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Calculation method for punching capacity of slab-column connections
considering bending shear correlation
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Abstract: For slab-column connections subjected to vertical loads and unbalanced bending moments, the
unbalanced bending moment is typically equated to vertical loads in most existing methods for calculating their
punching capacity. However, there is significant controversy regarding the calculation of the unbalanced bending
moment ratio coefficient in existing methods, and the coupling effect between vertical loads and unbalanced bending
moments has not been adequately considered. Therefore, this paper first proposes a new equation for calculating the
punching capacity of slab-column connections under vertical loads only and validates it through comparison with
experimental results. Additionally, a novel equation for calculating the flexural capacity of slabs under unbalanced
bending moments is proposed. Based on experimental results and considering the bending-shear correlation, an
equation for calculating the punching capacity of slab-column connections under the combined action of vertical
loads and unbalanced bending moments is then derived. Finally, the proposed method is compared with various
design code methods. The results indicate that the proposed method can more accurately predict the punching
capacity of slab-column connections.

Keywords: slab-column connections; vertical load; unbalanced bending moment; punching capacity; calculation
method
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Fig.1  Schematic diagram of punching calculation model for

slab-column connections
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Fig.2 Schematic diagram of stresses on the punching cone
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Fig.3  Parabolic Mohr—Coulomb criterion
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Fig.4  Equivalent conversion of steel reinforcement area to

concrete area
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Tab.1 Punching database of slab-column connections under vertical loads
BRI K5 L/mm ho/mm ¢/mm p/ % f,/MPa f./MPa f./MPa V,/kN
S74 1 500 120 100 0.99 343.2 17.9 2.24 190.0
S74' 1 500 120 100 0.99 343.2 22.4 2.54 240.0
562 1500 170 300 0.79 343.0 41.8 3.43 660.0
563 1 500 170 300 1.19 473.6 35.4 3.23 750.0
S64 1 500 170 300 1.19 473.6 39.3 3.35 750.0
S65 1 500 170 300 1.09 384.4 39.3 3.35 635.0
566 1 500 170 300 1.09 384.4 39.3 3.35 600.0
569 1 500 120 300 2.11 384.4 39.2 3.35 540.0
S72 1 500 120 300 1.12 384.4 44.7 3.52 600.0
S75 1 500 120 100 0.99 343.2 42.8 3.46 312.0
S76 1 500 120 100 0.99 343.2 41.8 3.43 341.0
S o g 1) 589 1 000 80 100 1.12 343.2 26.8 2.80 174.0
S90 1 000 80 100 1.12 343.2 25.5 2.73 165.0
SA4-S24 2 000 75 100 1.17 384.4 34.1 3.17 160.0
SH3-S28 1 000 120 100 1.17 384.4 29.0 2.93 301.0
SH3-S29 1 000 120 100 1.17 384.4 31.1 3.04 292.0
SB1-S2 1 000 75 50 1.17 384.4 35.0 3.21 130.0
SB3-S7 1 000 75 150 1.17 384.4 32.2 3.09 220.0
SB4-S9 1 000 75 200 1.17 384.4 28.9 2.92 235.0
SC1-S16 1 000 75 100 1.18 347.1 32.3 3.09 170.0
SC4-S18 1 000 75 100 0.92 384.4 28.0 2.87 169.0
SC4-S19 1 000 75 100 0.92 384.4 28.8 2.91 160.0
SP1-S10 1 000 75 100 0.47 384.4 29.1 2.93 118.0
SP3-S12 1 000 75 100 1.55 384.4 31.9 3.08 210.0
C4 1200 96 250 1.21 256.4 18.5 2.29 249.0
C5 1 200 94 250 1.65 251.0 19.2 2.33 278.0
D3a 1200 128 250 0.98 282.4 17.8 2.23 393.0
2 [ 4112 D4a 1200 126 250 1.21 291.2 18.9 2.31 446.0
D4y 1200 123 250 1.22 299.5 22.3 2.53 460.0
D7 1 200 121 250 1.74 453.5 20.7 2.43 550.0
D8 1200 119 250 1.60 256.6 28.2 2.88 600.0
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Bl R IR [N L/mm hy/mm ¢/mm /% f,/MPa f./MPa f./MPa V,/kN

