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ABSTRACT

This study is for evaluating the fire resistance performance (1~2 h) of the RC Structure void slab
using the Lightweight Hollow Sphere, which can reduce the unnecessary dynamic part of removing
the central concrete. For this experiment, we set up depth of concrete cover, live load, and span length
as the factors. The result comes out with all the slabs under those conditions can ensure the goal fire
resistance performance (120 min). And among these factors, the resisting capability changes more sen-
sitively with the live load rather than the thickness of cover. And the shorter span length could assure
the better the fire resistance performance. The result observing the character in high temperature of
the Lightweight Hollow Sphere which does not used as existing RC structure slab, a delay section in
temperature change is occurred due to the Glass Transition in 100 °C. And heat transfer by conduction
does not occur at lightweight hollow sphere because the polystyrene in EPS (Expanded Polystyrene)
melts point in 185 °C. Therefore temperature at lightweight hollow sphere is lower than the concrete

and rebar.
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Table 1. Factor of Fire Test

Variable Parameter
Thickness of concrete cover (mm)
-Test live load (kN/m?) 5050, 2540
Span length (m) 6.3, 7.8




dad

ek

Table 2. Composition of Specimen

TIAE A8 RCE: SF=dEe] Wshdsel #3 A+ 91

Specimen o« ;?ﬁr?l\ipa) LHS Slab (‘l’:rlnc)kn% Lmztpsn(m) Thlck&e?aoz rT(;g)ncrete
Model-l | 300-50-E-6.3 EPS: 6.3 50
Model-Il | 300-25-E-6.3 24 Expanded 300 6.3 25
Mode-Ill | 300-50-E-7.8 Polystyrene 7.8 50
LHS': Lightweight hollow sphere
300 -5 - E -63

|_ L— Span 6.3 : 6.3m)
LHS (E : EPS)

i}

Slab Thickness (300 : 300mn)
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Thickness of Concrete cover (50 : Top 50mm, Bottom 50mm)

T
«Q
=
(0]
iy
o
N
£
"
30
&
H
ot
it
T
Fd

g2 AsizdolA el s}
e ERVE L

Table 3. Location of Thermocouple

Figure 3. Drawing of specimen (6.3 m).
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Figure 4. Drawing of specimen (7.8 m).

Specimen | Top (mm) | Middle (mm) | Bottom (mm)
Model-I 250 150 50
Model-I1 275 150 25

Model-I11 250 150 50

Figure 5. Uniform loading condition.
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Table 4. Design Load and Loading Condition for Fire Test
Design Test
Specimen Dead Live Live Live
Load Load Load Load
(kN/) (kN/) (kN/) (kN)
Model-I 5.9 5.0 5.0 94.5
Model-1 5.8 5.0 4.0 75.6
Model-I11 59 20 20 37.8
Table 5. Standard of Displacement and Strain
L/30 Limiting Limiting Rate
Specimen (mm) Displacement | of Displacement
(mm) (mm/min)
Model-| 396.9 17.64
210
Model-I1 360.8 16.04
Model-1ll | 260 608.4 27.04
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Table 6. Fire Resstance Performance by Displacement and
Strain

Specimen De(frlnercnt;on Di s?)?;ietc‘)r:mt Res'i: Is:che
(mm/min) (mm/min)
Model-I 199.8 20 120
Model-I 104.2 12 120
Model-111 565.2 718 120

100

-100

-200

-300

Displacement (mn)
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Figure 6. Digplacement of void dab.
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Figure 7. Rebar temperature of void dab depend on depth
of concrete cover and loading condition.

Figure 7. Rebar Temperature of Void Slab depend on Depth
of Concrete Cover and Loading Condition (at 120 min)

Location of | Avg. Temp. | Max. Temp. Fre
Specimen | Thermocouples (°C) (°C) Resistance

(Rebar) (at 1220min) | (&t 120min) | (min)
Top 589 629

Modd-| 120
Bottom 510.3 535.0
Top 879 885

Mode-I1 120
Bottom 3034 3208
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Figure 8. Concrete temperature of void dab depend on
depth of concrete cover and loading condition.

Table 8. Concrete Temperature of Void Slab Depend on
Depth of Concrete Cover and Loading Condition (at
120 min)

Locaion of | Avg. Temp. | Max. Temp. Fire
Specimen | Thermocouples (°C) (°C) Resistance

(Concrete) | (at 120 min) | (& 1220min) |  (min)
Top 95.8 9.9

Modd-I Middle 130.1 1583 120
Bottom 602.6 7378
Top A7 95.2

Modd-I1 Middle 106.4 107.2 120
Bottom 2520 2689
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Figure 9. Hollow sphere temperature of void dab depend
on depth of concrete cover and loading condition.
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Table 9. Hollow Sphere Temperature of Void Slab Depend
on Depth of Concrete Cover and Loading Condition (at
120 min)

Location of | Avg. Temp. | Max. Temp. Fire
Specimen| Thermocouples (°C) (°C) Resistance

(LHS) (at 120min) | (& 120min) |  (min)
Top 1010 1022

Modd-I Middle 1324 156.3 120
Bottom 366.5 482.7
Top 1412 156.4

Modd-Il Middle 176.0 1831 120
Bottom 2727 276.7

LHS': Lightweight hollow sphere

(a) Model- I

(b) Model-1II
Figure 10. Flame on exposured surface during fire test.
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Figure 11. Rebar temperature of void sab depend on dab
length.

