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AN EXPERIMENTAL STUDY ON SHEAR FAILURE
OF REINFORCED CONCRETE COLUMNS
UNDER CYCLIC LOADING

BY Minoru WAKABAYASHI, Koichi MINAMI and Takeshi YAMAGUCHI

Synopsis

To investigate the restoring force characteristic of reinforced concrete column failed in shear,
forty column specimens were tested under cyclic and monotonous shearing force. The major
variables were the length of shear span (h/D), the percentage of web reinforcement (p,,), and the
axial load (IN/N,). All specimens were of the same rectangular cross section (10cmXx15cm) and
were designed so as to guarantee a failure in shear. The loading apparatus was designed to realize
the state of stress in actual column. The experimental behavior was described in detail and was
discussed with some qualitative conclusions obtained from the experiments.
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Photo. Test set-up.
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3886 kg/cm?® & L CROLEHEMERT. MHO R WEE, CAMOUENIGHE, &L UERBEANIEH
ELd, HEELTALBADTH> T3, ZoBRRLI—HL TV, s HOERT L84, #
BeABOUEANENE, PLERRKCAMEAEL S, HosniBa&L b IHAL, BHIMERT LS
GORABICHE LA AN EOBRIR, Bx, BHoknwBEoBRLABRL T2,
¢ FIR AR O UEINESFE & 8 0T E O B %

TP A O CENEHE LM RISHEOMEE Fig. 7 (¢) TR+, 7oy b LEERER, CAN
BRG A DHARNOIDOTH b, ~SHERTRENLHEMBAEELICE > THERIN TWIRE
XYL RDEZLDTH B, kL, MHOENBEONPEAW KNG HERENBLOERRITX
b, 37 Y — r3E Fold 300 kg/cm® & L7z, MmtE+1E, SAFRIEHEICEATLEH 4 £ 1=0.15
EL, AR VIITREHERE L T2, XERIOEET L, ZoRMERIE, CARR SV
OB Lhk-oTwWBEIT, WDS4ApLx 22015 LA BRARD 5,

d) wAME—2 VP ERAMR;CHEDHBF

TAME— AV M LA AV HEOMES Fig. T(d) ZRT. ficeAlis—2 v M, LB
RiFe—2 v+ Mp, EOlE, HMIZEAM A v HEE b, BRITE—A ¥ P OBER, RNAE
RIZL o THE W,

Mn/BDZFc=(1—Zdh)-;ur%{(N/BDFc)—(N/BDFC)Z} (O=N/BDF.<1)

doto 22T, ¢t REBRBLFEENZ DT p=puoy/Fe, TEDbIN, dtyy=dt/DTary)—}
OHBEYVEXRTH S, —H8EE Kani 2V [T > TRANLEBRARSS 4x/5=0.25 (4dx ZOUER
B, s ROENER) & LTROLHEMTH L. N=0,p,=0.2% 0 620 M 0XBRGKEHMITBRL
TWV3H, ZoMORREKOHIZIMITBRMIUTELY, CAMBBLTWE I EBRENS. $1t,
Kani [ZXhid, €AWz vH B/D H2LTOBEITE, TAMESRBEEYL, BE7T—-FW AL
T, $ANBHRERINDIOTH 1, FERTH, CANE—2 Y FOHERPEZVENEEZ > Tnb,
Zzo®MmE LT, Brock!® L TVa L9 1T, CAMMERENERL TWwLI LItLstBbhb.
e) WEHRFEITOWT

—RENCE A AER LT 2841, BRAEAKNBAEKE 224, BREAMILEROEH BT
ZEids, MAOOEBETR, 88T, Z0ERBRE, wAMR SV, 2L UBAKMBREITI 39,
N/Ny=0.3 QB &M~ HEHEES R ¢ R=2x10"2rad. Th%, 37, BHMMERT2EE, BRKEA

*eANiT— A Y b ML RREORAEANES 0 LEBHES b oM =00t LTgne,
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Ml HLUBOWAOETOBRMEESEN TR AL, DLW TERAMANET2EL, Z02 LRBRERA,
LIUBEE—- FIZEET %,

