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

By Minoru WAKABAYASHI, Koichi MINAMI and Satoshi IWAI

Synopsis

The elastic-plastic behavior of reinforced concrete slender columns subjected to biaxially
eccentric loads is investigated. Eight column test specimens, whose length to section depth
ratio were approximately 15, with square cross sections were loaded monotonically at various
magnitudes and angles of eccentricities. The ultimate loads, longitudinal and transverse
deformations and the behavior up to failure were examined in detail When the load is
applied with small eccentricity, a stability failure occurs in column. However, when the
eccentricity is relatively large, a material failure of a section occurs. Analytical results of
load-deformation response of a column are found to agree well with the test results. Strength
of a concentrically loaded column is obtained from the method based on the superposition
theory and is compared with the tangent modulus load of the reinforced concrete column.
It is shown that the errors involved are small.
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Fig. 1 Detail of Column Specimen

Table 1 Mechanical Properties of Main
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Fig. 2 Column Cross Section Mixing Ratio by Weight
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Table 3
Concrete
Specimen 0 e/D F, &, g P, P, Ppas
Name deg. kg/cm? X103 | kg/cm? t t 1
B000 0 I 0 274 2.38 27.5 47.9 47.9 47.9
B205 22.5 0.05 258 2.35 312 42.3 46.2
B210(a) 22.5 0.1 278 2.28 36.0 35.8 33.0 35.8
B210(B) 22.5 0.1 278 2.30 22.5 34.4 34.4 34.4
B220 22.5 0.2 293 2.24 28.2 24.4 25.3 25.4
B250 22.5 0.5 296 2.1 30.4 6.8 13.3 13.4
B020 0 0.2 ] 279 2.33 30.4 26.8 21.7 27.7
B420 45 ‘ 0.2 ‘ 293 2.44 34.3 20.4 ] 23.1 23.2
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Fig. 5 Load versus Lateral Deformation Relationships
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Summary of Test Results
PP
u v w n [ Dy [ ' Oyt a€max 1 #Cmax
mm mm mm deg. deg. deg. deg. . deg. %107 | x1073
5.09 0.18 3. 40 0.01 0.00 0.50 0.03 0.51 2.56 2.73
3.97 ' 4.45 3.03 0.02 0.43 0.43 0.51 0.39 2.7 2.88
7.73 6. 45 2.41 0.02 0. 64 0.83 0.67 0.84 3.13 3.13
9.76 6.76  2.65 0.01 0.73 0.99 0.73 1.00 3.97 4.80
14.09 9.19 1. 80 0.01 0.92 1.46 +  0.97 1.49 4.62 3.84
20. 45 11.13 ; 0.56 -0.02 1.21 2.32 1.18 2.28 4.34 4.36
14.09 0.82 1. 66 0,03 0.09 152 © 0.09 1.49 . 2,96 L 3,39
11.78 14. 64 1.72 0.02 ! 1.55 1.20 ‘ 1.52 1.18 . 5.08 i 3.83
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Photo 2 Column Specimens after Testing
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Table 4 Summary of Analytical Results

Specimen [ e/D P,,. u v A 4, Emas
Name deg. t mm mm deg. deg. X10-3
B00O 2.5 | 0005 | 528 | 212 | 106 | 0105 | 0.212 | 210
B205 22.5 | 0.05 421 | 7.42 | 339  0.350 | 0773 | 3.1
B210 2.5 | 0.1 349 | 919 | 448 | 0.462 | 0.974 | 3.32
B220 225 | 0.2 2.4 | 1430 | T.64 | 0777 | 149 | 4.37
B250 225 | 0.5 13.2 | 17.8 | 9.24 | 0976 | 195 | 430
B020 0 0.2 2.1 | 13.45 | 0.00 | 0.000 | 1.43 | 2.95
B420 5 0.2 249 1093 | 10.93 | 115 | 115 | 427
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Behavior up to Failure

_9._



306 SORBISEOMEIAI 92605 B-1 (58, 4)

TR e/D ~0.2 OWAIZILTIE, L (B020Y 0 <., OfEAMbo 2 4k (B220 & B420) 1T
EARTRE - TS Z &SNS .

