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EXPERIMENTAL STUDY ON ELASTIC-PLASTIC STABILITY OF
SLENDER REINFORCED CONCRETE COLUMNS SUBJECTED
TO BIAXIAL BENDING (PART III)

By Minoru WAKABAYASHI, Koichi MINAMI and Satoshi IWAL

Synopsis

The elastic-plastic behavior of slender reinforced concrete columns subjected to biaxially
eccentric loads was studied experimentally and analytically. Eight pin-ended column specimens,
whose length to section depth ratio were approximately 25, with square cross section were loaded
monotonically at various magnitudes and angles of end eccentricities. The ultimate loads, longi-
tudinal and transverse deformations and the behavior up to failure were examined in detail. The
test results were compared with the numerical solution of the analytical model which considered
the nonlinearities of the material properties and the changes in moments due to deflections and
variations in stiffness. The columns with small end eccentricities approached an unstable con-
dition at failure. The only one column with large eccentricity was stable and the material failure
occured. Comparisons of analytical ultimate load and deflection with test results show a good
correlation.
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Fig. 1 Column cross section

Table 2 Mix proportion of concrete and mixing material properties

Specific Mix Proportions
Gravity by Weight
Water 1 0.66
Normal Portland Cement 3.16 1
Sand, smaller than 1.2 mm 2.45 191
Gravel, size from 5 mm to 10 mm 2.50 2.76
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Table 3 Summary

F, Oy P, P, P
Specimen [/ e/D | kN/mm? <, kKN/mm?2 | kN kN kN u v

name deg. (kg/em?) 10~ (kg/em?) | () ®) ® cm cm

A000a 0 0 294 244 2.25 543 543 0.52 0.44
(300) (229 (55.4) (554)

A000b 0 0 29.0 2.34 2.16 538 538 0.58 0.54
(302) (22.0) (549 (549

A205 225 0.05 30.8 232 2.90 294 294 320 1.21 1.46
(314) (29.6) | (30.0) (30.0) (32.6)

A210 22,5 0.1 30.5 2.35 2.87 273 275 1.35 1.09
@11 29.3) | (27.3) (28.0)

A220 225 0.2 32,0 245 2.68 185 169 185 2.57 1.74
(326) 27.3) | (189) (17.2) (18.9)

A250 225 0.5 29.5 2.32 2.36 77 100 107 423 2.25
(301) (4.1) (7.9 (10.2) (109

A020 0 0.2 29.9 2.29 2.74 182 166 184 337 -0.12
(305) 27.9) | (18.6) (16.9 (18.8)

A420 45 0.2 319 2.78 2.57 169 144 169 2.06 2.54
(325) (26.2) | (17.2) (14.7) (17.2)
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u(cm), v(cm)
Fig. 4 Load vs. lateral deflection relationships
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of test results

P=P,,,
w a [/ Gy 0. 9, a€o 1P by a€max 2Emax
cm deg. deg. deg. deg. deg. 10-3 10-4cm 10-4cm 103 10-3
587 —0.04 006 0.08 021 0.16 2.11 091 1.12 3.32 2.89
342 007 093 0.74 0.89 0.85 0.92 148 131 2.59 2.98
250 —0.02 0.65 0.78 0.71  0.90 0.76 097 1.32 2.13 2.41
2.19 0.07 1.06 1.58 105 1.59 0.30 1.76  2.52 2.87 257
1.65 —0.07 145 273 148 279 | —0.25 2.04 3.75 3.23 3.39
216 —0.07 —-0.12 200 —004 206 028 —0.02 3.24 2.24 2.41
208 —0.04 152 1.26 1.54 124 0.20 241 1.85 2.75 2.73
viem) ~
6 7
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. — v(em)
40006 - — ;
/), = s 220
gl © Maximum Load + Compression steel -
¢ is yielding.
ulem) o Tension steel
0 7 % 3 0 W is yielding.
v(em) // 3]
§ S/ 2 Pmax A Neutral Axis
} ) @»\ ulem)
4 A420 ‘/./ 7 - . P 0 2 s & 8 10
/ /Qﬁ‘ Fig. 6 Variation of inclination and
2 7 — depth of the neutral axis
// //'/ o Maximum Load
v R
Ty 4 6 ik

A020

Fig. 5 Trajectories of lateral deflection
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ADDODa AD0OOb  A205 A210 A220 A250 AD20 A420

Photo 2 Column specimens after testing — Compression sides
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Fig. 7 Load vs. longitudinal strain relationships
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Fig. 8 Comparison between the strain data of displacementmeters and strain gages
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Photo 3 Mid-height portion of columns after testing — Compression sides
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Table 4 Summary of analytical results

Prox
Specimen [ e/D kN u v R a, &g e 'R Emax
name deg. (t) cm  cm deg. deg. | 10-* 10-¢fcm 10~4/cm  10-3
A000 22.5 0.005 383 1.21 050 030 0.72 0992 0.52 1.25 2,05
(39.1)
A205 22.5 0.05 299 1.61 076 047 1.00 0.752 0.79 1.63 2.20
(30.5)
A210 22,5 0.1 237 192 097 060 1.20 0.540 1.00 1.93 2.30
(24.2)
A220 225 0.2 170 289 147 090 1.80 0.223 152 2.94 2.90
(17.3)
A250 22.5 0.5 96.1 3.87 1.84 1.17 252 -0272 192 3.88 3.21
(9.8)
A020 0 02 177 3.81 000 0.00 235 0.181 0.00 3.89 2,52
(18.0)
A420 45 0.2 166 220 220 1.38 138 0.234 224 2.24 2.92
(16.9)
6L vicm) ,,;/" / N(KN) | N(Y
i ra . 600
---- Experiment Rl -~ ®,
—— Analysis S el
n //:,I ’/ pd //’
/l/ /,’ /,’ 400+ 40
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0 2 4 3
sl viem ya ' NN) | N D=0 e
,/’/° /,;7 600r goF - 9;45'_
~--- Experiment //:/Q,/\?y//f’ N
Analysis /’,’////’/ Q\QI’Q‘
. 400t 40 110=257 %%
N
‘\Aozo A220 \‘\]
200f 20 \ V) )
%20 o,
~ 77 M(t-cm)
=5 50 100 v
5 5 o
Fig. 12 Comparison of u-v relationships Fig. 13 Interaction diagrams for column section
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