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COLUMN AND FLATE COLKFRESSIVE STRENGTHS

OF AIRCRAFT STRUCTURAL MATERIALS

EXTRUDED 0-1HTA MAGNESIUM ALLOY
By Ceorge J. Heimerl and Donald Ee Niles

SUMMARY

Column and plate compressive strengths of extruded 0-1HTA
magnesium alloy were determined both within and beyond the elastic
range from tests of flat-end H-section columns and from local-
instability tests of He, Z-, and channel-section coluinse These
tests are part of an extensive research investigation to provide
data on the structural strength of various aircraft materials.

The results are presented in the form of curves and charts that
are suitable for use in the design and analysis of aircraft
structures,

INTRODUCTION

Column and plate members that fail by instability are basic
elements in an aircraft structure, For the design of structurally
efficient aircraft, the strength of thése elenents must be known
for the various aircraft materialse. An éxtensive research program
has therefore been undertaken at the Langley Memorial Aeronautical
Laboratory to establish the coluwmn and plate compressive strengths
of & number of the alloys available for use in aircraft structures.
The alloys already investigated include 24S-T and 175-T aluminum-

‘alloy sheet and extruded 755-T, 24S-T, R303-T, and 1LS~T aluminum

alloys (references 1 to 6, respectively).

Because information on high-strength magnesium alloys
comparable with that now available for aluminum alloys is needed,
extruded 0-1HTA magnesium alloy has been included in the
investigations The results of the tests to determine the column
and plate compressive strengths of extruded O-1HTA magnesium alloy
are presented hereine.
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length of columr
racius of gyration

Pixity coefficient used in Auler column formula
effective slenderness ratio of column -«

width and thi
i

Sy r~"p(cﬁ¢Vﬂ1y of flange of He, Zw=,
or channe 3

ckness
section (see fig, 1

width and thickness, regpectively, of web of Hey Z-, or
channel sec¢tion {see fig, 1)

nondimensional cocfficient used with by and ty in

plate=buckling formula (sce figs, 2 and.3 taken From
rcference 7)

moduius of elasticity in compression, taken zs 6500 ksi
for extruded O~1HTA magnesium allo oy

nondimensional coefficient (The value of T is so
ctermined that, vhen the effective. modulus. of

O..

clasticity 7TE; is substitute uAde E, in the
““u“f101 for elastic buckling of columng, the - :
compurted critical stress GETags with the Vxnhrlmentully
observed valuc. The coefficient T is equal to dn;uf
within the elastic range and decrcascs with incrca

stress beyord the elsstic range, )

nbndimensianal~cocffiéient for compressed flates
corrcsponding to T for colwins

son's ratio, taken as 0,3 for extruded O-lFun
magnesium alloy

eritical compressive stress
average compressive strogs at maximum load Y

conpressive *ﬁ.f,lu stress
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ETHODS OF TLESTING AND ANALISIS

The specimens and metLod L testin ng and analysis employed
to determine the compressive stress-strain curves and the colwan

and plate compressive strengths were similar to those described
in reference 6 with the following exceptions:

In order to make the compressive :tr(ss-st“al_ tests of
single-thickness specimens, a modified uOuugomGTthemgllﬂ tyve of
comprescion fixture (shown in fige L) utilizing grooved s Leol
plates to support the v»oecmvn was used for most of the tests.
The strains were measured by means of either one or two wire
strain gages mounted at the middle of the faces of ilhe specimen
(see fige L) and were recorded together with the load by
autographic load-strain equipment,

The nominal cross-sechtional dimcnsic
collmr“ 1sog to determine the column str
Dy .37 inches, and ty = 0.125 inch,

l

ons of all the flat-end
ength were bp = 0456 inchy

RESULTS AND DISCUSSION

Compressive FProperties

The comrressive stress-strain curves that apply to the
extruded 0~1HTA magnesium alloy used in this investigation arc
summarized in figurc 5. The variation in compressive yie 1d stiress
shown by the dashed curves indicates the maximum differences that
were found to oxist between the average valves obtained at the ends
of the different 20-foot exirusions; only a sinzle curve is shown

shere the variation is smelles The average valuz of ogy that
applles to the entire cross section of the flatecnd H—JCCbLOH
columns is 3L.l ksie The average values of Tey that apply to

all the local-instebility tests arc 3lel ksi for the flange
materisl and 331 ksi for the web material.

