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Abstract: The blast shock wave will be transmitted to the ground through the vent as a gas explosion accident occurs in an
urban shallowly-buried pipe trench, and cause serious disaster consequences. However, there are few studies on the
propagating law of the explosion load outward through the explosion vent in the long and straight space. Thus, it is necessary
to reveal the explosion load distribution law on the ground of such accidents. Based on the combustible gas explosion test in
the long and straight venting space conducted in the previous period, the applicability of parameters and grid size in FLACS
software were verified. Then the FLACS software was used to carry out numerical simulations of the gas explosion process in
the urban shallow buried pipe trench. The propagation process of shock wave was divided into three stages: stable stage, Ap,
stage and Ap, stage, and the mechanism of shock wave was analyzed by fuel, flame, flow velocity and density. The results
show that the value of Ap, is small, mainly caused by compression waves, and Ap, is the maximum overpressure peak, mainly
caused by flame waves. The characteristics of the overpressure time-history curve were studied. The results show that Ap, has
smaller differences in each direction than Ap,, and the wave propagation has obvious directionality in X and Z directions, while

symmetrical in the y direction. The attenuation law of shock waves in space was studied and the attenuation formula in each
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direction was obtained by data fitting. The results show that Ap, gradually decreases with the increase of the distance from the
venting port, and the value of the value in each direction varies greatly, among which, it shows a symmetrical attenuation trend
along the short side of the pipe trench section; Ap, and distance roughly satisfy the exponential function relationship, and the
fitting degree is above 98.8%.

Keywords: urban shallow buried pipe trench; gas explosion; explosion shock wave; peak overpressure
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Fig. 1 Pipe trench test device
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Table 1 Working condition record of combustible gas explosion in pipe trench

T8 TR 10 TR L1 4 H PBERTL %
1-A FEHR+TTHS 3 75

1-B FEHR+TITAR 3 8.5

1-C FEAR+TAS 3 9.5

1-D FEHR+ A 3 10.5

1-E FEAR+ AL 3 115

2-C A, ToitE O 0 9.5

3-C =i 0 9.5
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Fig. 2 Distribution of measuring points in the pipe trench
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Fig. 3 Grid sensitivity test results
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Fig. 4 The numerical model of the shallow-buried pipe trench

(b) Side view
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Fig. 5 Grid distribution of a numerical model for the shallowly-buried pipe trench
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Table 2 Coordinates of measuring points

X gz m) Y gy ) VA a0
W A5 AsR/m NS A fR/m R AefR/m
X1 (25,0,1) Y1 (44.5,-10, 1) Z1 (44.5,0,1)
X2 (30,0,1) Y2 (445,-7,1) 72 (44.5,0,2)
X3 (35,0, 1) Y3 (44.5,-5,1) 73 (44.5,0,3)
X4 (40,0, 1) Y4 (44.5,-4,1) 74 (44.5,0,4)
X5 (41,0, 1) Y5 (44.5,-3,1) z5 (44.5,0,5)
X6 (42,0,1) Y6 (44.5,-2,1) 76 (44.5,0,6)
X7 (43,0,1) Y7 (44.5,-1,1) 77 (44.5,0,7)
X8 (46,0, 1) Y8 (445,1,1) Z8 (44.5,0,8)
X9 (47,0,1) Y9 (44.5,2,1) 79 (44.5,0,9)
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Table 2 (Continued)
X %5 Y iy Z 5oy
WA AeR/m RS Aeb/m bR Aef/m
X10 (48,0, 1) Y10 (445,3,1) 710 (44.5,0,10)
XI11 (49,0, 1) Y11 (44.5,4,1) z11 (44.5,0,11)
X12 (54,0, 1) Y12 (44.5,5,1) 712 (44.5,0,13)
X13 (59,0, 1) Y12 (445,7,1) Z12 (44.5,0,16)
X14 (64,0, 1) Y12 (44.5,10,1) 712 (44.5,0,20)
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Fig. 6 Layout of measuring points
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Fig. 9 Two-dimensional distribution of fuel and combustion product

Velocity/(m's™)

et 75.0
MRITFFaaIT| — 64.0
> 58.0
= 52.0
“+ 46.0
40.0

== 34,0
= 28.0
> 220
> 16.0
0.1

X/m

10 BB I s R i
Fig. 10 Velocity vectors in the flow field in phase 1I

105101-8



5 42 45 BRI, 45 ST A A PR AR Y T O, (T ): b e T 9 £ %510 1

Temperature/ “C

i 2071
20 30 40

1577
X/m

1427
B R M A

1227
Fig. 11 Two-dimensional distribution of temperature

1127
971
827
677
527
377

37

Density/(kg'm™)
1.18
0.92
0.84
0.76
0.68
0.60
0.52
0.44
0.36
0.28
0.12

30 40
X/m

B 12 B Y5

Fig. 12 Two-dimensional distribution of density

Velocity/(m's™)
— 400

= 365
= 330
____________________________ =~ 295

h
| sssrrssaaaccss
i
|

R e L R R ]

