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ABSTRACT A slab-column connection is susceptible to brittle punching shear failure, which may result in the necessity of shear
reinforcement. In the present study, to investigate the earthquake resistance of newly developed lattice shear reinforcement, exper-
imental study was performed for interior slab-column connections subjected to cyclic loading. For comparison, specimens with
existing shear reinforcement method such as stud rail, shear band and stirrup were also tested. The test result showed that the struc-
tural capacity of the lattice shear reinforcement was superior to those of the existing methods and was greater than the code-spec-
ified strength. On the other hand, the existing methods did not significantly improve the shear strength of the specimens. The shear
strengths of the existing methods were much less than the code-specified shear strength.
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Table 1 Previous studies on shear-reinforcement for slab-column connection

Column . Type of . £ Remf‘iffe{)nent v | v, O vy 9| Me®1 8@ | Moy @
location Specimens shear rein-| Loading (MPa) ratio” (%) ora| v | (kNX-pm) (0/2) TR
forcement Top [Bottom| el el exp(v; = 0)
1 | No reinf. | Cyclic | 350 | 097 | 041 | 195 ] - |043 ) 130 | - 1.00
Elgabry and | 2 Stud rail | Cyclic | 337 | 097 | 041 | 192 | 1.80 [ 043 | 162 | - 125
Ghali'” 3 Stud rail | Cyclic | 390 | 1.08 | 046 | 2.06 | 167 | 081 | 142 | - 1.09
4 Stud rail | Cyclic | 408 | 122 | 0.52 | 2.11 | 149 | 0.79 | 150 | - 115
IC | No reinf, | Cyclic | 354 | 070 | 042 | 196 | - | 0.16 | 512 | 3.50 1.00
Robertson, ™ 506" | Stirup | Cyclic | 314 | 070 | 042 | 1.85 | 0.68 | 0.14 | 639 | 450 125
Kawai, Lee and P yer
Interior | Enomoto®'? 3LS Stirrup Cyclic 34 1070 ) 0421 217 ) 058 | 0.09 | 700 | 450 137
AHS | Stud rail | Cyclic | 382 | 070 [ 042 | 2.04 | 062 | 0.13 | 639 | 7.00 125
3C | No reinf. | Cyclic | 297 | 107 [ 053 | 180 | - | 022|358 | -7 1.00
lislam and Park"]  6CS Stimup | Cyclic | 282 | 107 | 0.53 | 1.75 | 1.68 | 023 | 384 | - 1.07
7CS Stirup | Cyelic | 297 | 1.07 | 0.53 | 1.80 | 140 | 022 | 417 | - 1.16
Pillai, Kirk and| 11 | No reinf. | Cyclic | 381 | 0.79 [ 079 | 204 | - ] 090 | 32 | - 1.00
Scavuzzo ™ | 3.1 Stirup | Cyclic | 37.1 | 079 | 079 | 201 | 108 | 099 | 49 | - 152
MG-2A | No reinf. | Cyclic | 316 | 197 | 1.19 | 1.85 | - | 058 | 548 | 117 1.00
Megally and | MG-3 | Stud rail | Cyclic | 33.6 [ 197 | 119 | 191 | 1.33 | 056 | 752 | 542 137
Ghali"” MG-4 | Stud rail | Cyclic | 323 | 1.97 | 1.19 | 1.88 | 1.36 | 0.86 | 76.6 | 4.64 139
MG-5 | Stud rail | Cyclic | 283 | 197 | 119 | 175 | 145 | 031 | 84.1 | 646 153
Pillai, Kirk and| 1-E | No reinf. | Cyclic | 381 | 079 | 079 | 204 | - | 061 | 466 | - 1.00
Scavuizzo™ | 3E | Stimp | Cyclic | 37.1 | 079 | 079 | 201 | 172 | 059 | 444 | - 0.95
Lim and B. | Slab 1 | No reinf. |Monotonic| 25.0 | 041 | 033 | 1.65 - 0.80 | 162 | 2.88 1.00
Edge | Rangan® | Slab 3 | Stud rail |Monotonic| 27.5 | 041 [ 0.33 | 1.73 | 1.63 | 0.85 | 204 | 3.73 1.26
1S4 | No reinf. |Monotonic| 322 | 0.80 | 040 | 1.87 | - | 0.61 | 603 | 0.85 1.00
Mortin and ; ;
hali™ JS5 | Stud rail |Monotonic| 35.8 | 0.80 | 040 | 1.97 | 1.98 | 0.88 | 86.4 | 1.81 143
JS6 | Stud rail |Monotonic] 33.9 | 0.80 | 040 | 1.92 | 139 | 0.85 | 856 | 177 142
XXX | No reinf. |Monotonic] 32.0 | 092 | 0.57 | 190 | - | 0.78 | 37.5 | 142 1.00
E;zzlkak:n‘zy’ YOOKR. | Stad rail |Monotonic| 320 | 092 | 057 | 187 | 141 [ 097 [ 462 [ 242 123
Sofiman'® | FPXXX_ | No reinf. |Monotonic| 365 | 0.92 | 057 | 199 | - | 041 | 458 | 214 1.00
HXXX-R| Stud rail |Monotonic] 36.5 | 092 | 0.57 | 191 | 137 | 0.52 | 558 | 2.85 122
_ NHI | No reinf, |Monotonic] 41.5 | 1.10 | 050 | 2.13 | - | 0.99 | 60.8 1.00
Corner Haé‘;‘;‘ﬁ,.’;‘f‘d NH3 | Stud rail |Monotonic| 364 | 1.10 | 050 | 1.99 | 1.76 | 1.05 | 584 | - 0.96
NH5 | Stud rail |Monotonic| 332 | 1.10 | 0.50 {1901 | 123 | 134 | 790 | - 130
“Flexural reinforcement in slab width ¢, +3h: p=4,/b, 4

