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Simulation and Experimental Verification of
Fire Safety Distance Between Color Steel
Sandwich Panel Houses

WANG Houhua' , LI Dongshu®, MA Rui®

(1. Faculty of Urban Construction and Environmental Engineering,
Chongqing University, Chongqing 400045, China;2. Sichuan General
Fire Brigade, Chengdu 610036, China)

Abstract: A computer simulation was carried out to study the
fire safety distance between color steel polystyrene sandwich
panel houses based on the existing experimental data. The
comparison between the simulation and experimental results
shows that, for the worst case, the average relative error of
the maximum heat radiation intensity is 8. 77%, and the
maximum temperature is 7. 71%, which verifies the
simulation method. A subsequent simulation study focused on
the effect of different wind speeds to the development of panel
house fire based on the former mode, the fire safety distance
formulas were obtained by the regression analysis. With good
correlations, the formulas can be promoted and they can be
further used as a reference for the design and the calculation

of the fire safety distance between sandwich panel houses.
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Fig.1 Sandwich panel houses mode
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Fig.2 The heat release rate curve(Fire scene 1)
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Fig. 3 The heat radiation intensity-time curves of
different coordinate points ( Fire scene 1, Z =

1.6 m)

1 FLEIERARESHEEE(EEL1,Z=1.6m)
Tab.1 The maximum heat radiation intensity values of

different coordinate points{Fire scene 1, Z=1.6

m)

X/m Tnme/ (KW « m—%) t/s
3 20. 81 146. 3
4 13.53 146. 3
5 9.18 146. 3
6 6. 47 146.0
7 4,72 146.0
8 3. 45 146. 0
9 2.51 146. 0
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Fig. 4

The temperature-time curves of different

coordinate points{Fire scene 1, Z=1.8 m)

®2 RABRERSEEHE(ER1,Z=1.8m)

Tab.2 The maximum temperature values of different
coordinate points{Fire scene1, Z=1.8 m)
X/m Tnax/C /s
3 50.5 147.5
4 38.0 147.5
5 30.9 148, 0
6 26. 6 158. 3
7 23.7 158. 3
8 21.5 159.0
9 19.9 159. 0

X 8 2 B S AT, B AR 5 1R P8 3. 87 m, HE IR
4. 98 m, R FEFFEEHESRE 3. 14 m. 505 2. 74 m.
B85M80 BR.ERNKE =0 m -+ s . KR
15. 7 “C,AHXHE B 80%. R & M &R F WRK EI4&
PSR AEAER PORAE 3 RTS8 —40~1 100 °C, A2
VmZEANEL S C: R BERABE 5% K
ZXTM-MR-5 B4R 511+ &, SWP-ASR & 32 il
TE AR S 85 AN S 2R AR T A7 SC I B g R
SRR KRR GAAE U S5 0 B 55 S AL B R
FA 5. AL LA 5.
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Fig.5 The field experiment photo(Fire scene 1)
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Tab.3 Comparison of the experimental values and the

simulation values for the maximum heat

radiation intensity at different measuring points

(Fire scene 1, Z=1.6 m)

X/ TURAR L/ FUE Lo/ HXTBRE/
W+ m™%) (kW + m~2) %
5 8. 90 9.18 3.15
6 6.33 6. 47 2.21
7 3.87 4.72 21. 96
8 3.74 3.45 7.75

T AEXT IR 2 = VEAUME — U RHE | /I RH{E < 100%.

R AR Z=1.8 m, AR X Hebp s AL iy B iz
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R AR S BRI ET TTR 4 h X=4,5
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FA W g PR R RPN AT 5 o 8 A L R AR )
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A 23. 1700 B/ EXTIRZE A 1. 2506, I AE N 1222
AT T, B5E 3R 3 IR KR 5T 58 FE (¥ 7 4 A X
BRE 8. TT MW, BRI fF.
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(7% 1,Z=1.8 m)
Tab.4 Comparison of the experimental values and the
simulation values for the maximum temperature

at different measuring points (Fire scene 1, Z=

1.8 m)
X/m  WEAH Tow/CT  BEHUH Toe/C  HHXRE/ U
3 41 50,5 23.17
4 23 38.0 —
5 25 30.9 —
6 26 26.6 2.31
7 24 23.7 1. 25
8 22 21.5 2. 27
9 22 19.9 9.55
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4,5 +=143. 3 s B, K R KB 35 2]
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Pk RGRT HEUEEK Z=1. 6 m 4% X B4R
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Fig.6 The simulation image of smokeview
(Fire scene 2, £=161.0 s)

5 SHANRFESLEERAREHBEME(Z=1.6 m)
Tab.5 The maximum heat radiation intensity values of
different coordinate points (three fire scenes, Z
=1.6 m)
Yt 2 Y3 Yt 4
o (kvﬁa:n/*m s (kvlvrfa:n/#) s (kvlvrfafn/*% s
3 22,30 139.5 26. 48 151.0 26. 40 152, 3
4 14, 40 139.5 16. 83 151.0 17.03 149.5
5 9. 89 144, 0 11.11 151.0 11. 67 149. 8
6 7.16 144, 0 7.58 151. 8 8.32 149. 8
7 5.27 144.0 5. 36 151.8 6. 05 149. 8
8 3.91 144. 3 3.96 140.0 4. 45 149. 8
9 2. 91 144. 3 2. 97 139.8 3. 28 150.0
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6 =SMARGRELTRAESEEME(Z=1.8m)
Tab.6 The maximum temperature values of different

coordinate points(three fire scenes, Z=1.8 m)

