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TENSILE AND PAGK COMPRESSIVE TESTS OF SOME SHEETS OF = -

ALUMINUM ALLOY, lOéﬁ.CARBON STEEL, AND CHROMIUM-NICKEL STEEL

B&_C::$¢ Aditchisen and ﬁames A.fMiller T

SUMMARY SR SRR

Tensile and compressive stress—-strain curves, stress—
deviation curves, and secant modulus—stress curves are
given for longitudinal and transverse specimens’ of 175-T,
245-T, and 24S-RT aluminum—alloy sheet in thicknesses from
0.032 to 0.081 inch, 1025 carbon steel sheet in thicknesses
of 0.054 and 0.120 inch, and chromium—nickel steel sheet
in thicknesses from 0.020 to 0.0275 inch.

Significant differences were found between the ten-—
sile and the compressive stress—strain curves,_ and also
the correspondlng corollary curves; simllarly, differences
were. found between the curves for the longitudinal and
transverse directions. . These differences are of particu—
lar importance in considering the compressive strength of
aircraft structures made of thin sheet. They are eprBred
further for the case of compression by giving tangent -
modulus-—stress curves 1in longitudinal and transverse com—

. pression and dimeqs1onless curves of the ratio of tangent
modulus to Young's modulus and of the ratio of reduced -
modulus for a rectangular section to Young's modulus,'Both
Plotted against the ratio of stress to secant yleld o o
strength. - CT T

. .INTRODUCTION

A knowledge of the ten51le and the compressive prop— -
erties of thin. sheet metal is essential for the efficient =~ B
design of marny parts of aircraft struetures., - The compres—
sive properties are .of particular importance because the
design of most of these structures is dictated by comprés—
sive rather than tensile strength.

A serious difficulty in obtaining the compressive
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properties of thin sheet metal is the. tendency of the
sheet to buckle ata stress well belew the yield
strength., This difficulty is overcome to a large extent
by the. pack method developed in recent years at the
National Bureau of Standards with the support of the
National Advisory Committee for Aeronautics and the
Bureau of Aercnautics, Navy Department (references 1 and
2). Preliminary tests of a number of sheet materials
used in aireraft showed that large differences may exist
between the tensile and compressive properties. There
were also appreciable differences for specimens taken
lengthwise of the sheet and those taken crosswise,

For this reason it seemed desirable to obtain the
tensile and compressive properties of sheet metals used
in aireraft, to evaluate these differences, and to pro—
vide an experimental background for a study and classi-—
fication of stresg—strain data. The National Advisory
Committee for Aeronautics accordingly reguested the
National Bureau of Standards to carry out such an inves-—
tigation.

The present paper gives the results of tensile and
pack compressive tests on specimens taken from some
aluminum alloy and steel sheets 1n the dlrection of the
length of the sheet and in the direction of the width.
These results are presented for purposes of —comparison
rather than for use as typical properties of the materi-
als. It is hoped thet a continuation of this study will
result in obtaining parameters or analytical expressions
that will provide a better description  of the stress—
strain relationship of some of these materials than those
~in use at present.

MATERIAL

The description of the sheet materials is given in
table I. The sheets having as their source NACA were
surplus sheets from other investigations for the National
Advisory Committee for Aeronautics (references 3, 4, and
5). ..The sheets having as their source ¥Navy Department
were materials submitted from time to time by the Bureau
of Aeronautics, Navy Department, far mechanical teste.
The authors take this opportunity to thank the Navy
Department for permisgion to include this material in the
present paper. :

Table II.gives the chemical composition of the
chromium—nickel steel as supplied by the manufacturers.

1
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TENSILE TESTS

The tensile specimens were taken from each sheet in
the lengthwise direction (longitudlnal) and crosswise
(transverse). .They were type S5-specimens described in
reference 6 and complied with specifications in reference
7. .

The tensile specimens were tested in beam ;nd_poiSG,
screw type, testing machines. They.were held in Templin
grips. : )

The strain was measured by a pair of Tuckerman 23—
inch optical strain. gages. These gages were attached to
opposite faces of the reduced sectlon when the specimen
was under' an initial load., :

The tensile stress—strain curves are shown in figures

1l to 20. The figure numbers correspond tc the sheet num—
bers. The origin for each curve was obtained from an ex—
trapolation to zero stress by a least—square line fitted
by factorial moments {(reference 8).

