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TENSILE AND PAGK COMPRESSIVE TESTS OF SOME SHEETS OF = -

ATLUMINUM ALLOY, lOéﬁ.CARBON STEEL, AND CHROMIUM-NICKEL STEEL
B&_C:isr Aitchlsen 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 in longitudinal and .transverse com—

. pression and dimeq31onless 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,'Bcth
Plotted against the ratio of stress to secant yleld o
strength. - o T

. .INTRODUCTION

A knowledge of the ten51le and the compressive chp— Coee—
design of many parts of aircraft structures. - 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 at—a 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 airecraft 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 requested 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 investigatibns 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 permisdion 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
teken as the slope of a least—square parabola at the
origin.

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 estrain prescribed in the
specifications fnr the extension—under-load method.

Sheets 1 to 13, comprising the aluminum alleys and
the carbon steel, complied with the tensile reguirements .
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 requirements
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 ccnsidered as
full~hard temper in 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 wers taken from each
sheet In 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 a 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, L

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 dividihg 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. iven in
table . IV. . &

'

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 modulue given in table IV,

The yield strengths, secant method, were obtained
from the stress—strain curves and the velues of secant.
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.14 to 19, of chromium-nickel steelés., the
longitudinal compressive yield strengths were less than
the specified tensile yield strengths, The transverse
compressive.yield strengths, however, were greater than
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 gresater than the specified tensile yield
strength for the full-hard temper. ZFor the convenience
of readers interested in the compressive prceperties of the
chrgmnium—nickel steels, the. information supplied by the
manufacturers regarding the chemical composition of sheets
14 ta 20 is given in tadble I1I.

CONCLUSIQONS

The materials c¢onsidered in this report passed cur-—
rent tenslle specification requirements with the exception
of a longitudinal elongation value from one sheet, Since
the tensile properties usually exceeded the specified
minimum values by large amounts, the results cannot be
consldered as representative of material Just meeting
specifications.

For the aluminum alloys the yield strengths ag 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  nearly

*The values of secant modulus were obtalned, ag suggested
by Osgood in-reference .12, by multiplying Young's modulus
by a constant for the meterial go chosen that, for a ten—
sile specimen Jjust passing specifications, the yield
strength obtained by the secant methed would be equal &o
the specified minimum yield strength.


http://www.abbottaerospace.com/technical-library

-

' 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.

