516

“TRANSLATION

MmN
W

BUILDING STRUCTURES FROM ALUMINUM ALLOYS
(COLLECTION OF ARTICLES)

ANG 2

CLEARINGHOUSE
¥OR FEDERAL SCIENTIFIC4KND
4 i I TECHNICAL INFORMATIPN
Ry X mr 30 ‘Microfiche

‘—' ' . ‘ ) 5y ) 7 S', p
387 voldl)

L;\ - unuL":l: @UPW

FOREIGN TECHNOLOGY
DIVISION

AIR FORCE SYSTEMS COMMAND

~ WRIGHT-PATTERS DN AIR FORCE BASE
OHIO

oLt 22 1965 ’;’ '
s e

v
-




FTD-MT- 61-15¢

EDITED MACHINE TRANSLATION

BUILDING STRUCTURES FROM ALUMINUM ALLOYS (COLLECTION

OF ARTICLES)

English Pages: 379

® it _vasimatariil’

THIS TRANSLATION IS A RENDITION OF THE ORIG)-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
: EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE
i AND DO NOT NECESSARILY REPLECT THE POSITION

OR OPINION OF THE FOREIGN TECHNOLOGY Dk
VISION.

PREPARED BY:

TRANSLATION DIVISION

FOREIGN TECHNOLOGY DIVISION
WP-AFB, ONIO.

o

L ETD-MT. 6i-156

Date 27 July 19 65




Akademliya Stroitel'stva 1 Arkhitektury SSSR

Tsentral 'nyy Nauchna-Issledovatel!skiy Institut
Stroitel 'nykh Konstruktsiy

STROITEL'NYYE KONSTRUKTSII IZ ALYUMINIYEVYKH SPLAVOV

Pod obshchey redaktsiyey
d-ra tekhn. nauk prof, S. V. Taranovskogo

Gosudarstvennoye Izdatel'stvo
Literatury Po Stroitel'stvu Arkhitekture
i Stroitel'nym Materiaiam

Moskva-1962

Pages 1~339

P




1

J

TABLE OF CONTENTS

U, S. Board on Geographic Nemes Transliteration System........... 111
Designations of the Trigonometric FunctinnsS...e.cecseeeccoscosoee 1V

Prefaceti..ll.t'..l................CI......0'...l.......'l..‘.... ”j

Rasic Problems in Preparation for Broad Application of
Aluminum Alloys in Construction, by Professor S. V.
Taranovskiy....l..."........009..0.l....l....'00...0‘.......0... 1

Jontemporary Aluminum Alloys, by I. N. Fridlyander........eeeee.. 24
Aluminum Alloys in Civil Construction, by N, M. Edel'man......... 53

Investigation of Physlico-Mechanical Properties of Aluminum
Alloys Di-T, Dib"T, AMgbi, and Dib"A(g/l()oooooooaoooo;roooccooooo b9

Investigation of Mechanical Properties of Certain Aluminum
Alloys under Tension and Compression, by Yu. S. Mkrchants........ 91

Corrosion Resistance of /luminum Alloys in Building
Structures, by Yu. N. Tikhenko and V. Ya., FlaKS8...ceresveceeeesss 99

Basis of Certain Methods of Calculation of Strength in SN
113-60 [Bullding Standards], by B. M. Broude and G. M.
Chuvj-kinﬂoﬂ..ll...'.l“.....0l....0...0...'0......l‘...'..l.....0 133

Experimental Investigation of Local Strength of Angular
Profiles from Alloy D16-T, by A. G. Immerman and V., S,
MOSKVitinOOlUO'...'......l00...l...l...‘.......lI........O...9... 12‘9

Experimental-Theoretical Investigations of Centrally-
Compressed Rods from Aluminum Alloys, by A. Kh.
I;“IOKharinoo000.lt-ouo.ooolooc.on-.oo.n-0--.0000la.oooco...n.u..o! 16}

Load-Bearing Ability of Eccentrically Compressed Rods from
Aluminum Allgy AV-Ti, by B. G. Bazhanov..’.............O......... 183

Cold Riveting of Bridge and Other Building Structures from
Aluminum Allcys, bv Yu. P, Satayev and A. A. Savelyev...eecsacess 2CO

Nodal Joints of Tubular Aluminum Trusses, by I. V. Levitanckiy... 21°

On Vibra*ion Strength of Riveted Jcints from Duralumin and
Aluminum-Magnesium Alloy AMgb1, by N. I. NovozhilovVA..eeeseeesses 238

Investigation of Work of Compound I-Beams from Aluminum Alloys,
byYu. Sa mrchantsiﬁol'.0.l..!.l.'...‘.l...'...'....O....Q...O.. ?u7

Assortment of General-Usage Profiles from Aluminum Alloys,
by Ao Go Immermanouo-.ou...b..o.o..’...nl‘..o.loono.o.a.ao".o... 277

Designing of Certain Types of Ronof and Wall Panels witn
Application Of Bent Profiles, by K. D. Fink..l.l.........'.....ll 293

Designing and Manufacture of Building Structures and Articles
from Aluminum Al10ysS, by V. N. SPrioV...eceecccescsscesscasassses JOU




Experience of Dic! zr.ing of Structures from Aiuminum Alloys,
by G. D. P‘Dpov...o..o.o....o.....o..oooooo.oo.oocoloo.ooc..o-tooc 322

Designing of First Highway Bridge in USSR with Aluminum
Span Structure, by Yu. S, L'VOV.cesocesescsscessoscsssossscesscss 330

Prestress of Open Trusses from Aluminum Alloys for
Industrial Buildings, by B. A. Speranskly and F. G.

Ta.mplonl.....................................‘..........I.......‘ }5“

On Question of Determination of Cost of Pressed Profiles
for Building Parts, by N, G. Malinin@...ccececveccccccccccscccasce 372

11




U, S. BOARD ON GEOGRAPHIC NAMES TRANSLITEKATION SYSTEM

Block Italic Transliteration Block Italic Transliteration
A a A a A, a P p P p R, r

B 6 b ¢ B, b C ¢ C ¢ S, s

B » B ¢ V, v T 1 T m T, t

rr r e G, g Y y Y vy U, u

O n a 9 D, d ® ¢ ® ¢ F, f

E e E Ye, ye; E, e* X x X x Kh, kh

X x N x Zh, zh U u u y Ts, ts

3 s 3 s 2, 2 4 N Y « Ch, ch

H xu H u I, 1 w w U w Sh, sh

R & R Y, ¥ W w W Shch, shch
K x K x K, k D » b » n

) I | /| L, 1 bl ™ & u Y, ¥

M M M ~u M, m b » b !

H n H «~ N, n 3 3 E, e

O o O o 0, o 10 © 0O » Yu, yu

n n nn P, p A = A a Ya, ya

* %g initially, after vowels, and after =, b; g_elsewhere.
en written as 8 in Russian, transliterate as y® or 8.
The use of diaciritical marks is preferred, but such marks
ray be omitted when expediency dictates.

1

¥
[o'S



FOLLOWING ARE THE CCRRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
cos cos
tg tan
ctg cot
sec sec
cosec csc

sh sinh
¢ch cosh
th tanh
cth coth
sch sech
csch csch
arc sin sin-1
arc ¢ns coa'l
arc tg tan=1
arc ctg cot=d
arc sec aec‘l
arc cosec cac'l
arc sh sinh~}
arc ch cosh-1
arc th tanh-1
arc cth coth-1
arc sch sech-l
arc csch coch-l
rot curl
1g log

iv

‘:‘:‘_";‘- .- — T’M




ANNOTATION

In articles of collection there is
correlated native and foreign experience
in application of contemporary aluminum
alloys as bullding material, and there
are presented data on actual performe
ance of elements of structures, articles,
and parts from this material. In
collection there is considered contem-
porary state of question, and field of
application of aluminum alloys in con-
struction is determined; experience in
designing, manufacture, assembling, and
exploitation of structures is illuminated;
there are givan examples of native struc-
tures planned and build with application
of aluminva alloys; there are given the
aspects of technical modes of designing
of building structures from these alloys
and main prcblems of scientific research
works on application of aluminum alloys
in construction.

This book is designed for engineer-
builders, production workers and designers,
workers of building materials industry,
werkers of scientific research institutes,
and also for post greduates and students
of technical institutes.
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PREFACE

Under conditions of construction carried out in USSR application of new,
light building materials, an important place among which is occupied by aluminum
alloys, is acquiring great value.

It is natural, therefore, that subject "Building Structures From Aluminum
Alloys" is included in plan of the most important scientific research works of
state construction in USSR.

Coordination of all scientific research works on this subject is enirusted to
Central Scientific Research Institute of Building Structures ( TeMIISK) ASIA USSR.

At regular coordination conference at TsNIISK, which took place in March 1960
under acting chairmanship of member cf ASIA USSR B. I. Belyayev, a reso’ution was
taken about publication of collection of articles reflecting results of collective
work o1 this subject conducted according to coordination plan in a number of
scientific research, planning, industrial organisations, and in faculties of

technical colleges,

In this collection there are included works presented during 1960 to TaRKIISK

for publication.

Board zf Central Scientific Research
Institute of Building Structures.
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BASIC PROBLEMS IN PREPARATION FOR BROAD APPLICATION OF
ALUMINUM ALLOYS IN CONSTRUCTION

Dr. Tech. Sciences, Professor S. V. Taranovakiy

1. Introduction

Program of Communist Party of Soviet Union, accepted by XXII Congress of
Communist Party among a number of other problems of party, pro-ides for further
rapid increase of the production of metal. Especially to be accelerated is pro-
duction of light, nonferrous, and rare metals, output of aluminum will be signifi-
cantly increased, ap will its application in electrification, machine building,
construction, and in everyday life.

Basic merits of aluminum alloys as building materials are its lightness,
strength, high technological effectiveness, durability, and good appearance.

Certain disadvantage of aluminum and aluminum alloys® is lowered, as compared
to steel, value of modulus of longitudinal elasticity, which shows up negatively
during calculations for resistance and increases deformation of structures and
elements from aluminum alloys. This peculiarity of aluminum alloys must be in
all possible vays considered during deeigning.

However, lowered elastic modulus of aluminum alloys evokes decrease of second-

ary stresses during change of ‘empereture or settling of supports in static,

#In the future commercial aluxinum and aluxinum alloys will be conditionally
united under the general designation "aluxinum alloys."

2

RSN rr—— = — — . T —————__ S e —————




indeiormineble systems and improvement of ability of structurs to withstand dynamic
and, especially, ssismic influences,

Aluminun: alloys first found application in construction in the last century -
initially as decorative material and material for unloaded or slightly loaded
articles, but starting approximately from the Thirties of this century - also
losd-bearing structures.

At present he United States expend on construction per year nearly 20%, and
Engiand, FRG, and France expend nearly 6% of total consumption of aluminum for
this purposs,

In USSR industriel output of aluminum began only in Thirties of this century.
In spite cof intensive growth of native aluminum industries, great needs for this
meterial in a number of branches of People's Econcayy until now led to limited
arplication of aluminum alloys in construction.

Specific character of zluminum alloys as building material requires serious
preraration {or wide application of them in construction in connection with the
most immediate problem of creation of structures, articles, and parts meeting high
techriical standard.