4.2 BEUHH
a) fER#S N=0 o4&

RAMBEGE po=0, FAM RVl /D=4 X U6 M TR, FOTAKOPCANBRET L2
T, RELCBEHRERT, CANHBEEITEIMEMNMETHEL, 23RELELD2DAWR
BT 23 TCERBETT I, ZO0ROBREIZFWTH, BEAEZZAF -RINZHHTE 2\,

h/D=6, p,=0.29% Tk, BEEAMA I L ClMTFBRT 508, @B LEHRICE, &8 LHEE X UCER
WG+ 288 T, TANBMBGOMEHXBEERL, MiBHEMELMLA R=15X10"? rad. T ANHE
PREZ N, WHOEFHES M pu=0.4% 0F4I1THE, R=2.0x10"% rad. EMBRIFICE ~CHHET
RELT, CAMMBGOMME & JITEREIRIHEREINE, Lil, HITBRIZL > THAOETFHRE
bREVESTY, RIMRETL, SELEY, IUEHEBEOHMIZE S %>, BEMEZ bard-
spring (kB 3L, BEBRER/NI k%,

k/D=4, p,=0.2% OB EITE, BREABFIIPNTILANMBELYEL, BACABHOLE, #hDE
FHAELNLY, BELEHOBA, RASAMBHUBOMIMETR, BEERMHMICELTELL, A—E
REFRORE L TP CIWMHOETRAEL, »poRBMBXMIBROEBAIKLT, £ hard-spring
MARHEREETH Y R=1.0x10"%rad. DEFHIRIE TR, KISHBORMER, 3LAE0THY, &G
OB, BEAEREDR TV,

b) fem#f N/N,=0.3 o4& .

h/D=4, p,=0.2% OFAITE, R=0.5x10"*rad. OF(RIEE TRE L BBV -T2 30H, 20
BOERT, CAMMERENREZN, HHRMETL, R=1.2x10"%rad. ¢, BHR#@HFALHELER
VT 228, pu=0.4% OBAITE, EHRARML T, R=2.0x10"%rad. OEHERZENWTH, Bt
REAE LAV, L L, Zo8HATY, R=0.8x10"7%rad LJ L OEMIRIBICEZ L EWMHDETREETS
Y, A-EMEEZPT2BELIZPTIWMAHETRELL, BEAM—-FREREI, r—THOREOKX
& \» hard-spring {2 & %R T

k/D=6, p,=0.2% 04, R=0.8x10"%rad. %R LT, RELHBEROBELN—FERTH, %
OROEMBIETHREAMMEREIZL > TR OETFTRIE#EE N, R=1.2X107%rad. ¢, $itidHET
bo i1, BIZRAMA L %2 R=0.8X10"%rad. OF ¢, —FENMBIEOBE LBAETEH &, B
L% 7 mc, Whik, XMoo 50% [KETT2.

h/D=6, p,=0.4% DF A, R=1.2X10"7rad. $CRELLBEL—FERL, =3r¥—0RIX
dKE e R=1.6x10"%rad. pZEMIRBECTIHMILHE L 7oA, CANERGOBMIZE A 2> T, EHE
NEMUELILEERL TN S,

—BIZE > T, BOWERT G40 BEIRIE, BehELLEEY, T2 AF-ORMIAE %S
b5, WHOEKENR, BMOOIERMITL > TN %%, TANEBHOMER, ZoHMoAMEL%
BABIVEABRTIEVI LD, BDLAZOBMOEREN LTI LIZEDN, AEBRTH, €AN
WG KT pu=0.2% » b pu=0.4% TN+ 5 L, ZOLHBRE, 1BITL5{ERXT LI ENBTE.

S. #& £

CAMEHREE IR $Bia 7 ) — MEOETH RS & O R LB KB4 2 %8 %, 40 &
DHRBREICONWTIT R oTco ERERE L TR, vAMR VI, CAWMBEGE, +I0#hko3o%
BALY, TNENOERITHET 2EREL IV AL, ERNUAHEREHCH, TRLSEEIB20T,
Z, S0RROWTEBHEERIIOWTER D,
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5.1 HESFHOBSA

a) N/Ny=0.3 BEOHMABIEHATLEEITE, TAMRDZEAT 2, BAEANHALEOR
BEFREET, TAMR SV, LU, CANBERGEIWNI EZOBRAIZEL V.