The variaticn of compressive rroperties over a cross section

of the largest extrusion is illustrated in figure be L2ch value

of Ocy represents the test results for e ;1ngle—thicknsss
compression specimen cut from the section at the position

indicated, Values of Oy for the web are anev%** lower than
those for the flange, Individual valuves for the web obtained

from tests of the other extrusions, however, vbrn in sone instances
as high or slightly higher than thooe cbta inC‘ in some parts of the
flangcse

.J
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Column and Plate Compressive Sirengths

Becausc the comvressive properties of an extruded magnesivm
alloy mey vary, the data end charts of the prescnt paper showld
not be used for design purposes for extrusions of C=-1HTA magnesium
alWOy‘bhub have aporeciably different compressive propertic from
those reported herein - unless a suliable method 1s devis ed fon
adjns%iJg test resnlts to ascount for variations in material
oropertiese (Average values of oy that apply are given in

round numbers in figs. 7s 8, and 10 to 13.)

The mesnlts of the colum and local-instability tests of

cxtruded O=1ITA megnesiwa alloy are summarized hercin; a discussion

of basic relationships is given in refcerence 1.

Column strengthe.- The co lwm curve of figure 7 shows the
results of thc e fiat-cnd Hesection column testse. The fixity
cocfficient ¢ was token equal to L on ihe basis of test results

mi

for flatecnd aluminum-alloy columns, The tect points for three

T . .
column tests & = of about 10 are nobt shown because these
’\

colurns develoved local instability after column buckling had
occurrecs Tnusy the verhbe compressive siress at maiimum

load Gy (2bout 39.5 ksi for these three tests) would wrobably
not revresent the colwmn strength if only column buckling ha

taken place, In these tests, however, visible column uuﬁklwng
was observed at a stress of about 3L kei, and the shori-dashed line
rom about 10 to 20) gives

shown in figure 7 (for values of

1 . 1

a conservabive estimate of the colwmn strength in this regions
None of the other columns developed local instability.

The ratio of length to crookedness-was greater than 100 abe
all casese (Crookedness is defined as the distance from a noint
at the midsection of a column from a straight line drawn between
corresponding points at the end sections of the column,) Some
effect of column curvature or imperfection, hcwever, is indicated

T
by the test values for Bp: of zbout 71 and 81 (sce fige 7)
falling slightly‘bo?ow the Fuler curvee

The reduction of the effective modulus of clasticity Thc
with increzse in stress is indicatsd in figure 8 by the variation
g
of T with stresse

",

Plate compressire strengthe.~ The results o f the local-
instability osts of the He, 4=, and ckanncT—qec ion columns used

NACA TN No. 1156
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to dete.‘mlm, the p,cv te compress strength are given in
tables 1, 2, and 3, pubbl"’ﬂ. T?m instability of the plate
elementes of an 1-0.,0{;1 on column under test is illustrated in

figure 9.

The plate-brck] ing curves, analogous to the -column curve of
figure 7, are shown in figure 1C. The reduction of the effective
modvlus of clasticily for plates mE, with increase in strecs is
indicated by the variation of m with stress, which is shown with
the curve for 7 in figure 84 The curves for both T ‘and 1
divor*fo fr::m unity at a stress below that for vhich there is any

gible divergence of the stress-sgirain curves from straight lines
(sw i‘,-.‘,. £) and indicate some effects of initial curvature or

othcr column or plate imperfections.

The veriation of the actual criticel stress ogpy with the
theoreticel critical stress oue/ commuted for elastic buckling
by means of the formula and curves of figures 2 and 3 is shovn in
figure 11,

In order to illustrate the differcnce between the critical
stress  Oa.. and the average stress at maximvm load o . the
(64 S ]u:‘;:,}(’
variation of o0y ith Opp/Onax 1s shown in figure 12,
Because values of opgy may be required in etrength calculationsy

the variation of g, With ogp/M is shown in figure 13

The data for Hesections describe slightly higher curves than
those indicated for Z- and channel sections n 11 ourcs 10 to 13,
A reason for somovhat higher values of op, in'. obtained for

Hesgctions than for Z- and channel sactions for a given velue
of 0n,/M (£ige 13) may bc that the flenge material tends Lo be

somewhat stronger than the web material (see fige 6) and forms a
higher percentage of the total cross-scctioncl area for the
Hesection than for the Z- or channcl scctionse The results
indicated by the individusl curves obtained for the two classes of
scction are comsistent with the comparable rosults Tfor extruded
aluminum alloys (ro erences 3 to 5) for which the flange matericl was
also stronger than the web material.