+ 260

225

190
155

I DDDSI I TTY Y o
e et ddddiiny
et dddddn

* 120

20 30 25
X/m

K13 BrBe s R R
Fig. 13 Velocity vectors in the flow field in phase Il

Jie 3T BB R AU T, KO Il Jd 2 R A58 7 ) 1) i B A8 R R B 1X o 24 1=850 ms I, KOAE
AN D R LR AN U ) 2 B A 23 I 1) S, A AR D PO Y 5 1) KB X AR 23, (R
7E A5 T X A5 1 R SR AR RR A A (WL 14), FHOnT e Y JRL R 2 25 SR s, 24 K M 1%
B AR T, D 16) 0 KR A BB A D 1) A o ) g AR 10 BRF AT 38 A — 08 70 56 2 A5/ N B R A KM 2 1) 23
AP AL RR RE R B AY G BE, S BOZE Bes B2 WEE R SR, (HOR B R 10 HEAT, R I (E TR 8
Hrs /) o

105101-9



ERVE B, 45 ST M T PR AR A AR AR ) TR 2

B (1): wl il A T A 53 5510 1

Ap,/kPa

8.0
7.3
6.6
59
5.2
4.5
3.8
3.1
2.4

14 Ap, =453 LR

Fig. 14 Vertical view of three-dimensional distribution of Ap,

2.3 BEREHZEEES

TE=HEM bR 2, BB ICAE X, Y, Z s 1) B B AR R A A ad B B T I A il £, 15T 15 B .
P 15(a) AT LA MY, 05 X405 1], 2500 88 B A0S 1 S8R (E Ap, MHZEE/D, 5 2 IR IE(E Ap, 22

-
o

-
o

Ove:fp"ess"“e/kPa

Overpressure/kPa

(b) In the Y direction

/kPa
°

Overpressure

(c) In the Z direction

B 15 HERFRRAZ

Fig. 15 Overpressure-time history curves

105101-10



B2 BRI, 45 ST A A PR AR Y T O, (T ): b e T 9 £ 5 10 3]

BOR o AENT X 75 18] b, RO R (EL Ap, 57 T 53 X8, 2974 13 kPa, HL 76K LTI, 00 5 gt 11 A

SR B BT, TR WA Ap, BN RIS, L i] ROULEE BN A X1~ X7 — 0] 64 8 I (/N 7 00 5 X8~ X14 —
0 ) DA
i 15(b) Al AR Y, 7EdT Y 07 1) b, B R (B T Ap, (5 T B A 11 el iy 005 Y7 0 Y8, L

{ELZ9° 7 kPa, - HL7E AR 11O e 068 {8 A, Bt B8 85 (14 398 00 S 060 R 2 0 14 5

HI L 15(c) /LA, 7Eir Z s ) b, 268 2 S R (E Ap, B9 S RN T A5 Z1, HAEZ
14.5 kPa, LRl % 0 553 5 B2 Y BT, SO A E 23 b B 7 s 0 5 BB TR IEE(E. Ap, WL T/
24 BEEBESHAE

TE A 0 S P R T B4 23 BT, T AR, ST T P R AR 9 D AT R AR A e o gl e o iR 11 B 3k
HuTH A 2 AR (R Ap, 1 Ap,, I8 16 ik 2 AN FRIEEAE X, Y, Z T 1 B o0 A1 o LU 10 8 2
R, TR A o e B A R A 7 1) D X B8 IE DT 1, A TR A e DA 04 S T 1) D X BT 1, Z A Y 5 ] )
ARl B AR — 20 AL 16 AT, SRR Ap, A1 LE, BRI (E Ap, AR/, B4 A5 2 18] 9 3l
WEEEAN I o X T R WA Ap,, FAE BB MR 11 BE B A4 38 I i s, [RIINF, 7 Y O 1) b Al e i i 2 B
/NT X IETT A Z 75 1) L AR T AL, 332 R TR AR il Dl A A 1 BT D7 1 kT g R A

10
12+ ;
—e— Ap, i —e— Ap,

—=— Ap, 8r —=— Ap,

6

3 2+
()-»—.zl/a.‘f or

21 -14 =7 0 7 14 21 =10 ) 0 5 10
Distance/m Distance/m
(a) In the X direction (b) In the Y direction

