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Parametric Study and Displacement Response of
Steel Pipeline Subjected to Surface Explosion
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Abstract: A coupled numerical model is established by adopting the u-p model. The dynamic response of
pipe jacking in saturated soil under surface explosion is investigated in detail. A comprehensive parametric
study is carried out to study effect of explosive charge, explosion offset, embedment depth and radius of
the pipe jacking. The results show that the vertical displacement of pipe jacking increases with explosive
charge. The stability capacity of the pipe jacking under surface explosion decreases as the pipe radius
increases. Increasing the buried depth of pipe jacking can significantly enhance the anti-explosion ability of
pipe jacking under surface explosion. In additioin, the vertical displacment of the pipe jacking decreases as
the off-set distance increases. The pipe jacking rises slightly under surface explosion eventually. And the
horizontal displacement increases firstly and then decreases as off-set distance increases.

Key words: pipe jacking; surface explosion; saturated soil; displacement response

Wt 5 [l R R W K, R A RS REAE TR R R A TR I s il R AR
Sl i A 9 D) RE A R A 4 [ P ORI KoK G IR A A B AR AL AR . H R R 04 g
e Ab B FE R B I A G AR AN R K IR DL R PE R TRBER TR M B B R AR P A B R k. O S A

Y75 B #3:2018-04-04

E&TH WK ARR RS T SRS (41330633), H5K A ARHFARE S 134 (51678360) , F K RHIFAX A5 BF il 550 H (41727802)
EZ B v EWEA990-) , F i db A ik i A b A FTEWTSE T S5 4 1 3h 7 e 1z (]

BIEES . EEZM. B PTG, BiE(Tel. ) :021-34204833 ; E-mail ; billaday@ sjtu. edu. cn.



194 E EH X @&

X F ¥ R 55 54 %

b T o BU AN VR4S E R AR R D R A T
AR A Ak A [ B R BOR. — BRI R
AR IR A5 £ PN az i TR A il T ek 2 R B R & T
P12k e PR B ) . [RGB A A R R AT M e 2R R
By A5 W) 8 1 A I Sy B

FE DA B b S T4 & i b AR S SR I Y
o An7 28 L o H T A% 1 DA SR T AR R L BT
il 1t T A K S R R AR Mk er 2R g R L ) R
AU S o B A A T T L A S A R AR A A
AT KR for 2% T A9 Bh 2SN 2B R Yang 4T
N LS-DYNA 8538 1 H T % 18 78 1 3R 5% 1 i
R PSS N L 2 e T 2 A T RE R AR SR
DA B 45 K I 55 X 3 [ AG 1] 8. Wang %03 14 SPH
5 FEM J5 kW86 N 43 B 1 b 4549 9 78 e 3
PR KT 8 T OSSR . Jiang 26 BF 9T T M % 4 1
X BB AT LT 235 1) Y BR 58 52 A N7 T R G 0T RN
o BT 2 18] AH 6 B BE RN A BB N 7 B 26 & Shin
SEUT D g T R 3h Ay 2 LI B A AT T 0 ) 4 A X
FAHATRRENE W, B2 LR 2 T+
FFL K B VR . Y SN0 X R G TR R T 3 T
M O A8 1 R ABIE S 0 A3 BT AR S B0 R B
ZE M S B R . Kouretzis 20T 78 Z00% T 4--45 40
AR ERRE b T R L o i AE PO RN B )
WAE T WA G A8 L (H 3 il BT Al 87 A 25 1R 220
A4 B Feldgun % 3£ F 54 Godunov 28 4335
TR T AR AR M T A b T AR Z AL BT
A A ) % K Aor 2 AE FH R B 3l A e 1, H b L s
3T R I o AR Y 2 08 o TR JF IR B EOK
T AR AR, De %01 58 i B0 ML B3 56 A K 8K
(B Y A3 AT 1 B TET R K X T T 45 R W Y 52 i, B
GE T A0 b T B G 2 B R Y 25 A R B ROR. Li-
ao S T T B A 4T I FLHS RTRAL  1EL £ 28 A
Ll TR K T A AR A S 5 L Li AR
FHBUE 7 2250 B 7RI SV iy 2800 T 4T 2549 W) 1Y
AR

