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AN EXPERIMENTAL STUDY ON ELASTIC-PLASTIC BEHAVIOR
OF ]-SHAPE SUBASSEMBLY REINFORCED CONCRETE
FRAMES WITH EMPHASIS ON SHEAR FAILURE
OF COLUMN

By Minoru WAKABAYASHI, Koichi MiNaMI, Kozo OKADA and Satoshi Iwal

Synopsis

Tests of 32 specimens of ]-shape subassembly reinforced concrete frames consisting of
column failed in shear are made to know the elastic-plastic behavior involved in the large
deformation range under monotonic and alternately repeated horizontal load with their columns
simultaneously subjected to constant axial load. The principal variables of the testing program
are (1) the amount of axial load, (2) the amount of web reinforcement of column, and (3)
the length of beam and column. The loading apparatus is designed to meet the state of
stress in actual frame. The program of cyclic loading is such that the deflection amplitude is
increased and three cycles of loading are done at each amplitude.

The effects of experimental parameters on the strength, stiffness, ductility and energy
dissipation are carefully studied and simplified mathematical model of shear bond failure

mechanism of column are discussed.
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Fig. 1 ldealized model of interior subassemblage.
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Fig. 2 Cross section of test specimen.

Photo. 1 Reinforcement cage for specimen F833.
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Fig. 7 Loading program.

3. £ B ¥ B

KER A O BN % Photo, 3 10779

Photo. 3 Example of damage to column due to repeated abrasion.

uo

U BT @/uuﬁ)ﬁu AAIGEOWEMIRE, ORI >V TER~ S,

R/D=3 O THERSI NS FMHICY L TIE, SAWERMESS VES N/N=015TlE, ZH0EAN
23V HDKRIN c;’m\m 59, T OUENE KU RANO O lz—mm%ﬁz}i Urctk, ESWHITH - 50
UENOBENEZE LD, AWM ERMOBHERT 5, 7, N/Ny=0.30Tit, EHoEAliz ¢

B /D=4 D4, FERNCE W HRDOUENNNEL, FERUBIELES D, /D=8 DEHIc, #l

— 7 —



106 FOABISTAAR EHI8E B (50, 4)

HOUENRER, HEVCHAOREICIOMNEREOBRMELRT 3, b, CAMBERERIDIIVES,
FODEAMZ Y HOK/NCDDH 5T, N/Ne=015 CIIHRDBEOKELEL, N/Ny=030 Tiid
AN BEREOBEE 2T 5,

h/D=5 DR THERINZFHICHLTIE, N/Ny=015Tid, HANHESHESEVES RODTAN
28 HDORINCH DD BT, FUENBEOBREEZEL, BANMRIESDLVIEAIE, FDOEANR
RV D=4 CIIFERNBEES, /D=8 TIIHEWEOBMERT 5, £/, N/N;=030DiFAIKIE, +
AWTEBRHBEDEZD, BLU, BOVDRANA/ Y ROKNCHID LT, BAKMMNEREORBTET 5,
DI EESIFET L, N/Ny=015 OBAICBFRIOEENRE S, —Kh, N/Ny=0301c735% LM4E D%
BRKELN B,

175, < DB UBGET - -8BAid, F013EAEOREBRK, N/No DK/, HANERTGROLD,
B&U, TAMR Y HOKNCDPH ST, HAWMEREOHREER LTV 3,

4. WE-ERMHR

BB RBIC 0 A E— L Fig.8 (a) ~ (&) IURY, MMBERAEANS Q) E&EDHL,
B RBRKTEN & o(mm) ZXDY,

Qton)

Qgont
80 0
Column tength hiD=3 Pws04%
Column lengtn /D23 Pwal B% F43430M (Beam tength D=4  NiNes 0 30)
70 704 F43415M (Beam iength hiD=4 N/MNe=015)
F43830M {Beam length hiDad N/Ne=030) FB3430M (Beam length D=8 N/Nes 0 30)
F43B15M (Beam length hiDed N/MNez015) F83415M {Beam length /D=8 N/Ne=015)
50 F83830M (Beam length hiDs8 N/=0 30) [
FOIB15M (Beam iength hD=8 N/N=015)
50 50
0 0
30, 0
29 20|
10 19
§ () Etmm)
o 0 20 30 4 50 6 70 80 %0 X Mo ° 0 20 30 4 S0 6 70 & 90 100
(a) ()
@ tony 9 on)
80’ 80
Cotumn length hiDz5 Pw=06%
F45630M (Beam length hiDs4 N/Ne=0 30} Column length WDzS Pwx03%
70 F85630M (Beam tength hiDx 8 Nit.=0 30) 70t
F45615M (Beam length h/D=4 NiNe=0 15} F45330M (Beam tength hD=4 N/Nex0 30}
£85615M (Beam length hDs8 NiNe<0 15) FB5330M (Beam lengtn WD=8 Nfex0 30)
60| 60 F45315M (Beam tength WD=4 NNex 0 15)
F85315M (Beam length WO0-8 NNe=015)
50 50
40 40
30, 30
20 20|
1.0 10|
£ (mm) S(mm)
0 10 20 30 40 50 80 70 a0 90 100 o 10 20 30 40 50 60 70 80 80 100
() ()

Fig. 8 Shear-deflection relationships for monotonic loading.
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strength and cycle number.
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Fig. 13 Deterioration of shear strength
under a fixed value of the dis-
placement amplitude for speci-
men F83815R.
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Figs. 21 Hysteresis loop obtained from simplified model.
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Table Test program and