Overpressure/kPa
(o)}
Overpressure/kPa

16
14 +
12+
10

Overpressure/kPa

(= e
T T T T T

oo oo 0000 4

0 5 10 15 20
Distance/m
(c) In the Z direction

& 16 BIEIE(E Ap, Bl Ap, £ X, Y, Z JF IR0 A6
Fig. 16 Distribution of Overpressure peaks Ap, and Ap, in the XX, Y and Z directions
Nt A R EE(E Ap, BYTEISRILEE, 2 RS 0P (008 R 5 1 0 A B0 880, mT DA AT AR 4R
PR ZADLG, 45 200 00 8 D (E Ap, FRIHARE 1 22 8] A R B of B0 I H8 BOR B 1 C &R
Ap> =a—bc* (1)
Kh:a. b, e HHEE

105101-11



B2 BRI, 45 ST A A PR AR Y T O, (T ): b e T 9 £ 5 10 3]

Ui %E 2 ﬁ y ,‘\5\ 1Y 5%& fE , 18 3+ ﬁ 63\55'] CIgPs 18 Along the positive X direction
BENE X, Y. ZJ7 1 L Apy-d KA tor . — E?tszgoodness of fit is 0.988)
FEEN N 14r Along the negative X direction
0.574+21.301 x0.624"  #YXIEJ7 i 12t - Test
. . —— Fit (goodness of fit is 0.992)
A 0.131+6.001 x0.589¢ WX A 7 1) : § 101 Along the Y direction
= = L = Test
b2 0.518+12.775%x0.492¢  ¥EY )71 @) 2': 8 — Fis(goodpess of fit is 0.988)
y . . 6r AlonTg tltle Z direction
0.865+19.364 x0.685 HZJ7 I ; I N F?ts(goodness of fit is 0.997)
e Ap, JHEEIEAEL, kPa; d 55 ittt 10 2 [ 1 ol \\-\g,;ﬁt
PRE, mo %A 2 3 UE T e AR 2R ROk 2 : n = 5
9.5%. TN TCLH A IEOL o Distance/m
o = re R g A FE R o
2 @) THBIRNRME Ap, SHEP o BSHSR 117 B R IR PR
N I AY u > A7 — A}
BT RO ARAULA 2, W 17 iz mTEd Fig. 17 Peak overpressures at measuring points with different
1530, fhek LG BB B P, LA R TE 98.8% distances away from the vent

VAL Ap, U4 I ZRAENT Z A1 X IE 7 1] L A9
WA {5 K, L) Pk e Dl J3E (o) th e e Ky, (RTINS Ap, UL i AR I X 6007 18 L By PR I (L /D,
TEIRHUEE R ) W fe /N, 200 i 5 bR 1 A R R R B, 7R Z, X Y 5 1) b BB TR A (E R B A

3 4 i

FIH FLACS $PFEE ST 1 3l riT i e LA 7 AR O K ) SRS Y, 5 7 A8 3y T AR A A 1) 1
Kl gk 7Y A ERR Y, BEJS 0BT 1 AR el o o % 1 1) e A 4 4 BT BRI s 0 A R,
BARGS BT .

(1) 8 K A7 2880300 3 Y AR 1 1] il T AL K 2k AR T 3Dy 3 B B BB 1, BIVER e B, i i B s ) (L
RN, FEARRZ 5205 By BT, BV TR Ap, B, 220055 1 IS RIEE Ap, HOIIIE]; BB, R T 0 F
Ap, B, G155 2 DR IE(E Ap, X Z I B/ MR H 2%

(2) BB UHY Ap, B/)y, EE 2 th B AR BRI T 25 0™ R TR AR D5 R 195 T BE IR Ap, %2 Ap, &
W, HG B i AROBHA B 7 A KK TR T RS )

(3) HEJRIEE(EL Ap, FI-55 itk 11 2 (AT HE B o A5G 2R KRB /2 Apy = a—be! FI R RS, HAUG ROREHSS

B X Hk:

(1] P A RILAE AR I 2 8530, 2019 4ETT i 48 i1H4F % [EB/OL]. (2020-12-31)[2021-10-08]. https://www.mohurd.
gov.cn/file/01d/2020/20201231/w02020123122485271423125000.xls.

[2] ZHUY, QIAN X M, LIU Z Y, et al. Analysis and assessment of the Qingdao crude oil vapor explosion accident: Lessons
learnt [J]. Journal of Loss Prevention in the Process Industries, 2015, 33: 289-303. DOI: 10.1016/j.jlp.2015.01.004.

