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BY SI NGLE - THICKNESS AND PACK METHODS 

By D. A. Paul, F. M. Howell, and H. E . Grieshaber 

SUMMARY 

An apparatus . ~OT supporting a sing le thickness of 
sheet against buckling so that its co~pressive yield 
strength can be determined by the sin gle - th~ckness method 
is described. The results obtained with t he apparatus 
are com pared with those obtained on the same material by 
the pack method,and the results obtained in compression 
by the s ingle-thickness and pack methods are compared wi th 
tho s e obtained on large solid specimens of such dimensions 
that they did not requi r e lateral restraint. 

The r esults showed that the compressive yield 
strength of thin sheet metals coti1d be determined within 
acceptable limits by the sing le-thickness method . The 
apparatus, which was designed and used by the Aluminum 
Company of ·Ame:ri.ca; is 'suitable :for deter;m.iin·ing. yield 
streng~hs o~ · a1uminum- al loy sheet 0.080 f inch and . greater 

. inth'ic'kness· ~ .. ... . " 
" ~"'; ." 

INTRODUCTION 

Sinc~ its developme nt in 1933 at the National Bureau 
.of Standards the "pack" method has been satisfactorily 
used for determining the compr~ssive yield strength of 
thin metallic materials . (See ref e re nce 1.) The main 
disadvanta g es of this method are the high cost of machin ­
ing the specimens and the length of time required to set 
up th e speci men in ~he testin g machine because of the 
large number of steel pins that must be individually ad­
justed t o restrain the specimen laterally during a test. 
In order to eliminate some of the disadvantages of the 
pack method Mr. W. p. M ontgom~r~ of the Vough t - Sikorsky 
Aircraft Corporat ion proposed a s cheme for testing a single 
thickness of sheet. Follo\4ng Mr. Mont g ome ry ' s suggestion, 
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the Aluminum Rese a rch Laboratories designed and construct­
ed a sl i gh tly modi fied device fo r supporting a s ingle 
thic k n es s of sheet aga inst buc kl ing so that its compres­
sive y i el d st r eng t h could b e determined. 

Eo t h the pack and the single -thickness me t h ods are 
base d on the supposit ion t h at t hey will give a compre s sive 
yiel d s tre ngth t he same as t ha t obt ained from a solid co m­
pact sp ec i me n of such dimensions t ha t it need ' n~t be rein­
for ced agains t l a ter a l bucklin g . In the original investi­
gation of the p ac k test at t h e National Bureau of St and ­
ar d s it was shown,by t ests of steel, brass, and an alumin­
u m alloy , to g ive co mpressi ve yield strengths compa r ab le 
with those obtaine d o n solid specimens. Such a compar ison 
is also des i~ able in the c ase of the single-t h ickn ess 
test. 

Th i s re p ort describes th e apparatus and compares t he 
results obtained in compression on sing le-thickness spec i­
mens,using the sing le-thickness me thod, wi~h t hos e obtained 
by the pac k method and with those obt a in e~ on large solid 
specimens wi~h no lateral re s train t. 

Th e spe cimens u sed i n t h ese tes ts were taken from 
24S - T aluminum al loy flat sheet 0.020 i nch and. 0.040 inch 
thick and from l7S-T aluminum al lo y plate 5/8 inch t h i ·c k . 
Th e t e nsile properties of the s heet . as de termined by the 
New Kens i n g ton Works l ab oratory (P.T. n o. KI 01440-C) were 
as f ollo ws : 

Lot 1 

943 l- \'/ 
943l-X 

3573- i'i 
3573-X 

! ! I 

I 
- ~ ominal I Tens i le II Yield strengt h 

t h ickness stren g th (offset=0.2 pe rc ent) 
(in.) ( lb / sClin.), . (lb / SCl in.) 

0.020 73 ,1 2 0 63 ,1 00 
. OZO 72, 81 0 5 5 , 800 

. 040 71,130 52 ~ 300 

.040 69,210 46 .1 00 
i 

Elo nga tion 
in 2 in. 
( pe rce nt ) 

14. 5 
1 5 . 0 

1 7. 5 
21.0 

1 , r 
~ spe cime n cut with grai n ; X, but ac ros s g rain. 
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Results of t ~ p s ~l~ tests pf t he pl a te are given in 
table 1. 

3 

The sheet was t e sted to compare the results obtain ed 
with the single-thickness an ~ the pack. methods; t he plate 
was te sted , primarily, to compar e t he results obtained, 
using single-thick ness and pack specimens with results 
obtained on large solid speci me ns from the s ame material. 
These t e sts a l s o provided additional co mparisons between 
the single-thickness and the pack metho d s. 

