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Simulation and experimental study of the fire performance of
underground shopping streets

LUO Qing', ZHANG Zhe-jiang*, MEI Xiu-juan®, WANG Hou-hua', LAN Bin*

(1. Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education,
Chongqing University, Chongqing 400030, P. R. China; 2. Sichuan Fire Research Institute of
Public Security Ministry, Dujiangyan 611830, P. R. China)

Abstract: Underground streets have been developed in cities with land shortages. We simulated the dynamic
distribution characteristics of smoke flow and temperature from fires under natural conditions in
underground streets. The experiment was carried out at the Sichuan Fire Research Institute of Public
Security Ministry, P. R. China. A 500 kg fire source was used in a real underground street. Temperature

The

comparison between the computer simulation data and experimental data validates the simulation. This

distribution at different heights and personnel escape routes are shown in two typical sections.

study provides a valuable reference for fire assessment of underground shopping streets.

Key words: underground shopping streets; fire experiments; smoke flow; computer simulation

3 R Ml R A A AR AR 3T B R Ml XSO
RO Z I i e RS T AATIE I
A FG— 0 S8 PO 35 i 5 R A %l 55 it Y 3t
TS AS (] A PR R B R R A — B AR T
HR 9 T DX AT LSRR A X AT 52 2 (] A
A T PR TE VS Ml DX 55 R AR R AN R 28 47 3R 85
T I I i BB By 25 7

Bt 3t R oMb A T R TR AN W % A L A B

WA B H1:2008-04-03

KA a BAORFZ AL AN R . G T R E K
G K 7 A R R R A e DR R M T S STAL T
MRS 2 A E A A B D ORI S
BUR A KIS AR O A AR PR T i R A AR
Yo kI8 55 A NI IR XE, R S — T
TAT S JHAHEAS 2 B BUR L b 3t T 2 SR 22
18 o 2 A IR 7 2R R M A R JBE /N o i B T
7o PR K () Bl JBE T R 3k 800~900 C L FLE 1

Ko B AL TREEBE T AL 45 28 25 0F 5 % Bh 30 H (2005DIA2J007) 5
TR ARB L4 ERIW H (CSTC, 2007BB4131)
WA D PA9IT6-), 5 EPR KA, FENF RIS L2071 5T, (E-maiD luoqing96 @163. com,

http://gks.cqu.edu.cn



%9

F R F T R AT K SR AR B 8 AR RO 55 3 4 AT

1075

000 ‘CRAL L. MR gl A7 ORI 1 THE] 800 C L
F I T AR R oy T O AR By KO 7™ A Y il RE AT
NBEFE Hetis X 2 P o N RTE IO 0 1 A0
U B 8y o [ B S 0 22 AR DR 7 A 8 57 K
OB 24 PG B 2 A BE R 32 B B BRI ik
SARPRIETZ S o A X v T B T 2 (R A 1
H 1 R DA 0 A R AR KR 32 RN B
R 36 A= 2 E AT S B N . SRR N RS 2 A A G
[N NIS A NG (Y 2003 KSR N i N
TSR BT AATE BRI KRR
TEE SR ARATRAL AT A 3t N 2 50
HAZ Rl BRUEN Y oS3 A T i B TR
W 1 B kR R OR, — ik B 25 ~
100 kg/m* ™), LI 1 R 7 E

%1 HHAR TSR 2 BN

BffE] <S5 min 5mn 30mn 2h 4~8h 27~72h

HECT 150 140 100 65—8046 —65 35—41

HY T M R Ml T KR R R A R L A
XM L A KT TR B R A o
58 A SR N B3 A G PF AR RTINS RE 88 50 AR 2
F189 4 B 01 5 A o A5 R IR RO A B K . AE 101
14 SR R R A R, SR 500 kg 19 K £ S 36 AT
SEHLBEEL X 3t T Rk B AE 3 ARAR ST A9 KRR
BT it oe.

1 3T A LA KRB AT LB

PZHL R RO A AR AR 640 m® S i 3 m,
o E B K 67 m, T8 4 m, B Sk A ] 4y A E A
FCE 1) B0 B 1 ol 5 9 320 109 15 4l O P o
2 KM LITIFIF 1 FIJF O 3,08 i — A58 8 4 F 8
T, A KRG R B 2 KRR . K KA b
B, = NIRE 24 C =AMNRIE 27 °C, KR ETEIT
FU1 Ay 22 5 4l P s i SR A RS 518, &
200 mL.,

L1 1

[ ] ([ ] ®
AT AR FARTI AL DUERI I

IZZZI |

@ . @ b k
A 1 RIS e

| P

Fo3

FF a2

WAL ]_ |EJ<§1# _—

BB Ei
KR

1
FFH1

B 1 Skw A AE @A

S o AR L TG A R Ml PN S R
] BT I A, B A 38 G A DB T A
S LR B R S b 1 43 03 R 0. 5.1, 5.1, 68, 1. 86,
2.04.2.32.2.50.2.68.2.86 m, $EE T 2.6 #
() I B AT A0 AT