[3]  YANG H N, CHEN J H, CHIU H J, et al. Confined vapor explosion in Kaohsiung City: a detailed analysis of the tragedy in
the Harbor City [J]. Journal of Loss Prevention in the Process Industries, 2016, 41: 107-120. DOI: 10.1016/j.jlp.2016.03.017.

(4] EFLRR, HEE. BE RS ARRIRIITT [1]. R0 5 %4 TR, 2009, 26(4): 475-480, 485. DOIL: 10.3969/
j.1ssn.1673-3363.2009.04.017.
WANG D W, DU C Z. Experimental study on gas explosion and propagation in a test gallery [J]. Journal of Mining and
Safety Engineering, 2009, 26(4): 475-480, 485. DOI: 10.3969/j.issn.1673-3363.2009.04.017.

(51  wISR7Z. FE N TR ME AL 4R IR B 52 (0], JE R Bl 4 R, 2009, 37(2): 47-49; 123. DOIL: 10.13199/j.c5t.2009.02.52.
sirj.022.
SI R J. Test and research on gas explosion transmission in pipeline [J]. Coal Science and Technology, 2009, 37(2): 47-49;
123. DOL: 10.13199/j.¢5t.2009.02.52.sirj.022.

[6] MA HY,ZHONG M S, LI X H, et al. Experimental and numerical simulation study on the shock and vibration effect of

105101-12


https://www.mohurd.gov.cn/file/old/2020/20201231/w02020123122485271423125000.xls.
https://www.mohurd.gov.cn/file/old/2020/20201231/w02020123122485271423125000.xls.
http://dx.doi.org/10.1016/j.jlp.2015.01.004
http://dx.doi.org/10.1016/j.jlp.2016.03.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.13199/j.cst.2009.02.52.sirj.022
http://dx.doi.org/10.13199/j.cst.2009.02.52.sirj.022
https://www.mohurd.gov.cn/file/old/2020/20201231/w02020123122485271423125000.xls.
https://www.mohurd.gov.cn/file/old/2020/20201231/w02020123122485271423125000.xls.
http://dx.doi.org/10.1016/j.jlp.2015.01.004
http://dx.doi.org/10.1016/j.jlp.2016.03.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.3969/j.issn.1673-3363.2009.04.017
http://dx.doi.org/10.13199/j.cst.2009.02.52.sirj.022
http://dx.doi.org/10.13199/j.cst.2009.02.52.sirj.022

B2 BRI, 45 ST A A PR AR Y T O, (T ): b e T 9 £ 5 10 3]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

0D1422-X80 mainline natural gas pipeline explosion [J]. Shock and Vibration, 2019, 2019: 6824819. DOI: 10.1155/2019/
6824819.

CICCARELLI G, JOHANSEN C T, PARRAVANI M. The role of shock-flame interactions on flame acceleration in an
obstacle laden channel [J]. Combustion and Flame, 2010, 157(11): 2125-2136. DOI: 10.1016/j.combustflame.2010.05.003.
NA’INNA A M, PHYLAKTOU H N, ANDREWS G E. Explosion flame acceleration over obstacles: effects of separation
distance for a range of scales [J]. Process Safety and Environmental Protection, 2017, 107: 309-316. DOI: 10.1016/j.psep.
2017.01.019.

PRI SR 255 8 TS A AR ST R PERTSE (D). Abat: JEat Tl K%, 2018: 15-33.

SUN Q W. Study on the characteristics of gas explosion load in urban utility tunnel [D]. Beijing, China: Beijing University of
Technology, 2018: 15-33.

HOULF,LIY Z, QIAN X M, et al. Large-scale experimental investigation of the effects of gas explosions in underdrains [J].
Journal of Safety Science and Resilience, 2021, 2(2): 90-99. DOI: 10.1016/j.jnlssr.2021.03.001.

BR, XKW, BRI R BT KRR E R BB (7], SR T 2441, 2010, 31(S1): 17-21.

GONG G D, LIU Q M, BAI C H. Numerical simulation for gas explosion in tubes [J]. Acta Armamentarii, 2010, 31(S1):
17-21.

SBER. IRV LSRG IR BUBRBT M BORWESY [D]. B A st B TR, 2018: 17-36.

GONG Y. Research on anti-explosion protection technology of gas pipeline entering the comprehensive pipe gallery [D].
Nanjing, Jiangsu, China: Nanjing University of Science and Technology, 2018: 17-36.

ST LR SR AR AR K 9 AR I s A R R B 4 W [D]. )N - AR R HE TR 5, 2020: 25-35. DOL:
10.27151/d.cnki.ghnlu.2020.004461.