METHOD OF TEST 

Th e comp ressive yield strength of each sheet sample· 
wa s de t e r mi ned with and across grain, using both th e pack 
and t he single -thickness methods. Repea t te s ts we re made 
wit h the sin g l e -t hickness method. The pac k speci mens 
were composed of 21 p i e ces in the c ase of the shee t 0.020 
inch thick and 11 pieces in the c a se of the sheet 0.0 4 0 
inch thick. The si~gle-thic kness specimen is nominally 

.5/8 i nch "Ti de an.d ~. :"!f? . inches lo ng . A g roup of such spec­
i mens c an be machined t og ethe r in t he s ame manne r as one 
pack spe cimen . 

A total o f seven s pecimens 'vas c u.t from the plate, 
as shown b y the sketch (fi g . 1). Speci me ns Tl and T2 
were tensile spe c i men s and speci mens 01 to C5 we r e comp res­
siv e specimens. Specimens Cl an d C2 were l a rge co mpact 
specimens to be t es t ed without l ate r a l restraint and h av­
in g a slenderness ratio (L / r) of 12. Speci me n C3 was a 
pack specimen composed of 11 pi eces , each 0.040 inch thick; 
speci mens 04 a nd 05 were thin sp ec i men s 0.040 inc h and 
0.020 i nch t h ic k , res pe ctive ly, to be tested wi th the 
singl e -th ickn es s speci men apparat u s. It may be noted from 
the sketch that specimens Tl and Cl were round and t ha t 
the others wer e e ither square or rect angular. All t he se 
specimens were cut so that t he ir long itud inal axes were 
parallel to the direction of rollin g . The round specimens 
were the , only ones fr om 'Ilhich th e original surface was 
machined. Otherwise, th e specimen s were of t he full thick­
ness of th e plate . The following tabulation shows the 
dimensions of the s pe cimens cut from th~ 17S-T plate: 
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_
--s_p __ e_c __ -

4

'_T_J_
T

-p_-_e ____ o_f ___ t __ est 1,1 ___ T_y_p_e ___ O_f __ s_p __ e_c_i_m __ e_n ____ ~------D-i-m-e-n--s-i_o_n_s ____ __ imen. (in.) 

rp ~ . 
_.I. 

Cl 

04 

C5 

Tens ion IRectangular ends, 0.615 diamete r I round reduced sec tion (reduced section) 

-- d. 0 

Compression 

---- do ----

---- d o ----

Rectangular ends, 
rectan gular reduced 
section 

Round1 

I 1 I Squaro 

JPac k - 11 pieces each 

---- do ---- Sin g le-thickness 

---- do ---- ! Sin ,; l e -t hickness 
I 

5/8 x 1/2 (reduce d 
section) 

5 / 8 d i am. by 1 7/8 
long 

5/8 x 5/8 x 2 .16 

o • 040 x 5 /8 x 2 1/4 

o • 040 x 5/ 8 x 2 5/S 

0 . 020 x 5/8 x 2 5/S 

lSlenderness ratio (L/r) = 12 

Fi gures 2 , 3 , and 4 are photographs showing the a p ­
paratus for hold i ng a single-thickness specimen for a com­
pression test. Fi gure 2 shows the vari ous part s of which 
the apparatus is com posed . These parts are the steel 
hol de r 1; the steel blocks 2 that support the spring clips 
3 , which in turn suppor t t he steel rollers' 4; and one of 
th e aluminum rods 5 t ha t are placed in t he adjustab l e eye­
bar~ 6 to clamp . t he tensometers against the edges of the 
specimen . 

F i gure 3 shows the various parts assembled for a test. 
I n t he assembly of the apparatus the ho l der is p lac ed on 
a smooth flat surfac e and t he steel blocks supporting the 
r ol lers are p laced in the holder. Th e specimen is placed 
in the holde r and ali ned v e rtically. The holde r, the st ~el 

blocks, and t he specimen all rest on the sm o ot h flat sur­
fac e. The rollers are clamped firmly agains t the specimen, 
usin g the screws 7. The rollers then co ntact the specimen 
dirGctly op posite one another on the two sides of the sheet 
a nd also bear against the steel blocks. The rollers a re 
0. 0 9 3 inch i n diameter and 7/16 inch long, with conic a l 
ends wh ich are gu i ded by the fl ex ible brass spring clips 3 . 
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As the rollers move during a test the spring clips move 
outward on t he conical bearing so that they d o not re ­
strain the d ownward movem~nt of the rOl l ers. Each steel 
block supports 25 roLlers spaced 0 . 10 inch center t o c en­
ter. Calculations show that with this spac i ng aluminum ­
alloy specimens with a minimum thickness of ab out 0.020 
inch can be 16aded t o t he 60~pressive ' yield strength with­
ou t lateral buckling . 