DL bR UL c LT L, Table 4 1T s ureiglii s b k< ~# LTS

PORTIE, b A IE R O g Ol ) - i e — 2 v b IR TR R D NS b & B i
T Th, Juiﬂ V) — b MDD BRI BRI O M SN K- T, b L OB
JIPE KT B TH D EDND.

SRR D FIRZ IOz kil OB IZ DTS, BRI T oiEiE — 2 ¥ P A/D 5 T EAElLE
foiow, FO N SERE TR B Bk o fo¥ ZOEUG, OHT e/D=2.5% Y DL
et v N AU TOS T EMAD SN Ty ML ONS OB TR AN IE — 4 ¥ b D
WS A NTIND EUHIE A, MO KEOBATIRMA SNAMIANE i & — 4 v F i
'U\'iv 1o B AT, FOLHIIT X S EEATERY, HMTIO BT BRS & K- T
NADL, OIS OB (B205) SRR K DI E LI TO B DT DT EDIA
> OTHDLELHND BT (BOOO) T EERO DS AV R NS, CHIEHRMO FIT
e Lo 7o, Ll duil] & TS TS0

3.5 MEERR

WA F O = v 7 ) — b OpRA% Photos 2,3 12,337, ¥ 7 ) — b OJIEE < AR IR0 E
WL, (YR TIRIE AT TAI U e 2 AR D B (5 1213 ERERIUS ST D DFY 2 (% D IR
o THADIZH LT, wfm&@@uﬁilDwawmwwmbtﬁHc%ﬂLfFm%W,WM

RO SN LTS g & 2 il Tl "bﬁ%ﬂﬁ&wanx MR FE DD DI TH LD,
1T UK PO 1 ~1L5 (iTH L EH AU RURIE TR L TH B LB T ENT
X4 TS O ENUST IR OB H3files & ntu

WO T 72 B210 0 2 4k13, NIEHTEO Ut DA AN TR R K DR 1.5 D LT,
ABRIAEBI TR 0.5 D - & T8 - fotzeh, TSRO ARRBUT AT TSV U0, M % J T
B NMA BRI ST RIS - 72

B020 B220 B420

Photo 3. Mid-Height Portion of Columns—Compression Sides

kR TR RO L SRR (RS 1T

10



bk w B 2 M0 v ) — FEREORBH 307
TE % ’JB’P%(% 2)

4. BLEHEZIEREOKRBRELRDS RMBER

4.1 FHEFOFEECED ERRENE

PONERE ST 280 v ) — VREOEENE N, REREHEKER (angent modulus theory) 1€ &
D TRDBo COFEZEEABA (composite column) 22T Bondale¥ 3 7cd D &R L
TH5bo

avyy -t oRI—ERRE,

1<e<e, DEX o= 1:‘{_2;7 -(_G_i_)z} ............................................................ (12)

ety DEE G B, rereeeeseesiss (1b)
LU, @poni—ERGRE,

Jelse, DEE  GmE, « ereeveesssesssessosssssss s s (22)

[e]ot, DEE  Gmgy reeeeeesseeeesseesssie s (2b)

LIEET B, TLT,
F,: av7 Y —tOEMERE
&t 2V Y — b ODEMEREROET =2F./E,
E.: 2 v 7 ) — OFMERRIK
g, WK OBEIRIST
E,: it v 7B
Thb. W ET V7 Y — b hi— ik E TS F W OBARMR R,

N”:_ﬂ'l;(Et S ) oo 3)

I: EHERBRS

(B, + I) : —fRBrEAE OB RIdE
THAZbhb, T1Ebb,

0<e<le,<ley D& &

No=(AE A AE) e~ e g
p

:-’;—:[E,I,-Q—E,I,(l*e—i)} ........................................................................ (4a)

6 <le<e, DEX

N.,=Ag,+AE:s —A‘E‘—ez
2,

=”TZEJ‘(14§) .................................................................................... (4b)