b) #RAEAWCUENEAR, ERESICX > THNT 225 A RAETEICBEET 5 HAEHITE,
AR ORBIEEN S,

) RABTRNRVH, PLUBMALBAEWE, ZO0BHOBEE L TR, CANMSRENERT 2,
5.2 BELHEHOSE

a) HAWELETR ) EFoBEmRE, BEL hardspring Er—~7 LAY, FRIREREHKE N
Be, BIcAoMMR, FLIME LD,

b) N/Ny=0.3 BECEHAIMERTAIHBAITH, CAMDPUEANBERILRETY, ToRBhKR
i, 122, $EE T, TAAF-ORINEKRE ~, BEERRTEO TN %5,

¢ HWHOFEZLHDOLT, BMFERMARICEIBEETIBMTH->Td, BELNEE) T H5E,
FAMEEGONBENORBLE EIZL oC, YANBSICHEIEBELBIT T 28405 5,

d) BAMMBRGOBEED, ZoBMOCAWIHLIEEMERXILEnI LR, L LAEREHLETZ
ERMLTHRENTHY, RITBRELBH LT L5848, ZOMRREETH 5,

i B

FERETEICHLY, ABRARE SIURREMICHIY, SEERK GIAHRFEANERLE)
DELAZEB A E /o FELEEY TREEOHELEL LT

Ad, AEREZ, HA 4 FECTERRIE FEESHBEAZNEIL—RER) sEFREO0—4HE
LTiaHN7230TH 5.
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Table Summary of test

. Parameter Concrete strength Yield stress Measurp d
Specimen | " T - dimensions
Number h/D: P, |N/N,| N F, F, F,[Fc 0y WOy D ‘ d]j M/Qd
% t | kg/em? | kg/cm? % 1 kg/em®ikg/cm?| cm| cm c¢m| cm

woM |110] o tol 303 | 238 | 7.8 | 3980 10.115.112.811.2 0.59
200M | 2|0, 0 | 0| 200 | 25.6 | 8.82 | 3993 10.115.012.711.1] 1.18
a00M |4 |/0| 0 |0 322 | 261 | 810 | 3833 10.115.112.811.2 2.34
60M |6 |0| 0 | 0| 3240 | 255 | 7.87 | 3875 |/ 10.005.112.811.2 3.51
103M | 1|0 lo032420]| 206 | 26,4 | 891 | 398 10.2115.112.811,2 0.59
203M | 2| 0033820 | 287 | 25.7 | 874 | 3909 10.2115.012. 711,11 1.18
403M | 4| 0 10325 20| 302 | 2.7 | 850 | 3979 10.1115.012.711.1| 2.36
603 | 6|0 |031820] B3I | 27.5 | 8.84 | 3958 10. 115. 0]12 7111 1 354
120 | 11017 0 |o| 333 | 30.2 | 9.06 | 3951 | 3886 [10.315.112.811.2 0.59
sooM | 2 0170 0 | 0| 335 | 29.0 | 865 | 3972 | 3886 110.115.012.711.1| 1.18
0M | 4017 0 | 0| 325 | 287 | 88 | 4090 | 3886 [10.115.112.811.2 2.34
620M | 6017 0 | 0| 369 | 30.2 | 841 | 5743 | 388 10.215.012.7[11.1 3.54
123M | 1 (0.17,0.305 20| 336 | 28.5 | 8.48 | 3923 | 3886 [10.015.012.7)1L.1 0.59
soaM | 2 10,17 0.304 20| 333 | 28.7 | 8.61 | 3875 | 3886 [10.115.012.711.1 1.18
