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FOR LOCAL-INSTABILITY TESTS 

By George J. Heimerl and J. Albert Roy 

SUMMARY 

Local-Instability tests  of 2I4.S-T  aluminum-alloy 
formed Z-  and channel-section columns  were  made  in 
order  to determine   a  length  of test   specimen  that would 
avoid  the  Increased strength associated  with  short 
lengths   and  also  permit   the   occurrence  of  a  convenient 
buckling  pattern.     The  effect  of   column  length  on   the 
critical  compressive   stress,   on  the   average   stress   at 
may.imum load,   and on the   number of half-waves  of  the 
bn.ckllng  pattern is   shown.     A buckling pattern  of  three 
half-waves  is  indicated   as  desirable  for test  purposes. 
A curve   is  presented  from which may be  determined  the 
lengths  of  Z-   or  channel-section  columns   that  give   a 
buckling pattern of  three  half-waves.     "hen  the   strength 
for local  instability Is  very high,   a  reduction  in  the 
length indicated  by  the   curve may be  necessary  to prevent 
column  failure.     In  order  to   avoid  the   Increased  strength 
associated with  short   lengths,   a  ratio  of  length to  web 
width  above  5.5   should be  used. 

INTRODUCTION 

In  local-instability tests   of  Z-   and channel-section 
columns,   suitable   specimen  lengths   should be  determined. 
As   the  flanges   and webs   of  such  columns  may be   considered 
plates  with  various  kinds   of  edge   supports,   the   local 
instability of  these   columns  becomes   a plate-buckling 
problem.     When  a plate   is   long,   the  critical   compressive 
stress  tends   to  be  independent  of  length;   whereas,   if 
the  plate  is   very short,   the  stress  increases  appreciably. 
(See  fig,   6  of  reference   1.) 
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For  an  investigation,  of  columns   that  develop   local 
instability,   therefore,   the   s oe eigens   should  be  made 
long   enough  to   avoid   an   appreciable   increrse  in  stress 
and   yet not   long  enough  to   result   in  column  failure. 
In  order  to  determine   lengths   of   columns   that   meet 
these   requirements,   tests   were   made   of   formed   Z-   and 
channel-section   columns   of   various   lengths.      This   reporJ 

presents   the  test   r>esu"lhs   and  a   carve   for  determining 
desirable   column   lengths   for  test  purposes. 

SYMBOLS 

bp width  of'   flange,   Inchon 

b,„ '   width  of  web,   inches 

L length,   Inches 

t thickness   of web  or  flfrige,   inches 

E modulus   of  elasticity,   ksi 

o* critical  compress! ve   stress,   ksi 

O",, v       rverage   stress   .at  maximum   load,   ksi 

o cv c omp re s s 1 ve   yi e Id   s t re s s ,   k r. 

'FECIMENS 

Formed  Z-   and   channel-section   columns   were   made 
from 2)'.S-T  aluminum   slloy  with  the   grain   of   ehe   material 
nare lie 1   to  the   length  of   the   column;    one   sheet   of 
material  was  used   for   each   tyre   of  column,   and 73   columns 
of   each type   ?.ere   tested.      The   ends   of   the   specimens   were 
ground   flat,   parallel,   and   at   right   cngles   u,o   the   length 
of   the   column,      'figure   1   shows   the  nominal  dimensions   of 
the   three   c"us:   sections   used  for   the   Z-   and  channel- 
section  columns.      The  measured  dimensions   of   the   columns 
and   tne   test   result?   are   given   in  table   1.      For  each 
cross   auction,   the   ratio   of   I'-ngth  to   wQb width   «»as 
varied  from   aboac   1  to   about   10. 
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Stress-strain  tests  of the  material were  made  with 
single-thickness   specimens  in  a roller-type   compression 
fixture   similar  to   that   shown in figure  2  of  reference  c 
Compressive   stress-strain   curves   are  shown  in  figure  2. 
The   values   of  the  compressi vre   yield,   stress,   determined 
by the  C., 2-percent-of f sot  method,   and  of  the  modulus   of 
elasticity  are   given   in   table  2. 

METHOD OP  TESTING 

The   column  tests  were  made  in  a  5-C),000-pound- 
capacity compression   testing machine  that  is   accurate   • 
within three-quarters  of  1  percent   for  the   range   of  load 
used in  the   tests. 

