling by the method outlined in

Section D.

Table 2 lists values of allowable stress determined from Fig. 3 and Section

\) for various laterally unsupported lengths of a number of standard I-beams

and H-beams. Table 3 lists similar values for standard channels.

Because of their tube-like cross section, double-web box girders are very

stiff in torsion compared with single-web girders of comparable size, and,

hence, lateral buckling failures such as are considered in Fig. 3 do not occur

» "Alcoa Structural Handbook." Aluminum Co. of America. Pitt^sburgh. Pa.. 1950. pp. 87-112.

Ingineers Reports, Proceedings—Vol. 78, May 1052, Separate No. 132.



10 ALUMINUM ALLOY SPKCIKICATIONS

in such girders. For double-web box girders it is necessary only to check for

local buckling of the flanj^es by the method outlined in Section D.

Section D. Allowabli: Compuessive Stress for Plates, Legs, and Webs

D-1

.

—For struts consisting of a single angle or a T-section the compressive

stress on the gross area sliall not exceed tlie values given by the curves in Fig.

4 or P'ig. 2, whichever is smaller.

D-2—¥ov compression members other than those consisting of a single

angle or a T-scction the following procedure sliall be followed to provide a suit-

ou 16 20 3624 28

WIDTH-THICKNESS RATIO, j

Fio. 4.

—

Allowablk CoMPRK.H.mvK Strkhhkh in Outstanding lkos or Sinole-Anolb
AND T-Sf.ction .Struts (CIross Section)

able margin of safety against the weakening effects of local buckling of flat

plates, legs, and webs:

a.—Compute the compressive stress on the flat plate, leg, or web in

que.stion, based on the design loads and the gross area, without regard to local

buckling. This stress must be within allowable limits as defined in Sections

B and C.

b.—Find the- limiting value of h/t corresponding to the stress, /«, by the use

of Fig. 5 or Fig. 6. If the flat plate, leg, or web has a ratio of unsupported

width to thickness not exceeding this limiting value, local buckling is not a

problem and the full gross area of the plate, leg, or web may be considered

effective.

c.—If the flat plate, leg, or web has a ratio of unsupported width to thickness

greater than the limiting ^ratio found in step b, only a part of its unsupported

width shall be included in computing its effective area. The part of the un-

Excerpt: American Society of Civil Engineers Reports,
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supported width of any individual flat plate, leg, or web which may be con-

sidered effective shall be found as follows:

6. = fc^l (4)

in which:

is that part of the unsupported widtli considered effective, in inches;

h is the unsupported width, in inches;

is the compressive stress based on gross area from step (a), in kii)s per

s(iuare inch; and
^

/i is the stress found from Fig. 5 or Fig. 6 corresponding to the ^value for

the plate, leg, or web in (luestion, in kips i)er square inch.

z

8 ^0 4 8 12 16 20 24 28 32 36^ yj -T « ... w _

WIDTH-THICKNESS RATIO, ^

Fio 5 —Chart for Detbrminino Effective Width for OtTSTANDiNO Legs of Angles Birii.r

Into Other Parts and for Plates Bi ilt in Along One Edge

d.—Compute the compressive stress on the effective area. In the case of

an axially loaded column this is simply the axial load divided by the total

effective area, which, in turn, is simply the sum of the effective areas of the

component parts. In the case of a beam or girder the compressive stress on the

effective area shall be determined as follows: Compute the compressive extreme

fiber stress /c for the gross section of the beam or girder and then multiply

this value by the ratio of the gross compression flange area to the effective

compression flange area, including in both flange areas not only the flange

proper but also that part of the web in the outermost one sixth of the over-all

depth of the beam or girder.

e—The compressive stress on the effective area computed in accordance

with step d shall not exceed allowable limits as defined in Section B and C

for the gross area.

?s—Vol. 78, May 1952, Separate No. 132. 355
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f,_Step c provides a suitable factor of safety against the collapse of the

member as a whole but does not necessarily provide complete protection

against the local buckling of individual flat surfaces at the design load. Where

local buckling at the design load cannot be tolerated because of appearance, or

z- 20

WIDTH-THICKNESS . RATIO, y
Pjo, 6.

—

Chart for Determining Effective Width for Flat Plates BuiLT
In Along Two Edges

for other reasons, th e compressive stress on the gross section of the members

shall be less than 1.5 times the value given in Fig. 5 or Fig. 6 for the —ratio

in question.

Section E. Allowable Shear Stresses in Plates and Webs

^J-) —The allowable shear stress on flat webs sliall not exceed the values

given by the curves in Fig. 7. The values in Fig. 7 apply to the gross area of

the web, but the shear on the net area shall not exceed 10 kips per sq in.

Section F. Plate Girder Design

F-1. Proportioning Plate Girders —Vhiie girders shall be proportioned by

the moment of inertia method, with the gross section used to determine the

moment of inertia.

The stress on the net area of the tension flange shall be found by multiplying

the stress on the gross section by the ratio of the gross area of the tension

flange to the net area. In determining this ratio the tension flange shall be

considered to consist of the flange angles and cover plates plus that part of the

web included in the outermost one sixth of the over-all lieight of the girder.

F-^. Allowable Flange Stress—The allowable compressive stress in the

extreme fiber of plate girders shall be determined as outlined in Sections C

and D. The numerical value of the term V B/Sc, used in Fig. 3, is rarely less

than one half of the width, in inches, of the comi)ression flange for a plate girder.

This fact is useful in preliminary design.

F-3. Flange Cover Plates —Cover plates shall extend far enough to

allow at least two extra rivets at each end of the plate beyond the theoretical

end, and the spacing of the rivets in the remainder of the plate shall be such as

to develop the required strength of the plate at any section.

F-4. Flange Rivets—The flanges of plate girders shall be connected to the

web with enough rivets to transmit the longitudinal shear at any point together

with any load that is applied directly on the flange.

F-o. Flange Splices—It is preferable that flange angles be spliced with

angles and that no two members be spliced at the same cross section.

10

20 40 60 80 100 120 140 160 ISO 200

WIDTH -THICKNESS RATIO,

Fio. 7.—Allowable Shear Stkessk.-* ov Wehs; Partial Restraint Assumed
at Edges of Rectangular Panels (Gross Section)

F-6. Allowable Web Stresses.—The allowable shear stress in the webs of

plate girders shall not exceed the values given by the curves in Fig. 7. The

longitudinal compressive stress in webs of plate girders at the toe of the com-

pression flange shall not exceed the values given by the curves in Fig. 8.

F-7. ^yeb Splices—It is preferable that splices in the webs of plate

girders be made with splice plates on both sides of the web.

F-S. Spacing of Vertical Stijfencrs to Resist Shear Buckling—The distance,

s, between vertical stiffeners shall not exceed the values given by the solid curves

in Fig. 9, wliich are replots of the curves in Fig. 7. The maximum value of

the ratio of stiffener spacing to heiglit of web, s/li, in Fig. 9 shall be determined

from the ratio of clear height to thickness, li/t, and the computed shear stress

on the girder web. Where a stitTenor is composed of a pair of members, one

on each side of the web, the distance s sliall be the clear distance between the

356 Excerpt: American Society of Civil Engineers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132.
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Fio. 9.—Spacing and Momlnt of Inkktia of Vkrtical Stiffener» to Resist

SUKAR BUCKLINO ON WeB8 OF PlATB UIRDBRS

Excerpt: American Society of Civil Engineers Reports,
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stiffeners. Where a, stiffener is composed of a member on one side of the web
only, the distance s shall be the distance between rivet lines. In deter-

mining!; the spacing of vertical stiffeners to resist shear buckling in panels

containing a horizontal stiffener located as shown in Fig. 8, the distance h in

Fig. 9 may be taken as 90% of the clear height between flanges.

F-0. Size of Vertical Stiffeners to Resist Shear Buckling.—StilTeners aj)i)lied

to plate girder webs to resist shear buckling shall have a moment of inertia

not less than the values given by the dotted curves in Fig. 9. The minimum
value of the ratio of the stilTener moment of inertia to the fourth power of the

web thickness, in Fig. 9, shall be determined from the ratio of height of

web to thickness of web, h/t, and the computed shear stress on the girder web.

For a stiffener composed of members of equal size on l)oth sides of the web,

the moment of inertia shall be taken about the center line of the web. For a

stiffener composed of a member on one side only, the moment of inertia shall

be taken about the face of the web in contact with the stiffener. In deter-

mining moment of inertia of stiffeners, the term h shall always be taken as the

full clear height between flanges, regardless of whether or not a horizontal

stiffener is present.

F-10. Vertical Stiffeners at Poijits of Bearing.—Stiffeners shall be placed

in pairs at end bearings of plate girders and at points of bearing of concentrated

loads. They shall be connected to the web by enough rivets to transmit the

load. Such stiffeners shall have a close bearing against the loaded flanges.

Only that part of the stiffener cross section which lies outside tiie fillet of tlie

flange angle shall be considered effective in bearing.

The moment of inertia of the stiffener shall not be less than that given

by the formula:

' = '' + 7m>
in which:

/, is the moment of inertia, in inclies\ reciuired to resist shear buckling

(Fig. 9);

P is a local load concentration on the stiffener, in kips; and

h is the clear height of the web between flanges, in inches.

F-ll, Horizontal Stiffeners.—A horizontal stiffener of the type shown in

Fig. 8 shall have a moment of inertia not less than that given by the formula:

h =f^'''[{^^' + ^^Yj){fy ^ej X 10-^ (0)

in which:

/a is the moment of inertia of the horizontal stiffener, in inches*;

h is the clear height of web between flanges, in inches;

t is the thickness of web, in inches;

/ is the compressive stress at the toe of the flange angles, in kips per square

inch;

s is the distance between vertical stiffeners, in inches; and

A A is the gross area of cross section of the horizontal stiffener, in square

inches.

Vol. 78, May 1952, Separate No. 132. 357



16 ALUMINUM ALLOY SPECIFICATIONS

For a stiffener composed of members of equal size on both sides of the web,

the moment of inertia sliall be taken about the center line of the web. In the

case of a stiffener consisting of a member on one side only, the moment of inertia

shall be taken about the face of the web in contact with the stiffener.

Eq. 6 must be solved by trial, since both the moment of inertia, /a, and the

area, A h, of the stiffener are unknown. It is generally convenient to assume as

a first approximation that the ratio A k/{h t) has the value 0.1.

Section G. Riveted and Bolted Connections

G-1. Allowable Loads.—The allowable loads on rivets and bolts shall be

calculated using the allowable shear and bearing stresses listed in Section A

with the following exceptions:

a _If a rivet or a bolt is used in relatively thin plates or shapes the allowable

shear stress shall be reduced in accordance with the information given' in

Table 4.

TABLE 4.—Percentage Reduction in Shear Strength

OF Aluminum Alloy Rivets Resulting from Their

Use in Thin Plates and Shapes

Ratio."
D
1

(1)

Los.s in

double
shear*

(3)

Ratio,"
I)

t

(1)

Loss in

double
shear*

(3)

Ratio,"
D
t

(1)

Loss in:
Ratio,"
D
I

(n

Loss i.v:

Single
shear

(2)

Double
shear

(3)

Single
shear

(2)

Double
.shear

(3)

1.5 0 2.2 9.1 2.9 0 18.2 3. .5 2.0 26.0

l.f> 1.3 2.3 10.4 3.0 0 19..'> 3.6 2.4 27.3

2.G 2.4 11.7 3.1 0.4 20.8 3.7 2.8 28.6
1.7

1.8 3.9 2 ;> 13.0 3.2 0.8 22.1 3.8 3.2 29.9

1.9 2.'(i 14.3 3.3 1.2 23.4 3.9 3.6 31.2

2.0 ().') lo.fi 3.4 1.6 24.7 4.0 4.0 32.5

2.1 7.8 2.S 16.9

• Ratio of the rivet dian.eter. D, to the plate thickness, t. The thickness u.sed is that of the thinnest plate

in a single shear joint or of the middle flate in a double shear joint. * The percentage loss of strength in

single shear is zero for D/l loss than 3.0.

b. If the distance from the center of a rivet or bolt to the edge of a plate

or shape toward which the pressure of the rivet or bolt is directed is less than

twice the diameter of the rivet or bolt, the allowable bearing stress shall be

reduced in accordance with the following:

Ratio of ^ Allowable

edge distance . ,

.bearing stress,

to rivet or bolt diameter «n kips per square inch

2 or more 27

IJ 25

n 23

The allowable loads calculated for cold-driven 61S-T6 rivets are given in

Table 5 and those for 61S-T43, hot-driven rivets, are given in Table 6.

358 Excerpt: American Society of Civil E
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G-2. Effective Diameter —The effective diameter of rivets shall be taken as

the hole diameter but shall not exceed the values of hole diameter given in

Table 5 for cold-driven rivets and in Table 6 for hot-driven rivets. The

effective diameter of pins and bolts shall be the nominal diameter of the pin

or bolt.

G-3. Bearing Area.—The effective bearing area of pins, bolts, and rivets

shall be the effective diameter multiplied by the length in bearing; except that

for countersunk rivets, half of the dei)th of the countersink shall be deducted

from the length.

G-4. Arrangement and Strength of Connections.—Connections shall be

arranged to minimize the eccentricity of loading on the member. Members

and connections shall be proportioned to take into account any eccentricity

of loading introduced by the connections.

G-o. Xet Section.—The net section of a riveted tension member is the sum

of the net sections of its component parts. The net section of a part is the

product of the thickness of the part inultii)lied by its least net width. The

net width for a chain of holes extending across the part in any straight or

broken line shall be obtained by deducting from the gross width the sum of

s^

the diameters of all the holes in the chain and adding— for each gage space in

the chain. In the correction (piantity -f-i

s is the spacing parallel to direction of load (pitch) of any two successive

holes in the chain, in inches; and

g is the spacing perpendicular to direction of load (gage) of the same holes,

in inches.

The net section of the part is obtained from that chain which gives the least

net width. The hole diameter to be deducted shall be the actual hole diameter

for drilled or reamed holes.

For angles, the gross width shall be the sum of the widths of the legs less

the thickness. The gage for holes in opposite legs shall be the sum of the gages

from the back of the angle, less the thickness.

For splice members, the thickness shall be only that part of the thickness

of the member that has been developed by rivets beyond the section considered.

G-6. Effective Sections of Angles.—If an angle in tension is connected on

one side of a gus.set plate, the effective section shall be the net section of the

connected leg plus one half of the section of the outstanding leg unless the out-

standing leg is connected by a lug angle. In the latter case the effective sec-

tion shall be the entire net section of the angle, and there shall be at least two

extra rivets in the lug angle beyond the gusset plate.

G-7. Grip of Rivets.—If the grip of rivets carrying calculated stress exceeds

four and one-half times the diameter, the allowable load per rivet shall be

reduced. The reduced allowable load shall be the normal allowable load

divided
( ^ + ^ )

^^'^^^^^^ ^ ^'^^ P^''^^^' '^"^^ ^ nominal diameter of

the rivet. If the grip exceeds six times the diameter, special care shall be

taken in driving the rivets to insure that the holes will be filled completely.

Engineers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132.
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G-8. Pitch of Rivets in BuHt-Vp Compression Members.—The pitch in the

direction of stress shall be such that the allowable stress on the individual

outside plates and shapes, treated as columns having a length equal to the

rivet pitch in accordance with Fig. 2, exceeds the calculated stress. In no

shorter edge distance must be used, the allowable bearing stress shall be reduced

in accordance with Specification G-1, exception b.

The distance from the edge of a plate to the nearest rivet line shall not

exceed six times the thickness of the plate.

TABLE 5.—Allowable Design Load, in Kips per Rivet, For Cold-Driven 61S-T6 Rivets in 018-TG vStructures

(Shear, 10 Kips per Sq In.; and Bearing, 27 Kips per Sq In.")

Dimensions, in Inches

Hole diameter
3/8
0.386
W

7/16
0.453
29/04

1/2
0.516
33,'64

9 '16 5 /8

0.578 0.641
37/64 41/64

3/4
0.76<)

49/64

7/8
0.891
57, 04

1

1.016
1-1/64

Dimensions, in inches
Rivet diameter
Hole diameter
Drill size

Thickness of plate, or shape, in

inches:

KlVKT IV SlNfJLR SUKAR (hs) OR IN DofBLK ShKAR (ds)
Tiiickness of plate, or sliape, in

inches:

6.S ds ds ds ds ds ds ss ds ss ds

1/8
3/16
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8
1

1.17
1.17
1.17
1.17
1.17

1.30'-

1.956

2.34
2.34
2.34

1 .53'"

1.61

1.61

1.61

1.01

1.61

1.53''

2.2«>'>

3.06*'

3.22
3.22
3.22

1.74'-

2.05)

2.09
2.09
2.09
2.09
2.09

1.74*
2.61*
3.48''

4.13^
4.18
4.18
4.18

1.95*

2.62
2.62
2.62
2.62
2.62
2.62
2.62

1.95* 2.16*
2.93* 3.18--

3.90* 3.23
4.88* 3.23
5.25 3.23
5.25 3.23
5.25 3.23
5.25 3.23

3.23

2.16*
3.25*
4.33*
5.41*
6.31'

6.45
6.45
6.45
6.45

3.88*
4.61
4.61
4.61
4.61
4.61
4.61
4.61
4.61

3.88*
5.17*
6.46*
7.76*
8.97'
9.22
9.22
9.22
9.22

4.51*
6.02*
6.24
6.24
6.24'

6.24
6.24
6.24
6.24
6.24

4.5 i*

6.02*
7.52*
9.02*
10.52*
12.03*
12.39'
12.47
12.47 .

12.47

6.86*
8.04'
8.11
8.11
8.11
8.11
8.11
8.11
8.11
8.11

6.86*
8.57*
10.29*
12.00*
13.72*
15.43*
16.00'
16.22
16.22
16.22

1/8
3/16
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8
I

• Assuming distance from center of rivet to edpe of member toward which the pressure of the rivet is directed is not less than twice the nominal rivet diameter (see Specification C-l. exception 6). * These values are governed

by bearing. ' These values are governed by reduced shear strengths as indicated in Table 4. All other values are governed by basic allowable shear stress.

case, however, shall the pitch in the direction of stress exceed six times the

diameter of the rivets; and for a distance of one and one-half times the width

of the member at each end, the pitch in the direction of stress shall not exceed

three and one-half times the diameter of the rivets.

G-9. Stitch Rivets.—Where two or more web plates are in contact, there

shall be stitch rivets to make them act in unison. In compression members,

the pitch of such rivets in the direction of stress shall be determined as out-

lined in Specification G-8. The gage at right angles to the direction of stress

shall not exceed twenty times the thickness of the outside plates. In tension

members the maximum pitch or gage of such rivets shall be twenty times the

thickness of the outside plates; and in tension members composed of two

angles in contact the pitch of the stitch rivets shall not exceed 10 in.

G-10. Minimum Spacing of Rivets.—The distance between centers of

rivets shall not be less than three times the diameter of the rivets.

G-11. Edge Distance of Rivets.—The distance from the center of a rivet

to a sheared, sawed, rolled, or planed edge shall be not less than one and one-

half times the diameter, except in flanges of beams and channels, where the

minimum distance may be one and one-fourth times the diameter. For rivets

under computed stress, the distance from the center of the rivet to the edge of

the plate or shape toward which the pressure of the rivet is directed should

normally be at least twice the nominal diameter of the rivet. In cases where a

G-1 2. Sizes of Rivets in Angles.—The diameter of the rivets in angles

whose size is determined by calculated stress shall not exceed one fourth of

the width of the leg in which they are driven. In angles whose size is not so

determined, 1-in. rivets may be used in 3|-in. legs; 7/8-in. rivets, in 3-in. legs;

and 3/4-in. rivets, in 2^-in. legs.

G-13. Extra Rivets.—If splice plates are not in direct contact with the

parts which they connect, there shall be rivets on each side of the joint in excess

of the number required in the case of direct contact, to the extent of two extra

lines for each intervening plate.

If rivets carrying calculated stress pass through fillers, the fillers shall be

extended beyond the connected member and the extension secured by enough

additional rivets to distribute the total stress in the member uniformly over the

combined section of tTie member and filler.

Section H. Miscellaneous Design Rules

//-/. Reversal of Load.—Members subject to reversal of load under the

passage of live load shall be proportioned as follows: Determine the tensile

load and the compressive load and increase each by 50% of the smaller; then

proportion the member and its connections so that the allowable stresses

given in Sections A to G, inclusive, will not be exceeded by either increased load.

Excerpt: American Society of Civil Engineers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132. 359
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Slenderness Ratio of Tension Members.—The ratio of unsupported

length to least radius of gyration for tension members shall not exceed the

value given by the following formula:

^1 = 150 + 10/. (7)
r

in which /, is the lowest net section tensile stress to which the member will be

subjected' in actual service, in kips per square inch.

H-3. Stay Plates for Tension 3/em6ers—Segments of tension members not

directly connected to each other shall be stayed together. The length of the

stay plate shall be not less than three fourths of the distance \)etween rivet

lines of the segments. Stay plates shall be connected to each segment of the

tension member by at least three rivets. The distance between stay plates

shall be such that the slenderness ratio of the individual segments does not

exceed that given by Eq. 7, Specification H-2.

H-J^. Fatigue.—Tests indicate that riveted members designed in accord-

ance with the requirements of these specifications and constructed so as to be

free from severe reentrant corners and other unusual stress raisers will safely

withstand at least 300,000 repetitions of maximum live load without fatigue

failure regardless of the ratio of minimum to maximum load. Where a greater

number of repetitions of some particular loading cycle is expected during the

life of the structure, the calculated net section tensile stresses for the loading in

. 20
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or Rbpktition.'* ok Load .Xitmcation

TABLE 6.-ALL0WABLB LOADS, IN K.PS PER Rivet, foh Hot-D™ 61S-T43
^'^^J^^X'""''"^"

(Rivets Driven at 990° F to 1,050° F; Shear, 8 Kips per Sq In.; and Bearing, 17 KiFb per ftQ iN. )

Dimensions, in inches

Rivet diameter. . . .