FH I AT DL B A 9T 32 0 T AR A iR 3k &
o 38 B s e HL 2200 T = R L BROK B4R . SR A
Tl AR R U v b X, 4N TS 4 b T S5 A R 2067 T
TIKAEZTE S FLBR K 23 X654 AT A 7 Bl far 28 1Y e
FEAE AT B s 220 FL B K TR ) 2 A
B A — o I 2. I AR SCTE I AR 9 il
1B e p BERLR A BROTARF . 4 B T 10048 A b
TR R K Aoy 2804 T 1 i 107 o L35 40 57 % A SO0 % 42
XPHEZ i GRR A E IS L LR SR
PEAT S AT, LA X T T AR 4 R 1 R i T 4

A G 2%
1 BEITE#ER

1.1 SEMHREBEESELRN
b AT A5 o7 28 5% FH B & High Explosive Burn
AL L T Jones-Wilkins-Lee (JWL) R 28 75
TR E P2 5 AR R TWL RS T 1Y
Fk A F .
o= C, (1 —r%)e*w v 4

1

(:2(1—£)e*w+‘”76 (D

Kb p AIBIE P ST e IHELG N BE s 0 4 1L
BBGC L Conryar o BN SLHR 0 RE 9 FRE S 2. A
SCRRYFEZGR A TNT 280k 1 PR, Ko 4
KE LG L s o0 9 M A T JEE 5 poy D9 0 S U0 W THD R 7 5
E, g i A BRUIE 25 N RE sV O R L K D7 MR A
i F b T R SE A 1 m X 1 m, 38 3 2R HE 2
ARk T LA ADLAN ] haf A 25
®1 INTHBSH
Tab.1 Material parameters of TNT

S8 1 fE ZH B
o/(kg+m™) 1630 up/(m s 1) 6 930
pcy/GPa 21 C1/GPa 373.77
C:/GPa 3.747 ! 4.15
ra 0.9 (u 0.35
Eo/(kJ»m ) 6.0X10° V/L 1

K NULL 75 44 46 F 26 22 301 AOIR 25 77 72 4l
ARAEAE R 9 2 A AR T R AT

Par = (0.4 +0.4,")E,;, (2)

K pa A ES s E N AL AR B =

2%HMﬂﬂ=f—Lfﬁﬁﬁw%m%w%Ep

SIS o0 BHLIE 0o = 1. 29 kg/m’.
1.2 AN RAEFRMPIE R R4

2 £l A 5T A EE X T A A 04 2 T e R 5 e
FEO DR R A T ) b R AR R A A X T SR
TR PR R OCHE. A SCHE T A TR R PE A AR
HEN] i) Federal Highway Administration (FHWA)
RIS Z SR T D 2 p A A A I AR | 0 AR 3K
b B 3 5 A S5 R L 3 e A FL B K R D) 5 A R
PR RN A2 1) 28 56 N 2 2% TR AL R R . AR SO A AL
B 7K 0 DU 3 3 K - p BB iR A BRITRE T 11
B FRAE T — /N1 R A AR

AIF 9 9 WY o A% D52 P 5 Ol R 4% i 2 A AR i A



52

ETR.F TEXEREBRIETR TSR EE AR5 H 195

f b TH R R RIAR RN b G R 25 R A EE AR
A e i S5 R A R K e B VR R S fE . B
B K Z RO T AL T 30 F KA LR S R B R T 35
TR [ 7 Ak B A R Sy 58 A i A L AR SO R
FH B R 2 BB T = A 0 3 X0 AR R
3 A1 45 B AR L9 M A R AT AL 4 TOL A A AR O fer 2K T
() I 1, 2800 B3R 2 TR,

x2 THMNTNESH

Tab.2 Paremeters of soil and pipe jacking
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Fig. 1 Prototype model for underground explosion
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Fig. 2 Peak pressure attenuation in saturated soil
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Fig. 3 Sketch of calculation model
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Fig.4 Time series of soil pressure and pore pressure

below the explosion position
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Fig. 5 Distribution of peak z-displacement of pipe

jacking under various explosive charges
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under various embedment depths
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