The -stress—deviation curves were obtained by the
method proposed by Tuckerman (reference 9). For each
sheet the trail modulus was the experimental value of
Young's modulus in longitudinal tension.’

The secant medulus—stress curves were plntted from
secant moduli obtained by dividing each valus of stress
by the corresponding value of strain.

The results of the tensile tests and the tensile
properties prescribed in current Navy Department speci—

fications are given in table III. s ——

The experimental value of Young's medulus for each
specimen from the aluminum alleys, from the carbon steel,
and also for each transverse specimen from the chromium—
nickel steels was taken as the slope of a least—square
straight line fitted tc the lower portion of the stress—
strain curve. For each longitudinal specimen from the
chromium—nickel steels, the value of Young's modulus was
teaken as the slope of a least—square parabola at the
origin. o

The yield strengths by the offset method were obtained
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from the stress—strain curves and the experimental values _
of Young's modulus given in table III, N -

The yield strengths by the extension—under—load
method were obtained from the stress—strain curves and
the values given in table III of strain prescribed in the
specifications for the extension—under-load method.

Sheets 1 to 13, comprising the aluminum alloeys and
the carbon steel, complied with the tensile regquirements .
in current specifications. ©Sheets 14, 15, and 16 of
chromium-nickel steel passed current tensile specifica—
tion requirements for 1/4~hard, 1/2-hard, and 3/4—hard
temper, respectively, and are considered as such in this
report. Sheets 17, 18, 19, and 20, of chromium—nickel
steel passed current tensile specification requiremsents
for full-hard temper with the exception that the elonga-—
tion value for sheet 17 was 3.0 percent, not the pre-
scribed 4,0 percent. These sheets are cecnsidered as
full~hard temper imn this report. +

PACK COMPRESSIVE TESTS ¢

The compressive tests of the aluminum alloy and the
carbon steel sheets were made by the pack method described
in reference 1. The compressive tests of the chromium—
nickel steel sheets were made in accordance with the ex-
tension of the pack method described in reference 2,

The specimens for the packs weres taken from each
sheet 1n the longitudinal direction and in the transverse
direction., The number of specimens in each pack is given
in tahle IV. :

The packs were tested in & vertical, fluid-—support,
Bourdon—tube, hydraulic—type, universal testing machine
of 100 kips capacity.

The strain was measured by a pair of Tuckerman l—inch
optical strain gages. These gages were attached on each
side of the pack to the edge of the middle specimen when
the pack was under an initial load, Ly

The compressive stress—strain curves, the stress—
deviation curves, and the secant. modulus—stress curves
are shown 1n the figures,
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o The tangent modulus—stress curves were faired through
a number of points, each being an arbitrarily selected
value of tangent modulus pletted against the corresponding
value of stress.  Bach value of stress was obtained on the
stress—strain or the stress—deviation curve by moving &’
straight—edge, oriented to correspond to the given value
of tangent modulus, into tangency with the curve.

In order to facilitate the comparison of the shapes
of the tangent—modulus cuf?es for the different materials,
nondimensional tangent modulus—stress curves are also
shown. These curves were plotted from values obtained by
dividing the tangent moduli by Young's modulus and by
dividing the stresses by the yield strength, secant method
The yield strength, secant method (after Osgood, reference
10) was selectéd so that the nondimensional curves could
be used for materials the compressive stress—strain curves
of which are affinely related to any of the strese—strain
curves obtained from these sheets. ' ' o

The reduced modulug—stress curves for a rectangular
. 2ross section are also shown as nondimensional curves.
These curves were plotted from values obtained by dividing
the reduced moduli by Young's modulus and by dividing the
stresses by the yield strength, secant method. The re—
duced modulus for a rectangular section (reference 11) is
glven by the following formula: -

4% T . o S
Ep = — - - '
<4JE +w/Ed>
where N
Er= reduced modulus
E = Young's modulus
Es; = tangent modwulus

The results of éhe compressive fesfs are. i in
table IV, P . srves

'

Young's modulus for each specimen was taken as the
_slopg of a least—square straight line fitted to the lewer
bportion of the stress—strain curve.

The yield strengths, offset method, were obtained
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from the stress—strain curves and the experimental values
of Young's modulus given in table IV, : : -

The yield strengths, secant method, were obtained
from the stress—sirain curves and fthe values of secant. c
modulus* .given 1in table IV,

For sheets 1 to 13, comprising the aluminum alloys
and carbon steel, the values of compressive.yield strength,
both longitudinal and transverse, were greater than the
specified. minimum.values for tensile. yield strength.