Langley Momorial uwomuwcﬂ Laboratory
National Advisory Comaittes for »xaro_z:,utics
Lengley Fl\vlu. , Va., July 12, 1946




1.

NACA TN No. 1156
REFERENCES

Lundquist, Eugene E., Schuette, Evon H., Eelmerl, George J.,
and Roy, J. Albert: Colwrmn ond Plate Canpressive Strengths
of Aircraft Structural Materiala. 24S-T Aluminum-Alloy
Sheet. NACA ARR No. LSFOL, 1945.

Heinerl, George J., and Roy, J. Albert: Colurm and Platc
Compressive Strengths of Aircraft Structural Materials.
17S-T Aluminuni-Alloy Shieet. NACA ARR No. LIFO8, 1945.

Heimerl, George J., and Roy, J. Albert: Colurm and Plate
Compressive Strengths of Alrcraft Structural Materlals.
Extiuded 758-T Aluminum Alloy. NACA ARR No. I5FO8a, 1945.

Heimerl, George <., and Roy, J. Albert: Column and Plate
Compressive Strougths of Aircraft Structural Materlals.
Extruded 2LE-T Aluminwa Alloy. NACL ARR No. L5F0Sb, 1945.

Heimerl, Goorsge J., and fay, Donglas P.: Colurm and Plate
Comprescive Strongths of Alrecraft Structural Materiels.
Extruded R303-T Alwainunm Slloy. NACA ARR No. LSEOL, 1945.

Heimerl, George J., cnd Niles, Donald E.: Colurm and Plate
Compressive Strengths of Alrcraft Structurel Materlals.
Extruded 14S-7 Aluminum Alloy. NACA ARR.Io. 16019, 1946.

Kroll, W. D., Fichor, Gordon P., and Heluerl, Georgo J.:
Charte for Caicnlation of the Critical Stress for local
Instebility or Colurms with I-, Z~, Chonncl, and '
Rectangular-Tube Section. NACA /RR No. 3KOk, 1943.