Hole diameter
Drill size

Thickness of plate,

inches:

.shape,

1/8
3/16
1/4
5/16
3/8
7/16
1/2
8/16
5/8
3/4
7/8
1

5/8
0.6.')6

21/32

3 '4

0.781
25/32

7/8
0.922
59/04

1.0«i3

1-1/lG

Rivet in Single Shear (as) or in Double Shear (ds)

0.99
0.99
0.99
0.99
0.99

ds

1.34fc

1.85'

1.98
1.98
1.98

1.35'

1.38
1.38
1.38
1.38
1.38

1.58*
2.37*
2.68'
2.76
2.76
2.76

1.70'

1.77
1.77
1.77
1.77
1.77
1.77

ds

1.79»
2.69*
3.31'
3.50'
3.54
3.54
3..^>4

2.00'
2.22
2.22
2.22
2.22
2.22
2.22
2.22

2.00*
3.01*
4.00'
4.26'
4.43
4.43
4.43
4.43

2.21*
2.66'
2.70
2.70
2.70
2.70
2.70
2.70
2.70

ds

2.21*
3.32*
4.43*
5.06'
5.29'
5.41
5.41
5.41
5.41

3.68'
3.83
3.83
3.83
3.83
3.83
3.8.3

3.83
3.83

3.95*
5.27*
6.59*
7.17'
7.46'
7.67
7.67
7.67
7.67

4.67*
5.23'
5.34
5.34
5.34
5.34
5.34
5.34
5.34
5.34

4.67*
6.22*
7.78*
9.34*
9.99'
10.34'
10.61'
10.68
10.68
10.08

6.82'
7.04'
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10

7.18*
8.97*
10.76*
12.56*
13.28'
13.69'
14.02'
14.20
14.20
14.20

Dimensions, in Inches
Rivet diameter
Hole diameter
Drill size

Thickness of plate, or shape, in

inches:

1/8
3/10
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8

- Assuming distance from center of rivet to edge of inember toward which the P^es.sure of the rivet i« jji^e^.^jj^

by bearing. « These values are governed by reduced shear strengths as indicated m Table 4. All other ^aIues
not le.ss than twice the nominal rivet diameter (see Specification (J-l, e.xception b).

are governed by basic allowable shear stress.

* These values are governed

question shall not exceed the values given by the curves in Fig. 10. When using

the curves in V'\g. 10. the reversal-of-load rule in Specification H-1 should be

ignored. The final member and connections selected, however, shall be strong

enough to satisfy the requirements of Specification H-1.

In considering fatigue action on structures it is well to bear in mind the

following points:

a —The most severe combination of loadings for which a structure is designed

(dead load, maximum live load, maximum impact, maximum wind, etc.)

360 Excerpt: American Society of Civil Engineers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132.



22 ALUMINUM ALLOY SPECIFICATIONS ALUMINUM ALLOY SPECIFICATIONS 23

rarely occurs in actual service and is of little or no interest from the standpoint

of fatigue.

b.—The loading of most interest from the fatigue standpoint is the steady

dead load with a superimposed and repeatedly applied live load having an

intensity consistent with day to day normal operating conditions.

c.—The number of cycles of load encountered in structures is usually small

compared with those encountered in fatigue problems involving machine parts.

It takes many years of service to accumulate even 300,000 cycles of any sig-

nificant stress application in most structures as is indicated by the following e.\-

ami)les: 300,000 cycles represent 30 cycles every day for 27 years; 10,000,000

cycles represent 20 cycles eveiy hour for 57 years. Care must be taken not to

overestimate grossly the number of cycles for any given load condition.

d.—Careful attention to details in design and fabrication pays big dividends

in fatigue life. When a fatigue failure occurs in a structure it is usually at a

point of stress concentration where the state of stress could have been improved

with little or no added expense.

Section I. FAnuicATioN
/-/. Laijing Out.—
a.—Hole centers may be center punched and cutoff lines may be punched

or scribed. Center punching and scribing shall not be used where such marks
would remain on fabricated material,

b.—A temperature correction shall be apj)lied where necessary in the layout

of critical dimensions. The coeflicient of ex|)ansi()n shall be taken as 0.000012

per degree Fahrenheit.

1-2. Cutting.—
a.—Material 1/2 in. thick or less may be sheared, sawed, or cut with a

router. Material more than 1/2 in. thick shall be sawed or routed.

b.—Cut edges shall l)e true and smooth, and free from excessive burrs or

ragged breaks.

c.—Edges of plates carrying calculated stresses shall be planed to a depth

of 1/4 in. except in the ca.se of sawed or routed edges of a (piality ecjuivalent to a

planed edge.

d.—Reentrant cuts shall be avoided wherever possible. If used tliey shall

be filleted by drilling prior to cutting.

e.—Flame cutting of aluminum alloys is not permitted.

1-3. Heating.—Structural material shall not be heated, with the following

exceptions:

a.—Material may be heated to a temperature not exceeding 400° F for a

period not exceeding 30 min to facilitate bending. Such heating shall be done

only when proper temperature controls and supervision are provided to insure

that the limitations on temperature and time, are carefully observed.

b.—Hot-driven rivets shall be heated as specified in Section 1-5.

I-Jf.. Punching, Drilling, and Reaming.—Rules for punching, drilling, and
reaming are as follows:

a.—Rivet or bolt holes in main members shall be subpunched or sub-

drilled and reamed to finished size after the parts are firmly bolted together.

The amount by which the diameter of a subpunched hole is less than that of

the finished hole shall be at least } the thickness of the piece and in no case

less than in. If the metal thickness is greater than the diameter of the hole

punching shall not be used.

b.—Rivet or bolt holes in secondary material not carrying calculated stress

may be punched or drilled to finished size before assembly.

c.—The finished diameter of holes for cold-driven rivets shall be not more
than 4% greater than the nominal diameter of the rivet.

d.—The finished diameter of holes for hot-driven rivets shall be not more
than 7% greater than the nominal diameter of the rivet.

e.—The finished diameter of holes for unfinished bolts shall be not more than

1/16 in. larger than the nominal bolt diameter.

f.—Holes for turned bolts shall be drilled or reamed to give a driving fit.

g.—All holes shall be cylindrical and perpendicular to the principal surface.

Holes shall not be drifted in such a manner as to distort the metal. All chips

lodged between contacting surfaces shall be removed before assembly.

1-5. Rivetitig.—
a.—The driven head of aluminum alloy rivets j^referably shall be of the"' flat

or the cone-point type, with dimensions as follows:

(1) Flat heads shall have a diameter not less than 1.4 times the nominal

rivet diameter and a height not less than 0.4 times the nominal rivet diameter.

(2) Cone-point heads shall have a diameter not less than 1.4 times the nomi-

nal rivet diameter and a height, to the apex of the cone, not less than 0.65 times

the nominal rivet diameter. The included angle at the apex of the cone shall

be approximately 127°.

b.—Rivets shall be driven hot or cold as called for on the plans, provision

for heating being as follows:

(1) Hot-driven rivets shall be heated in a hot air type furnace providing

uniform temperatures throughout the rivet chamber and equipped with auto-

matic temperature controls.

(2) Hot-driven rivets shall be held at from 990° F to 1,050° F for not less

than 15 min and for not more than 1 hour before driving.

(3) Hot rivets shall be transferred from the furnace to the work and driven

with a minimum loss of time.

c.—Rivets shall fill the holes completely. Rivet heads shall be concentric

with the rivet holes and shall be in proper contact with the surface of the metal.

d.—Defective rivets shall be removed by drilling.

Excerpt: American Society of Civil Engineers Reports, Proceedings—Vol. 78, May 1952, Separate No. 132. 361
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7-6'. Painting.—
;i.—Structures of the alloy covered by these Specifications are not ordinarily

painted except where the aluminum alloy parts are in contact with, or arc

fastened to, steel members or other dissimilar materials. At such locations the

aluminum shall be kept from direct contact with the steel or other dissimilar

material by painting the aluminum surface with one coat of zinc chromate pri-

mer in accordance with United States Navy Dei)artment Specification 52P18

or the equivalent, or with one coat of suitable aluminum pigmented caulking

compound (brushing consistency with chromate pigment added). Zinc

chromate paint shall be allowed to dry before assembly of the parts. The steel

or other dissimilar material shall be painted with a good quality priming paint

suitable to the material.

b.—Aluminum surfaces to be i)laced in contact with concrete or masonry

construction shall, before installation, be given a heavy coat of an alkali-

resistant bituminous i)aint. The quality of the bituminous paint used shall

be equal to that called for in the Army-Navy Aeronautical Specification

AN-P-31. The paint shall be applied as it is received from the manufacturer

without the addition of any thinner.

c—Although structures of the alloy covered by these specifications are not

ordinarily painted, there may be applications where the structures are to be ex-

posed to extremely corrosive conditions which make over-all painting advisable.

In such instances all contacting metal surfaces shall be painted before assembly

with one coat of zinc chromate primer in accordance with United States Navy

Department Specification 52P18 or the equivalent, or with one coat of suitable

aluminum pigmented caulking compound (brushing consistency with chromate

pigment added). Zinc chromate. paint shall be allowed to dry l)efore assembly

of the parts. All other surfaces shall be given one shop coat of zinc chromate

primer made in accordance with Navy Department Specification 52? IS, or one

giving equivalent performance, and then shall be given a second shop coat of

paint consisting of 2 lb of aluminum paste pigment (ASTM Specification

D962-48T, Type II. Class A) per gallon of varnish meeting Federal Sjiecifica-

tion TTVSla, Type II, or the equivalent. Sufficient Prussian blue shall be added

to permit detection of an incomplete application of the subsequent paint coat.

After erection, bare spots shall be.touched up with zinc chromate primer followed

by a touch-up coat of aluminum i)aint as specified above. The completed struc-

tilre shall be finished according to one of the following methods:

(1) One field coat of aluminum paint as specified above, except that Prussian

blue shall be omitted from the field coat.

(2) One or more field coats of alkyd base enamel pigmented to meet a

desired color scheme.

1-7. Cleaning and Treatment of Metal Surfaces.— \\\ surfaces to be painted

.shall be cleaned as follows:

—Surfaces of metal shall be cleaned immediately before painting by

a method which will remove all dirt, oil, grease, chips, and other foreign

substances.

b.—Either of the two following methods of cleaning may be used on exposed

metal surfaces:

(1) Chemical Cleaning.—Parts may be immersed in, or swabbed with, a

solution of phosphoric acid and organic solvents diluted with water in the

ratio of 1:3. The solution tem})erature shall be between 50° F and 90° F.

The solution shall remain in contact with the metal not less than 5 min. Re-

sidual solution shall be removed with clear water.

(2) Sandblasting.—Standard mild sandblasting methods may be used on

sections more than 1/8 in. thick.

c.—For contacting surfaces only, the metal may be cleaned in accordance

with Specification I-7b, or with a solvent such as mineral spirits or benzine.

(1.—Flame cleaning is not permitted.

PART III. SPECIFICATIONS FOR WELDED STRUCTURES

Section J. Allowable Stresses for Welded Parts

Although the strength of alloy 61S-T6 is lowered locally by the heat of

welding, its resistance to corrosion is not impaired and excellent results can be

obtained. Welded members of alloy GIS-TG are proportioned in accordance with

the general rules of Section II except that it is necessary to lower the allowable

stresses in the heat affected zone as indicated by the following sup|)lementary

rules

:

J-1. The basic allowable stress in tension is found from curve B in Fig. 11.

J-£. The basic allowable stress in bearing against rivets, milled stiffeners

turned bolts in reamed holes and other i)arts in fixed contact is found from curve

A in Fig. 11.

J-3. Allowable compressive stresses are found from Figs. 2, 3, 4, 5, 6, and 8

in the usual manner except that a horizontal cutoff line is drawn at a stress value

found from curve C of Fig. 11 and all values above this cutoff line are ignored.

J-4. Allowable shear stresses are taken from Fig. 7 in the usual manner ex-

cept that a horizontal cutoff line is drawn at a stress value found from curve D
of Fig. 11 and all values above this cutoff line are ignored.

J-5. Fillet welds shall be designed using an allowable shear stress on the

throat of the weld of 4 kips per sc} in.

Section K. Miscellaneous Design Rules

K-1. Fatigue tests indicate that welded members designed in accordance

with the re(iuirements of these specifications and constructed so as to be free

from severe re-entrant corners and other unusual stress raisers, will safely

withstand at least 10,000 repetitions of maximum live load without fatigue

failure regardless of the ratio of minimum to maximum load. For greater

numbers of cycles present indications are that the maximum tensile stresses

at the welds should be held to about one-fourth those shown in Fig. 10, with a

horizontal cutoff line drawn at 8 kips per .sq in. At locations other than at

the welds the allowable tensile stresses may be selected from Fig. 10 with a

horizontal cutoff line drawn at a stress value found from curve B of Fig. 11.
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The general comments on fatigue action in structures in Specification H-4 are

applicable to welded members.

Section L. Fabrication

L-1. General.—These specifications are proposed for application to both

field and shop welding operations. The general recommendations and regula-

0 I 1 1 1 1 1 1 1

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

VALUES OF -^^

Fio. 11.—Abi.owABLK Stkkssk!* i.v Wei.ukd Pakts

tions shown in the American Welding Society Specifications D2.0-47 "Welded

Highway and Railway Bridges" 1947 and Dl.0-46 "Code for Arc and Gas

Welding in Building Construction" 194G apply as well to welded G1S-T6

structures. Detail requirements in the above specifications apply only to steel

structures. Detail requirements for welding alloy 61S-T0 are given in the

following paragraphs.

Excerpt: American Society of Civil Engineers Reports,
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L-2. Preparation for Welding.— Dirt, grease, forming or machining lubri-

cants or any organic materials shall be removed from the areas to be welded by

cleaning with a suitable solvent or by vapor degreasing.

Additional operations to remove the oxide coating just prior to welding are

required when the inert gas tungsten arc welding method is used. This may be

done by etching or by scratch brushing. The oxide coating may not need to be

removed if the welding is done with the automatic or semi-automatic inert gas

shielded metal arc.

Suitable edge preparation to ensure 100% penetration in butt welds shall be

used. Flame cutting shall not be used. Sawing, chipping, machining or

shearing may be used.

L-3. Welding Procedure.—Parts shall be welded with an arc or resistance

welding process. No welding process that requires the use of a welding flux

shall be used. The filler metal shall be aluminum alloy 43S or other approved

alloy capable of meeting the qualification test requirements. Preheating for

welding is permissible provided the temperature does not exceed 400° F for a

total time of 30 min.

L-Zf. Qualification of Welding Procedure and Welding Operator.—The

welding process and welding operators shall both meet a qualification test. The

method of qualification shall be mutually agreed upon between the inspecting

agency and the contractor or shall conform to the method described in the

American Welding Society Specification B3.0-41T "Standard Qualification

Procedure." Aluminum alloy 6KS-T6 shall be used as the material for (pialifi-

cation test plates.

The minimum ro(iuirements for test results in kips per sq in. shall be as

follows:
Test Stress

(a) Reduced Section Tensile Test 22

(b) Longitudinal Shear Test 13

(c) Transverse Shear Test 13

Elongation in the free bend test shall not be less than

8 per cent.

In addition to the above types of tests, root, face, side-bend and fillet weld

soundness tests shall be made. The specimens shall be considered as having

passed these tests if (1) no cracks or other open defect exceeding 1/8 in. measured

in any direction is present in the weld metal or between the weld and base

material after the bending, or (2) the specimen has cracked or fractured and the

fracture surface shows complete penetration through the entire thickness of the

weld, and absence of inclusions and porosity to the extent that there are no gas

pockets or inclusions exceeding 1/10 in. in greatest dimension, and the sum of

the greatest dimensions of all such defects in any square inch of weld metal area

does not exceed 3/8 in. (If necessary, the specimen shall be broken ai)art to

permit examination of the fracture.)

L-5. Rewelding Defects.—Portions of joints that have been rejected on

inspection because of defects may be repaired only by rewelding. The defec-

tive area shall be removed by chipping or machining. Flame cutting shall not

be used. Before rewelding, the joint shall be inspected to insure that all of the
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defective weld has been removed and that the joint is accessible so that the

welding operator can obtain full penetration through the joint.

PART IV. EXPLANATION OF SPECIFICATIONS

Section A. Summary of Allowable Stresses

A-1. Basic Tensile Design Stress—The basic tensile design stress of 15

kips per sq in. represents a factor of safety of 2.33 based on the si)ecified tensile

yield strength. This is a larger factor of safety with respect to yield strength

than is ordinarily encountered in specifications for structural steel. In select-

ing this rather large factor. of safety on yield strength, the coniniittee was

influenced to a considerable extent by the fact that there is a smaller spread

between yield strength and tensile strength in this aluminum alloy than is com-

monly encountered in structural steels.

AS, A-9, and A-IS. Allowable Stresses on Rivets.—The allowable shearing

and bearing stresses on rivets were selected on the basis of the results of nu-

merous shearing and bearing tests. The factors of safety used are greater than

those used for most of the other allowable stresses.

.4-6', A-11, and A-1 2. Allowable Stresses in Pins—The allowable bending,

shearing, and bearing stresses on i)ins were selected to bear about the same

relation to the corresponding properties of the material as is the case in standard

steel specifications. It is not anticipated that any wide use of pins will be

made in aluminum alloy structures but it is assumed that where tliey are used

they will be of the same material as the structural members themselves, and

that they would i)robably be obtained in the form of rolled rod, ASTM Specifi-

cation B211-49T (OS 11 A).

B-

Section B. Column Design

Curves for Allowable Compressive Stresses in Axialbj Loaded Columns.

—The curves in Fig. 2 are the tangent-modulus column curves with a factor of

safety of 2.5 and with a cut-ofT at the basic allowable compressive design stress

of 14 kips per sq in. The formulas for all three curves can be written^- =^

n-2 Et

2.5

.(8)

in which:

Jc is the allowable compressive stress on the gross cross-sectional area in

kips per square inch:

Et is the tangent modulus taken from Fig. 1 at stress corresponding to

2.5(/c), in kips per square inch;

L is the length of the column, in inches;

r is the least radius of gyration of the column, in inches; and

k is a factor describing the end conditions as defined in Fig. 2.

< -Column Strength of Various .Vluininuin Alloys." by R. L. Templin. R. CJ. Sturin. K. (,". Hartmann.

and M. Holt. Aluminum Research Laboratories Technical Paper \o. 1, Aluininuiii ( o. of America, 1 ittsburgh.

I'a.. 1938.

i "Inelastic Column Theory." by F. R. Shanlcy. Journal of the Aeronautical Scunces, \ol. 14, 1947,

pp. 261-268.
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For values of slenderness ratio, L/r, greater than 91, the formula for the

partial restraint curve in Fig. 2 reduces to

70,000
fc = (9)

B-7. Formulas for Combined Compression and Bending.— Kq. 1, which

applies to bending in the direction of the applied bending moment, takes into

account the additional bending moment due to the deflection of tlxi column.*

Eq. 2, covering failure by buckling normal to the plane of the bending

forces, is a simplified design formula which is conservative compared to test

results and to the theoretical solution for this case.^ A modification of this

solution has been suggested by H. N. Hill, M. ASCE, and J. W. Clark, Jun.

ASCE.«

B-8. Formula for Transverse Shear on Colunws. -VAi. 3a is based on the

transverse component of the column load at the point of maximum slope of the

column in its deflected position. A derivation by Mr. Hartmann has been

published elsewhere.*

Section C. Curve for Allowable Compressive Stress in

Beam and Girder Flanges

C-i—The curve in Fig. 3 is based on the theoretical solution for the critical

bending moment in I-beams as given by S. Timoshenko.' It represents a

factor of safety of 2.5 applied to the theoretical solution for beams subjected

to a uniform bending moment. It is assumed that at the ends of the laterally

unsupported length there is partial restraint against rotation about a vertical

axis and complete restraint against lateral displacement and against rotation

about a horizontal axifi parallel to the web. The part of the curve for values of

^
greater than 35 is based on elastic action, whereas the remainder is

^^B7S'c

simply an extension of the same formula using tangent modulus rather than

initial modulus. The curve has a cutoff at the basic allowable compressive

design stress of 14 kips per sq in. It is important to note that the term L

is defined as ''laterally unsupported length of com])ression flange," which is not

necessarily the same as the span of the beam or the girder. The case of uniform

bending moment has been used in setting up Fig. 3 because it is a good approxi-

mation of conditions frequently encountered in actual design, and because it

is somewhat, more conservative than many of the other cases that might have

been selected.

• Discussion bv K. C. Hartmann of "Rational Design of Steel Columns." by D. II. Young. Trans-

actions. ASCK, Vol. 101. 1936, pp. 475-481.

7 "Torsional and Flexural Buckling of Bars T^iin;Called Opon Section IJnder Compressive and

Bending Loads." by J. N. Goodier, Transactions, A.SM.E.. Vol. 64. 1942, pp. A-103-A-107.

• "Lateral Buckling of Eccentrically Loaded I -Section and H-Section Columns," by H. N. Hill and J.

W. Clark (publication pending). .

, „
• "Theory of Elastic Stability," by S. Timoehenko, McGraw-Hill Book Co.. Inc., New York. N. \ ..

1936.
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For values of
^

s't'Jitf''* than 3o the curve in Fi^. 3 may l)e re|)rc-

sented by the formula:

HUOO

The curve in Fi^. 3 is based on a theoretical solution applicable only to

I-beams havinp; cross sections symmetrical about both axes. The modified in-

terpretation of the term Ii indicated in S|)ecification C-1, however, permits the

curve to be used without serious error for beams and girders having one flange

differing in lateral stiffness from the other. It should be used with caution

in cases of beams and girders which are unsymmetrical by a considerable margin.

(In connection with this subject several supplementary references^'^'-''-'^-" will

be of interest.)

Section D. Curves for Design of Flat Plates, Legs and Webs

The curves of Figs. 4, 5 and 6 are based on values of critical stress compiled

by Mr. Hill in 1040.'^ Partial restraint along the supported edges and loaded

edges was assumed in all cases excei)t for the supported edge in Fig. 4 which

was considered simjily supi)orted. Parts of the curves that represent critical

buckling stresses al)ove the elastic range are computed by using the tangent

modulus instead of the mfxlulus of elasticity, a procedure which is known to be

conservative when applied to j)rublems of ])late buckling.'"^ A factor of safety

of 2.5 against critical buckling has been used in all three charts and in all cases

the curves have a cutoff at the basic allowable compressive design stress of

14 kips per sq in.

When a flat plate, leg, or web is built in along one or both edges to other

parts of a comi)ression member which offer partial edge restraint, the local

buckling of the plate, leg, or web does not precipitate collapse of the member as

a whole as it probably would in the case of a single-angle strut. For this

reason it is proper to jwrmit a decreased factor of safety against local buckling

in such cases if suitable precautions are taken to avoid collapse. Step c

of Specification D-2 provides a simple method for accomplishing this result

by introducing the well known "effective width" concept. After a plate, leg,

or web buckles, a part of its area is considered to be ineffective in supporting

load, whereas a strip along each supported edge is considered still fully effective

in working with the supporting material to which it is attached. The formula

"Tlir Latoral Instahilitv of Unsvnimctrical l-Bcanis," by H. N. Hill, Journal of the Aeronautical
Sciences, Vol. 9, 1942, pp. 175-180.