4oaM | 4 0.171 0,204/ 20| 342 | 3.1 | 9.09 | 3840 | 3482 [10.215.1]12.811.2 2.34
623M | 6 0.170.315 20| 319 | 285 | 893 | 3833 | 3482 [10.115.0[12. 7}11 1 354
wec |10l o o 402 | 367 | 9.43 | 4000 2 h10.1)15. 112.811.1] 0.59
200C | 2|0 0 | ol 38 | 334 | 865 | 3916 10.115.012. 7111 1.18
400C | 40| 0 | 0] 405 | 36.1 | 891 | 3840 10.115.012.711.1] 2. 36
600C |6 0! 0 (0| 38 | 340 | 894 | 4097 | 10:115.0 012.711,1] 3.54
woom2 | 21017 0 | 0| 388 | 33.4 | 8.60 | 3840 | 3482 110.215. 1'12.sl11.2 2.34
420C | 40017 0 | 0| 301 | 349 | 892 | 3951 | 3482 0. 2;15 012:711.1) 2:36
1232 | 4 0.170.335 25| 887 | 341 | 8.81 | 3937 | 3482 }10.215.012.711.1] 2.36
423G | 4 0.170.339 25 | 380 | 332 | 873 | 3937 | 3482 10.215. 0112 711.1| 2.36
a3 | 4 10.34 0.318/ 23| 379 | 33.5 | 8.83 | 3865 | 3482 |10 1{15.012.7;11.1 2.36
443G | 4 10,34 0.311/ 23| 390 | 34.6 | 887 | 3845 | 3482 ]10. 1\15 012.711.1 2.36
st | 4 10.34 0.494 35 | 361 | 3L.0 | 8.58 | 3791 | 3453 [10.315. 0512 711.1] 2.36
448G | 40,340,474 35 | 385 | 344 893 | 3923 | 3453 [10.115.012.711.1 2.36
620C-2 | 6 .11 o | o] 375 | 33.1 | 882 | 3965 | 3405 [10.214.912.611.00 3.57
eaoM | 6 103 o |o| 367 | 3.0 | 844 | 4034 | 3532 [10.215.012.711.1 3.54
640C | 6 03 o | 0| 365 | 3.5 | 858 | 4215 | 3532 [10.315.002.7]11.1 3.54
c2oM—=2 | 6 0.171 o | o| 35 | 32.0 | 8.53 | 3086 | 3482 [10.215.012.7]11.1 3.54
620C | 61017 0 | 0| 38 | 330 | 866 | 4002 | 3482 [10.015.012.711.1 3.54
620D | 6017 o |o| 370 | 3.5 | 831 | 4069 | 3482 [10.1[15.1)12.811.2 3.51
623M-2 | 6 0.17] 0.315 23| 379 | 37.0 | 9.72 | 3826 | 3453 [10.2]15.012.711.1 3.54
623C | 6 0,170,317 23| 386 | 37.0 | 9.58 | 3826 | 3532 [10.015.012.7]11.1 3.54
623D | 6 0.170.298 23| 406 | 35.2 | 8.66 | 3840 | 3532 110.215.012.7L1.1) 3.54
643M | 6 10.34] 0.206/ 20| 347 | 30.6 | 8.81 | 3826 | 3532 [10.1]15.0012.7]11.1 3.54
643C | 6 0,34/ 0302 20| 338 | 28.8 | 8.52 | 3845 |-3453 110.2115.012.7]11.1 3.54
643D | 6 0340293 20| 346 | 30.3 | 875 | 3868 | 3453 [10.2[15.012.711.1 3.54
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program and test results