A Z-seotibn  column under test  is   shown in  figure  J. 
The   displacement of pointers,   supported  ty  extension 
arms   attached to   the  flanges   of  the   columns,   was  measured 
by  the  optical micrometers   that   can  be   seen in  figure   J>. 
The   critical   compress!ve   stress  was  obtained  from stress- 
distortion  curves  in   the  manner described  and  illustrated 
in  reference  5«     1R  this  method,   the   critical  stress  is 
determined  as   the  point near  the   top  of  the   knee  of   the 
stress-distortion  curve  where  a marked increase  In  distor- 
tion  first   occurs  wi'th small  increase  in   stress. 

RESULTS''AND   DISCUSSION 

The  variation  of     0 and     o"  Qv    with    L/b,„    for 
each of  the  different   types   of column tested  is  presented 

,                                             b„7 bF 
in  figure  h.     Col\imns  having    -Jl = 2k and    ^     = 0.5 

t T bw 

developed bending failure for  ~  > J,      A definite rise 

in critical and maximum stresses when the columns become 
very short Is shown by these curves.  For all except the 
very short columns, however, the curves are relatively 
level.  The number of half-waves of the buckling pattern 
that occurred in each case is also indicated in figure 1;. 

It has been found desirable for test purposes to 
make the column length such that an odd number of half- 
waves . develops , because of the convenience in measuring 
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cross-sectional  distortion   at   the   center  of   the   column. 
Economy of  material   and.   the   possib'. 15 ty  of bending  failure 
if   the  column Is   long   lead  to   a   choice  of   lengths   such 
that   the   columns  will   develop  the   least  number  of half- 
waves   aad   still   avoid   an   appreciable  increase  in   stress 
due   to   the   effect   of   short   lengths.      These   considerations, 
together  with   the   test   results   shown  in   figure  jp,   indicate 
that   a buckling  pattern  of  three  naif-waves   is   the   one 
most  desirable  for  investigations  o.t   local  instability 
of   columns. 

The   length of  the  half-wave   developed  when  local 
instability  occurs   varies, for   a given  web  width,   with 
the   cross-sectional  ratio     bw/by-„      The  number  of  half- 
waves   then depends  on  the   ratio  of  length to  web  width. L/b•. 
By showing  the number of half-waves  that  occur  for given 
values  of    b^/b^-    and     L/b,ri    as   illustrated in  figure   5» 
curves  may be  drawn  that   show  the   relationship''   between 
bp/b,r-    and     L/ty    required   to   obtain   any desired  number 
of half-waves.     In  order to  give  proper weight  to  the 
tost   results   shown   In   figure   S,   the  number of   tests   for 
which  each number  of half-waves   occurred  is   indicated. 

A recommended  curve  is  drawn in  figure   5   to   indicate 
the   proportions   of  either   a   Z-   or  a   channel-section   column 
required  to  develop   a buckling  pattern   of   three  half- 
waves,   which  is   desirable   for   test   purposes.      This   curve 
can   be  used  directly  for   selecting   specimen   lengths   in 
many  casts.      In  cases   in which  the   strength  for  local 
instability  is  high   (low  values   of     b-^/t)",   however, 
specimen   lengths   selected   according   to   the   recommended 
curve  may  not;   be   short   enough  to   prevent  bending  failure. 
It  is   therefore  necessary  to  check  the   column   strength 
of   the  specimens   selected   and,   in   some   cases,   to   shorten 
the   specimens.     In   any  case,   figure   Jj   shows   that,   in 
order  to  avoid   an  increase  in  strength due  to  the  effect 
of  very short   lengths,   the   value of     L/b,.,    used  should 
be   above  3.5« 

CONCLUSIONS 

For   local-instability   tests   of   Z-   and  channel- 
section  columns,   the   specimens   should  be   just   long 
enough to   avoid   the-,  increased  strength  associated with 
short   lengths   but   of  such  length   that   a   buckling   pattern 
convenient  for test  purposes   occurs.     A buckling pattern 
of  three  half-^aves  meets   these   requirements;   the  proper 
length  for  this   condition  may be   obtained  from  a   curve 
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based  on  tests.     T:\er.   the   strength for  local  instability 
is   very high,   a  reduction  in  thj s   length may be  necessary 
to  prevent   column  failure.     Ln order  to  avoid  the 
increased  strength associated with  short   lengths,   a 
ratio  of  length to wet  width  above  *>. 5   should be used. 