For 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

thicknesJ Source

Navy specifications
Sheet Description —
of sheet When material Current
(in.) was acquired
1. | Aluminum alloy 17S-T 0.032 NACA 47A3b Y743c
2 do .051 do do do
i Aluminum alloy 24S-T .032 | Navy Dept. 47A10 474104
do .06l do do do
5 do . 081, —do do do
6 |Aluminum alloy 24S—RT .032 NACA U7A10INT  |-———@Omm———m
7 do .032 | Navy Dept. Y7410a . ST 7 S———
8 do _— .051 NACA 47A1CINT ————d o
9 do .064 | Kavy Dept. YT7A10a N, 7, S—
10 do . 081 NACA 4741 OINT SR, T
11 do .081 | Navy Dept. L7A10a ———do————
12 [1025 carbon steel .O5Y HACA 47s17a AN~QQ-5-651
13 do .120 do do —dom——n
14 | Chremium-nickel steel .020 | Havy Dept. Wyse1 47sela
15 do — .020 | ————do do do
16 do .020 | ———do do do
17 do .020 | —eed O do do
18 do —— . 020 do - do do
19 do L0228 | 3o do do
20 | ——— do .0275 do —————dp 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.
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TABLE III.- RESULTS OF TRMOILE TEETS
Gpacification valuse ‘Teat rosulis
Btrain T 'n Minimmm Niniss Minimom Toung's Yield strength
Nominatl eaaribed moduiue yiald tanuile alonga~ »odulos
gheot Naterial thioimeans| Directlion or yleld sirength strengtih tion in 0ffeet motbod,| Extension Tonsile Elonga~
of sheet atrength, 3 inchen offset= 0.2 wndar load strength tion 1in
extensalon parcent sathod 2 inoches
under load
(1n.) (kipa/ag in.)|(xipa/uq in,)|{iips/ag in,)| (percent) [(kipa/aq in.)|(Xipe/eq 1n.} [ips/aq in,}| (Kipa/jag in.)|(peroeat)
1 |Altwinos alloy 178-7 | 0.033 |Longitudinal|  ©,0068 10,000 . 38.0 B5.0 18.0 10,400 40,1 40.0 BB.7 20.5
Tranavorao ,00BR 10,000 .0 66.0 16.0 10,300 34,8 3,8 57.8 16.0
g |- 4o --| .061 |Longitudinal L0083 10, 000 33.0 BB.0 18,0 10,330 41,6 4.4 80,7 20.5
Tranaveras 0053 10,000 33,0 68.0 18.0 10,370 35,8 38.8 59.3 80,5
3 [Alumince alloy 248-T ,033 |Longitudinal ,0080 10,000 40,0 82.0 15.0 10,500 55,3 B4, 7 70.4 18,0
Transvorsa . 0080 10,000 40.0 82.0 15.0 10,500 48.1 47,0 87.7 10.0
4 |-————A0 -|  .08¢ |LongituAinsl . 0080 14,000 40.0 82.0 17.0 10,500 52.1 51.8 60,3 18.5
: Transveras 0080 146,000 40.0 82.0 17.0 10,480 45,8 48.1 60,3 19.0
B |—==————dom— -| .081 |Longitvdinal , 0060 10,000 40.0 82.0 17,0 10,480 55.1 82.8 20.8 19.0
Transvorse ,0060 10,000 40.0 83,0 17.0 10,420 4.1 43.8 83.1 18.5
¢ {Alumimum alloy R4S-RY .038 |Loogltudinal 0070 10,000 60.0 65.0 1.0 10,800 61,6 81,6 75.8 17.5
fransverse ,0070 10,000 50.0 8B.0 1.0 10,580 54.8 54.0 7.5 18,5
7 4 038 | Longitudingl 0070 10,000 50.0 86.0 1.0 10,410 65.8 65.8 8.3 15,5
- fransveroe ,0070 10,000 40.0 85.0 11,0 10,580 53.8 55.8 7.7 14,5
B |l ,061 | Longisudinal 0070 10,000 50,0 85,0 13.0 10,440 85,0 88,b .3 18.0
fTansverse .0070 10,000 50,0 85.0 13.0 10, BA.B 55.8 73.0 16,5
9 |-———d0———| .084 |Longitudinsli 0G0 10,000 50,0 85.0 12.0 10,4650 a3,4 88.8 78.0 15.0
Tranavarse 0070 10,000 60.0 85.0 12.0 10,510 6,6 85.8 73.4 18,0
10 |0 wm—=| .08l |Longiimdinel 0070 10,000 50.D 85.0 13.0 10,440 83,8 85,8 74,9 18.8
franavaras .0070 10,000 50,0 . 85.0 18.0 10,890 56,4 55,8 8.7 18.0
11 |—-—eem80ee—aeane=| 081 |Longitoal ,0070 10,000 50.0 85.0 12.0 10,470 83,8 83.4 4.7 18,8
Transverse .0070 10, 000 B0,0 886.0 1B.0 10,450 ba.8 85.4 8.3 16.8
12 |10B5 carbon stesd ,064 | Longitudinal . 0042 30,000 38.0 68,0 1.0 30,060 a1,8 8l.B ¥B.1 20.0
Transveras , 0043 50,000 38.0 E5.0 11.0 21,630 C M1 684.1 7.8 230.0
13 |—————dge—tmsm—ea=|  ,130 | Longitudinel . 0042 30,000 38,0 BE.O 16,0 30,870 83.8 82.6 6@.7 24.0
: Transveras .0043 30,000 2.0 B5.0 4.0 31,140 5.1 B8.1 ¥1.8 23,5
14 {Chromium-nlokel stasl .00 |Longitudinal 0.00488 33.?00 . 15,0 125.0 85,0 B3,190 106, 4 97,9 174.3 35.8
Transverse o (d (d a4} lg) &) 83,790 2,8 8u,1 173,35 3.0
b T-JN (RUR. 1, S .020 | Longitudinal . {28,000 10,0 0 .0 23,540 125,2 183,8 154,0 27.8
fransverse | '(d) 4 %S (8 (a) 19,070 1211 181.7 167.4 22.0
18 |----—-0mem-e——| .080 |ILongitudinal .6amMe ), 135.0 198.0 5.0 H7,76Q 143.8 143,0 182,8 2.5
] Tranaverss a; aﬂm Xg) ) @) 28,640 137.4 1408 195.3 20.5
19 |-—-=———l0-—--———{ .020 |Longitndinsl}  ©.00738 140.0 ] 4,0 28,770 173.¢ 187.5 199.3 3,0
, Transvarae | - gg; n&a&oo 13} 1&55 (a3 20,000 | e 180.3 204.1 6.5
18 |0} 030 [lopgitmlinal| ©.00T38 140.0 .0 ‘4.0 ar,ee0 1 1m.s 183.2 04,3 17,0
- loraswverss (8) 53&2:00 fa) L (aj 20060 | 1e0.3 158.8 a7 11.5
19 -do 03¢ [loogitudinal| ©.007E 140,0 .0 4,0 a7,860 | 188.9 183.8 186,6 18.5
Transverse {4) a} 1) (43 53,000 119.7 151.8 193.0 17.8
20 Ao 0378 |Loogitudizal| ©.00733 28 ?oo 140,0 .0 4.0 37,330 1189.3 .5 197,7 14.0
Yranevorss {d) 4 {4 (a). (aj 311030 80,8 1788 204.6 11.0
Sgomputod from specified yleld sirength, specified extension under load and sa offset of 0,2 perceat, . '

Boosputed fTom spealfied yield skropgbh, spocifiod extension under load and an offeet of 0.3 parcent,
Cgowpntsd in conformity with $he value of Young's modulus presoribed in currons specifioation.