11 "Tho Lateral Stability of Equal-KlanRed Ahnninum-Alloy l-Beanis Subjected to Pure Bending."
bv C. Duinont an<i H. N. Hill, Technical Note No. 770, National Advisory Committee for Aeronautics,
VVashinpton, D. C, 1940.

1* "Lateral Stability of Unsvmmetrical I -Beams and Tru.sses in Bending," by George Winter, Tramac-
tions, ASCE. Vol. 108. 1943. pp". 247-268.

""Strength of Beams as Determined by Lateral Buckling." by Karl de Vries, ibid.. Vol. 112, 1947,

pp. 1245-1320.
i< "Chart for Critical Compressive Stress of Flat Rectangular Plates," by H. N. Hill, Technical Note

No. 77S, National Advi.sory Committee for Aeronautics. Washington, D. C, 1940.

1* "Determination of Plate Compressive Strengths," by George J. Heimerl, Technical Note No. I48O,
National Advi.sory Committee for Aeronautics, Washington, D. C, 1947.

Excerpt: American Society of Civil Engineers Reports,
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(Eq. 4) for effective width used in step c of Specification D-2 is generally more

conservative than other accepted methods of computing effective width.

Section E. Curves for Allowable Shear Stress in Webs

^-7 —The values of allowable stress in Fig. 7 are obtained by applying a

factor of safety of 2 to the critical shear buckling stresses for flat plates with

the edges about half way between the fixed and hinged conditions.^-^o
'-^'

Those parts of the curves of Fig. 7 which represent critical buckling stresses

above the elastic stress range are computed from formulas for elastic buckling

with the tangent modulus substituted for the modulus of elasticity. For a

given value of critical shear^tress, the tangent modulus is that corresponding

to an axial stress equal to V 3 times the shear stress." As in the case of com-

pressive buckling of flat plates, the tangent modulus is conservative.

For values of allowable stress below 6 kips per sq in., the curves of Fig.

7 may be represented by the formula:

'. = IS?[-«"(=)']

Section F. Plate Girder Design

F-6. Curves for Allowable Longitudinal Compressive Stress in Webs^of

Girders—The curve in Fig. 8 for girders with no horizontal stiffeners is based

on the critical buckling stress for rectangular flat plates under pure bending in

the plane of the plate. Partial restraint is assumed at the toes of the flanges

(about half way between the solution given by Mr. Timoshenko for the case

of a plate simply supported on all four edges' and the solution of K. Nolke

for a plate with the loaded edges simply supported and the other two edges

fixed."

The curve in Fig. 8 for girders with a single horizontal stiffener is based on

the critical buckling stress given by Mr. Timoshenko for plates simply supported

on all four edges under combined bending and axial stress in the plane of the

plate.' The simple support condition is used for this case because the hori-

zontal stiffener would provide comparatively little restraint against rotation.

The location of the horizontal stiffener shown in the sketch in Fig. 8 is chosen

so that the parts of the plate above and below the stiffener will buckle at

approximately the same loatL

i« "The Strength of Thin Plates in Compression," by Theodor von Karmdn,. Ernest E. Sechler, and

L. H. Donnell. Transactions, A.S.M.E.. Vol. 54, 1932, pp. 53-57.

w "The Apparent Width of the Plate in Compression." by Karl Marguerre Technical Memorandum

No. 835. National Advisory Committee for Aeronautics. Washmgton. U. C. 19^7.

i» "Strength of Thin Steel Compression Flanges," by George Winter. Transactions, ASCE, Vol. 112.

1947. pp. 527-576.
. . ,. ^.

«» "Performance of Thin Steel Compression Flanges." by George \S inter, preliminary publication.

3d Cong, of the International Assn. for Bridge and Structural Lngrs.. Liege, Belgium. 1948.

20 "Formulas for Stress and Strain." by Raymond J. Roark, McGraw-Hill Book Co.. Inc., New \ork.

N Y 1038
ii' "Observations on the Behavior of Aluminum Alloy Test Girders," by R. L. Moore. Transactions,

ASCE, Vol. 112, 1947, pp. 901-920.

""Critical Shear Stress of an Infinitely Long Plate in the Plastic Region, by Llbridge Z btowell.

Technical Note No. 1681, National Advisory Committee for Aeronautics. Washington. D.. C.. 1J48.

" "Buckling of Webs in Deep Steel l-Girders," by Georg Wa.stUind and Sten G. A. Bergman, rept. of

investigation made at the Royal Inst, of Technology. Stockholm. Sweden. 1947.
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A factor of safety against buckling of 1.5 was used for the curves of Fig. 8.

Although this factor of safety is not as large as some used elsewhere in these

specifications, it is considered adequate in this instance since tests have shown

that the critical bending stress for girder webs may be considerably exceeded

without affecting the load carrying capacity of the girder.^'-^^ Use of Fig. 8,

however, will prevent buckling from occurring at design stresses.

The curves of Fig. 8 may be represented by the following formulas: No
horizontal stiffener

—

= (12a)

and single horizontal stiffener-

/. = ^-^ (,26)

The curves are cut off at the basic allowable compressive design stress of 14 kips

per sq in.

F-8 and F-9. Curves for Spacing and Moment of Inertia of Vertical Stiffen-

ers.—The curves for determining stiffener spacing, in Fig. 9, are merely replots

of the data of Fig. 7. The curves of Ijt"^ in Fig. 9 rei^resent the following for-

mula:

/ _ 8 X 10- X (13)

in which /, is the average shear stress on the web in kips per sq in. Eq. 13 is

designed to fit the theoretical solution of M. Stein and R. W. Fralich" for

values of s/h between 0.2 and 1.0. This solution does not cover values of s/h

greater than 1.0. In this range, however, Eq. 13 is conservative in comparison

with the recommendations of L. S. Moisseiff.^^

F-10. Formula for Moment of Inertia of Stiffeners at Points of Bearings —
Eq. 5 simply states that the moment of inertia of a stiffener at a point of

bearing should be equal to the sum of the moment of inertia required to resist

the tendency of the web to buckle and the moment of inertia required for the

stiffener to carry the bearing load as a column with length equal to the height

of the web.

F-11. Formula for Moment of Inertia of Horizontal Stiffeners.—Eq. 6,

for the moment of inertia of horizontal stiffeners, is based on the theoretical

work of C. Dubas, reported by F. Bleich."

Section H: Miscellaneous Design I^ules

H-2. Formula for Slenderness Ratio of Tension Members.—Eq. 8 is designed

to yield slenderness ratios in agreement with values generally accepted for

« "Critical Shear Stress of Infinitely Long. Simply Supported Plate with Transverse Stiffeners," by
Manuel Stein and Robert W. Fralich, Technical Note So. 1S51. National Advisory Committee for Aero-

nautics, Wa.shinRton, D. C, 1949.
' « "Design Specifications for Bridges and Structures of Aluminum Alloy 27S-T," by I^n S. Moisseiff,

Aluminum Company of America, Pittsburgh. Pa.. 1940.

••"buckling Strength of Metal Structures," by Friedrieh Bleich, McGraw-Hill Book Co., Inc., New
York. N. Y., 1952.
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tension members, at the same time taking into account the fact that the

higher the minimum tensile stress on the member the loss tendency there will

be for the member to bend or sway.

H-4. Curves of Allowable Tensile Stress on A^et Section for Various Numbers

of Repetitions of Load Application

.

—The curves in Fig. 10 are plotted from the

results of fatigue tests conducted at the Aluminum Research Laboratories of

the Aluminum Company of America at New Kensington. Pa., on 61S-T6 butt

joints with double straps joined with eight cold-driven o/S-in. 61ST-T6 rivets.

The type of testing equipment and specimen (Type Ml ) used are illustrated in a

paper by K. L. Templin-' M. ASCK, in 1939, and a paper by E. C. Hartmann,

J. O. Lyst, and H. J. Andrews,2« Jun. ASCE, in 1944.

A factor of safety of 1.2 has been applied to the test data and all curves are

cut off at the basic allowable tensile design stress of 15 kips per sq in. The

right-hand part of the diagram is largely based on extrapolation of the data, but

this is not considered to be a serious matter since the design of most members in

this range will be governed primarily by Specification H-1 rather than by

fatigue considerations.

Section J. Allowable Stresses for Welded Parts

The heat of welding lowers the strength of 61S-T6 parts by an amount that

depends on how much heat is applied to the metal in making the weld. Tests

of various filS-T6 welded assemblies, including tests across butt welded joints,

have shown that the tensile strength measured in the welded areas, may vary

from about 22 kips per sq in. up to values approaching that of the fully heat-

treated parent metal. Therefore, it has been assumed that, for design purposes,

the minimum tensile strength of the material in the heat-affected zones may be

taken as 22 kips per sq in. The corresponding minimum yield strength and

shear strength for design purposes have been selected as 15 kips per sq in. and

\'A kips per sq in., respectively. The specifications permit higher stresses to be

used as the distance from the weld increases because this is consistent with the

findings of actual tests on welded parts.

Respectfully submitted,

F. Baron C. N. Gaylord J. S. Newell

J. W. Clark I. G. Hedrick, Jr. F. L. Plummer

R. Ebenbach S. A. Kilpatrick E. J. de Ridder

J. T. Ellis i^. B. B. Moorman F. J. Tamanini

E. C. Hartmann, Chairman

Committee of the Structural Division on Design in Lightweight

Structural Alio ifs

June 13. 1951

"Fatigue Machines for Testing Structural Units," by R. L. Templin. Proceedings, .\.S.T.M., Vol.

.39. 1939, pp. 711-722.
» "Fatigue Tests of Riveted Joints." by E. C. Hartmann. .T. O. Lyst. and H. .T. Andrews, n'ariime

Report W66, National Advisory Committee for .Aeronautics, Washington, D. C, l'J44.
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Synopsis

These specifications cover allowable stresses, design rules, and fabrication

procedures for riveted heavy duty structures built of the high-strength alu-

minum alloy known commercially as 14S-T6. The basic allowable tensile

working stress is 22 kips per s(i in. based on a minimum yield strength of

53 kips per sq in. and a minimum tensile strength of 60 kips per sq in.

PART I. GENERAL

Introduction

These specifications cover the allowable stresses, the design rules, and

the fabrication procedures for structures built of the high-strength aluminum

alloy most commonly used for heavy duty structural purposes. In the

preparation of these specifications the Committee has made use of the

available theoretical and experimental work relating to this subject and

especially to previous specifications by 0. H. Ammann, Shortridge Hardesty,

and the late Leon S. Moisseiff,* Members, ASCE.

These specifications are confined to allowable stresses, design rules, and

fabrication. No attempt has been made to cover the loading, erection, in-

spection, or nontechnical provisions included in many, specifications, since

such provisions are fairly well established 'in current good structural practice.

Furthermore, no attempt has been made to include design rules which cover

every detail of construction but rather those which are different from steel

practice or which are needed for the sake of completeness. It is intended, of

Note.— Published as Proceedings-Separate No. 22 in June, IQ-W.

> "Design Speci6cations for Bridges and Structures of Aluminum Alloy 27S-T," by Leon S. Moiaseiff,

Aluminum Co. of America, Pittsburgh, Pa., 1940.
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1254 ALUMINUM SPECIFICATIONS

course, that structures built under these specifications will be designed, con-

structed, and erected by following the current good practice already well

established for steel structures, except as modified herein.

Material

The principal material considered in these specifications is a high-strength

aluminum alloy having the following nominal chemical composition:

Composition Percentage
by weight

Copper 4.4

Silicon 0.8

Manganese 0.8

Magnesium 0.4

Aluminum 93.6

Total 100.0

This material is covered by the American Society for Testing Materials (ASTM)
Specifications Xos. B221-49T(CS41A), B235-50T(CS41A), B211-49T(CS41 A),

B247-50T(CS41A). and B209-50T (Clad C841A). It is produced by several

manufacturers under the commercial designation 148-T6 and is available in

the form of shapes, tubes, rods, bars, and forgings. It is also produced in

the form of sheet and plate covered on both surfaces with an integral coating,

or "cladding," of a corrosion-resistant aluminum alloy. In the latter form it

is identified commercially by the designations, Alclad 14S-T6 and R-301.

All these products are given a solution heat treatment and a precipitation heat

treatment before being shipped.

The specified minimum tensile properties of this material are not the same

in all the various products (plate, shapes, etc.). The specified minimum tensile

strengths vary from 60 kips per sq in. to 68 kips per sq in., and the specified

minimum yield strengths vary from 53 kips per sq in. to 58 kips per sq in.

The following are the lowest of the various specified minimum properties and

have been used as a basis for the selection of allowable stresses in these specifica-

tions (in kii)S per square inch):

Description Stress

Tensile strength 60

Yield strength (offset 0.2%) 53

In addition to the specified minimum tensile properties, the engineer will be

interested in some of the other mechanical properties not covered by specifica-

tions. The following are typical mechanical properties of this alloy and

may be considered appUcable to "nonclad" products, such as shapes, and to

"clad" plate:

Shear strength, in kips per square inch 41

Modulus of elasticity in tension and compression, in kips per

square inch 10,600

Modulus of elasticity in shear, in kips per square inch 4,000

Poisson's ratio 1/3

Coefficient of expansion per degree Fahrenheit 0.000012

Weight, in pounds per cubic inch 0.101
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(The foregoing value of shear strength is typical as determined with steel

shearing tools. The value determined by torsion tests is greater.)

Fig. 1 sliows tensile and compressive stress-strain curves and the com-

pressive tangent modulus curve for 14S-T6 material having the minimum

properties listed in the second paragrai)li of this section.

COMPRESSIVE STRESS
KIPS PER SQ. IN.

Fig. 1.

—

Strkss Straiv and Tan<u:\t Moiu i.rs Ci rvks

Alloy 14S-T6 is the one principally considered in the preparation of these

specifications and the one to which the allowable stresses for parts other than

rivets and l)olts apply. However, these si)ecifications may be applied to

structures built of other suitable aluminum alloys, provided such alloys meet

the specified strengths and elongations listed in tlie ASTM specifications

mentioned in the first paragraph of this section.

Rivets used in fabricating structures designed in accordance with these

specifications shall i)e of aluminum alloy and may be cither cold driven or

American Society of Civil Engineers, Transactions, Paper No. 2532.
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hot driven. The alloys used are indicated in Table 1. Supplementary infor-

mation on riveting was published^ by E. C. Hartmann, M. ASCE, G. 0.

Hoglund, and M. A. Miller in 1944.

Permanent bolts used in structures designed in accordance with these

specifications shall be of the aluminum alloy known commercially as 24S-T4.

Such bolts have a specified minimum ultimate shear strength of 37 kips per

sq in.

TABLE 1.

—

Alloys to Be Used for Rivets

Designation
before driving

Driving
procedure

Designation
after driving

Typical shear
strength"

Cold, as received
Hot. 990° F to 1.050° F

A17S-T3 3.3

61S-T4 61S-T43 24

" Typical ultimate shear strength of the driven rivet, in kips per square inch.

The materials covered by these specihcations are heat treated for maximum

strength. They cannot be welded without a considerable loss in strength.

Structures designed under these specifications shall be a.ssembled by riveting

or bolting.

2 "Joining Aluminu.-n Alloys," by E. C. Hartmann, G. O. Hogluiid. and M. A. Miller. Steel. August 7,

1944, p. 84;
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PART II. SPECIFICATIONS

Section' A. Summary of Allow\\ble Stresses

The allowable stresses to be used in proportioning the parts of a structure

shall be as follows:
Stress in

Specification Description kips per
square inch

A-1 Axial tension, net section (see Specification H-4) 22

A-2 Tension in extreme fibers of shapes, girders, and

built-up meml)ers subject to bending, net section

(see Specification H-4) 22

A-3 Axial compression (see Section B)

A-4 Comj)ression in extreme fibers of shai)es, girders, and

l)uilt-u|) members subject to bending (see Section C) , . .

.

A-5 Compression in plates, legs, and webs (see Section D) ....

A-6 Stress in extreme fibers of pins 34

A-7 Shear in plates and webs (see Section K)

A-8 Shear in aluminum alloy A17S-T3 rivets, cold driven

(see Tables 4 and 5;) 10

X' 0 Shear in aluminum alloy 61S-T43 rivets, driven at tem-

peratures of from 990° F to 1,050° F (see Tm1)1os 4

and ()) 8

A-10 Shear in turned bolts of aluminum alloy 24S-T4 in

reamer! holes (see Table 4) 12

A-1 1 Sliear in pins 16

A-r2 Bearing on pins 30

A-13 Bearing on hot-driven or cold-driven rivets, milled

stiffeners, turned bolts in reamed holes, and otlior parts

in fixed contact (see Section G) 36

Section' B. Column Desigx

B-1 . Allowable Compressive Stress in Columns.—The allowable compressive

stress on the gross section of axially loaded columns shall be determined from

the curves in Fig. 2. Let k ho a factor describing end restraint. Ordinarily

the curve for partial restraint {k = 0.75) shall be used. The curves for pin-

ended and fixed-ended columns, i.iso shown in Fig. 2, may be u.sed as a guide

in the selection of allowable compressive stresses for those cases in which the

degree of end restraint is known to be different from that represented by

k = 0.75. It is important, however, that no allowable stresses higher than

those given for the case of k = 0.75 be used in actual design unless a detailed

analysis of the structure demonstrates convincingly that a value of k smaller

than 0.75 is justified for the member in question.

Columns having cross sections involving webs and outstanding legs of

such i)roportions that local buckling may control the design shall l^e checked

by the method outlined in Section D.

B-2. Maximum SleJiderncss Ratio.—The ratio of unsupported length to

least ladius of gyration for compression meml)ers shall not exceed 120.
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B-3. Connections.—Compression members shall be so designed that the

main elements of the section will be connected directly to the gusset plates,

pins, or other members.

B-4. Compression Splices.—Members designed for compression, if faced

for bearing, shall be spliced on four sides sufficiently to hold the abutting parts

true to place. The splice shall be as near a panel point as practicable and

shall be designed to transmit at least one half of the stress through the splice

material. Members not faced for bearing shall be fully spliced for the com-

puted stress. In either case, adequate provision shall be made for trans-

mitting shear.

B-o. Stay Plates.—On the open sides of . compression members, the

flanges shall be connected by lacing bars, and there shall be stay plates as near

each end as practicable. There shall be stay plates at intermediate i)oints

where the lacing is interrupted. In main members the length of tlie end stay

plates shall not be less than one and one-fourth times the distance between

rivet lines. The thickness of stay plates shall not be less than one fortieth of

the distance between rivet lines.

B-6. Diagonal Lacing.—The slcnderness ratio of the part of the flange

between the lacing bar connections shall be not more than two thirds of the

slcnderness ratio of the member.

The angle between the center line of the lacing bar and the center line of

the column shall be about 60° for single lacing and about 45° for double lacing.

B-7. Combined Compression and Bending.—The allowable bending stress

in a member which carries bending moment in addition to uniform compression

(as, for example, an eccentrically loaded column) shall be determined from one

of tlie following two formulas—whichever gives the lower value:

a. Failure by Bending in Plane of Bending Forces.—The maximum

bending stress (compression) which may be permitted at or near the center of

the ujisupported length, in addition to uniform compression, F/A, equals

"=(^-f)('-^) <'

in which (in kips per square inch):

P/A is the average compressive stress on the gross cross section (A) of a

member, produced by a column load, P;

/i is the compressive stress taken from Figs. 4, 5 or G for the compression

flange of a member when considered as a beam; and

fc„ is the allowal)le compressive working stress for a meml)er considered as

an axially loaded column tending to fail in the plane of the bending forces.

b. Failure by Buckling Normal to Plane of Bending Forces.—The

maximum bending stress (compression) which may be permitted at or near the

center of the unsupported length, in addition to the uniform compression,

P/A, equals

/='.(--«f)('-7^)
in which (in kips per square inch):
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/^ is the allowable compressive working stress for a member considered as

a beam; fcn is the allowable working stress for a member considered as an

axially loaded column tending to fail in a direction normal to the plane of

bending forces; and
74,000

fcE

(')

In the equation iov Jce, y is the slcnderness ratio for a member considered as a

column tending to fail in the plane of the bending forces.

B-S. Transverse Shear in Columns.—In designing lacing or shear webs for

columns, the maximum shear on the column shall l)e computed from the

formula

:

y^pi^rlSl^pmi+v. (3a)
fcLc

but shall not be taken less than

V = 0.C2P + Vt (36)

in which:

V is the maximum transverse shear on any transverse section of a column

in the outer eighth of the length at each end, in the direction of assumed

bending, in kips;

r is the radius of gyration, in inches;

fc is the allowable compressive stress taken from Fig. 2, in kips per square

inch

;

L is the length of the member, in inches;

c is the distance from the centroidal axis to the extreme fiber, in inches; and

Vt is the shear due to any transverse loads on a column, in kips.

The values of //?, fc, L, r, and c must be consistent with the direction of

bending assumed.

Section C. Allowable Compressive Stresses

IN Flanges of Beams and Girders

C-1.—The allowable compressive stress in the extreme fiber (gross section)

of single-web rolled shapes, extruded shapes, girders, and built-up sections,

subject to bending, shall be determined from the curve in Fig. 3. The terms

used in Fig. 3 are defined as follows:

L is the laterally unsupported length of compression flange (clear distance

between supports at which the beam is prevented from lateral displacement),

in inches;

Sc is the section modulus for the beam about the axis normal to the web
(compression side), in inches;

American Society of Civil Engineers, Transactions, Paper No. 2532.



1260 ALUMINUM SPKCIFICATIONS

/i the moment of inertia for the beam about the axis parallel to the web,

in inches to the fourth power;

J is the torsion factor, in inches*; and

d is the depth of beam, in inches.

In the case of beams having top and bottom flanges of different lateral stiffness,

/i should be calculated as if both flanges were the same as the compression

flange. Values of the torsion factor / are published for many standard shapes.'

24

10 20 30 40

VALUES OF

70 8050 60
L

Fig. 3.

—

Allowablk Compressive Stresses in Beam and Girder Flanges (Gross Section)

90

Values of J for plates and shapes not published may l)e calculated by assuming

the section to be composed of rectangles and taking the sum of the terms h <\/3

for each rectangle, in which h equals the length and f, the thickness of the

rectangle, both in inches. The value of J for a built-up member is the sum of

the individual values of J of the sections of which it is composed.

The allowable stresses from Fig. 3 provide a safe margin against the lateral

buckling type of failure. The outstanding compression flanges of the beams

and girders should be checked for local buckling by the method outlined in

Section D.

Table 2 lists values of allowable stress determined from Fig. 3 and Section

D for various laterally unsupported lengths of a number of standard I-beams

and H-bcams. Table 3 lists similar values for standard channels.

Because of their tube-like cross section, double-web box girders are very

stiff in torsion compared with single-web girders of comparable size, and

hence, lateral buckling failures such as are considered in Fig. 3 do not occur

in such girders. For double-web box girders it is necessary only to check for

local buckling of the flanges by the method outlined in Section D.

