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Shear Strength Model for Slab-Column Connections

Kyoung-Kyu Choi,"* Hong-Gun Park,” and Hye-Min Kim"
YSchool of Architecture, Soongsil University, Seoul 156-743, Korea
2)Dept. of Architecture, Seoul National University, Seoul 151-744, Korea

ABSTRACT On the basis of the strain-based shear strength model developed in the previous study, a strength model was devel-
oped to predict the direct punching shear capacity and unbalanced moment-carrying capacity of interior and exterior slab-column
connections. Since the connections are severely damaged by flexural cracking, punching shear was assumed to be resisted mainly
by the compression zone of the slab critical section. Considering the interaction with the compressive normal stress developed by
the flexural moment, the shear strength of the compression zone was derived on the basis of the material failure criteria of concrete
subjected to multiple stresses. As a result, shear capacity of the critical section was defined according to the degree of flexural dam-
age. Since the exterior slab-column connections have unsymmertical critical sections, the unbalanced moment-carrying capacity
was defined according to the direction of unbalanced moment. The proposed strength model was applied to existing test specimens.
The results showed that the proposed method predicted the strengths of the test specimens better than current design methods.
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Interior slab-column
connections

Load case E,,
Side Side

Exterior slab-column connections
Load case Ey,
Side Front
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transferred
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shear M,

v, % 0.33,/f", v, = max(v,;, v,,) v, =max(v,, v,,) v, = 0.33,/f",
v, ~0.33/1". v, 2033/,

Moment M =M+ M,

carrying v =Mp/M, y,=1-y

capacity %= 0.6, 7,=04, % can be changed.

Fig. 1 KCI model (eccentric shear stress model) for unbalanced moment
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Fig. 2 Principal stress failure criteria of concrete subjected to
shear-compression
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Fig. 3 Variations of normal stress and shear stress capacity
according to curvature at a cross section
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Interior slab-column connections
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for a>b:

Very = Jis Very = b/a)f,

for a<b:

Verr = @/b)fis Ve = 1

Fig. 4 Proposed strength model for unbalanced moment
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Table 1 Dimensions and properties of test specimens, and strength predictions of interior slab-column connections subjected to
unbalanced moment'*®

