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An Experimental Study on the Flexural Capacity of a One-way
Void Slab with removable Deck Plate

Min-gu Jung " and Chang-Sik Choi"*
UDepartment of Architectural Engineering, Hanyang University, Seoul 04763, Rep. of Korea

ABSTRACT In this study, the flexural capacity of one-way void slabs was evaluated by inserting a deck plate with removable steel
sheets and a “bean” type void sphere that effectively applies a void ratio. Two specimens were fabricated and tested to verify the
flexural capacity of one-way void slab of removable deck plate. Experimental results show that the bending strength of general deck
and void deck are 6.6 % and 15.8 % higher than those of KCI2012, respectively, and the typical flexural failure behavior of the cracks
propagation at both ends after initial cracking occurred at the center of the slab. In addition, the section performance was verified
through the moment of inertia. As a result, the void deck with a void ratio of 32.8 % satisfies the flexural capacity of the one-way void
slabs of the KCI2012 structural design standard and replaces the ordinary reinforced concrete slab to reduce the slab weight and to
improve the workability and Eco-friendliness.

Keywords : deck plate, void deck plate, one-way void slab, void sphere, floor system

1. B Hol| A 2] F33 el i 3|44 AF-E 7|NoE &
HO RS AN =YY o3 T3 SEfjHe] st A ¥
1980 T E] Z=El A A 7] F o] B3k T+ o up= npck A ATE S8l TR = ATk 28 o HE A A
Zno] (R, A4S 5E Fo]7] 94 v Zn T gl Euke] o ARS- Qlo] ol S b w2 who 2 A R
Aol that FAo] ZatE a1 9= Arslo|t) vtk g H of #2813 T8 vlaZelolEef T3IHAE st &
7)0] Z71= S B o] At ol g, A AEE B4 9 & 30 % tlAZ o] Eof #3t A7} Hong et al.(2012)°]]
715 F771E L910% 245kt QI EHJung et al. 2016). o8l 2wk gl
o]#] 3k RCT-Z L el B0 v & Hebalr] 9135k &) 9] Hhe 72807 Wol AL H = U Ao EL ofd e
HE 1990 R E] e Wl AEE So 25 d7he] BA o w ] o8l TR E AT Al st dvs AFA
2 o 3 gsel G0l vAX Qs Az gy 9 GBS Sel SR AITNL GuT £ 310 AY 1
AT Afolo] FE ot S EIAAE YT TE SHE Aol A S 71 tHJoo etal. 2011). Z21% 7] W&ol dl2Z ¢
o] 7] =] 31 TH(Chung et al. 2014). T &-& h H= A wk O|E= AWt AILFAYE S HEY F& Al W Qkd
ALZIAYE S} 2 7] F TS /A & A& 71t E 5 ATk B3 7&@1 AGgelA 37 G52 9
H Zakzqﬂuj S E ES AN 5352 7|8 =) 2 3o ZH FAME|E A7 I} a8y Za 9 EV}
T8 Bubbledeck(1995) 2 Cobiax(2005)%= %35 30 %] BEE Felli= A Z el = HJ ot w s e
Rc;L ZgBo] 18 w gy =TS ]l g gl Wil 3 S ol A = ok B Ao F-24ld
oWk Z ¥ L Hof B3k AE 228 g on ) oo FeE7F o, EdlH 1A S gRlsr] ol H 9] A+
A3 Chung et al.(2011;2014)0] 535 32 %] RCT3 & 4 el FA7F Aok ol 23 EAH S A s T &
BEAS A0 E AT, A, 1834, A4 BEld S
*Corresponding author E-mail : ccsb530@hanyang.ac.kr P AL Z 07 7] A WH(Lee et al. 2014) T35 32.8%
Received March 20, 2017, Revised May 31, 2017, ‘ZF(bean)’ s T3 FAJA Y FAH oA EF A &3o]
Accepted July 31, 2017 Vgt g Z o B uist AP A AG7F A5 A
(©2017 by Korea Concrete Institute olt} whpa] H ol o 1{_ B8 =3y g7} 19k 3

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 437
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.dbpia.co.kr



e
=

0_125_',

=
o)

Nom e

o g oo
o X
(m o o N

|
H EILJ NI ol

mlo

iu) UM

)