DONG H Y. Law of temporal and spatial evolution of gas explosion hazard and prevention and controlling in utility tunnel [D].
Guangzhou, Guangdong, China: South China University of Technology, 2020: 25-35. DOI: 10.27151/d.cnki.ghnlu.2020.
004461.

XPE, 2R, Jr 4%, 45 WS RIK Z8 SONHR B2 RIR SR e e S R 5 R 3 R/ A 0], e TR B4R, 2021, 35(5):
055201. DOI: 10.11858/gywlxb.20200654.

LIU Y, LI Z, FANG Q, et al. Inert gas and water vapor suppressing overpressure and its oscillation of gas explosion in long
straight space [J]. Chinese Journal of High Pressure Physics, 2021, 35(5): 055201. DOI: 10.11858/gywlxb.20200654.

Mibe 3, ST0F, B2 07 B, &5 Sk A5 18 LT AR AR A BUE R [9]. BER 2 4, 2012, 43(7): 20-22. DOI: 10.13347/j.cnki.
mkaq.2012.07.058.

CHEN X K, GUO L P, CHENG F M, et al. Numerical simulation of gas explosion in heading face [J]. Safety in Coal Mines,
2012, 43(7): 20-22. DOLI: 10.13347/j.cnki.mkaq.2012.07.058.

Fik. EEAPERIERE R CO, MBI S8 5 EUABIINTF [D]. P94 PRI, 2014: 25-49.

WANG T. Experimental and numerical studies on methane explosion and the suppression effect of CO, in vessel [D]. Xi’an,
Shaanxi, China: Xi’an University of Science and Technology, 2014: 25-49.

HISKEN H, ENSTAD G A, MIDDHA P, et al. Investigation of concentration effects on the flame acceleration in vented
channels [J]. Journal of Loss Prevention in the Process Industries, 2015, 36: 447-459. DOI: 10.1016/j.jlp.2015.04.005.
ZHANG S H, MA H T, HUANG X M, et al. Numerical simulation on methane-hydrogen explosion in gas compartment in
utility tunnel [J]. Process Safety and Environmental Protection, 2020, 140: 100-110. DOI: 10.1016/j.psep.2020.04.025.
YANG Y, YANG S G, FANG Q, et al. Large-scale experimental and simulation study on gas explosion venting load
characteristics of urban shallow buried pipe trenches [J]. Tunnelling and Underground Space Technology, 2022, 123: 104409.
DOI: 10.1016/j.tust.2022.104409.

F R SR BT ST B . T BCHE /KA T TR S B g it : 06MS201 [S]. dbat: H R HE it 2007.

China Building Standard Design and Research Institute. Municipal drainage pipeline engineering and ancillary facilities:
06MS201 [S]. Beijing: China Planning Press, 2007.

GiiLgitE RKa=x)

105101-13


http://dx.doi.org/10.1155/2019/6824819
http://dx.doi.org/10.1016/j.combustflame.2010.05.003
http://dx.doi.org/10.1016/j.psep.2017.01.019
http://dx.doi.org/10.1016/j.jnlssr.2021.03.001
http://dx.doi.org/10.11858/gywlxb.20200654
http://dx.doi.org/10.11858/gywlxb.20200654
http://dx.doi.org/10.13347/j.cnki.mkaq.2012.07.058
http://dx.doi.org/10.13347/j.cnki.mkaq.2012.07.058
http://dx.doi.org/10.1016/j.jlp.2015.04.005
http://dx.doi.org/10.1016/j.psep.2020.04.025
http://dx.doi.org/10.1016/j.tust.2022.104409
http://dx.doi.org/10.1155/2019/6824819
http://dx.doi.org/10.1016/j.combustflame.2010.05.003
http://dx.doi.org/10.1016/j.psep.2017.01.019
http://dx.doi.org/10.1016/j.jnlssr.2021.03.001
http://dx.doi.org/10.11858/gywlxb.20200654
http://dx.doi.org/10.11858/gywlxb.20200654
http://dx.doi.org/10.13347/j.cnki.mkaq.2012.07.058
http://dx.doi.org/10.13347/j.cnki.mkaq.2012.07.058
http://dx.doi.org/10.1016/j.jlp.2015.04.005
http://dx.doi.org/10.1016/j.psep.2020.04.025
http://dx.doi.org/10.1016/j.tust.2022.104409

	1 模型验证
	1.1 试验
	1.2 模型验证及网格敏感性分析

	2 地面可燃气体爆炸冲击波传播规律分析
	2.1 物理模型
	2.2 管沟外冲击波传播过程及机理分析
	2.3 超压时程曲线特征分析
	2.4 超压峰值分布规律

	3 结　论
	参考文献

