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Abstract

It is a great significance to accurately and timely report a tunnel fire. Using FDS software to study
the relationship between the temperature rise of the tunnel ceiling and the wind speed from the
aspects of vehicle size, ambient temperature and fire source power, a reasonable dynamic alarm
threshold is obtained. The scale tunnel model is made; the fiber grating temperature measure-
ment system is built; the laboratory simulation experiment is carried out; the measurement error
is determined to not exceed 0.7°C; and the false report problem of fire routine fixed threshold
method is solved.

Keywords

Fiber Grating, Tunnel Fire, Dynamic Threshold, Alarm

ET A KRR E R AR

BTk , (EEAR S TR e, 107 TLRH
Email: 260266504@qq.com, 1518836533@qq.com, winnerjia@sohu.com, Zhaolm@sut.edu.cn

Weks HEA: 20194F4H3H; FHEM: 2019F4H19H; KA HM: 20199F4H26H

HE

BEIE R A K R HERE R AT R B AT+ BENE L. FAFDSHANRERT FEERE & KIRT R
FHH, FARKRNEETHESSKNERRR, RAGHENITHRERE. HERREERT, B2
HE MR RS, #ATER AL, Fie T NEREAEL0.7C, HRIET & RE SIS RE
TS A B R RIRE SRS AT AT P, ARIFHRAR R T K R A < BT R 1 A R R

SCEGIH: DR, PUTT, WEE, RO TR KRR E BRI L EAREOR SR, 2019, 7(2):
50-58. DOI: 10.12677/jsta.2019.72006


http://www.hanspub.org/journal/jsta
https://doi.org/10.12677/jsta.2019.72006
https://doi.org/10.12677/jsta.2019.72006
http://www.hanspub.org

il 55

XK ia
JEOEH, BEAR, SHERE, ®E

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BEE AL AT D, WE RSB G R TR RE, & 2017 FRER QLR 47735 Hn
1], ME%EERZeEIRARR S, AR 7@t A E. BEF A BMIRREEL 5
HEMBAHILBOE . BEWLERIR. WAL, HAAMU. M. MRS, Kk kA H
. BIETEREZR, BEEMZH, MERERKERINK, CEBMIZE R B8, &4 KKK
BERANWTIE N AR O AR BRI, AR AT RE R A KO, — ELSIRAE A A A IR, BRZE A
B AL BRI, Fa RECRHREEIE, MR — B KR, BEE N AP L
25 AN B A F AR I R AEAR AR N () Py BRI T R, 68 22 9N % B A i R B T L 5 3 AR
ZHR A IE SN P U S — R IR IEDUR N[ 2]0 PRI FETE K I HEAT S I A 28 4 8 B A A L o
o

—PBCK TR AR R A S8 BB AT AT e A AR . 1R B B B R R R R s TR B
B e I 2 R R AR S AR T B RUR TAR DGR IT i o £ 5K BrbE T8 A AEAEA B AR E HLEE 242,
AF RIS, ARG T K RSB AR . B, Bevt— 3k 5 WA 5 3h 2t B 1 11 % 1) R 1E
KRR E R GRA BRI E L.

AR SR X BB TE JCRAEA R RGE T BTG BE AT 5, T SO s S E R . 6T 64L&
SRR RS, AAEE S S BRE S & 1 AT IR E .

2. SEASCHNE N RIRE

H AR JOR RN ZE 2500y RS, BOGRUREGER AL, T AMBERAHE R K12, H
ARRHRE R, RO AR &5 25 1 B A v o RO IRNIAS 5 SR i, S BRI 00N A 2 e
BIRE, IERIRET A IR BRI A P DO MM RS v i RS EER R, KRR E LT
PR AR UL T XPABRE NG . I, SRADGEHEHIME S e oot .

ARG OGBS . R, AL =80 4. ROBL e e B as 28 T 100, 9871 i
IR BRI G HE NG LT, NI BIRDCAT SRR C L e g b, G el RIR B A e, rhab kK
A2, BTGB LR IR AR . IR BRI S SR HON LGS, BT RO AL ML At
B, BHUE S HHMEETE T Al # 05 EAHUE, S EERINE, AL SEE
TR RN, REEHRAE.