» "Alcoa Struct I ml Ilivndbook," Aluminum Co. of America, PittsburKh. Pa., 1950, pp. 87-112

American Society of Civil Engineers, Transactions, Paper No.
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Section D. Allowable Compressive Stress for Plates, Legs, and Webs

D-1.—For struts consisting of a single angle or a T-section, the compressive,

stress on the gross area shall not exceed the values given by the curves in Fig.

4 or Fig. 2, whichever is smaller.

TABLE 2.

—

Allowable Compressive Stress in Beam Flanges

FOR Various Values of Laterally Unsupported Length
OF Compression Flange, L, in Inches

Procedure.—Maximum allowable bending moments are found by multiplying the allowable com-
pressive stre.sses (in kips per square inch) by the grass section modulus of the beam. The stress on
the net section of the tension flange must also be kept within allowable limits.

Sec-
Weight tion
(lb per modu-

ft) lus

(in.3)

Values of L

(a) I-Beams

2 0.804 0.481 20 .6« 18.8 10.2 6.1 4.4 3.5 2.9 2.1 1.6

1.473 0.782 21.6 19.9 17.0 12.2 9.1 7.2 6.0 4.5 3.3 2.4

2.5 1.850 1.162 21.8 20.3 18.3 15.6 12.0 9.6 8.0 6.0 4.4 3.2

3 2.02 1.68 21.4 19.8 15.8 10.2 7.5 5.9 5.0 3.7 2.7 2.0

3 2.67 1.95 21.7 20.3 17.9 14.1 10.4 8.3 6.9 5.2 3.8 2.8

4 2.72 3.03 21.7 20.0 15.7 9.7 7.1 5.5 4.6 3.4 2.5 1.8

4 3.74 3.59 21.8" 20.4 17.8 13.6 10.0 7.9 6.5 4.9 3.5 2.6

5 3.53 4.90 21.8" 20.2 16.2 9.9 7.1 5.5 4.5 3.4 2.4 1.8

5.25 6.09 21.9" 20.6 18.2 14.7 10.8 8.5 7.0 5.2 3.8 2.8

6 4.43 7.36 21.8» 20.5 16.9 10.5 7.3 5.6 4.6 3.4 2.4 1.8

6 6.13 8.77 21.8" 20.7 18.0 13.6 9.8 7.6 6.3 4.6 3.4 2.5

7 5.42 10.48 21 .8» 20.8 17.5 11.2 7.7 5.9 4.7 3.4 2.5 1.8

7 7.12 12.12 21.8» 20.9 18.2 13.4 9.4 7.3 5.9 4.4 3.1 2.3

8 6.53 14.39 21.8" 21.0 18.0 12.2 8.2 6.1 5.0 3.6 2.5 1.8

8 9.07 17.18 21.8" 21.1 18.7 15.0 10.5 8.0 6.6 4.8 3.4 2.5

7.72 19.09 21.8" 21.2 18.5 13.2 8.8 6.5 5.2 3.7 2.6 1.9

•J 10.68 22.75 21.8« 21.2 18.9 15.6 10.9 8.3 6.7 4.9 3.5 2.5

10 9.01 24.68 21.8" 21.3 18.8 14.5 9.4 6.9 5.5 3.9 2.7 2.0

10 12.45 29.41 21.8" 21.4 19.2 16.3 11.5 8.7 7.0 5.1 3.6 2.6

12 11.31 36.35 21.8" 21.5 19.1 15.2 9.8 7.1 5.6 3.9 2.7 1.9

12 17.78 50.81 22.0 21.7 19.8 17.6 14.0 10.4 8.4 6.0 4.2 3.1

(6) H-Beams

4 4.85 5.36 21.7" 21.4" 19.6 17.7 15.1 11.8 9.7 7.2 5.2 3.8

5 6.63 9.53 21.5" 21.5" 20.1 18.5 16.4 13.1 10.6 7.7 5.5 4.0

6 8.04 14.69 21.3" 21..3" 20.5 19.0 17.2 14.4 11.4 8.0 5.6 4.0

6 9.40 15.81 21.3" 21.3" 20.6 19.2 17.7 15.6 12.7 9.0 6.3 4.6

8 11.51 28.23 20.7" 20.7" 20.4" 19.7" 18.6 16.7 13.7 9.1 6.0 4.2

8 13.32 30.23 20.7" 20.7" 20.4" 19.8" 18.8 17.2 14.8 10.0 6.7 4.7

" These values are governed by local buckling (see Section D). All other values are determined from
Fig. 3, Section C.

D-2.—P'or compression members other than those consisting of a single

angle or a T-section, the following procedure shall be followed to provide a suit-

able margin of safety against the weakening effects of local buckling of flat

plates, legs, and webs:

a.—Compute the compressive stress fc on the flat plate, leg, or web in

question, based on the design loads and the gross area, without regard to local
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buckling. This stress mast be within allowable limits as defined in Sections

B and C.

b —Find the limiting value of hit corresponding to the stress, /c, by the use

of Fig. 5 or Fig. 6. If the flat plate, leg, or web has a ratio of unsupported

width to thickness not exceeding this limiting value, local buckling is not a

problem and the full gross area of the plate, leg, or web may be considered

effective.

TABLE 3.—Allowable Compressive Stress in Channel Flanges

FOR Various Values of Laterally Unsupported Length

OF Compression Flange, L, in Inches

Proccdurc.-Maxi,num allowable bondins .no.nents are found by multiplying ^^'^ ^^'j^''^^roiLuiiic.
•

h) by the pross section modulus of the beam. The stress on the net
sive stresses (in kips i>er square incL., „^ .-- ^ -

, . „ , , ,• •«

section of the tension fiance must also be kept wUhm allowable limits.

Deptl;
(in.)

Weight
(lb per

ft)

1.46
2.13
1.90
2.58
2.38
4.09

2.91
4.03
3.47
6.13
4.38
6.99

4.74
8.90
5.43

10.07
7.03
12.45

Section
modu-

lus

(in.3)

1.10
1.38
1.92
2.29
3.00
4.17

4.37
5.80
0.08
8.04
8.40

1 1 .34

10.60
15 75
13.47
20.69
21.97
29.94

V.\LUK8 OF L

21.2
21.6
21.4
21.0"
21.0"
21.7-

21.5"
21.7-
21.6"
21.7''

21.7-
21.7"

21.0"
21.7"
21.0"
21.7"
21.0"
21.7"

19.3
20.0
19.2
19.7
19.4
20.2

19.7
20.2
20.0
20.4
20.2
20.5

20.4
20.8
20.6
21.0
21.0
21.1

13.2
17.4
12.3
15.7
12.3
17.4

12.9
16.7
14.0
17.5
15.3
17.5

10.0
18.1

16.0
18.5

17.9
18.0

8 4
13.2
7.0

10.2
7.4

12.9

7.4
11.1

7.8
12.5
8.4

12.2

8.8
13.7
9.3
14.8
1 1 .3

14.0

6.2
9.9

7.4
5.3

5.2

8.0
5.4
9.0
5.7
8.7

9.7
0.1

10.4
7.2
9.9

4.9
7.8
4.4

4.1

6.3
4.1

7.0
4.3
0.7

4.4
7.4

from Fig. 3. Section C.

192 250 352 480

4.1 3.1 2.2 1.0

0.5 4.8 3.5 2.0

3.0 2.7 2.0 1.4

4.9 3.0 2.6 2.0

3.4 2.8 1.8 1.3

0.2 4.0 3.4

3.3 2.4 1.8 1.3

5.2 3.9 2.8 2.0

3.4 2.5 1.8 1.3

5.8 4.3 3.1 2.2

3.5 2.0 1.8 1.3

5.5 4.1 2.9 2.1

3.5 2.5 1.8 1.3

0.2 4.5 3.2 2.4

3.0 2.5 1.8 1.3

0.5 4.8 3.4 2.5

4.1 2.9 2.0 1.4

0.0 4.4 3.1 2.2

other values are determined

c.— If the flat plate, leg, or web has a ratio of unsupported width to thickness

greater than the limiting ^ratio found in step b, only a part of its unsupported

width shall be included in computing its effective area. The part of the un-

supported width of any individual flat plate, leg, or web which may be con-

sidered effective shall be found as follows:

h. = h^i c-^)

in which:

6, is that part of the unsupported width considered effective, in inches;

h is the unsupported width, in inches;

/, is the compressive stress based on gross area from step (a), in kips per

square inch; and
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WIDTH -THICKNESS RATIO, j
Fio. 4.—Allowable Comprkskivk Strks.sks in OrTST.wniNG Legs of Sixgle-Angle

AND T-SkCTION StKUT.S ((iKOSft S^:CTION)

WIDTH-THICKNESS RATIO, j
Fio. 6.

—

Chart for Determinino Effective Width for Outstanding Legs of Angles Built
Into Other Parts and for Plates Built in Along One Edge
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/i is the stress fomid fiom Vh^. 5 or V'v^. (> corresponding to the ^-value for

the i)hite, leji;, or wel) in (|uestion, in kii)s per scpnirc inch.

,1 —(V)nipute tlie compressive stress on the effective area. In the case of

an axially loaded colnmn tliis is sinii)ly tlic axial load divided by the total

eiTcctive area, which, in turn, is simply the sum of the effective areas of the

component parts. In the case of a l)eam or girder the compressive stress on the

effective area shall he determined as follows: Compute the compressive extreme

fiber stress fc for the gross section of the beam or girder and then multiply

WIDTH -THICKNESS RATIO, y
Fig. G.—CuAKT kok Di ri u\iimn<; I'.kkk iivk Width kok Vi.w 1'i.atks Hlilt

In Ai,i)N<j Two IIixjks

this vidue by tiie ratio of tiic gross compression flange area to the effective

compression flange area, including in both flange areas not only the flange

proper but also that part of the wci) in the outermost one sixth of the over-all

depth of the beam or girder.

—The compressive stress on the cfl'ective area computed in accordance

with step d shall not exceed allowable limits as defined in Sections B and C

for the gross area.

f _Step c provides a suitable factor of safety against the collai)se of the

member as a whole but does not necessarily provide complete protection

against the local l)uckling of individual flat surfaces at the design load. Where

local buckling at the design load cannot be tolerated because of appearance, or

for other reasons, the compressive stress on the gross section of the member

shall be less than 1.5 times the value given in Fig. 5 or Fig. 0 for the --ratio

in (picstion.

American Society of Civil Engineers, Transactions, Paper No. 253
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Section E. Allowable Shear Stresses in Plates and Webs

E-l.—The allowable shear stress on flat webs shall not exceed the values

given by the curves in Fig. 7. The values in Fig. 7 apply to the gross area of

the web, but the shear on the net area shall not exceed 15 kips per sq in.

rrrm 1 1 1 1

1

1 1 1
1 m 1 1 m 1 1

1 1 1 1 1 m i ttttt-

20 40 60 80 100 120 140 160 180 200

WIDTH -THICKNESS RATIO, j-

pia, 7 —Allowable Shear Stre88E8 on Webs; Partial Restraint Assumed
AT Edges of Rectangular Panels (Gross Section)

Section F. Plate Girder Design

F-L Proportioning Plate Girders—Vlate girders shall be proportioned by

the moment of inertia method, with the gross section used to determine the

moment of inertia.

The stress on the net area of the tension flange shall be found by multiplying

the stress on the gross section by the ratio of the gross area of the tension

flange to the net area. In determining this ratio the tension flange shall be

considered to consist of the flange angles and cover plates plus that part of the

web included in the outermost one sixth of the over-all height of the girder.

F-2. Allowable Flange Stress.—The allowable compressive stress in the

extreme fiber of plate girders shall be determined as outlined in Sections C

and D. The numerical value of the term ^B/Sc, used in Fig. 3, is rarely less

than one half of the width, in inches, of the compression flange for a plate girder.

This fact is useful in preliminary design.

F-3. Flange Cover Plates.—Cover plates shall extend far enough to

allow at least two extra rivets at each end of the plate beyond the theoretical
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end, and the spacing of the rivets in the remainder of the phite shall be such as

to develop the required strength of the plate at any section.

F-Ji. Flange /eu-efs—The flanges of plate girders shall be connected to the

web witii enough rivets to transmit tiie longitudinal sliear at any point togctiier

with any load that is applied directly on the flange.

F-5. Flange Splices—It is preferable that flange angles be spliced with

angles and that no two members be spliced at the same cross section.

F-O. Allowable Web Stresses —The allowable shear stress in the webs of

plate girders shall not exceed the values given by the curves in Fig. 7. The

longitudinal compressive stress in webs of plate girders at the toe of the com-

pression flange shall not exceed the values given by the curves in Fig. 8.

24

Via. 8.

—

Am.owabi.k Lo.nuitluinal Comprks.sivk Sikkssks kor Wkbs ok CIirdkrs

F-7. Web Splices—It is preferable that splices in the wei)s of plate

girders be made with splice plates on l)oth sides of the wel).

F-8. Spacing of Vcrticol Siijfencrs to Resist Shear Buckling —The distance,

s, between vertical stiffcncrs shall not exceed the values given by the solid curves

in Fig. 9, which arc rcplots of the curves in Fig. 7. The maximum value of

the ratio of stiffener spacing to height of web, s/h, in Fig. 9 shall be determined

from the ratio of clear height to thickness, h/t, and the computed shear stress

on the girder web. Where a stiffener is composed of a pair of members, one

on each side of the web, the distance s shall be the clear distance between the

stiffeners. Where a stiffener is composed of a member on one side of the

web only, the distance s shall be the distance between rivet lines. In deter-

mining the spacing of vertical stiffeners to resist shear buckling in panels

containing a horizontal stiffener located as shown in Fig. 8, the distance h in

Fig. 9 may be taken as 90% of the clear height between flanges.

F-9. Size of Vertical Stiffeners to Resist Sliear Buckling —Stiffeners applied

to plate girder webs to resist shear buckling shall have a moment of inertia

not less than the values given ))y the dotted curves in Fig. 9. The minimum

value of the ratio of the stiffener moment of inertia to the fourth power of the

web thickness, in Fig. 9, shall be determined from the ratio of height of

web to thickness of web, li/t, and the computed shear stress on the girder web.

<j—Si>\ciNG AND Moment of Inkrtia ok Vkhtical Stikke Ni;R>i to Rksist

Shear Bucklino on Wkbs of Plate Cirders

For a stiffener compo.sed of members of equal size on both sides of the wel),

the moment of inertia shall be taken about the center line of the web. For a

stiffener composed of a member on one side only, the moment of inertia shall

be taken about the face of the web in contact with the stiffener. In deter-

mining moment of inertia of stiffeners, the term Ii shall always be taken as the

full clear height between flanges, regardless of whether or not a horizontal

stiffener is present.

F-10. Vertical Stiffeners at Points of Bearing —Stiffenevs shall be placed

in pairs at end bearings of plate girders and at points of bearing of concentrated

loads. They shall be connected to the web by enough rivets to transmit the

load. Such stiffeners shall have a close bearing against the loaded flanges.

Only that part of the stiffener cross section which lies outside the fillet of the

flange angle shall be considered effective in bearing.

The moment of inertia of the stiffener shall not be less than that given

by the formula:

' = '' + 7TWo
•••••
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in which:

I, is the nioinent of inertia, in inches to the fourth power, required to

resist shear buckhng (Fig. 9);

P is a local load concentration on the stiffener, in kips; and

h is the clear height of the web between flanges, in inches.

F-IL Horizontal Sliffeners.—A iiorizontal stiffener of the type shown in

Fig. 8 shall have a moment of inertia not less than that given i)y the following

formula:
\ - \ •• 1

/„ + 00 + X 10-^ (0)

in wliifli

:

h is the moment of incrtiM of the lici izoiitMl stiffener. in inches to the fourth

power;

/ is the compressive stress at the toe of the flange angles, in kips per sciuare

inch

;

t is the thickness of the web, in inches;

I, is the clear height of the web between flanges, in inches;

.s is tlie distance between vertical stilTeners. in inches;

and

.1, is the gross area of cross section ..f the horizontal stilTcner, in scpiare

inches.

For a stiffener composed of mend)ers ol etpial size t.n both sides of tlie web,

the moment of inertia shall be taken about the center line of the web. In the

case of a stiffener consisting of a mend3er on one side only, the moment of

inertia shall be taken about the face of the web in contact with the stiffener.

E(i. 6 must be solved by trial, since both the moment of inertia, /;,. and the

area, A,„ of the stiffener are unknown. It is generally convenient to assume

as a first ai>pr()ximation that the ratio has tiu' value of 0.1.

Skctiox G. Rivetkd and Bolted Connections

G-L Alloivable Loads—The allowable loads on rivets and bolts shall be

calculated using the allowable shear and bearing stresses listed in Section A

with the following exceptions:

.y—U a rivet or a bolt is used in relatively thin plates or shapes the allowal)le

shear stress shall be reduced in accordance with the information given in

Table 4.

]) _If the distance from the center of a rivet or bolt to the edge of a plate

or shape toward which the pressure of the rivet or bolt is directed is less than

twice the diameter of the rivet or bolt, the allowable bearing stress shall be

reduced in accordance with the following:

Ratio of ,
AllowaMe

odKfi distance . ,
bcanns ^trt..>>.

to liv.'t or bolt diameter >n kii.s per square inch

2 or more 36

U 33

IS 30

American Society of Civil Engineers, Transactions, Paper No. 2
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The allowable loads calculated for cold-driven A17S-T3 rivets are given in

Table 5 and those for 61S-T43, hot-driven rivets, are given in Table 6.

Effective Diameter.—The effective diameter of rivets shall be taken as

the hole diameter but shall not exceed the values of hole diameter given in

Table 5 for cold-driven rivets and in Table 6 for hot-driven rivets. The

effective diameter of pins and bolts shall be the nominal diameter of the pin

or bolt.

G-3. Bearing Area.—The effective bearing area of pins, bolts, and rivets

shall be the effective diameter multiplied by the length in bearing; except that

for countersunk rivets, half of the depth of the countersink shall be deducted

from the length.

TABLE 4.

—

Percentage Reduction in Shear Strength

OF Aluminum Alloy Rivets Resulting from Their

Use in Thin Plates and Shapes-

Loss i \

:

Lo.ss is:

Ratio," Loss in Ratio." Lo.ss in Ratio." Ratio,"

D double /) double I) I)

I
slioar* shear* I Sinjile Double I Single Double

shear sli(!ar shear shear

(1) (3^ (1) (3) ID (2) (3^ U) (2) (3)

1 .5 0 2.2 9.1 2.9 0 18.2 3.5 2.0 26.0

1.6 1.3 2.3 10.4 3.0 0 19.5 3.0 2.4 27.3

1.7 2.6 2.4 11.7 3.1 0.4 20.8 3.7 2.8 28.6

1.8
1.9

3.«>

5.2

13.0 3.2 0.8 22.1 3.8 3.2 29.9

2.6 14.3
15.6

3.3 1.2 23.4 3.9 3.6 31.2

2.0 6..') 2.7 3.4 1.6 24.7 4.0 4.0 32 5

2.1 7.8 2.8 16.9 ....

" Ratio of the rivet diameter. D, to the plate thickness, t. The thickness used is tlrnt of the thinnest plat©

in a single shear joint or of the middle plate in a double shear joint. * The percentage loss of strength in

single shear is zero for D/t le.ss than 3.0.

G-4. Arrangement and Strength of Connections.—Connections shall be

arranged to minimize the eccentricity of loading on the member. Members

and connections shall he proportioned to take into account any eccentricity

of loading introduced by the connections.

G-5. Net Section.—The net section of a riveted tension member is the sum

of the net sections of its component parts. The net .section of a part is the

product of the thickness of the part multiplied by its least net width. The

net width for a chain of holes extending across the part in any straight or

broken line shall be obtained by deducting from the gross width the sum of

the diameters of all the holes in the chain and adding— for each gage space in

the chain. In the correction quantity— :

s is the spacing parallel to direction of load (pitch) of any two successive

holes in the chain, in inches; and

g is the spacing perpendicular to direction of load (gage) of the same holes.,

ill inches.
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TABLE 5 -Allowable Design Load, in Kips per Rivet,for Cold-Driven A17S-T3 Rivets in 14S-T0 Structures

(Shear, 10 Kips per Sq In. and Bearing, 36 Kips per Sq In.«)

Dimensions, in Inches
Rivet diameter ....
Hole diameter
Drill size

Thickness of plate, or shapr.

inches:

1/8
3/16
1/4
5/16
3/8
7/lG
1/2
9/16
5/8
3/4
7/8
1

3/8
0.386
W

7/16
0.453
29/64

1/2
0.516
33 /64

9/16
0.578
37/64

5/8
0.641
41/64

3 4
0.766
49/64

7/8
0.891
57/64

1.016
1 1/64

Rivet iv Si.nglk Shk.kk (ss) or in Double Sheak (ds)

1.17
1.17
1.17
1.17
1.17

ds

1.74 1*

2.19'
2.34
2.34
2.34

1 .58'

1.61

1.61
1.61

1.61

1.61

ds ss ds.

2.04* 2.01' 2.32*

2.88' 2.09 3.48''

3.12' 2-09 3.91'

3.22 2.09 4.13'

3.22 2.09 4.18

3.22 2.09 4.18
2.09 4.18

2.52'
2.62
2.62
2.62
2.62
2.62
2.62

ds

2.60*
3.90*
4.74'
5.040

5.25
5.25
5.25
5.25

ss ds ss ds ss ds

2.88* 2.88*
6.62*3.18' 4.33* 4;42« 5 J 7* 5^82'

3.23 5.62' 4.61 6.89'' 6.11' 8.02*

3.23 6.03' 4.61 8.14' 6.24 10.02*

3.23 6.31' 4.61 8.62' 6.24 11.12'

3.23 6.45 4.61 8.97' 6.24 1 1 .6()'

3.23 6.45 4.61 9.22 . 6.24 12.07'

3.23 6.45 4.61 9.22 6.24 12.39'

3.23 6.45 4.61 9.22 6.24 12.47

4.61 9.22 6.24 12.47
6.21 12.47

7.78'
8.04'

8.11
8.11
8.11
8.11
8.11

9.14'-

1 1.43*

13.72*

14 58-

15.16'

\

16.(H)'^

16.22
16.22
16.22

Dimensions, in Inches:
Rivet diameter
Mole diameter
Drill size

Thii-kness of plate, or shape,
inches:

1/8
3/16
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3 /4

7/8

' ~ .At u ^..„.i tl.P nrP^iire of the rivet is directed is not less than twice the noniinal rivet (liaineter (.sec Specification C^l, e.\c(M>ti * The.se values arc i^ovoriied

''f̂ :':Z^^'^i^r:^oa^^^^ ot»es are coverned hy hasic allowable shear stress.

