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Punching Shear Strength of the Void Transfer Plate

Sang-Whan Han,” Jin-Ah Park,” Jun-Sam Kim,” Ju-Hyeuk Im,” and Young-Mi Park"*
"Dept. of Architectural Engineering, Hanyang University, Seoul 133-791, Korea
2)Samsung C&T corporation, Housing Division, Seoul 137-956, Korea

ABSTRACT The transfer slab system is a structural system that transfers the loads from the upper shear wall structure to the
lower columns. This is a costly system due to a very thick slab, and the relatively high cost can be mitigated by introducing voids
in the slab. However, this system of flat plate containing voids is vulnerable to brittle failure caused by punching shear in vicinity
of slab-column connection. Thus, the punching shear capacity of the void system is very important. However, the current code
doesn't provide a clear design provision for the strength of slabs with a void section. In this study, experimental study was con-
ducted to investigate the punching shear strength of the void slab system. The shear strength of the specimens was predicted by
current code and previous researches. In result, the punching shear strength of the void system is determined as the least value cal-
culated at critical section located a distance d/2 from the face of the column and the center of the void section using the effective

area at critical section.

Keywords : transfer slab system, void section, punching shear, experiment, critical section
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2.4 #

ANt oz Ho] S H AlXHE Al ZYZYolE
A"l TgEA R WA HEslee F2 wA =
ot e @A Hol EHE Hre dnk ZAEH o
E HEH e 5d st A WAUSS Ze 2=
FHE o] AAEL Yt o] AT FFHE e A
o] £ Ho gt HEEHE o5& dolrr] {3 AL
2 A A JFetse] dFS 2] o) T
xS ve N EUAD A A5 U
A7 WA s o= gty 2E]al o] A
o] ¥ 4L Hol&g e FTFHY 5 wE F
259 Wslto|ty, wetA FFHIE EAEA L= o
v 2 H(solid slab)-7]5 HEH& 355 2= <
H(void slab)-715 7] AFAE A=At T+
S AFA S dut SYPE AHA 7L FALE 9] v

Table 1 Summary of specimen dimensions and detail

AVZE 2E 49, 71E BAADAE AN E &
o] 4EE A4 5 AL Aolth. =8 FF <7
Bl% Qe SPARREE SR 94, 27,
a93 FHE MY S e fETEe Y 2 9
derwel 2o we 24" Row BekAn

2.1 HEA A=

o] AollA AgH AdFA = UF EHE7e JHIF
Z Aol ze] 13 =719 1,800 mm x 1,800 mm x 400 mm
(BxLxh)S.= A=At 7152 267 mm x 267 mme] &
HWE /XA S ERT & 5ol Av=Ss AAEAG
S o] e AA2AE IHEH] 200 mm gHgE}
Aot FFF g /i =71 A& 200 mm, E©] 250 mm
d 97F FHola 1 AEe SHEXRS AREsIeH
2E AFAE el o8 fAHA e skl
Table 19 A@A dHS YeERAASH, Fig. 1o AAA
o] w2 JAME YERAT

F3 U0 AFAY FLUFE J1FRNA FEY

L (mm)B (mm)/h (mm)| p |a (mm)b (mm)h, (mm)t (mm)| f (MPa)| f, (MPa) [Rebar (bottom) Rebar (top)
P-SS400 | 1,800 | 1,800 | 400 1.00 - - - - 30 400 DI13@45 DI3@180
P-VS400-1 | 1,800 | 1,800 | 400 1.00 200 40 250 50 30 400 D13@45 D13@180
P-VS400-2 | 1,800 | 1,800 | 400 0.69 200 160 250 50 30 400 D13@45 D13@180
P-VS400-3 | 1,800 | 1,800 | 400 0.51 200 40 250 50 30 400 DI13@45 DI13@180
P-VS400-4 | 1,800 | 1,800 | 400 0.51 200 40 250 50 30 400 D13@45 D13@180
Where P -Punching test, SS-Solid Slab, VS-Void Slab, ¥r=1 F—1 F—1 £
L -length of the slab, B-width of the slab, h h, |:A{\ LA |/‘A’\ | |/‘ ’\ |
h -height of the specimen, a-diameter of the void section, loafeahi == V== V=
p -ratio of effective cross-sectional areas at the critical section, 3 L fa
b -the smallest distance between the void sections, ) b
h, -height of the void section, t-height of the top void section,
Je-compressive strength of concrete, f,-yield strength of reinforcement
200 1800 200 200 1800 200
ML 13-D13(T) 1] [ 43-D13(B) ]
=il sf
(2} ()
8 M 8
@ (W) 2
8l 8l
(a) Top rebar (b) Bottom rebar
257,
267 8
8I == E Bk )
F 1 spis@so 8, [EEj8  |-43-p138) o
Ny 8[ 300, -
N L]
Main-Bar: 8-DZ5 —13-D13(T) -*Q
~ L43D13(8)
(c) Column rebar (d) Section