A future problem will be rapid rate of quantitative growth of building struc-
tures from aluminum alloys, High technical level of created structures, articles,
and parts (in the future combined under general designation of structures) requires:

a) thorough study and enlistment of everything useful that gave and gives
application of aluminum alloys in other fields, for instance in aviation and
shipbuilding;

b) use of the quite brcad foreign experience in application of aluminum alloys
in construction,

c¢) use of native experience of scientific research works on designing and

manufacture of steel building structures,

- T T —_— PO ST e
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Relatively 1little practical experience of number of native scientific
research, design, and industrial organisations, and also faculties of technical
collezes shows, however, that points enumerated in pars. "a", "b," and "c" are
insufficient,

Actually, the greatest experience in application of structures from aluminum
alloys is in aviation. However, building structures differ radically from those
of aviation in degree of longevity, character of loads, structural forms, and
necessity of techno-economic comparison with other building materials.

Experience in application of aluminum alloys in shipbuilding is considerably
less than in aviation, but it deserves attention during development of technology
of welding of building structures.

Use of broad foreign experience in application of aluminum alloys in construc-
tion requires specially critical reference to this source for possibility of use
of all that is useful and relavive to our conditions.

Use of experience in designing of steel structures is one of the powerful
means of preparation for broad application of aluminum alloys in comstruction.

However, it is absolutely necessary here to thoroughly consider difference of
physico-mechanical parameters of sluminum alloys and steel, peculiarities of
manufacture of semi-finished products, assemblies and structures, distinction in
exploitaticnal characteristics, and also techno-economic factors.

In connection with limited possibilities of use of above-menticned data for
broad préparation for application of aluminum alloys in construction of absolute
necessity are dovelopment of scientific research works, experimen .al and real
designing, creation of an industrial basis for manufacture cf structures from
aluminum alloys, collection and correlation of data on exploitation of these
structures, and more precise definition of field of their application on the basis
of analysis of their techno-economic characteristics.

At present, as a result of correlation canducted in USSR of collective work




on application of aluminum alloys in construction, it is possible to bring in

initial resuits and to outline the most important avenues of continuation of this

work.

2, Selection of Brands of Aluminum Alloys and Types of
Joints for Building Structures

a) Material for Structures

In all countries building structures are made from aluminum alloys of
different brands,

Properties of these alloys are less stable than for structural steels, in-
asmuch as moderniszation i3 being conducted of existing alloys, and new brands of
alloys are being created.

Only with growth of scale of application of aluminum alloys in construction
are there created brands intended chiefly for application in construction.

Basic requirements set forth for aluminum alloys as building material are:

1) high technological effectiveness, ensuring receipt of semifinished pro-
ducts of necessary form;

2) high technological effectiveness of resolution of joints;

3) 1longevity of material (in durability);

L) longevity of external appearance of structures;

5) high strength of basic material;

6) high strength of joints;

7) relatively low cost of material (semifinished products),

8) relatively low cost of manufacture of building structures from aluminum
alloys.

Enumerated requirements, however, are incompatible; principal arnd determining
of them are shown in pars. !, 3, 7, and 8, Therefore, depending upon purpose of

structure in TU SN [Technical Specs and Construction Norms) 113-60 there is
rrovided Jor application of different aluminum alloys.
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Thus, for structures combining functions of enclosing and load bearing
(coverings of buildings in the form of shells, roof and wall panels, stained glass
panels, sashs, etc,), basic attention should be allotted questions of resistance
to corrosion, Questions of strength of material have less value here,

In conformity with this there are recommended in this case deformed alloys of
systems: aluminum-manganess; aluminun-magnesium; and aluminum-magnesium-silicon,

Basic calculated resistances to extension, compression, and bend of these al-

loys constitute 24-66" of basic calculated resistance for steel of hrand ~f It. 3.

For load-bearinr, welded structures there should, naturally, be aprlied welded
aluminum allcys possessing sufficiently high strength properties, To these helunr
certain alloys of system aluminum-magnesium, and alloys of systems aluminum-
marnesium-silicon and aluminum-zinc-magnesium,

Basic calculated resistances of these alloys constitute 67-119% of basic cal-
culated resistance of steel of brand St. 3. Finally, for load bearing, riveted
sturctures there are recammended alloys of systems aluminum-magnesium-silicon and
aluminum-copper-magnesium (duralumin)., Basic calculated resistances of these
alloys constitute 76-1387 of calculated resistances for steel of brand St. 2.

It is necessary to note that strength characteristics of aluminum alloys
applied in construction depend on a number of factors. They are:

a) type, brand, and state of alloy;

b) type, form, and dimensions of semifinished prbducta;

c) presence and thickness of plated layer,

d) presence of copper in alloys of type AV (aluminum-magnesium-silicon);

e) increase of temperature (over 50°), etc,

Enunmerated factors, naturally, to a different cdsgree appear in different
alloys.

The clearest example of influence of form and dimensions of semifinished
products can be thermally hardened alloy V92-T of system aluminum-sinc-magnesium,

. - - . - D N
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for which basic calculated resistance for rolled sheets constitutes 1700 kg/em,
and for extruded profiles and tubing - 2500 kg/cm<.

Questions of general appraisal of contemporary aluminum alloys as material
are illuminated in this collection in two articles.

The first of these articles, that by Dr. of Tech, 'iciences I N, Fridlyander,
contains general consideration of contemporary aluminum alloys, in the first place
the deformed, with introduction of new data on these alloys necessary for builders.

Besides deformed aluminum alloys, in article there are also considered cast
alloys, baked aluminum powders and alloys, and foamy aluminum,

Second article, by N. M, Edcl'man, engineer, is devoted to consideration of
foreign and native aluminum alloys for construction.

In examining of native aluminum alloys the most attention is allotted new
alloys of system aluminum-magnesium-silicon, including alloys AD31, AD33.

Content of these articles facilitates problems of selection of brands and
states of aluminum alloys for building structures of different purpose.

Article by workers of All-Union Scientific Research Institute of Transport
Construction L. P. Shelestenko, Cand. of Tech. Scienﬁes and Yu. M. Nagevich, enci-
neer, contains results of investigations conducted in TsNIISK [Central Scientific
Research Institute of Communications), of Mintransstroy of physico-mechanical
properties of aluninum alloys designed chiefly for load-bearing, bridges struc-
tures, In this article there is made comparison of primary diagrams of compression
and extension.

Questions of comparison of mechanical characteristics of aluminum alloys
under extension and compression are illuminated also in article by Yu., S. Mkrchants,
engineer, ( TsNIISK,ASiA and USSR),

As a result of investigations conducted in 1959-1960 in TsNIISK by author of
article on an original device, there were revealed certain divergences in magni-
tudes of limits of proportionality and conditional yleld point in samplez from




alloy D16~T under extension and compression, which requires use of diagra. of

compression for exact solution of problems of stability,

b) Joints

Practice of aircraft building gives litt.s data for resolution of joints of
building structures from aluminum alloys, cving to insufficiency of data
welding and absence of broad experience in setting of rivets of large diameters.
In this sense the experience of shipbuilding may be more useful fcr building
structures,

The most complicated problem for welded joints is creation fo full value,
in strength, butt weld, inasmuch as until now the strength of butt welds for all
weldable aluminum alloys was lowered as compared to strength of basic material.
Complicated also are the establishment and decrease of width of zone of thermal
influence.

These difficulties are in significant measure based on spscific character of
influence of heating on aluminum alloys, especially the thermally hardened.

Setting of cold rivets of large diameter also evokes production complications.

The noted difficulties are gradually decreasing, which is promoted not only
by development of basic forms of joints (welding, riveting, and bolts), but by
introduction of new joints, for instance high-strength bolts, bolts with squeevs
rings, etc.

Essence of bolts with squeese rings, sometimes called lock bolts abroad, con-
sists in separation of bolt into two parts (Fig. 1): stem with head and locking
(squeese ring). The stem part can be made of high-strength alloys or of steel
(with protective coverings against corrosion), whersas squeezs ring is made of
ductile, light alloy.




Fig. 1. Bolt with squeese ring (lock bolt).

Setting of bolts with squeeze rings is carried out with help of light
tightening gun, which is activated by pneumatic drive, consisting of compressor
and flexible hose.

Sequence of operations in installation of bolt with squeese ring is shown
in Fig. <.

At present bolts with squeeze rings are prepared in this country with
diameter to 10 mm with tendency toward increase of this diameter to 12-14 mm.

As compared to rivets made from aluminum alloys, bolts with squeeszs rings
ensure increase of their load-bearing ability to resist shear and breaking away of
head.

Comparison of certain strength characteristics of material and joints from
aiurinur alloys (accarding to TU SN 113-60) with those of steel (according to
NiTU 121-55) is given in Table 1 for welded structures and in Table 2 for riveted
structures.

Comparison of load-bearing ability of riveted joints in structures from
aluminum alloys with riveted joints of steel structures made from St. 3 with

rivets of St. 2 (rivet), is presented in Table 2,
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Fig. 2. Sequence of operations in installation of bolts
with squeeze rings,

Table 1. Comparison of Strength Characteristics of Material and Joints of
Welded Structures from Aluminum Alloys with Those of Steel.

Brand and state of aluminum alloys for
‘ welded structures

Characteristic

Extruded

AMgS | Aké;q AD33-T1|AV-T1 | Sheet| Profile

Basic calculated resis-
tance R (to extension,
compression bend): -

in kg/em®. . . . . . .J2400 {1800 | 1600 {1700 | 1700 2500
in ¢ of R for steel of _
brand of St. 3 . . . .| 67 86 76 81 81 119

Calculated resistance
for butt weld in struc-
tures from aluminum
alloys 2
in kg/em“. . . . . . .}|1300 {1600 | 1000 1100 {1500 | 150C

in € from calcula-
ted resistance for
butt weld in steel
structures (St. 3)
and on electrodes o

of type E34. . . . . .| 100 | 123 Vit 85 15 115

The same, with elec- ;
trodes of type E4f2 and
E42A and automatic
welding under layer of ' S
fln.c.-c'l'tooo& 76 “ 52 72 72

e o gl
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Table 2, Comparison of Strenpth Characteristics of Material and Joints of
Riveted Structures from Aluminum Alloys with Those of Steel

- ! Tfirand:; v:tnddstatemluminum alloys
Characteristic (. for riveted structures ) e
‘ AD33-11] AV—Tl]' L1-T " D16-T
Yasic calculated resisténcé E“ ) - T T

(to extension, compression, and

bend); " : ' H
inke/erd L. L. ... ... 160 11700 | 16w-2100] 2400-2%0
in ¥ of ¥ for steel of brand {t. 3; 76 8L 1 -1W 114-13°
- ————— - s PR R — . ?
Calculated resistance to shear B of} :
rivets fror alloy D16P; ; !
inke/em?; L. .. ... .. ... 1100 (1300 | 1100 | 1100
in © of calculated resistance to
shear B of rivets from steel of ‘
brand St. 2 (rivet); 3 61 61 61 _ 61
The aa.meé from alloy Vé5:
inke/em®; ... ... ... w0 |wso | owse . wso
_— 1
T -1
in ¢ of calculated resistance to " '
shear 3 of rivets from steel of ‘ :
brand Sta 2 (rivet); : 81 81 g1 N a1
—_— . e i 1
Calculated resistance to crumpling
B of rivets in structures from ; !
aluninum alloys: 1 24,00
inkgfem®; ., ... . ... 2400|200 | 2900 3900
in 7 calculated resistance to
crumpling B of rivets in structures 57
fran steel of brand 5t. 3, 571 & 69 93

#In numerator for alloy with copper content to 0.1%; in denocminator for
alloy with copper content >0,1%.

ey
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Above mentioned data on materials and joints allow us to make following
conclusions,

1. Calculated resistances of aluminum alloys intended for welied building
structures from aluminum alloys constitutes 67-119% with respect to R for St. 3.
However, calculated resistances of butt welds not exceed 76% of calculated
resistances of butt welds in steel structures welded by electrodes of types EL2
and EL2A, and automatically under layer of flux in structures from steel of brand
St. 3.