/1 1830 77 200 2.40 500.0 24.5 2.67 194.0

172 1830 77 200 1.20 500.0 22.3 2.53 176.0

/3 1830 77 200 1.40 500.0 26. 1 2.76 194.0

Regan! '3 s 1 830 79 200 1.50 480.0 26.8 2.80 165.0

/6 1830 79 200 0.80 480.0 20.8 2.44 165.0

/7 1 830 79 200 0.80 480.0 28.9 2.92 186.0

V/4 1500 118 102 0.80 628.0 33.8 3.16 285.0

S$5-1 1750 150 250 0.86 459.0 23.7 2.62 517.0

o S5-2 1750 150 250 1.28 459.0 24.9 2.69 612.0

S7-1 2 350 150 250 0.86 459.0 23.1 2.58 535.0

S72 2 350 150 250 1.28 459.0 21.4 2.48 556.0

Sl 1 500 90 250 1.06 453.0 24.6 2.67 230.0

Park 2515 S2 1 500 90 250 2.00 466.0 26.0 2.76 316.8

S3 1 500 130 250 0.98 485.0 24.6 2.67 443.2

€5-30-2 1750 150 250 1.28 604.0 25.8 2.74 692.0

€5-30-1 1750 150 250 0.86 604.0 26.4 2.78 678.0

€5-50-2 1750 150 250 1.28 604.0 34.0 3.17 855.0

€5-50-1 1 750 150 250 0.86 604.0 34.8 3.20 691.0

Sl C7-30-1 2 350 150 250 0.86 604.0 24.5 2.67 473.0
A

C7-30-2 2 350 150 250 1.28 604.0 22.6 2.55 600.0

C7-50-1 2 350 150 250 0.86 604.0 39.4 3.35 723.0

C7-50-2 2 350 150 250 1.28 604.0 35.9 3.25 801.0

C7-70-1 2 350 150 250 0.86 453.6 48.6 3.63 610.0

C7-70-2 2 350 150 250 1.28 453.6 50.1 3.67 785.0

Gosay Z:L17] AG1 2 000 157 300 1.25 583.0 26.7 2.80 495.0

€7-30-3 2 350 150 250 1.71 453.6 27.0 2.82 690.0

Jy— (7-50-3 2 350 150 250 1.71 453.6 36. 1 3.26 805.0

SH1 2 350 150 250 1.28 453.6 20.9 2.45 533.0

SL1 2 350 150 250 0.86 453.6 22.8 2.56 537.0

J-1 1200 125 250 1.06 298.2 26.0 2.76 450.4

13 1 200 125 250 0.96 298.2 26.0 2.76 427.0

o e ! 14 1 200 80 250 1.32 289.1 43.1 3.44 302. 4

15 1200 95 250 1.32 289.0 27.5 2.84 307.0

J-6 1200 95 250 1.06 278.0 27.5 2.84 306. 4

PG-1 2760 210 260 1.50 573.0 27.7 2.85 1023.0

PG-2b 2 760 210 260 0.25 552.0 38.4 3.32 440.0

PG4 2760 210 260 0.25 541.0 32.0 3.08 408.0

Guandalini %120 PG-6 1 380 96 130 1.50 526.0 34.1 3.17 238.0

PG-7 1380 100 130 0.75 550.0 34.1 3.17 241.0

PG-10 2760 210 260 0.33 577.0 28.5 2.90 540.0

PG-11 2760 210 260 0.75 570.0 34.1 3.17 763.0

$2150-1 2032 127 254 1.54 331.0 28.1 2.88 463.0

Hawkins 22! $2150-2 2032 127 254 1.56 331.0 28.6 2.90 440.0

$4150-1 2 286 127 508 1.52 331.0 33.2 3.13 579.0

Birkle 412 10 3 800 260 350 1.10 524.0 28.9 2.92 1 046.0

7 3 000 190 300 1.30 531.0 32.0 3.08 825.0

A-1 1200 93 200 1.24 325.5 29.5 2.95 274.0

———— A2 1 200 93 200 1.32 325.5 31.4 3.05 277.0

A3 1200 93 200 1.32 325.5 21.2 2.46 249.0

A4 1200 93 200 0.91 325.5 29.5 2.95 240.0