Fig. 1 Reinforcement in the slab and column (unit :
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FTATIA 9] Arlet PG HAA G FFHE, &
o] Fanlgolth. AYA P-VS400-12 AwbA =)
SR TR ZRE d2vhE Holxl A M ] AT
H)e] 9o FFANE wj XA L AFA P-VS400-29}
A3 P-VS400-3S YAerHoA e ZZAe] Aol =}
o] Fol TFHES TEA 3th. AFA P-VS400-
4= A °ﬂ Ag= F3A M7 AFA P-VS400-

)

(]

3% 7o Qo= FIAE F7IE ujX| sl &Y

eel B8 AR, 25 edn AgAs) 5 N——
_ A 4

-g’—ZH HHX]—E— F]g 20]] q—]ﬂ—LH E} Al B = %‘%"ZH we Roller, Roller

Hi 2 7F g1, o8 2L SEEdE e sdsith
Fig. 3 Test setup

22 M= AMH
1800
RE APA] SdE st e FEAE 400 MPas ﬁg‘g 720 60
Zte DI3EZ O w2 dAEon, 434 F3E = i i
o A YHAEE 30MPaz AYRAG, RaE B SF 11 ——————T
N AAHR HES AEse A9t AT 22 < I S
ol FAAA. ARAF A% DI3E2e] FEYEE | rssr ||
523 MPa, 147 EE 604MPa, A ES] s 8 ] I ! 1l I
33 MPaz =4 =t - R R
T
23 ME ey gl || |
g [ T
7t APAE deAA 2HSZ 3,000kN 7] 25 ' 267 '
Az} foba e Adste] AT 715l dEEe et —
Ak AgAle] 4] Bre Fig 30] Uehiich A4 71 g 1l
2olE Sejie AHHoR F5o] Asre]l WP S’[
o HY7t WA o9 FYF AFRAL VE] it oo
el S B 5L Folof skt Ado 2 8317] Fig. 4 LVDT plan and section (unit : mm)
2 47 etk webd o) ATe] Ao A st
B2 o)A Eejo] s Wl W AANIL 715 24 A ZHat
4o 5L leisith. LVDTE AuA|e] F4u9e
S74sk7] flske] Fig. 49 fAlol AA|sloivh. o) e JHEME NS TN 2 E 88
& S48 S8l S Ee] T4l Ve A staL 7 %‘*ﬂ sHHe] SR E Ve HrelA o
T, 7ITHOeRNY d2st do] Ao AAANe] Aol olun s5g e e FHS met 949 g v, W
T A S8 25 4 Y F THE AAEH Aktdol WA A7 sk5o] S7MEE o] e

|, 420_ 24024 42017 540 ., 360,360, 540 “*1“ 540 _24opa0zan_ 540
| | r Ll T o B Ly I

200 1800 200 200, 1800 200 200 1800 200

| i RRRRRR
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(a) P-VS400-1 (b) P-VS400-2 (c) P-VS400-3 (d) P-VS400-4

Fig. 2 Void slab specimen details (dashed line is critical perimeter located at d/2 from the column face)
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Crack failure line

