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AN EXPERIMENTAL STUDY ON THE ELASTIC-PLASTIC
BUCKLING BEHAVIOR OF STEEL COLUMNS

By Katsuya Onta, Junichi Isuu, Takeshi Nakamura and Taijiro NoNAKA

Synopsis

An experimental study is made of the flexural buckling of a steel column under central
thrust. The primary objective is to obtain experimental data pertaining to a recently-proposed
theory for the strength of a perfect column. This theory relates the buckling strength to
the history of the axial displacement of one end relative to the other, which is accompanied
by a monotonically increasing lateral deflection.

Eleven specimens of various slendernesses are tested with 35 mm x 35 mm cross section.
Special care has been exercised to realize a condition close to that of a perfect column and
to observe the deformation characteristics of the buckling behavior. A reasonable correlation
is seen between the test results and the theoretical predictions, which are supposed to give
an unconservative estimation of the buckling strength for actual columns with a variety of

imperfections.
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Fig. 1 Theoretical load-axial displacement relationship of columns with various
slendernesses.
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Fig. 2 Linearization of yield condition.
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Fig. 3 Test specimen.
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Table 1 Dimensions of specimens

L'(mm) | B(mm) | D(mm) | A(em?) | I(cm%) | i (mm)
SR 1 1707.2 32.11 31.95 10.26 8.727 9.222
SR 2 1246.5 31.82 31.84 10.13 8. 559 9.192
SR 3 968.8 31.92 31.90 10.18 8.635 9.210
SR 4 770.0 31.80 31.78 10.11 8. 506 9.172
SR 5 677.2 31.85 31.88 10.15 8. 600 9. 205
SR 6 584.7 31.88 31.72 10.11 8.479 9.158
SR 7 493.5 31.65 31.65 10.02 8. 362 9.137
SR 8 399.5 31.65 31.70 10.03 8. 402 9. 152
SR 9 308.8 31.62 31.72 10.03 8.410 9.157
SR 10 215.5 31.60 31.70 10.08 8. 388 9.122
SR 11 122.1 31.82 31.85 10.13 8. 567 9.196
B : BREFEWCEA A - e ARG DIE,
D : BERF - - ARG,
A : B,
I : EBEIRECBET MM 2Kke— 2 v b,
i R BT A T 2 RERR,
Table 2 Tension test results
B(mm) | D(mm) | 4(cm?) |oy(t/cm®)|E(t/cm?) |ou(t/cm®)| &(%)
No. 1 31.67 31.72 10.05 2.988 2060 4.781 36.6
No. 2% 31.80 31.98 10.17 2.994 2128 4.776 39.5
No. 3* 31.90 31.80 10.14 2.944 2164 4.775 38.1
* Annealed
c 40
(t/em?)
201
O 1 1

Fig. 4 Stub-column test result.
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Table 3 Effective slenderness ratio and buckling strength.

L'(mm) | [ (mm) | L”(mm) | L(mm) A —A=\/_11VVL Pe(t)
.
SR 1 1707.2 90.0 1887.2 1878.6 203.7 2.488 5.9
SR 2 1246.5 90.0 1426.5 1415.1 154.0 1.881 9.0
SR 3 968.8 90.0 1148.8 1134.6 123.0 1. 505 14.5
SR 4 770.0 90.0 950.0 932.8 101.7 1.202 21.0
SR 5 677.2 90.0 857.2 838.0 91.1 1.076 24.3
SR 6 584.7 90.0 764.7 743.2 81.2 0.959 27.5
SR 7 493.5 90.0 673.5 649.0 71.0 0.840 27.6
SR 8 399.5 90.0 579 5 550.8 60.2 0.735 27.8
SR 9 308.8 90 0 488.8 454. 4 49.6 0. 606 28.3
SR 10 215.5 90.0 395.5 352.2 42.1 0.503 28.2
SR 11 122.1 90.0 302.1 242.6 28.7 0. 343 28.5
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Fig. 5 Test set-up.
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Fig. 6 Experimental results of SR L
(a) Axial load-axial displacemnent

relationship.
(b) Axial load-lateral deflection

relationship.

10

30
SR3
Pt
P
20
(a)
u
10
P
8 3 1 13
Ulmm)
30
) SR3
P(1)
20 ¢
V!
b
‘0 { (b)
0 76 40 60 80 100

VY (mm)
Fig. 8 Experimental results of SR 3.
(a) Axial load-axial displacemnent
relationship.
(b) Axial load-lateral deflection
relationship.
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Fig. 7 Experimental results of SR 2.
(a) Axial load-axial displacement

relationship.
(b) Axial load-lateral deflection
relationship.
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Fig. 9 Experimental results of SR 4.
(a) Axial load-axial displacemnent
relationship.
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Fig. 10 Experimental results of SR 5.
(a) Axial load-axial displacemnent
relationship.
(b) Axial load-lateral deflection

relationship.
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Fig. 12 Experimental results of SR 7.
(a) Axial load-axial displacemnent
relationship.
(b) Axial load-lateral deflection
relationship.

38 SR6
Pls)

“0

20

o

10

[}
Ulmm)

30 SR6
Pt}

20

(b)

101

8 ) a0 80 80 100
V {mm}

Fig. 11 Experimental results of SR 6.
(a) Axial load-axial displacemnent
relationship.
(b) Axial load-lateral deflection
relationship.
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Fig. 13 Experimental results of SR 8.

(a) Axial load-axial displacemnent
relationship.

(b) Axial load-lateral deflection
relationship.
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Fig. 14 Experimental results of SR 9.
(a) Axial load-axial displacemnent

relationship.
(b) Axial
relationship.
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Fig. 15 Experimental results of SR 10.
(a) Axial load-axial displacemnent
relationship.
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Fig. 17 Column-curve and experimental buckling strength.
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Fig. 18 Tuning of measured axial displacement.
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Fig. 19 Comparison between theory and experiment in load-axial
displacement relationship.
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Fig. 20 Comparison between theory and experiment in load-lateral
deflection relationship.
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