2. Calculated resistances of aluminum alloys intended for riveted building
structures from aluminum alloys constitute 76-138% with respect to R for St. 3.
However, calculated resistances of rivet joints to shear constitute 61-81%, and
to crumpling 57-93% of corresponding calculated rezistances of rivet joints from
St., 2 (rivet), in structures from St. 3.

3. For broad preparstion for application of aluminum alloys in load-bearing
structures the measures emmerated below are absclutely necessary:

a) perfection and wide introduction into prectical use of new brands of
aluminum alloys possessing higher calculated resistances in btasic material and
especially in joints; an example can be one of the measures outlined for
organisation of productiaon of materials and articles for construction of World-
wide Exhibition in Moscow in 1967, which anticipated creation of weldable aluminum
alloy of high strength for large-span, load-bearing structures and for spacs
structures, cambining load-bearing and enclosing functions; calculated resistance
of nev material is contemplated within limits of 24,00-3000 kg/cm? with calculated
resistance of butt weld within 1iits of 2000-2500 kg/cm?;

b) All possible reduction of quantity of joints by means of incresse of dimen-
sions of extruded, rolled, and shape-formed ele=-nts in both area of ¢ross section
and in width, height, and length;

¢) search for structural forme allowing us to .ispose joints in less stressed
places, thersby ensuring full value use of calculated resistances of basic metal;
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d) parallel with further improvement of first rate welded and riveted joints
it 1s necessary in all possible ways to continue work of perfecting of other
forms of joints, including bolts of various type, glued, etc.

L. Principal technical documents on above-mentioned questions must be
"Technical Specs of Designing of Structures from Aluminum Alloys" (SN 113-60),
and also technical specs on materials for building structures, to be complied
in 1961,

Further technical progress toward improvement of basic material ard esfeciall:

of joints should be q{uckly reflected in form of supplements to indicated techni-
cal specs.

Questions of role of joints in structures from aluminum alloys are
illuminated in number of articles of this collec*ion.

Article by workers of NII [Sclientific Research Institute] of bridges at
Leningred Institute of Railroac Transportation Engineers (LIIZhT) Yu. P. Satayev,
and cand. Tech, sciences and A. A, Savel'yev, engineer is devoted to riveted
joints. In article there are given results of investigations conducted in NII of
bridges at LIIZhT on cold riveting of load-bearing structures from aluminum
alloys.

Article by I. V. Levitanskiy, engineer (MISI [¥uscow "Order of the Red Banner
of Labor" Construction Engineering Institute] im. Kuybyshev) contains data from
theoretical and experimental investigations of nodal joints of tubular aluminum
girders. Works were conducted by the author (post graduate of MISI) jointly with
GPI [State Planning Institute] Prosktstal'konstruktaiya.

Article by N. I, Novoshilova, cand. of tech. sciences (NII of brigdes at
LIIZnT) {lluminates results of investigations conducted at NII of bridges on
determination of vibretion resistance of riveted joints. Author offers values
of cosfficients 7 of lowsring of allowed stresses for elesments working under
sirn-alternating and variable loads of span structures of bridges and other load-
bearing structures made from aluminum alloys.




3. Manufacture of Semifinished Products and Structures from Aluminum Al)oys

Development of aluminum industry is determined by general problems of national-
economic plan, taking construction into account as nne of basic long-term consumers
of a large quantity of aluminum alloys.

Output of semifinished products, sometimes specially called rolling, is also
organized in interests of all consumers of aluminum alloys. Fxisting catalogs
of extruded profiles are gradually expanding. However, builders are making their
demands, volume of which, naturally, will increase with expansion of apnlication
of aluminum alloys in construction.

Such requirements include:

a) perfection and introduction of special assortment of profiles for con-
struction, including the extruded, shape-formed, and profiles bent from sheets;

b) perfection of technical documents for designing of special profiles, not
included in assortment.

This work is conducted, basically, by forces of NII on cunstruction of
Ministry of Construction of RSFSR and by organizations,

¢) the fastest output of profiled sheets with height of corrugation on orcer
of 100-200 mm and with different corrugation contour; sxtremely important for
opuilders in output of elements bent to large radius.

Questions of production of semifinished pr;ducts necessary for builders,
slthough sometimes slowly, however, are biing solved in interests of builders.
However, even the little native experience testifies to deficiencies that worsen
properties of atructures from aluminum alloys (smsll length of semifinished
products and requirements presented to specifications of technology of manufacture
for increase .{ minimum thickness of extruded profiles).

The most difficult today is question of manufacture of building structures

i3




from aluminum alloys., As it is known, at present building structures from aluminum
alloys are made either in Qteel fabrication factories, or in factories of avia-
tion industry, |

Successful example of first trend is the manufacture in 1959 at Chelyabinsk
metal fabrication factory im. S, Ordzhonikidze of 30 sets of prefab-collapsible
srain elevators for virgin lands, planned by GFI Promzernoproyekt with participa-
tion of a number of organizations.,

A number of structures from aluminuia alloys are made at 5okolovskiy metal
fabrication factory of Ministry of Construction of RSFSR, Separate structures
are manufactured by forces of scientific research and design institutes.

Distributicn of orders for building structures of aviation factories evokes
a number of inherent dificulties.

In connection with this an indispensable condition for broad preparation for
application of aluminum alloys in construction is creation of industrial power
specially intended for manufacture of building structures from aluminum alloys.

Such an industrial basis should provide high-quality manufacture of all
recessary building structures from aluminum alloys intended for scientific and
experimental investigations and also for practical (in first years, essentially,
experimental) construction.

Amassed experience of manufacture of building structures from aluminum alloys
will ullow us qualitatively to work out necessary technical specifications for
manufacture of building structures from aluminum alloys and thereby to supplement
and develop the presently existing GPI Promstal'konatruktsiya, GPI Proektstal' -
konstruktsiya, and TsNIISK ASiA project of instruction in manufacture and
assertling of building structures from aluminum alloys.

In article by A, G. Immerman, Cand, of Tech, Sciences (NII on construction of

Minstroy of RSFSR) there is expounded method oi' compiling the assortment, developed :
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with respect to specific properties of aluminum alloys and psculiarities of pro-
duction from them of pressed prefiles, Article contains data on draft of asaort-
ment intended for use in designing of load-bearing structures from aluminum alloys
recommended by TU SN 113-60,

In spite of comparative simplicity of manufacture of profiles and many
possibilities of technology of pressing, presence of assortment of general-usage
profiles will positively influence development. of structurss from aluminum alloys,

Among a number of other questions in article there is given method of
construction of nomographs, allowing us tb quickly select efficient cross sections
of centrally compressed rods, in which there is completely utilized the load-
bearing ability both with respect to total and local stability.

Questions of manufacture of building structures from aluminum alloys are

partiaily illuminated also in a number of other articles of this collection.

L. Resistance of Aluminum Allcys to Cerrosion

Necessary durability of aluminum alicys requires their high resistance to
corrosion, Available data on this question have to be divided into two groups,
the first of which provide for preservation of necessary durability, and seccnd-
preservation of both durability and appearance of the structure.

High durability of structures, articles, and parts ifrom aluminum alloys with
correct selection of brands of alloys with regard for medium in which they will be
exploited can be attained in a number of cases without special measures of prctec-
tion against corrosion, because of natural formation on surface of aluminum alloys
of protective oxidized film.

Analysis of foreign source material on corrosion of building structures from

aluminum alloy~ shows that corrosion of aluminum alloys quickly dies down in time,

which leads, for instance, to a situation in which depth of corrosion after first




year of exploitation is equal to depth of corrosinn for subsequent 19 years,

In Fig. 3 there are given data on depth of affection by corrosion of a foreign
alloy comparable aporoximately to native alloy AMts after twenty-years period of
exploitation in costal (marine), industrial, and tropical regions.

As can be seen from Fig. 3, maximum depth of affection after 20 years in
costal (marine) region constituted 0.2 mm.

Durability of structures and articles from aluminum alloys in a number of
cases exceeds by several times the durability of steel structures; as examples of
this are upper bonds and roofing of reservoirs for sulfurous oil, applicatinn of
aluminum alloys in gas conduits in the presence of sulfurous gas, etc.

At the same time there are a number of aggressive media (chiefly alkali),
where application of aluminum alloys should be excluded.

Thus, it is necessary to study thoroughly favorable and unfavorable factors
for application of aluminum alloys by condition of protection of their durability,
which should be carricd out by means of analysis of foreign data and by making of
special investigations organized in Union of Soviet Socialist Republics, for

instance in YuzhNII {Southern NII] ASiA Ukraninain SSR.

So far as preservation of appearance of aluminum alloys and avoiding of even
slignt corrosion (as factor disturbing this appearance) is concerned, the complex
of measures, of both technological and exploitational nature, should be thoroughly
worked out and checked under actual conditions of exploitation.

On the whole it is necessary to note that in the overwhelming number of cases
the stability of aluminum alloys has been increased,

Question of corrosion resistance of aluminum alloys is continuously the center
of attention in organizations developing aluminum alloys. Here it is considered,
for instance, absolutely rational to obtain even a slight lowering of strength

properties at the expense of increase of corrosion resistance of alloy. An

tem s
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example of this is limitation of copper content in alloy AV-T, given in TU SN 113-
60, leading to increase of corrosion resistance through lowering of calculated
resistances by approximately 100 kg/cmz, and also the intended transition from
alloyv AV-T1 to alloy AD33-T1 with problem of increase of corrosion resistance

through certain lowering of calculated resistances,
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Pig. 3. Characteristic of corrosion resistance
of aluminum alloys
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High resistance of aluminum alloys to corrosion allows us to apply minimum
thicknesses of semifinished products from aluminum alloys.
1.5 mm-for load-bearing elements located inside building and for elements
protruding to exterior; |
3 mm-for structures in open air (with the exception of projecting elements);
0.3 mm-for roofing and wall panels with appropriate form of profile ensuring

stability of section.




Questions of corrosion resistance of aluminum alloys in building structures
are illuminated in article by workers of YuzhNII ASiA Ukrainian SSR Yu. N,
Tikenko, Cand. of Tech. lciences and V. Ya. Flaks, engineer. In article there is
given foreign data on corrosion resistance of aluminum alloys and also initial
results of broad research started in YuzhNII on corrosion resistance of native

aluminum alloys during their exploitation under conditions of metallurgical

factories and in atmosphere of industrial city.
5. Certain Peculiarities of Calculatlon of Structures
if

from Aluminum Alloys with Rq_gpct to Ultirate St Strains eflections)
and to Stability

Value of modulus of longitudinal elasticity of aluminum alloys lowered as
compared to steel, increases significance of check of structures from aluminum
alloys for ultimate strains, total and local stability. One of the most important
questions of designing is determination of ultimate strains (deflections) of bent
elements.

For the purpose of limitation of number of cases ol calculation of bent
element.s for deflections and thereby more rational use of material during cal-
culation of strength in structures from aluminum alloys, TU SN 113-60 has developed
this question more specifically, in particular, there are allowed larger values of
ultimate strains than in NiTU 121-55 for steel structures.

Thus, for instance, in SN 113-60 there are given delfection norms for
elements of framework, roof panels, suspended ceilings and wall panels, which were
not in NiTU 121-55. Ultimate deflections for roof panels and suspended ceilings
have been determined at 1/150 (1/25) of span, and wall panels - at 1/125 (1/100)
of span, where figures in parentheses are magnitudes allowed when there is a

foundation, including experimental construction.

