Journal of the Korea Concrete Institute
Vol. 23, No. 2, pp. 159~168, April, 2011
DOI 10.4334/JKCI1.2011.23.2.159

AL — = =L -7 =] ec
MotEZ S BV |S LS HEs 3 7| =m0 cist 7 Moz 2
HA7" - AMe - Ase) - uea’
"gask A% 2 gska A%

Direct Punching Shear Strength Model for Interior Slab-Column
Connections and Column Footings with Shear Reinforcement

Kyoung-Kyu Choi,"”* Sug-Hwan Kim," Dong-Hoon Kim," and Hong-Gun Park”
YSchool of Architecture, Soongsil University, Seoul 156-743, Korea
2)Dept. of Architecture, Seoul National University, Seoul 151-742, Korea

ABSTRACT In the present study, an improved design method was developed for the punching shear strength of interior slab-
column connections and column footings with and without shear reinforcement. In the evaluation of the punching shear strength,
the possible failure mechanisms of the connections and column footings were considered. The considered failures modes were
inclined tensile cracking of concrete, yielding of shear re-bars, and concrete crushing of compression zone/strut. The punching shear
applied to the concrete critical section was assumed to be resisted mainly by the compression zone. The punching shear strength
of the concrete compression zone was evaluated based on the material failure criteria of the concrete subjected to the compressive
normal stress and shear stress. For verification of the proposed design method, its prediction was compared with the existing test
results. The result showed that the proposed method predicted the strengths of the test specimens better than the current design
methods of the KCI code for both the shear reinforced and unreinforced cases.
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(a) Stirrups

(b) Stud-shear reinforcement

Fig. 1 Various shear reinforcement methods used in slab-
column connections?
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Fig. 2 Possible failure modes at slab-column connections with shear reinforcement”
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Fig. 3 Existing design methods for direct punching shear
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Table 1 Specimen properties of slab-column connections without shear reinforcement, and strength predictions

. m No. of c1(cz)(” @ Vesp. Ve, @)

Investigators specimens (mm) a2 (MPa) d (mm) 2, (%) T:d_ Tcp]_
Hallgren and Kinnunen 7 250 84.1-108.8 194-202 0.3-1.2 1.12-1.33 0.54-0.97
Tomaszewicz 13 100-200 64.3-119.0 88-275 1.5-2.6 1.25-1.59 1.26-1.65
Ramdane, Regan et al. 15 150 32.9-101.6 98-102 0.6-1.3 1.06-1.50 0.77-1.55
Marzouk and Hussein 15 150-300 42.0-80.0 70-125 0.4-2.1 1.11-1.66 0.70-1.68
Lovrovich and McLean 4 100 393 83 1.7 0.85-1.34 1.09-1.72
Tolf 8 125-250 22.9-28.6 98-200 0.4-0.8 1.08-1.35 0.82-1.47
Regan 23 54-200 9.5-42.6 64-200 0.8-2.4 0.92-1.40 1.08-1.66
Swamy and Ali 2 150 37.4-40.1 100 0.6-0.7 1.11-1.21 0.94-1.09
Marti et al. Pralong et al. 2 300 26.2-34.6 143-171 1.2-1.5 1.24-1.32 1.23-1.38
Schaefers 2 210 23.1-23.3 113-170 0.6-0.8 1.32-1.57 1.18-1.30
Ladner et al. Schaeidt et al., Ladner 6 100-500 27.9-33.5 80-240 1.2-1.8 1.17-1.57 1.38-1.75
Corley and Hawkins 2 203-254 444 111 1.0-1.5 0.91-0.92 0.86-0.93
Moe 14 152-305 20.5-35.2 114 1.1-2.6 0.87-1.51 1.13-1.64
Kinnunen and Nylander 12 150-300 24.6-31.4 117-128 0.5-2.1 1.07-1.34 0.78-1.63
Elstner and Hognestad 24 254-356 10.2-40.4 114-121 0.5-6.9 0.86-1.55 0.58-2.08
Park and Choi 250-640 26.4-28.6 90-130 1.0-2.0 1.20-1.48 1.12-1.49
Teng et al. 5 200 33.0-40.2 120 1.1-1.2 1.05-1.36 1.05-1.38
Bernaert and Puech 20 203 14.0-41.4 102-124 1.0-1.9 0.87-1.51 0.87-1.92
Manterola 12 100450 24.2-39.7 107 0.5-1.4 0.90-1.32 0.65-1.45
Yitzhaki 16 119-300 9.8-21.6 78-82 0.5-8.5 1.09-1.96 1.21-1.91

