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ABSTRACT

A number of experiments were performed to investigate the punching shear strength of flat plate-column
connections. According to the experiments, the punching shear strength varies significantly with design parameters
such as the column size of the connection, reinforcement ratio, and boundary condition. However, current design
methods do not properly address the effects of such design parameters. In the present study, a theoratical approach
using Rankine's failure cirterion was attempted to define the failure mechanism of the punching shear. According to
the study, the failure mechanism can be classified into the compression—controlled and the tension-controlled,
depending on the amount of bottom re-bars placed at the connection, and the punching shear strength is also
significantly affected by the flexural damage of slab. Based on the finding, a new strength model of punching shear
was developed, and verified by the comparisons with existing experiments and nonlinear finite element analyses. The
comparisons show that the proposed strength model addressing the effects of various design parameters can predict
accurately the punching shear strength, compared to the existing strength models.

Keywords : flat plate, punching shear, failure mechanism, plate-column connection
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Table 1 Plate models and results

Model Li| Ly | ¢y | Vo Vanal) Uanal Model Li| Ly | cu | Vona Varal.| Vanal
(mm) |(mm) [(mm)| (KN) | 0¢7 | Vped (mm) | (mm) | (mm)| &N) | v, Vpred
E-500-500-180-0.3-0.3 | 6000 | 6000 | 22.1 | 367 | 1.23 | 1.09 |D-500-500-126-0.3-0.3| 6000 | 6000 | 17.7 193 0.99 | 0.88
E-500-500-180-0.6-0.6 | 6000 | 6000 | 31.2 | 481 161 | 1.02 |D-500-500-108-0.3-0.3| 6000 | 6000 | 155 142 0.87 | 0.78
E-500-500-180-0.9-0.9 | 6000 | 6000 | 38.2 | 566 | 1.89 | 0.98 | D-500-500-90-0.3-0.3 | 6000 | 6000 | 13.3 100 075 | 0.67
E-500-500-180-1.2-1.2 | 6000 | 6000 | 44.0 | 640 | 2.14 | 0.96 |C-700-300-180-0.9-0.9]| 6000 | 6000 | 11.1 561 1.88 | 097
U-500~-500-180-0.3-0.15] 6000 | 6000 | 194 | 256 | 0.86 | 0.87 |C-600-400-180-0.9-0.9| 6000 | 6000 | 38.2 593 199 | 1.03
U-500-500-180-0.6-0.3 | 6000 | 6000 | 29.8 | 387 | 1.30 | 0.86 [C-500-500-180-0.9-0.9{ 6000 | 6000 | 38.2 566 1.89 | 0.98
U-500-500-180-0.9-0.45| 6000 | 6000 | 38.9 | 492 1.64 | 0.83 |B-400-400-180-0.9-0.9] 6000 | 6000 | 38.2 529 2.10 | 1.08
U-500-500-180-1.2-0.6 | 6000 | 6000 | 474 | 576 | 1.93 | 0.80 |B-500-500-180-0.9-0.9| 6000 | 6000 | 38.2 566 1.89 | 0.98
C-700-300-180-0.6-06 | 6000 | 6000 | 31.2 | 494 | 1.65 | 1.04 |B-600-600-180-0.9-0.9] 6000 | 6000 | 38.2 610 1.77 | 091
C-600-400-180-0.6-0.6 | 6000 | 6000 | 31.2 | 493 | 1.65 | 1.04 |B-700-700-180-0.9-0.9| 6000 | 6000 | 382 | 645 1.65 | 0.8
