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Effect of shear reinforcement on seismic performance of interior

slab-column connections

Tang Ming' . Yi Weijian', Wu Yuefan'. Liu Liwei*
(1. College of Civil Engineering, Hunan University, Changsha 410082, P. R. China; 2. China Railway Eryuan
Engineering Group Co. , Ltd. , Chengdu 610031, P. R. China)

Abstract: To study the effect of shear reinforcement and installation of concealed beam on seismic behavior
of slab-column connections, five slab-column connections were tested under low-cycle reversed load. The
control specimen had no shear reinforcement, while the other four specimens were equipped with spiral
stirrups, four-leg stirrups, eight-leg stirrups and studs, respectively. Crack development characteristics,
failure modes, hysteretic behaviour, unbalanced moment capacity and ductility of each specimen were
analyzed. The results show that compared with the specimen without shear reinforcement, unbalanced
moment capacity and ductility of specimens with shear reinforcement are increased by 13% ~48% and
68%~198%, respectively. The general seismic performance of specimens is significantly improved by
properly designing the concealed beam. The specimen with four-leg stirrups can meet the requirement of
seismic performance in Chinese code and is more economical than the that with eight-leg stirrups. By

summarizing and analyzing existing test data, it is found that for slab-column connections with shear
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reinforcement, the calculated results with Chinese code are in good agreement with test results, but the

dispersion of calculated results is relatively high.

Keywords: slab-column connection; seismic performance; punching failure; studs; stirrups
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Fig. 2 Dimension of specimens (unit: mm)
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Table 1 Design parameters of specimens

PO S/ S/ S/ fy/ Fo/ fw/  few/

L p/% /% V/KN V/kN V/kN Vi /kN  V/V.
77 2% 1Y MPa MPa MPa MPa MPa MPa MPa

RC1 39.4  29.9  2.98 421 580 0.81  0.81 485.3 485.3 315.5  0.65

ST2 WRBEMAF  42.0  31.7  3.07 421 580 334 474 0.73 0.73 499.4 396.3 666.7 326.8  0.65

ST3 DUHEM  42.4  32.0  3.08 421 580 305 460 0.73 0.73 501.4 502.6 753.1 328.5  0.66

ST4  J\JE4EAG  38.0 28.9  2.92 421 580 305 460 0.73 0.73 475.8 753.9 936.2 309.3  0.65

SR5 AT 35.0  26.6  2.79 421 580 326 498 0.73  0.73  454.7 419.7 654.1 295.6  0.65
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Fig. 6 Arrangement of steel strain gauges
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Table 3 Comparison between experimental and calculated values of unbalanced moment capacity

LI HUET fal  pd on/ Ve/ M/ M./ M./ Mo/ M/ Miest/
it A Vi/Ve

K IR e MPa % % kN (kN + m) (KN +m) (kN+m) (kN+m) (kN+m) My
1 SS1 WUAGfEAT 0 34.5  1.31  0.58 133.0 159.4 0.36  175.2 129.7 278.5 129.7 1.23
2 SS2 WUMAEAT 0 32.1  0.91  0.49 126.3 112.3 0.34  127.0 105. 9 204. 4 105.9 1.06
3 SCHRC1] SS3 WA 32.3 1.97  0.87 126.8 183.8 0.35  169.6 181.0 241.7 169. 6 1.08
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5 SS5 MUKHEAF 0 40.2  1.97  0.87 125.9 151.3  0.30  139.1 200. 7 273.7 139.1 1.09
6 6CS  PUREHEAS  35.2  1.15  0.57  35.6  38.4 0.22 57.3 19.2 196.9 19. 2 2. 00
7 wkl2]  7CS MUESESRG 0 37.1 1.15  0.57  35.6  41.7 0.21 54.0 20. 1 203.5 20. 1 2.07
8 8CS WA 27.7  1.15  0.57 35.6  34.9  0.25 35.0 19.1 168. 4 19. 1 1.83
9 LR-Al MMM 28.1  1.06 0.79 132.1 132.0 0.40  143.8 109. 9 113.5 109.9 1.20
10 LR-A2 MI#&MA  28.1 1.06 0.79 132.1 130.4 0.40  143.8 109.9 113.5 109. 9 1.19
11 SR-A MegT 28.1  1.06 0.79 132.1 98.9  0.40  147.9 109.9 190. 0 109.9 0. 90
12 SB-A  HUEYA 28.1 1.06 0.79 132.1 96.7  0.40  147.9 109. 9 380. 6 109.9 0.88
13 ST-A  DUMEHERF  28.1  1.06 0.79 132.1 66.1  0.40  147.2 109.9 174.7 109. 9 0. 60

