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Fire Resistance Behavior and Residual Capacity of Voided Slab Subjected to Fire
According to Loading Condition

Hyun-Ki Choi', Back-Il Bae’, Hyung-Suk Jung?®, Chang-Sik Choi®, Joo-Hong Choi”™*

Abstract: This study presents experimental investigation on the residual capacity of fire-damaged voided slabs according to loading conditions. In
this study, two voided slab specimens were fabricated, and heated by ISO standard fire during 120 minutes with different loading conditions of presence
of loading. These specimens were cooled down to room temperature, and the residual capacity of fire-damaged voided slabs was investigated. Based
on test results, thermal distribution of voided slab through the depth of concrete sections is different by the loading conditions. The temperature of
loaded specimen is rapidly elevated through the whole depth of concrete sections compared to the unloaded specimen. The residual strength of
fire-damaged voided slab specimens are 60% and 66% of that of voided slab specimen without fire damage, and the residual stiffness of fire-damaged
voided slab specimens decreases by 15%~23% of that of voided slab specimen without fire damage. In case of voided slab specimens subjected ISO
standard fire, the loaded specimen shows the decrease of 10% in the residual strength and the decrease of 15% in the residual stiffness compared to
the unloaded specimen. It seems to result from higher temperature of bottom reinforcements in the loaded specimen due to the cracks, and more extensive
damage on concrete cover of reinforcements by spalling process according to load level.

Keywords: Voided slab, Residual capacity, Thermal distribution, Loading condition

.M E 71E Aol W2 H, 2ol 2H o] Sl g YL AIE
AYE T2 ATl 7P S FFE A= AL 3
11 oA 2 =2~ ARYAN FEAZ AL LS AN E 2EIACZ HY

A2 S 715Ro) 128t hasidol nek A LA o o Ol S TR AR B A& neistel 1
o e gl HHA st FRd An ek Sl s Lo e EEATE RIS Sel e A
2 olgk TzEe] 73)= ujd °F30,0007] o]}\m] Aoz w 7} %13 =] % THMohamedbhai, 1986; Lee and Heo, 2001).
N DA Yutd o 2 Fyepel A9 ) Ao EAeE A
Sl e el g o ol St el e A NS RS 2412 LTSNS U R
519001, o]of me} sh4) o] Fol % HIME] AALE H T 2 ¢#HA AoHKim et al., 2011; Chung et al., 2012). &1}
Aol mheba ) Fo) Pamane page Ay S oot BY/IEdCEARsaunsE veld e
B8 BT, 83 994 58 W slatel spelg | 1o & MOIE Lo R HERIA, ld SEedns

e &

= BT <8 B q Zol g
© Sl that T2 2E Aol that A7 B ”f‘o 5l 44 B, e A, 2 5] 27 o)
SFS t| x| = A o
5] )45 31 ITHACI 216, 1989; Harmathy, 1970). & PIAIE 202 HalH T Cho et al. j‘)“)
£ ATelM e Astelse 2717 Fe<di B Wsde
A5, Adsn 2 2ste w4 o] YL x| = Ao FESPTE =FEY He A AA)
8319, Shefthetar drel 2l T, A7 shgo] 7)ol wet o] S E Wi 555 27
8], 7HEY R St A% 38, we _ - -
s, Seriota s Eol, wr BEG 5 Q7] whizel 2 35e) 217 A A 3
734, St ] A A T2, AT, WA B YR ey s sl A Ao Agslygon o=
*Corresponding author: lordy0422@hotmail.com =gy o =7 gare 3 =
Research Institute of Industrial Science, Hanyang University, Seoul, Korea ToEt B AEAEA % - Z0)7] w2oltt.
S o) TR B0l 5 201810 29 1 9714 B8] = MUl A 2018 39 5 TEpA 2 Aol M= sk Alst 2ol e el it

o] E2ZAE AlASAF UL
Copyright © 2018 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

99



Aol =F HYS W] 25 £ ¥sE vetstarat sl
om o]Z ulEgoZ FEAIE Ryt LY B FE=A
soll vx= @l thate] g7tz skt

12 o1

2 AT sl EAlel 20| B E FEU R LB
ZE slefsp) Sistel, s o] g W4 slel )} 4
A ST =T, HalE e FEEUne B2
S 57Nelr] glated, weo slld F AL o Wk A
dle) S AP e § AL S FFE

Phu] A= 2 B

2. L2t &
21 MBI MM W YEA

B AToIAE SUn AGAS) FFS A Astel,
Fig. 13} 28 2| 2% A1 42] 339548 Azl 28

SIATE T3 40 mme] (FH O R HHXloF}i W, T3E

B FA=250 mmE AT APA=KS F2257-5 7
H g 75 FAY W Al A" 2 wet
Fig. 2 % Table 13} Zo] A|Ztatait. A @A) o] Z7]= A A th
RBES 733} 4700 mm x 3000 mm Z A} ol FE) £ A

popg 7 45

L ]

70 ]25[3Q

160 : 300
B0 240 30

Fig. 1 Details of Void shaper

Table 1 Properties of Specimen
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Table 2 Average concrete strength and mix proportion

Average W/C Sla Unit weight(kgf/m?®)
Strength (%) (%) W C S G Admix.

26.3 48 47 168 298 414 338 2.11

Table 3 Mechanical properties of rebar

Nominal  Yield Tensile Eloneation Elastic
Specimen Strength ~ Strength ~ Strength 8 Modulus
(%)
(MPa)  (MPa)  (MPa) ° (GPa)

D10 rebar 500 550.18 663.61 8.81 155.05
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Table 4 Fire resistance performance of voided slab specimens

Maximum Deflection

Deflection rate(mm/min)

Elevated temperature at top Fire resistance

Specimen at mid-span(mm) Max Average surface(°C) (min)
VS-L 190.0 45 1.6 28.2 120
VS-UL 144.8 4.0 1.2 21.3 120
VS—L

Vo= TL 1.31 1.13 1.33 1.32 1.0
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Fig. 5 Deflection of specimens
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Fig. 6 Spalling of concrete on bottom surface by fire exposure
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Fig. 7 Temperature of voided slab according to fire exposure time

Table 5 Temperature distribution of voided slab specimens

Specimen Bottom Void Middle of Top
p rebar(°C) (°C) Concrete(°C)  rebar(°C)
VS-L 715.5 415.0 314.6 103.1
VS-UL 625.1 192.3 95.1 80.6
VS—L
Ve UL 1.14 2.16 3.31 1.28
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Table 6 Temperature distribution of voided slab specimens
Specimen M, P, s, M, Curvature Flexura(lss)tlffness M,y M, M, s
: . : i M M ) e s
(kN-m/m) (kN -m/m) (mm) (kKN'm/m)  (radian) [(KN-m/m)/rad.] Lot pey [\ Ref Ly e f
Reference 92.8 148.4 37.6 111.3 314.6 8880 1.00 1.00 1.20 1.00
VS-L 86.2 88.9 59.7 66.7 0.036 6510 0.93 0.60 0.77 0.73
VS-UL 92.6 100.4 68.1 75.3 0.041 7549 0.99 0.68 0.81 0.85

Reference : Reference specimen of voided slab unexposed to fire

M, ; - Nominal flexural strength per unit length with the reduction of material strength
M, : Ultimate flexural strength per unit length

P, :Ultimate flexural load per unit length

9, : Deflection of center of specimen at P,

u

S : Slope of moment-curvature curve from the origin point to 0.6 7,
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— Preexistence crack by fire load
— Newly crack by flexural load
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Fig. 10 Crack pattern of mid-span of slab specimen
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