C-500-500-180-0.6-0.6 | 6000 | 6000 | 31.2 | 481 | 1.61 | 1.02 |D-500-500-144-09-09| 6000 | 6000 | 38.2 | 404 1.83 | 091
B-400-400-180-0.6-0.6 | 6000 | 6000 | 31.2 | 459 | 1.82 | 1.15 |D-500-500-126-0.9-0.9| 6000 | 6000 | 30.5 305 177 | 081
B-500-500-180-0.6-0.6 | 6000 | 6000 | 31.2 | 481 161 | 1.02 |D-500-500-108-0.9-0.9] 6000 | 6000 | 26.7 254 156 | 0.80
B-600-600-180-0.6-0.6 { 6000 | 6000 | 31.2 | 478 | 1.39 | 0.87 | D-500-500-90-0.9-0.9 | 6000 | 6000 | 22.9 210 158 | 0.82
B-700-700-180-0.6-0.6 | 6000 | 6000 | 31.2 | 542 | 1.38 | 0.87 |L-500-500-180-0.6-0.6] 3000 | 3000 | 19.1 511 171 | 1.08
D-500-500-144-06-0.6 | 6000 | 6000 | 25.0 | 349 | 1.53 | 0.97 {1-500-500-180-0.6-0.6]| 4000 | 4000 | 31.2 458 1.53 | 0.97
D-500-500-126-06-06 | 6000 | 6000 | 21.9 | 265 | 1.36 | 0.86 |L-500-500-180-0.6-0.6{ 5000 | 5000 | 31.2 480 1.61 1.02
D-500-500-108-06-0.6 | 6000 | 6000 | 187 | 199 | 1.22 | 0.77 |L-500-500-180-0.6-0.6| 6000 | 6000 | 31.2 481 1.61 1.02
D-500-500-90-0.6-06 | 6000 | 6000} 156 | 149 | 1.12 | 0.71 JL-500-500-180-0.6-0.6] 7000 | 7000 | 31.2 467 156 | 0.99
C-700-300-180-0.3-0.3 | 6000 { 6000 | 31.2 | 339 | 1.13 | 1.01 {L-500-500-180-0.6-0.6] 8000 | 8000 | 31.2 442 148 | 0.93
C-600-400-180-0.3-0.3 | 6000 | 6000 | 22.1 | 346 | 1.16 | 1.03 |L-500-500-180-0.6-0.6) 8000 | 4000 | 31.2 415 1.39 | 0.88
C-500-500-180-0.3-0.3 | 6000 | 6000 | 22.1 | 367 | 1.23 | 1.09 |L-500-500-180-06-0.6] 7000 | 5000 | 31.2 476 159 | 1.01
B-400-400-180-0.3-0.3 [ 6000 | 6000 | 22.1 | 359 | 1.42 | 1.27 JL-500-500-180-0.6-0.6| 6000 | 6000 | 31.2 431 1.61 1.02
B-500-500-180-0.3-0.3 | 6000 | 6000 | 22.1 | 367 | 1.23 | 1.09 | N-500-500-180-0.3-0 | 6000 | 6000 | 13.5 105 035 | 1.05
B-600-600-180-0.3-0.3 | 6000 | 6000 | 22.1 | 375 | 1.09 | 0.97 | N-500-500-180-0.6-0 | 6000 | 6000 | 27.0 190 063 | 095
B-700-700-180-0.3-0.3 | 6000 | 6000 | 22.1 | 392 | 1.00 | 0.89 | N-500-500-180-0.9-0 | 6000 | 6000 | 40.5 273 091 | 091
D-500-500-144-0.3-0.3 | 6000 | 6000 | 22.1 | 248 | 1.09 | 097 | N-500-500-180-1.2-0 | 6000 | 6000 | 54.0 330 1.10 | 0.83
Mean - - - - - - - - - - - 144 | 095
Standard deviation - - - - - - - - - - - 0.387 | 0.113
U Shear strength specified in current design provisions of KCL v,20.33V £~ (MPa)
? Shear strength predicted by the proposed method, Egs. (7) and (13)
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Fig. 4 Vanations of shear strength with boundary conditions and reinforcement ratios
(p) @ p=103; b) p=06; and (c) p= 1.2 percent
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E-500-500-180-0.3-0.3 | Continuous 40.7 1.23 +
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Fig. 16 Prediction of shear strength for experiments
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Table 3 Dimensions and properties of specimens, and strength prediction