For sheets.l1l4 to0o 19, of chromium-—nickel steels., the
longitudinal compressive yleld strengths were less than
the specified tensile yield strengths., The transverse
compressive.yleld strengthe, however, were greater then
the specified values. For sheet 20 of chromium—-nickel
steel, the values of compressive yield strength, both in
the longitudinal direction and in the transverse direc—
tion, were greater than the specified tensile yield ¢
strength for the full-hard temper. For the convenlence
of readers interested in the compressive prceperties of the
chrgmium—nickel steels, the. information supplied by the
manufacturers regarding the chemical composition of sheets
14 tp 20 is given in tadble II. . o -

CONCLUSIONS

The materismsls considered in this report passed cur-—
rent tenglle specification requirements with the exception
of a longitudinal elongation value from one sheet, Since
the tenslle properties musually exceeded the specified
minimum values by large amountg, the results cannot be
congsidered as representative of material just meeting
gspecifications.

For the aluminum alloys the yield strengths as de~—
termined either by the offset method or by the extension-— ;
under—load method were nearly the same for each tensile
specimen. Likewise, the yield strengths as determined by
the offset method and by the secant method were-ngarly

*The values of secant modulus were obtalned, a¥g suggested
by Osgood in-reference .12, by multiplying Young's modulus
by & constant for the material 8o chosen that, for a ten—
sile speclimen Jjust passing specifications, the yield
strength obtained by the secant methoed would de equal %o
the specified minimum yield strength.



-

' NACA Technical Note No.- 840 7

the same for each pack. The closest agreement of yileld
strengths was between the transverse tensile and the lon-—
gitudinal  compressive wvalues; the difference did not
exceed 5.2 percent. In each case there was an appreciable
difference in the shapes of the curves even when there

was little difference between yield strengths.

FPor the carbons steels, the longitudinal yield
strengths were nearly the same in tension and in compres-—
sion and the transverse yield strengths were nearly the
same. There were, however, marked differences in the
yield strength with direction.

In the case of the chromium-nickel steels, the dif-
ferences between the tensile and compressive properties
and between the compressive properties in the two direc—
tions were especially pronounced. Owing to the gradual
curvature of the stress—strain curves and the differencee
between the expérimental values and the specification
values for Young's modulus and yield strength, the values
for yield strength obtained by the extension—under—-load
method differed -from those obtained by the offset method
by amounts up to 9 percent. With the exception of the
vield strength of the stress—relieved specimen, which was
well above the minimum value specified for temsile yleld
strength, the longitudinal compressive yield streng%hs
obtained by the secant method were lower than the corre-—
sponding values obtained by the offset method by amounts
up to 26 percent. This difference was ascribed to the
gradual curvature of the stress—strain ciurves and to the
lack of correspondence between the longitudinal compres—
sive yield strengths and the values specified for the —
tensile yield strengths. On the other hand, the yield
strengths for the transverse packs were above those spec—
ified for the longitudinal tensile specimens and the
values obtained by the secant method were hlgher than
those obtained by the offset method

The results given in this paper eﬁ@ha31ze the need

for further consideration of definitions of yield strength

for materials with gradually curving stress—strain curves.

In general, the appreciable differences in the shapes
of the longitudinal tensile, the transverse tensile, the
longitudinal compressive, and the transverse compréssive
stress—strain curves and their aorollary curveés suggest

that they cannot be used interchangeably in precise design.

National Bureau of Standards,
Washington, D, C., October 20, 1941,
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TABLE I.— DESCRIPTION OF MATERIALS TESTED

Nominal
. Sheet Description thicknes
of sheet

(in.)