CBWT, (da), (db) RAEZWZNERETZRAE «, 2R, TORFELVEEHELIET 2.
1.2 RIBERCKDEEWD
o v 7 Y — P REOTNERICREE

G T (5)



308 SUKBKFRAFEH %26 B-1 (8. 4)

DL, B GHOH) OEEWE N, &3V Y — MEOCERREINE N, OMELTRDZ,
UL - FE KX ZHOEREZY ZMRVABREORIBEROEL HEHH 7 ¥ 7 ) — MECEA
LcbDTH%,

avy Y=+ BIUOEMOT—ZEBERIRZ4.1 LAULDORRET 5. MEOEERER,

A8 S TEL et s ab s
D/ r0ls  No=Tp (62)
E,
<< Lale = Al . erereresenertresecasittsesraanattonrttnassernonatnasarsarisrannre
<m o D&k  N,=Ag, (62)

CEZBNB. —F, 3V Y — EOESEHRIER,
= — __¢t
0<e<ey T oNo=AFe(1 z,)

2
:%E‘I,(l_s)i) .................................................................. (7)
EHRTIRAEERY, TORRELVEBEWELHET 2. o0k La vy ) — MEOBERE
%, AUHME LIOVTENL, ARENAEOEBERNEE TS, 0k > LRMERERT X 2 BEiHRE

Fig.11 27/ L, 4.1 O—AETHE OSSR B i

Ner (1) ) J:Z)é@é:ﬂ:?)‘ébf\:o LT, ?’f{ﬁ%ﬂ: A=1/i Bk
6 e ot Loed) T BT 20K | O,
Superposition —)
Concrete; Column i L+I”‘7E‘7
40 S i= F-_ ................... 8)
. b A, + A, ae
20 Steel: Column “\--‘\ ’
£ 3 ‘\,;\ e XDk oM A E MR 2 PCEEEW, B,
g H B BRISBEE 3 7 ) — MO, BURTED
% 00 %0 300 5 em  RIERL, ERR—AELIESORBEEDT,
g EY o HERDEDNSVEEL S, 21, EARIZHE
Fig. 11 Column Curves (I=68cm) BLV4E (-188cm) OERETH
205 4O S OEHERESRE L TRTEXD
HPPEL > T B,
5. # ®

EHBETICED 8 A%R Uiz, HEMMEROORISKOHT= Y7 ) — b ERHEk 8 ki, 28R
DEATERER - CEMTS, EHRELOHFREY, BEREER~ BCHTHR L OLBREZM
AT, ROCTEMRLDITINI,

1) EHTE DM OME S OREHTE CHEMMCENTHEYITIE {125, ROEHEINEENO
0.2 8% A3 X512, BLOKEVBEREH R THERIICGE U THEHHAMSHRES N2 HEED
BARE T, BN SOEARREERESE UBATHNBROMAIOETHRHTH .

@) §=22.5° @ 2 @R TR PR OKEERIVRLE 0 OFHICESED B, FKRWIAA
SECEFHADEML, MHPI%4E FROELICHT Ulce T OEFBIRIIP R O8O & 0%
L EFHETDOTN S,

@ = vz —t OFE - FEHSEERE, RORHTEDLHREEOO 1~ 5EORETHY,

2R LDBARED TSR EL LD 1 HRELOHE XD bIEM-> TS,
@) #Eo v ) — rREOMOERHAEEREED v ) — FREOERREBEORIMCK - TROIZD



Bk BB 21&1&11 %)‘%H 2 Sk 3/70~b5&®”¥@1& 309
THAERMME (£02)

%, —kE LBEOERREEE SHB LB, PRDNASOEEARHE TV 3,
E ¥

ABIEOERE XUERF — 2 OREICHc > T, UBRRTEAFBESR AFETH > LBALLE
KEKRELZARNETREN, CCRBELBHOREET %0

g £ X ®

1) BN E, B -, B T 2@ RRU SN v ) — P EEORMEREICETIER
W (20 1), FEAFMKPETER, #255B-1, K57 (1982). 4, pp. 183-196.

