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Shearing performance of concrete exterior beam—column joints
with HRB400OE reinforcement

ZHAO Weiping' , CHENG Qiangian' , LI Xuehan', ZHU Binrong”, WU Lili'
(1. School of Mechanics and Civil Engineering, China University of Mining and Technology ( Beijing) , Beijing 100083, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract ; To study the shearing performance of concrete exterior beam—column joint with HRB40OE reinforcement ,
we designed nine specimens based on orthogonal test method and conducted shearing test, which takes concrete
strength , horizontal reinforcement anchorage arrangement, and reinforcement ratio as the main research parameters.
Test results show that beam end bending failure and joint core shear failure were common failure modes of
specimens, but bending anchorage arrangement could effectively reduce the number of cracks in the joint core.
Among the three parameters, concrete strength had the most influence on the shearing deformation of the joint core,
and as the concrete strength grade increased, the shearing deformation angle at the initial crack decreased. The
anchorage arrangement of the horizontal bars had the most influence on the shearing deformation of joint core at the
ultimate state, and shearing deformation angle reached the minimum value when 90° bending anchorage
arrangement was adopted. The ratio of longitudinal reinforcement to beam had the greatest influence on the
horizontal shearing force of the joint, and the horizontal shearing force increased with the increase in the
reinforcement ratio. The primary and secondary relations of the parameters and corresponding changing trends were
analyzed by using the orthogonal test principle combined with the mathematical statistics theory of range and
variance.
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Tab.1 Mix proportion design of concrete
R KR/ kg UWF/kg aF/kg K/ kg WYEIR/ kg W/ kg WK kg Jeu28/MPa
G50 371 646 1101 178 49.5 74.2 5.4 53.06
€60 411 602 1 070 182 58.7 117.0 6.5 61.47
C70 390 629 1071 150 90.0 120.0 9.0 72.37
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Tab.2 Mechanical property indexes of steel bar
s bk A/mm? S,/ MPa f./MPa A% E_/10° MPa
$16 201. 1 445 569 26 2.01
$18 254.5 458 575 24 2.01
HRB400E
$20 314.2 465 588 24 2.00
$22 380. 1 472 596 23 2.00
HRB335 $38 50.3 335 455 17 2.00
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Tab.4 Basic parameters of specimens
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J5AL C50 90° 25 1 1.63
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Fig.1 Schematic diagram of anchorage
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Fig.4 Strain measuring points and displacement meters layout
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Tab.5 Characteristic values of loading process

ik A,/mm  A/mm A, /mm  A,/mm P, /kN
J5AL 3.00 10. 98 20. 00 49. 87 16. 18
J5BM 4.00 12.01 33.94 40. 06 19.24
J5CH 2.99 11. 00 27.00 32.01 26.52
J6AM 3.01 9.01 20. 99 46.04 22.68
J6BH 2.99 9.20 29.01 30.92 26.74
J6CL 2.00 10. 99 24. 88 60. 01 19.25
J7AH 3.00 10. 99 32.99 46.94 26. 88
J7BL 3.00 13.01 35.01 54.94 23.59
J7CM 2.99 11.01 36.90 51.89 24.79
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Fig. 8 Strain distribution of stirrups under positive loading
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Tab.6  Shearing angle of joints

HZ KT BT A,/ (10 rad)
NG
A B C  ZAY PRRE  WERRES

J5AL 1 1 1 2 1.452 2.597
J5BM 1 2 2 1 1.489 4.056
J5CH 1 3 3 3 1.423 3. 848
J6AM 2 1 2 3 1.123 2.712
J6BH 2 2 3 2 1.245 4.271
J6CL 2 3 1 1 1. 001 3.368
J7AH 3 1 3 1 0. 935 3.597
J7BL 3 2 1 3 0. 901 4.101
J7CM 3 3 2 2 0. 893 4.212
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Tab.7 Range analysis of shearing deformation

angle of joints at initial crack

(K 2% K, K, Ky K, K, K, W2 R

A 4.364 3.369 2.719 1.455 1.123 0.906 0.549

B 3.500 3.635 3.317 1.167 1.212 1.106 0.106
C 3.354 3.505 3.593 1.118 1.168 1.198 0.080
2S5 3.415 3.590 3.447 1.138 1.197 1.149 0.059
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Tab.8 Range analysis of shearing deformation

angle of joints at ultimate state

H%E K K, Ky K K, Ky M%ER

10.501 10.351 11.910 3.500 3.450 3.970 0.520
8.906 12.428 11.428 2.969 4.143 3.809 1.174

A
B
C 10. 066 10.980 11.716 3.355 3.660 3.905 0.550
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Tab.9 Variance analysis of shearing deformation

] 11.021 11.080 10.686 3.674 3.693 3.562 0.131

angle of joints at initial crack

iSES w275 S A, Fy B
A 0.153 2 77.70 *
B 3.061 x10 3 2 1.55 ENTE S
C 3.267 x10 3 2 1. 66 ENGE S
e 1.969 x 10 73 2

W BRARZS T 7 s BT DAY A7 7 22 53 B 1 235 SR L
F10,Fy 05 (2,2) =19.00 < Fy < Fpp (2,2) =
99. 00, WA 2= B (K-F- Ak [ 7 =) # el A2 %4
SUREAT B YIS A W E RS, DR +
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2 ACIREE D) 1 C (R ) 1 2028 XF
s e A N T
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Tab. 10 Variance analysis of shearing deformation

angle of joints at ultimate state

S W27 )5 S A S Fy, 5B
A 0.165 2 16. 60 NTES
B 0.732 2 73.20 *
C 0. 153 2 15. 40 NTES
=]l 0.010 2
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Fig. 10 Flow chart of variance analysis
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Fig. 11  Average joint shearing deformation angle
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Tab. 11  Calculated joint horizontal shearing force

i FKF R
i A B ¢ ozpgl WV/AN
J5AL 1 1 1 2 125. 06
J5BM 1 2 2 1 138. 32
J5CH 1 3 3 3 161. 15
J6AM 2 1 2 3 171. 99
J6BH 2 2 3 2 180. 98
J6CL 2 3 1 1 129. 09
J7TAH 3 1 3 1 199. 74
J7BL 3 2 1 3 131. 10
J7CM 3 3 2 2 172. 82
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Tab. 12 Range analysis of horizontal shearing force of joints

(K 2% K, K, Ky K, K, K, W2 R

A 424.53 482.06 503.66 141.51 160.69 167.89 26.38
B 496.79 450.40 463.06 165.60 150.13 154.35 15.47
C 385.25 483.13 541.87 128.42 161.04 180.62 52.20
ZS[151 467.15 478.86 464.24 155.72 159.62 154.75  4.87
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Tab. 13 Variance analysis of horizontal shearing force of joints

SN 2575 1 S AmE S Fy B
A 371.87 2 27.98 *
B 127.90 2 9.62 R
C 1 390. 76 2 104. 65 ® %
Z5 F41 13.29 2
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Fig. 14  Variation trends of average joint horizontal

shearing force at each factor level
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