We must note that tendency of increase of ultimate strains is common for
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structures from aluminum alloys, thereforc with duvelopment of these structures
one should expect further increase of ultimata deflections of bent elements.

Question of check of totel stability of girders in TU SN 113-60 has been
developed in sufficient detail. In particular, in Tables 17 and 20 of Technical
Specs there is given data on the biggest ratios of free length of compressed
boom 1 to its width b, in which there is not required check of stability of
welded, pressed (Table 19), and riveted (Table 20) girderz in dependence not only
on place of application of lcad, brands of alloys and their states, but also on
ratio of total height of beam to its width, Permissible ratios 1 : b in struc-
tures from aluminum alloys, are unierstandably less than for steel structures.

Check of local stability of walls of girders is also made in structures
from aluminum allcys under more rigid requirements.

In detail in TU SN 113-6C there are considered questions of relationships
of dimensions centrally compressed and compressed flexed elements.

Here there are determined permissible ratios of rated height h, or average
diameter D of tubing to corresponding thickness & , depending upon calculated
flexibility A and also on magnitude of ultimate overhangs of flange plates and
shelves of ccmpressed, compressed flexed, and bent elements both in the absence
and in the presence on overhangs of thickenings (bulbs).

Low value of modulus of longitudinal elasticity is reflected also on values
of coefficients ¢ , of buckling of centrally compressed elements. Comparison
of the latter with corresponding values for stesl structures is presented in

Fig. L.

Relatively low values of coefficients ¢ for aluminum alloys led to neces-
sity of reduction of allowed limits of flexibility of compressed slements (as
compared to steel elements). It is necessary, however, to stipulate that for pur-
pose of best use of material, flexibility of principal compressed elemsnts fronm

aluminum alloys does not usually have to exceed 50-60.
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Fig. 4. Values of coefficients 5

and ultimate bend strengths of
principal compressed elements

a4 ~a- fromaluminum alloys; b - b -
from steel

Special designations:

AMg6-N;
—— — AV-T
...... D16-T
------- St. 3
—. -~ NL2 (15 KhSND).

Large number of articles in this collection are devoted to theoretical and
experimental investigations of actual work of material, separate elements, articles,
and structures,

Two articles are devoted to questions of calculation of stability. The first
of them - by Dr. of Tech. Sciences B, M, Broude and G, M, Chuvikin, Cani. of Tech.
Sciences (TsNIISK ASiA USSR) - contains basi of certain methods of calculation
of stability given in TsNIISK ASi{A USSR, which are given in TU SN 113-60, Here,
there are included questions of eccentric compression, bend-twist form of loss of
stability, axial compression, overall stability of girders, and local stability
of walls on beunms.

Second article - by workers of NII construction of Ministry of Construction

of RSFSR A, G. Immsrman, Cand. of Tech. Sciences and V. S. Moskvitin, engineer -
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is devoted to more precise definition of local stability of angular profiles from
alloy D16~T. 1In article, on the basis of theoretical prerequisites and conducted
experimental investigations, there are ma’s recomsendations for assignment of
overhang of corner flanges (both the usual and also those with thickenings - bulbs).
Obtained data are designed for use both in designing of elements and also during
composition of assortment,

In article by A, Kh. Khokharin Cand., of Tech. Sciences (TsNIISK ASiA USGR)
there are illuminated results of investigations of work of rods under central
compression. Obtained results srs compared with those given in TU SN 113-60.

in article by B, G. Bashonov, engineer (TsNIISK) there are given results of
experimental investigations conducted on eccentrically compressed rods of rectan-
gular ani H-shaped sections from aluminum alloy AV-T1l. In article there is given
also a method of approximation of solution of problem of stability of eccentrically
compressed rod for the aane forms of cross section. There is given also comparison
of theoretical values of critical forces determined with help of offered method of
appraximation, with results of experiments.

Here we can refer to above-mentioned works on actual work of joints.

Article by Yu. S. Mkrchanets, engineer (TsNIISK) is devoted to analysis of
investigations conducted by him at TsNIISK of actual work of I-bsams under
influence of concentrated static loads.

Author, on the baeis of analysis and modernisation of existing theoretical
assumptions and on numerous experimental investigations conducted by him of series
of beams, studied questions of local stabiliiy of walls, distribution of stresses
in elements of beams, overall and local deformations, and also values of ultimate
strains of beams,

Correlation of practice of experimental and practical designing of structures
from aluminum alloys should be subject of special investigation.




In this collection five articles are devoted directly to structures from
aluminum alloys.

Article by K. D, Fink, engineer (EXB [Fxperimental Designers Bureau) at AliA
USSR) is devoted to designing of certain type of roof and wall panels, developed
at EXB with participation of TsNIISK.

Article by V, N. Spirov, engineer (Moscow) gives data on designing and
manufaciure of building structures and articles from aluminum ailoys., Juch
structures and articles include wall panels, windows and doors, partitions and
stained glass panels, and roof and suspended ceilings.

In article by G. D. Popov, engineer (GPI Proektstal'konatruktsiya) [State
Planning Institute for Steel Construction] there is given data from planning de-
partment of this institute on structures from aluminum alloys, including span of
90 m, in which as load-bearing structures there are used jointless archs,

Article by Yu. S. L'vov, engineer (GPI Giproavtotrans) [State Planning Insti-
tute auto Transportation] is devoted to first permsnent highway bridge with span
structure from aluminum alloys, developed in this organization.

In article by B, A. Speranskiy, Cand., of Tech. Sciences (Ural Polytechnical
Institute ] and F. F. Tamplon, engineer {NII on construction in Sverdlovsk) there
are given results of initial research in prestressed girders from aluminum alloys.

On the whole, contents of first issue of the collection and planned future
issues provides for both correlation of works conducted according to coordinate
plan and formulation of subsequent new problems, solution of which will facilitate
preparation for wide application ol aluminum alloys in construction:

1) creation of a special industrial base for manufacture of structures;

2) further increase of resistance of aluminum alloys to corrosion;

3) significant increase of strength properties of basic metal and especially
of joints intended for load-bearing structures;

L) expansion of theoretical and experimental works on questions of




calculation and designing;

5) development of structural forms of buildirgs and structures which, to
the highest degree, reflect specific character of aluminum alloys;

6) establishment of cost of both semifinished products from aluminum alloys
and also for manufacture of structures from them;

7) more precise definition of range of application of aluminum alloys with
respect to prices, which will provide maximum technical progress in manufacture of
semifinished products and structures from aluminum alloys.




CONTEMPORARY ALUMINUM ALLOYS

Dr. of Tech. Scie. es 1. N. ‘ridlyander

Aluminus has for a long time occupied place of second (after iron) metal,
Production of aluminum is still many times lower than that level which has been
attained in field of steel, but 1..e of growth of production of aluminum is many
times higher.

Rapid growth of production oi aluminum is caused both by properties of the pure
metal ana alsc especially by t..at complex of important qualities which different
alloys possess, that are based on aluminum., During the last few years develoment
o? new aluminum alloys has been intensely conducted in many countries, and this
has been fruitful. Possiblities in this respect are still far from relaised,
and one should expect in future the creation of new, still more interesting alloys.

Before Second World War the basic alloying additions to alumimm alloys were
magnesium, copper, and silicon (separately and in different combinations). Using
va-ious combinations of these additions, there were created msgnalium (Al-Mg alloys),
Silumin (Al-Si alloys, when necessary - with additions of copper and magnesium),
duralumin (alloys of Al-Cu-dg system), and also a group of forging alloys on & base
of Al-dg-Si system and Al-Mg-Si-Cu (AK5, AK6, AK8). In majority of these alloys
there was introduced also maganese or its analog chromium (and later, sirconjums).

Role of small additions of these slemants, especially ir deforwmed allcoys, is

— k'-', - C . — o gp— ;»* ﬂv;-.-’.,. - . w—«-&-.»«-A P, - e R —
. o
_AA
r\ .




extrs.~dinarily great, and it is possible to say that in certain respects it is
still not clear. With manganese, chromium, and zirconium there is connected
appearance of press-effect in pressed, semifinished products. These additicns
render very preat influence on transverse properties of articles, disintepration
rate of solid solutions, hardenability of articles, processes of recrystallization,
and on apprarance of coarse-prained structure,

In war and especially in pustwar ycars there became intensely more familiar
a new group of alloys, in composition of which as the most important alloyins
element there was introduced zinc (V95, V96, V., V93, and V3z2).

At last, there were recently discovered, and they are obtaining even greater
value, two groups of alloys, basic alloying camponents of which are axygen
(A1305), the so-called baked aluminum powder (SAP), and lithium in combinat:ion
with cadmium in presence of copper and manganese (alloy VAD23),

It is necessary to emphasise that in creation of new alloys a decisive role
is played not by added elements themselves, but by those chemical cumpounds which
apoear in alloy during alloying of aluminum. These chemical compounds or phase-
strengtheners, interacting with solid solution, evoke harZening of alloys during
heat treatment and render decisive influence or. strength, iuct_lity, and corrosion
resistance of alloys. At the same time oif extraordinarily important val'° are
form=, dispersion, rature of distribution of pnises-strengthencrs, and alsc
ccmposition, structure, and properties of solid solution. Experisnce shows that
maximum hardening during heat treatment of al:minum alloys is attained when phase-
strengthener has in its own cm:po'ait.ion not lesa tlan two foreign (besides aluminum;
atoms. Such phasss are Mg, i in Al-Mg-Si system (alloys A3, AD33, AV), Mgin,
and T, Al Mgy2ny in Al-In-Mg-Cu system {alloys V95, V96, V94, V93, and V),
5(A1;CuMg) $n Al-Cu-Mg system (alloys Dié, D18, AKL, AN\-1), phase W(Al Mg, Si,Cu)

in A1-Si-Mg-Cu system {alloys AK6 and AK3). At the same time, phases Cukl; and
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AL Mg (tinary alloys Al-Cu) and Al-Mg (magnalium) evoke significantly less
hardening., Discovery of new phase able to cause significant efifect of hardening
or appearance of other interesting properties each time constitutes definite,
important atage in development, of aluminum alloys,

Aluminum alloys are used in annealed and naturally or artificially aped
states, Depending upcn phase-strengthener, the properties of alloys change,

Thue, in Al-Mg system mechanical properties of alloys in all states of heat treat-
ment are practi~illy equal. Mase 5 (Al-Cu-Mg system) evokes significant increase
of strength after natursl aging; artificial aging does not evoke additional,
noticeable increase of strength or can even lead to certain lowering of it., Phases
containing silicon and zinc (for instance, Mg,51i and Manz) lead to significant
effect of natural aging and to additional, large increase of strength after
artificial aging. All phusss of system Al-Cu-Mn and Al-Cu~-Li possess very small
effect of natural aging and huge effect of artificial aging. All these peculiari-
ties of alloys must be considered during development of technolcgical processes
connected with their application. Described distinctions concern characteristics
of strength, However, in all cases artificial aging leads to sharp increase of
vield voint, considerable increase of ratio %::9% and to significant lowering

of elongation, 1In spite of lowering of elongation, alloys is artificially

aged state can experience signigicant deformations without rupture, and they are
fully applicable to structures. Regarding corrosional stability, in prineiple it
is possible to ascertain that with proper selection of conditions of artificial
aging, corrosion resistance of artificially aged alloys is no worse than corrosion

resistance of naturally aged alloys.