9) EM OE, B R, B B 28 ERUI&G 2 v 7 Y — P REOHWBHREET, FEBK
SRERPIRTESR, F235B-1, W55 (1980). 4, pp. 215-227.

3) Bondale, D.S.: Column Theory with Special Reference to Composite Columns, The Consulting
Engineer, Vol. 30, July 1966, pp. 72-77, Aug. 1966, pp. 43-48, Sep. 1966, pp. 68-70.

4 EH OB EFE 2 BEVAREORHR (201), HEKXFPIHRIER H205B-1, B
52 (1977). 4, pp. 85-108.
BLU,EK B, HH 28 SEVAREORN ALBEFLRIGREE, H2785, W54(1979).
4, pp. 27-36.

821, ETROFHUEEHA

EROMEICE, Fig.ALICRT &I, ELES XU THTEEO 2 FHE D ICEEATHIZ O OH
W7 L—s2EOAY, ETONE Y v—s%0E SMEXE (LR 554 L TROMEELEZE 55
ok LT  TARMMAELSED SRV X DI LAY v - 2 2R UAVTO 5, M TH
CREHOEEICHSTER LS, A7 4 VEERE->TORY v — 2 SEMBSREZEE U, HicHs
TR - FECIHOOMT L—2%8%, CEMIEREELTETFROBHIELS X Ui
O HREMZTRIL TN,

¥ b hici, EEEOFE Y R 7 A SITMICE)  BOFE AL ORI RASE A ORIE 4 EICHD i
gonTins,

532, BhRO 2 HRAFEMELRNORE

LU OPHOWEELEESICED, EifEhE Fig.A2 DX S5ics b, HEBIELLEWSDOLLT,
EHHOTHM OWEBOLOEN v, v LEERA « %, ROAL, 2, 3OMBCHTLN: 3 HOEMNFHD
ZRE 1, 8, 6 TERT S, T FNTNOBELBRICRUICRAIOREEELTS L, RAHRUL
-

51=x,( —1)—(y1—v) tan a+u

1
cos a
- 1 — (ypy—
az_xz(m—l) (P2==0) £AN @+ ) coeeresiiieiiii (A. 1)
= (x3—u) tan a+y3(-—~1)+v

Z CTHES a WRSWIBAIKI, sin a=a, cos a=1, tan ase EBLTEPTES (a=1° D&EED
BaEElr (1—cos a)/cos a=1.52x10" THB)o #»T, chid A 1) RiF



310 FABIKBIEF A 55265 B-1 (58, 4)

5,
- Thrust Bearing
P [_Load
W, Point
Thrust Bearing

Pin Bolt A r—-—-—— _lA

i
-@g{%&

FE—=
] N
1 L pin Bolt + ! -’;-‘!
: Sa— ;[ £ o —
rust Bearing b ;——ﬂ
{a) A-A Section / "’ T
Strain
Gage ~
+ + =
[ ] Specimen
i Speciimen E d
< i p o ° F'* te
I LA A 1 —
s LT SN o
u ik T
= = RN
\ o e

Displacementmeter

+
+
o
Lagars

D <
(b) B-B Section L
I Vi il

) j i le
amLi: L L
4 o] Slide Unit —. -
L Slide Unit H R=57mm
Track Rail Track Rail Universal Hinge
) T (d) Elevation
o
=l
“ﬁjThrust Bearing

(c) C-C Section

Fig. Al Details of Measuring System



010,

}jz*}’l
I ETSRTO (A.2)
v (83 x3) -+ 03+ yaa®

o=

u—0o; - (y—v)a

LB
423, EREB O 3T OREIERED
ERER
FeaBR A | T TREFCIO 7RI D fis2ty

DRI
A%, Fig.A3

wtg&m%—f/k@kgé&ﬂm¢
R, EIRERE T
TE—A Y PNIETT -T2

311

(xq, y )"

Fig. A2 Notations
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Fig. A5 Moment versus Load Relationships
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