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A calculation method for punching failure of slab-column connections
subjected to vertical loads and unbalanced bending moments
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Abstract: According to China’s code for design of concrete structures ( GB 50010—2010 ), the punching
calculation for slabs with unbalanced bending moments is currently based on elastic theory to calculate the
equivalent concentrated reaction force. This force is then used to evaluate the punching shear capacity of the plate-
column joint under the action of vertical loads only. However, previous studies have revealed that the shear stress
along the control perimeter exhibits plastic characteristics when the slab with unbalanced bending moments reaches
its ultimate state. Therefore, to address the limitation of elastic methods in neglecting the plastic behavior of slabs,
this paper presents a formula for calculating the punching of slabs with unbalanced bending moments, considering
the influence of plasticity on shear stress. Initially, to assess the plastic development of shear stress along the
control perimeter when slabs with unbalanced bending moments undergo shear failure, the ratio of the maximum
shear stress along the control perimeter calculated by elastic methods in slabs with vertical loads and unbalanced
bending moments to the ultimate shear stress along the control perimeter in slabs with vertical loads only is defined
as the plastic development coefficient. Subsequently, through analysis of 76 sets of punching test data of slabs
under the combined action of vertical load and unbalanced bending moment, it was observed that the plastic
development coefficient decreases with the increase of concrete tensile strength, while the ratio of the eccentric
shear stress induced by unbalanced bending moment to the average shear stress induced by vertical load increases.

Consequently, by considering concrete tensile strength and shear stress ratio as the two horizontal coordinates and
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the plastic development coefficient as the vertical axis, the relationship between the three was fitted. Finally, the

method for calculating the equivalent concentrated reaction force for slabs with unbalanced bending moments is

revised to plastic theory, utilizing the derived formula for calculating the plastic development coefficient.

Keywords: slab-column connections; unbalanced bending moments; shear stress; plasticity; punching capacity
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Fig.1 Calculation model of punching capacity of the slab
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Fig.2  Eccentric shear stress caused by imbalanced bending

moments calculated based on elastic theory
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Fig.3  Superposition of shear stresses caused by vertical load and from imbalanced bending moments
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Fig.4 Parameter distribution of punching experimental data for slabs under combined vertical loads and imbalanced moments
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Fig.5 Parameter influence analysis on plastic development coefficient
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Tab.1 Comparison of prediction results using different calculation methods
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Fig.7 Ratio of experimental values of equivalent concentrated reaction force to calculated values from various punching capacity

formulas as a function of concreteaxial tensile strength
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Fig.8 Ratio of the experimental values of equivalent concentrated reaction force to calculated values various punching capacity