Langley Memorial   Aeronautical Laboratory 
National  Advisory  Comrlttee   for Aeronautics 

Langley  Field,  Va. ,   August   10,   I9/4J4. 
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TABLE .1 

MEASURED DIMMSIONS OF FORMED SPECIMENS  AND TEST  RESULTS 

Speclaen t 
(In.) (In.) (In.) 

L 
(In.) 

L Si       HE 
t              b. 

CTcr 
(ksl) 

<*ma* 
(ksl) 

Number 
of half- 

wave a 

2 -section column;   section 1 

la 0.106 2.5k l.JO 2.79 1.10 2k.00         0 51 kj.k 
1*6.0 

50.2 1 
lb .106 2.5U 1.30 2.79 1.10 21*.00 51 50.2 

k6.7 
1 

2a .105 2-53 l.JO 5-35 2.12 2k.05 51 kk-2 1 
2b .105 

.106 t% 1.30 5-35 2.12 2k.09 51 1*3.5 k6.3 1 
3« 1.30 7.92 5.11 2k.00 51 1*1-9 l*k.3 2 
3b .106 2.5k 1.30 7.60 2.99 21*.00 51 1*2.1 fci 2 

P .106 2.5U l.JO 7.82 3.07 
U.07 

2l(.00 51 1*1.6 2 
.106 1:8 1.30 10. JO 23-91 51 kO.J 1*2.7 2 

Lb .106 1.29 IO.30 1*.05 23.98 
2l*.00 

51 ko.9 k3-7 2 
kc .106 2.514 1.30 IO.30 k.05 51 k0.7 

59.8 
kl.o 

1*3-5 2 
5» .106 1:8 1.30 12.92 5.07 

5.08 
2l*.05 51 M.o 3 

5b .106 1.30 12.93 21*. 00 51 1*2.9 3 r. .106 m 1.30 12.93 5.07 
6.09 

2k-05 51 39.8 k3-5 I .106 1.30 15.50 2k-00 51 39.8 k2.7 
6b .106 2-51 l.JO 15-51* 6.19 23-67 

2^.00 
52 39.8 

ko.o 
kl.9 1* 

6e .106 2.51* 1.30 8:2$ 6.11 51 k3.2 k 
7 .106 2.52 1.30 6.97 23-81 51 39.7 kl.9 5 

Z -section :olumi;   section 2 

8a 0.105 2.54 2.58 2.72 
2.68 
2.68 

I.07 21*. Ik         1 02 3k-0 38.7 
ko.o 
kl.O 

8b 
8o 

.105 

.105 
2-55 
2.5t lip l.OJ 

1.06 
2k.2k         1 
21*.Ik         1 

01 
02 

35.8 
32.2 

9a .105 2.5k 2.58 5.28 2.08 2l*.lk         1 02 21.0 30.9 
9b .105 

.106 
2.5k 1:8 5.55 2.10 21*. Ik         1 .02 22.8 31.2 

10 a 2.5k 7.70 3:8 2J*.00         1 .02 15.6 31.0 
10b .106 2.5k 2.60 6.72 2l*.02         1 .02 15.5 

1S.3 
31.1 

lOe .106 2-5U 2.60 
10.58 

2.97 
l*.oÄ 

21*.01         1 .02 51.1 
11a .106 2.5§ 

2.5« m 2k.00          1 00 16.1 30.0 2 
lib .105 

.106 
10.37 
10.38 

l*.o6 2l*.2l(         1 00 15.2 29-8 2 
llo 1:11 I:S l*.o6 2k.09 

2k. j8 
2E.O9 

99 15-5 
16.1 

30.2 2 
12a .105 

.106 
12.91* 5-07 • 99 29.5 

29.6 
2 

12b m t% 12-95 5.07 99 I6.9 2 
12e .105 

.106 
12.95 5.10 2k. 19        1 .00 16.2 29.3 2 

13« 2.5U 2.5U 15-55 6.11 21*. 11         1 .00 lk-9 29.2 3 
13b .106 2.5U 2.5k 15-55 6.11 2k.00        1 .00 15.6 29-k 2 