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®1(%)
Bl e N L/mm hy/mm ¢/mm p/ % f,/MPa f./MPa f./MPa V,/kN
Theodorakopoulos %124 FS-19 1 690 100 150 0.37 460.0 29.5 2.95 136.5
20-1/2As-2 1 300 95 150 0.55 294.0 29.9 2.98 164.6
20-As-1 1300 95 150 0.55 294.0 22.9 2.57 176.0
20-As-2 1300 95 150 0.55 294.0 22.9 2.57 166. 6
40-1/2As3 1300 95 150 0.55 294.0 28.6 2.90 216.0
T 225 40-As-1 1300 95 150 0.55 294.0 22.5 2.55 186.3
40-As-2 1300 95 150 0.55 294.0 22.5 2.55 201.0
40-1/2As-1 1300 95 150 0.55 294.0 25.2 2.71 176.6
40-1/2As2 1300 95 150 0.55 294.0 25.2 2.71 162.0
40-As-3 1 300 95 150 0.55 294.0 28.6 2.90 218.5
BAN105 2 000 168 200 0.50 490.0 30.2 3.00 586.6
s a9 BAN105 (1) 2 000 168 200 0.50 490.0 28.3 2.89 522.3
BAN113 2 000 164 200 1.30 507.0 29.8 2.97 805.3
BAN113(1) 2 000 164 200 1.30 507.0 26.7 2.80 796.8
L1 1570 172 202 0.46 621.0 31.0 3.03 503.0
12 1570 176 202 0.45 621.0 31.0 3.03 537.0
13 1 570 173 201 0.45 621.0 31.0 3.03 530.0
14 1770 170 402 0.67 612.0 31.0 3.03 686.0
Sistonen %:127] 5 1770 172 399 0.66 612.0 31.0 3.03 696.0
L7 1770 177 201 0.64 586.0 22.9 2.57 478.0
18 2270 174 899 1.16 576.0 22.9 2.57 1111.0
L9 2270 172 897 1.17 576.0 22.9 2.57 1107.0
L10 2270 173 901 1.16 576.0 22.9 2.57 1079.0
P1/10.8 1 600 95 200 0.83 414.0 32.9 3.12 220.0
Talbot 2% Pd1/10.8 1 600 104 320 0.76 414.0 34.3 3.18 280.0
Pd 1/1-1.5 1 600 92 320 1.36 416.0 31.1 3.04 360.0
Binpaul 25 PEA 1413 197 260 1.59 517.0 32.9 3.12 985.0
PE3 3 560 204 260 1.54 517.0 32.2 3.09 961.0
A20-1 1200 98 250 1.57 458.4 32.2 3.09 356.0
A20-2 1200 128 250 1.20 458.4 32.9 3.12 470.0
A20-3 1200 158 250 0.97 458.4 34.3 3.18 646.0
K IT A 130 A35-1 1200 98 250 1.57 458.4 37.8 3.30 357.0
A35-2 1 200 99 250 1.14 371.0 37.8 3.30 357.0
A50-1 1200 98 250 1.57 458.4 44.3 3.51 412.0
A50-2 1 200 99 250 1. 14 371.0 44.7 3.52 354.0
NSC1 1830 163 250 0.52 435.0 31.2 3.04 479.0
Rigk 4051 NSC2 1830 158 250 2.17 433.0 32.8 3.12 678.0
NSC3 1830 105 250 0.40 450.0 32.3 3.11 228.0
HSC5 1830 138 250 2.48 433.0 56.4 3.81 788.0
Birkle 4£(32] 1 2 000 124 250 1.54 488.0 32.9 3.12 483.0
Almeida 253 SNSC 1530 105 200 1.00 523.0 33.6 3.15 289.2
Ospina %5034 SR-1 1 670 120 250 0.87 430.0 34.3 3.18 365.1
Caldentey 4155 1 2 500 200 450 1.07 575.0 34.6 3.19 974.0
2 2 500 200 450 1.07 575.0 34.9 3.21 956.0
S S1-U 2 000 109 225 0.96 445.0 34.6 3.19 301.0
S2-U 2 000 109 225 0.96 445.0 48.5 3.63 363.0