Cracking load Maximum load Calculated value

er| No. er Tor/Fe|Rer | Qu ! No. te |tu/Fc|R,|N/BD

Q T T / ¢ ¢ Q / IIV;/IJF Mﬁ/DzF Méel/)ZF MJ/MJ‘L
t |Cycleskg/cm?| 95 [10-% | t |Cycles kg/cm®| ¢ [10~*kg/cm? ° ° °

3.60) 31.8 110.49 10.19 |6. 30 55.7 | 18.380.95f © | 0 | 6.772|12.908 | 0.524
2. 20) 19.6 | 6.75 0.15 4. 03 35.9 12,390,850 0 | 0 | 9.173 |13.533 | 0.677
1.75 15.4 | 4.78 0.26 [1.85 16.4 | 5070.35 0 | 0 | 7.485 11.728 | 0.638
1.60 142 | 4.38 0.39 [1.60 142, 4.380.39 0 | 0 | 9,468 | 11728 | 0.807
8.00 70.0 [23.64 0. 11 [8. 60 75.3 | 25.440.24] 129 |0.435| 25.50 | 13.255 | 0.367
6.30 55.6 19.37 0.19 [6.70 59.1 | 20.620.25 130 | 0.452| 25.74 | 13.394 | 0.598
3.80 339 11,22 0.31 @. 30 38.3 | 12.700.43 132 | 0.437| 25.32 | 12.977 | 0.742
3.20 28.5 | 9.16 |0.57 3. 30 20.4| 9.450.67 132 | 0.424) 24.81 | 12.561 | 0.846
3.30 28.6 | 8.58 0.19 16.40] 55.5 | 16.660.971 0 | 0 | 6.139]11.659 | 0.526
2,40 20.4 { 6.08 [0.16 4.85 41.3|12.330.85 0 | O | 9.557 | 11.659 | 0.819
1.80 15.9 | 4.89 /0.18 3. 00! 2.5 | 8.160.78 0 | 0 |12.027 |12.350 | 0.973
1.80 15.9 | 4.42 0,52 [1.95 17.2 | 4.790.6] 0 | 0 |10.650 | 10.270 | 1.037
7.60) 68.4 20.35 [0.17 [7.90 71.1 21.16 0.36] 133 | 0.395] 23.40 | 11.451| 0.334
6.00 53.5 [16.06 (0,21 |6. 00 53.5 16.07 [0.21| 132 | 0.306| 23.45 | 11.451 | 0.507
4.10 35.9 110.49 (0. 40 4. 20 36.7 10.75 0.54] 129 | 0.377| 22.78 | 11.034 | 0.695
2.95 26.3 | 8.24 (0.57 [3.00 26.7 838 0.74 132 | 0.413] 23.94 11798 | 0.777
4.15 1/2| 36.7|9.1210.20 [7.00 8/2| 61.9[15.3910.66 0 | 0 | 5.671| 9.785| 0.579
2.65 2/2 | 23.6|6.120.20 3.45 15/2 | 30.7 |7.9711.60 O | O | 5.900| 9.993| 0.590
1:80 3/2| 16.1|3.95(0.26 [2.00 4/2 | 17.8 |4.400.23 0 | 0 | 6.519| 9.209 | 0.701
185 6/2| 16.5|4.34 0.50 (185 6/2| 16.5|4.340.50 0 | 0 | 9.641|10.340 | 0.982
1.70 14.8 | 3.83 (0. 21 |2. 67 23.4,6.030.73 o | o | 8914| 9.716] 0.916
185 1/2| 16.3| 417 0.20 2.72 9/2| 24.0 | 6.14 0.5 0 | 0 | 9.094| 95.924| 0.16
4.60 40.6 110.50 [0. 41 [4. 95 43.7 l11.20 lo.63l 163 |0.421] 22.19] 9.993| 0.753
4.25 1/2| 37.5|9.88 0.40 4.45 2/2| 39.310.3 0.40 163 |0.428 22.45 | 10.201 | 0.682
4,40 39.2 110. 34 0. 4045. 05 45.0 [11.88 |0.81] 151 |0.398] 21.99 | 9.903 | 0.799
4.20 1/2| 37.4|0.60 0.30 5.00 5/2| 44.6 1143 0.75 151 |0.387| 2L.61 | 9.716 | 0.773
3.06 26.7 | 7.41 ‘o. 36 |4. 02 35.119.74 0.51 226 |0.626 22.09|10.340 | 0.652
420 2/2| 37.4|9.73 0.40 4.60 52| 41:0 10.65 0.55 231 | 0.600| 22.20 | 10.201 | 0.710
1.80 5/2| 159 |4.24/0.43 202 5/2| 17.8 475073 o | o |10.710]10.410| 1.028
1. 90 16.7 | 4.57 0.59 2. 00 17.6 [ 4.81 0.63 0 | 0 |10.686|10.826 | 0.987
190 5/2| 16.6|4.550.53 2.05 52| 17.9 [4.91 0.65 0 | 0 |10.906 | 11.381 | 0.958
1. 60 | 14.1]3.76 0.39 [2. 00) 17.6 | 4.71]0.600 0 | 0 |10.457 | 10.479| 0.997
1.67) 4/2| 15.0(3.94 0.40 [1.97, 8/2| 17.4 | 4.65(0.74 0 | 0 |10.341{10.340 | 1.000
160 9/2| 14.1|3.73 045 [2.0018/2 | 17.6 | 4.65 0.70 0 | 0 | 19.312|10.548 | 0.977
3.22 28.4 | 7.50 [0.72 3.25 28.7 | 7.57 0.77] 150 |0.395| 21.95| 9.992 | 0.766
3.15 5/2| 28.3|7.350.55 3.220 5/2 | 29.0|7.51 0.72] 153 |0.396| 21.71| 9.712| 0.767
302 2/2| 2.7 6.57 0. 411}3.40 2/2 | 30.3(7.39 0.74 150 |0.369| 20.94 | 9.209 | 0,784
3.35 29.8 | 8.61 |0.67 [3.72 33.1]9.56 1.06| 132 |0.380| 22.62|10.826| 0.883
3.05 5/2| 26.9|7.97 0.66 [3.47 9/2| 30.6,9.06 1.20] 130 | 0.389| 23.07 | 11.173 | 0.848
3.22 1/2| 28.4 |8 220062 3. 40\ 12| 303|868 0.80 130 | 0.375 22.7110.965 | 0.938

) DUSNHERBLURRBHIRO Y1 721 8E13, ZOMEMELILLEDY A 2 ABERT,
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