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Experimental Study on Shear Behavior of

Concrete Beam Reinforced With 500 MPa

Stirrup

ZHOU Jianmin, SI Yuan, WANG Tiao, XIONG Xueyu
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: Twelve concrete beams reinforced with 500 MPa
stirrups were tested and some relevant factors including shear
behaviors, crack width and deflections were analyzed. Based
on analysis results, some corresponding suggestions to “Code
for design of concrete structures” (GB 50010—2010) were put
forward. It is shown that the code can precisely predict the
shear capacity of high-strength concrete beams. In
serviceability limit states, the design value of shear strength
cannot exceed 80%; of that in the code. Moreover, the effects
of shear deformation should be considered when caculating the
deflection of the member subjected to shear deformation with
the code.
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Tab.1 The details of specimens
2 / 4
TR RO -l T C O A kU T
B1 3 300 640 400 200 1.75 24. 2 2. 39 @ 8@130 0. 39 2@ 25+1d 16 2d 18
B2 3 300 820 400 200 2.25 24. 2 2. 39 @ 8@200 0.25 2@ 25+1d 16 2d 18
B3 3 300 950 400 200 2. 60 25. 2 2. 45 @ 8@130 0.39 3@ 25 2@ 18
B4 3 300 640 400 200 1.75 42.5 3.29 o 8@200 0.25 2 25 2@ 18
BS 3 300 640 400 200 1.75 25.2 2.45 & 8@ 160 0. 32 2d 25 2d 18
B6 3 300 820 400 200 2.25 50.0 3. 60 @ 8@ 130 0. 39 3d 25 2d 18
B7 3 300 820 400 200 2.25 25. 2 2. 45 @ 8@ 160 0. 32 2d 25+1d 16 2@ 18
B8 3 300 950 400 200 2. 60 50.0 3. 60 o 8@160 0. 32 3@ 25 2@ 18
B9 3 300 950 400 200 2. 60 24. 2 2. 39 @ 8@200 0.25 2@ 25+1d 16 2d 18
B10 4 000 640 400 200 1.75 74.7 4,52 @ 8@160 0. 39 2@ 25+1d 12 2d 20
B11 4 000 820 400 200 2.25 74.7 4,52 o 8@130 0.25 3@ 25 2 20
B12 4 000 950 400 200 2. 60 74.7 4,52 & 8@ 200 0.39 24 25+1d 20 2 20
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Fig.1 Reinforcement of specimens (unit:mm)
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Fig.2 Schematic diagram of loading device(unit:mm)
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Fig.3 Arrangement of measuring points for

stirrup strain
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Fig.4 Classical shear-compression failure of the beams

InEAE I BRI B, A Bk B FR
T 10% ~20 Yot , B BUIE I T 2442, 2R
2076 ~30 0% FR i 38, 70 A0 28 3 2 6 i PSR L IE
B REMA B AL A RLE. XERN
T2 5 Ak P 78 T 25 R 5 (R B hy e . X hn 2 3]
40 %0 ~50 Yotk BT e, 39 25 B 5 A o B g B A 304
g%, WO BBy IR B B3, IE UM AR, B
Hugfaw RIR. MR BIRBRAT Y 6040 ~T70 % 0] 3
SETEIE M MVEHLE Y 0. 3 mm. 43K B R far 2k
J& I ISR ME VR IR, BT 25 LA R A 32, i A5 i
FIRGEIE R, R AE L0 I A SR ; BY B LL B
PRI, i 3 102 3 A R0 o, {8 7 4 A5 o B =2 T, B2
TR EE + Jo 52 IR

BRI TR R AR B WA ) 3k 78 0 - i 2T S e 5
T B L B , 1 SR A SR L T AR T % R R
BERY LR RR AL TR ) AR — AR B B Y
BRI S, X R R AR, I FLRE A S L I
e, Ao 34 B e DX o U, B S R BB T X IR B
AR,

HIRBILT 4 MBS, A AR R E 2355
W PRARZS : O R AR 52 e DR BE T BY R0k IR 5
@ R EE L RHR Z ISR ; © HiEHBHIET: @
JET T TR BR4R L Im 2.

