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Abstract: To study the explosive effect induced by gas leakage on the foundation pit, the TNO
multi-energy method is used to calculate the explosive load of gas leakage. The explosive impact
load was then applied on a certain range around the foundation pit. First, assuming that a sudden
explosion of fuel gas occurred at different excavation stages, the numerical model was then estab-
lished to simulate the explosion at different excavation stages with the finite element software
ABAQUS. The effect of the explosive load on the deformation of the foundation pit at different
excavation stages was studied. Results showed that the effect of explosive load on the horizontal
displacement of the foundation pit is significant, while the effect on the rebound of the soil in the
pit is not clear. In addition, if the last prop is not installed after the excavation, the effect of ex-
plosive load on the supporting structure of the pit will be more significant.

Keywords: excavation of foundation pit; gas leakage; explosion

5 B H#:2018-09-09
E ST 3¢l is i KKz TR0 9 be BHIF A8 5 4 (TKS180304)
F—EEBBN LY A982—), B T EAE A, EEMNELSEE S M EAEHFSR . E-mail:65481875@qq.com.,



990 ooz

T B ¥ iR

2020 4

0 35

Il R A AR SR GUITAZ R AR R
BN JH A R B S T — 28 R AR R — B
BRI e SR O P AR U AR L A
UG 253 A I SR R G K T 425 0 4 4 5 i) % %) e
IR ARSI A R TVE L RIS BT b T ZE XA
itk T A8 1F Xk 0 2 o e — 25 A

Bl T v — R LA P I T A R R
FLB 58 - — ELAZ B AR 2% 1152 Wi CAN R BT 42 = 2L
BRI ) A AR AT BE e A TF 243k S 2L
IR R AR T T 5 AR A 2 R R e 3K B —
BIR V1 Bl A L — L 2% P45 3 s R 7 R R R A
Wb o AR5 K 0 BT B S M A — JE ) 4 T

HR M Y Yo b T A S ) 5 WA R ST AR 22 i ke
W S5 RS R 5 T R SR o RO JR T B
infr i i K, AR A X R B R o AL S T S 0 Bl ) F O
Wi, FRT BBl 75 0 T 3 A R BT i
TEI 24 05 4 2008 S 58 TR B9 RF 527 RE ST B O b Bk i
T X HELT R 0 B BIF 5 K Hb R A 4R T Sk S Bl
e L AT A TR R AR K X R T
THZ R W BB I 8 % FE 5T Y 4 4 PP AL A 22 42 B 37
A —E W R

1 SEERETREHE

11 #RENHE
MR A ) 2 R gl g 2 A R A RS, 0 E U

il

T 3 R A AR R T R 1 e T R
T S B3 Bl P

bo 2 Y71

bo 2 Y71

o> (—y+ J (1b)

K po HIRBE R, Pas p R 45 38 o 10 48 X 1R 58
Pa;y Jyiltt s AU 0 4 FAFE 50, BDAE TR A 5 SR 45 4R
BWWE 8 .y=C,/Cy., R, Z A AAM
R 7 N LA K ZE SRR v o 1,335 ke
TR v R 1.3,
AN Q) B i & TR sh: AR A
-

Al PUF AR R

M —
Q. =C,Ap J(Lj (2)

RT\y +1

AP Qo it I 3 B kg/ss Mg AR 4 1 A
kg/mol; R} ih KM # %k 8.314 J/(mol K);C,
R AR R E BE BUE 1.00, = MIEHUE 0.95;
K HUE 0.90; A A/NLIEFL, m®; T SRR
J¥.K,

Xof T M A AR G TR T L R
HFRIN .

_ My( 2 5
Q,=YC,Ap RT(y+l) (3
() -G T
p p

=)
1.2 BEHHNITH

4
AR B 2805 07 6 T % TNO Zhg ik
AT TNO Z 8815 8 St R A9 L (91 45 s 48 K 5000
BRI 20T R BB 28 1R 9 R BB ol 5K TR S
TR S 56 56 KR A UL R Hh Y S L R AR —
2R M R gt £
137 FH 22 BB I A9 L 1 e 2 0 IDUE X4 Y ek
S B2 S O R IRSR O 1~ 10 Z Al AT — %, AR
FATR] B B SR E BUE T B8 Sk (14 ], e &
RN R ARG AR A LG B B " MR KRR AR
24 P T BRI ek A0 W (LR TS . TG 40 I S R 5
[B] £, DT 1530 458 X I 08 PR RGeS, 4B KEE 38 20
AR A I 55 2 2 0 KRR M DR P v BEAT B E . 4%
BIES BT R IR T .