Th e specimen , wi t h Huggenberg~r tens ometers c lamped 
on each eelge, is shown i n ·the test i ng machine readJr for 
test in figure 4 . Increments o f stress are applied and 
correspond ing strains a r e measured u nti l the compressive 
yield strength of the mate r ial is exceeded. 

Huggenbe r ger tenso~eters were used on a 1/2-inch 
gage leng th for ~easur i ng strains i n t he c ompressi o n 
tests . 'All the compr essi on t~sts were made i n the same 
t est in g m~chine and with the same pai r o f tensome t e r s. 
The large compact com p ress i tin specimens were tested in a 
subpre~s ' plac ed between the heads of the testing machine. 

DISCUSSI01T 

Table I I i s a summary of the te~t · results for the 
sp ec i men s cut from the . 24S - T f l at sheet and ~hows a c om­
parison o f values of compres~ive y i eld strength as dete r ­
mined on a single t hickn~ss and as determined on a pack 
made up of a number of thicknesses . The max,imum va:riat i on 
of the yield- strength values determined in r epeat tests 
by ~he single-thickness method was only about 2 percent 
from the average v a lu·es . In all but one case the average 
compressive yield str~ngth determined for the s i ng l e ­
thickne.s 's specimens is sl i ghtly less than tha t obtained 
ort- a pack specimen . 'Th'e average difference ' is abou t 1. 3 
pe .r cent . Co'mp,re ss ive stress - strain curves have been plot­
ted for the specimens cut from t he sheet samples and a r e 
shown in fi gures 5 and 6. An examination of t he se c urves 
reveals n o s i gnific an t differ ences in the shapes of the 
curves for the two types of speci~en . · 

The compr ~ss iv e yield st r engths obt a ined on the vari­
ous specimens cut from the 17S- T p lat e are summarized in 
table I . The st r ess-strain c urves fr om which the yield 
streng th values were se l ected are sho wn by figure 7. The 
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maximum variation from the average of any of these values 
is only about 0.6 percent, and, because of this u~iformity, 
it seems pe rmissible to conclude that the single-thickness 
and pack methods g iv e . compressive-yield-strength values the 
same as those obt a ined on large solid specimens. 

In th e pack test the specimen on which strains are 
measureQ is restrained against lateral expansion by pres­
sure of t he adjoining specimens against its entire flat 
surface; whereas, in the single-thickness test the speci­
men is restrained against lateral expansion only at the 
lin e contact with the rollers. By the use of the pack 
apparatus, lateral pressure is effected by some 30 screws 
that are individually tightened; with the single-thickness 
apparatus, only two screws are used to provide lateral re­
straint. Even though these two screws are tightened with 
consi de rable torque, the total pressure exerted is un­
doubtedly less than that exerted by the large number of 
inaividul a lly tightened screws in the pack test. It was 
though t that this difference between the two methods might 
have some effect upon the shape of the stress-strain curves 
or upon the modulus-of-elasticity values and that deviation 
curve s for th e stress -strain d iag rams mi gh t indicate such 
effects. 

The data obtaine d on the 17S-T plate have been con­
sidered in this manner , and figure 8 shows the deviation 
curve s corr esponding t o each of the stress-strain curves 
shown b y figure 7. Modulus-of-elasticity values have been 
calcula ted , using the slopes of these curves to correct 
the trial modulus,and ~he g reatest variation from the av­
erage is 1.2 percent. These values and the pro~ortional 

li ~ its indicated by the deviation curves a~e summarized 
in table I. It is apparent that ·these data and the devi­
ation curves do not ind icate any differences resulting 
from d ifferences between the two types of tests. In other 
words, the pins used in the pack test and the rollers used 
i n the single-thickness tes t prov i de adequate support 
against lateral buckling, but they do not restrain t he 
speci men to such an extent that the l a teral force applied 
affects the stress-strain proparties. It is es pecially 
interesting t o n ot e t h at the modulus of elasticity and 
the proportional-limit values obtain ed on the single spec­
imen 0.020 inch th ick (s pecimen 05) compar e favorably with 
thos e obt ained on the l a rger compression s pe cimens. 

Among the factors that contribu te to the high cost 
of mak ing a pack compressi on test are the following: 



r 
I . NACA Technical Note No. 819 7 

1. The relatively large amount of material required, 
for some thin sheet as many as 21 pieces each 
a b out 5/ 8 inc h by 2. 1/4 inc h e s 

2 . The time re quired to machine a pack on t wo edges 
and t wo ends with sufficient accuracy to pro­
duce good results 

3 . The time required to set up the specimen ready 
for test 

4 . The time required to obtain the stress-strain 
data 

5. The time required to plot the stress-strain data 

The single-thickness compression test offers consi d ­
erabl e saving in the first three fact ors, but, of cours e, 
the time required to obtain the stress-strain data and to 
plot the data is unchanged. The cost of making a compres ­
sion te s t of thin sheet me tal , using either of the two 
methods considered, is very much g reater t han the co st of 
making the commercial routine inspection,lauoratory ten­
sion test. In spite of this fact, however, the single­
thickness method prov ides a very useful means of investi­
gating t he pr op e rties of thin sheet me tals. 