1. Deformed Aluminum Alloys and Certain Peculiarities of Their Application

Deformed aluminum alloys can be divided into following groups:

a) pure Al;




b) Al-Mn alloys;

¢) Al-Mg alloys (magnalium);

d) Al-Mg-5i alloys;

e) Al-n-Mp alloys (Cu);

£f) Al-Cu-Mg alloys;

g) Al-Mg-Si-Cu alloys;

h) Al-Cu-Mn alloys (Li, Cd);

To Al-Mg-5i system belong alloys AD31, AD33, and AV, Alloy AV is tométim&s
called an avial. |

In bygone times this alloy had large value for aviation, as a result‘of which
it obtained the name "aviation aluminum" - avial. Now the role of this alloy in
aviation is small, and this term is an anachronism,

In application of structural aluminum alloys one should consider some of
their peculiarities, distinéuishing them from steel., These, first of all are
lowered values of elongation and impact toughness., For structural aluminum allioys
the characteristic values of'impact toughness are of the order of 1-2 kgm/cm? in
longitudinal direction and 0.4-1 kgm/cm? in transverse (with respect to fiber)
direction. Nonetheless, not one case of brittle fracture of a structure from
deformed aluminum alloys after entire time of their exploiﬁation was noted. These
alloys are practically not inclined to brittle fracture, nor to cold brittleness,
therefore, they can be with absoiute calm applied with shown characteristics of
impact toughness, Howe'er, if structure experiences direct (without damping)
impact loads, additional tests have to be condnucted.

Concept of satisf{actory ductility (determined in practice basically by
elongation) underwent long evolution. Up to 1940-1943 it was considered obliga-
tory that average elongation be on order of 12-20%, Later, in connection with
development of stronger alloys, this average elongation was lowered to 8-12%,

and then (especially for rods, forgings, and stampings) -- to 3-6%. At the same
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time minimum assurable elongation was lowered from 10 to 67 for pressed articles,
form 13-15 to 7-6% for sheets, and to 6-27 (depending upon direction of catting
of samples) for big forgiﬁgs and stampings, and also for massive profiles, At
present there is being realized lowering of assurable elongation for sheets and
profiles from specially strong alloys to 2-3#%. In spite of such comparatively
low elongation, aluminum alloys work quite satisfactorily in structures. Pro-
longed tests showed that there is no direct connection between values of elonga-
tion, structural strength, or vibrationstrensth of material. [‘vreover, i: direet
experiments on alloys of type V95 it was shown that with increase of temperature
of artificial aging elongation of alloy is sharply lowered, and its resistance to
vibration loads increases, Furthermore, its resistance to stress corrosion is
immeasurably improved,

Therefore, alloy V95 can not be applied in naturally aged state (with
elongation on order of 20%), and it should be used in stiucture only in artifi-
cially aged state (with elongation on order of L4L-10%). Rivet alloy V9. is upset
only after aging at sufficiently high temperature, as a result of which elongation
of alloy is lowered. In naturally aged state (elongation of 20-25%) alloy V9.
cracks during riveting. Artificially aged alloys V95 and V96 allow additional
pressing by means of rolling to 20-25%, wﬁich confirms their good efficiency in
artificially aged state with comparatively low elongation,

Together with that, some minimum of elongation is necessary. In rods,
forgings, stampings, and profiles elongation in width and especially in height
of articles with incorrect method of their manufacture can approach zero values.
Big articles of similar type have to be tested in three mutually-perpendicular
directions, In any of these directions elongation should be no lower than 1.5~
2%, When recessary, elongation in transverse direction may be raised by means
of application of the proper deformation diagram. Together with elongation,

because of improvemnt of technology of production of semifinished products, .
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corrosion resistance of articles may also be considerably improved.

Considerable attention should be given to any kind of structural hetero-
reneities, first of all to stratifications, inclusions of intermetallic compounds,
and to coarse-grainedness, in particular macroc-ystalline ferrule,

Stratifications, constituting local disturbances of continulity of metal, are
met most. frequently in forgings, stamping, pressed articles, and plates; they
sometimes appear also in sheets. Area of stratifications can reach tens, and
sometimes hundreds of square millimeters, They are always disposed with fiber and
little affect unit properties, but weaken material in direction perpendicular to
nlane of bedding of stratifications. Stratifications, as a rule, are well
revealed by ultrasonics, therefore, critical articles have to pass ultrasonic
inspection. Slag inclusions worsen corrosion properties of articles, spoil their
appearance, and lower vibration strength in thin sectionms.

In certain alloys there are easily formed coarse intermetallic compounds,

constituting, as a rule, compounds of aluminum with manganese, chromium, iron,

A N S BEIMGERL L

vanadium, or titanium, In semifinished products they are disposed in the form

of separate points or lines, Inclusions of intermetallic compounds worsen trans-

TSR N

verse mechanical properties and corrosion resistance of material and spoil its
appearance,

In articles from aluminum alloys there sometimes appears coarse grain. It,
in general, weakly affects mechanical prcperties, corrosion resistance, ami
vibration strength of material, but worsens its decorative appearance; on sheets,
pipes, and profiles in the presence of coarse grain there appear roughness and
motley colored tints, On pressed articles coarse grain is revealed in the form
of so-called macrocrystalline ferrule, which is sharply outlined and clearly
segregated from remaining section. Macrocrystalline ferrule is allowed by

present technical specs. However, it is necessary to consider its negative sides-
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it spoils appearance, is more easily inclined to overheating than basic material;
during cold-water quenching from upper limit of temperature (within limits of
instruction on heat treatment) inside ferrules there appear crucks, strength of
ferrule is lower than strength of basic material by 4-8 kg/mmz.

Stratification, slag inclusions, inclusions of intermetallic compounds,
coarse-grainedness, and macrocrystalline ferrule in case of neesd can be repulated

under special technical conditions.

a) Aluminum and Alloy of Aluminum with Manganese

Commercial aluminum is alloy of aluminum with constantly present impurities
of iron and silicon (sometimes copper, magnesium, titanium, sodium, and others).
The purer the aluminum, the higher its corrosion resistance. Aluminum is applied
both in annealed and cold-worked states, This is excellent corrosion-resisting
material, possessing good weldability, but poor machinability. Aluminum is very
receptive to color anodizing. It can be applied in all those cases where its
strength turns out to be sufficient,

High strength is possessed by alloy of aluminum with manganese ( AMts alloy).
Alloy AMts with respect to weldability, corrosion resistance, and machinability,

is very near to aluminum, but in respect to color it looks worse.

b) Alloys of Aluminum with Magnesium (Magnalium)

Alloys of aluminum with magnesium (magnalium) possess (with correctly designed

technology of production of semifinished products) high strength. They find wide
and various application. During the last few years, composition of wide-spread
brands of these alloys has been definitized and new brands have been created. It
is assumed that at the end of this work there will have been obtained a number
of alloys of magnalium type, in which content of magnesium changes continuously
from 0.5-1.8% in AMgl alloy, to 5.3-6.8% in AMgé alloy, and possibly to 8-9% in

new alloys of this group.
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Alloy AMgl possesses high corrosion resistance, polishability, and reflec-
tivity. Following the example of German Democratic Republic, content of chromium
in AMgl alloy (and also in more alloyed alloys AMg:, AMg3, and AMg5) is limited
to 0.05%., In this case this entire group of alloys AMgl, AMg2, AMg3}, and AMg5 is

well adapted to color anodizing, and it is excellent structural and decorative ..
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material. In order to distinguish magnalium with limited content of chromium,
special marking will be introduced for them,

In structural alloys AMg5-V and AMgb~T a big complication is evoked by
appearance in the structure of inclusions of intermetallic compounds cf complex
composition (aluminum with manganese, titanium, chromium, vandium, iron, and
zirconium - depending upon presence of these elements in alloy). Intermetallic
compounds act like sharp cuts, they worsen corrosion resistance and decorative
appearance of material; permissibility of them should be thoroughly checked in each
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separate case. It has been shown that intermetallic compounds containing vanadium
and zirconium are especially easily formed; titanium readily forms intermstallic
compounds where content of it in alloy is more than 0.1%. Therefore, in alloy

|

AMg6-T titanium content has been lawered to 0.02-0.1f and it was given a new

brand name AMg6 (without T), and in alloy AMg5-V - vanadium will be substituted

for titanium (0.02-0.1%), and alloy will also assume brand name AMg5 (without T).
Solubility of magnesium in aluminun decreases considerably with decrease of

temperature (from 15-17% at 450° to 2% at room tempersture); however, decomposition

of solid solution in this system occurs extremely slowly. Therefore, for instance,

alloy AMgb, quanchad from tempera‘ure of 400-430° in water or slowly cooled in

air, has practically the same mechanical properties, i.e., does not possess effects

of heat treatment (effect of quenching and effect of aging). Therefore, these

alloys are »lightly weakened with welding, and attenustion factor for welding is

n ar to one,

Solid solution of magnesium in aiuminum in alloy AMgb at room temperature is
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unstable and supersaturated, and with passage of time gradually decomposes, with
singling out of smallest inclusions of Al;Mg, phase, Decomposition is more rapid,
the greater the content of magnesium in aluminum and the higher the temperature
of holding. Alloys AMgl, AMp2, AMg3, and also the workable alloy AMglL are not
inclined to decomposition., Alloys AMg5 and AMgé do not decompose at temperatures
of holding up to 30-40°, but with increase of temperature to £0-70° and holdings
for several hundreds and thousands of hours, their decomposition is quite interse,
Pecomposition in interval 60-70° (and up to 150-200°) leads to formation of con-
tinuous bead chains of A13M32 compounds along grain boundaries. Owing to dif-
ferent of potentials of solid solution and compound there occurs fast destruction
of grain boundaries, and strength of material and its plasticity drop catastro-
phically.

Thus, buoys from alloy AMgH, floating for year in Black Sea in Gelendzhik
region, turned out to be severely damaged and less long-lasting than buoys made
of alloy Dlé6.

In order to avoid unfavorable influence of low-temperature heatings, allcys
AMgS and AMg6 must be annealed at a temperature of 300-350°; here solid solution
cf magnesium in aluminum also decomposes, but AljMgs compounds falls out in the
form of separate, comparatively large inclusions, isclated from each other
(partially on boundaries, part:slly inside grains).

Similar, isolated particles only faintly worsen corrosion resistance cof
alloy. T7herefore, over conditionz of annealing alloys AMg5 and AMgb there should
be strict control in all those cases when in process of exploitation of structures
there is possible low-temperature heating (thus, for exampls, in southern latitudes
structures are easily heated to 60-30° under the influence of solar rays). Con-
trcl is further complicated by the fact that test of alloy for mechanical pro-

perties does not give indications of how given conditions were sustained; exact




answer can be obtained by control of corrosion behavior of alloy after heating

(for instance, for 10 hours at 150°), Probably, appraisal is possible of state

of alloy by level of electrical resistance, but this method is still undeveloped,
In use of sheets from alloys of magnalium type significant additional

strengthening can be obtained as a result of cold hardening of material

(Table 1),

Table 1. Properties of Cold-Worked
Sheets from Alloy AMgb

[¢%)

Tpulent Maraprosxn e in k"-/m2 %.2 in kg/mm? tin4%
0 32 17 M
5 35 2.5 19
10 37 2.5 13
15 » 32 10
20 40 k7 } 9
k | 42 k 7

KEY: (a) Percent of cold-working.

Weakening of zone of welded seam during use of welded materiul is compensated
by local thic);ening of weld zone, created by means of rolling of sheets with
flanpge on butts or by other methods.