1 1
4 E B 4 4 E B —
r :7’[;) 7ps:])5paatl,:l‘l,s(;] (lal (5)

b M HEF A S BB DO SRR, AL m;
E RS = MR KERE 5, FRLAL T, AT AR B 1t U K
5 A ARE TE B e, S ORATP B A E, HUEh
340 m/s,

AR 2 A1 e i ] A Jo i AT AR i T #A ) o
T A A BOE 2X 89 AN 6] L R A [m) ) A58 28 3 55
R AR B K T SR B

KIR PR IEN BR 29 Ry 590 ~ 150, H i fx Jal
FUBY SR NEM BE 2l 9.5 06, PRI 4% BR 9.5 00 1 Mk 31
SR I R AR AR 2 SR IR B o T AR e T
(E iR s ARV E SR L I G RNV FE AR S
B .

2 HEHEBNET

M ABAQUS A7 FR o 81 1F %F 2 g IF 42 53 2



%42 % 4

5 S T L S R TR A A T 3503 1 0 R 4 991

R AR R K SR SR T R R AT AT . AN R
Hb R K SZ MR N7 A R S AR A S a3 g
SR Sy b 3 B L 9 DY G S B L FEBTTE 20,7 m M
HERETE 34.2 m, BEHTE 18 m, HIESSE 0.8 m,
— BRSSP, RE 1.2 mL B UE
B LVER 0.8 m. 45 1E PR IE B BT B 4 i)
J91.39 m.5.51 m.9.31 m.14.06 m, % &F|ERELE
i %R — U 1 oo A 2, R iR 2 o — ik,
AN AR B 55 Ak 1 [ L, SR FH 5 g A b A AR 3
35007 . BRL b 4 i SR FIE 1 SR 1L, 8170 240
W1 Fr A, M 4 R FH S A R AR R A A
Hh 20 GPa, N 34 Rk FI AT 48 50 00, o Pk 8L &
2 GPa(Z Y\ | BE 10 m, — 2 A5 80 rp b L W) g
HATE) .
£1 THREESHERSE

Table 1 Madified cambridge model paramentes of soil

A M K eo v

0.102 6 0.680 8 0.011 4 0.811 0.3

T AREEE 19 kN/m’, # 1B 0 & ) &% 0.8, %
R B ik X 4G Rayleigh FHJE , 5 FT &
FHICE G BELJE 22 B0 0.4 L 5 WIS AH G 19 BELJE R UL
0.015%,

FH T2 X K 2ok R 1 Bl T AL, A i
S5 53 ANTTAN A 3R TR it N A5 ORI PR 1 R T 2
TR v - AR IR 1 5 R SR BT 21 A R S BT
10 A%, AU v A 55 b 37 350 SR ) A6 425 flle, B2 462 R %K
0.2, M ERS 55— A TN S 2 )R 6 E i
., 55 = R UIE N S8 R R T

2 5 B B A O R) S B E L BEILh 4l 8 A
T HT A4 F ALK R T2 A RIS 5 AR Y B T
YRS s 4 Fh TR RN T A2 R
56 A I Fe ST — TE S AR 1 R 2 58 U R L

B AR R 1 OFZ 58 U /Y AR REAL) (4] 2
IR R 42 56 U5 B4R AL S80I 3] 25 <
A3 A K DR ORI AE S b L AR
T, SR HE T B IR 2 W W O ik TR A R M o
BEE T RN AR 101 mL SR AERT 2R 100 kPa, X
7 ) B RR AR 3 Rt e RSR[5 ] ik TR
PR K fr 20 FHISEIR] 0,06 s, oA BIF 5% 8 K i 2845 FH =22
S W EEGTS Ty B, TH AR 6 s, FEWI 4R B A
2 T 2 TR B R W B R BE Y 0.5 4%, 0.02 s 35 F|
W1,