2.2 WEPWMEHENER

ARTCLL B2 ZR I Fil A5 AT 10 BE 3 485 5% R 4 4
K 5 B, HA R N F0 B2 B4R AR L. GAA L
71 o I CREE LSBT P AR R
E=1 1 5

o= M/(0.87h,A,) O
1 :o I TRYN TN g 5 M R0k I AT A 5 5 5 o
ﬂﬂéﬁﬁﬁiﬁ%@é,& ﬁ%%ﬁ fH. @ 5 ':P’sz1\0‘zwz
TR IN FT 5 0201 v 0712 0733 0230 T AN BT L BE YL
LT, T A BT RN B SRR 5 — R RN T
B A% F osraravso » S RN R B L RN
A, F B B 327 BEAY IE 1h 255 10, 80 sl
FEERR TR PR R,

X 5 LR (DRSS R W B X T
B2 3¢, B RN B N 51T BAEAT & B, WX
S 11 AREE, R INES e\ BT ) 5 i B S 77
A RAEF UL BT 2 200 B2 B v G 5 10 ) T 2 B
BRI, R, 3 F Bl 23 B 2, gkIR A4
F3 #9107 B B H A A5 82 g R, LB R A5 B ) R T
AR, R BHSX 9 AR B4 S LA 4 A7 Sl Al 288U R IR B £
FEIRT A& A B9 IR, X B1O 3, 25 4 5 0 4 A3



Gl ¥ 1=y el )

Bus

48
200r 2001 2001
150r 1501 1501
< < <
& 100 . % 100} —— OgrEs0 #2100 ——Ogrp330
= —-OgLF145 = —~O3RF145 = —-O3LB245
50F 031245 50F -~ OgRF245 50F - O31LB3o
¥~ OSLF330 ~¥~ OSRF330 ~+OSLB145
00 200 400 600 800 00 200 400 600 800 0 0 100 200 300 400 500
Y 7]/ MPa 55 5. ) /MPa R S J7/MPa
a B2 BRIE T A b B2 B 1E A c B2 2z A2
2001 200 2001
150F 150F 160r
Z Z Z120
42100 OoRrE3 2100 >
i —= OSRB330 #® —= 0z B o 0z
& ~* OSRB245 iE —-Ozw1 &= 07w
50 " OSRrB145 50F o7p3 40kF Oy
~T~ OSrBSO T Ozw2 -~ Ozw1
oL . . . . , ol . . . . , oL . . . . ,
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
il 71 7 /MPa PHI S /MPa YA 73/ MPa
d B2 B AN e B2 L\ { B2 B 9\
E5 B2EWEHEA
Fig.5 Rebar stress of B2 beam
— I IR » 3% IR MG AL R I B AR ) 5 BT IR, B11 2 _ 175 A
Ve = mﬁbho + fi Tho 2)

A B12 ZWiREE TR ERS, SERYRERR,
MR A T 245 i IR, 2 B11 3250 B12 B2f 4
F A & A T .

L B2 B, 434 4 i 107 ) Ve T AR L SRt
B IR L 40 55 0 1 LT R E, BY 7 B TRSE R L
TNZRE] 30 %6 ~40 Yotk KRAT UG . RIAE H B, IR EE T
TR th T, BY 7 b 5 50 AR, 40 A5 B 7 28 4 HE 3
YT, M5 S T 2R B 3G 0, R B R T N K, Hi
£ 7 7 R B K, L FE A A9 e A AR AT B ) kit
R, A S JE AR N 7 8 T P A I8 T 3 K
ZEFETR XEENFEEEGHN ISR E, F8
B 2 1 i 157 -5 A S B8 A AT B A £ A 1 ) TR I
FHTEC  BY 7 F B 2 04 A0 A, AT 470 o 5 L
£ 0 7 435K

3 HBERDH

3.1 IRBBHAAKE NS

N T BAUECIR B+ S BT L) X BCA 500
MPa % ifi B 1 Bt + R0 3R B T B AKX HIE A
P, AR SCRACRE LA W BT D R R PR T
SZARB S AKX B IS LM EETT HE. (REEL
SRR RN ) 0 T AR A AR R A S22, AR
REETFYIIIRB R AT AR

FoH s A S GRINE B A W] — R T PN 0 A B T
TG TET AR 5 5 Sy S £ ) L5 e A0 08 A9 07 5 BE U THEL
T IR A5 RS Sy 54 ABTES . A=a/hsa
Soter BN FH A B S B R & I BEE; £ VIR SE
rpram B HE , R BO O PR £ 56 N
I FEEE.

BREERSHBEELETE 2. Hp, R4
BL11 f1 B12 HZ5 AR, B DL st R AR £ S, RS
5% 2 it (G55 WA FRIT SR EID.

PURHLB R IR V., W AR, PR
BRI BE V. PR, SRR E S B E L
AEEE LA 6 FiR.