X/m Y 2 Y 3 Y4
Trnax/C t/s  Tmax/C t/s  Twax/C  t/s
3 52.6 145.0 51.5 153.0 55.5 153.5
4 37.5 145.0 37.8 151. 8 40,0 155.0
5 29.5 145.0 31.8 151. 3 31.9 157.3
6 25.6 144, 8 27.5 155. 8 27.7 141.3
7 23.0 147.0 24,7 155. 8 26.3 138.3
8 21.3 148.5 22.8 156. 3 23.9 139.0
9 20. 1 145. 8 21.2 146. 3 21.9 145. 3

I3 5 F1 6 BRLDUECHE T LU L R KU
HER S BRI R LAS 25 M i B AE AR S o 2 A A
PRl RE 33 O SR B A W1 ER XL Bl K B PR, AR B
37 2K 5] B 40 E T 1% 75 IR A L R AR 2 5+, A
A B .

4 tREEBFABEEITEARN

AR & K R 52 T WAL 45 2R, R Fll — o nl
B35 85, 45 T 7 [l XU B AR S 5 R 5 R AR
PAIETAERES X iR R, R B .
v=0me+s"

Iax = 54. 88exp(— 0. 348X) o)
Hirp, R?=0. 996 1.
v=2me+s "

Iax = 55. 7T4exp(— 0. 334X) @)
HH,R*=0. 994 6,
v=3mes!

Iax = 72. 20exp(— 0. 364X) (3
He,R?=0.993 2.
v=4mes’

@ = 68. 24exp(— 0. 343X) €Y)
Hirp, R?=0. 995 6.

RO~ORMHEXRFEERT 0. 99, BLHUE
HIHEBR B AR S AR (D~ @, /T
T AN [R]XGER A5 T A B 2 I =22 T Ry e /N 4 B
K RJBE. HRG RREE R EE [ =10 kW « m™", Jf H.
T ERRBOCRN P A & RRES 8
L » BN T SRAGAR B 4L 11 7 K IRTBE. X ) 4, i XU
L RAR DRIk

10

__ 1 4, 10 _
X=—03s"5s. g5 +89m

B X>>4. 89 m i, B R AEE 6 5 BE AN 2 M i 57
PR ST 500 3 DR S A T B A A KOIR ZS T R &2

(9, A5 RZ IR BE LAST B B A0SR K 4 m
s L R O LIRS

1 0
0.313"68. 21 >6m

BI2 X>=5. 6 m I, S KPR 5T B AR 2o
I S AR G i R, R X R R (B R v=4 m « sT' [
EEMN.

(2~ B X TR YRS BT AL F
TR REWEAFIE L0, 55 KR EL T
R b 20 P v s XS 25 B AR AR AR 5 Y RELAS B8]
T S P B4 B o B XU B BRAE P S5 1 — 2D AR, PRI
AL B 25 5 A i 2 R PRIE .

X =—

5 4ig

(D #RARET G D REINER 5K 4
RWE R BLB AL B E B BRI R 5. R
B SR TS TR FL 52 K IOR BB L & B
I HE R LISEBLR.

(2) WA R X AR P 4 ] 22 [7] (4 07 K ) BE EL A
BRI, FERIT R K KRG FZT » LA 5 4R 41 58
JE I, =10 kW « m™? 5 5 A, g B DL 45 2R [ol
A E ) 77 2K LB 5 50T 3 A R R 454 T
B 4 A 2 1] 642 4297 K 8] .

ARSI R AR PE BRALBY K B0 073 & T 0T
FARRR KM AT R S W By ok Bt 3
] 4%l 3 2 26 7 M B35 PR 3R ) 2 S PR, R ] B
BHHR T KRR AR AR . H FDS #/F4 HoA
B 09 S KR4 PRIAS SO AL L A 45 R OUE T
U RAAF-E B AR B AR B AL M. 56 T RS I BE X AR
P KR R BRI RE W) » s 0 T T 2K A BE KT i 5t A
55 i B BB A9 2 T 55 T B TR R AR — 2B IR AT
0, R R AR R EE N E L

S 30k

(1] EHMR S BEE. RR X ELEFREHA RN GRT
(S b5t AL 5 Fdk £ 2R, 2008.
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Technical guidelines of transitional
houses construction in earthquake hit area(trial) [S]. Beijing:
Ministry of Housing and Urban-Rural Development of the
People’s Republic of China,2008.

[2] M) Rs SBA. Bk R BB R MR [R]. BUER: )17
Bh LA, 2010.
Sichuan General Fire Brigade. Experimental research report of
panel house fire[ R]. Chengdu: Sichuan General Fire Brigade,



Eal

A AR b B K R B RS 5 IR 3R 3 E

557

[3]

[4]

(5]

2010.