SCHkC4]

14 LR-Bl WA&84/4  48.4 1.06 0.79 158.8 129.1 0.37  159.1 114.6 396. 1 114.6 1.13
15 LR-B2 MMM  48.4 1.06 0.79 158.8 152.0 0.37  159.1 114.6 396. 1 114. 6 1.33
16 SR-B (331 48.4 1.06 0.79 158.8  77.1 0.37  185.6 114.6 259. 6 114.6 0.67
17 SB-B oAy 48.4 1.06 0.79 158.8  86.8 0.37  198.8 114.6 514. 1 114.6 0.76
18 ST-B  DUfG4if  48.4 1.06 0.79 158.8 93.8 0.37  162.6 114.6 238.7 114.6 0. 82




%3 P A DR R AR P B R A 4 ¥ 61
s L6/ e BUBT Seu/ o/ on/ Ve/ M/ M,/ M,/ Mo/ M./ Miest/
7 1
K By MPa % % kN (kN + m) (kN +m) (kN+m) (kN*m) (kN+m) M.
19 208 WA 39.2  0.81  0.50  33.8 63.9  0.12 78.8 46.9 423.6 46.9 1.36
20  SCWR[5]  3SL BA4EAT 54.3  0.81  0.50  24.9 70.0  0.08 89.3 47.5 496. 7 47.5 1.47
21 4HS T ET 47.8 0.81  0.50 35.6  63.9 0.12 120. 1 47.3 461.3 47.3 1. 35
22 SR1  DUpCHEAG  48.4  1.06  0.79 165.1 101.4 0.39  160.1 119.3 262. 2 119.3 0.85
23 Xmk[6] SR2 i) 48.4 1,06 0.79 165.1  81.4 0.39  183.0 119.3 266. 4 119.3 0.68
24 SR3 PLETHT 48.4 1.06 0.79 165.1 99.2  0.39 196. 3 119. 3 462.9 119. 3 0.83
25 S1-C2 33 53.0 1.62 0.68 168.0 151.0 0.41  154.9 161.2 354. 2 154.9 0.98
kL7
26 S2-C2 AT 41,0 1.22  0.61 155.1 133.9 0.42  106.9 130.5 318.1 106. 9 1.25
27 CD3 AT 44.5 1.44  0.47 299.8  84.4  0.81 74.0 97.2 248.0 74.0 1. 14
28 CD4 kT 42.9 1.44  0.47 200.2 120.0 0.55  103.1 97.0 331. 1 97.0 1.24
SCHRLS]
29 CD6 AT 39.2  1.44  0.47 200.2 112.0  0.57 121. 3 96.5 294. 3 96.5 1.16
30 CD7 [33) 35.7 1.44  0.47 149.9 128.4  0.45  111.7 95.8 332.5 95.8 1.34
31 SIB-1 33 40.2 1.31  0.42 149.9 112.0 0.43  115.7 101.9 149. 1 101.9 1.10
32 SIB-2 g7 42.9 1.56  0.42 149.9 138.0 0.42  117.7 115.1 155.3 115.1 1. 20
33 SCHk[9]  SIB-3 4T 40.5 1.31  0.42 149.9 144.0 0.43 115. 9 101. 9 290. 4 101. 9 1. 41
34 SIB-4 AT 49.6 1.56  0.42 149.9 137.0 0.39  122.2 116. 4 325.5 116. 4 1.18
35 SIB-5 [33) 41.7 2,13 0.42 149.9 124.0 0.42  116.8 142. 4 295.7 116.8 1. 06
36 18c HeET 43.3 0.98 0.39 355.8 208.0 0.61  243.6 222.4 822. 1 222.4 0.94
k[ 10]
37 18d AT 43.3  0.71 0.30 355.8 156.0 0.61 243.6 164.5 822.1 164.5 0.95
38 PS2.5  HUEyay 43.9 0.61 0.23 125.0 106.0 0.29  128.7 73.4 297.8 73.4 1.44
39 XHR[11] PS3.5  HUBiar 43.9 0.61 0.23 120.0 102.0 0.28 87.3 73.4 194.6 73.4 1.39