T b 7 308 A AR A AR A3 BT - DAL 2.3 HRT L
B T R b AR R A AR o A A DL AR [A]—
RO TS W T 93 N = 7 (@ 1 == T R i
AL EPFEEAE PR LER X 5 ER A A AT
DR W11l 1 VA /= = O 1= RO 9530 o T
B AR AR M B R R AT . X o A AL LR
& FoRUL AR T ANk A B I A
AU BE 4 A1 R LA s BE R TR T TR I R R Ul B
— AN E TR AR AE R X R AR R A T
FE A B I i 22 R Y B TR I e T O B ok
P 2 THUAR 3 A v T TR A 1y, B A i AR Y
My 3 o o R R L K M R A Y 25
WA ZEVIE R o, 0 il 5 i JF 124 A
T o K .

0.50 m
0.50 m
1.68 m
1.86 m
2.04 m
232 m
2.50 m
2.68 m
2.86 m

1 4 7 10 13 16 19 22 25 28
t/min

B2 H2Ha@etREsk

—+—0.50 m
1.50 m
—1.68m
1.86 m
—+2.04 m
—-+232m
—+2.50 m
—2.68 m
2.86 m

1 4 7 10 13 16 19 22 25 28 31
t/min

B3 %6WamumEnst

http://gks.cqu.edu.cn



1076

TRXFFR

2 TR AT K A AR AT

2.1 AR
D) Joi & SFE 7
Jo S AE 7 B SRR i S T T

d d
5§+—axfpu»::smo

5 R B ST E O R — BOE L EE T
A H AR s AN AT I AR i sl . PRI S, i e B
TG I B T S AR Y 5T YR AT LR AT ]
1 A SR,

s ETT

TEBE A AR A 7 5 1) b i 3 sy 1| 7 R
J d ___dp | 9T
ait(pu,)—’_a(pu,u])* 81, al‘j +pg,+F,

Horprep W oy SR Iy 3k i s g MVF, 205000 @ JF
] b AR RN AR ER ) F L T B
TR AH S PRI I B SCURI

3 FET .

e RIE N

5 P ) aT
E(PE)+TJQ(u[ (‘OEJFP))*TL(}ZCHE)L _

zh]’.]j/ +Mj(T1]‘)eH> +Sh ’

H kg RASPME T RZEG T 2 A0 MY B8R
. R TRA B RRT 3 WA BIR T e S H
A3 EORURG AR RO R IO AR =4 iz . S, IS T 1%
S 3R DL BB SR AR R AR R I
2.2 T B LA EMER

HRAE LA b B0 A5 T RN S 56 vh i 4 PEARE R, 4 57
AR BT S HLASE T (] 4D, A LR 28 R i S 1
M A Y RSE FF 57 5 S5 vh o8 A —FE R A A
WG S AE R AT A5 1F . R KR Bh A7 2, ik
S RS BRI A ST IR A R R R

B4 it B

MIEL 5.6 H iR S0 A LR LA - 7E 7 min
I+ KT A BE R e 22 R B T 3R R
9 —F o i TR WAL B SR T A RER o MR
ZEN TS IF I+ KU S A b 0] R e 7 00 1Y
T TE S /N o AR 6 v T LU L I KR Y
A2 W IS 2 M T Rl A A e e N 5 S A
LI B G AR W) Ao DN 2 AT R X L AT DL 31 ok
9 Y KU F U — 2 9L AE 10 min B, ©
L E R TR R A A AT O

I 1IIIIII'|

B 5 7min, 3 1.5 m & TF 7 k46
BB A HULAE (4% K)

B 6 10 min, &3 1.5 m &3 T A k46
B R AU (45 K)

3 WTH LA EELERS HMAEM
28 R aF e o7
ST SIS R A AR A ) A B
530 DA 5 A E L0 oA ) 1 37 8 A 42
Sl ot 20 4 KA T H 4T W 7.8,

45
40

35

1 4 7 10 13 16 19 22 25
t/min

B7 #6W@a,5nmad 1.5 m 4 adsElast koA

80
70 .r‘/::
I
60 /::{:
- -
50 g

_'_1%
o #)\
o 40 wy 1
30 ol
20 i
10
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 35 7 9111315 17 19 21 23 2527 29

t/min

B8 %28 @ &% E 2.32 m A 858 E A5 k4 A

http://gks.cqu.edu.cn



%94

F R F T R AT K SR AR B 8 AR RO 55 3 4 AT

1077

M 7.8 S HE o M 25 2R AT LA Y AR
(EL I B — S IR 1) LA 7R R Y 22 57  FE5R 2 W
AR EEZE(E N 8 C L4 6 Wil Abild 22 {5 5 °C.
{ELJE 7 5 T B MR ] B A B — By B BT
AR I B AT —E S BRI . TR KOR AN
B E R S VT AU Rt 7 N S (D S G (B
— Sl PR BT AL L X R 25 Y BB IA . 55 4k
— 7 AL I KT R T 2 R AR B4R
B UCEL S KRR O AT AR R B BE AL » KK A A
I T 227 B - A I A b 28 v AR S5l i S, L
SR HER L b B A 4R I AR IR A S P
F14 BJ7 KRR GEVEA 3o A B E 2L