TABLE 1.~ DIMENSIONS AND TEST RESULTS FOR H=-SECTION

COLUMNS THAT DEVELOP LOCAL INSTABILITY

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

a,
cr -
ko O ) (L R R IS o) B T ) e R VY QU e ] JOC PO T S
—hl
o1 | (4n,) {(1ma)| (ima)| Gtan)| Gin) | BW [ TP | T |Bw | M W | i) | (st | Clest) | Toay
(fig. 2) (a)
la | 0,126 0,128 1,37 | 1,07 | La70 (3. [0.99 | 10.82 |0.785| 1.24 32,1 62,2 | 33.0 | 34,6 | 0.962
1b o127 | 4128 1437 | 1.07 | LeB3 [346 | 499 | 10.71 | «790| 1.22 32,1 62,y | 33.9 | 3kl | 4985
2a o127 | 4128] 1437 | 1410 | 517 (3.8 | «99 | 20,79 | 804} 1.18 32,8 59.8 | 31.9 | 3L.6 o922
2b o126 | (128 1437 | 1,08 | 5,16 [3.8 | 499 | 10,80 | .790| 1.22 o3 61s5 | 326 | 3Le5 | L9US
3a o126 | 0128 1437 | 11k | 5450 |LeO | 499 | 10,79 | 8L2| 1,10 340 5545 | 329 | 36 | o951
3b «126 | ,128| 1,37 | 1elh | 5450 |LaO | o99 | 10,79 | 8L2| 1.10 34.0 555 | 319 | 3L3 | .9%
N o12) | 0123| 1,86 | 1,12 | 6.91 |3.7 | 1.01] 15,06 | .602| 1.93 3548 50,0 | 32.9 |33.3 | .988
Sa o12 | 4123 1486 | 1e21 | 8421 |Lok | 1401 15, 652 1,67 38.5 L3.3 | 32,7 | 33.1 | .988
5b o12h | 4123 1,86 | 1421 | 842L [hok | 1.01| 15,02 | 4650| 1.67 8.4 L3s6 | 3248 [ 33,2 | .988
Sc 12} 14223 14867 | 1421 | 8222 ke 1,01 15,08 | 650 1.68 o5 L3.3 | 32,4 |33.1 979
ba 0123 | ,123] 1,86 | 141 | 9477 |5.2 | 1.00| 15,12 | 756 1.29 L3.9 33.3 290 |30.2 | .961
6b o12 | 4123] 1486 | Lol1 | 9477 |542 | 1.01| 15,06 | o756] 1429 L3.8 33 | 2846 | 30s2 | W9L7
bc o12) | ,123( 1,86 | 1.kl | 9473 [Se2 | 1401 15,03 | o756 1.29 L3.8 33. | 28,0 |29.9 | 936
Ta o12 | J12h] 1.86 | 1,55 [11.2L |640 | 1,00 15,11 | .831] 1.12 L7.3 28,7 [24.6 [27.6 | 893
) o124 | L1224 1.86 | 1,55 [11.27 |6.0 | 1.01( 14,98 | .832] 1.10 L7.3 28,7 | 2he2 |27,k | .882
Te o12l | 12l 1.86 | 1,55 [11.22 [6,0 | 1.00| 15,0k | o834} 1.10° L7.h 28.5 | 2ke8 | 27.5 «903
8a o122 | ,121| 2,37 | 1.30 | 9.07 |3.8 | 1.01| 19,38 | .5L8| 2.2L L2,8 35.0 | 29,5 | 30,2 $976
8b o122 | 4221 2,37 | 1.30 | 9.22 {3.9 | 1.01| 19.33 | .550} 2.23 <8 35.1 | 28.1 |29.6 | .9L9
8c e123 | 121} 2,37 | 1430 | 9,06 [3.8 | 1.01] 19,19 | .551] 2,22 h2.6 354 [ 28.9 [29.9 | 4967
9a 2123 | J122 2,37 | 1.5L4 [11.91 (5.0 | 1.01] 19.20 | .652| 1.67 L9.1 26,6 |23.8 |2Lhs5 | 971
9b <123 | .121| 2.37 | 1.54 |11.90 |5.0 | 1,01 19,31 | .650| 1.67 A 26,3 | 2L.0 |25.,0 | .961
9¢ o123 | 4122 2,37 | 1.5L4 [11.87 [5.0 | 1.00| 19.29 | .650| 1.69 L9.1 26,6 | 23.1 | 2L.5 943
10a @123 | L2121 2,37 | 1478 |1Le23 |640 | 1.02| 19,20 | 4753| 1.28 56.1 20,4 | 18.8 |23.,2 | .810
10b 2122 | 122 2,37 | 1478 [14421 [640 | 1,00 19.35 | .751] 1.30 5640 20,5 | 18,5 |23.1 | .801
1la 2123 | J122| 2,37 | 1.93 |1he68 [6.2 | 1.00{ 19.38 | .812| 1.15 59.8 1749 [15.7 (22,7 | 692
11b «123 | ,122] 2,37 | 1493 [1L.70 [6.2 | 1,00} 19,27 | .816] 1.1k 59.7 180011753 [12256° 1= aTeT
1lec @123 | .123] 2,37 | 1493 |14a71 |642 | 1.00| 19.25 | .816] 1.1L 59,6 18,1 | 16,6 |22.8 | .728
12a J119 | 122 3,00 | 1.35 |11.95 |L4O | .98| 25,18 | JLL9| 3.15 46,9 2942 | 2548 2746 | 4935
12b <120 | .122| 3,00 | 1.35 |12,00 (4.0 | <981 25,07 | .LL8Y 3.15 1647 294 |25, (27.1 | 4937
1% «120 | .122| 3.00 | 1.35 [12400 |L.0 .98 25,16 | JLL8| 3.15 L6.9 2942 | 25,0 [27.h | o922
13a «120 | .122| 3,00 | 1465 [14e67 |L.9 298| 25,13 | «5L9| 2432 5kl5 21,6 | 1946 | 2Ly2 «810
13b o119 | 122 3,00 | 1465 |14466 |L.9 .ga 25,18 | .5L8| 2.32 L6 21,5 | 19¢4 |24.1 | .805
1a 119 | J122| 3,00 | 1.95 [16.79 [5.6 98] 25,20 | 6L8| 1,76 62,8 16,3 | 1547 |22.4 »703
b : 2122] 3,00 | 1.95 116477 |5, 98 gg.m S48 1,76 62,8 16.3 111641 1226 1 733
lhc .120 .122 3.00 1095 16.79 5.6 .98 .OS 06)48 lc’"& 6208 16'2 1600 2205 0711
15a J19 | 122 3,00 | 2,4k [18.,56 (6.2 | ,98]25.13 | .81h| 1.18 7646 7059 1112|2152 | <528
15b 19 | .122] 3,00 | 2.k [18.57 |642 | .97 25.25 | .81k| 1.18 7648 10,9 | 10,5 [21.0 | .500
15¢ o119 | o123 3,00 | 2.hly |18457 |642 | 497 | 25.25 | «81k| 1.19 7647 1049 |21e1: {220~ | 529
- e 2E gt
_nc_r & = 5 where Eg = 6500 ksi and u = 0.3,
12(1-i8 )by