1l - |Aluminum alloy 17S-T 0.032
2 do .051
i Aluminum alloy 24S-T .032
do .06k4

5 do . 081
6 |Aluminum alloy 24S—RT .032
7 do .032
g do - .051
9 do .06k
10 do . 081
11 do 081
12 1025 carbon steel 054
13 do 120
14 Ghremium-nickel steel .020
15 do —_ .020
16 do .020
17 do . 020
18 do ——— . 020
19 do .02l
20 | ———- do .0275

J Navy specifications
Source |—=n
When material Current
was acquired
NACA 47A3b Y743c
do do do
Navy Dept. 47A10 y7a10d
do do do
—do do do
NACA Y7A1OINT SRR, P —
Navy Dept. Y7A10a . SR, 7. N
NACA 47A1CINT Qe
Kavy Dept. YT7A10a O e
NACA 4741 OINT ST, [ W
Navy Dept. L7A10a SN, 7, S—
HACA k75174 AN-QQ-5-651
do do S, e T
Havy Dept. h7s21 y7sela
——--do do do
—~——G00 do do
e Qe —— do do
do - do do
~——do—-— do do
do ——————do do
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TABLE II
CHEMICAL COMPOSITION OF CHROMIUM-NICKEL STEELS,

AS SUPPLIED BY THE MANUFAGTURERS

Sheet | Carbon |Manganese| Chromium | Wickel
(percént) (percent) | (percent) | {percent)

14 0.11 0.76 17.8 7.8
15 .10 .72 17.4 7.5
16 .13 .63 17.5 7.3
17 .08 .35 18.4 8.0
18 .13 .30 17.0 7.0
13 .13 .38 17.1 7.2
ap0 .12 7 17.96 7.01

8The manufacturer of sheet 20 stated that it
had & stress—relieving heat treatment after
cold rolling.



TABLE III.- RESULTS OF TRYOILE TXSTS
8pacification valuse ‘Teat rasulta
Btraln X 'a Minimm Hinimas Minlwom Young's Yield strength
Nominatl enaribed woduius ylald tensile albnga~ »odulos

Bhest Naterial thiolmeas| Direotion or viald strength strength tion in 0ffset mathod,| Extansion Tensile Elonga-
of sheet ltung::.l 1 incohes oftlat: g.a ndar load strength tion 1in
axtens percen! nethod 2 ipohes

. Iy m!! m e N - e » o ala s [y n Ly ey F) by i s F .

(1n.) (kipn/eq in.)[(kipafeq in.}|{iips/eq in,)| {percent}|{kipa/eq in.}|{kips/eq in.) [(Kpe/eq in.)jiKpasag in.) {parosnt

1 |Altwinos alloy 178t | 0.033 |Longltvdinal| ©,0058 210,000 . 38.0 66.0 18,0 10,400 10,1 40,0 E8.7 20.5
w |En pE | ) ES | @t | wE) RE | & | B | BD | RS

g |— -0 - . Longit . . . B8.0 .0 . . 41.4 . .
Tranayeras .0052 10,000 33.0 58.0 18.0 10,370 36,8 35.8 59.3 80,6

3 |Aluminus alloy 248-T ,038 |Longitudinal 0080 10,000 40,0 83.0 15.0 10,500 55,3 E4.7 0.4 18,0
Tranavorsa .Q080 , 000 40,0 82.0 15.0 10, 500 6.1 i7.0 87.7 19.0

4 |——tp— -|  .08¢ |Longitudinel ,0080 10,000 4.0 83.0 17.0 10,500 52.1 51.8 60.3 10.5
: Transveras . 0080 10,000 40.0 83.0 17.0 10,480 45.8 45,1 80,3 18.0

B |—==—————do—— -| .081 |Longitvdinal ,0060 10,000 40.0 83.0 17,0 10,480 55.1 83.8 70.8 18.0
Transvarse , 0050 10,000 40.0 83,0 17,0 10,420 .1 3.8 88,1 18.6

¢ {Alunimom alloy R4S-RY 038 |Loegitudinal .0070 ,000 50.0 65.0 1.0 10,800 81.6 81,5 7.5 17.5
Bemms | e | ome | Come | ope ) R ) ogR | 83 | Rd |

7 4 038 | Lo . ' . . ' . . . .
- u-:g:vme . 10,000 80.0 86.0 11,0 10,580 58.8 85.8 7.1 14.E

B |l O ,061 | Longisudinal .0070 10,000 80,0 85,0 12.0 10,440 83,0 82,5 7.3 18.0
TTAnBVETSE .0070 10,000 60,0 86,0 12.0 10, 54,5 56.8 75.0 16.5

9 |-———d0——-—| .084 |Longitudinal 0070 10,000 60,0 88.0 12.0 10,450 83,4 88.8 75.0 15.0
Transverse 0070 10,000 60.0 5.0 12.0 10,510 od,8 35.8 7.4 15.0

0 o=} ,081 |Longitndinel 0070 10,000 50.0 86.0 13.0 10,440 83,8 63,8 7.8 16.8
franavarae 0070 10,000 50,0 . 66.0 18.0 10,620 84,4 55.8 7.7 15,0

e fQemsmasea=] 081 |Longitodinell . 0070 10,000 50.0 65.0 13.0 10,470 B2.8 63,4 4.7 18.8
oot |Donpiventoal] 003 | 30,600 5.0 8.0 R 8 ] 1 2.0

n atasl . tud . . Fl . B . . .