III .106 
.106 

2.54 
2-5U 2-5g 

15.55 
18.07 

6.11 
7.10 

2k.00         1 
23.95         1 
2k.09        1 
23.98       1 

.00 

.01 *U 29.2 
2S.7 

3 
3 

lkb .106 2-5U 2.58 18.07 
18.06 

7.10 .01 P 28.9 3 
li*c .106 2-5k 2.58 I-11 

8.10 
.01 28.9 3 

15» .106 2.51* 2.58 20.60 23.95 1 
23.96 1 

.01 lk-k 12.1 3 
15b .106 2.5k 2.58 20.60 8.10 01 ll*. 1 3 

III .106 2.5I* 2.58 20.62 8.11 23.95       1 
2U..00         1 

01 S:f 29.4 
27.8 I .106 2.51* 2.58 23-22 9.13 .01 

16b .106 2-5J* 2.58 23-22 9.13 23.9§         1 .01 lk.6 27.7 
27.6 

1* 
l6c .106 2.5k 2.58 23-22 9-13 23.98         1 

2l*.O0         1 
.01 Ik.5 k 

17« .106 2.5U 2.58 25-73 
25-65 
25-71* 

10.10 01 13-5 27.5 k 
17b .106 2.5U 2.58 10.08 2k-00         1 .01 8:1 27.5 

26.9 
k 

17o .106 2.51* 2.58 10.11 21*. 00         1 .01 1* 

: -•action column;  1 eotlon 3 

18. 0.105 1.1*0 l.W 1.71 1.23 13.29        1 .06 1*5.8 55-7 
18b .105 l.kO l.k6 1-71* 1.25 

2.16 
13.29        1 .06 k5.9 

kk.9 
55-3 

19 .105 1.1*2 ^ 3-07 
k-37 

13-52        1 .03 pi.2. 

il.l 20a .105 l.kl 1<k§ 3.11 13.38        1 :§2 k3.2 
20b .10S 

.106 
140 1.1*8 k-V) 

k.kO 
3-15 13.29        1 k2.0 

20o 1.1*0 1.46 l:\l 13.22        1 .01* 38.9 
1*2.6 

k6.k 
21a .106 1.1*2 1.1*5 5-93 13.50        1 

IS-«        1 
02 1*5-7 2 

21b .106 1.1*2 i:ß 5-90 k.ik 02 kj.l k5-5 
L5-g 

2 
21e .106 1.1(2 5.90 k.n* 13^5        1 .03 k5.2 

58.5 
39-6 
kl.9 
kl.2 

2 
22a .106 l.k2 1.1*5 7-35 n 13-U3      1 .02 k5-8 2 
22b .106 1.1(2 1.U5 7-32 13.1*5       1 .02 3 
22c 
23a 

.106 

.106 i:K i:K VM 
5.11 
6.07 

13.53       1 
13.58      1 

.01 

.00 
kk-6 

P 
2 
3 

23b .106 l.kii 1.1*1* 8.71* 6.07 13.58      1 00 1*2.2 3 

tr. .106 1.U3 l.k} e.71* 6.10 13-53       1 .00 k2.k P 3 
.106 m 1.1*2 10.05 

10.08 
6.9k 
6.98 

13-67 •9§ kl.J 
ko.6 

3 
2kb .106 1.1*2 13.62 •9§ Pi 

3 
2l*o .106 1.14 1.1*1 10.10 6.99 13.62 •'§ kl.O f 25» .106 1-1*1* 1.1*1 11.51* 7-99 

8.03 
13.62 .98 ko.6 1*2.8 

25b .106 i:S 1.1*2 n.52 13.52 

'•*l 
kO.l k3-6 k 

25c 
26a 

.106 1.1*1 11.5k 7-99 13.62 in 1*3-7 k 
.106 i-kk 1.1*2 12.92 13.62 .98 

IAO 
1* 

26b .106 1.1*1* 1.1(2 12-92 B.ll 13.58 
13-72 

• 99 1*2.8 k 
26c .106 m 1.1*1 12.98 8.93 • 97 kl.7 

ko.6 
k5-9 k 

27a .106 1.1*2 11*. 37 
lk.36 
11*. 36 

9-99 13-55 • 99 k3-0 k 
27b 
27c 

.106 

.106 i:K 
l.k2 
1.1*2 

10.01 
9.95 

13.50       1 
13.60 

.00 
• 98 

59-9 
ko.7 

k2.J 
1*2.1* It 

NATIONAL  ADVISORY 
COMKimE  FOR   AERONAUTICS 
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TABU 1 • Conoludsd 

OASORSD DIMHJSIOHS -  ConsludSd 

Spoolasn t 
(in.) (In.) (In.) 

L 
(In.) 5E 

(HI) (k.l) 
XuMbsr 
of hnlf- 
nm 

Chsnnsl-ssotlan oolu 

1« 
lb 
Is 
2* 
2b 
20 
5» 
J» 

j*b 
4s 
5« 
5b 

2: 
6b 
6s 
7» 
7b 
7o 

.107 2. 