T VBLE G-\llowable De.sign Loads, in Kips per Rivet,for Hot- Driven G1S-T43 Rivets in 14S-T6 Structures

(HivKTs Driven at 990° F to 1,050° F; Shear, 8 Kipsper Sq Ln.; and Bearin g, 36 Kips per Sq In .°) _
Dimensions, in Inches:

Rivet diameter
Hole diameter
Drill .size

Tliicl.iUNS of phiti'.

inches:

shai)0, in

1/8
3/16
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8
1

5 8
0.(i.-,6

21 32

3/4
0.781
25/32

7/S
0.922
.')9 /64

1 .0(i3

1 1/H)

HiV1;T in- SiNGLK S|IK.\U (.Ss)OR I.V DoI BLE SlIF.Mt (ds)

0.99
0.99
0.99
0.99
0.99

ds

1.60*

1 .85*

1 .98

1.98
1.98

1 .35*

1.38
1.38
1.-^8

1.38
1.38

2.05*
2.47*
2.68*
2.76
2.76
2.76

.ss

1.70*

1.77
1.77
1.77
1.77
1.77
1.77

2.22
2.22
2.22

ds

2.67'
3.57*
4.00*
4.26*
4.43
4.43
4.43
4.43

2.49*
2.66*
2.70
2.70
2.70
2.70
2.70
2.70
2.70

2.95'
4.12*
4.71*
5.06*
5.29*
5.41
5.41
5.41

5.41

3.68*
3.83
3.83
3.83
3 83
3.83
3.83
3.83
3.83

5.17*
6.17*
6.77*
7.17*
7.46*
7.r)7

7.67
7.67
7.67

4.98*
5.23*
5.34
5.34
5.34
5.34
5.34
5.34
5.34
5.34

6.22*
7.91*
8.88*
9..53*

9 99*
10.34*
10.61*
10.68
10.68
10.68

6.82*
7.01*
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10

9..V.)*

10.88''

12.04*
12.77''

13.28''

13.(i9*

14.02'-

14.20
14.20
14.20

I )imcn.si()ns, in Iricho:

liivet diameter
Hole diameter
Drill size

^hap..,

1/8
3/10
1/4
5/16
3/8
7/16
1/2
9/16
5/8
3/4
7/8
1

directed isnot less tlian twice the nominal rivet diameter (sec Specification CJ-1. exception <>^. * The.«e vahies

The net section of the part is ol)tained from tliat cliain which «»;ives the least

net width. The hole diameter to l)e deducted shall be tlie actual hole diameter

for drilled or reamed holes.

For angles, the gross width shall be the sum of the widths of the legs less

the thickness.' The gage for holes in opposite legs shall be the sum of the

gages from the back of the angle, less the thickness.

''For splice meml)ers, the thickness shall be only that part of the thickness

of the member that has been developed by rivets beyond the section considered.

G-0. Effective Sections of Angles—U an angle in tension is connected on

one side of a gusset plate, the elTectivc .section shall be the net section of the

connected leg plus one half of tlic .section of the outstanding leg, unless the out-

standing leg is connected i)y a lug angle. In the latter ca.se the ell'ective sec-

tion shall be the entire net section of the angle, and there shall be at least two

extra rivets in the lug angle beyond the gu.sset i)late.

G-7. Grip of Rivets.— If the grip of rivets carrying calculated stre.ss e.xcecds

four and one-half times the diameter the allowal)le load i)er rivet shall 1)(
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reduced. The reduced allowable load shall be the normal allowable load

divided l>y Q + ) ' which G is the gv\\) and D the nominal diameter of

the rivet. If the j^rip exceeds six times the diameter, special care shall be

taken in driviuf^ the rivets to insure that the holes will be filled comi)letely.

G-S. Pitch of Rivets in Built-Up Compression Members—The pitch in the

direction of stress shall ))e such that the allowable stress on the individual

outside plates and shapes, treated as columns having a length equal to the

rivet pitch in accordance with Fig. 2, exceeds the calculated stress. In no

case, however, shall the pitch in the direction of stress exceed six times the

diameter of the rivets; and for a distance of one and one-half times the width

of the meml)er at each end, the pitch in the direction of stress shall not exceed

three and one-half times the diameter of the rivets.

G-9. Stitch Rivets.—Where two or more web plates are in contact, there

shall be stitch rivets to make them act in unison. In compression members,

the pitch of such rivets in the direction of stress shall be determined as out-

lined in Specification G-8. The gage at right angles to the direction of stress

shall not exceed twenty times the thickness of the outside plates. In tension

members the maximum pitch or gage of such rivets shall be twenty times the

thickness of the outside plates; and in tension members composed of two

angles in contact, the pitch of the stitch rivets shall not exceed 10 in.

G-10. Minimum Spacing of Rivets.—The distance between centers of

rivets shall not be less than three times the diameter of the rivets.

G-U. Edge Distance of Rivets.—The distance from the center of a rivet

to a sheared, sawed, rolled, or planed edge shall l)e not less than one and one-

half times the diameter, except in flanges of beams and channels, where the

minimum distance may l)e one and one-fourth times the diameter. For rivets

under computed stress, the distance from the center of the rivet to the edge of

the plate or shape toward which the pressure of the rivet is directed should

normally be at least twice the nominal diameter of the rivet. In cases where a

shorter edge distance must be used, the allowable bearing stress shall be reduced

in accordance with Specification G-1, exception b.

'

The distance from the edge of a plate to the nearest rivet line shall not

exceed six times the thickness of the plate.

G-1 2. Sizes of Rivets in Aiigles.-The diameter of the rivets in angles

whose size is determined by calculated stress shall not exceed one fourth of

the width of the leg in which they are driven. In angles whose size is not so

determined, 1-in. rivets may be used in aj-in. legs; 7/8-in. rivets, in 3-in.

legs; and 3/4-in. rivets, in 2^-in. legs.

G-1 3. Extra Rivets.—If splice plates are not in direct contact with the

parts which they connect, there shall l)e rivets on each side of the joint in excess

of the number required in the case of direct contact, to the extent of two extra

lines for e'ach intervening plate.

If rivets carrying calculated stress pass through fdlers, the fillers shall be

extended beyond the connected member and the extension secured by enough

additional rivets to distribute the total stress in the member uniformly over the

combined section of the member and filler.

Suction II. Misckllaneous Design Rules

//-/. Rcrersal of Lorn/.—Members sul)ject to reversal of load under the

passage of live load shall be proportioned as follows: Determine the tensile

load and the compressive load and increase each by 50% of the smaller; then

proportion the member and its connections so that the allowable stresses

given in Sections A to G, inclusive, will not be exceeded by either increased load.

Slenderness Ratio of Tension Members.—The ratio of unsupported

length to least radius of gyration for tension members shall not exceed the

value given by the following formula:

k = _}- \()f^ .(7)
/•

in which /t is the lowest net section tensile stress to which the iucmiIhm- will 1)6

subjected in actual service, in kips per scpiare inch.

//-J, Stay Plates for Tension Members.—Segments of tension members not

directly connected to each other shall be stayed together. The length of the.

stay plate shall be not less than three fourths of the distance between rivet

lines of the segments. Stay plates shall l)e connected to each segment of the

tension member by at least three rivets. The distance between stay plates

shall be such that the .slenderness ratio of the individual segments does not

exceed that given by Eq. 7, Specification II-2.

Fatigue.—Tei?>i^ indicate that riveted members designed in accord-

ance with the reciuirements of the.se specifications and constructed so as to be

free from severe reentrant corners and other unusual stress raisers will safely

withstand at least 100,000 repetitions of maximum live load without fatigue

failure regardless of the ratio of minimum to maximum load. Where a greater

number of repetitions of some particular loading cycle is expected during the

life of the structure, the calculated net section tensile stresses for the loading in

question shall not exceed the values given by the curves in Fig. 10. When using

the curves in Fig. 10 the reversal-of-load rule in Specification H-1 sliould be

ignored. The final member and connections selected, however, shain)e strong

enough to satisfy the re(iuirements of Specification II-l.

In considering fatigue action on structures it is well to bear in mind ti»e

following points:

a.—The most severe cond)ination of loadings for which a structure is designed

(dead load, maximum live load, maximum impact, maximum wind, etc.)

rarely occurs in actual ser vice and is of little or no interest from the standpoint

of fatigue.

b.—The loading of most interest from the fatigue standpoint is the steady

dead load with a superimposed and repeatedly applied live load having an

intensity consistent with day-to-day normal operating conditions.

c —The number of cycles of load encountered in structures is usually small

compared with those encountered in fatigue problems'involving machine parts.

It takes many years of service to accumulate even 100,000 cycles of any sig-

nificant stress application in most structures as is indicated by the following ex-

amples: 100,000 cycles represent 10 cycles every day for 27 years; 10,000.000
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cycles represent 20 cycles every hour for 57 years. Care must be taken not to

overestimate grossly the number of cycles for any given load condition.

,1.—Careful attention to details in design and fabrication pays big dividends

in fatigue life. When a fatigue failure occurs in a structure it is usually at a

point of stress concentration where the state of stress could have been improved

witii little or no added expense.

riG. 10.—Allowable Tknsile Stresses on Net Section for Various Numbers
OF Repetitions of Load Application

Skction I. Fabrication

/-/. Laying Out.—
a —Hole centers may be center-punched and cutoff lines may be punched

or scribed. Center-punching and scribing shall not be used where such marks

would remain on fabricated material.

—A temperature correction shall be applied where necessary in the layout

of critical dimensions. The coefficient of expansion shall be taken as 0.000012

per degree Fahrenheit.

1-2. Cutting.—
a.—Material 1/2 in. thick or less may be sheared, sawed, or cut with a

router. Material more than 1/2 in. thick shall be sawed or routed.

Ij —Cut edges shall be true and smooth, and free from excessive burrs or

ragged breaks.

c—Edges of plates carrying calculated stresses shall be planed to a depth

of 1 /4 in. except in the case of sawed or routed edges of a quality equivalent to a

planed edge.
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(1,—Reentrant cuts shall be avoided wherever possible. If used they shall

be filleted by drilling prior to cutting.

e.—Flame cutting of aluminum alloys is not permitted.

1-3. //eah'M^.—Structural material shall not be heated, with the following

exceptions:

jj,— iviiiterial may be heated to a temperature not exceeding 400° F for a

period not exceeding 15 min to facilitate bending. Such heating shall be done

only when proper temperature controls and supervision are provided to insure

that the limitations on temperature and time are carefully observed.

b.—Hot-driven rivets shall be heated as specified in Section 1-5.

7-4. Punching, Drilling, and Reaming.~Ru\es for punching, drilling, and

reaming are as follows:

a —Kivet or bolt holes in main members shall be subpunched or sub-

drilled and reamed to finished size after the parts are firmly bolted together.

The amount by which the diameter of a subpunched hole is smaller than that

of the finished hole shall be at least one-quarter the thickness of the piece

and in no case less than 1/32 in. If the metal thickness is greater than the

diameter of the hole, punching shall not l)e used.

—Rivet or bolt holes in secondary material not carrying calculated stress

may be punched or drilled to finished size before assembly.

c —The finished diameter of holes for cold-driven rivets shall be not more

than 4% greater than the nominal diameter of the rivet.

d —The finished diameter of holes for hot-driven rivets shall be not more

than 7% greater than the nominal diameter of the rivet.

e.—The finished diameter of holes for unfinished bolts shall be not more

than 1/16 in. larger than the nominal l)olt diameter.

f.—Holes for turned bolts shall be drilled or reamed to give a driving fit.

g.—All holes shall be cylindrical and perpendicular to the principal surface.

Holes shall not be drifted in such a manner as to distort the metal. All chips

lodged between contacting surfaces shall be removed before assembly.

1-5. Riveting.—
a.—The driven head of aluminum alloy rivets preferably shall be of the flat

or the cone-point type, with dimensions as follows:

(1) Flat heads shall have a diameter not less than 1.4 times the nominal

rivet diameter and a height not less than 0.4 times the nominal riVvet diameter.

(2) Cone-point heads shall have a diameter not less than 1.4 times the

nominal rivet diameter and a height, to the apex of the cone, not less than 0.65

times the nominal rivet diameter. The included angle at the apex of the cone

shall be approximately 127°.

b —Rivets shall be driven hot or cold as called for on the plans, provision

for heating being as follows:
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(1) Hot-driven rivets shall be heated in a hot air type furnace providing

uniform temperatures throughout the rivet chamber and equipped with auto-

matic temperature controls.

(2) Hot-driven rivets shall be held at from 990° F to 1,050° F for not less

than 15 min and for not more than 1 hour before driving.

(3) Hot rivets shall be transferred from the furnace to the work and driven

with a minimum loss of time.

c.—Rivets shall fill the holes completely. Rivet heads shall be concentric

with the rivet holes and shall be in proper contact with the surface of the metal.

d.—Defective rivets shall be removed by drilling.

1-6. Welding.—Welding is not permitted.

7-7. Cleaning and Treatment of Metal Surfaces.—
a.—Surfaces of metal shall be cleaned immediately before painting by

a method which will remove all dirt, oil, grease, chips, and other foreign

substances.

b.—Either of the two following methods of cleaning may be used on exposed

metal surfaces:

(1) Chemical Cleaning.—Parts may be immersed in, or swabbed with, a

solution of phosphoric acid and organic solvents diluted with water in the

ratio of 1:3. The solution temperature shall be between 50° F and 90° F.

The solution shall remain in contact with the metal not less than 5 min. Re-

sidual solution shall be removed with clear water.

(2) Sandl)lasting.—Standard mild sandblasting methods may be used on

sections more than 1/8 in. thick.

c.—For contacting surfaces only, the metal may be cleaned in accordance

with Specification I-7b, or with a solvent such as mineral spirits or benzine.

d.—Flame cleaning is not permitted.

IS. Painting.—Specifications to control painting operations are as follows:

a.—Metal parts shall be painted as described in Specifications I-8b to I-8h

except where the i)lans specifically permit a deviation.

b.—Contacting metal surfaces shall be painted before assembly with one

coat of zinc chromate primer in accordance with United States Navy Depart-

ment Specification 52P18 or the equivalent, or with one coat of suitable alu-

minum i)igmcnted calking compound (brushing consistency with chromate

pigment added). Zinc chromate paint shall be allowed to dry before assembly

of the parts.

c.—In all cases where aluminum work is to be fastened to steel members or

other dissimilar metal parts, the aluminum shall be kept from direct contact

with such parts by painting the aluminum surface as described in Specification

I-8b and by painting the dissimilar metal with a suitable metal priming paint.

d.—Aluminum surfaces to be placed in contact with concrete or masonry

construction shall, before installation, be given a heavy coat of an alkali-

resistant bituminous paint. The quality of the bituminous paint used shall

be equal to that called for in the Army-Navy Aeronautical Specification

AN-P-31. The paint shall be applied as it is received from the manufacturer

without the addition of any thinner.

e.—All other surfaces shall be given one shop coat of zinc chromate primer

made in accordance with Navy Department Specification 52P18, or one giving

equivalent performance.

f.—All surfaces, except those covered by Specifications I-8b, I-8c, and

I-8d, shall be given a second shop coat of paint consisting of 2 lb of aluminum

paste pigment (ASTM Specification D962-48T, Type II, Class A) per gallon

of varnish meeting Federal Specification TTVSla, Type II, or the equivalent.

Sufficient Prussian blue shall be added to permit detection of an incomplete

application of the subsequent paint coat.

g.—After erection, bare spots shall be touched up with zinc chromate

primer followed by a touch-up coat of aluminum paint as specified*in Specifica-

tions I-8e and I-8f.

h.—The completed structure shall be finished according to one of the

following methods:

(1) One field coat of aluminum paint as specified in Specification I-8f,

except that Prussian blue shall be omitted from the field coat.

(2) One or more field coats of alkyd base enamel pigmented to meet a

desired color scheme.

PART III. EXPLANATION OF SPECIFICATIONS

Section A. Summary of Allowable Stresses

A-1. Basic Tensile Design Stress.—The basic tensile design stress of 22

kips per sq in. represents a factor of safety of 2.41 l)ased on tlie specified tensile

yield strength. This is a larger factor of safety with respect to yield strength

than is ordinarily encountered in specifications for structural steel. In selecting

tliis rather large factor of safety on yield strengtli, the committee was influenced

to a considerable extent by the . fact that there is a smaller spread between

yield strength and tensile strength in this aluminum alloy than is commonly

encountered in structural steels.

A-8, A-9, and A-1 3. Allowable Stresses on Rivets.—The allowable shearing

and bearing stresses on riyets were selected on the basis of the results of nu-

merous shearing and bearing tests. The factors of safety used are greater, than

those used for most of the other allowable stresses.^

A-6, A-11, and A-12. Allowable Stresses on Pijis.—T\\e allowable betiding,

shearing, and bearing stresses on pins were selected to have about the same

relation to the corresponding properties of the material as is the case in standard

steel specifications. It is not anticipated that any wide use of pins will be

made in aluminum alloy structures but it is assumed that where they are used

they will be of the same material as the structural members themselves, and

that they would probably be obtained in the form of rolled rod, ASTM Specifi-

cation li211-49T(CS41A-T6).
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Section B. Column Design

B-1. Curves for Allowable Compressive Stresses in Axially Loaded Columns.

—The curves in Fig. 2 are the tangent-modulus column curves with a factor of

safety of 2.5 and with a cutoff at the basic allowable design stress of 22

kips per sq in. The formulas for all three curves can be written^-

^

fc=
2.5

in which:

fc is the allowable compressive stress on the gross cross-sectional area, in

kips per square inch;

Et is the tangent modulus taken from Fig. 1 at stress corresponding to

2.5(/c), in kips per square inch;

L is the length of the column, in inches;

r is the least radius of gyration of the column, in inches; and

A; is a factor describing the end conditions as defined in Fig. 2.

For values of slenderness ratio, L/r, greater than 72, the formula for the

partial restraint curve in Fig. 2 reduces to

., = ZM20 (9)

B-7. Formulas for Combined Compression and Bending.—Eq. 1, which

applies to bending in the direction of the applied i)ending moment, takes into

account the additional bending moment due to the deflection of the column.^

Eq. 2, covering failure by buckling normal to the plane of the bending

forces, is a simpUfied design formula which is conservative compared to test

results and to the theoretical solution for this case.^ A modification of this

solution has been suggested by H. N. Hill, Assoc. M. ASCE, and J. AV. Clark,

Jun. A8CE.8

B-S. Formula for Transverse Shear on Columns—Eq. 3a is based on the

transverse component of the column load at the point of maximum slope of the

column in its deflected position. A derivation by Mr. Hartmann has been

l)ublished elsewhere.

«

. -Column strength of Various Alurniuun, Alloys.;' by R L.
TTl'^.l'Vi^, Co^ ofT.liric^' PiuSh'

and M. Holt. Aluminum Research Laboratories Technical Paper .\o.J. Alunnnuin Co. of America. 1 itti,t>urgn.

Pa., 1938.
, ^ . , 1. ini-

* "Inelastic Column Theory." by F. R. Shanlcy. Journal of the Aeronauhcal Sciences. Vol. 14. 194/.

pp. 2(il-268.
. ^ „ „,

. Discussion by E. C. Hartmann of -Rational Design of Steel Columns." by D. H. \oung. Trans-

actions, ASCE. Vol. 101. 1936. pp. 475-481.

-Torsional and Flexural Buckling of Bars of Thin-Walled Open SecU^^^ and

Bending Loads." by J. N. Goodier. Transactxons, A.S.M.E.. Vol. 64. 1942. pp. A-10^ A 1U7.

-"lateral Buckling of Eccentrically Loaded I- and H-Section Columns." by H. N. HiH and J. W.

Clark. Pror^nT^^^^^ Congress of Applied Mechanics (publication pending).
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Section C. Curve for Allowable Compressive Stress in

Beam and Girder Flanges

_Xlie curve in Fig. o is based on the tlicoietical solution for tlic

critical bending moment in I-beams as given by S. Timoshenko.' It rcpic-

sents a factor of safety of 2.5 api)lied to the theoretical solution for l)cams

subjected to a uniform l)en(ling moment. It is assumed that at the ends

of the laterally unsupported length there is i)artial restraint against rotation

about a vertical axis and complete restraint against lateral diaplacemoiit or

rotation about a horizontal axis parallel to tlio wch. Tl»e part of the curve for

^..^l^jps of
^

<rrc.Mtor than 27.5 is based on clastic action, whereas the rc-

V B/Sc

mainder is simi)ly an extension of the same formula using tangent modulus

ratiier than initial modulus. The curve has a cutoff at the basic allowable

design stress of 22 kips per sq in. It is important to note that tlie term L

is defined as "laterally unsupported length of compression flange," which is not

necessarily the same as the span of the beam or tlie girder. The case of uniform

bending moment has lieen used in setting ui) Fig. 3 l)ecause it is a good approxi-

mation of conditions frequently encountered in actual design, and ))ecause it

IS somewhat more conservative than many of the otiier cases that might have

been selected.

For values of -^^^= greater than 27.5, the curve in Fig. 3 may be lopic-

\ B/Sc

sented by the formula:
^^__10,0(K^

(H))

The curve in Fig. 3 is based on a theoretical solution applicable only to

I-beams having cross sections symmetrical about both axes. The modified in-

terpretation of the term /i indicated in s|)ecifieation C-1, however, i)ermits the

curve to be used without serious error for beams and girders having one flange

dilTering in lateral stiffness from the other. It should be used with caution m

cases oFbeams and girders which are unsymmetrical by a considerable niargin.

(In connection with this subject several sui)i)leincntary references ^•'"•i''

will be of interest.)

Section D. Curve.s for Design of Fl.vt Plates, Legs and Wehs

The curves of Figs. 4, 5, and 0 are bascul on values of critical stress compiled

by Mr. Hill in 1940.'' Partial restrai nt along the sui)ported edges and loaded

« "Theory of Elastic Stiibility." by S. Tiinoslienko. McGraw-Hill Book Co., Inc.. New York. N. V..

*

*^*^'io"Thc Lateral Instability of Unsynni.etrical l-Bean»s." by II. N. Hill. Journal of the Aeronautical

Sciences. Vol. •). 1942. pp. 175-180. „ ,

n"Thc Lateral Stability of Equal-Flanged Alun.inuiu-.Mloy l-Beains Subjected to I urc Ben.ling.

by C Dumont and H. N. llill. Technical \otc No. 770, National Advisory Committee for AcroiuiutK-.s

Wa^shington, D. C. 1940.

" "Lateral Stability of Unsymmctriral l-Boams and Trusses in Bcu.liMg.' by (.corgo \N inter. / ransac-

lions. ASCE. Vol. 108. 1943. pp. 247-2()8.