4 % it

T % S A b T R Ml Y S 50 B 5 N (A
U AT T 500 kg KA T A HE G R BE S A B AR S GE
ok T A SR DR TET S 0 3 3 A AR AU 43 A B R LG
UESE T BUE R & B R B I TR 458

1) SEAA S 6 A 5080 8 s S 56 Ao R 0 3 AR Ak
5 DUAE 5 3 114 512 B T R M i kO AR R Oy
T 5% S5 B 1l 357 M 757 19 Bl Kk 22 4 4 i B K PPl 7
AR T H BN S H U

2) 38 3o A MR A58 B A RS DL ER A 9 X L ik S
BE B0 A5 B 2 A 5 1 bR R 5 1Y B K
FEPRPE T &0 A BN

3) H LA S 58 B0 1 RO L A B LY
G W=R a2 0I e AN K TP & = 8 & S € 1

AH Lk

[ 1] GRATTAN K B, BAUM H R, REHM R G, et al.
Fire dynamics simulator version 4-technical reference
guide, NISTIR6783 [R]. Gaithersburg: Building and
Fire Research Laboratory, 2003: 120-125.

[ 2] FORNEY G P. GRATTAN K B. User’s guide for
smokeview version 3. 1: a tool for visualizing fire

NISTIR6980 [ R .
Gaithersburg: Building and Fire Research Laboratory,
2003 141-143.

[3]JREHM R G, PITTS W M, BAUM H R, et al. Initial

dynamics simulation data,

model for fires in the world trade center towers,
NISTIR6879 [ R]. Gaithersburg: Building and Fire
Research Laboratory, 2003: 220-225.

[4]JOHN H. MAMMOSER III, FRANCINE B. A
computational study on the use of balconies to reduce
flame spread in high-rise apartment fires [ J]. Fire
Safety Journal, 2004, 39. 277-296.

[ 5] ERIC W M, RICHARD K K, YUEN S M. A novel
artificial neural network fire model for prediction of thermal
interface location in single compartment fire [J]. Fire
Safety Journal, 2004, 39 67-87.

[ 6 ] HOLBORN P G, NOLAN P F, GOLT J. An analysis
of fire sizes, fire growth rates and times between events
using data from fire investigations [J]. Fire Safety
Journal, 2004, 39. 481-524.

[ 7] SUHAS V. Computational modeling of flow and heat
transfer in industrial applications [ J]. International
Journal of Heat and Fluid Flow, 2002, 23 222-231.

[ 8 ] REGEV A, HASSID S, POREH M. Density jumps in
smoke flow along horizontal ceilings [J]. Fire Safety
Journal, 2004, 39. 465-479.

L9 mal. MR ki SR By 97 [T, 3 IR =ik 2 g 2
#%.,2002,18(6): 112-127.

HUANG ZHAO.
street [ ] .
University, 2002, 18(6). 112-127.

[10] A%, #HFAKLZETRFIBIM] A1 P EBE
PR R AL 1999.

C1L] I8, -2, ol SRR Pk R AL PPl 7 125 B AR HE 22 B
FLI] BT AR S M5 R 2005, 2: 65-68.

XU TONG, WANG JIAN-JUN. Fire assessment frame

Fire protection for underground

Journal of Chongqing Three Gorges

for ancient building [J]. Fire Technique and Products
Information, 2005, 2. 65-68.

L12] SRPAFTL. d @ HUBT SRR SR BRI ] W B H AR 5 7=
g B ,2007, 2. 54-57.
ZHANG ZHE-JIANG. Review of fire protection for
ancient building [ ] ].
Information, 2007, 2. 54-57.

[13] £k @FHEP 2 m A LM Juat 2 Tkl
#1,2006.

(147 FE5 5. HT # SRR RIS R LT B Rl 5
A .2002, 1. 39-40.
YANG QING-QUAN. Study on smoke exhaust for

Fire Technique and Products

underground building[J]. Fire Technique and Products
Information, 2002, 1. 39-40.

(150 AW R, o E R G4 % M. Je e E A
RO R th At . 2000,

Ui A )

http://gks.cqu.edu.cn



	自科0809-1074
	自科0809-1075
	自科0809-1076
	自科0809-1077