'.106 
2. 
2. 

.106 2. 

.106 2. 

.106 2. 
.106 2. 
.106 2. 
.106 2. 
.106 2. 
.106 2. 
.106 2. 
.10S 
.106 

2. 
2. 

.106 2. 

.10^ 2. 

.105 2. 

.105 2. 

.105 2. 

.105 2. 
.106 2. 

1.26 
1.26 
1.27 
1.26 
1.26 

i:S 
1.26 
1.28 
1.27 
1.26 
1.27 
1.26 
1.27 
1.26 
1.26 
1.26 
1.26 
1.27 
1.27 
1.27 

1:8 
2.67 

1$ 
io'.lk 

13.00 
12.97 
15-55 
15-ii 
l|.4i 
18.05 
if. 06 
18.05 

1.09 
1.10 

S:2 
2.11 
2.10 

lilt 
4.of 
5.06 
5.U 
5.11 
5.10 
2.08 
6.01* 
6.10 
7.09 
7.10 
7.11 

44-8 
44-4 
45-0 

B:{ 
59-? 

ko.9 
40.2 
40.0 
39-7 
59-9 
59-7 
39-7 

8* 
8b 
Be 
9« 
9b 

10« 
10b 
10s 
11* 
lib 
11s 
12« 
Ub 
12. 
15» 
ljb 

l4b 
U4.S 
15« 
15b 

IM 
16s 
17« 
17b 
17s 

Chumsl-aaetlon solv ••stlon 2 

W 

24.38 
24.00 
2U.J0 
2J.B1 

3:8 

1.00 
.9» 

1.00 
1.00 
1.00 

.99 
1.00 
1.01 

i-.H 
1.00 
1.00 
1.00 

:I2 
1.00 

.99 
1.00 

•99 
.99 

1.00 
1.00 

.99 
1.00 

.99 
1.01 

.99 
1.00 

II 

Channsl-ssotlsn eoluan; »stlon 3 

18 
19« 
19b 
19e 
20* 
20b 
21« 
21b 
21s 
22« 
22b 
22 c 
23» 
2Jb 

III 
24b 
24o 
25» 
25b 
250 
26« 
26b 

0.106 
.105 
.105 
.105 
.105 
.105 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 
.106 

1.41 
1.44 

l:& 
1.4s 

l.'iS* 
1.1(2 
1.4? 
1.1)4 

i:8 
1.U2 
1.1*3 
1.1*2 

1*1* m 
1*2 
1*1* 
4o 

- k0 
1.43 
1.1*3 

1.1(0 
1.82 
1.42 
1.U1 
l.Ul 
1.L2 
1.42 
1.42 
1.47 

\$ 
It, 
i& 
1.43 
1-4J 
1.41 
1.40 
1.43 
1.42 
1.45 
1.42 

1.64 1.16 
2.83 1.97 
3.02 2,1J 2.08 

3.10 
4.39 3.08 

1*.08 
5.90 4.14 
7-3« 5.09 

IM 5.05 
5.16 
6.04 

.:?! 
8.60 
8.S2 8.fo 

10.14 
10.06 1% 
10.07 7.07 

g.07 11.65 
11.40 8.12 

S:38 8.23 
8.98 

12.92 9.04 

u .6 

B:i 
47.9 

B 43.6 p 
''•1 43.8 

42.3 p 
t1:? 
42.1 

I1TT0ML AOTISOltY 
C0HMW1I FOR  AnOMADTISS 



NACA  RB No.   ri|?I10 8 

TABLE 2" 

C0MPRF3SIVE   PROPERTIES  OF MATERIAI 

7/5 th ^rain Cross  grain 

Coupon 

(ksi) 
acy (ksl) 

E 
(ksil ,°°7. (ksi) 

Z-section 10,700 lik. 8 io,6oo i+9.7 

ohsnn^l io,6oo hh.2 io,6oo U? • 2 
sect! on 

NATIONAL  ADVISORY 
COMMITTEE   FOR   AERONAUTICS 
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Figure l.~ Column cross   sections. 
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Figure £.-Compressive   stress-strain   curves. 
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Figure 5.-   Number of half-waves in buckle  pattern 
produced  by various proportions of  Z- and 
channel-section columns of 24 5-T aluminum 
alloy. 
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