3. hEERMEFHRRE

BUE A HA A IRCE RME, AR KRR P e B 2D o MER R A R G T 0 R T P
HAHEM L. FDS (Fire Dynamics Simulator)f/j HE A H B/ IR, W58 A5 a, Btk
P Z T KRBT

DOI: 10.12677/jsta.2019.72006 51 IR AR S R


https://doi.org/10.12677/jsta.2019.72006
http://creativecommons.org/licenses/by/4.0/

il 55

AR FDS BAF L T R A, EBEIE X 8], KA 200 m. FEIE & A5 50 5N : 5.5 m.
11 m. WK1 Fs.

Figure 1. Tunnel simulation model

1. BEHERR

WIUAIS %1, BRIERBIRE RN 20°C, KSE/IN 0.1 MPa. FEIE P 5 A OPEN. [%iE & It
A CONCRETE. ‘KIFHFERUER O N 3 MW, KIRFHEEZ N D* = 1.43 m, W% RFRA D*H 0.1
%, PR RSE d 9 0.14 x 0.14 x 0.14 m I, L5 SR LCIHERf . JELr Mt — M 28 8 TR Tl — e BE 55 1)
SRS b, IR & 5 m P AT IR

B 60 FhI& K IR (18 G I, BETE K 9¢ 43 AT A6 K R G KB B L R HATE B B DL B S I B,
RGO AR RIZE 50 FP P, A Rl BE R 2 R A2 B B AR [3] [4]. PRIL, 5 B TR 50 A

A SCHR AT %0, BB 1) 1 R KO 2 B AR A 1~4 m/s, JEFE N HROKATIA 6 m/s [5]. PRI, 5 B0 X#E X
[8]°4 0~6 mV/s.
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Figure 2. Relationship between temperature and wind speed for different car sizes
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Figure 3. Relationship between temperature and wind speed at different ambient temperatures
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Figure 4. Relationship between AT and wind speed at different ambient temperatures

4. FTRIFERET AT SRREXRE

Table 1. Relationship between AT(°C) and wind speed V(m/s) under different fire source powers
F 1. NEMGRIET AT(C)5NIE V(m/s)HI X F

JRHE 3IMW 5SMW 10 MW 20 MW 50 MW
0 40 66.95 156.5 2227 332
1 40 61.5 140 197.7 289
2 35 52.65 117.5 172.7 274
3 25 40.5 98 152 225
4 20 30 78.5 130 210
5 20 20 35 97.7 176
6 15 20 30 65 150

BOEMBLIRLE 20°C, ANTERSE, KIEA 50 AP A [F] KD 2T B K R TR T+ AT 5 X 2
IR R A 1 s, SRR RIZ A 5 s, IF0nl 5 & iRl a AP 2 .

HI% 2 WL, KIRTIERN 3 MW I, &k e, FEE AT DL, B DR AT LI A 8L 65 26 y = —4.6429x
+46.429, oy N AT (BEETINNEE S EHRE 2 %), BAC, x N, HAL m/s,

KR AR S [ € B S Eh A BEM A A 077 B RAWE UK RAEE, AR5 54 1E
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50°C, [ERMERE < MBRR, SV BATR M 7 A RERE L, B SEEE RCTEE, i 5T
RN ISR BN BT 5 X R OG ZR ih 2k, 045 BE T8 PSR BE M SR G, JE L 2% i 28 RS S
I RO TH SR TE AT, FRI0 B SR RPABEIR I, RIS BEE LA T B IE AR AL, G SR 20 75
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Figure 5. Relationship between AT and wind speed under different fire source powers at 20°C

5. 20CARINRINET AT 5REXRE

Table 2. AT and wind speed formula under different fire source powers

% 2. FRABHET AT SRUELR

P RIES BEAKA W&
3IMW y=—4.6429x +46.429 R2=0.9389
5 MW y=—8.8036x +76.871 R2=0.9733
10 MW y=—22.446x + 183.43 R2=0.9792
20 MW y = —25.564x +250.51 R2=0.9935
50 MW y=—29.857x + 356 R2 =0.9882
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Figure 6. Temperature vs. Center wavelength
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R RS R TR . SEIG SE R Il 7.
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BBk 1 K A R A R E V€ -
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Figure 7. Wind speed and fire temperature diagram
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Figure 8. Wind speed and fire temperature diagram
E 8. MESKRIEEXRE
Table 3. Error analysis
=3 RESH
R m/s TE AT % C S8 AT WEC WET
0 26 26.3 0.24
0.1 11 12 0.7
0.2 8 8 0
0.3 45 4.5 0
0.4 3.5 4.2 0.4
0.5 3 3.5 0.31
0.6 2 3.1 0.7
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Figure 9. Alarm flow chart
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