PL1 2 760 193 130 1.63 583.0 35.3 3.23 682.0
Lips[?7] P13 2 760 197 520 1.59 583.0 35.5 3.24 1324.0
PV1 2760 210 260 1.50 709.0 33.5 3.15 974.0
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B A A IR R4S L/mm hy/mm ¢/mm /% f,/MPa f./MPa f./MPa V,/kN
Dam 45138 So8C 2817 219 305 0.87 459.0 38.2 3.31 1.030.0
Bartolac %] S2-3 1 500 96 130 1.50 560.0 39.4 3.35 385.2
NS2 1500 120 150 0.94 450.0 28.5 2.90 396.0
HS13 1500 70 150 2.00 450.0 55.7 3.80 267.0
HS17 1830 120 250 1.09 490.0 55.8 3.80 590.1
HS8 1500 120 150 1.11 450.0 56.4 3.81 436.0
Marzouk %401 HS6 1500 120 150 0.94 450.0 57.1 3.83 489.0
HS3 1500 95 150 1.47 450.0 57.2 3.83 356.0
HS9 1500 120 150 1.61 450.0 59.3 3.91 543.0
HS7 1500 95 150 1.19 450.0 60.3 3.95 356.0
HS10 1500 120 150 2.33 450.0 64.1 4.08 645.0
P22 2760 196 260 0.82 552.0 57.5 3.84 989.0
PI31 2760 212 260 1.48 552.0 56.7 3.82 1433.0
Cuidoi PG20 2 760 201 260 1.56 551.0 46.5 3.57 1.094.0
PG19 2 760 206 260 0.78 510.0 43.4 3.48 860.0
PG23 2760 199 260 0.81 510.0 38.9 3.34 839.0
PG24 2760 194 260 1.61 551.0 37.8 3.30 1102.0
ND65-1-1 2 500 275 200 1.49 500.0 55.3 3.79 2 050.0
ND65-2-1 2 200 200 150 1.75 500.0 60.1 3.94 1200.0
ND95-2-3D 2 200 200 150 2.62 500.0 67.6 4.20 1250.0
ND95-1-1 2 500 275 200 1.49 500.0 70.4 4.30 2250.0
Tomasseniog!*? ND95-3-1 1100 88 100 1.84 500.0 71.6 4.34 330.0
ND95-2-1D 2 200 200 150 1.75 500.0 73.0 4.38 1.300.0
ND95-2-1 2 200 200 150 1.75 500.0 74.2 4.42 1100.0
ND95-2-3 2 200 200 150 2.62 500.0 75.3 4.46 1450.0
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Tab.2 Comparison between the test results of punching capacity and the predicted results of various calculation methods for slab-

column connections under vertical loads
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Fig.5 Evaluation of different formulas for predicting the punching capacity of slabs under vertical loads
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Fig. 6 Calculation model for slabs under unidirectional unbalanced bending moments
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Tab.3 Comparison of equivalent concentrated reaction test values and punching capacity calculation results using different methods
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Fig.8 Evaluation of different formulas for the punching capacity of slabs under vertical load and unbalanced moment
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