@ y,, = Punching shear strength of concrete predicted by KCI 2003”, supposing that there is no shear reinforcement, v.; = ,/f.; /3, fa in MPa

® 1, = Punching shear strength of shear reinforcement predicted by KCI 2003%

“ v, = Applied direct punching shear

© Unbalanced moment capacity of specimens

© Drift ratio at failure or 0.8M,y,(peak strength) if the post-peak behavior was reported

7 Test-results for specimens without shear reinforcement

® The test actuator had reached its maximum stroke during cyclic loading. The actuator was repositioned to continue the test with loading in
one direction

® Test results were neglected because the deformation include slab deformation

49 Specimens consisted of an exterior panel and an interior pane
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Table 2 Properties of specimens
Specimens Type of shear reinforcement | £ (MPa) |v," (MPa)| v, MPa) | v,” (MPa) | v,/ vy V! Ve
RC-A - 22.5 1.58 - 0.64 - 0.40
LR-A1 Lattice 1 (transverse direction) 22.5 1.58 2.75 0.64 1.74 0.40
LR-A2 Lattice 2 (longitudinal direction) 22.5 1.58 2.75 0.64 1.74 0.40
SR-A Stud rail 22.5 1.58 2.58 0.64 1.63 0.40
SB-A Shear band 22.5 1.58 2.64 0.64 1.67 0.40
ST-A Stirrup 22.5 1.58 2.76 0.79 1.75 0.48
RC-B - 38.7 2.02 - 0.79 - 0.40
LR-Bl Lattice 1 (transverse direction) 38.7 2.02 2.75 0.79 1.36 0.40
LR-B2 Lattice 2 (longitudinal direction) 38.7 2.02 275 1.03>079%] 136 ]0.51 —>0.407
SR-B Stud rail 38.7 2.02 2.58 0.79 1.27 040
SB-B Shear band 38.7 2.02 2.64 0.79 1.30 0.40
ST-B Stirrup 38.7 2.02 2.76 0.79 1.37 0.40

@ Punching shear strength of concrete predicted by KCI 2003”, supposing that the specimen is not shear-reinforced v,; = A/f:; /3, fo iIn MPa
@ Punching shear strength of shear reinforcement predicted by KCI 2003

® Direct punching shear stress

® Direct punching shear stress decreased from 1.03 MPa to 0.79 MPa during testing
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Table 3 Positive and negative moments in column and middle
strips