40 HS2. 5 &5 43.9 0.61 0.23 133.0 98.0  0.30 104. 9 73.4 251.7 73.4 1. 33
41 1 i za) 57.8 1.08 0.46  23.6 37.5 0.06  159.5 47.5 265. 1 47.5 0.79
42 2 [13a) 57.7 1.08 0.46 42,9 36.0 0.12  153.1 47.5 251. 6 47.5 0.76
Scikl12]
43 3 AT 57.7 1.08  0.46 43.8 46.0  0.12 190. 9 47.5 327.1 47.5 0.97
44 4 kT 40.9 1.08 0.46  43.2 37.4  0.14  165.6 46.9 282.2 46.9 0. 80
45 C-SSR3 5T 44.0  0.96  0.67 196.4 135.9 0.52  111.2 131.9 121.3 111.2 1.22
46 k[ 13] C-SSR5a  Me4T 29.0 0.96 0.67 169.2 124.2 0.56  103.1 127.2 161.8 103.1 1.20
e BE
47 C-SSR5b 14T 58.0 0.97 0.67 213.9 132.5 0.51 112.8 134.7 234.9 112.8 1.17
48 C-SSR5¢  #:4T 70.0 0.96 0.66 275.0 107.8 0.61  101.7 137.1 221.4 101. 7 1. 06
49 Jointl ET 46.2 0.90 0.57 376.0 104.6 0.70 106. 5 92.2 167.9 92.2 1.13
50  3C#k[14] Joint2 AT 50.0 0.90 0.57 376.0 115.2 0.67  216.7 92.4 182.2 92. 4 1.25
51 Joint3 4T 55.4 0.90 0.57 376.0 108.6 0.65 149. 0 92.7 240. 8 92.7 1.17
52 SC1 HeET 39.7 0.87 0.87 57.7 108.9 0.16  224.5 49.3 177.1 49.3 2.21
53 SC2 AT 39.7 0.87 0.87 57.7 105.1 0.16  216.2 49.3 283.9 49.3 2.13
54 3CcHk[15]  sC3 4T 39.7 0.87 0.87 57.7 104.8 0.16  216.2 49.3 207. 8 49.3 2.12
55 SC4 i za) 39.7 0.87 0.87 57.7 110.2 0.16  216.2 49.3 132.9 49.3 2.23
56 SC5 [EX3) 39.7 0.87 0.87 57.7 111.3 0.16  196.4 49.3 148.7 49.3 2.26
57 LR-A  PUAHNAS  33.7 1.20 0.8 139.2 118.1 0.36  105.6 163. 4 924. 4 105. 6 1.12
58 LR-B MKMW  41.7 1.20 0.8 153.0 110.7 0.36  109.6 164. 0 288.0 109. 6 1.01
59 k(23] LR-C MIARMNAL  44.2  1.20 0.86 159.2 128.9 0.36  138.7 164. 8 331. 1 138.7 0.93
60 LR-D M#MA  51.0 1.20 0.86 169.5 107.6 0.36  112.6 166. 4 127.5 112.6 0.96
61 LR-E MMAT  43.4 1.20 0.86 157.0 142.7 0.36  109.9 164.5 346.0 109. 9 1. 30




62 X A5 R B LR F RO E D % 42 %
55 B - Bk fa/  p/ o/ Ve/ M/ C Mo/ M,/ Mo/ M/ Miest/
b3 (IES] MPa % % kN (kN +m) (kN +m) (kN+m) (kN+m) (kN*m) M
62 ST2  WARE4EAS  42.0 0.73  0.73 326.8 86.7 0.65  134.0 118.0 278.7 118.0 0.73
63 N ST3  PUJE4EAG  42.4  0.73  0.73 328.5  98.4 0.66  167.3 118.0 268.0 118.0 0.83
64 X ST4  J\ME4EM  38.0 0.73  0.73 309.3 113.6  0.65 199.6 117.4 287.3 117.4 0.97
65 SR5 g7 35.0 0.73 0.73 295.6  90.3  0.65 141.3 116. 8 217. 4 116.8 0.77
-1 {H 1.20
FrifE 22 0.41
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