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

By Minoru WARABAYASHI, Koichi MinamI and Safoshi IwAl

Synopsis

The behavior of pin-ended reinforced concrete columns subjected to biaxially eccentric loads is
investigated experimentally and theoretically. Seven short column specimens, whose column length
to section depth ratio were 5, with 12X 12 cm square cross sections containing eight reinforcing bars
were loaded monotonically at various eccentricities. It is observed that, from data of longitudinal
strain gages, the plane sections ramain plane after biaxial bending and the maximum compressive
strain at crushing of concrete reaches 0.005. Computed results of load-deformation response of a
column, based on the analytical method presented by the authors in earlier paper, are found to agree
well with the test results. Two analytical methods, proposed by Bresler and Ramamurthy, for
calculating the ultimate loads of biaxially loaded columns are also examined.
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(a) Reinforcing Bar Arrangement and Strain Gages on Bars
(b) Cross Section (c) Strain Gages on Concrete

Fig. 1. Details of Column Specimen.

Table 1. Mix Proportion of Concrete and Mixing
Material Properties

Mixing Ratio by Weight

Water 0.67
Cement 1.00
Sand 1.97
Gravel 2.74
Slump 2lem
Specific Gravities
Cement 3.16 x90x9x13
Base
Sand 2,61
Gravel 2.58

5T 4.5mmé DXMAFHN SN, 55mm HFETHRY
g ohic, FRBAEETOMKICIEE 120mm
D D10 Sk 4 ANBEHEINT, 37 ) — b EDE
Ficftanie,

IV Y — rOBFAKIE, EERVFS YRR Y
b oo KR 1 2mm PITFOW « KR 5 ~10mm DOEF|AHS
Ruonsc, BeRUBEEMBORRER % Tablel
IORT . WEMAIL, WETEEERIRIET S ic
el hie Fig. 2 1208 Photo 1 icRd & 5 75 SR8
HERO, 37— b OITHREKFETBE LI, T

x10x15

Fig. 2. Section of Metal Form.
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Photo. 1. Set up hefore Placing Concrete.
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Photo. 2. Biaxially Eccentric Loading Test of

System.
Table 2. Mechanical Properties of Materials
i } ‘ Concrete ‘ Reinforcing Bars
Specimen | 9 ‘ oD ) -
Name | (deg.) | | Fe . & gy Ou | €elong.
- | | | (kglem?) (10 (kg/em?) | (kglem?) | (1072
coo | o | o | e | 0.7 | 3480 5180 17.3
' —— ' i —— (ST — - —
c 205 225 005 | 280 | 0285 330 | 5130 19.0
i
C 210 22.5 1 0.1 267 0.260 | 3500 5020 17.3
C 220 22,5 | 0.2 271 0.243 3650 5370 19.3
Cc 20 225 05 263 1 0. 280 8720 5510 19.4
C 020 0 0.2 203 0.226 ‘ 3650 | 5470 ‘ 18.5
caz0 | 450 o2 | 280 0. 259 3420 | 5200 16.4
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Table 3. Summary of Test Results

P=Py j P=Prax
Specimen ;| Py Py Puax | % b ;
d€b g€ dgo (10-5/ (10;5/ { d€u 9€u : g€sc 9€st
(t) () 1(10-3) (103 . (® (1031 mm) (10 2 (1021 (10-3) (103

000 |48.3 |55.3 | 0.521 57.1 |0.344 0.32 0.68/0.404 0.564 | 1338 —

Name

c

C 205 42.4|51.4]0.416 0.523‘ 5.4 10,249 0.16 2.61]0.416 0.523 | 1.151  0.163
C 210 | 34.4 | 43.3 | 0.174] 1.06 308]0423 0.515 | 1.198  0.020
C 220 |23.2|20.4% 0.365 0.426 30.0%| 0,156/ 1.54 3.78 0.475 0.471| 0,190 —0.082
c
C
c