A1 Ay EiRRR

Fig.1 The overall model of the foundation pit
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Fig.2 The local model of the foundation pit
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Fig.3 The time-histories of the explosion load
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Fig.4 Schematic diagram of the analysis point
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Fig.5 Resilience value at the bottom of foundation pit

during the excavation
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Fig.6 Horizontal displacement at point E

during the excavation
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Fig.7 The horizontal displacement of the foundation pit under peak explosive load
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Fig.8 The vertical displacement of the foundation pit under peak explosive load
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Fig.9 The horizontal displacement of the piont B under

explosive load after the first excavation
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Fig.10  The vertical displacement of the piont A under

explosive load after the first excavation
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Fig.11 The horizontal displacement of the piont C under

explosive load after the second excavation
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Fig.12 The vertical displacement of the piont A under

explosive load after the second excavation
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Fig.13  The horizontal displacement of the piont D under

explosive load after the third excavation
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Fig.14 The vertical displacement of the piont A under

explosive load after the third excavation

0.005 7

—a— I
o JEHPUSCHE
g
WO
R
i:_{
i
<
& _0.005 1
-0.010 : : : : : .
0 i 2 3 4 5 6
i [a)/s

B 15 FwHFsBETEAERTE SR8
Fig.15 The horizontal displacement of the piont E under

explosive load after the fourth excavation
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Fig.16 The vertical displacement of the piont A under

explosive load after the fourth excavation

MR TA SCHENG O . Bl 1 AF 28 45 9, A G
SCHEERY RS — 18 SO UKL RS s T — 2, 5
b BEITAZ TR BE BN, B 28 TF A2 o — 38 ST R K
PRSI AR AE IR/ . AT SCAEAT OL T 1) FE BT 1 1Y
KRR BN AL e Jm B E fE 4.5 mm ZE 4 Jode ) —
B SCAENGOL o 1) BT T5 ) i Jm — S UK AR
A I KMEZ 6 mm,

BE 5 TF 20 TR o 48 A 800 ZE BT TR T2 19 52 1 12
W . K5 1) L B T2 L AR A vk £ 2
T AR TR A A I st v 228 38 el /S 5l 8 ) o T
FI83 1 IRF RS T 87 g £ /) o AT 7 A2 B 7K P s
Bl /1N o L3 i R 2 62 A 0N o ) L BT R B 1]
SRR B B 3252 ik )2 | R ST 45 A A 1A NI BE
M o PRI (] 5990 20 6 4 AR AR A/

TG SCAE I B 0 (] 58 g AR W T 00 e —H
SR R KT DA (R0 B8 B A SR B0 B4 LA A T
17 ffzs . R AT LA B — T 0 Jm — i SO
MK (R B B LU (L I T 42 T 38 18 i o o e K
wIa T 1.3 Zifq . MWYUIR [l b E A2 AR /N
FEAR O 1,00 BEE TFAZINER  J X fif 7 LA rp ™
A B RS T 52 7 A 8 3 /1 K i i R AR LR
Mo L GE SRR R 5 HU A e AT 3 3 B A S AR T
B T 42 TR BE 3N S A5 TG fe Jim — T8 S B0 B9 R IR
S e i G ) O B 2 0 R/ o T A7 P b AR [
YR Bl AL F 32 B R B 1) b AR A TR e — i SO
FEGUAE R G A AR B R I RE AR 22 BN L O (]
SRR B B A 25 A/

4 Hit

M 3o Xk BEGT AR AP TFAZ RIFAZ 58 5 Yuoh L AAZ 1R



542 5 5 4 M) RV IECRY

R s % 10 AR T S50 30 R 0 A

995

SR IEAT AR T B THZA T m — 18 ST O
T EBUALAS A BE AL A LR 25

2.0
—— SR KA RS LA
1.8 A Eyl.;)ﬁﬁ%l“ﬂl%%tt{ﬁ
.@
§ 1.6
e
i>_|
4
& 141
1.21
1.0 - — ? .
0 1 2 3 4 5
Tz %
A 17 M{ais45bih

Fig.17 The ratio of the peak displacement
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