As a result of previously conducted works and those investigations which
will be carried out in 1961-1962, there is possible the use of alloys of magnalium
type, and reliability of their application may be significantly increased. Summa-
rizing what has been said, it is possible to note that from corrosion point of
view allovs of magnalium type all the way up to alloy AMgh require less attention
to method of their manufacture than do alloys AMg$5 and AMg6, which can be applied
only with reliable realisation of required conditions of annealing. For color

anodising the most suitable alloys are those with limited chromium content.
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c) Alloys of Al-Mg-Si Type

Alloys of Al-Mg-Si type during the last few years have attained very great
value as structural and decorative material. In properties they strongly differ
from magnalium. Alloys of Al-Mg-Si are strengthened by HgZSi phase, provoking
significant effect of quenching, of natural, and especially .of artifica-d aging.
Thus, for instance, one of alloys of this group - alloy AV - has, in annealed
state, strength of not more than 15 kg/mm?, in naturally aged state - not less than
20 kg/mm?, and after artificial aging - not less than 30 kg/mm?., These alloys are
easily subjected to any kind of cold bends, stamping, deep drawing, and so forth
in annealed state, Material is comparatively little strengthened and allows
significantly larger drawings than alloys AMg5 and AMg6é, which are quickly riveted
during cold deformation. However, great effect of heat treatment peculiar to
alloys Al-Mg-Si is eliminated through welding, and material in zone of seam is
strongly weakened. In naturally, and especially in artificially aged state Al-Mg-Si
alloys have high yield point, by which they favorably differ from magnalium.

Corrosion resistance of Al-Mg-Si alloys strongly depends on relationship
between concentration of magnesium and silicon. Zood corrosion resistance is
possessed by those alloys in which this relationship is such that all the silicon
completely leaves formation of HgZSi compounds. As soon as excess silicon appears
in structure, corrosion resistance of alloys worsens sharply. Excess magnesium
enters into solid solution with aluminum and does not lower corrosion resistance.
Introduction of copper into Al-Mg-Si alloys worsens their corrosion behavior in
proportion to copper content. At present in Al-dg-Si system there are three
industrial alloys: AD3l, AD33, and AVH,

At present we are improving composition of alloy AD3S: Mg O.4-1.4%;

#See article by N. M. Edel'man, included in this collection,




S1 0,6-1,5%; Mn 0.4-1%. Heiphtened content of manganese in this alloy retards
growth of grains. At the same time this alloy possesses high strength and

corrosion resistance, and for all these reasons it is promising for comstruction,

d) Alloys of Al-Zn-Mp, (Cu) Type

The strongest aluminum alloys belong to systems Al-/Zn-Mg and Al-Zn-Mp-Cu,
Development of alloys of this group and their adoption in serial production at
first caused preat difficulties connected with inclination of allnys tn stress
corrosion and cracking of ingots during continuous casting. Gradually these
difficulties were surmounted. It was shown that inclination to formation of cracks
during casting depends on relatioship of content of impurities in aluminum »f
iron and silicon. If ironin alloy is more plentiful than silicon, practically
no cracks are formed. Therefore, when necessary, into alloy there is specially
introduced a small quantity of iron. More precise determination of camposition of
alloy, as regards impurities and improvement of technology of casting allow, us
to obtain ingots of very large dimensions wiihout cracks.

With passage of time we ha\e managed also to find compositions of alloys and
conditions of aging corresponding to them, ensuring reliable corrosion behavior
of material.

Ternary alloys Al-Zn-Mg containing more than 7-8% total of zinc and magnesium
with significant excess of szinc over magnesium, are inclined to stress corrosion.
This inclination is removed by small addition of copper, not forming new phases
but changing compositicn of soliid solution in favorable direction.

First representati.e of alloys of Al-cn-Mg-CU system-alloy V95 - contains:
zinc 5-7%, magnesium 1.8-2.8%, copper 1l.4-2%, manganese 0.2-0,6%, chromium O.1-
0.25%. According to different data, additions of chromiun and manganese are
necessary for increase of corrosion resistance of alloys. Role of chromium
especially emphasised in the United States; there it is pointed out that only

‘1
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with help of chromium is it possible to ensure satisfactory corrosion resistance
of high-strength alloys of this system,

However, in our country there have beer created and successfully axploited
two high-strength alloys of this system-alloys V94 and V93, containing neither
chromium nor manganese nor other unalogously active elementa. For alloys V93,
V)5, and V96 artificial aging is mandatory. In naturally aged state all of them
ha\e unsatisfactory corrosion beha.ior,

Alloy V72 stands alone. It will be described below.

From alloy V95 there are prepared sheets, profiles, forgings, and stampings.
Strength of articles from this alloy (with fibers) is on level of 52-60 kg/mz,
yield point L4-55 kg/mz, elongation 6-12%. General corrosion resistance of alloy
is inversely proportional to content in alloy of copper. Therefore, in general
corrosion resistance alloy V95 is higher than alloy D16. For riveted structures
and buildings alloy V25 can be considered as very acceptable mate-ial in the
formn of sheets and pressed articles.

However, dwring planning and manufacture of structures from alloy V95 it is
necessary ‘o prevent appearance of concentrators of stresses (in the form of sharp
cuts, shirp corners with very small radii, and so forthj.

Alloy V96 in the form of pressed semifinished products is 10f stronger than
allor V95, Sheets from alloy V96 do not have special advantages ovor sheets from
alloy V95,

Alloy V94 is intended for manufacture of rivets working sgainst shear or
cru~pling. Minimm guaranteed resistance to shear of rivst wire is 29 kg/mz,
but in process of riveting resistance to shear is increased. MNox the possibility
is being studied of increase of guaranteed resistance tc shear of rivet in upset
fraup to 31 kg/nz. Alloy V94 can be upast at any time after cusnching (in

centrast to certain rivet aluminum alloys which it is posaible tc upset onlv for
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a limited time after quenching), but which requires observance of certain pre-
cautions during riveting.

Rivets {ram alloy V94 possess reliable corrcsion resistance and caa be
applied in building structures., New alloy V93 possesses guaranteed strength in
three directions —- 48 kg/mz; from it, it is possible to prepare forgings and
stampings of aifferent dimensions, including big ones. The alloy is water
quenched av. a temperature of 70-80°, and during subsequent mac .ning it is little
deformed, Therefore, parts can be completely mechunically proccssod and then
hardened, which in a number of cases presants greater technological conveniences,

Weldable alloy V92 differs {rom all above described alloys of Al.-Zn-Mg-Cu
syztem. For increase of general corrosion resistance no copper is included in
i¢; content of magnesium exceeds ccntent of zinc; number of alioying elements is
lowered.

Alloy V92 belongs to self-hardening alloys, i.e., it is hardened with air
cooling, and then ages naturally or artificially. This ability considersoly de-
creases weakening of weld sone as a result of heating during welding, and it
also allows us to chtain a stronger seam. Natural aging of alloy V92 coatinues
for a very prolonged time (up to 3 months). Basic increase of strength is attainea
during first month, additional — up to 3] months; aging gives acditionai increase
of strength of 2-3 kg/mm?. illoy V92 is alsc subjected to artificial aging;
approximate process of aging is 100°-96 hours. Properties of alloy V92 to signif.
icant degree depend on degree of deformation and form of semifinished products.
For assurance of satisfactory propertiea, degree of deformation during pressing
should not be less tha: 93-97%. For fulfillment of this condition it is necessa:;
to watch both factory suppliers and custamers.

From alloy V92 there are poured ingots of the largest diazeters. Also case
are flat ingots of the largest cross sections., Thereforv, the required degree of

deformation can always be attained. It is necessary also to note that plates
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of considerable thicknesses have to be prepared not from flat, but from round
ingots by means of forging then to final dimension by forging into billet and
subsequent rolling. Only in this case are we able to ensure overall high level
of properties and, in particular, satisfactory properties througnout thickness of
plate. Alloy is inclined to press-effect; in extruded articles its strength and
vield print are considerably higher than in sheets and rolled plates; therefore,
alloy V92 is very profitable to apply in the form of extruded profiles, plates,
and panels. Alloy satisfactorily undergoes forging and stamping.

Alloy V92 possesses good overall corrosion resistance under atmospheriec
conditions and during submersion in sea water both in naturally and also in
artificially aged states. It behaved well in pipelines during annual tests in
different soils. Prolonged heatings at 70-80° and artificial aging worsen resis-
tance of alloy V92 to stress corrosion. However, it is possible to rely on fully
satisfactory behavior of alloy under actual conditions of exploitation of building
structures,

Properties of semifinisned products from alloy V92 are given in Table 2.

{On alloy V92 there has been accumulated considerable experience in welding;

there has been made, in particular, the important conclusion that alloy V92 welds
well by argon arc process. At present alloy V92 is undergoing extensive
technological, exploitational, and corrosion testing in a number of structures

and buildings.

e) Alloys of Duralumin Type (of Al-Cu-Mg system)

The duralumin alloys are those of Al-Cu-Mg system; the most important of
them are alloys D1 and D16; as rivet alloys there are applied D18, V65, and D19.
Recently there has been developed weldable alloy M40, belonging to this system,

Irdustrial alloys by relationship between copper and magnesium are disposed

in following order:
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Alloy Ratio Cu: Mg

B6Y & ¢ ¢ v ¢ o e o o o 19.0
DI ¢ o o 0 ¢ ¢ ¢ e o Tely
3 6.35
DIA 6 6 6 v o ¢ o o o o 2.76
D19 6 4 o v o ¢ o o o @ 1.7
VD7 4 4 o 6 ¢ o o o o o 1.32

In general we note that by the measure of decrease of this ratio, the
corrosion resistance of alloys is increased, Uemifinished products from alloy
I'ir- have ultimate strength of LO0-48 kg/mmz, yield point of 28-40 kg/mmz, resist-
ance to shear — 25-27 kg/mm?, elongation of 12-20%.,

with 6verhardening of sheets and profiles from allcy D16 (and of other alloys
hardened by heat treatment) their strength, and especially yield point, drops by
1-3 kg/mm2. This phenomenon is caused by fact that values guaranteed by techni-
cal specs of ultimate strength and yield point are ensured by application of
drawing of semifinished products after hardening. Consumers do not produce |
drawing, and corresnonding effect of hardening is lowered.,

| Together with hardened and naturally aged sheets (of brana D16-T) there sre
supolied cold-worked sheets (D16A-TN). Cold hardening is done by means of cold
rolling in quenched state; degree of cold hardening constitutes 6-7%. With cold
hardening to 4-7% (to a still larger degree than with drawing) there is increased
ultimate strength and especially yield point with certain lowering of elongation.
C~1d worked sheets can be applied in those cases when sheets in process ~f manu-
facture ~f structures are not subject t» significant deformaticns,

The greatest hardening of sheets from alloy D16 can be achieved by applying
still preater cold hardening -- oﬁ order of 207 (D16A-T1-Nl). Such cold hardening
allows us to increase strength of sheets from alloy D16A-T as compared to the
usual by 6 kg/mmz. Subsequent artificial aging for 10 hours at 130° ensures
approximately the same level of elongation as for sheets of D16A-TN.

Thin sheets from slloy D16 in avcoidance of through diffusion of copper in




plating layer (which leads to lowering of corrosion resistance and impairment of
appearance) must have plating of relatively large thickness.

Strength of pressed articles from alloy Ul6 can exceed strength of shests by
L-8 kg/mz. Intensity of presses-effect depends on cross section of pressed articles;
it appears more strongly on large thicknesses, Therefore, in technical specs there
is provided increase of strength and yield point of profiles with increase of
thickness of wall. However, recent investigations showed that with proper control
of composition of alloy D16 and methods of pressing it is possible on thin profiles
to obtain ultimate strength of not less than 48 kg/mm? and yield point of not less
than 34 kg/m2 with assured elongation of order of 7%. These properties are provided
by special technical methods for procurement of profiles from alloy D16 with wall
thickness of more than 2 mm.,

From rivet alloys of duralumin type alloys D18 and V65 have wide application
for room temperature, while alloy D19 is used for heightened temperatures. Rivsts
from alloys D18 and V65 are upset in aged state, i.e., at any time after quenching.
Alloy D19 can be upset for 2-6 hours after quenching (the greater the diameter of
wire, the less is the time permissible for riveting). However, in corrosion
resistance alloy D19 significantly exceeds alloy V65.