250 | 14.7[17.3 0.372 0.477 | 18.0 0.034 2.86 559 |0.541 —— 1358 —0.214

020 |27.7|29.8 1 0.222 0.303 ; 33.4 ‘) 0. 168f~0. 21 47 ! 0.464 0.698 ‘ 1.644 —0.071

420 | 24.4 ’ 32.5,0.379 0.520, 33.3 o, 135j 2.68  3.42 ’ 0.501 0,642 ] 0,788 —0,116

* failed at the lower end of column.
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(c) c210 (d) ca20

Photo 3. Column Specimens after Testing  Compression Sides.
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Fig. 8. Load versus Longitudinal Strain Relationships.
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Fig. 8. (Continued) Load versus Longitudinal Strain Relationships.
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Table 4. Summary of Analytical Results.
Pcal. (t) (Ptsst/Pcal.)
Soocimen | 2 =085 7, o=
pecimen | Pregt £,=0.003
Name @ | Analysis| £,—0.003 | 54 =0.004 €,~0.005
| 1
| 1 I * 1%+ I * i I+ IEE I* o
! | |
S !
c oo | s71 | 865 15 i 53.9 | 59.8 508 | 59.8 | 59.8 | 59.8 | 59.8
. a 011> (1 059)l (1.059) | (0.955)' (0.955)| (0.955)] (0.955)| (0.955)f (0.955)
c 205 | 514 9. 45.7 | 47.2 | 50.8 | 52.6 | 513 l 52.9 4 | 53.0
. (1.036) 1.125)] (1.089) | (1.012). (0.977) (1.002)| (0.972)| (1.000)| (0.970)
Cot0 | 433 | 433 | 396 | 416 | 441 | 463 | 448 | 46.7 | 448 | 46.7
- (1.000) (1.093)] (1.041) | (0.982) (0.935)| (0.967)) (0.927) (0.967)| (0.927)
C 20 | 300 333 | 80.0 31.9 33,4 | 35.4 | 34.2 ' 360 | 345 | 366
- (0.901)| (1.000)| (0.940) | (0.898) (0.847)| (0.877) (0.833)| (0.870)| (0.820)
cos0 | 180 | 1722 | 157 172 173 ' 189 | 17.8 | 189 | 180 | 189
- (1.047) (1.146) (1.047) | (1.040)! (0.952)| (1.011)| (0.952)| (1.000)| (0.952)
coo | s34 32,7 32.7 36.3 | 36.3 | 36,9 | 36.9 | 37.4 | 37.4
4 (0 985) 1.021)| (1.021) | (0.920)| (0.920)| (0.905) (0.905)! (0.893)] (0.893)
c a0 | 333 29,3 3.0 | 326 | 34.3 | 33.5 | 35, 33.5 | 35.6
' ‘ (1 009) (137 (1.074) | (L021) (0.971)| (0. 994>‘ (. 951) (0.994)| (0.935)
* Bresler’s method (Ref. 2) ** Ramamurthy’s method (F (RefA s
M, =Mu,,o{1—0. 1( 42,0,)} ............ @

T T, My BRIFEORBEITE— A ¥ b, Muyo 13 1 BRLOBEEORRMTE—2 v FTHB, TOK
12, 0=25"TOKBHET T — 4 ¥ t M L BRLDBADRBET E— 2 » FD0.EEBNT, ZOHDOKE
i e— 2 v b 2RLFRS 60 THREBHTZ LKL >TRDEZEEZRLTN S,
T C Tl Mugo DELEICHID Bresler OXO B OB FER & iz 4 MOKRFRBER IRKZHER L, <
h& ko o nicRFRiES Table 4 (CTRY,

NG 2ODKBWEHERICLZHREE 41 TRIFSNWRECK 2R %E &0 T Fig. 10 ITRT,
WThOHFREICE > THEEMHEERERL A ->TWOB EEbNS Y, Bresler DIEFEHAZILLZHDDH
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;
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Fig. 10. Comparison of Analytical and Experimental Results.
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