R oo 4

H%ﬂ?ﬂ]l@i%%&

Jm

O

-/
el
A

I F o

Ol
bl

o] &o

om, AhF- 4 w2l = ‘3]-4014‘:} Flg ILJ_?__r
ﬂﬂ*ﬂlgii6Mmm 281 F7 250 mm, E 2]
t19] ol 210 mmeo| ™, oA e w Awa HHEe
BEAFORZ ek A EHolt

&

1>' l)ﬁOJ.;OFOé;EE}I_,LE

i _\1_ m _IZi O ool

2.2 ‘B(Bean)s S3EH YA

‘ﬂ(Bean)’f%] Z2AA = U AZY o)l EQ sHEH A 1)
ARAN g3 EY A AG L Szlol o] u BT =

. 600 .
100 200 200 100

- Top Steel Wire
[ Bottom Steel Wire

—Truss Stegl \Vire \
/ > ~Transverse bar
/
/ @

[ \\\\
Galvanized Steel Sheet Faotl 4 ~~—Joint Bolt

&

Fig. 1 Detail of removable deck plate

Table 1 Properties of void sphere

. Width | Length | Height | Volume VO.I d
Material 3 ratio
(mm) | (mm) | (mm) (mm”) N
(%)
Styro-foam
(EPS) 160 240 145 14,920,171 | 32.8

140
55, 50,208

Fig. 2 Detail of bean void sphere
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Table 2 Properties of specimens

Specimen Thickness Width Length Span Top bar |Bottom bar I:zgir Shear' Void
(mm) (mm) (mm) (mm) %) span ratio sphere
1F-SL-6.0 250 1200 3600 3150 6-D13 12-D13 0.32 6.0 -
1F-VL-6.0 250 1200 3600 3150 6-D13 12-D13 0.32 6.0 Bean void
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stol Agae FTFYAL AT FELAR AP 3 Wr§? R =
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w44 D mﬂl%gi‘UMmiﬂ%ﬂi%%*Jﬁ 4 OO e
A2 AT EE AR TR A = BN A5 i OO0 2
o] 2881} 31 17] 01813, B9 ) 3 o) A-ghe] 1L e

wehA AFR-ES Sloll A 2 Bt o] S8 vl Y
Aol ez ')Al T3l HESIT
AR Fad 0] SePdE] e FH52-20.56 mm
2 &80 ZIE AN EEH F3ZAA7A 2
Z1o]7} 65 mmE.tF Z o P2 ZIZHAA|7F FHE A ¢
995 AHEA ¢S Aoz Ay, A= 4
3 922 46.03 mm, ACI318-142] 750 whe} A}8-315
sl A 9] ¥ £ £ 40.02 mmO.E ZAYE 4E9 0
T3 BAATE A s A o] A 0% ISl

ERE )\E

4. AEA=

41 AEA

B A =gy SFu A 19T T3S EY
AT H7EY HH o7 gy 2 AMLES HES ST
Gy g a5 7o R AFAE Al on, FYd
A719F A0S 7HA = W =A9) “F(bean) E T3 I A
Al st gy T Ao 8 A eS Brkskaat selvt
ok gAY S u Al Sl A A 715 (KC12012) 2
A& 73S H skt

& &Y 1o & dsS Hrtstr] 91380 Table 29 20]
2719 & APAE A Zs o, A A Ad A 27] 2 JA

ERAY H3220|EE ol8% 1982

=T 1

i1 50 1500 11504 300 60 150,
3600

(b) Void deck plate (1F-VL-6.0)

(c) 1F-SL-6.0 specimen section (d) 1F-VL-6.0
Fig. 5 Specimen details

2 Fig. 5ol YepIlth BE AA9 do], &, &8 F
7, 2787 Az, E Au s wde, TaA9 &
FE TR APAE AFEeI
AEAE A 7HeE vaZHolEE 7FE 600 mm,
A= 3600 mmO. 2 7FEHEEC 2 3] 1200 mmE 9 3§
OH 2 A Apole] T (Bean) ¥ FFBAE AA|ete] Al
sl o, Mg ES S48 $l8te] 3 W - 3 A
°ﬂ HEE Alo] A (Strain gauge) & 2183t vl A2t =
373 A o] F-Hof| o) gt HdA] G2 E o] &3] ‘F(Bean)’
T RAA Y FH& A S o] ¢ A E B S B3 L
A o] & H|AZ 0| EL aH ks S it