CONCLUSIONS 

The results of this investi gation may be summarized 
as f 0 11 ows: 

1. The compressive yield strength of thin sheet metals 
can be determined within acceptable limits by the single­
thickness me tho d. The apparatus used in this investi ga tion 
is suitable for determinin g yield stren g ths of aluminum­
alloy she et 0.020 inch and greater in thickness. 

2. Be cause of substantial savings in the cost of pre­
paring a nd testing the specimens, the single-thickness 
method would appear to have a definite advantage over the 
pac k meth od. 

3. Although the single-thickness specimen method de­
scribed in this report is very useful for investigating 
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the compressive properties of thin sheet metals , its 
pres e nt co~t would appear to preclude its use as a routine 
commercial inspection test. 

Aluminum Res e a rch Laboratories, 
Aluminum Company of America, 

Ne w Kensington, Penna., May 27 , 1941. 

REFERE NCE 

1. Aitchison, C. 5., and Tuc k erman, L. B.: The "Pack" 
Method for Compressive Tests of Thin Specimens of 
Materials Used in Thin- Vall Structures. Rep. No . 
649 , NACA, 1939. 



TABLE I 

SUMMARY OF COMPRESSIVE MID TENSILE PROPERTIES OF SPECIMENS CUT FROM 5/8-THICK 17S-T PLATE 

[ Longi tudina l axis of all specimens parallel to direction of rolling] 

Compressive properties Tensile Properties 
1--

Yield Prop ortional Modulus of Tensile Yield Elongation 
Spec- T~'Pe of st rength limit elasticity str ength st r engt h (percent) 
i men specimen a. (offset = (offset = 

0.2 percent ) 
(lb/sq in .) 

0 .2 percent) 
(lb/sq in.) (lb/ sq in. ) (lb/sq in.) (lb/sq in.) 4D 2 in. 

- -

Tl Round 61, 930 42 , 800 17 .1 

T2 Re ctangul a r 61,200 43,000 20.0 

Cl Round 41,100 24, 200 10,350,000 

C2 Square 40 ,800 22,200 10, 540 , 000 

C3 Pa ck 41,200 22, 300 10 , 470 , 000 

C4 Singl e-thickness 41,000 20 , 600 10 ,540 , 000 

C5 Singl e-thickness 41(100 22,200 10 , 500 , 000 
I _ . --------- I 
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TABLE II 

RESULTS OF COMPRESSIVE YIELD STREJ."\JGTH DETERMI NATIONS ON 24S-T ALUMI NUM-ALLOY SHEET 

(P.T. no. 101740-C) 

I Compressive yield strength Variation of 
( offset = 0 .2 percent) compressive yi eld strengt 

obta i ned by 
Nomina l s i ngle-thickness met ho d 

Direction t hi ckness, Specimen Si nel e-thickness method Pack method f rom that ob t a ined by 
(i n . ) iJari ation pack method 

from average! 
(lb/sq i n .) (pe rcent) (lb/sq i n .) (percent) 

Longi t udinCl.l 0 . 020 A 51 . 500 t-2.1 
B 49 2 400 . -2.1 I I Average 50 , 450 I ! 50 , 400 +-0 .1 

Transverse .020 A 55 , 500 I -1.1 
B 50 2 700 +-1.1 

Average 56,100 57 , 400 -2.3 

Longitudinal .040 A 43,900 t1. 4 I 
B I 42 2 700 -1.4 I 

Aver age 43 , 300 I 44,000 -1. 6 
, 

Transverse .040 A 48 , 000 - 0 .2 I 
B 48 2200 -t-0 .2 I 

Average 48 ,100 48 , 700 -1.2 

Aver age difference -1.3 
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Figure 2.- Parts of device for makine compression tests of single thicknesses 
of sheet metals. 

(After Nr. W. P. Montgomery, Vought-Sikorsky Aircraft Corp.). 
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Figure 3.- Device for making compression tests of single thicknesses of sheet 
metals 

{

length-----2..6 3 in. 
Dimensions of specimen width -----0.62 in. 

thickness--0.020 in. or more . 
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Figure 8.- Differences between observed and computed strains in 17S-T 
aluminum-alloy plate. 
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