1085 caxbe Tranaveras -0042 30,000 38.0 6.0 1.0 31,650 < Bl 6.1 7.8 20,0
sl Qe m===|  ,180 | Longitudinel L0043 30,000 34,0 B6.0 16,0 0,310 B2.8 82,5 80.7 34.0
Fransveras L0043 " 30,000 38.0 55,0 14,0 31,144 5a.1 58,1 71.8 23,5

Uhromium-nlokel stasl .080 | Longitudinal 8.00488 ﬂﬂ.?ﬂo - 16.0 185,0 85,0 £8,190 106, 4 7.8 174.3 33.5
- wo |Emenmttsl oMkl e | o | a8 | 8o | EE | B3 | 4h | 3 | B3

— [ — . n . { ' ; s . 3,8 164,0 .5
Transverse . (& LI gi (a} (a 28,070 1.1 181,7 1574 83.0

PR 1. TS—— 020 |Longitudinal ,60719 ), 1350 198.0 B,0 37,960 148.8 143,0 188.8 2.5

] Tranaverse Sg; as&&m ig) a T 28,840 137.4 1408 195.3 .5
mmmmetee Q| 020 |Longitudinxl} ©.00738 140.0 o 0 a8, 70 173.¢ 187.5 109,38 3,0

, Transverae | o(d) n&a&oo xg} 1&15 (a} o010 | 1salv 180.3 2041 6.5
e Qemimemee] 030 |Longivodienl| ©.00%38 140,0 .0 4.0 arn,Mo 1 1m.8 183.3 204,3 17,0

- Transrerss (a)’ as&&m (@ a8 (a) 20,060 | 180.3 153.8 .7 1.5

-do ,03¢ |loogitudinal| €,0C07E8 140,0 .0 4,0 37,880 || 188.8 183.8 188,86 18.5

Transversa {a) (d) igi g (a} 9,000 140.7 161.8 193.0 17.5

Ao 0278 | Longituainal| ©.00738 as?oo 40,0 .0 4.0 27,830 |189,3 186,65 107.7 14.0

Yraneverss ) A (a} (a)- ) 31,030 180,41 1788 304.6 1.0

A0omputad from spscified yleld sirangth, speoified extension under load and an offset of 0.2 peroent, . !

Boosputed fTow spaalfied yield skropgbh, spscifisd extension under load and an offect of 0.3 parcent.
®Gomputed 1n conformity with $he valne of Yousg's modulne presoribed in curront spocification.

Afhs current specifioation mmliss only 1o longitudinal spsoimens, Whan requirsd, the velue prasoribed
for the longltudinal specimen was used for the trausvarsa specimen.

098 -oX 930K TRITUIONT YIVK
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TABLE IV.- HESULTE OF PAOE OOMPRESSIVE TESTE

Yield etrength

Mominal Eumber of Young's Beoant offmat method, Beocant
Bheet Matsrial thiokneas| Direotion specimens modulug wodulug offast=0.8 rethod
of sheet , in a paok percent
(in.) (xipe/aq in.)| (kips/eq in.)| (kipe/sq in.) {{xips/sq in.)