9GTT 'ON NIL VOVN



TABLE 2.~ DIMENSIONS AND TEST RESULTS FOR Z-SECTION
COLUMNS THAT DEVELOP LOCAL INSTABILITY

-

o
Column W *r o i L | L i ﬁ E ky % 12(2p? _“_cr Ter | Omax O
. % % x - t ﬁ ksi)| (ksi)| (ksi) | &
(in.) | (in.) |(dne)| (4n.)| (ine) | by | tp w (rig. 3) ((‘)) (ksi) | (ksi) I
la | 04127 0,128 [1,37 | 1.03 | L.8L| 3.5] 0.99] 10,83 | 0.751| 1.53 28,9 7646 | 32,5 | 3503 |0.921
1b W127 | 128 [1437 | 1403 | LeBl4| 3.5| 99| 10.81| 749 | 1.54 28,8 TTak | kel | 35,7 | +955
2 0127 0128 }1,37 | 1,15 | 5,50 L0 .99 ]10.80]| .838) 1.26 31.8 63.5 | 33,6 | 3.6 | 971
3a W12 123 1,87 | 1,09 | 6.9L ] 3.7 | 1.01 | 15,06 | .580| 2.30 32,8 5946 | 3242 | 33.5 | 4961
3b J12| 4123 (1,87 | 1.09 | 6493 | 3.7 | 1,01 15,11 | ,580| 2,30 32,9 5942 | 33,2 | 3347 | #9685
3c 2| 124 1,87 | 1,09 | 6494 | 3.7 | 1.01 | 15,09 | .581] 2.30 32,9 5963 | 33.1 | 33.6 | 985
La 124 L12) §1.87 | 1.22 | 8,23 L.l | 1,00 15,05 .650) 1. 35.9 L9.8 | 31k | 33.5 | .937
b 24| 124 §1,87 | 1,22 | 8423 | L.L| 1,00 | 15.07| .650] 1.92 35.9 L9e7 | 316 | 33,0 | 4958
Lie J12l| 2123 (1,87 | 1422 | 8424 | Lok | 1.01| 15,08 | L6L9 | 1.92 36.0 L9e6 | 32,1 | 33,4 | 4970
Sa J12| .12L 11,87 | 1M1 | 9.73]5.2|2.00]|15.08| .751| 1.51 L0.6 3940 | 30,6 | 32.4 | .9LL
Sb 2L .12l [1.87 | 1.3 | 9.7k | 5.2 [ 1,00 | 15,05 | .762 | 1.48 L0.9 3843 | 30,5 | 32,1 | 4950
Se o125 ] 220 11,87 | 243 | 94751 5.2]2.01115,07) .762{ 148 L0.9 38.3 | 28.7 | 30,8 | .932
6a J12h} L12) {1.87 | 1.55 | 11.25 | 6,0 |.1,00 | 15,07 | 829 | 1.27 Lk.2 32,9 | 27.3 | 28.7 +952
6b 2125} .12 [1.87 | 1.56 | 11.25 | 6,0 | 1,00 | 15,04 | .832] 1.27 Lk.2 32,9 | 27.2 | 29.3 +928
b #2125 | J12L (1,87 | 1.56 | 11.20 | 6.0 | 1.01 [ 15.03 | 832 1.26 L2 32,8 | 27.5 | 29.1 | .55
7 o123 o221 [2,37 | 2430 | .47 | LeO{ 1402 | 19.27 | J5LT7 | 2.50 40.3 39.6 | 3060 [ 31.6 9h9
8a «123| 121 |2.37 | 1.54 | 11.86 | 5,0 | 1,02 | 19,28 | .6L7 | 1.90 L6.2 3040 | 24.7 | 26.8 | 922