formulas as a function of stress ratio
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Tab. A1 Punching database of slabs under combined vertical loads and undirectional imbalanced moments
T — ¢/ hy/ 1/ 4 Pu’ Py Pie’ Pr,/ 5/ V., M,/
mm  mm  MPa  MPa % % % % MPa kN (kN+m)
S05-06 250 150 35.4 3.27 0.55 0.55 0 0 460 323.8 111.9
ARz S05-07 250 150 34.8 3.24 0.55 0.55 0 0 460 370.3 91.8
S05-08 250 150 32.9 3.14 0.55 0.55 0 0 460 413.6 55.3
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— - % hy/ £/ £/ A WA WA WA ¥ v,/ M,/
mm mm  MPa  MPa % % % % MPa kN (kN+m)
N.H.L.S.0.5 250 119 396 3.47 050 0.5 040 0.40 460  266.2 4.4
Marzouk 4% N.N.H.S8.1.0 250 119 338 318 1.0 1.00 040 040 460  163.6 117.5
N.H.H.S.0.5 250 19 320 309 05 050 040 040 460  164.3 97.8
N.H.H.S.1.0 250 119 331 315 1.00 1.00 040 0.40 460  250.3 116.1
Marzouk %24 H.H.H.S.0.5 250 119 66.0 460 0.5 0.50 040  0.40 460  200.2 118.0
H.H.H.S.1.0 250 119 658 459 1.00 1.00 0.40 0.40 460  262.4 132.6
Al 152 57 28.8 292 163 163 1.63 1.6 365 5.7 2.3
A2 152 57 3.4 3.06 1.63 1.6 1.63 1.63 372 26.9 20.5
Hanson %518 A2 152 57 29.7 297 1.6 163 1.63 163 376 4.8 24.3
AL 152 57 3.6 3.07 163 1.63 1.63 1.63 374 4.8 23.8
A6C 152 57 2.8 313 1.3 1.6 1.63 1.6 368 4.6 17.0
A9 152 57 2.7 313 1.3 1.6 1.63 1.63 369 62.9 0.7
/12 127 56 28.2 2.8 117 117 117 117 434 62.2 10.5
Stamenkovic 2] /3 127 56 242 265 117 117 117 117 434 33.8 13.6
C/1/4 127 56 23.8 263 117 117 117 117 434 20.9 16.7
1 229 70 259 275 114 114 057 0.57 3% 35.6 30.5
Islam 2520 2 229 70 303 3.00 1.14 114 057 05 34 35.6 37.7
3C 229 70 282 2.8 1.4 114 05 05 316 35.8 35.8
Elgabry 45177] 1 250 e 3.8 313 1.10 110 0.43 043 452  150.0 130.0
s1 300 117 4.0 3.5 1.20 120 0.5 0.5 459  128.1 145.0
Honeking 25151 2 300 17 329 314 0.8 0.8 049 049 45 1423 88.0
S3 300 17 3.0 3.0 05 0.5 040 040 458  138.8 53.7
s4 300 117 328 313 120 120 0.5 0.5 459  149.9 125.0
cl 250 79 157 2.09 051 051 0.5 0.5 328 30.4 30.1
Q 250 79 153 206 051 051 051 051 328 46.5 35.9
) a3 250 77 24.4 266 1.27 127 121 1.21 353 39.4 5.2
4 300 77 250 270  0.82 0.8 0.8 0.8 353 54.8 44.9
s 300 79 254 272 079 079 079 079 328 41.1 32.6
Bl 350 120 159 210 052 052 032 0.5 333 30.5 109.5
Pty 0 B2 350 120 37.2 336 0.9 0.9 0% 0% 319 30.5 194.6
B3 350 nus 262 277 077 077 077 077 340 30.5 174.4
C-50 250 18 455 375 045 0.9 031 067 526  203.4 80.4
Almeida %31 €40 250 118  46.0 3.77 045 0.9 031 0.67 526  167.4 110.5
C-30 250 118 548 415 045 0.9 031 067 526 1313 130.7
park AL RC-A 300 14 2.4 248  1.06 1.06 0.79 0.79 430  133.6 64.5
RC-B 300 114 358 329 1.06 106 079 079 430  159.6 70.5
LC-S2-C5 250 70 247 268 1.17 117 0.9 0.9 410 61.2 28.9
Rha £33 LM-82-C5 250 70 247 268 0.40 040 0.13 0.13 410 61.2 37.5
LM-$3-C5 250 70 247 268 0.40 040 0.93 0.13 410 61.2 33.9
Kang 25034 o)) 250 130 357 328 052 052 020 020 452  125.0 103.0
DNY-1 254 97 3.1 315 0.5 0.5 0 0 372 68.5 41.2
Dusrani 2507 DNY-2 254 97 4.4 266 0.5 0.5 0 0 37 85.4 33.4
DNY-3 254 97 23.4 260 0.5 0.5 0 0 372 50.7 48.4
DNY4 254 97 18.1 22 0.5 0.5 0 0 3R 5.9 4.1
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K AL(EE)
— - o/ ho/ 1/ £/ VA AR A WA ¥ v,/ M,/
mm mm  MPa  MPa % % % % MPa kN (kN+m)
1 254 97 3.2 326 0.8 0.8 0.8 0.8 501 45.4 64.7
2C 254 97 3.2 3.05 0.8 0.8 0.8 0.8 501 4.5 66.2
3SE 254 97 39.7 348 0.8 0.8 0.8 0.8 301 4.3 7.3
Robertson 48 254 97 39.6  3.47  0.83 0.8 0.8  0.83 501 4.0 74.0
e 550 254 97 3.2 326 0.8 0.8 0.8 0.8 501 4.9 66.8
6LL 254 97 30.6 3.2 0.8 0.8 0.8 0.8 525 125.0 25.6
7L 254 97 29.3 2.9 0.8 0.8 0.8 08 325 85.4 39.9
8l 254 2 3.2 331 0.8 0.8 08 0.8 55 47.1 66.7
API 274 103 329 314 08 08 029 0.29 103.7 57.4
pan 257 AP2 274 103 320 3.0 08 0.8 029 029 48  111.2 41.5
AP3 274 103 328 313 08 0.8 029 029 484 53.4 88.5
AP4 274 103 295 295 0.8 0.8 029 029 484 48.9 74.9
0.5 305 120 33 321 05 050 017 017 416 129.0 100.0
Ghali 23] S1.0 305 120 3.5 306 1.00 100 033 033 476 129.0 128.0
S1.5 305 120 3.8 33 1.5 150 0.5 050 476 129.0 133.0
AL SP-A 355 111 3.1 3.04 111 L1l 065 0.65 45 117.0 171.3
SP-B 355 111 2.1 310 L1l 111 065 0.65 415 117.0 140.8
RCI 350 122 303 3.0 08 08 08 0.8l 21 1710 124.4
—e RC2 350 122 325 312 08 08 08 0.8l 21 254.0 9.5
RC3 350 123 299 29 08 08 08 08 41 3155 76.3
RC4 350 122 3.3 305 061 0.6 06 061 421 1741 9.8
Huangl® 12 244 67 20.7 243 0.63 0.63 025 025 44 37.0 20.4
b3 244 67 207 243 073 073 034 034  4M4 29.0 24.7
1, ] 2 400 65 239 263 121 121 121 1.21 378 33.7 25.7
1C3 400 7 29.9 298 065 0.65 065 065 315 20.0 26.7
Tian 2] 10.5 127 243 266 050 0.5 030 030 469  105.0 128.0
Zee 2514 INT 140 52 4.0 3.5 065 065 052 052 435 28.8 10.3
Wey 2514 SCo 254 97 6.2 331 0.8 0.8 012 0.12 525 66.3 62.0
Stark &E[4] C-02 305 82 29.4 29 118 118 051 0.5 454 9.0 4.6
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