Ofha current specifioatios sppliss only 1o longltiinal spsoimens. Whan requirad, the velue prasoribad
Zor the longitudimal specimen was nasd for the {rausvarse specieen.

098 "ON 930X TWITURONE TITX

1t
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TABLE IV,- RESULTE OF PACE OOMPRESSIVE TESTB

Yield ptrength
Nominal Eunber of Young!'s Beoant Offget methed, Becant
fhest Xaterial thickneag| Direction | apecimens modulng modulus offaet= 0.8 method
of shest . in a pack pargent
(in.) {xips/aq in.}| (kips/eq in.)| (kipe/eq in.} | {xips/ag in.)
1 |iluminum alloy 178-% 0.0328 |Loogitudinal 13 16,530 6,480 33.4 53.3
Trangsverse 13 10,460 6,440 37.4 57.7
2 do .061 |Longltudinal 5 10,5670 8,510 36.4 35.6
Transverses 5 10,560 6,610 38.8 40.8
3 |Aluminue alloy 348-T .032 | Longitudinal 13 10,680 7,120 48,5 i7.1
Transveras 13 10,620 7,080 50.4 61,1
4 —do .084 |Longitudinal B 10,660 7,100 44,0 44.3
Tranaverse B 10,710 7,140 49.1 49,7
b do .081 |Longitudinal B 10,610 7,080 43.3 43.8
. Transverse B 10,660 7,100 47.8 48.3
6 |Aluminum alloy S48-RT .028 | Longitudinal 13 10,800 7,730 61.4 Bl.1
Transverce 13 10,750 7,880 b7.5 57.8
? do 033 |Longltwdinal 12 10,840 7,740 65.7 B6.9
Transverse 17 10,760 7,880 281.4 861,.9
8 ~do .051 |Longitudinal 7 10,680 7,820 53.8 53.9
Transverse 7 10,730 7,870 59.3 £59.7
9 -40 .084 |Longitudinal 7 10, 760 7,680 56.1 56.3
: Tranaverae 7 10,770 7,700 60.4 61,0
10 do .081 |Longituwdinal b 10,730 7,680 53.6 53.7
Transverss 5 10,760 7,680 80.3 80.8
11 —=d0 .081 |Lopgitudinal b 10,720 7,680 4.0 54,1
Tranaverse B 10,740 7,680 60.8 60.8
13 |1026 carbon stesl .064 |Longitudinal 5 30,780 8,780 69,7 59.8
Prangverse 5 23,680 9,330 83.6 83.8
- 13 do .130 | Longitudinal b 81,310 8,840, 53.0 53.3
Transverse b 31,790 2,080 86.1 56,3
14 | Qhromlum-nickel steel .030 |Longitudinal 31 28,070 18,6580 73.5 70.3
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8puokled at 61.0 kipe/sq in. .stress, yield strength o

btalned by extrapolation.
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Figure 1.- Sheet 1. Aluminum alloy 178-T; thickness, 0,032 inch.
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Figure 3.- Sheet 3. Aluminum alloy 178-T; thickness, 0.061 inch.
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Figure 4.- 8heet 4. Aluminum alloy 248-T; thiocknese, 0.0864 inch.
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Figure 5.- Bheet 5. Aluminum alloy 848-T; thickness, 0.081 inch.
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alloy 848-RT; thickness, 0.033 inch.
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Figure 7.- Bheet 7. Aluminum alloy 248-RT; thickness, 0.033 inch.
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Figure 8.- Sheet 8. Aluminum alloy 248-RT; thickness, 0.051 1inoh.
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Figure ©.- Bheet ©. Aluminum alloy 24B-RT; thickness, 0.084 inch.
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Figure 10.- Sheet 10. Aluminum alloy R48-RT; thiockness, 0.081 inch.
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Figure 11.- Sheet 11l. Aluminum alloy 248-RT; thiokness, 0.081 inoch.
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Figure 13.- Sheet 138, 1035 oarbon 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 1l4.- Sheet 14, Chromium-nickel steel 1/4 hard; thickness, 0.080 inch.
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Figure 16,- Sheet 16. Ohromium-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. QOhromium-nickel steel full ha.rd‘, thickness, 0.020 1noh.
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Figure 19.- Sheet 19. Chromium-nickel steel full hard; thickness, 0.084 inch.
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Figurse 20.- Shest 30. Ohromium-nickel steel full hard; thickness, 0.0875 inoh.
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