Mean 1.27 1.34

COvV 0.152 0.232

(I)Specimen 4 of Park and Choi, and OC13, OC13-1.6, OC13-0.63, and OC 15 of Teng et al., had rectangular column-sections. The oth-

ers had square or circular column-sections.

For the circular column-sections, ¢; = ¢,=(J/n /2)D was used, where D = diameter of circular column-section.

@f . = concrete compressive cylinder strength (= 0.80 Jecube)-

@ Strength-predlctlons by KCI (or ACI 318-08)
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Table 2 Specimen properties of slab-column connections with shear reinforcement, and strength predictions

. 112936 No. of c/(c " d , (%) or Vo Vo, oy | Failure
Investigators ) specimens (ril(mz)) (MPka) (mm) P %) xff‘y( (I)VIN) Vpe:;pd_ V: :1. i mode”
Graf 6 200-300{ 14.4-16.4|270-470| 0.54-2.34 | 0.00366-0.01184 | 1.26-1.82 | 0.87-146 | O
Keefe 2 150 [25.0-263| 110 3.10 0.0087 0.96-1.00 | 1.71-1.75 | C
Elstner and Hognestad 9 250 [13.8-44.8| 110 | 144-114| 0.00073-0.00513 | 0.99-1.93 [ 0.92-1.50| O
Moe 1 200 23.0 100 2.14 0.00072 1.54 1.30 0
Andersson 20 150-300 | 20.8-28.4 | 120-130{0.72-12.63|  0.00034-0.00370 | 0.81-1.63 | 0.83-1.64 | 1/O/C
Franz 13 210 [19.8-269| 130 |0.39-3.34| 0.00020-0.00123 | 0.74-1.21 | 0.99-1.81 | 1/O/C
Narasiham 1 310 334 140 2.92 0.00242 1.70 1.17 0
Petcu and Stanculescu 9 200 [20.4-32.1[110-210| 1.09-4.70 | 0.00074-0.00325 | 0.90-1.61 | 0.79-1.17| O
Marti et al. 1 300 34.0 150 0.79 0.00040 1.16 1.81 I
Sunquist 4 40-250 [20.6-26.8| 170 |4.37-797 | 0.00227-0.00256 | 1.00-131 | 093-1.12 | O/C
Seible et al. 3 310 33.6 120 |133-242| 0.00056-0.00102 | 1.12-1.24 | 0.99-1.14| O
Swamy and Ali 2 150 31.7 100 |3.17-4.16 |  0.00069-0.00086 | 1.13-1.21 | 1.19-127| O
Pral et al., Muller et al. 2 300 [30.0-329| 150 |2.62-4.96| 0.00120-0.00240 | 0.86-1.38 | 0.84-141| O
Hallgren and Kinnunen 2 250 [85.0-92.4| 200 |6.76-848| 0.00455-0.00569 | 1.17-122 | 0.78-094| O
Broms 6 250 [14.6-237| 150 |3.09-4.73| 0.00113-0.00245 | 0.86-1.88 | 0.89-2.06 | O/C
Lovrovich and Mc Lean 5 100 389 80 [0.95-34.45| 0.00019-0.00698 | 1.22-2.56 | 1.56-3.11 | O
Regan 1 600 354 260 1.15 0.00181 1.20 1.03 0
Kinnunen et al. 2 800 |26.3-26.7| 670 | 0.94-0.95 0.00814 1.55 123 0
Tolf et al. 8 130-250|20.4-22.3 | 100-200| 1.25-2.65 |  0.00016-0.00126 | 0.94-1.17 | 0.79-1.34 | O/C
Chana and Desai 12 300-400|22.7-32.0{ 190-210{0.39-11.45|  0.00040-0.00943 | 1.18-2.08 | 1.12-2.86 | 1/O
Yamada et al. 11 300 [16.0-19.5| 170 |047-421| 0.00042-0.00398 | 1.15-2.04 | 1.08-2.54 | T/O
Chana 3 300 [29.0-31.1] 190 0.84 0.00101 120-1.54 | 1.15-149 | O
Marzouk and Jiang 3 250 [68.0-74.0| 120 [433-1225| 0.00157-0.00444 | 0.79-1.19 | 0.56-0.82| O
Beutel and Hegger 10 400-320(23.2-46.3 [ 190-230| 0.76-2.63 |  0.00060-0.00226 | 1.27-1.58 | 0.96-2.19 | T/O
Lee et al. 5 290-400 | 60.3-66.3 | 160-230| 0.59-2.09 |  0.00080-0.00126 | 1.10-1.47 | 1.70-1.81 | T/O
Olivera et al. 9 120 [60.0-66.3 [100-110| 0.75-7.04 | 0.00016-0.00103 | 0.89-1.25 | 1.01-1.64 | T/O
Sherif and Dilger 1 250 33.0 114 14 0217 1.20 1.39 I
Mokhtar et al. 7 250 [23.0-41.0| 1214 1.24 0.119-0.279” 0.90-123 | 1.24-1.93 I
Pilakoutas and Li 3 200 [39.0-422| 139 0.72 0.536-0.894" 0.80-0.85 [ 0.93-099 | C
Adetta and Polak 3 150 41.0 90 0.88 0.216” 0.85-1.04 | 1.07-1.34 | 1/O/C
Langohr et al. 4 305 276 127 1.14 0.185-0.370" 0.80-1.06 | 0.84-1.13| O
Seible et al. 7 305 33.6 121 1.17 0.26-0.61" 0.91-1.01 [ 090-136 | O
Van der Voet et al. 6 250 [29.0-37.1| 114 1.46 0.096-0.53" 0.89-125 | 1.042.04 | 1O
Broms 6 250 [17.0-24.0( 150 | 0.58-1.11 0.41-0.80" 090-1.71 | 0.88-2.03 | C
Mean 1.20 1.32
cov 0.238 0311

