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Ductility of Column-Slab Joint in R/C Flat Plate System

#HEo* 101
Kim, Hyong-Kee Park, Bok-Man

ABSTRACT

The R/C flat plate system provides architectural flexibility, clear space, reduced
building height, simple formwork, which consequently enhance constructibility. One of
the serious problems in the flat plate system is brittle punching shear failure due to
transfer of shear force and unbalanced moments in column-slab joint,

Recently, the flat plate system accompanied with shear walls to resist the lateral loads
is applied to high-rise buildings. Although the flat plate system is not considered in
design as part of the lateral load-resisting system, it is required that this system keeps
the ductile behavior for the lateral displacement of the building. However, it is unclear
whether the column-slab Jjoint possesses ductility enough to survive the lateral
deformation.

The objective of this paper is to investigate the major parameters that influence the
ductility of R/C flat plate system by examining the existing experiments on column-slab
joint. The effects of gravity load and shear reinforcement on the ductility of the flat
plate system are presented.

Keywords: fiat plate system, column-slab joint, ductility, lateral load, punching shear failure
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Fig. 1(b) Lateral loading pattern (Type 1)
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Table 1 Data of experimental specimens and summary of test results

Type of

7 Shear Failure
(Du/Dy) Reinfor~| Mode 8
cement *

Resear- " fe P KA 9 P
chers Label (kef/em) | (%) (%) (kef/cw) VIV | D(%) | Du%)

2 326.0 | 1.06 | 0.53 | 3815.7 | 0.23 | 1.56 | 5.00 | 3.21 | None
3¢ | 303.4 | 1.06| 053 | 32243 |0.24| 1.22 | 333 | 273 | None
Islam & | 505 | 9879 | 1.06 | 0.53 | 20638 | 024 | 171 | 444 | 260 | STR
Park 7CS | 3034 | 1.06| 053 | 3104.5 | 0.24 | 165 | 444 | 269 | STR
8CS | 2260 |1.06 | 0.53 | 29920 | 027 | 128 | 444 | 347 | STR

AP1 | 299.2 | 0.86 | 0.29 | 4942.1 | 0.87 | 0.94 | 1.60 | 1.70 | None
AP2 | 3098 | 086 | 0.29 | 4942.1 | 036 ] 080 | 150 | 1.88 | None
AP3 | 323.8 | 0.86| 0.29 | 49421 {0.18| 160 | 3.70 | 2.31 | None
Pan & 1 apg | 3168 | 086 029 | 49421 | 0.19| 1.66 | 350 | 211 | None
Moehle™ 1 339.7 | 0.76 | 0.29 | 48154 | 035 | 1.00 1.50 1.50 | None
3 3203 | 0.76 | 0.29 | 48154 | 022} 1.37 | 3.10 | 2.26 | None
INT | 380.2 | 0.80 | 060 | 44422 | 021 | 1.03 | 330 | 320 | None

SCO | 4013 096 | 0.82 | 5359.6 | 0.25 | 1.67 | 3.50 | 2.10 | None

Wey & A 337.2 | 096 | 0.82 | 5111.0 { 0.18 | 1.77 | 350 | 1.98 | None
Durrani®'®| B 3140 | 096 | 082 | 53574 | 0.37| 1.08 | 1.50 | 1.39 | None
C 314.7 1096 | 082 | 53744 | 051 075 | 1.00 | 1.33 | None

CD1 | 4125 [ 1.50 | 1.50 | 4033.2 | 0.85] 0.75 | 0.90 | 1.20 | None
CD5 | 318.6 | 1.50 | 1.50 | 4033.2 | 0.65| 0.80 | 1.20 | 150 | None
_ CD8 | 2757 | 1.50 | 1.50 | 4033.2 | 052 | 0.93 | 140 | 1.51 | None
Dilger & | cp3 | 3635 | 1.50 | 1.50 | 4033.2 | 0.91 | 146 | 350 | 240 | SSC

Cao CD4 | 350.2 | 1.50 | 1.50 | 4033.2 | 0.62 | 1.92 | 4.80 | 250 | SSC
CD6 | 320.6 | 1.50 | 1.50 | 4033.2 | 0.64 | 2.00 | 540 | 2.70 | SSC
CD7 | 292.0 | 1.50 | 1,50 | 4033.2 | 051 | 224 | 560 | 2.50 | ssC