Of considerable interest is weldable alloy M4O. The alloy is forged, rolled,
extruded, and satisfactorily welded by all forms of welding. Plated sheets from
alloy M4O have strength on order of 39 kg/mz, ‘s = 25 kg/mz, s = 18K,

Strength of extruded profiles is 43 kg/mm?, conditional yield point is 32 ke/me?,
elongation is 13%. Strength of sheets with thickness of 2 mm, welded by argen

arc automatic welding, is equal to 32-34 kg/m<. Resistance to shear and bresk-
away of welded points considerably excesds corresponding characteristics for alloy
D16, At present there is also being investigated weldable variety of alloy Dl6.
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f) Alloys of Al-Mg-Si-Cu System

To alloys of this system belong alloys AV (when this alloy has copper), AYA,
and AK2, All of them have identical concentration of magnesium and silicon and,
in ascending order from alloy AV to alloy AK%, increasing copper content.. In
accordance with increase of copper content strength of alloys grows, and ductility
and corrosion resistance are lowered. Basic assignment of alloys AKA and A¥Z,
and partially of alloy AV is forging. From these alloys it is pussible to pour
ingots of the largest diameters, and there can be obtained large dimension for-
gings and complex forms of stampings.

Alloys of Al-Mg-Si-Cu system age naturally and artificially. Natural aging
is evcked by S phase, the same that acts in alloy D16; artificial aging -- by
rhase containing silicon MgZSi and W. Alloys Ak6 and AK8 are used chiefly in
artificially aged state, They have high strength and high yield point with con-
siderable ductility. Artificially aged alloy AK6 possesses the same strength as
alloy L1, but has supplanted the latter as forging alloy, since it possesses
better casting and forging properties,

In general, wc note that alloy AKé is very successful alloy for application
in the form of forgings and stampings of average strength.

Widely used for manufacture of loaded forgings and stampings of heightened
strength is alloy AK8. However, alloy AK8 is capricious under heat treatment,
it has narrow permissible interval during heating before quenching, which, in
practice, quite often leads to burning of parts or to another defect, the so-
called "etch effect", appearance of chains of intermetallic compounds on grain
boundaries. Recently AK8 has been replaced by alloy V93, having higher strength,
highgr corrosion resistance, and considerable ductility.

It is necessary to note that alloy AK8, sometimes called superduralumin,
thus, characterising it as representative of alloys of aluminum-copper-magnesium

system. However, after artificial aging there are more common traits between
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alloys AK® and AK6, than between alloys AKS8 and D16, Therefore, it is more ccrrect

to refer alloys AK3 and AK6 to aluminum-magnesium-silicon-copper system.

£) Alloys of Al-Cu-1Li-Cd-Mn System

In 1957 a very promising discovery was made of new phases-strengtheners
possessing ability not only to create high strength at room temperature, but als~
to a sipnificant depree to preserve it up to 200°,

In development of these investigations there was developed alloy VAD23,
containing 4.9-5.8% Cu, 0,4-0.8% Mn, 101.4% Li, 0,1-0.25% Cd, and up to 0.15% Ti,
Alloy VAD23 in strength characteristics at room temperature exceeds alloy V95, -
and at a temperature of 180-200°, after multi-thousand [hour] holdings is approxi-
mately of the same strength as alloy D1 at room temperature (Table 3)., Alloy
VAD23 has 4-5% lower specific gravity than alloy V95, and its elastic modulus is
6-8% higher than elistic modulus of all other aluminum alloys.

Table 3. Comparative Mechanical Properties of Alloys
VAD23, D16, and V95 (Pressed Rods)

renﬁ:p\u_v Bp'eubn‘-u- L
(@) e BEEEITR | e 2] o [0 e
2 — 63 57 5 7600
VAD23 80 100 47 45 4 6700
200 10) 39 % 3 6500
. 1000 0 — 10 -
2 - 53 » ) 10 7200
180 100 36 - 12 -
D16 200 100 32 - 14 6100
-— 1000 2 19 16 -
2 - 62 57 S 7000
Vo
> 200 100 19 - 12 5050
— 1000 10.5 9 - -

KEY: (a) Alloy; (b) Temperature of tests, in deg;
(c) Time of holding, in hours.




Alloy VAD23 is absolutely immune to stress corrosion. General corrosion
resistance of alloys VAD23 and D16 is, practically, quite close. In quenched and
naturally aged stat¢ semifinished products from alloy VALR3S are well suited to any
kind of bending operation, Inasmuch as strengthening of alloy in process of
natural aging is extremely small, bending operations can be done at any time after
quenching (but before artificial aping).

In artificially aged state there should he produced comparatively small
deformations. Alloy VAD23 is expedient to apply where there is possible prolonged
heating of structures to comparatively high temperatures (up to 130-200°) or where

maximum strength and rigidity at normal temperatures are needed.

h) Founding Aluminum Alloys

Founding aluminum alloys have to fill molds well and not to give cracks,
friability, or bubbles during crystallization. All these qualities of founding
alloys are obtuined only when they are sufficiently eutectic.

Therefore. all good founding alloys contain corresponding concentration of
elements forming eutectoid. But purely eutectic alloys have low strength, For
increase of strength in alloys there are introduced components entering in
solid solution and forming phases that are able in process of aging to fall from
solid solution and strengther alloy.

There are applied both binary and also more complex founding aluminum alloys.
Among the binary alloys one should note alloys of aluminum with silicon, sluminun
with copper, and aluminum with magnesium, Alloys of aluminum with copper have
lcwered corrosion resistance.

Alloys of aluminum with silicon (Silumin) possess excellent founding
properties, however, their strength fs camparatively low, elongation low and their

structure coarse, For irprovemnt of mechanical properties and structure coarse.
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Silumins are modified by means of introduction of sodium into liquid melt.

For furthcr increase of mechanical properties of liilumins, into them there
are introduced magnesium and copper (separately or together)., In this case
“ilumins obtain ability to be strenpthened by heat treatment. Content of copper
and napnesiun is chosen so as to cause maximum strenpthening after heat treat-
ment but so that this does not lead to formation of frapile eutectoids (for
instancc, Al Si-HHQSi). For assurance of sufficient ductility content »f silicon
in complex “ilurins is decreased in comparison with binary lilumins. Complex
Silumins are inclined to formation of gas porosity, for removal of which there
is used method of crystallization under pressure.

The binary Silumins having industrial value include alloy Al2; the ternary
Silumins, Al-Si-Mg, are alloys ALL and ALY. Separately cast samples from alloy
Al2 have strength of not less than 15-16 kg/hn?. with elongation of not less
than 2-4%. Alloys AL, and AL9 -- cast in chill mold and thermally treated -
possess strength of not less than 20-2L kg/mm® with elongation of more than
2-47,

Small additinn of beryllium to AlMpgSi alloys gave good results -- alloy
VAL2, The alloy contains 6-8% siljcon, 0.3-0.6% magnesium, and 0.5-0.3% beryllium.
ltimate strenpth of alloy VAL2 constiiutes 26 kg/mmz, yield point -~ 22 kg/mmz,
elonpation -~ 2%, In founding properties alloy VAL2 is not inferior to alloys
Al, and Al9, Deficiency of the alloy is presence in its composition of expensive
bervllium, also requiring observance of ceré;in safety measures,

Alloys based on systems Al-Si-Cu and Al-Si-Cu-¥Mg (alloys AlLS, AL, and AL5)
poasess satisfactory founding properties, however, castings from them are dis-
tinguished by preat gas porosity. For increase of density of castings liquid
metal is refined. All these alloys do not require modification, which is their

important technolorzical advantage. In strength Silumins containing copper are




close to Al-Si-Mg alloys, but their ductility is considerably low:r, Intro-
ducticn of copper leads also to impairment of corrosion resistance of alloys,

Rinary aluminum-copper alloys are in founding properties worse than binary
$ilumins, They are strengthened by hcat treatment and have preater hot strength
than binary “ilumins. Development of these alloys is propressing in two
directions:

1) by means of introduction into their composition of mapnesium (here: -
rhase is formed) and combined additions of nickel, maganese, and chromium (alloys
Al7 and All);

2) Dby means of increase of copper content and introduction into alloy »f
manganese and titanium (here the Al-Cu-Mn phase is formed -- allcy AL19).

Both of these groups of alloys have large interval of crystallization, and
are inclined to appearance of friability and hot cracks. In founding properties
they are inferior to alloys of Silumin type. However, their properties of hot
strength, and for alloy ALl19 of strength, are significantly better; therefore,
for the last few years they have found wide application.

levelrpment and adoption of alloy ALl9 were significant achieverents in
field of founding sluminum allcys, Alloy contains 4.5-5.3% coprer, 0.6-1%
manranese, and 0.25-0.45% titanium. Quenched and artificially aged alloy (TS
method) ensures strength of samples separately cast in earth of not less than
EIN x:/nm2 elongation of not less than LZ. Alloy welds well, as do allors ['20
and M40, It also machines well. Corrosion resistance of alloy Ail9 is lowered
also, &3 is the case of other aluminum alloys containing significant concentra-
ticns of copper.

Good corrosion resistance and significant strength belong t~ binary aliluys
of aluminum with ragnesium (alloy AL3) and to more complex alloys of aluminun i

with magnesium and additions of silicon (alloys VI1l-3 ane ALl3).




Alloy AlB possesses wide interval of crystallization and is inclined to be
friable. Thanks to large content of magnesium, the alloy readily oxi”izes: more-
over, in castings, especially in massive ones, there appears so-called black
fracture, leading to significant decrcase of strength and elongation, Addition
of 0,02-0,03¥ berylljum decieases inclinatien of alloy to oxidation,

Alloy AlR is strenpthened by heat treatment which consists of heating to
4L30°, holding at this temperature for 15-20 hours and water or oil cnolingz;
essentially, heat treaLmenL is reduced to homopenizing (levelling) annealing.

With correct processing alloy AL8 has strength in separately cast samples
of not less than 28 kg/mm2 and elongation of noct less than 9%,

In alloy VI1l1-3 obligatory elements are beryllium and titanium. Additions
of berylllum decrease oxidation of alloy during melting and casting. Titanium
promotes crushing of grain. Silicon (0.8-1.2%) improves founding properties of
alloy, where its corrosion resistance is not lowered. Tightness of castings from
alloy VI1ll-3 is high. Alloy is especially useful for pressure casting. In alloy
ALl3 magnesium content is lower by apﬁroximately 2 times over alloys AL8 snd
vI111-3; therefore strength of alloy is lower (on order of 15 kgyhng), bﬁt leas
also is its inclination to oxidation and better technological properties,

Heat treatment of alloy ALl3 is usually not done.

The interesting achievements are in field of founding alloys of Al-Zn-Mg
svstem. These alloys are quenched with comparatively slow cooling (for instance,
with air cooling). On base of Al-Zn-Mg system there has been developed alloy
VL15, possessing satisfactory founding properties, significantly excesading in
strength the founding alloys used without heat treatment, and whick ‘3 not
inferior in strength to many heat treated founding alloys.