Test Parameters Material Properties
. No. Specimen 7Bgn:1 Coiumn ) fxial | Concrete Re iﬂfpm&t g y(*t/:ém’z)'
| ! Name oad | Main
'; UD /D Pw(%) KNP Felkg/em?) Column Beam Vo
1 F43815M ~ 40 3.0 08 015 224 | 416 352 | 283
2 | F43815R 4.0 30 08 015 215 . 416 352 | 283
i 3 | F43830M 4.0 30 08 030 233 416 352 | 283
4 F43830R 4.0 30 0.8 030 245 416 352 283
5 ' F43415M 4.0 3.0 047 015 224 416 3,52 | 283
6 |  F43415R 4.0 30 047 015 = 215 416 352 | 283
.7 ' F43430M |, 4.0 3.0 0,47 0,30 233 416 352 2.8
|8 F43430R 4.0 3,0 0,47 0,30 245 , 4,16 3,52 | 2.83
9 F83815M 8,0 3.0 08 015 224 434 354 | 283
10 F83815R 8.0 3.0 08 015 215 434 354 283
J 1 F83830M 8.0 3.0 08 030 233 434 354 | 283
12 F83830R 8.0 30 08 030 245 43¢ 354 | 2,83
' 13 F83415M 8.0 30 047 015 224 | 43¢ 354 | 283
14 ' F83415R 8.0 3.0 047 015 215 434 354 283
15 |  F83430M 8.0 3.0 047 030 233 | 4,34 354 | 283
16 F83430R | 80 3.0 047 030 245 434 354 | 283
17 F45615M 4.0 50 057 015 224 416 3,62 | 2.83
18 F45615R 4.0 50 057 015 215 416 362 | 2.83
19 F45630M 4.0 50 057 030 233 416 362 | 283
20 F45630R . 4.0 50 057 030 245 | 416 362 | 283
21 F45315M | 4.0 50 028 015 224 416 362 283
22 | F45315R 40 50 0,28 015 215 416 362 | 2.83
1 23 i F45330M 4.0 50 028 030 | 233 | 416 362 | 283
24 |  F45330R 4.0 50 028 030 ' 245 416 362 - 283
25 | F85615M 8.0 50 057 015 224 430 35 283
. 26 F85615R 8.0 50 057 015 215 430 35 283
27 F85630M 8.0 50 057 0,30 233 | 430 35 . 283
28 F85630R 8.0 50 0,57 0,30 } 245 | 430 356 ‘ 2,83
|29 | F85315M 8.0 50 028 015 ‘ 224 430 3.56 | 2.83
' 30 ©  F85315R 8.0 50 028 015 215 430 35 | 283
g F85330M 8.0 50 028 030 233 430 35 283
| 32 F85330R 8,0 50 028 030 245 430 3,

56  2.83 :
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Summury of test results
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Test Results
Applied Shear Cracking Ultimate QlB=p.030rad.
Axial
Load + - + - + _
Nt Qer(t) Rer(%) | Qer(t) Rer(9) | Qu(t) Ru(%) | Qu(t) Ru(%)
12, 83 6,50 0. 64 8.43 1. 65 7.87
11, 00 5,00 0.50 4,75 0,50 7.16 1.50 6. 30 1,51 4,15 3.80
24,50 7.00 0,73 8.96 1,65 4 00
23,00 7.29 1. 00 7.10 1,00 7.29 1. 00 7.10 1,00 3.00 3.07
12,83 5, 50 0,48 7.98 1.27 2,50
11, 00 2,00 3. 50 0,29 5, 26 1,00 4, 55 1,50 — -
24,50 7,00 0,69 8,45 1,36 4,63
23,00 7.00 0, 80 5. 00 7,22 1,00 6. 16 1,16 1,44 0, 62
12,83 6. 50 0,97 8 .44 1,89 7.16
11, 00 5. 50 0, 83 5, 00 0,77 6. 96 1,50 6, 45 1.50 4 46 3.90
24,50 7.50 1,03 8,50 1,81 7.74
23.00 6, 64 6.76 7.00 1 34 6,76 1.00 3.18 2,75
12,83 6. 50 0, 88 7.67 1,69 —
11, 00 4,00 0,51 4, 00 0,53 5, 82 1,00 5 44 1.00 2. 96 2,27
24,50 8.00 1,03 8,72 1,38 7.80
23,00 6. 50 0, 90 6. 00 0,82 6,82 1,00 6,37 1,00 1,04 —
12,83 3,81 0. 56 5,26 1,66 5,18
11,00 2,91 0,50 4,00 4,97 1,50 4,69 1.50 2,64 2.28
24 50 4,50 0,83 5,86 2,41 5,52
23.00 2,55 0,50 2,67 0, 50 4 42 2,00 4 41 1.50 2.50 2.39
12, 83 3.47 0,48 4,44 1,00 —
11,00 3.59 3.74 3.59 1,00 3.74 1,00 0,89 1,22
24 50 5 00 1.00 5,90 1,93 3.98
23,00 4.00 0,70 4 84 1,00 4,90 1,50 4 84 1,00 — —
12,83 3.90 0, 88 5,26 2,05 5 14
11, 00 2,34 0, 50 3.00 4 50 2,00 4,32 1,51 2,58 2,30
24,50 5.00 1,11 6, 06 2,63 5,78
23,00 4,50 1,14 4, 17 1,00 5,37 2,00 5, 00 111 1,54 0, 82
12,83 3.7 0,78 4,87 1,68 4,10
11,00 3.50 3.72 415 1,50 3.75 1,04 1,33 1,01
24 50 4,50 1. 02 5,18 1,68 . 3.41
23,00 4,51 4,31 1,00 4,93 1,50 4 45 1,20 — —