St 355.5 1.29 | 0.59 | 4688.6 | 0.33 | 2.37 3.75 1.58 None
S2 2394 | 090 | 049 | 4723.8 | 0.45 | 2.00 2.00 1.00 None
S3 225.3 0.57 | 0.40 | 4646.4 | 0.45 | 2.00 2.00 1.00 None
an 54 330.2 1.29 | 0.59 | 4688.6 | 0.40 1.37 2.60 1.90 None
Hawkins SS1 281.6 1.29 | 0.59 | 4688.6 | 0.49 1.92 3.50 1.82 STR
583 264.0 1.94 | 0.89 | 4646.4 | 0.48 | 2.56 4.10 1.60 STR
Ss4 281.6 1.94 | 0.89 | 46464 | 0.47 | 2.24 5.50 2.46 STR
sS85 3288 | 090 | 049 | 4723.8 | 0.42 | 2.99 4.90 1.64 STR

i ISMOS| 3752 [0.50 | 0.17 | 48576 | 0.29 | 1.95 | 3.78 | 1.94 | None
Ghali ISM1.0| 3404 | 1.00] 0.33 | 48576 | 0.30 | 1.78 | 2.70 | 152 | None

0 ‘B7 336.5 1.50 | 1.50 | 3618.6 | 0.04 1.12 3.80 3.39 None

Hanson C8 335.1 150 | 1.50 | 4195.8 | 0.05 | 2.07 5.80 2.80 None
no| S6 236.5 1.81 ] 0.91 | 4688.6 | 0.86 1.10 1.10 1.00 None
Symmond S7 270.3 0.84 | 049 | 4723.8 | 0.81 1.00 1.00 1.00 None
S1 467.5 0.65| 0.65 | 3294.7 | 0.03 | 0.90 4.70 5.22 None

52 358.3 098 | 098 | 3372.2 | 0.04| 097 2.80 2.89 None

Sozen'™® S3 346.4 1.31] 1.831 | 34214 | 0.04 1.08 4.20 3.89 None
S4 356.2 0.98 | 0.98 | 3238.4 | 0.08 1.07 4.50 4.21 None

S5 359.7 098 | 0.98 | 3470.7 | 0.17 1.20 4.80 4.00 None

280.0 | 0.89 | 0.89 | 3580.0 | 0.00 1.25 3.90 3.12 SH
233.0 0.89 | 0.89 | 3680.0 | 0.00 1.20 3 00 2.50 None
233.0 1.78 | 1.78 | 3680.0 | 0.00 1.84 3.70 2.01 None
258.0 | 0.89 | 0.89 | 3680.0 | 0.00 1.33 2.80 2.11 STR
258.0 0.00 | 0.00 | 3680.0 | 0.00 1.10 3.00 2.73 None
228.0 | 0.89 | 0.89 | 3480.0 | 0.31 1.04 2.00 1.92 None
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Yoshizaki &

hz1"12‘(D(/JUJ(/J(/JUJU)U)(/JU)C/JC/J(/)(ID"JJUJU)(/)UJ(D’TJ(IJUJUJC/D(D(I)UJCDUJUJ(/)C/)C/J(/)U)UJ(/J"JUC/)Cf)(/)U)UJC/J(/J"ljUJ(/JUJ(/JU)

Kanoh®™® | H~10 221.0 1.78 | 0.89 | 3480.0 | 0.32 1.20 2.00 1.67 None
H-11 221.0 1.78 | 0.89 | 3480.0 | 0.64 | 0.71 1.00 1.41 None
H-11"| 200.0 1.78 | 0.89 | 3800.0 | 0.67 | 0.65 1.00 1.54 None
H-12 240.0 0.89 | 0.89 | 3910.0 | 0.00 1.25 3.80 3.04 None
H-13 240.0 0.44 | 0.44 | 3910.0 | 0.00 1.00 4.50 4.50 None
H-14 240.0 |0.44 1| 0.44 | 3910.0 | 0.37 1.00 3.80 3.80 None

232|358l =2F M1224% 2000.8. 117



Table 1 (Continued)

Type of
Resear- " £ b’ | opw? 5 Dy Du 2 Shear | Failure
chers |Label (kef/em® | (%) (%) | (kef/cm®) VN (%) (%) (Duw/Dy) Relnfor— Mode™®
cement
Nishida® | No.3 | 542.0 | 1.11 | 1.11 | 3460.0 | 0.00| 1.79 | 500 | 2.79 | None s
No.7 713.0 1.11 1.11 3460.0 | 0.15 1.48 4.00 2.70 None F
» 01 731.0 0.59 | 0.59 3261.0 ) 0.17 0.49 2.00 4.08 None F
Author 02 731.0 0.59 0.59 3261.0 {0.35 Q.46 1.50 3.26 None F
03 731.0 1.11 1.11 L 3261.0 | 0.17 1.21 3.13 2.59 None S
(Note) . Specimen Designation
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. Top Steel Ratio within Critical Section of Slab

i Bottom Steel Ratio within Critical Section of Slab

: None=No Shear Reinforcement, STR=Stirrups, SSC=8tud Shear Connector, SH=Shear Head
; S=Punching Shear Failure, F=Flexural Failure by Yield Line of Slab in Full Width
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