1A
[e)
K

o
43 AR M=

RS A g

z} Y Tedae A8 E dAVIE
BT E 24 MPao) ], ZIHE

v $Hd] = Table 33} 2t} A

5ol et A A7 | 439

i
Ol
Il
o
[is
oo

= _ oo

www.dbpia.co.kr



Table 3 Mix proportion of concrete

Nominal Unit weight (kgf/m®)

strength WiC| S/a
Mpa) | O[O W Cc s |G

Admixture

24 48 | 47 | 168 | 298 | 414 | 338 2.11

Table 4 Tensile strength of rebar

Nominal | Yield | Tensile | Elonga- | Elastic
Specimens| strength | strength | strength | tion | modulus
(MPa) | (MPa) | (MPa) (%) (GPa)

Iron-D10| 500 550.18 | 663.61 8.81 155.05
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Table 5 Test result (initial, yield, maximum)

Initial cracking Yield Maximum Result
csu
. Theoretical Result Theoretical Result Result
Specimen
Pa* 5&' Pcr 6(7' Pn 671 P y 5y P max 5m ax Pl/ Pmax Pmax
(kN) | (mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (mm) | 7, Py | Pax, i
164.24 1
1F-SL-6.0 | 54.54 0.95 42.9 1.66 135.5 | 12.85 | 1444 | 20.26 (190.17) 32.2 1.07 1.21 )
178.15 1.08
1F-VL-6.0| 41.73 0.84 32.34 1.45 135.5 | 15.99 | 1569 | 23.13 (195.56) 37.6 1.16 1.31 (1.03)
() : Load with self weight
200 10
el Void Deck [1F-VL-6.0] agebotiom| | NS WS S— FE—
160 =] _ R :
o UMM I D AR AL %’”' ’
i Nominal Flexural load : 135.5kN 850 - i
~120 4 2 -t o250
E 404 0.5Pm:
i S
S sol Deck [1F-SL-6.0] 7 Faire
60 2 ’ 0 6(']0 12'00 it PO’ISSi‘K::)o"(mm) 24'00 30‘00 3600
40 - (a) Deck plate (1F-SL-6.0)
20 4  Vield Point ot Park method | Dok [1F-SL-6.0] i

'V Yield Point at Offset method| -
+# Yield Point at Rebar strain | Void Deck [1F-VL-6.0]

0 ‘ T T

20 40 60
Deflection(mm)

o
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(b) Void deck plate (1F-VL-6.0)

Fig. 10 Cracking aspects of specimens
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Table 6 Test result (geometric moment of inertia)

Table 7 Test result (slab bending stiffness)

Initial Test Result Comparison
Specimen 1, L, L, 5 L, 4 L 5Ly Specimen Bl ng Bl gz EL, nst EL st
(% 10%mm*)| (< 108mm*) | (< 10%mm™* )| (< 108 mm*) | (< 103mm™® )| (< 10%mm*) (X10N « mm?) | (102N « mm?) EIL Test(SL) EIQ- Test(SL)
IF . %L 1638 | 2.05 | 298 | 269 | 9.02 | 2.57 IF-SL-6.0] 187 6.65 ! !
- 1F-VL-6.0 16.2 6.6 0.87 0.99
1Fé\(])L 14.02 | 2.05 | 240 | 238 | 7.81 2.41 ET: Slab bending stiffness, £7,: From origin to initial crack,

1. effective moment of inertia, 7, ,: effective moment of
inertia (Branson 1963, KCI2012) 1 ,: effective moment of
inertia (Al-shaikh and Al-Zaid.1993), 1, ,: effective moment
of inertia cracked section of specimen, 7, ,: effective moment

of inertia yield section of specimen

1963) - KCI2012 ] = - - - (Branson, 1963) - KCI2012
|Zaid & Al-Shaikh, 1993) — — - (AlZaid & Al-Shaikh, 1993)
O O OTest result (1F-VL-6.0)

'
{Branson, 1963)- Acl, kel

Test result

4| (FsLeo)

0 40 80 120 o 40 80 120
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(a) Deck plate (1F-SL-6.0) (b) Void deck plate (1F-VL-6.0)

Fig. 11 Effective moment of inertia
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