3501
3251
3001
2 275 .
=, 2501 "
~ 205t
200 -
175}

150 200 250 300 350
v /KN
6 MEARFNRBESHEEXR
Fig.6 Relationship of experimental and calculated

results for shearing capacity
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Tab.2 Comparison of bearing capacity of the experimental beams
P S Eii¥ii) RSBt BEL N - RN
ey R gy R EE JRUSR TWEME v,
0 a a
Bl 402, 3 203.7 1.75 0. 39 24,2 2.39 267. 36 219. 2 0. 820
B2 403. 3 203. 1 2.25 0. 25 24,2 2.39 196. 85 185.3 0. 941
B3 401, 0 200. 2 2. 60 0. 39 25,2 2.45 240, 08 262. 2 1. 092
B4 403. 7 202. 6 1.75 0. 25 42,5 3.29 257.19 215.1 0. 836
Bs 401, 1 203. 3 1.75 0. 32 25,2 2.45 240, 23 242, 4 1. 009
B6 404, 8 204.0 2.25 0. 39 50,0 3. 60 302,01 299.5 0.992
B7 401, 7 200. 3 2.25 0. 32 25,2 2.45 221, 62 217. 4 0. 981
B8 401, 4 200. 2 2. 60 0. 32 50,0 3. 60 252, 84 275. 4 1. 089
B9 401. 4 200. 4 2. 60 0. 25 24,2 2.39 184, 85 203.2 1. 099
B10 403.1 200. 4 1.75 0.31 74.7 4,52 339. 20 332. 4 0. 980
Bl1 405, 3 201.5 2.25 0. 39 74.7 4,52 340. 80 (334. 4)
Bi12 405, 6 200. 8 2. 60 0.25 74,7 4,52 266, 90 (260.5)
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Tab.3 Comparison of cracked load for the experimental beams

RE fw/MPa___ fi/MPa___ P®/kN _ P®"/kN _ PWUkN  POU/KN  PO/PY. POV /Pl
Bl 24.2 2.39 81.0 41.5 89.2 54,1 0. 908 0. 768
B2 24.2 2,39 61. 4 47.8 80. 8 42.3 0. 760 1,131
B3 25.2 2.45 56.3 40.0 82.6 40.3 0. 682 0.992
B4 42.5 3.29 61.0 49,0 114.7 67.9 0.532 0.722
B5 25.2 2.45 61.5 40.9 87.2 52.1 0. 705 0. 785
B6 50.0 3. 60 74.5 50.0 125.3 65. 8 0. 595 0. 760
B7 25.2 2.45 59.0 39.5 81.5 42,7 0.724 0. 926
B8 50.0 3. 60 66.0 42.5 116. 9 55.3 0. 565 0. 769
B9 24.2 2,39 74.0 22.5 76.1 35.9 0. 973 0. 627
B10 74.7 4,52 74.5 57.9 149.5 95.4 0.498 0. 607
Bl1l 74.7 4,52 70. 5 55.0 142. 8 82.7 0. 494 0. 665
B12 74.7 4,52 75.5 52.2 128.9 68. 4 0. 586 0. 763
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Fig.7 Analysis of relevant parameters of cracking load
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Fig.8 Relationship of load and maximum diagonal cracked width for the beams
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Tab.4 Comparison of crack width under working loads

ossss fi/MPa fy/MPa Vo.2/kN Vo.3/kN Ve/kN Vo.2/Ves Vo.3/Ves
B1 2.39 537.03 104. 14 106. 88 185. 95 0. 560 0.575
B2 2.39 537.03 97.31 105. 78 131. 37 0. 741 0. 805
B3 2.45 537.03 107. 50 101. 05 174. 23 0.617 0. 580
B4 3.29 537.03 126. 00 118, 80 164, 16 0.768 0.724
B5 2.45 537.03 102. 50 103. 39 162. 33 0.631 0. 637
B6 3. 60 537.03 162, 00 148. 50 205. 27 0. 789 0.723
B7 2.45 537.03 113,75 107. 25 151,72 0. 750 0. 707
B8 3. 60 537.03 121, 00 117, 33 173. 36 0. 698 0. 677
B9 2.39 537.03 100. 75 110, 22 126. 96 0.794 0. 868
B10 4,52 554. 76 160. 00 146. 00 214. 40 0.746 0. 681
Bl1 4,52 554. 76 168. 00 113. 75 224.11 0. 750 0. 508
Bi12 4,52 554. 76 104. 00 127. 11 167. 79 0. 620 0. 758
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Fig.9 Load-deflection curve of the beams
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