Section
P-VS4003 | | | | | | | P-VS400-4

Fig. 5 Crack pattern on the bottom surface of specimen at failure

Fig. 5& 7t A3AE HTE A9 4894F%S YE A TG AL} AA ] stse AAE YE
itk o] &HlHe= Uit ZYZ e olE &Y Hof Hs} Wolch g A Hdl WEA FRES, A8
o FA7E dEste] AR #de] wH|El sy A A4 8] 2 FaEHH](p), 2L T3] fle gt
Al FE2 ditdRl EHAGEY FdF T v LHE A S 7|Fog 3 AU HHZE Table 29
e Bt BE A¥AE 71F ddA] FiEelA = Aelste] YeRTh Table 204 R upe} o] F3o]
7] o] WAsAL, ahso] FU1st| wet 7 EHe R s A= EUEE VI AFAN AFA P-SS40034 H] S5
B gitg "olxl A AN 7sFHE dAse o T AFFS Holu HjW ol 30% N4 BAE 50%7t
o] HFAHo 7 WASALE TFo] A= EUHe HF A Ast=E Ak 2E]an ARk AFA P-SS400S 7S
A AP I SHE} FABIH O HA A A G M e 2] fFETHb](p)et A Ao v
d A Pe= BAE7E o2 AP EH5s BT 7F mg- S AAE THAA S BT

242 0t5H9 2 3. EEE|XMEIZbE o ARK

AgA el A= B o] AX 3 LVDTE
o] g3l =43t} Fig. 62 Hthx o] WAst= 2 3.1 7|& KCI 20079 MU T

2000 HIZAYE S B et o3} A= V= A
(H~3)ell o3l +3+ & 5 71 A2 #ge= st
1600
1
2 Vc = §A/Ecbod (1)
¢} 1200 P-SSI00
=]
= Table 2 Punching shear capacity of specimens
3 200 P-V5400-2 . n9 pactty pect
. P-VS400- . Maximum load | Displacement .
P-VS400-4 oo
P-VS$400-1 Specimen kN) (mm) yo) Ratio
400 P-SS400 1870.0 6.9 1.00 1
P-VS400-1 1111.0 5.5 1.00 0.59
% > P 6 3 10 P-VS400-2|  1296.6 6.3 069 | 0.69
Displacement (mm) P-VS400-3 1071.3 5.1 051 | 057
Fig. 6 Load-displacement relationships for specimens P-VS400-4 943.6 3.7 0.51 0.50
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Table 3 Comparison predicted results with experimental results for specimens

Specimen Vesp KCI 2007 Critical perimeter of a circle| Opening in the slab Center of the void
(KN) [V (KN)| Vie/ Ve | €101 (%) | Ve (RN)| Ve Ve | €170 (%) | Ve (KN)| Vo Ve | €108 (%0) | Ve (KN)| V o/ Ve, | ex10r (%)
P-VS400-1| 1111.0 | 1883.1 | 1.695 | —69.50 | 1557.4 | 1.402 | —-40.18 | 731.5 | 0.658 | 34.16 | 1262.3 | 1.14 | -13.62
P-VS400-2| 1296.6 | 1310.2 | 1.011 | —1.05 | 1193.1 | 0.920 | 7.98 | 1113.1 | 0.858 | 14.15 | 1329.7 | 1.01 | —2.55
P-VS400-3| 1071.3 | 954.1 | 0.891 | 10.94 | 897.1 | 0.837 | 1626 | 721.1 | 0.673 | 32.69 | 946.7 | 0.88 11.63
P-VS400-4| 943.6 | 954.1 | 1.011 | —1.11 | 897.1 | 0951 | 4.93 | 721.1 | 0.764 | 23.58 | 946.7 1.00 | —0.33
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» Minimum value

P-V5400-1 L——critical section
(d2)
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Minimum V., error :-12.51%

(1) at a distance d/2 from the column, error : -69.50%

(2) at the center of void section, error : -13.62%

0.5 i i
150 200 250 300 350 400

il o (distance from the column to critical perimeter, mm)

(a) No void section in the typical critical perimeter

/
X Minimum value  »

> C% critical section /
@ g g (dn) . /
%5 7
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test result

Minimum Ve, error (%) :-0.51, 13.21, 1.56
(1 at a distance /2 from the column, error (%) :-1.30, 11.35, -0.64
(2) at the center of void section, error (%) : -2.55, 11.63, -0.33
0.5 L s

150 200 250 300
il . (distance from the column to critical perimeter, mm)
(b) Void section in the typical critical perimeter

Fig. 10 Expansion of the critical perimeter
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