1 |alusinum alloy 178-2 0.0328 |Longitudinal 13 10,530 6,480 33.4 33.2
Trangverse 13 10,460 6,440 37.4 57.7
8 do .06l |Longlitudinal 5 10,570 8,510 36.4 35.6
Transversce 5 10,580 6,610 39.8 40.B
3 |Aluminue alloy 348-T .032 |Longitwdinal 13 10,880 7,120 48.5 17.1
Transveras i3 10,630 7,080 50.4 Bl,.1
4 do .064 |Longitudinal B 10,680 7,100 44,0 44,3
Tranaverse B 10,70 7,140 48,1 49.7
B do .081 |Longitudinal 5 10,610 7,080 43.3 43.8
. TTansverss 7] 10,660 7,100 47.8 48.3
6 |Alumimm alloy 248-RY .023  |Longitudinal 13 10,800 7,780 61.4 Bl1.1
Traneveree 13 10,750 7,880 b7.5 57.8
7 do ,033  |Longltudinal 18 10,840 7,740 ' 55.7 B65.9
Tranaverse 17 10,760 7,680 851.4 861,.9
8 -do .051 |Longitudinal 7 10,880 7,830 53.8 52.9
Tranaverse 7 10,730 7,870 59.3 59.7
] ~d0 .084 |Longitudinal 7 10, 750 7,680 56,1 56.3
: Tranaverse 7 10,770 7.700 60.4 81.0
10 —do .081 |Lopgitudinal b 10,%30 7,680 63.6 53.7
Transverss 5 10,760 7,680 60.3 60.8
11 —d0 .081 |Longitudinal B 10,720 7,660 64.0 54.1
_ , A Trangverse B 10,740 7,880 60.8 60.8
13 | 1026 carbon stesk .064 |Longitudinal 5 30,780 8,780 69.7 50.8
Transverss 5 23,680 9,330 83.8 83.8
" 13 —do .130 | Longitudinal 6 81,310 8,840 53.0 63.5
) - |Transverse B 21,790 9,080 B&.1 66.3
14 | Ohromiun-nickael steel .080 |Longitudinal 31 8,070 18,680 73.5 70.3
Tranaverss 31, 48,980 17,110 121.8 134.9
16 ~do ,020 |Longitudinal 81 88,100 19,080 78.5 69.1
Yranaverss 8l 29,360 18,860 188.7 129.8
18 do .020 |Longitudinel 21 37,610 19,980 83.4 61.6
Tranaverse 31 38,990 an,aso 166.4 188.7
17 -=do .020 |Longl 81 26,130 19,040 7.9 a1.7
Tranaverse 3l 39,680 21,630 191.2 199.1
18 do ,080 |Longltudinal 31 87,3%0 19,860 111.0 85.4
Trausverae - 31 29,860 21,330 197.5 208,23
19 —do .03 | lLongitudingl a5 27,890 19,900 91.4 75.0
Transverse 26 89,310 21,370 181.0 188.7
ad -d0 .0876 | longltudinsal 22 27,800 20,120 141.8 154,09
Tranaverse a3 31,680 23,080 203.3 207.7

Bpucklsd at 81.0 kipe/aq in. .strees, yisld strength obtained by extrapolation. f
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Figure 1.- Sheet 1. Aluminum alloy 178-T; thickness, 0,032 inch.
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Figure 2.- Sheet 8. Aluminum alloy 178-T; thickness, 0.051 inch.
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Figure 3.- Sheet 3. Aluminum slloy 348-T; thickness, 0.033 inch.



Fig. 4

NACA T.N. 840
g0 80
80 80
& Longifudinal fension -
+—— Jransverse . s .
70 o Longitudinal compr'essbn 70 y
x —— ~-Traonsverse .
L60 - 60
o g
50 = ¥, n
&S R g £ L Esinsna
y d’+ﬁ°'°~ - _,‘:F L 1. o d— - o —9—
820 . Amsgg.om 540 £l e -1-0t=9
S : gl ik
3 | s i
30 301
o , “N
0 . 10 [
o (a) 0 § . (b)
o .002 .004 .006 .008 [Z] .0004 .0008 002 0016 0020
Strain - : : Deviafion -
18,000 - - 7 18,000
15,000 : 15,000 Lohgitudipal [compréss|
: L D
£ E \
¥ S 77 verse [compressi
12000 812000 e
-~ { \.‘ 4
p [Fa AR DR PRI A X o e ol o | g - S
3 AR 3 3 N
3 5,000 e 8,000 < P
3 %l |4 : N
E ‘tg % \ 1\
- b = < :
§ 6000 5 E\aoao 1\
8 < A
3.000 3,000 \\
s.\\\
) id
o /0 20 30 <0 50 &0 70 o0 10 20 30 €0 50 &0 70
Stress, kips/sqin. Stress, kipsjsqin. :
Log 3 : : LOG
¥ N N
J L b AN
80|= |\ Lorgitudinal 80 Long )Ud/n_a 3
. Y| compression ol compress/ion-—»\
v 5 Jle 0y
2 kY K] g “\
3.60 \ 81360 H
1y v : \‘\
K] % e kv
§.4o \ S|R.0 \:
- S\ E 3 [‘
RY [+ <
* 0
20 e .20 1
Trarnsverse compressi N Tran. verse lt:onpré ssr
. fe) | ] - )
o 20 40 .60 .80 1.00 120 140 0 20 .40 .60 80 1.00 20 140
Stress - - Stress o o
Secont yield strengih : ' "S’ecanf yield skrength e
(a) Stress-strain curves. ) Stress-deviation curves. : ‘ o T
(c) Secant modulus-stress curves. Tangent modulus-sfress curves.
(e) Nondimensional fangent modulus-sfress curves. f} Nondimensional reduced modulus-siress curves.