8b W123| W121 |2,37 | 1,54 [ 11489 [ 540 | 1.02 | 19429 | .6L6 | 1.90 L6.2 30,0 | 2ke9 | 2641 | 4954
8¢ 23| 0121 2,37 | 1.5k [ 11489 | 5.0 | 1.02 | 19.31 | 6L7 | 1.90 L6y 29.9 | 2h.h | 26.3 | .928
9a 23| 121 |2,37 | 1,78 | 1L.25 { 6,0 | 1,01 | 19.32 | L7L49| 1.51 52.0 23.7 | 20,9 | 244 | 867
) 123 122 (2,37 | 1.78 | 1he2h [ 640 [ 1.01 [ 19429 79| 151 51.9 23,8 -1/ 21.0 |i2he3 .
9¢ 231 L122 (2,37 | 1,78 | 1h.2k | 6.0 | 1,01 | 19.29 | 4749 | 1.51 52,0 23.8 | 21,0 |24.3 | .86
10a J23( 123 12,37 | 1.93 | 1468 | 642 | 1,00 | 19,32 | 813 1.32 5546 20,8 | 18.6 | 23.3. | 479
10b W1231 G122 (2,37 | 1.93 | 14e69 | 6.2 [ 1,00 | 19.33 | .815 | 1.31 55.8 20,6 | 16.9 | 23.2 | ,728
10¢ 2122 | .122 2,37 | 1.93 | 14.58 | 641 | 1,00 | 19436 | 4816 1.31 5549 20,5 | 17.2 | 23.3 | .738
11 W117] 4121 |3.00 | 1433 [ 114e60 | Le9 | 497 | 25466 | Jlki2 | 3.47 5.5 31,0 [26.1 |28.2 | .926
12a L117 121 | 3,00 1-311 11085 )-ho . 25-67 J-lhe 3e )-15-8 304 2!‘.3 27.1 ~897 z
12bh J17| o121 |3.00 | 1435 [ 11498 [ LeO | 497 | 25.67 | 450 | 3.L3 5.8 3046 | 25.5 | 27.5 | 927 >
12¢ J17| 121 |3.00 | 1.35 | 11690 [ LO | 97 | 25.69 | WL51| 3.L3 L5.9 30,5 | 25.6 | 27.5 | 931
13 JA17| 2121 [3,00 | 1466 | 14e60 [ Lhe9 | 97 [ 25469 [ 4554 | 2.61 52,5 23,2 | 20,4 | 23,7 | 861 Q
1a JA7| ,121 |3.00 | 1.88 | 16471 | 5.6 | 496 | 25.65 | 627 | 2.12 58,2 1849 111743 1'222h || <772 >
Ub WJA7 [ o121 (3,00 | 1,89 | 16470 | 5.6 | +97 | 25.63 | 4629 | 2.11 5843 18,9 | 16.8 | 22.6 | .7h3
e JA7 | 121 (3,00 | 1.89 | 16472 | 5.6 | «97 [25.65 | 628 | 2.11 58. 18.8 | 17.6 |22.7 | 4775 -
15a WJA7 | o122 (3,00 | 2.4k | 18467 | 6.2 | .96 | 25.65 | 812 1.39 71.9 12, | 11.3 | 2046 | J5L9 =
15b J17| 4122 |3,00 | 2Lk | 18463 [ 642 | 096 | 25.6L | 4811 1.39 719 ot [20.7 | 20.L | o52L
15¢ 17| 0122 [3,00 | 2Lk [ 18451 | 642 | 496 | 25.62 | 4812 1439 7.8 12, | 10,5 | 2046 | 4510 =
(@)
a "2E 2
i B s | s where E, = 6500 ksi and u = 0.3. =
n 12(1-4%)by =
(o))