Specimen L, Ly| ¢ Cy St Iy R(;z]éorz:;r;%gnt d vez{; . Ueg). U(ez()p. Ue(xﬁ;; Uexp. Fajlm('ee)

(mm) | (mm) | (mm) | (mm) | (MPa) | (MPa)| Top | Bottom | (mm)| ¥ UBS | Vcomp.| Utem. | Upred. |mode
251-1 305|305 76 | 76 [ 276 | 302 001 | 0005 | 38 | 193 [ 221 | 102 | 117 | 117 | T
351-2 | 457 | 457 | 114 [ 114 | 229 [ 302 | 001 | 0005 | 38 | 1690 | 214 | 094 | 099. | 099 | T
451-3]610 | 610 | 152 | 152 [ 207 | 296 | 001 ]| 0005 | 38 [ 155 [ 210 [ 092 | 094 | 094 | T
3C1-4] 457 | 457 [ 114 [ 114 [ 220 | 296 [ 001 | 0005 [ 38 [ 216 | 274 | 124 | 127 | 127 | T
516515 ]914 {914 [ 229 [ 229 [ 212 [ 296 [ 001 | 0005 | 38 | 165 [ 242 | 114 | 118 | 118 | T
Vanderbilt™ Moy =6 7919 [1219] 305 | 305 | 205 | 295 | 0.01 | 0005 | 38 | 149 | 229 | 123 | 125 | 125 | T
6C1-9 897 | 897 | 224 | 224 | 257 | 301 | 001 ] 0005 | 38 | 1.87 | 273 | 110 | 111 | L1 T
2C1-11]305 | 305 76 | 76 | 200 ] 386 | 0.01 | 0005 | 38 | 207 | 236 | 089 | 091 | 091 T
401-12] 616 | 616 | 154 | 154 [ 222 | 387 001 ] 0005 | 38 | 210 [ 28 | 105 | 107 | 107 | T
8C1-13]1207 112071 302 [ 302 [ 240 | 386 [ 001 | 0005 | 38 | 156 | 238 | 104 | 107 | 110 | T
la |1829]1829) 254 | 254 | 138 | 316 [0013] 00067 [ 114 | 146 | 144 | 102 | 042 | 102 C
1b [1829]1829] 254 | 254 | 241 | 316 |0.013] 00067 | 114 ] 133 | 131 | 089 | 050 | 0.89 C
1c |1820]1829] 254 | 254 | 276 | 316 [0.013] 0.0067 | 114 | 121 | 120 | 081 | 049 | 081 C
1d [1820]1829] 254 [ 254 | 345 | 316 [0.013] 00067 | 114 | 1.07 | 106 | 071 | 049 | 071 C
le |1829]1829] 254 | 254 | 207 | 316 | 0.013] 00067 | 114 | 140 | 138 | 095 | 049 | 095 C
5 2a [1829]1829] 254 | 254 [ 138 | 316 |0.026] 0013 [ 114 ] 161 | 1.26 | 085 | 023 | 08 C
Elstner 2b 18291829 254 | 254 | 241 | 316 |0.026] 0013 [114 ] 146 | 114 | 073 | 028 | 073 C
2c 18291829 254 [ 254 [ 345 | 316 [0.026] 0013 [114] 142 [ 112 | 069 | 032 | 073 C
7a2 |18291829| 254 | 254 | 276 | 316 |0.026] 0013 | 114 | 174 | 137 | 086 | 035 | 086 C
4 11829]18209] 356 | 356 | 24.1 | 316 [0.013] 00067 [ 114 | 114 | 123 | 080 | 045 | 080 C
9 J1829]1829] 254 [ 254 [ 241 | 316 |0026] 0013 | 114 | 162 | 127 | 081 | 031 | 081 C
10 {1829[1829] 356 [ 356 | 24.1 | 316 [0.026] 0013 [114] 140 [ 120 | 073 | 028 | 073 c
1 [1800]1800] 250 | 250 | 26.4 | 456 [0.008] 0006 | 90 | 112 | 140 | og2 | 043 | 082 C
Author 2 [1800]1800] 250 [ 250 | 279 | 466 |0.015] 0013 | 90 | 149 | 150 | 083 | 028 | 083 C
3 [1800]1800] 250 | 250 | 286 | 484 | 0.008] 0.006 | 130 | 128 | 147 | 112 | 050 | 112 c
(Park) 4 [1800]1800] 640 [ 160 | 286 | 484 |0.008] 0006 | 130 | 111 | 161 | 113 | 051 [ 113 c
5 [1800]1800] 400 | 400 | 26.4 | 484 |0.008| 0006 | 130 | 114 | 148 | 106 | 046 | 1.06 C
s1-60 [ 18301830 ] 254 | 254 | 233 | 399 [0.0083] © 152 135 | 156 | 105 | 124 | 124 | T
s2-60 [1830]1830] 254 | 254 [ 220 | 399 0012 © 152127 | 130 ] 073 [ o5 | o5 | T
Moe!® | s1-70 [ 183011830 254 | 254 | 245 | 482 |o0083] 0 152133 | 154 | 092 | 099 | 099 | T
s5-60 | 1830|1830 ] 254 | 254 | 222 | 300 Jo.0083] © 152122 [ 141 [ 082 | 095 | 095 | T
s5-70 118301830 254 | 254 | 230 | 482 Jo.0083] 0 152 ] 132 | 153 | 078 | 086 | 086 T
207a |2134(2134] 356 | 356 | 203 | 430 [0013] © 203 | 1.83 | 177 | 098 | 105 | 1.05 T
207b 21342134 356 | 356 | 278 | 430 [0.013] 0 203 | 178 | 173 | 092 | 1.00 | 1.00 T
1 | 213a |2134]2134] 356 | 356 | 31.0 | 430 [0.013] © 203 | 168 | 163 | 091 | 099 | 099 T
Richart 213b |21342134] 356 | 356 | 31.3 | 430 [0.013] 0 203 | 167 | 162 | 094 [ 099 | 099 T
216a | 213412134 356 | 356 | 31.3 | 430 [0013] © 203 ] 176 | 171 | 089 | 105 | 105 T
216b | 21342134 356 | 356 | 30.8 | 430 [0.013] 0 203 178 | 173 1 093 | 105 | o5 | T

Mean 153 | 169 0.97

Standard deviation 0.326 | 0.510 0.154

:;; (3’)[‘ he ratios were calculated for gross area.
(s Shear strength of connection specified in KCI, BS 8110. . _
™ Compression-controlled and tension-controlled shear strength of connection predicted by the proposed method, Eq.

(14a), (14b), respectively.

©® ¢ = Compression-controlled failure ; T= "Tension-controlled failure.
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