Alloy VL15 contains 3.5-4.2¥ zinc, 1.5-2% magnesium, 0,2-0.5% manganess, and

0.1-0.27 titanjum, Its strength is 23 kg/ncf, elongation is 3%, As all alloys
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of Al=Zn-Mg system, alloy V115 quickly loses strength during heatings. In
corrosion resistance it exceeds founding alloys containing copper,

Alloy V115 is expedient to apply in those cases when it is desirable to
avoid heat trcatment, special complexities during casting, and when averape

strencth and sufficient corrosion resistance are required,

Rl

2, SAP's (Baked Aluminum Powders) and SAL's (Baked Aluminum Alloys)

All thermally processed metallic alloys are strenpthened with help f smallest
rarticles, chemical compounds, or intermediate phases falling from supersaturatea
solid solution. If in process of hreatings the particles are enlargecd, strength
of alloys is lowered -- alloy "overages" or is annealed., Necessary prerequisite
for strengthening of thermally processed alloys is insolubility in the basic
metal of those adaitions, which henceforth, forming suitable ccmpounds and fallirg
from hardened, supersaturated solid solution, will be called strengthening of
alloy. This ccndition (solubility and formation of suitable phases) significantly
narrows possibility of creation of new alloys with desirable properties. In
trinciple, a new means of obtaining allcys with the sought properties is that :f
bazed aluminur powder (SAP) and baked aluminum alloys (SAS). In this case alse,
strengthening of material :s attained by the smallest particies. They are,
h-wever, intrnduced inte siructure of basic metal not from supersa.urated solid
c~Jution but by combined chermico-mechanical means.

Process of obtaining an SAP is briefly as follows: liquid aluminum is atomized
and then crushed in ball mills; hers there are formed thin films of aluminum,
thickness of which is less than 1. . Similar aluminum powdier explodes upon contact
with alr. Therefore, breaking is done in neutrel medium, for instance in atmosphere
ol nitrogen. To the nitrogen is added a small quantity of oxygen; with this there
occurs axidation of the powder (laminae of aluminum are covered with a still thinner

film of aluminum .xide). Subsequently, powder is pressed (it is subjected to
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heating, pressure, and deformation); there are formed briquettes, from which
are obtained pressed and rolled articles, sheets, foil, rods, profiles, forgings,
ard sta~pinps. lxternally they do not differ from the usual aluminum allnys.
Tnitial laminae -~ aluminun, covered with oxide film, are turned, deformed,
and pround; the oxide film burstu,  After respective heatings, and sufficient
depree of deformation structure »f 5AP looks like a solid, lipght matrix f
aluminu- in which there are interapersed smallest particles ~f aluminum ~xide,
In dimensions they are closc to those particles which in thermally strenpthencd
aluminum allcys fall from supersaturated, sclid solution in process of aging.
Therefore particles of aluminum oxide in SAP are alsc able to evoke strenther-
ing ~f zlurinum, as, let us say, do the intermediate phases of chemical ¢ompound
Ju)\]...2 in allov C1, However, compound A1203 has at the same time indisputable
advantage over compcund CuAlz. A1203 is melted at immeasurably higher temperature
than CuRl,; therefore it ensures much higher hot strength of aluminun thw... allcy
Pl. SAP can vork at temperatures of 500-550°, which are abs.:.lutely unaccentable
for cther aluminum alloys. Furthermore, CuAl, particles coagulate (are enlarged)
sirnificantly faster than A1263 particles, As a result, strength ~f allcy 7°
with increase of time of holding at heightened temperatures is quic«ly lowered.
Article made from CAP is comparatively slightly reduced in strength after h-lding
f~r thousands, tems of thousands, and hundreds of thousanas of hours,
“articles strengtierning during aging, as a rule, evoke appearance »f unfa.or-
able difference of potentials and worsen corr:sion resistance of aiuminurm., In
AP this negati:e defect is practically absent and corrnsion resistance ~f CZAF is
the sa~e as and [-r alumings,
At last, in priecess of melting, casting, and crystallization, and then sub-
sequent recrystailissti.n, in structure of aluminum alloys there appeirs 3 whnle

series °f rnonnetallic containations, .nclusions of interwsetallic compounds, and




regicns of recrystallization; and strength and corrosion resistance of structures
are noticeably lowered. In the SAP all these unfavorable factors are excluded.

Consequently, SAP should be applied where structures are heated to 300-500",
where there is required combination of sufficient strength and good corrosion
resistance, and where it is necessary to exclude influence of coarse-structure
heterogeneities.

From SAP it is possible to prepare sheathing, power set, honeycomb panels,
pistons, helicopter blades, pipes, and so forth. Properties of SAP depend on
content of aluminum oxide in initial powder. With increase of quantity of
aluminum oxide in initial aluminum, strength, stress-rupture strength, and
hardness increase, and ductitity and specific conductance are lowered. Strength
of pressed rods in increased from 7-8 (for pure aluminum) up to 4O~4l hg/mm?;
hardness Hy is incrrased from 20-25 to 120 kg/mn?; elongation is lowered to 5%. At
500° SAP has short-term strength of order of 12-1i kg/mm2 and stress-rupture
strength of order of 5-7 kg/mm%, At present in industrial adoption is alloy SAPL
(with aluminum oxide content of 6-11 ). Sheets, profiles, and forgings from SAPl
have strength of 31-35 kg/mm<, yield point of 19-25 kg/mm?, and elongation of 2-8%.
SAPl is welded by resistance welding. Recently it was found that SAPl subjected
to special treatment can successfully be welded by argon arch welding also. As a
result of this treatment, strength of SAP1l drops by 2-3 kg/mmz, and elongation is
noticeably increased.

Along with alloy SAPl there is being adopted SAP2, containing 11-16% aluminum
oxide. Semifinished products fram SAP2 have strength of 4O-44 kg/mm?, yield point
of 24~26 kg/mm? and elongation of 2-3%.

On the same principle SAP it is also possible to obtain baked aluminum alloys;
here it is possible to introduce into alloy significant quantities of insoluble
elements in the form of the finest, evenly-distributed particles, for instance,
up to 10% iron. Fuvthermore, it is possible in such a way to avoid those :truc-

tural heterogeneities of which we spoke earlier.

-

S




;?ﬁ‘f,”l!“

In particular, helicopter blades made from baked alloy AD33 will probably,
possess more uniform structure than the same blades obtained from ingnts,

Recently, there was offered HALl-Alloy with very high silicon content, and
certain other additions, 0p51 differs in sharply lowered coefficient of linear
expansion (15x10‘6 instead of 22x10-6 for aluminum), sufficient strenpth (25
kp/mn?), and high elastic modulus (on order of 10,000 kn/mmz).

Study of 8AP and SA5 has just begun. Their possibilities are still by far

unrealized,

3. Foam Aluminunm

A big achievement in technology of production of aluminum articles is tre
obtaining of foam aluminum. In principle, process of manufacture is simple.
Liquid aluminum is passed thiough a screw device, reminiscient of a meat-grinder,
in which it is mixed with powder of titanium hydrids, Hydride is decomposed, re-
leasing large quantity of hydrogen bubbles. Titanium liberated in the reaction
is assimilated by the aluminum, The foamed, inteniely aerated mass is quickly
poured in molds and congeals before bubbles of hydrogen can manage to separate
out., There is formed a cellular mass with specific gravity equal to 0.5-0.( or
even 0,3 g/cmB. Pores are closed, therefore foarm aluminum floats on water,
Material is easily cut, soldered, and welded, Properties of foam aluminum are

piven in Table 4.

Table 4. Properties of Foam Aluminum

Yacasnuf Bec 8 2.0a0 Mpezea npovHocTH t Yasprat 85 x0CT> } Moayas ynpyrecTu
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pa yb.)npu CMATHM B K2 CM® ¢) B KoM (o ) E-10F 8 ko’
0,3 35 3 17
0.4 65 ¢ 2
0.5 110 i 5 3
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XKEY: (a) Specific gravity in g/cm3; (b) Ultimate com-
pressiye strength, r kg/ca”; (c) Impact toughness, in
kegm/em<; (d) Eﬁastic moc alus during compression,
Ex10”, n kg/em”.
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Foam aluminum works well under compression, therefore it can be used as

riller, for instance, in exchange for honeycomb panels, manufacture of which is

rather complicated and very time-consuming, Foam aluminum is an excellent heat-

and soundproofing material. Manufacture of foam aluminum may be set up in any

factory where, besides bars and ingots, it 15 also possible to obtein parts ~f

complex form from it.
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ALUMINUM ALLOYS IN CIVIL CONSTRUCTION
N. M, Edel'man, kEngineer

For the last few years, aluminum alloys have found ever wider application
in civil construction,

Low specific gravity, good corrosion resistance, high mechanical properties
not inferior to properties of separate semifinished products of steel, good
appearance, and possibility of application of different decorative and protective
coverings and finishings (anodizing of different colors and tinits, ematol,
enameling etc.) make alloys from aluminum a new, progressive material in civil
construction,

Some such alloys, obtaining wide application both in this country aﬁd 4
especially abroad, are alloys of AlMgSi system,

In Soviet Union alloys of this system are known under brands AD31, AD33, and
Av,

In America -~ representatives of alloys of this system are alloys 6061,
6062, 5063, and 6151,

In England -- alloys 9 (Noral 505#); 19 (Noral 51S), 20 (Noral 655), and

#In England, as in many other foreign countries, different firms supply
material with different specifications., Thus, for instance, by specification 3.
S, (British Standard) alloy of composition 0.4-0.9% Mg and 0.3-0.7 Si has brand 9,
and by Noral specification -- 50S,




30 (Noral B515).

In FRG - alloys AlMgii0, 5, AlMpSil, and AlMpSil, 5.

In Canada - Alcan: 50, 51, 655, etc,

Wide application of alloys of this system i3 due to their high ductility,
corrosion resistance, good decorative appearance, and satisfactory weldability.

In Table 1 there are given chemical composition and typical values of
~echanical properties of alloys »f AlMgSi system, applied in different countries
(in state ~f full heat treatment; quenching plus artificial aging).

From data of Table it is clear that certain alloys of AWMpSi system in
different countries have practically the same chemical composition and the same
value of mechanical properties,

Thus, for instance, in all shown countries there is low-component alloy
composed of 0.4~0.9% Mg and 0.2-0.7% Si. This alloy, both here (AD31) and abrrad,
is applied in civil construction, basically, in the form of pressed profiles for
window frames, doors, partitions, and so forth,

Alloy of this composition has average strength, high ductility (thanks tc
high ductility of allcy in state there can be made profiles very camplex
forms from it), good corrosion resistance, capability for anodizing, and satisfac-
t ory weldability.

In the United States, England, Canada, and Soviet Union there is alloy of com~
r~sition 0.8-1,2% Mg, 0.4-0.8% Si, 0.15-0.4% Cu, and 0.15-0.35% Cr.

Composition of this alloy corresponds to original American alloy 6061. All
cther alloys of this composition are its analogs.

Alloy 6061, having in America the widest application of all alloys of AlMg5i
svstem, is used for manufacture of all forms of semifinished products (sheets,
profiles, pipes, rods, strips, plates, wire, etc.). This alloy is applied in

loadi-bearing structures where there must be high corrosion resistance, as, for
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instance, in bridge building, in railroad transportatim (for bodies of trucks,
frames of railroad trucks, railrcad cars), in construction of “{vic buildings,
and so forth,

In Soviet Union, the linited itates, lngland FRG, and other countries there
is alloy of composition 0.45%-1% Mg 0,5-1,27 51 (native alloy A\, with different
additions oy 1, Mn, and Cr,

Alloy of ;his composition possess