NATIONAL ADVISORY
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TABLE 3.~ DIMENSIONS AND TEST RESULTS FOR CHANNEL-SECTION

COLUMNS THAT DEVELOP LOCAL INSTABILITY

O,
. te L L |t by bp Xy B\ 120242 _n_cr 9r | Fmax
olwmm | (4n,) | (4n.) [ (in.) | (4na) | (ine) | By (¥ | B | By Ty (ksi) | (ksi)| (ksi)
fig. 3) (a)
la | 0,127 [ 0,128 | 1,37 | 1402 | 515 348 [ 1600 | 20,71 [ 07kl | 1o5k 28,5 789 | 3345 | 3349
1b 0129 | o128 1437 | 1e02 | 5,15 348 [ 1,00 | 10462 | 4747 | 1.53 28l 7906 |[33.5 | 3Lel
2a o127 | #127] 1437 | 1408 | 5.17| 3.8 |1.00] 10,78 | .792 | 1.39 30.3 70,0 33,0 | 33.8
2b 2127 | o127 1437 | 1408 | 5.16] 3.8 | &99| 10481 | 4792 | 1.39 3043 6949 | 3249 | 3kod
3a 1231 .122] 1487 8997 | 6495 3.7 | 1a01 | 15,18 | 532 2,64 30.8 6Tel | 33.5 | 3349
3b W2l | 0122 | 1,87 9961 6495 3.; 1.01 | 15,16 11,532 | 2,64 3049 67l |3342 | 3Lo0
3c 123 122 11187 2995 6495 | 30 1,01 | 15,17 "531 | 2,64 3048 674l 3363 33.9
La 123 | J122]1.87 «997 1 8025 | Lol | 1,01 | 15,18 | o532 | 2.62 31.0 6648 | 32,9 | 333
Lb o123 | o122 | 1,87 | 4997 | 8e23] Lok [ 1401 [ 15,19 | 4532 | 2,62 31.0 6647 | 3360 | 333
5 0123 | o122 1487 | 1402 | 9475 562 | 1401 | 15418 | o543 | 2,52 3146 6le3 | 3246 | 336k
6a o12l | o123 1.87 | 1410 | 649L] 3.7 | 1,01 | 15,06 | 4589 | 2,18 3347 5645 | 3248 | 33.5
6b J12L | o123 | 1487 | 1,11 | 6494 347 [1.01| 15,06 | <590 | 2.18 33.7 5605 | 3248 | 3343
Ta o125 | .123] 1,87 | 1,21 | 8425 Lol | 1401 | 15,03 | 6Lk | 1492 35.8 5060 | 3246 | 3249
() o12h | 2123 ] 1487 | 1421 | 8425 | heli [ 1401 | 15o1L | 6Lk | 1493 3640 1945 |33.1 | 332
Te J12h | .123)1.87 | 1,21 | 8423 Ll | 1,01 | 15,16 | 6Lk | 194 36,0 L9e5 [ 3249 | 33.0
8a o122l | 412311487 | 1ekO | 9.75| 562 | 1,01 | 15,09 | #TL5 | 152 1oL 3963 [ 30,7 | 3240
8b o2 | W12h {1487 | 140 [ 9475 1542 | 1400 | 15410 | 47L5 | 1,53 40.3 39.5 13049 | 32.3
8c W12l | o212 | 1,87 | 1ekO | 9476] 5.2 | 1400 | 15409 | o7L5 | 153 L0e3 39.5 | 3Loks | 32.0
9a 2122 | .1212.37 | 1.53 | 11.88 | 540 | 1,01 | 19.k2 | 6Ll | 1494 L6e1 3062 | 24e8 | 2643
9o 0122 | 2120124377 ] 1452 | 11485 540 | 1401 | 19,48 | 46L2 | 1493 L6e3 29,9 |26.h | 2742
9c 0122 | 4121|2437 | 1e52 | 11487 | 540 | 1401 | 19416 | 4643 | 1493 L6.2 30,0 |[25.6 | 2649
10a o125 | o123 2437 | 1.76 | 1La17| 640 | 1402 19,02 | o7LL | 1,51 51.2 245 | 21,5 | 23.4
10b 0125 | #1231 2,37 | 1476 | 1ho13| 640 | 1402 | 19,01 | 7Lk | 1451 51.1 246 | 2145 | 22,5
10c 012l | 0123|2437 | 1476 | 14425 | 640 | 1401 | 1950h | o743 | 152 Slel 246 | 20,8 | 22,6
1la W12l | 6125|2437 | 1493 | 1he73| 643 | .99 | 18,98 | .821 | 1,33 Shaly 21,7 |18.8 | 22,2
11b 22l | 0125 | 2437 | 1.93 | Wse73 | 63| 99 | 18,96 | o821 [ 1,32 5he5 21,6 | 19.2 | 22.4
1lc 0125 | o126 2437 | 1o9k | 1he73| 643 | 99 | 18,89 | .823 | 1.32 Sliely 21,7 |19.0 | 22,2
12a 0120 | 4122 ] 3,00 | 1e3h | 11499 | LeC| .99 25408 | GLLS | 3,43 L7 32,0 [2642 | 28,1
12b ¢120 | o122 3,00 | 135 | 9632|301 | 99| 25603 | olih9 | 3oLls Lke6 33 [ 2543 | 28,0
13a 0120 | ,122 | 3,00 | 1465 | 13,58 | Le5 | +98]25.05 | 45u8 | 2459 S1lel 2443 | 206L | 2346
13b 0120 | o122 | 3,00 | 16k | 11.88 | LeO| 98 | 25.03 | .5L46 | 2,61 5102 2Le5 | 2147 | 2hek
13c e120 | 4122 ] 3,00 | 1066 | 1e62 | Le9 | #98 | 25,00 | 4552 | 2,57 5105 2h,2 | 2146 | 2Led
1ha 0120 | 123 3400 | 2408 | 15,2L [ 561 | 498 | 25,00 | ¢693 | 1477 62,1 16,7 | 1he8 | 2141
Ud «120 | 41231 3,00 | 2,08 | 13453 | ka5 | <981 2Le95/| «693 | 1477 6240 1647 138 1 223l
e 21 | o123] 3400 [ 2,08 | 16472 [ 546 | 098 | 2L690 | #4692 | 177 6149 16,8 | 16,9 | 21.6
15a 0120 | o123 3400 | 2443 | 18.5L | 642 | 498 | 25,01 | #810 | 1437 T0e7 12,8 [ 11.0 | 19.9
15b ¢120 | o123 ] 3,00 | 2443 | 17469 [ 549 | 98 [ 25,01 | 4810 | 1437 7007 12,8 | 11.5 | 1946
1Sc 120 | L1231 3,00 | 2,43 | 15492 1563 | 98 | 2L.96 | 4809 | 1.38 7063 1340 | 12,0 | 206k
a 2 2
O " Ecl
—= = ——— » vhere g - 6500 ksi and p =043
n 12(1-0 oy
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Fig. 1 NACA TN No. 1156
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Figure I.- Cross sections of H-, Z-, and channel-
section columns.