""Strength of Beain-s as Determined by Lateral Buckling." by Karl dc \ ries. ibxd., Vol. 112. 1947.

' M "Chart for Critical Compressive Stress of Flat Rectangular IMates." by H. N. Hill, Technical Sote

Ao. 773, National Advisory Committee for Aeronautics. Wa.shington, V. C. 1940.
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edges was assumed in all eases except for the supported edge in Fig. 4, which

was considered simply supported. Parts of the curves that represent critical

buckling stresses above the elastic range are computed by using the tangent

modulus instead of the modulus of elasticity, a procedure which is known to l)e

conservative wdien applied to problems of plate buckling.
A

'
factor of

safety of 2.5 against critical buckling has been used in all three charts and in

all cases the curves have a cutoff at the basic allowable design stress of 22 kips

per sq in.

When a flat plate, leg, or web is l)uilt in along one or both edges to other

parts of a compression memljer which offer partial edge restraint, the local

l)uckling of the plate, leg, or web does not precipitate collapse of the meml)er as

a whole as it probably would in the case of a single-angle strut. For this

reason it is proper to permit a decreased factor of safety against local buckling

in such cases if suital)le precautions are taken to avoid collapse. Step c

of Specification D-2 provides a simple method for accomplishing this result

by introducing the well-known "effective width" concept. After a plate, leg,

or web buckles, a part of its area is considered to be ineffective in supporting

load, whereas a strip along each supported edge is considered still fully effective

in working with the supi)orting material to which it is attached. The formula

(Eq. 4) for effective w^idth used in step c of Specification D-2 is generally more

conservative than other accepted methods of calculating effective widtli.^*'''^"
'*''''

Section E. Curves for Allowable Shear Stress in Web.s

E-1.—The values of allowable stress in Fig. 7 are obtained by applying a

factor of safe-ty of 2 to the critical shear buckling stresses for flat plates with

the edges about halfway ])etween the fixed and hinged conditions.^ ^*^--'

Those parts of the curves of Fig. 7 which represent critical Inickling stresses

above the elastic stress range are computed from formulas for elastic l)uckling

witli the tangent modulus sul)stituted for the modulus of elasticity. For a

given, value of critical shear ^tress, the tangent modulus is that corresponding

to an axiiil stress equal to V 3 times the shear stress." As in the case of com-

pressive buckling of flat plates, the tangent modulus is conservative.

For values of allowable stress below 10.4 kips per sq in., the curves of Fig.

7 mav be represented l)y the formula:

'-'-ml' "'

"liucklinR Stresses for Flat plates and Sections." by Elbridjce Z. Stowell. George J. Heinier!, Charles

Libovc, an<l Eujrcne E. Lundquist, ProcecHngs, ASCE, Separate No. 77, July, 1951.

16 "The Strength of Thin Plates in Compression," by Theodor von KArmAn, Ernest E. Sechler, and

L. II. Donnell, Transactions, A.S.M.E.. Vol. 54, 1932, pp. 53-57.

17 "The Apparent Width of the Plate in Compression." by Karl MarRuerre, Technical Memorandum
No. SS3, National Advi-sory Committee for Aeronautics, Washington, D. C, 1937.

18 "Strength of Thin Steel Compression Flanges," by George Winter, Transactions, ASCE, Vol. 112,

1917, pp. 527-57G.
i» "I'erformancc of Thin Steel Compression Flanges," by George Winter, prelimmary publication,

3d Cong, of the International Assn. for Bridge and Structural Engrs., Liege, Belgium, 1948.

20 "Formulas for Stress and Strain," by Raymond J. Roark, McGraw-Hill Book Co., Inc., New York,

N.- Y., 1938.
• :i "Ob<*ervation8 on the Behavior of Aluminum Alloy Test Girders," by R. L. Moore, Transactions,

ASCE, Vol. 112, 1947, pp. 901-920. .. .

22 "Critical Shear Stress of an Infinitely Long Plate in the Plastic Region." by ElbVidge Z. Stowell,

Technical Xote No. IGSl, National Advisory Committee for Aeronautics, Washington, D. C. ,
1948.
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Section F. Plate Girder Design

F-6. Curves for Allowable Longitudinal Compressive Stress in Webs of

Girders.—The curve in Fig. 8 for girders with no horizontal stiflfeners is based

on the critical buckhng stress for rectangular flat plates under pure bending in

the plane of the plate. Partial restraint is assumed at the toes of the flanges

(about halfway between the solution given by Mr. Timoshenko for the case

of a plate simply supported on all four edges' and the solution of K. Nolke

for a plate with the loaded edges simply supported and the other two edges

fixed)."

The curve in Fig. 8 for girders with a single horizontal stiffener is based on

the critical buckling stress given by Mr. Timoshenko for plates simply supported

on all four edges under combined bending and axial stress in the plane of the

plate.' The simple support condition is used for this case because the hori-

zontal stiffener would provide comparatively little restraint against rotation.

The location of the horizontal stiffener shown in the sketch in Fig. S is chosen

so that the parts of the plate above and below the stiffener will buckle at

approximately the same load.

A factor of safety against buckling of 1.5 was used for the curves of Fig. 8.

Although this factor of safety is not as large as some used elsewhere in these

specifications, it is considered adequate in this instance since tests have shown

that the critical bending stress for girder webs may be considerably exceeded

without affecting the load-carrying capacity of the girder.^'-^^ Use of Fig. 8,

however, will prevent buckling from occurring at design stresses.

The curves of Fig. 8 may be represented by the following formulas: No

horizontal stiffener

—

z.-asiM „,.,

(?)
and single horizontal stiffener-

/„ = SOO.OOO
(,2j)

(?)'

The curves are cut off at the basic allowal)le design stress of 22 kips per sci in.

F-S and F-0. Curves for Spacing and Moment of Inertia of Vertical

Stiffeners.—The curves for determining stiffener spacing, in Fig. 9, are merely

replots of the data of Fig. 7. The curves of f.., t^ in Fig. 9 rei)resent the follow-

ing formula:

(l)
/. = S X !()-' y^-r, (13)

in which /, if< the average shear stress on the web in kii)s per .scjuaio inch.

Eq. 13 is designed to fit the theoretical solution of M. Stein and R. W.

Fralich^^ for values of s/h between 0.2 and 1.0. This solution does not cover

2s "Buckling of Webs in Deep Steel l-Girders." by Ceorg Wa.stlund and Sten G. A. Bergman, rept. of

investigation made at the Royal Inst, of Technology. Stockholm. Sweden. 1947.

n "Critical Shoar Stress of Infinitely Long. Simply Supported Plate with Transverse Stiffeners." by

Manuel Stein and Robert VV. Fralich. Technical Note No. 1851. National Advisory Committe** tor Aero-

nautics, Washington. D. C, 1949.
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values of s/h greater than 1.0. In this range, however, Eq. 13 is conservative

in comparison with the recommendations of L. S. Moisseiff.^

F-10. Formula for Moment of Inertia of Stiffeners at Points of Bearing.—

Eq. 5 simply states that the moment of inertia of a stiffener at a point of

bearing should be equal to the sum of the moment of inertia required to resist

the tendency of the web to buckle and the moment of inertia required for the

stiffener to carry the bearing load as a column with length equal to the height

of the web.

F-11. Formula for Radius of Gyration of Horizontal Stiffeners.—Eq. 6,

for the moment of inertia of horizontal stiffeners, is based on the theoretical

work of C. Dubas, reported by F. Bleich.^^

Section H. Miscellaneous Design Rules

H-2. Formula for Slenderness Ratio of Tension Members—Eq. 7 is designed

to yield slenderness ratios in agreement with values generally accepted for

tension members, at the same time taking into account the fact that the

higher the minimum tensile stress on the member the less tendency there will

be for the member to bend or sway.

Curves of Allowable Tensile Stress on Net Section for Various Numbers

of Repetitions of Load Application.—The curves in Fig. 10 are plotted from the

results of fatigue tests conducted at the Aluminum Research Laboratories of

tlie Aluminum Company of America at New Kensington, Pa., on 14S-T6 butt

joints with double straps joined with eight cold-driven 5/8-in. A17S-T3 rivets.-

The type of testing equipment and specimen (Type Ml) used are illustrated in a

paper by R. L. Templin,^*^ M. ASCE, in 1939, and a paper by Mr. Hartmann,

J. O. Lyst, and H. J. Andrews,^" Jun. ASCE, in 1944.

A factor of safety of 1.2 has been applied to the test data and all curves are

cut off at the basic allowal)le design stress of 22 kips per sq in. The right-

hand part of the diagram is largely based on extrapolation of the data, but this

is not considered to be a serious matter since the design of most members in

this range will be governed primarily by Specification H-1 rather than by

fatigue considerations.

Respectfully submitted,

S. A. Kilpatrick

R. B. B. Moorman
J. S. Newell

F. L. Plummer
E. J. de Ridder

F. J. Tamanini

E. C. Hartmann, Chairman

Committee of the Structural Division on Design in Lightweight

Structural Alloys

December 6, 1951

F. Baron

J. W. Clark

R. Ebenbach

J. T. Ellis

C. N. Gaylord

I. G. Hedrick, Jr.

"The BucklinK Strentith of Metal Structures," by Friedrich Bleich, McGraw-Hill Book Co.. Inc..

New York. N. Y.. 1952. |). 422.
. o a, x» xr i

" "Fatigue Machines for Testing Structural Units," by R. L. Templin, Proceedings, A.S.T.M., Vol.

39, 1939, pp. 711-722. „
-Fatigue Tests of Riveted Joints." by E. C. Hartmann. .10. Lyst^ and H. J. Andrews. Wartime

Report Mi'). National Advisory Committee for Aeronautics. Washmgton. U. U., 1944.
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SYMBOLS FOR "ELEMENTS OF SECTIONS" TABLES

NOMINAL DIMENSIONS—Symbols used to indicate nominal dimensions of

sections are as follows:

R— Radius, inches,

t — Thickness, inches.

Weight, pounds per foot.

A— Area, inchest

b— Breadth or Width, inches.

D— Diameter, inches,

d — Depth, inches.

Gage, inches.

Grip, inches.

Note: Actual dimensions may deviate from nominal dimensions by an amount

not greater than the commercial tolerance.

ELEMENTS—Symbols used to indicate elements of sections are as follows:

I
— Moment of Inertia, inches*,

r — Radius of Gyration, inches.

r= Vl/A, where
A= area of section, inches^.

S— Section Modulus, inchest

S = l/c, where

C= perpendicular distance from

neutral axis to extreme fiber,

inches.

X— Horizontal Neutral Axis:

axis of greatest moment of in-

ertia for symmetrical sections.

Y— Vertical Neutral Axis.

axis of least moment of inertia

for symmetrical sections.

Z— Inclined Neutral Axis:

axis of least moment of inertia

for unsymmetrical sections.

Note: Elements have been computed

Fillets and roundings have been include

Torsion Factor, J.

0— Angle of inclination of Axis Z—

Z

from vertical, degrees.

X— Distance parallel to Axis X—X,

inches.

y— Distance parallel to Axis Y—Y,

inches.

J— Torsion Factor, inchest

J = T/Ge, where
9 = angle of twist, radians per

inch of length;

T = torque, inch-pounds;

G = modulus of rigidity, 3,800,-

000 psi for aluminum alloys.

E— Modulus of Elasticity, 10,300,-

000 psi for aluminum alloys.

on the basis of nominal dimensions,

td in all calculations except those for

WEIGHTS—All weights shown here are based on the density of 14S and 17S

aluminum alloys which is .101 pounds per cubic inch. For material of different

density, multiply the weight per foot in the table by the applicable conversion

factor.

METAL OR ALLOY DENSITY
Lb/Co In.

WEIGHT CONVERSION
FACTOR

3S .099 .98

61S .098 .97

Magnesium .063 .64

Steel .2d4 2.9
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Table 26-RECTANGLES

All dimensions are in inches; area in square inches.

Weight in pounds per foot. I =Moment of Inertia in in.*

'x—

X

Section Modulus: =
6/2

Radius of Gyration: r^_x =0.289 d

All values listed below are for a thickness (t) of 1 inch. For other thicknesses,

multiply these values by the actual thicknesses in inches, or fraction of an inch.

d

d—Depth (Whole Number at Left, Plus This Fraction of on Inch)

Depth
Inches 0 % V4

1 Wt.
Area
1 x-x

1.210
1.000

0.083

1.361

1.125

0.119

1.513

1.250
0.163

1.664

1.375

0.217

1.815

1.500
0.281

7.966
1.625

0.358

2.118
1.750
0.447

2.269
1.875

0.549

2 Wt.
Area
1 x-x

2.420
2.000
0.667

2.571

2.125
0.800

2.723
2.250
0.949

2.874
2.375
1.1 16

3.025
2.500
1.302

3.176
2.625
1.507

3.328
2.750
1.733

3.479
2.875
1.980

3 Wt.
Area
1 x-x

3.630
3.000
2.250

3.781

3.125
2.543

3.933
3.250
2.861

4.084
3.375
3.204

4.235
3.500
3.573

4.386
3.625
3.970

4.538
3.750
4.395

4.689
3.875
4.849

4 Wt.
Area
1 x-x

4.840
4.000
5.333

4.991

4.125
5.849

5.143
4.250
6.397

5.294
4.375
6.978

5.445
4.500
7.594

5.596
4.625
8.244

5.748
4.750
8.931

5.899
4.875

9.655

5 Wt.
Area
I x-x

6.050
5.000
10.420

6.201

5.125
11.220

6.353
5.250

12.060

6.504
5.375

12.940

6.655
5.500

13.860

6.806
5.625

14.830

6.958
5.750

15.840

7.109
5.875

1 6.900

6 Wt.
Area
1 x-x

7.260
6.000

1 8.000

7.411

6.125
19.150

7.563
6.250

20.350

7.714
6.375

21.590

7.865
6.500

22.890

8.016
6.625

24.230

8.168
6.750

25.630

8.319
6.875

27.080

7 Wt.
Area
1 x-x

8.470
7.000

28.580

8.621

7.125
30.140

8.773
7.250

31.760

8.924
7.375

33.430

9.075
7.500

35.160

9.226
7.625

36.940

9.378
7.750

38.790

9.529
7.875

40.700

8 Wt.
Area
1 x-x

9.680
8.000

42.670

9.831

8.125
44.700

9.983
8.250

46.790

10.130
8.375

48.950

10.290
8.500

51.180

10.440
8.625

53.470

10.590
8.750

55.830

10.740
8.875

58.250

9 Wt.
Area
1 x-x

10.890
9.000

60.750

1 1 .040

9.125
63.320

11.190
9.250

65.950

11.340
9.375

68.660

11.500
9.500

71.450

11.650
9.625

74.310

11.800
9.750

77.240

11.950
9.875

80.250

10 Wt.
Area
1 x-x

12.10
10.00

83.33

12.25

10.13

86.50

12.40
10.25

89.74

12.55

10.38

93.06

12.71

10.50
96.47

12.86
10.63

99.95

13.01

10.75

103.5

13.16

10.88

107.2

98

Table 26—RECTANGLES (Continued)

d
Depth
Inches

11

12

15

16

18

20

23

24

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.

Area
I x-x

Wf.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wt.
Area
I x-x

Wr.
Area
I x-x

Wt.
Area
I x-x

d—Depth (Whole Number at Left, Plus This Fraction off an Inch)

13.31

11.00

no.9

14.52

12.00
144.0

15.73

13.00

183.1

16.94
14.00
228.7

18.15

15.00
281.3

19.36

16.00
341.3

20.57
17.00

409.4

21.78
18.00

486.0

22.99
19.00

571.6

24.20
20.00
666.7

25.41

21.00
771.8

26.62
22.00
887.3

27.83
23.00
1014.

29.04
24.00
1152.

H y4

13.46

11.13

114.7

13.61

11.25

118.7

14.82

12.25

153.2

16.03

13.25

193.9

17.24

14.25

241.1

18.45

15.25

295.5

19.66

16.25

357.6

20.87
17.25

427.7

22.08
18.25

506.5

23.29
19.25

594.4

24.50
20.25
692.0

25.71

21.25
799.6

26.92
22.25
917.9

28.13
23.25
1047.

13.76

11.38

122.7

13.92

1 1.50

126.7

15.13

12.50

162.8

16.34

13.50
205.0

17.55

14.50

254.1

18.76

15.50

310.3

19.97
16.50

374.3

21.18
17.50
446.6

22.39
18.50

527.6

23.60
19.50

617.9

24.81

20.50
717.9

26.02
21.50
828.2

27.23
22.50
949.3

28.44
23.50
1082.

29.65
24.50
1226.

14.07

11.63

130.9

y4

14.22

1 1.75

135.2

15.43

12.75

172.7

16.64

13.75

216.6

17.85

14.75

267.4

19.06

15.75

325.6

20.27
16.75
391.6

21.48
17.75
466.0

22.69
18.75

549.3

23.90
19.75

642.0

25.11

20.75
744.5

26.32
21.75
857.4

27.53
22.75
981.3

28.74
23.75
1116
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Table 26—RECTANGLES (Concluded)

Depth

Fractions off on Inch

Depth

Fractions off an Inch

0 y2 Q /2

25 30.25 30.86 37 Wt. 44.77 45.38

Area 25.00 25.50 37.00 37.50

1 x-x 1302. 1382. 1 x-x 4221. 4395.

26 31.46 32.07 38 Wt. 45.98 46.59

Area 26.00 26.50 38.00 38.50

1. x-x 1465. 1551. 1 x-x 4573. 4756.

27 Wt 32.67 33.28 39 Wt. 47.19 47.80

27.00 27.50 39.00 39.50

1 x-x 1640. 1733. 1 x-x 4943. 51 36.

28 Wt 33.88 34.49 40 Wt. 48.40 49.01

Area 28.00 28.50 40.00 40.50

1 x-x 1829. 1929. 1 x-x 5333. 5536.

29 Wt 35.09 35.70 41 Wt. 49.61 50.22

29.00 29.50 41.00 41 .50

1 x-x 2032. 2139. 1 x-x 5743. 5956.

30 Wt 36.30 36.91 42 Wt. 50.82 51.43

30.00 30.50 42.00 42.50

1 x-x 2250. 2364. 1 x-x 6174. 6397.

31 Wt 37.51 38.12 43 Wt. 52.03 52.64

31.00 31.50 43.00 43.50

1 x-x 2483. 2605. 1 x-x 6626. 6859.

32 Wt 38.72 39.33 44 Wt, 53.24 53.85

32.00 32.50 44.00 44.50

1 x-x 2731. 2861. 1 x-x 7099. 7343.

33 Wt 39.93 40.54 45 Wt. 54.45 55.06

33.00 33.50 45.00 45.50

1 x-x 2995. 3133. 1 x-x 7594. 7850.

34 Wt. 41.14 41.75 46 Wt. 55.66 56.27

34.00 34.50 46.00 46.50

1 x-x 3275. 3422. 1 x-x 8111. 8379.

35 Wt 42.35 42.96 47 Wt. 56.87

35.00 35.50 47.00

1 x-x 3573. 3728. 1 x-x 8652.

36 Wt. 43.56 44.17 48 Wt. 58.08

Area 36.00 36.50 Area 48.00

I x-x 3888. 4052. 1 x-x 9216.

Table 26—ROUND TUBING

Wall Moment Radius

O. D. 1. D. Thickness Area Weight off Section off

Inches Inches Inches Sq. In. Lb./Ft. Inertia Modulus Gyration

•4/ 9 .305 0.035 0.0374 .0440 0.0006 0.0029 0.1208

,277 0.049 0.0502 .0590 0.0007 0.0036 0.1166

.259 0.058 0.0578 .0679 0.0007 0.0040 0.1 140

.245 0.065 0.0633 .0745 0.0008 0.0042 0.1 120

.500 .444 0.028 0.0415 .0488 0.0012 0.0046 0.1672

.430 0.035 0.051

1

.0601 0.0014 0.0056 0.1649

!402 o!o49 0.0694 .0817 0.0018 0.0071 0.1604

.384 0.058 0.0805 .0447 0.0020 0.0080 0.1576

.370 0.065 0.0888 .104 0.0021 0.0086 0.1555

.625 .569 0.028 0.0525 .0618 0.0023 0.0075 0.21 13

.555 0.035 0.0649 .0763 0.0028 0.0091 0.2090

!527 0.049 o!o887 .104 0.0037 0.0119 0.2044

.509 0.058 0.1033 .122 0.0042 0.0134 0.2015

.495 0.065 0.1144 .134 0.0045 0.0145 0.1993

.750 .680 0.035 0.0786 .0925 0.0050 0.0134 0.2531

.652 0.049 0.1079 .127 0.0067 0.0178 0.2484

!634 0.058 0.1261 .148 0.0076 0.0203 0.2455

.620 0.065 0.1399 .165 0.0083 0.0221 0.2433

.584 0.083 0.1739 .205 0.0098 0.0262 0.2376

.875 .805 0.035 0.0924 .109 0.0082 0.0187 0.2972

.777 o!o49 0.1272 .150 0.0109 0.0249 0.2926

.759 0.058 0.1489 .175 0.0125 0.0285 0.2896

.745 0.065 0.1654 .195 0.0137 0.0312 0.2873

1.00 .930 0.035 0.1061 .125 0.0124 0.0247 0.3414

.902 0.049 0.1464 .172 0.0166 0.0331 0.3367

.884 0.058 0.1 71

6

.202 0.0191 0.0382 0.3337

!870 o!o65 o!l909 .225 0.0210 0.0419 0.3314

.834 0.083 0.2391 .281 0.0253 0.0507 0.3255

.810 0.095 0.2701 .318 0.0280 0.0559 0.3217

1 .29 1.1 24 0.063 0.2332 0.282 0.041 2 0.0659 0.4204

l!094 0.078 0.2870 0.338 0.0491 0.0785 0.4125

1.062 0.094 0.3405 0.402 0.0578 0.0925 0.4101

1.000 0.125 0.4418 0.520 0.0708 0.1 133 0.4002

1.50 1.374 0.063 0.2823 0.342 0.0730 0.0973 0.5087

1.344 0.078 0.3480 0.410 0.0883 0.1 180 0.5030

1.312 0.094 0.4142 0.488 0.1028 0.1371 0.4983

1.250 0.125 0.5400 0.635 0.1287 0.1716 0.4881

1.1 88 0.1 56 0.6596 0.775 0.1509 0.2012 0.4783

l!l24 o!l88 0.7731 0.911 0.1699 0.2265 0.4688

1.062 0.219 0.8805 1.03 0.1859 0.2479 0.4595

1.000 0.250 0.9817 1.15 0.1994 0.2659 0.4507

1.75 1.624 0.063 0.3313 0.400 0.1 181 0.1350 0.5970

1.594 0.078 0.4090 0.482 0.1440 0.1647 0.5930

1.562 0.094 0.4878 0.575 0.1678 0.1918 0.5865

1.500 0.125 0.6381 0.751 0.21 19 0.2422 0.5762

1.438 0.156 0.7823 0.919 0.2508 0.2866 0.5662

1 374 0.1 88 0.9204 1.09 0.2849 0.3256 0.5564

1.312 0^2 19 l!0523 1.23 0.3147 0.3597 0.5469

1.250 0.250 1.1781 1.39 0.3405 0.3891 0.5377
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Table 27--ROUND TUBING (Continued) Table 27--ROUND TUBING (Concluded)