Figure 4.- S8heet 4. Aluminum alloy 248-T; thickness, 0.064 inch.
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140



NACA ;54,.7840 90 - Fig. 8
T T L]
80 A Longltudinal fension 80
+ — — Transverse - R
= Q —--———- Longitudifial compression
70 x ~ Transverse . 70
:60 . : 60 = o =
5,. & Aol 5 E 4 N e e R B 4
®50 Srper T 2 ot e Tl Lo T Lo b 17T
x = -
§40 . e
930 30
o
£
0 édr 20 I Y
/0 10
(@l 0 1B
] .002 .004 .008 .008 o .0004 .0008 .00/2 .0016 < .00Z0
Strain Deviation R
18,000 ' 18,000
15.000 _/5:000 Lagngifudinal |compréssion
.E‘ ‘E =
\%; 5- . Tronsyerke comprepssidn
912000 &rza000 <
‘:_ 3507 SRR R A o e g . TRk
3 ,::Sg i S \J\\ \\\
S 9000 §,000 ~
E zb.\t)x * E - N \\
R s NEAN
* & N X N
§ 6,000 6,000 = S
¥ A\
%53 N | \
h
3.000 3,000 BN N
N
fc) _ (d)
o /0 30 40 | 50 60 .70 g 10 20 30 40 50 60 70
Stress, kips/sqin. Stress, kijpssqg in.
100 - 1.09 I~
N by
N LN
80 Longitudindl A, 80 Longitudinal 2}
. cpmpreq'swf \\\ - compression w\\
3 it $o 2
3 A\ S . \
31360 . § 60 N
B LY N
- A \
Sio \ 3 3 K
.40 . .40 9
o8 \ 8l A
P 3 &R T
\\ Transverse compression
20 [ .20
Trars VEI“P‘E CQTIPress MLF‘
{e) _ {f)
o .20 .40 .60 .80 100 120 140 o .20 .40 .60 .80 00 [20 140
Siress : Siress .
Secont yield strength - Secant yield sire/_—)g?h_

(8) Siress-strain curves.
{c) Secant modulus-stress curves.
(&) Nondimensional tangent modulus-siress curves.

3 Stress-deviation curves.
f) Tengent modulus-siress curves.

) Nondimensional reduced modulus-stress curves.

Figure 8.- Sheet 8. Aluminum alloy 248-RT; thlckness, 0.051 1inoh.
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Figure 9.~ Bheet ©. Aluminum alloy 248-RT; thickness, 0.084 inch.
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Figure 10.- Sheet 10. Aluminum alloy 248-RT; thickness, 0.081 inch.
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Figure 11.- Sheet 11l. Aluminum alloy 348-RT; thiokness, 0.081 inch.
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FPigure 12.- Bheet 18. 1035 ocarbon steel; thickness, 0.054 inch.
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Figure 13.- Sheet 13. 1035 carbon steel; thickness, 0.120 inch.
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Figure 14.~ Sheet l4, Ohromium-nickel steel 1/4 hard; thickness, 0.030 inch.
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Figure 15.- 8heet 15. Ohromium-nickel steel 1/3 hard; thiockness, 0.080 inch.
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Figure 16,~ Sheet 18. Chromium-nickel steel 3/4 hard; thickness, 0.030 inoh.
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Figure 17.~ Sheet 17. Ohromium-nickel steel full hard; thickness, 0.020 inch.
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Figure 18.- Bheet 18. Qhromium-nickel steel full ha.rd; thickness, 0.020 inoh.
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Figure 19.- Sheet 19. Chromium-nickel steel full hard; thickness, 0.024 inch.
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Figurs 20.- Bhest 30. Ohromium-nickel steel full hard; thickness, 0.0875 inoh.
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