i o NACA TN No. 1156

A TNNIAN

Fig. 2
7 _’ UELTE ] /55 ) LT ] 2 B T P i | B T i [ k.53 ¥ S ‘_
L /’—' \ ]
L\ |
6 W { E=05 .
/ Buckling of web \ ]
~_restrai b_y\ﬂong \ ;i ]
L ’ 5
F 2 \ \/ :

i
ANRNXNARY
2R X

=
£
e ??/
Q.4
g/
=Y
54
G,
3
/3(0/
(@),
O 1
s
(o)
(&3

.
S/Z'
LA

A
: N e
F B

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 2.- Values of ky for H-section
columns. (From reference 7.)
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Fig. 3 NACA TN No. 1156
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Figure 3.- Values of ky for Z-and channel-
section columns. (From reference 7.)
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NACA TN No. 1156 Fig. 4

i

. LMAL
460886 :

(a) Unassembled.

\ : LMAL
NACA
\ : 46885

(b) Assembled.

‘ Figure 4. Modified Montgomery-Templin type of compression
| fixture using grooved steel supporting plates.







NACA TN No. 1156
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Figure 5.— Compressive stress-strain curves for extruded. O-{HTA

Strain

magnesium alloy for with-grain direction.
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Fig. 6 NACA TN No. 1156
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Figure © .- Variation of compressive yield stress
over a cross section of an extruded O-1HTA
magnesium alloy H-section with web and
flonges o.zs inch thick. (Stress in ksi)
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ure 7.— Column curve for extruded O-1HTA maqnesium alloy obtained
rom tests of flat-end H-section columns. Ocy , 34Ksi .
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Fig. 8 NACA TN No. 1156

1O \

O
= -5
——ﬁ———-“i_% ——]

o 10 20 30 40
Stress, Ksi

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 8.- Variation of rand. n with stress
for extruded. O-1HTA magnesium alloy . .

For the curve of ; Gcy (entire cross saction), 34 Ksi.
For the curves ofn, &, (flange),34Ksi ; Ocy(Web),33Ksi.



NACA TN No. 1156

Figure 9.- Local instability of an
under test.

H-section column
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Figure |0.- Plate-buckling curves for extruded O-1HTA
magnesium alloy obtained from tests of H,Z- and
channel -section columns. Ogy (flange),34Ksi ; Ocy fweb),33Ksi.




Fig. 11 NACA TN No. 1156
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0 10 20 30 40 90 60 70 80

Figure || .- Variation of oy with Ggr/n for plates of extruded
O-1HTA magnesium alloy obtained from tests of H-, Z-,

and channel-section columns. OZ;LJ (ﬂanqe),34ksl 5
Ocy (Web),33ksi.




NACA TN No. 1156 Fig. 12
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Figure 12.— Variation of g, with o /Gy for
plates of extruded O-IHTA magnesium alloy
obtained from tests of HZ-,and channel-

section columns. Cey(flangg)34-Ksl ; O, fwet) S3Kst.




Fig. 13 NACA TN No. 1156
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Figure I3.- Variation of G with cg. A for plates of extruded
O-1HTA magnesium alloy from tests of H-,Z-,and.
channel - section columns. o*cg(ﬂonge),:ﬁdrksi;O'CHQJeb),BaKsi.