Table 10. Rebar Temperature of Void Slab Depend on Slab
Length (at 120 min)
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Figure 12. Concrete temperature of void dab depend on
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Table 11. Concrete Temperature of Void Slab Depend on
Slab Length (at 120 min)

Location of | Avg. Temp. | Max. Temp.|  Fire Locetion of | Avg. Temp. | Max. Temp. Fire
Specimen | Thermocouples (°C) (°C) Resistance Specimen | Thermocouples (°C) (°C) Resigtance
(Rebar) (@ 120min) | (&t 1220min) | (min) (Concrete) | (at 120min) | (&t 20min)|  (min)
Top 589 629 Top 9.8 999
Modd-I 120 -
Bottom 5103 5350 Modd-I Middle 1301 1583 120
Top 631 66.7 Bottom 602.6 7378
Modd-III 120
Bottom 5311 5386 Top 86.8 87.3
Modd-1 Middle 1520 1520 120
o Bottom 5330 5330
el 735 77+40](6.3m« 7.8 m)l| 'IJrE]' s
S A3 BT 12089 S-S Sushe Ao
2 ekt 4y Aol mr Adel] 48 e Eg_— stebet A3} Table 113} o] vheheith.
glol e LR S et 747740] 15m polol wheh g Eael o] emabs
A7Hol(6.3m e 7.8m)e] ME AILXEE H|wa} 4 90 °C 5]_1— 126°Co|2, T4F SITES] B¢

7] flate] Wkl F8AI(1208)E 71Ee = 9
Y AT ES vekdt A3 Table 104} o] WERT.
747Hde] 15m Apelol w} A 241«1 =k H
2°C, #3 38°C, shi-Ae 4 208°C,
36°CZ Zd3H4eol7t % - sk ée 5o vlA|
Bgol W2 Ao YETh

[‘

432 SaYE L3

TIAYE YR x| 2EREE ZH A
Flgure 129} 7+o] YElTh Modd-13+ Modd-1112] 7

- 77063 me 7.8m)ell wiet A A3 BF
12%4 WS geske 2oz Jehdth 47
Aolof] & FTIAYE WF] 2x= X FH§lol

T2 Hwal] ¢
sto] WalE F3AH(1208)S 71FoE IxE &

4+ 219°C, H3 63°CE YR} 227 24| &
Aoz Yehgth s 23 EL A$ Modd-l19] ]
3l Modd-1119] 77+del7} 15m Z7stel wiel Hat
69.6°C, 3L 204.8°C 2A UEIET. o|A¥ 3 2
AT ES] 2Lt el vis] aA dAsE Y
Model-19] B2 =9} HI2=7ke] zfo|7F ZA A
e ZAoZ Hol Modd-19] 31 EazE I %
ZH QXM o ZAZE T 93t o2 AlEHT)

M

433 T3A 2=wst

FTEA A 2R EE =43 A3 Fgure 13

Zro] Yelstth. Mode-12+ Modd-11e] 79~ 737+

(63me> 7.8m)ell wet AF e A3} BT 120%-0] Y

S *é—z—% SHske Zog Yeisth 3] 4 2
A Eo H&| B9t 2=mskE UeRlth

Model |J+ Modd-ll1o 288 34 gA

i‘li-ﬁi

L

J. of Korean Ingtitute of Fire Sci. & Eng., Vol. 25, No. 6, 2011



96

1200 ]
ISO Fire
1000 O Furanace
Fire
*HS-T
(Model 1)
~“~HS-M
(Model 1)
~*HS-B
(Model 1)
——HS-T
(Model III)
——HS-M
(Model 1)
“—HS-B
(Model 1)

Temperature(T)

30

60

Time(Minute)

90 120

Figure 13. Hollow sphere temperature of void dab depend
on dab length.

Table 12. Hollow Sphere Temperature of Void Slab Depend
on Slab Length(at 120min)

Location of | Avg. Temp. | Max. Temp. Fire
Specimen | Thermocouples (°C) (°C) Resistance
(LHS) (at 120min)| (& 120min) |  (min)
Top 1010 1022
Modd-I Middle 1324 156.3 120
Bottom 366.5 482.7
Top 165 1250
Modd-I11 Middle 187.6 201.7 120
Bottom 3548 3743
LHS': Lightweight hollow sphere
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