VG (2)
. f, P Mex 3) Mex “)
Specimens LxLyxcxc<h (mm) ¢ V. O
p *Lyxepexh ( (MPa) (%) (023 M, M, ke
S1 1829x1829x305x305x76.2 457 | 054 3 120 | 063
S2 1829 1829x305x305x76.2 35.1 0.82 3 126 | 081
Morison and Sozen | S3 1829%1829x305x305x76.2 33.9 1.09 3 .18 | 0.88
S4 1829x1829x305x305x76.2 349 | 0.68 7 .19 | 078
S5 1829x1829x305x305x76.2 35.1 0.82 15 131 0.90
1 2743x2286x229x229x88.9 273 | 0.90 25 140 | 112
Islam and Park"” 2 2743x2286x229x229x88.9 31.9 0.90 23 1.61 125
3C 2743x2286x229x229x88.9 297 | 0.90 24 1.66 1.24
8l 2896x1981x254x254x114.3 393 | 070 18 1.37 1.06
Luo and Durrani | 1 2896x1981x254x254x114.3 207 | 052 8 123 | 070
INTI 3048x2896x254x254x114.3 309 | 049 43 154 | 0.94
INT2 3048x2896x254x254x114.3 307 | 049 50 135 | 0.87
Al2 1829x1219x152x152x76.2 332 1.22 29 1.46 179
Hanson and AI3L 1829x1219x152x152x76.2 32.8 1.22 29 1.42 1.74
Hanson B16 1829x1219x305x152x76.2 30.4 1.22 29 137 1.43
C17 1829x1219x152x305x76.2 360 | 122 24 120 | 1.06
Zee and Moehle | INT 1829x1829x137x137x61.0 262 | 057 24 1.59 1.29
pan and Mochle | | 3658x3658x274x274x121.9 333 | 076 35 1.23 1.01
3 3658x3658x274x274x121.9 313 | 076 2 1.75 1.34
S1 3658x2134x305x305x152.4 234 | 065 34 1.73 1.66
Hawkins et al. 2 3658x2134x305x305x152.4 232 1.42 44 1.43 1.40
sS4 3658x2134x305x305x152.4 265 | 0.69 41 160 | 1.68
1 2690x2690x300%200x80.0 35.1 0.68 0 143 | 0091
Farhey of al 2 2690x2690x300x200x80.0 35.1 0.68 0 143 | 091
y et ak 3 2690x2690x300x200x80.0 150 | 0.68 26 130 1.09
4 2690x2690x300x120x80.0 150 | 0.68 30 1.28 147
DNY1 2896x1981x254x254x114.3 353 | 052 20 140 | 075
Durani and Du | PNY2 2896x1981x254x254x114.3 257 | 052 30 119 | 071
DNY3 2896x1981x254x254x114.3 246 | 052 24 165 | 097
DNY4 2896x1981x254x254x114.3 19.1 0.52 27 1.67 1.05
1 2896x1981x254x254x114.3 380 | 0.74 19 124 | 098
Robertson and 2C 2896x1981x254x254x114.3 330 | 0.74 21 132 1.09
D 3SE 2896x1981x254x254x114.3 440 | 074 18 132 1.00
u 4s 2896x1981x254x254x114.3 438 | 0.74 18 136 1.02
550 2896x1981x254x254x114.3 380 | 0.74 19 1.28 1.01
SMO.5 1830%1830x305x305x152.0 368 | 043 31 1.79 1.01
SM1.0 1830%1830x305x305x152.0 334 | 087 33 1.53 1.33
Ghali o al SM1.5 1830%1830x305x305x152.0 40.0 130 30 119 | 123
. DMO.5 1830x1830x305x305x152.0 44.1 0.43 20 1.87 | 097
DML.0 1830%1830x305x305x152.0 32,7 | 087 31 1.92 1.65
DMI.5 1830%1830x305x305x152.0 25 1.30 29 1.68 1.70
b2 2743x1830x244x244x81 218 | 055 28 1.53 1.07
Hwane and Mochle | D3 2743x1830%244x163x81 218 | 0.64 28 1.57 1.16
g 2 2743x1830x325x244x81 218 | 055 29 1.69 136
3 2743x1830x325x163x81 218 | 067 28 1.69 1.44
Dileer and C CDI 1900x1900x250x250x 150 40.4 1.24 90 093 | 5.17
ger and Ha0 - cpg 1900x1900%x250x250x 152 312 | 124 68 113 | 243
Cao CDS 1900x1900x250x250x 155 270 | 124 55 133 | 229
Mean - - - - 1.43 1.28
cov - - - - 0.151 | 0.540

L, = span length in the direction where unbalanced moments are considered; L, = span length in the direction perpendicular to L;; ¢y,
¢, = dimension of column section; and % = slab thickness.

@V, = direct shear force transmitted to the connection, and V,,[=(1/3 J]T b,d] nominal shear strength by KCI.

“Moment-carrying capacities predicted by the proposed method (Eq. (8)).

“Eccentric shear stress model by KCI.
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Table 2 Dimensions and properties of test specimens, and strength predictions of exterior slab-column connections subjected to
unbalanced moment®?