Wail Moment Radius Wail Moment Radius

O. D. 1. D. Thicknoss Weight off off O. D. 1. D. Thickness Area Weight off Section off

Inch** ac|* in. Lb./Ft. Modulus Gyration Inchot inchot Inches Sq. In. Lb./Ft. Inertia Modulus Gyration

2.00 1 .874 0.063 0.3804 0.460 0.1 787 0.1 787 0.6854 9.00 4.688 0.1 56 2.3777 2.79 6.9803 2.7921 1.7134

1 .844 0.078 0.4700 0.554 0.21 60 0.21 60 0.6780 4.624 0.1 88 2.8348 3.34 8.2192 3.2877 1.7028

1 .8 1 2 0.094 0.561

4

0.662 0.2556 0.2556 0.6748 4.562 0.21

9

3.2858 3.87 9.4089 3.7636 1.6922

1 .750 0.1 25 0.7363 0.866 0.3250 0.3250 0.6644 4.500 0.250 3.7306 4.39 10.5507 4.2203 1.6817

1 688 0 1 56 0 9050 1 06 0 3873 0 3873 0.6542 4.124 0.438 6.2709 7.38 1 6^4673 6.5869 1.6205

1 .624 0.1 88 1 .0677 1 .26 0.4431 0.4431 0.6442 4.000 0.500 7.0686 8.31 1 8.1 1 32 7.2453 1.6008

1 .562 0.21

9

1.2241 1 .44 0.4928 0.4928 0.6345 3.750 0.625 8.5903 10.10 20.9724 8.3890 1.5625

1.500 0.250 1.3744 1.62 0.5369 0.5369 0.6250 3.500 U./OU 1 u.u 1 oo 1 1 78 23 3 1 34 9 3254 1.5258

1 .374 0.31

3

1 .6567 1 .95 0.6099 0.6099 0.6068 3.000 1 .000 1 2.5664 14.78 26.7035 10.6814 1.4577

1 .250 0.375 1 .91 44 2.25 0.6656 0.6656 0.5896
2.2750

1 .1 24 0.438 2.1 476 2.53 0.7068 0.7068 0.5737 6.00 5.844 0.078 1.450 1.71 6.620 2.210

5.81

2

0.094 1.740 2.05 7.851 2.620 2.2452

2.50 2.374 0.063 0.4786 0.3557 0.2846 0.8621 5.624 0.1 88 3.4238 4.04 14.4744 4.8248 2.0561

2 344 0 078 0 591

0

0 ^98 0 4275 0.8500 5.562 0.219 3!9730 4.68 16.6224 5^5408 2.0454

2.31 2 0.094 0.7087 0.836 0.51 37 0.41 1

0

0.8514 5.500 0.250 4.5160 5.31 1 8.6992 6.2330 2.0348

2.250 0.1 25 0.9327 1.10 0.6594 0.5275 0.8409 5.374 0.31

3

5.5837 6.59 22.6458 7.5485 2.0139

2.1 88 0.1 56 1.1 505 1 .35 0.7935 0.6348 0.8305 5.000 0.500 8.6394 10.16 33.200 10,9792 1.9526

2.1 24 0.1 88 1 .3622 1 .61 0.91 65 0.7332 0.8202 4.000 1.000 1 5.7080 1 8.48 51.0509 17.0170 1.8028

2 062 0 219 1 5677 1 85 1 0292 0.8234 0.8102
2.51612^000 0^250 K7671 2^08 1.1321 0.9057 0.8003 7.00 6.81 2 0.094 2.034 2.40 1 2.285 3.51

0

1.874 0.313 2.1476 2.54 1.3108 1.0486 0.7813 6.782 0.1 09 2.360 2.4250

1 ,750 0.375 2.5035 2.94 1.4571 1.1657 0.7629 6.000 0.500 1 0.21 02 1 2.01 54.241

6

1 5.4976 2.3049

1 .624 0.438 2.8348 3.34 1 .5752 1 .2602 0.7454 5.500 0.750 14.7262 17.32 72.9408 20.8402 2.2255

1 .500 0.500 3.1 41 6 3.70 1 .6690 1.3352 0.7289
f.OO 7.750 0.125 3.083 3.64 24.585 6.150 2.8210

3.00 2.874 0.063 0.5768 0.681 0.6224 0.4149 1.0388 7.688 0.1 56 3.8503 4.52 29.6226 7.4057 2.7737

2.844 0.078 0.71 40 0.842 0.7600 0.5060 1.0320 7.374 0.313 7.5472 8.90 55.8447 1 3.961

2

2.7202

2.81 2 0.094 0.8560 1.01 0.9047 0.6031 1.0280 7.000 0.500 1 1.7810 1 3.86 83.2031 20.8008 2.6575

2.750 0.1 25 1 .1 290 1 .33 1 .1 687 0.7791 1.0174 6.000 1.000 21.991 2 25.87 1 37.4447 34.3612 2.5000

2.688 0.1 56 1 .3959 1.64 1 .41 53 Q.9435 1.0069
3.11602 624 0 1 88 1 6567 1 95 1 6454 1 .0969 0.9966 9.00 8.624 0.188 5.1910 6.28 50.4200 11.2000

2.562 0.21

9

1 .91 13 2.25 1 .8595 1.2397 0.9864 8.500 0.250 6.8720 8.32 65.8200 14.6300 3.0950

2.500 0.250 2.1 598 2.54 2.0586 1.3724 0.9763 8.374 0.31

3

8.5290 10.32 80.5700 17.9100 3.0740

2.374 0.31

3

2.6384 3.1 1 2.41 43 1.6095 0.9566 8.250 0.375 10.1600 1 2.29 94.6700 21.0400 3.0520

2.250 0.375 3.0925 3.64 2.7180 1.8120 0.9375 8.000 0.500 1 3.3500 16.16 1 21.0000 26.8900 3.0100

2.124 0.438 3.5220 4.15 2.9751 1.9834 0.9191
13.9200 3.47002 000 0 500 4 62 3.1 907 2.1 271 0.9014 10.00 9.624 0.188 5.7800 6.99 69.5900

1 .750 0.625 4.6633 5.48 3.51 57 2.3438 0.8683 9.500 0.250 7.6580 9.27 91.0600 18.2100 3.4480

1.500 0.750 5.3014 6.24 3.7276 2.4851 o!8385 9.374 0.31 3 9.5100 1 1.51 1 1 1.7000 22.3400 3.4270
9.250 0.375 1 1.3400 1 3.72 1 31.5000 26.3000 3.4060

3.50 3.188 0.156 1.6414 1.93 2.2990 1.3137 1.1835 9.000 0.500 1 A oonn
1 A.yZKJyj 1 8.06 J J./ ouu 3.3630

3 000 0 250 2 5525 3 00 3.3901 1 .9372 1.1524
0.250 10.22 1 22:0000 22.1900 3.80202.750 0.375 3.681

6

4.33 4.5588 2.6050 1.1128 1 1.00 10.500 8.4430

2.500 0.500 4.71 24 5.54 5.4487 3.1 135 l]0753 10.374 0.31 3 10.4900 12.70 149.9000 27.2600 3.7800
10.250 0.375 1 2.5200 15.14 176.9000 32.1600 3.7590

4.00 3.750 0.1 25 1.5217 1.79 2.8591 1.4296 1 .3707 1 0.000 0.500 1 6.4900 19.96 227.8000 41.4200 3.7170

3.688 0.1 56 1 .8867 2.22 3 4903 1 7452 1.3601
4.17703.562 0.21

9

2.5985 3.06 4.6598 2.3299 1.3391 12.00 1 1.500 0.250 9.190 10.85 1 60.700 26.780

3.500 0.250 2.9452 3.46 5.2002 2.6001 1.3288 11.250 0.375 13.660 16.11 233.300 38.800 4.1350

3 000 0 500 5 4978 6 47 8 5903 4 2952 1.2500 1 1 .000 0.500 1 8.000 21.25 300.600 50.950 4.0780

2 750 0 625 6 6268 7 79 9 7590 4.oy/3 1.2135 1 0.500 0.750 26.400 31.18 422.000 70.250 4.0010

0 750 7 6576 o n 1
1 0.6489 5.3245 1.1793

4.S0 4.124 0.188 2.5403 3.00 5.9166 2.6296 1.5261

4.000 0.250 3.3379 3.93 7.5625 3.361

1

1.5052
3.750 0.375 4.8597 5^72 1o!4217 4.6319 1.4644
3.500 0.500 6.2832 7.39 1 2.7627 5.6723 1.4252
3.000 0.750 8.8357 10.39 16.1528 7.1790 1.3520
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Table 28—TWO EQUAL ANGLES

AXIS X-X

Area
Wt. of

Lb./Ft. 2 Mo- Sec- Radius
2 Angles ment tion of Y

AngU* Sq. of Modu- Gyra- In.

In. In- lus tion

ertia

40.6 33.46 195.94 3 5.06 2.42 2.41

36.3 30.00 177.96 3 60 2.44 2.37

32.1 26.46 1 59.1 6 21 04 2.45 2.32

27.7 22.88 1 39.48 24.36 2.47 2.28

23.2 19.22 1 1 8.86 20.60 2.49 2.23

18.7 15.50 97.26 16.72 2.50 2.19

27.6 22.00 70.92 17.14 1.80 1.86

23.5 19.46 63.84 1 5.26 1.81 1.82

20.4 16.88 56.30 13.32 1.83 1.78

1 7.2 1 4.22 48.32 1 1.32 1.84 1.73

13.9 ll!50 39.82 9.22 1.86 1.68

10.6 8.72 3078 7.06 1.88 1.64

21.8 18.00 39.28 1 1.60 1.48 1.61

19.3 15.96 35.52 10.34 1.49 1.57

1 6.8 1 3.88 31.48 9.06 1.51 1.52

14]2 1K72 27.1 6 7.72 1.52 1.48

11.5 9.50 22^50 6.32 1.54 1.43

8.75 7.22 17.48 4.84 1.56 1.39

13.2 10.88 1 5.34 5.62 1.19 1.27

1 1.2 9.22 1 3.32 4.80 1.20 1.23

9.09 7.50 11.12 3.94 1.22 1.18

6.92 5.72 8.72 3.04 1.23 1.14

4.70 3.88 6.08 2.10 1.25 1.09

1 1.35 9.38 9.92 4.22 1.03 1.15

9.65 7^96 8.66 3.62 1.04 1.10

7.87 6.50 7.28 2.98 1.06 1.06

6.02 4.96 5.7A 2.30 1.07 1.01

4.09 3.38 4.02 1.58 1.09 .97

8.15 6.72 5.24 2.60 .88 .98

6.66 5.50 4.44 2.14 .90 .93

5.1

1

4.22 3.52 1.66 .91 .89

2.A9 2!88 2.48 1.16 .93 .84

5.45 4.50 2.46 1.44 .74 .81

4.19 3.46 1.96 1.14 .75 .76

2.88 2.38 1.40 .78 .77 .72

3.30 2.72 .96 .70 .59 .64

2.28 1.88 .70 .50 .61 .59

RADII OP GYRATION
ABOUT AXIS Y-Y

Distance Between Angles
Inches

o y4 H % H V4

3.42

3.40

3.38

3.36

3.34

3.33

2.59

2.57

2.55

2.53

2.51

2.49

2.19

2.17

2.14

2.12

2.10

2.09

1.74

1.72

1.70

1.68

1.66

1.54

1.52

1.50

1.48

1.46

1.32

1.29

1.28

1.25

1.10

1.07

1.05

.87

.85

3.50

3.49

3.46

3.45

3.42

3.41

2.68

2.66

2.64

2.62

2.59

2.58

2.28

2.26

2.23

2.21

2.19

2.17

1.83

1.81

1.78

1.77

1.74

1.64

1.61

1.59

1.56

1.55

1.41

1.39

1.37

1.34

1.19

1.16

1.14

.97

.94

3.55

3.53

3.51

3.49

3.47

3.45

2.72

2.70

2.68

2.66

2.64

2.62

2.33

2.31

2.28

2.26

2.23

2.22

1.

1.86

1.83

1.81

1.79

1.69

1.66

1.64

1.61

1.59

1.46

1.43

1.41

1.38

1.24

1.21

1.19

1.02

.99

3.60

3.58

3.55

3.54

3.51

3.50

2.77

2.75

2.73

2.71

2.68

2.66

2.38

2.35

2.32

2.30

2.28

2.26

1.93

1.91

1.88

1.86

1.83

1.74

1.71

1.68

1.66

1.64

1.51

1.48

1.46

1.43

1.29

1.26

1.24

1.07

1.04

3.64

3.62

3.60

3.58

3.56

3.54

2.82

2.80

2.78

2.75

2.73

2.71

2.42

2.40

2.37

2.35

2.32

2.31

1.98

1.96

1.93

1.91

1.88

1.79

1.76

1.73

1.70

1.68

1.57

1.53

1.51

1.48

1.34

1.31

1.29

1.12

1.09

3.69

3.67

3.64

3.63

3.60

3.59

2.87

2.85

2.82

2.80

2.77

2.76

2.47

2.45

2.42

2.40

2.37

2.35

2.03

2.01

1.98

1.95

1.93

1.84

1.81

1.78

1.75

1.73

1.62

1.58

1.56

1.53

1.40

1.36

1.34

1.18

1.14
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Y

8x6

7x4

6x4

6x3Vi

5x3

4x3V4

Table 29—TWO UNEQUAL ANGLES
(Long L«g« Back to Bacit)

Tliiclc-

Slze nets

In. In.

^/^

%

y4

^/z

y4

^/z

yi6

y4

lyis
yis
%
yis

y4

^/z

AXIS X-X RADII OF GYRATION
ABOUT AXIS Y-Y

Area
Wt. of

Lb./Ft. 2 Mo- Sec- Radius Distance Between Angles
2 Angles ment tion of Y Inches

Angles Sq. of In.

In. In- ius tion

ertia 0 1/.
74 ^/z

A
71 XL7»

31.5 26.00 161.56 30.22 2.49 2.65 2.39 2.48 2.52 2.57 2.61 2.66

27.7 22.96 144.62 26.82 2.51 2.61 2^37 2.46 2.50 2.55 2.52 2.64

24.1 19.88 126.84 23.34 2.53 2.56 2.35 2.44 2.48 2.52 2.57 2.61

20.2 16.72 108.20 19.74 2.54 2.52 2.34 2.42 2.46 2.51 2.55 2.60

16.4 13.50 88.62 16.04 2.56 2.47 2.32 2.40 2.44 2.48 2.53 2.57

26 6 22.00 1 39.28 28.1 2 2.52 3.05 1.47 1.56 1.61 1.66 1.71 1.76

23.6 19.46 124.92 24^98 2.53 3.00 1.44 1.53 1.58 1.63 1.68 1.72

20.4 16.88 109.78 21.76 2.55 2.95 1.42 1.50 1.55 1.60 1.64 1.69

17.2 14.22 93.82 18.42 2.57 2.91 1.40 1.49 1.53 1.58 1.62 1.67

13.9 11.50 76.98 14.98 2.59 2.86 1.38 1.46 1.51 1.55 1.60 1.64

24.2 20.00 95.46 21.70 2.1 8 2.60 1 .53 1.62 1.67 1.72 1.77 1.82

21.4 17.72 85.84 19.30 2.20 2.55 l!50 1.59 1.64 1.68 1.73 1.78

18.6 15.38 75.62 16.84 2.22 2.51 1.48 1.57 1.62 1.66 1.71 1.76

15.7 12.96 64.78 14.28 2.24 2.46 1.46 1.55 1.59 1.64 1.68 1.73

12.7 10.50 53.30 11.62 2.25 2.42 1.45 1.53 1.57 1.62 1.66 1.71

9.64 7.96 41.12 8.88 2.27 2.37 1 .43 1.51 K55 l!59 1.64 1.68

19.3 15.96 55.46 14.30 1.86 2.12 1.57 1.66 1.71 1.76 1.81 1.86

16.8 13.88 49.02 12.50 1.88 2.08 1.55 1.64 1.69 1.74 1.79 1.84

14.2 1 1.72 42.14 10.62 1.90 2.03 1.53 1.62 1 .66 1.71 1.76 1.80

11.5 9.50 34.80 8.66 1.91 1.99 1 .52 1 60 1^65 1.69 1.74 1.78

8 74 7.22 26.94 6.64 1 .93 1 .94 K50 1.58 1.62 1.67 \7\ 1.76

15.90 13.14 46.18 12.02 1.87 2.16 1.32 1.41 1.45 1.50 1.55 1.59

13.4 11.10 39.70 10.18 1.89 2.1

1

1.30 1.39 1.43 1.48 1.53 1.58

10.96 9.02 32.64 8.28 1.90 2.06 1.28 1.35 1 .41 1 .45 1.49 1.55

8 30 6.86 25.20 6.30 1 .92 2.00 1 .27 1 .34 1.39 1.44 1.48 1.53

6.95 5^74 2K30 5.28 K92 1.97 1.26 l!33 1.38 1.42 K46 1.51

14.1 11.62 27.84 8.56 1.55 1.75 1.40 1.49 1.54 1.59 1.64 1.69

11.9 9.84 24.06 7.30 1.56 1.70 1.37 1.46 1.51 1.56 1.60 1.65

9.70 8.00 19.98 5.98 1.58 1.66 1.36 1.44 1.49 1.54 1.58 1.63

7 39 6.1

0

1 5.56 4.58 1.60 1.61 1.34 1.42 1.46 1.51 1.55 1.60

14.1 11.68 1.17 1.27 1.32 1.37 1.41 1.47

10.1 8.36 1.13 1.22 1.26 1.31 1.36 1.41

6.90 5.70 i 4.30
*

4.30 1.59 1 .68 1.08 1.16 1.21 1.26 1.30 1.36

5.81 4.80 12.51 3.80 1.61 1.59 1.09 1.17 1.22 1.26 1.30 1.36

13.5 10.12 14.64 5.50 1.20 1.34 1.49 1.58 1.63 1.68 1.73 1.7i

10.4 8.60 12.74 4.70 1.22 1.29 1.46 1.55 1.60 1.65 1.70 1J5
8.48 7.00 10.64 3.88 1.23 1.25 1.44 1.53 1.58 1.63 1.67 1.72

6.46 5.34 8.36 2.98 1.25 1.21 1.43 1.52 1.56 1.61 1.66 1J0
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=3 Table 29
TWO UNEQUAL ANGLES (Concluded)

(Long L«gs Back fo Back)

Size

In.

Thick-

nets
In.

2V4x2

106

Wt.
Lb./Ft.

2
Angle*

Vis

V4
V2

Area
of
2

Angles
Sq.

In.

9.65

7.87
6.00

4.09

8.87

7.26
5.56

3.78

6.64

5.87

5.10

3.46

6.04

4.65

3.17

5.45

4.22

3.56

2

2.18

3.75

2.56

1.34

7.96
6.50

4.96

3.38

7.34
6.00

4.60

3.12

5.44

4.86

4.20
2.86

4.98

3.84

2.62

4.50

3.48

2.94

2.38

1.80

3.10

2.12

1.10

Mo-
ment

off

In-

ertia

12.06

10.10

7.92

5.54

8.22

6.90

5.44

3.82

6.34

5.80

4.98

3.46

4.06

3.32

2.34

3.80

3.02

2.58

2.12

1.64

1.82

1.30

.68

Sec-
tion

lus

4.60
3.78

2.92

2.00

3.52

2.90

2.26

1.56

2.74

2.50
2.12
1.44

2.02

1.62

1.12

1.98

1.52

1.30

1.04

.80

1.10

.76

.38

Radius
off

Gyra-
tion

1.23

1.25

1.26

1.28

1.06

1.07

1.09

1.11

1.08

1.09

1.09

1.10

.90

.93

.95

.92

.93

.94

.94

.95

.77

.78

.79

Y
In.

1.37

1.33

1.28

1.24

1.17

1.13

1.08

1.04

1.20

1.18

1.16

1.1

1

.99

.96

.91

1.07

1.03

1.00

.97

.94

.83

.79

.72

RADII OF GYRATION
ABOUT AXIS Y-Y

1.22

1.20

1.18

1.16

1.26

1.25

1.22

1.21

.99

.99

.97

.95

1.04

1.02

1.00

.80

.78

.77

.75

.75

.82

.80

.78

Inches

/4 72 74

1 .31 1 .36 1 .41 1 .46 1 .51

1.29 1.33 1.38 1.43 1.48

1.26 1.31 1.35 1.40 1.45

1 .25 1 .29 1 .34 1 .38 1 .43

1 .36 1 .4

1

1 46 1 51 1 56
1.34 1.38 1.43 1.48 K53
1.31 1.36 1.40 1.45 1.50

1.29 1.34 1.38 1.43 1.48

1.08 1.13 1.18 1.23 1.29

1.08 1.12 1.17 1.22 1.27

1.07 1.1

1

1.16 1.21 1.27

1.04 1.09 1.13 1.18 1.23

1.14 1.18 1.23 1.28 1.34

1.11 1.16 1.21 1.26 1.31

1.09 1.13 1.18 1.23 1.28

.89 .94 1.00 1.05 1.10

.87 .92 .97 1.02 1.07

.86 .90 .95 1.00 1.06

.84 .89 .93 .99 1.04

.83 .88 .93 .98 1.03

.91 .96 1.01 1.06 1.1

1

.89 .94 .99 1.04 1.09

.87 .91 .95 1.01 l.OA

Table 30—COMBINATIONS, APPROXIMATE RADII OF GYRATION

ry.y= 0.29h

h=meafi h

\ / ty.y = 0.32 b

. ,y,y -.0.215b

Ty.y

X-0.32/t

=02/6

^ Ty.y=0.176

-X

ry.y = 0.2lb

-X Ty.y^ 0.21b

'US' ty.y -0.47b

-4t
Nos. 7,6.9

Ty-y same as

Ncs.7.8.9

20) \^h-A
Tx-x^cM
Ty.yrO.Sih

6'b.toh.L^

ry.y= O.SSb

b-b.tob.