OStrength-predictions by KCI (or ACI 318-08)

@Predicted failure mode by proposed method: I - punching failure inside shear reinforced zone ; O - punching failure outside shear rein-
forced zone; and C - concrete compression crushing

“Contribution of shear reinforcement, Aty (MPa).
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Table 3 Specimen properties of column footings, and strength predictions

: No. of ) ) d : : . Support | Vo | Ve @
Investigators specimens (mm) (mm) (mm) JeMPa) | /7, (MPa) pr (%) condition Vp u V voa®
red. pred.
theig% 5 150 900 150 17.630.7 548 062-1.03 | Sand 128-1.64 | 149233
Hegeer 13 200 |1,200-1,800| 250-470 | 19.0-38.1 552 087-001 | S /Car | 1o 106 | 107226
et al. spring
Richart™” 63 150-300 900 200400 | 13.9-348 | 384-571 | 020-125 | Car spring | 131-2.08 | 0.89-2.05
Mean 1.62 1.47
cov 0.128 0.196

" Soil pressure applied inside the area of critical section(A,) was neglected (Hegger et al.’”)

@ Strength-predictions by ACI 318-08"
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Fig. 7 Strength predictions by proposed method for existing
test specimens (slab-column connections)
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Fig. 8 Strength predictions for existing test specimens by KCI
(or ACI 318-08) and proposed model (column footings)
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