FIRR. PIfERI4%F FDS K RS R M mar0]. £4,
2011(8).8.

ZHOU Qing. The impact analysis of meshing to the fire
simulation results in FDS[J]. Safety Science and Technology,
2011¢8):8.

WKz BIART. £ EPS Je AR SR pa b 8k K& B k3 sk wk o8
[J]. BHE{EH,2010(23):549.

YANG Qingyun, YAN Dongsheng. Study on the combustion
performance and fire prevention countermeasures of EPS
sandwich board[J]. Science & Technology Information, 2010
(23):549.

KIGEE . I TR P Ak 32 00 B K R BEAT ZE LT . TE B 2
HHAR,2011, 30(11):1007.

SONG Xiaoyong.
transitional houses and tents[J]. Fire Science and Technology,
2011, 30(11).: 1007.

Study of fire safety distance between

L6]

Le]

LS R RERZ B IR IE AR 89 K R S for tEPEAT LT ]
HRFRE S HAR , 2008, 27(9):644.

ZHOU Quanhui, LIU Shijie. Fire risk evaluation of EPS sandwich
board[J]. Fire Science and Technology, 2008, 27(9) :644.
The RJA Group Inc. FDS(Version 5) Pyrosim user manual[M].
Gaithershurg: The RJA Group Inc, 2011.

%, B, SRR RENEEREFRGILANRI] A
PRIRE S, 2004, 13(2):64.

ZHONG Wei, HUO Ran, SHI Congling. Some discussion on
methodology to design heat release rate[J]. Journal of Natural
Disasters, 2004, 13(2).64.

LR ARE, THR 5. KREFPHERIM]. S8 FER
ZHARRFE N IR, 1995,

FAN Weicheng, ZHOU Jianjun, WANG Qing’ an, et al. Concise
tutorial of fire science [ M]. Hefei: University of Science and
Technology of China Press,1995.

N g U g U e i e L R U U U U U U U U U U e e e

(E3%8 504 TT)

L7]

L8]

L9

[10]

[11]

[12]

[13]

[14]

Prokopski G. Fracture toughness of concretes at high
temperature [J]. Journal of Material Science, 1995, 30(6):
1609.

Hisham A F, Sameer A H. Variation of the fracture toughness
of concrete with temperature [J]. Construction Building
Materials, 1997, 11(2). 105.

BRI, STFIAR, #5E, %, WiRJGIREE T WA T ].
BEHA P FH, 2012, 15(6): 845.

LU Zhoudao, YU Kequan, SU Lei, et al. Residual fracture
behaviors of post-fire concrete [J]. Journal of Building
Material, 2012, 15(6); 845.

AIFAL, RS, RIRERE LR AmmE N El]] &
FAREER, 2012, 16(3): 845.

YU Kequan, LU Zhoudao. Determination of softening traction-
separation laws of post-fire concrete [J]. Journal of Building
Material, 2013, 16(3); 462.

AR NS, BRERELERSSBRNALYT RAS
BHERLT]. BTkl T24RR, 2013, 16(4), 113.

YU Kequan, LU Zhoudao. Residual crack extension resistance
during the complete fracture process of post-fire concrete [J].
Journal of Zhejiang University: Engineering Science, 2013, 16
4: 113.

Petersson P E. Crack growth and development of fracture zones in
plain concrete and similar materials [ R]. Lund: Division of
Building Materials of Lund Institute of Technology, 1981.

Comite Euro-International du Beton. CEB-FIP model code 1990
[M]. Lausanne: Bulletin D’ Information, 1993.

TEME PR, MTBRERTFTFHIMI Jo: B R

[15]

[16]

[17]

(18]

[19]

L20]

i, 1981.

Aviation Institute of China. Stress intensity factor handbook
[M]. Beijing: Science Press, 1981.

Jenqg Y S, Shah S P. Two parameter fracture model for
concrete [J]. Journal of Engineering Mechanics, 1985, 111
10y 1227.

Bueckner H F. A novel principle for the computation of stress
intensity factors [J]. Journal of Applied Mathematics and
Mechanics, 1970, 50:529.

KEE, HUHR. RRBEITE MBS R ELT] TR
F1%, 2011, 28(4); 58.

Zhang X F, Xu SL. Fracture toughness of concrete determined
using weight function method [J]. Engineering Mechanics,
2011, 28(4): 58.

Xu S L, Reinhardt H W. Determination of double-K criterion
Part II.

analytical evaluating and practical measuring methods for three-

for crack propagation in quasi-brittle fracture,

point bending notched beam [J]. International Journal of
Fracture, 1999, 98(2).151.

Xu S L, Reinhardt H W. Determination of double-K criterion
Part III.
compact tension specimens and wedge splitting specimens [J].
International Journal of Fracture, 1999, 98(2). 179.

BT RIEEIREE W RS [D]. B, FHRE,
2012.

YU Kequan. Residual fracture properties of concrete subjected

for crack propagation in quasi-brittle fracture,

to elevated temperatures [ D]. Shanghai: Tongji University,
2012.