^Vt—\b-Z r%-^^o.so/L

T^.y'O'ieb

0.3/

A

= 0.48b

-r 'X-X

i ry.y

r,-%=03sh

0-28b

y rx.x = 0.3ih

rt-yi=0.40h

ry-y^''"\

^b

3,
rx-^so.Befi

Ty.y =0.22 6

-X Ty-x- 0.37b

X

i
\x

rx-^
= 0.4i5h

256

-X rx.^'O.406

b=w/dt/? ofsect/on
para//e/ toax/s x-x

pc2ra//e/ to QX/'s y-y
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Table 31—DIMENSIONS AND ELEMENTS OF SECTIONS OF PIPE

Weights given are for 24S
For 613 multiply by 0.98

Diameter Cross-Sec- Moment Radius of

Six* Thickness tional Area Weight of Inertia Gyration

Iniide Outside of Wail

Square Lb. per

Inches Inches Inches inches lin. ft. ln.« Inches

0.269 0.405 0.068 0.0719 0.086 0.001 1 0.124
1/
74 0.364 0.540 0.088 0.1 250 0.1 50 0.0033 0.163

0.493 0.675 0.091 0.1 670 0.200 0.0073 0.209

0.622 0.840 0.109 0.2503 0.300 0.0171 0.261

0.824 1 .050 0.113 0.3326 0.399 0.0370 0.334

1 1.049 1.315 0.1 33 0 4939 0.593 0.0874 0.421

• 1.380 1.660 0.140 0.6685 0.802 0.1948 0.540
a
*a

1 VS2 1 .6 1

0

1 .900 0.145 0.7995 0.959 0.31 00 0.623

"S
2 2.067 2.375 0.1 54 1.0745 1.289 0.6659 0.787

-9 2.469 2.875 0.203 1.7040 2.045 1.5300 0.948
C
D 3.068 3.500 0.216 2.2285 2.674 3.0179 1.164

M 3.548 4.000 0.266 2.6795 3.21 5 4.7889 1.337

4 4.026 4.500 0.237 3.1740 3.809 7.2345 1.510

4.506 5.000 0.247 3.6882 4.426 10.4458 1 .683

5 5.047 5.563 0.258 4.2999 5 160 15.1661 1.878

6 6.065 6.625 0.280 5.5814 6.698 28.1494 2.246

7 7.023 7.625 0.301 6.9257 8.31

1

46.51 87 2.592

• 7.981 8.625 0.322 8.3992 10.079 72.4927 2.938

0.215 0.405 0.095 0.0925 0.1 1

1

0.0012 0.1 14
1/
*A 0.302 0.540 0.1 19 0.1574 0.189 0.0038 0.155

0.423 0.675 0.1 26 0.2173 0.261 0.0086 0.199

0.546 0.840 0.147 0.3201 0.384 0.0201 0.251

0.742 1.050 0.154 0.4335 0.520 0.0448 0.321

1 0.957 1.315 0.179 0.6383 0.767 0.1056 0.407

& 1V4 1.278 1.660 0.191 0.8815 1.058 0.2419 0.524

1.500 1.900 0.200 1.0681 1.282 0.3913 0.605

O
2 1.939 2.375 0.21 8 1.4773 1.773 0.8681 0.767

•X 2.323 2.875 0.276 2.2535 2.704 1.9247 0.924
o
k 3 2.900 3.500 0.300 3.0159 3.619 3.8953 1.137

m 3.364 4.000 0.31 8 3.6784 4.414 6.2817 1.307

4 3.826 4.500 0.337 4.4074 5.289 9.6130 1.477

4.290 5.000 0.355 5.1804 6.217 14.0568 1.647

s 4.813 5.563 0.375 6.1120 7.334 20.6760 1.839

6 3.761 6.625 0.432 8.4050 10.086 40.5011 2.195

7 6.625 7.625 0.500 1 1.1920 13.430 71.3741 2.525

7.625 8.625 0.500 12.7628 15.315 105.7218 2.878
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Table 38
DECIMAL EQUIVALENTS OF WIRE AND SHEET METAL GAGES

NAME American Birmingham United Manufac- Steel Wire
OF or Browne or Stubs States turers or Washburn

GAGE & Shorpe Iron Wire oiunuuru\ / & Moen

tubing. ferrous

PRIN- non-ferrous ferrous strip sheet and ferrous ferrous

CIPLE sheet, wire and flat wire. plate sheet wire except

USE and rod spring steel (480 Ib/cu ft) music wire

THICKNESS OR DIAMETER—Inches

.5800

.5165

.4600

.4096

.3648

.3249

.2893

.2576

.2294

.2043

.1819

.1620

.1443

.1285

.1144

.1019

.09074

.08081

.07196

.06408

.05707

.05082

.04526

.04030

.03589

.03196

.02846

.02535

.02257

.02010

.01790

.01594

.01420

.01264

.01 126

.01003

.008928

.007950

.007080

.006305

.005615

.005000

.004453

.003965

.003531

.003145

.454

.425

.380

.340

.300

.284

.259

.238

.220

.203

.180

.165

.148

.134

.120

.109

.095

.083

.072

.065

.058

.049

.042

.035

.032

.028

.025

.022

.020

.018

.016

.014

.013

.012

.010

.009

.008

.007

.005

004

.500

.46875

.4375

.40625

.375

.34375

.3125

.28125

.265625

.25

.234375

.21875

.203125

.1875

.171875

.15625

.140625

.125

.109375

.09375

.078125

.0703125

.0625

.05625

.05

.04375

.0375

.034375

.03125

.028125

.025

.021875

.01875

.0171875

.015625

.0140625

.0125

.0109375

.01015625

.009375

.00859375

.0078125

.00703125

.006640625

.00625

.2391

.2242

.2092

.1943

.1793

.1644

.1495

.1345

.1 196

.1046

.0897

.0747

.0673

.0598

.0538

.0478

.0418

.0359

.0329

.0299

.0269

.0239

.0209

.0179

.0164

.0149

.0135

.0120

.0105

.0097

.0090

.0082

.0075

.0067

.0064

.0060

.4900

.4615

.4305

.3938

.3625

.3310

.3065

.2830

.2625

.2437

.2253

.2070

.1920

.1770

.1620

.1483

.1350

.1205

.1055

.0915

.0800

.0720

.0625

.0540

.0475

.0410

.0348

.03175

.0286

.0258

.0230

.0204

.0181

.0173

.0162

.0150

.0140

.0132

.0128

.01 18

.0104

.0095

.0090

.0085

.0080

.0075

.0070

(') Designation of size in decimals of an inch instead of gage numbers is recommended. If gage
numbers are used, the name of the gage referred to must be specified.

(')Recently adopted by the American Iron and Steel Institute as a modification of United States

Standard Gage to reflect present average unit weights of sheet steel.

114

DECIMAL EQUIVALENTS OF WIRE AND SHEET METAL GAGES
(Concluded)

NAME Stubs British London

OF Music Steel Twist Zinc Imperial or Old

GAGE Wire Wire Drill Standard English

twist wire, rod,

PRIN- music steel drills sheet sheet and wire

CIPLE wire drill and drill zinc plate (British)

USE rod steel (British)

No.C)

7/0
6/0
5/0
4/0
3/0
2/0

0

1

2

3

4
5

6
7
8

9
10

1

1

12
13
14
15

16
17
18
19
20

21

22
23
24
25

26
27
21
29
30

31

32
33
34
35

36
37
31
39
40

.004

.005

.006

.007

.008

.009

.010

.011

.012

.013

.014

.016

.018

.020

.022

.024

.026

.029

.031

.033

.035

.037

.039

.041

.043

.045

.047

.049

.051

.055

.059

.063

.067

.071

.075

.080

.085

.090

.095

THICKNESS OR DIAMETER—Inches

.227

.219
212
.207

.204

.201

.199

.197

.194

.191

.188

.185

.182

.180

.178

.175

.172

.168

.164

.161

.157

.155

.153

.151

.148

.146

.143

.139

.134

.127

.120

.115

.112

.110

.108

.106

.103

.101

.099

.097

.2280

.2210

.2130

.2090

.2055

.2040

.2010

.1990

.1960

.1935

.1910

.1890

.1850

.1820

.1800

.1770

.1730

.1695

.1660

.1610

.1590

.1570

.1540

.1520

.1495

.1470

.1440

.1405

.1360

.1285

.1200

.1160

.1130

.1110

.1100

.1065

.1040

.1015

.0995

.0980

.002

.004

.006

.008

.010

.012

.014

.016

.018

.020

.024

.028

.032

.036

.040

.045

.050

.055

.060

.070

.080

.090

.100

.125

.250

.375

.500
1.000

500
.464
.432
.400
.372
.348

.324

.300

.276

.252

.232

.212

.192

.176

.160

.144

.128

.116

.104

.092

.080

.072

.064

.056

.048

.040

.036

.032

.028

.024

.022

.020

.018

.0164

.0148

.0136

.0124

.0116

.0108

.0100

.0092

.0084

.0076

.0068

.0060

.0052

.0048

0) Designation 01 sire In decimals of an Inch Instead of gage numbers is recommended. If gage

number! are used, the name of the gage referred to must be specified.
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AA Number 23

INDEX Acoustical Ceilings 258

Alclads 26, 65

Alloy Designation System 23

Alloying Elements, EflFects of 29

Aluminum Ore

Annealing 27, 58

Architectural Sidinir
275

ASCE Specifications 1^^' ^50

Assembly Stresses

ASTM Specifications

Awnings 274

Batten Bar Installation 200

Bauxite 13. 14, 15

Beams

Bolts, Allowable Loads on

141

Bearing Strength

Bending

Bolting ^2

86

Bonding ^23

Brazing
1 OA

Furnace

Salt Bath 104

Sheet

Torch

Bridge Railings

Buckling

Built-Up Girder Design 158, 168

Butt Joints, Mechanical Properties of

65

103

250

92

398

Canopies 275

Cast Aluminum Products 49, 56

Ceilings

Acoustical 258

Luminous 260

Chemical Attack ^2

Protection Against 44

Circular Ecjuivalents of Rectangular Ducts 316

Clad Alloys 26

Closures

Roofing Application 18o, 188

Siding Application 1^8

Cold Drawing ^1

Columns 13^, 141

Design l^^, 168

Weight Comparison 1^6

Common Alloys 26, 58

Composition, Chemical 27

Compression

Aluminum and Steel Structure 167

Members ^
1^^' 1^0

Strength ' ^0, 32, 37

Condensation ^36

Connections

Construction Depth 1^0

Conversion Tables

Alloy Designations 340, 341

Foreign Designations 349



Temper Designations

Copings

Core

Materials

Mechanical Properties

Corrosion

Atmospheric

Galvanic

Protection Against

Resistance

Corrosive Resistance of Aluminum Piping

Corrugated Sheet

Corrugated Sheets

Perforated

Translucent

Cost of Structures

Cross-Corrugated

Roofing

Siding

Curb Bars, Abrasive Cast

Curtain Walls

Backup of

Exterior Facing

Insulation and Core Materials

Interior Finish

Deflection

Design Examples

Designation System

Deck Structures

Doors

Flush

Plate Glass

Revolving

Screen

Down Spouts

Drain Covers

Drainage Equipment

Drawing

Drilling

Duct

Construction Recommendations

Systems

Dynamic Loading

Elastic Constants

Elastic Stability

Elasticity-Weight Ratio

Electrical Characteristics

Elongation

Embossed Sheet

Emissivity

Endurance Limit

Entrances

Expansion

Joint Details

Plates, Abrasive Cast

Extruded Sections

Extrudin?:

342, 343

205

168

169

169

40

40

40, 41

31, 33, 37, 138

301

50

189

190

131

196

196

210

275

279

276

276

279

134

152, 177

23

150

263

262

262

263

204

210

204

60

63

325

313

139

144

131, 140

130

30, 32, 37

30, 32, 37, 133

68

333

31, 33, 37

260

201

210

49, 54

52

Extrusion Joints

Eyebrows

Factor of Safety

Fasteners

Blind Screw

Quick Release

Spring Seating

Wedge Type

Fillet Welds, Allowable Loads on

Finishing

Cost

Processes

Fittings and Flanges

Aluminum Pipe

Cast Aluminum Pipe

5-V Crimp Sheets

Flagpoles

Flange Details

Flashing

Defaih, Typical

Flat-Width Ratio

Floor Plates, Abrasive Cast

Flush Doors

Forging

Forging Stock

Forming

Continuous Roll

Contour

Fa h r icati ng Cha racteristics

Foundation Load Comparison

Framing Systems

Friction Loss

Aluminum Duct

Girders, Weight Comparison

Glass Enclosures

Gratings

Gravel Stops

Gutters

Hardness

Head Loss in Aluminum Piping

Heat-Treatable Alloys

Heat Treatments

Honeycomb Core

Impact

Ingots

Insulation, Reflective

Joints

Joints and Attachments of Commercially

Available Components

Ladder

Rungs

Stops

Lighting Standards

Loss in Elbows

122

273

130, 144

108

108

108

107

97

63

72

66

305

306

193

257

147

204

192

140

210

263

62

51

58

59

59

31, 33, 37

137

141

322

314

135, 141

248

211

205

204

31, 33, 37

307

26, 58

57

171

139

47

325, 330, 335

79

282

211

211

257

319 399



400

Louvers

Luminous Ceilings

Machining

Marquees

Mechanical Characteristics

Mechanically Formed Joints

Metal Stitching

Mill Finishes

Mill Products

Availability of

Choice of

Specification Numbers of

Mining

Modulus of Elasticity-

Movable Partitions

Mullions and Window Assemblies

Non-Heat-Treatable Alloys

Nuts

Spring Stop

Ornamental Railinci^s

Oxide Film

Paints

Pan-Type Roofing

Partitions, Movable

Penthouses

Perforated Corrugated Sheet

Pipe Railings

Piping Materials, Relative Cost of

Piping Systems

Installation of

Piping, Weights and Dimensions

Plate-Glass Doors

Price of Steel and Aluminum Compared

Purlin Design

Radiant Heat Transfer

Radiation and Convection Combined

Railings

Bridge

Ornamental

Pipe

Ratio of Cost

Reduction

Refining

Reflective Insulation

Reflector Sheet

Relative Humidity

Revolving Doors

Reynocoustic Ceiling System

Rivet Alloys

Riveting

Rivets

Allowable Loads on

Blind

Cherry

Chobert

271

260

62

275

30, 32, 37

120

119

63. 76

31, 33

45, 46

346

15

31, 33, 37, 139

260

280

26, 58

106

108

250

39

75

200

260

248

189

249

302

301

312

310

262

18

152, 167

332

332

249

252

250

249

130

15, 18

14, 16

325, 330, 335

68

336

262

259

80

82

82

118

118

118

DuPont Explosive

Edge Distance

Hi-Shear

Huck Blind

Huck Lock Bolt

Rivnut

Southco

Special

Tubular

Rivweld Fastener

Rolling Operations

Roof

Deck

Truss Design

Roofing

Currugated

Cross Corrugated

Farm Use

Industrial

Nails, Aluminum

Pan-Type

Roofing Application

Safe-Groove Treads

Safety

Factor

Treads

Sandwich

Construction

Siding

Sawing

Screen

Doors

Porch Enclosures

Screw Fasteners

Patented

Settlement

Shade Screening

Shear Strength

Shingles, Roof

Show Cases

Shutters

Siding

Architectural

Corrugated

Cross Corrugated

Farm Use

Industrial

Ribbed

Weatherboard

Siding Application

Skylights

Slenderness Ratio

Solar Overhangs

Soldering

Solution Heat Treatment

Solution Potential

Span-Depth Ratio

Span Limit

Spot Welds, Strength of

119

85

109

118

109

119

119

109

109

198

49,

196

156, 167

183, 185

196

193

183

189

200

185, 188

208

144

208

168

191

63

263

248

106

107

139

269

30, 32, 37

201

299, 300

248

275

183, 185

196

193

183

184

203

188

248

132

273

105

58

42

132, 135

131

94



Stadium Seat Bracket 9QQ Transverse Bending 133

Steam Hardening Oo 1 reaas 208

Store Fronts 265 /I It/?!*© 210

Strength-Weight Ratio 129, 130 Tube Drawing

Stress-Strain Relations t A A144

Stretch Forming 59 U-Factors 327, 334

Strong Alloys 26, 58 50

Structural Ratio 1 O 1 1 oo 1 O /Ilol, lo^. lo4

Structural Shapes and Sections 49, 50, doo V ttpor DtxrriKir 325 337

Angles OOO Vault Frames 211

Built-up Haections Venetian Blinds 271

Channels oo<

Corrugated Sheet Dimensions 090 Wall r^anei

Double Angles oy4 Extruded

Gauges for Sheet Metal oSfT Floor-to-Ceiling 9QA

H-Beams OOO Floor-to-Floor 287

Rectangles 09l Insulated 9fiQ

Standard I-Beams QQQOOO Mullion Type Curtain Wall OQd OQ7 OQft

Tees oou Sheet Building Enclosure 9Q1

Tubing QOO Washers 1 nAJ.110

Zees QOA Weatherboard Siding 9AQ^UO

Structural Steel 19Q weD L'etaiis

Stud Fastener 1 fiOl09 Weight, Aluminum Alloys OA 00 Oft

Sun Control Devices OUR. Weight Savings 10 1

Suspension Grids Weld Spacing yo

Swaging Welding 01 00 07 QQ01, 00, 0 / , OiS

/nert-Gas-Shielded Aleta I-A rc QA

Tangent Modulus lOO 94

Tapping COoo Processes

Temper Designations Resistance QA

Temperature Stresses Spot and Seam

Tempering Treatments 0 1 Windows 91

Q

^lo

Tensile Strength on Q9 Q7 9A7

Tensile Strength vs. Temperature oo Specifications ^14

Tension Field Girder Design 101, IDo W^orking Pressures for Pipe oU4

Tension Members 1 0O 1/11lo<i, 141 Wrought Aluminum Products 48

Thermal Bar 48, 51

Characteristics
OA qo 07 r oil A Q4o

Conductance 00^ Pipe 49

Insulation fl9f\ relate AQ Ad4o, 49

Resistance 000 tcou Ad K149, Ol

Threading 00 Sheet 48, 50

1 nresnoias 907 Tube Ad49

Translucent Corrugated Plastic Sheet 190 Wire 49





The text of this book was set by Westcott &

Thomson, Inc., Philadelphia, Pennsylvania, in

Monotype Century Expanded; headings are 12

point Foundry Clarendon ;
paper is Reynolds Satin

Royal, basis 80, by Champion Paper Company;

printed in letterpress by Davis, Delaney, Incor-

porated, New York; engravings by the Walker

Engraving Corporation, New York.

CREDITS
CHAPTER 4

N. A. de Bruyne: Fig. 4-78, 79, 80, 81; George Epstein: 4-82.

CHAPTER 7

Overly Mfg. Co.: 7-27; Reynolds Metals Co.: 7-28, 29, 7-65;

Panaview: 7-67, 68; Reynolds Metals Co.: 7-70, 71; Marmet

Corp.: 7-75; Industrial Engineering Works: 7-76; Kane Mfg.

Co.: 7-77; Lord and Burnham: 7-78, 79; Wasco Flashing Co.:

7-80; Blumcraft: 7-85; Pfaflf and Kendall; Hubbard and Co.:

7-91; Simplex Ceiling Corp.: 7-92; Reynolds Metals Co.: 7-93;

Pittsburgh Reflector Co.: 7-94; Edison Price, Inc.: 7-95, 96;

Reynolds Metals Co.: 7-97; Pittsburgh Plate Glass: 7-98;

Kawneer: 7-99; Hankins and Johann: 7-100; Crane Fulview

Glass Door Co.: 7-101; Alumiline Corp.: 7-102; General

Bronze Corp.: 7-103; Pittsburgh Plate Glass Co.: 7-104;

Kawneer: 7-105, 106; Himmel Bros. Co.: 7-107; Kawneer:

7-108; Pittsburgh Plate Glass Co.: 7-109; Himmel Bros. Co.:

7-110; Natcor: 7-111; Pittsburgh Plate Glass Co.: 7-112;

Kawneer: 7-113; Kawneer, and Pittsburgh Plate Glass Co.:

7-114; Kaiser Aluminum and Chemical Sales Corp.: 7-115,

116; Kawneer: 7-117; Marmet Corp.: 7-118; Sealuxe (Universal

Corp.): 7-119; Construction Specialists, Inc.: 7-120; Sealuxe

(Universal Corp.) : 7-122; Kawneer, also Mapes Industries, and

Shurtleff Co.: 7-125, 126; Detroit Steel Products Co., also R. C.

Mahon Co., Truscon Steel Co., H. H. Robertson Co.: 7-127,

128; H. H. Robertson Co.: 7-129; Reynolds Metals Co.: 7-130;

Lupton: 7-131; Fentron: 7-132; J. S. Thorn Co.: 7-133;

Sealuxe (Universal Corp.): 7-134, 135.

CHAPTER 8

"Aluminum Piping, Where and Why It's Used" by C. B.

McLaughlin—HEATING, PIPING AND AIR CONDI-
TIONING, March and April 1948: Tables 8-1, 8-2, 8-3, 8-4,

8-5; "ALCOA Aluminum Pipe and Fittings" by Aluminum

Company of America: Tables 8-6, 8-7; "Guide" The American

Society of Heating and Ventilating Engineers, 1954: Tables

8-9, 8-11; "The Design of Aluminum Duct Systems" by F. W.

Hutchinson, Kaiser Aluminum and Chemical Sales, Inc.

1954: Table 8-12.

Design by the Styling and Design Department;

Production by the Editorial Services Department,

Reynolds Metals Company, Louisville, Kentucky. 403











Digitized by

INTEBNATIONAl

ASSOCIATION
FOR

PRESERVATION
TECHNOLOGY,
INTERNATIONAL
www.apti.orq

BUILDING
TECHNOLOGY
HERITAGE
LIBRARY

https^Warchive.^^

From the collection of:

Mike Jackson, FAIA



of exact scientific information has become an ^a-
]

pected corporate service. The more of this kind of
:

Hterature the building industry can obtain, the
\

better it can keep its place in the modern parade/' i

David Allison

''Architectural Forum''

j

i

I

I

j

']

'These books document beautifully the architec- :

tural uses of aluminum—one of the few really new <

materials of our time. In well -chosen examples
|

of completed work and in clear text explaining i

background and technical data, the authors have i

brought together all that a good designer needs to
]

stimulate and direct his own creative imagination
I

in the use of aluminum. There is even a fine group i

of statements by architects and engineers explain-
\

ing how their imaginations have been stimulated."
|

Thomas H. Creighton

Editor i

''Progressive Architecture"
;

Both volumes of "Aluminum in Modern Architec-

ture" are more than normally rewarding study ex-

periences. Volume I is the most complete pictorial

cataloging of modern American buildings any-
|

where published, and Volume II is without ques-
j

tion the best and broadest collection of detailing
j

in this ubiquitous material.''
j

John Knox Shear i

Editor I