V (1)
Specimens C ) g 5 P My d —I-/ﬁ My o Mexp.
(mm) | (mm) | (MPa) | (MPa) (%) (kNm) | (mm) co M M
(%) n n, KCI
El 305 305 22.5 463 0.76 67.7 130 262 1.00 1.03
Hawkins et al. E2 406 406 29.5 425 1.07 | 1505 140 21.9 1.17 1.11
E3 495 203 22.6 447 1.87 | 126.1 140 27.7 0.92 1.62
Hanson and D15 152 152 31.1 365 1.50 10.5 57 19.8 1.08 1.24
Hanson
SE1 300 200 35.5 480 1.08 39.6 98 1023 | 1.01 | 106.98
SE4 200 300 26.6 480 1.08 30.5 98 1006 | 0.75 | 31.00
Regan SE7 200 300 39.8 490 1.08 31.8 98 69.9 0.68 1.80
g SE9 250 250 41.9 480 0.54 35.7 98 61.6 1.12 1.54
SE10 250 250 41.1 480 0.54 36.0 98 57.5 1.12 1.43
SE11 250 250 51.5 480 0.54 39.6 98 62.4 1.18 1.57
Falamaki and Loo| W3_B | 200 200 26.8 500 0.50 16.6 80 67.8 .12 2.02
M5B | 300 400 34.0 614 1.24 41.1 81 48.4 0.75 1.19
C/E/1 127 127 31.5 448 1.09 56 56 142 0.80 @
Stamenkovic and | C/E2 127 127 33.0 496 1.09 9.2 56 104 1.20 @
Chaoman C/E/3 127 127 34.0 496 1.09 10.1 56 46.5 1.24 2.8
P C/E/4 127 127 27.8 496 1.09 8.8 56 22.6 1.19 1.54
M/E2 | 127 127 26.7 496 1.09 8.4 56 0.0 1.12 1.16
Kane K-1 100 68 30.2 480 0.99 2.4 41 91.6 0.98 9.61
K-3 114 75 412 480 1.12 2.5 38 81.1 0.87 3.88
Z-IV(D) | 178 178 27.4 476 2.29 45.0 121 75.0 091 3.89
Z-v(l) | 267 267 34.3 474 1.52 84.6 121 87.7 1.02 6.99
ZVQ) | 267 267 40.5 474 1.72 93.6 121 92.7 1.01 10.35
Zaghlool 7Z-V3) | 267 267 38.7 475 1.75 103.6 121 103 113 | 199.42
Z-V(@d) | 267 267 35.0 437 1.52 81.4 121 0 1.06 1.02
Z-V(6) | 267 267 31.3 476 1.52 88.1 121 50.0 1.04 2.25
Z-VI(1) | 356 356 26.0 476 1.14 | 1069 121 98.8 128 | 23.18
Scavuzazo S1 152 102 38.1 379 1.03 4.7 50 62.3 0.81 1.69
IE 250 250 20.7 380 0.49 2.0 97 11.9 091 0.57
DNY1 | 250 250 35.3 372 0.49 2.4 97 21.7 0.89 0.58
Luo and Durrani | DNY2 | 250 250 25.7 372 0.49 1.9 97 30.0 0.75 0.59
DNY3 | 250 250 24.6 372 0.49 23 97 25.9 0.94 0.71
EXT1 | 250 250 312 418 0.55 23 97 133 0.85 0.54
EXT2 | 250 250 32.1 418 0.55 2.7 97 19.1 0.96 0.67
Mean - - - - - - - - 1.00 13.7
Ccov - - - - - - - - 0.159 | 291

Wy = direct shear force transmitted to connection, and VCD[=(1/3)JE b,d] nominal shear strength by KCI.
®Moment-carrying capacities predicted by the proposed method (Eq. (8)).

“Eccentric shear stress model by KCI.

“KCI model is inapplicable to slab-column connections subjected to high gravity load.

3 3 3
3 © Proposed method 3 ®Proposed method -:g @ Proposed method
25 5,25 4 OKClmodel 25
QQ_ 0 KCI model §“~ mode o © § ® OKCI model
5 2 o 2 24 & 2 o
; OOO o (e} E:j --_---_--.-.-_--.— --------------------------------- > (e}
1 — o
15 g9 o 158 8 © % oo 1.5 o©° 08
o@pP2y ~ e | gy LT
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0.5 0.5 051 @
0 " " T T 0 . T T T 0 T
0 25 50 75 100 125 0 02 0.4 0.6 0.8 1 0 0.5 1 1.5
Ve/Veo
7. (MPa) Ve'Veo
(a) Interior slab-column connections (b) Interior slab-column connections (c) Exterior slab-column connections
subjected to direct punching shear subjected to unbalanced moment subjected to unbalanced moment

Fig. 5 Strength predictions for test specimens
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