)
M, col M+cal

M,
kN-m | M, ] p
mens | kN-m | kN-m | kN-m | kN-m G=()H2) (6)#?)‘7(2) Mcol

. + (1) @ + () @)
Spec1- Mcol M_ol Mmid A[mid

C

RC-A | 864 | 53.1 | 43.2 | 33.1 [139.5| 1.63 | 0.46
LR-A1| 855 | 54.0 | 49.0 | 33.6 | 1395 1.58 } 0.95
LR-A2| 77.6 | 67.1 | 49.0 | 374 | 144.7| 1.16 | 0.90
SR-A | 86.4 | 53.1 | 432 | 33.1 [1395| 1.63 | 0.71
SB-A | 86.4 | 53.1 | 43.2-| 33.1 [139.5| 1.63 | 0.69
ST-A | 864 | 53.1 | 43.2 | 33.1 | 1395 1.63 | 0.47
RC-B| 913 | 553 | 443 [ 339 | 146.6 | 1.65 | 048
LR-B1| 91.8 | 56.1 | 50.7 | 344 |1479| 1.64 | 0.87
LR-B2| 934 | 564 | 504 | 38.1 | 149.8 | 1.66 | 1.01
SR-B | 91.3 | 553 | 443 | 339 | 146.6 | 1.65 | 0.53
SB-B| 91.3 | 553 | 443 | 339 | 146.6 | 1.65 | 0.59
ST-B | 913 | 553 | 443 | 339 [146.6 | 1.65 | 0.64

O positive flexural strength of column strip
@ Negative flexural strength of column strip
@ Positive flexural strength of middle strip

“ Negative flexural strength of middle strip
© Total flexural strength of column strip
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Table 4 Comparison of test results and predictions

(d) SR-B

Fig. 6 Crack patterns on slab top surface

&zkel AAE Ve gtk AW WIS A %
wa o|& Hu = 80%7HA AErt WolH s

Waztoz 4|5ttt Table 4= ) EFFEAE A
3 %Y (Myp® FU WA B HEML Aot

iy

Test results Predicted strengths Comparisons of results

Specimens V_:‘l ]Mexpa) SeXp(Z) A/[ca) M1(4) “—Mﬂcxpf ©) Mxp © S Bexp70 ]

(kN ) m) (%) (kN-m) (kN-m) &=/ <%§)$(<Vs§; (?3/(10)@ ©= (IIV(‘Q =@y Z)T:S(;:)(Z)/(H)
RC-A 0.40 64.5% 1.5% 68.1 68.1 1.00 095 1.00
LR-Al 0.40 1322 7.0 58.1 1064 2,05 124 467
LR-A2 | 040 1304 49 68.1 124.8 2.02 1.04 327
SR-A 0.40 989 40 68.1 1248 1.53 0.79 267
SB-A 040 96.7 5.1 68.1 124.8 149 0.77 3.10
ST-A 048 66.1 3.0 59.0 1157 1.02 057 2.00
RC-B 040 705 | 16" 893 89.3 1.00 0.79 1.00
LR-BI 0.40 129.1 47 76.1 1396 1.83 0.93 294
LR-B2 051040, 1520 36 893 163.6 2.16 093 225
SR-B 0.40 771 5.1 89.3 163.6 1.09 047 3.19
SB-B 0.40 86.8 65 89.3 163.6 123 053 406
STB 040 938 32 89.3 1636 133 057 2.00

O Minimum value of the two maximum unbalanced moments for the positive and negative loadings

D Maximum drift ratio

® Unbalanced moment capacity of connections without shear reinforcement, predicted by KCI 2003

“ Unbalanced moment capacity of connections, predicted by KCI 2003°

® Ratio of strength of shear-reinforced specimen to that of shear-unreinforced specimen RC-A(Group A) or RC-B(Group B)

© Ratio of test result to shear strength predicted by KCI 2003%

@ Ratio of maximum drift ratio of shear-reinforced specimen to that of shear-unreinforced specimen RC-A(Group A) or RC-B(Group B)
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