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Dynamic Effects of Existing Buried Pipes in
Metro Tunnels under Tunnel Excavation Blasting

LIANG Rui,BAO Juan,ZHOU Wen-hai , WANG Shu-jiang
(School of Petrochemical Technology, Lanzhou University of Technology , Lanzhou 730050, China)

Abstract .

lish the coupled model of explosives, geotechnical bodies,and buried pipelines,so as to study the dynamic response

In order to study the safety of buried pipelines under blast load, ANSYS/LS-DYNA is used to estab-

of buried pipelines under blast load. By monitoring the pipeline blast surface-back blast surface specific unit stress
and velocity time curve, it is found that 1/4 from both ends of the pipeline blast surface and there is a stress concen-
tration, back blast surface has a local stress amplification effect,and the axial vibration velocity of the pipeline rea-
ches the maximum at 10 ~21 ms;by changing the pipe wall thickness with 4 mm,6 mm and 9 mm, the pipeline meet
-back blast surface of the axial effective stress, velocity,and the pipeline annular vibration wave energy are decrea-
sing with the increase in pipe wall thickness. When the pipe thickness ratio i <0. 0525, he explosive energy attenu-
ates the fastest. When 0. 0525 <i<0. 05375, attenuation index 1,8, k values are 26. 7%. And when i=0. 06, the

pipeline annular monitoring unit of the attenuation index law change tends to be consistent.
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Fig. 1 Blasting driving and shallow pipe structure model (unit;m)



38 A1 B LR IH, RSO, S HUERER B A R A AT MR T8 4 3 )R 43

®1 HHERBEREFESH

Table 1 Types of explosives and parameters of equation of state

p/(kg-m™®) D/(m-s™') Py/GPa A/GPa
1000 4200 27 37.1

B/GPa R, R, o EJ/(kl-m™?) ¥,

0.074 4.15 0.95 0.3 5.13 x 106 1.0

®2 HXGMHSH

Table 2 Material parameters of rock and soil

R p/(kg+m™*) E/MPa G/MPa m o,/MPa B
+1E 1800 - 1.6 0.30 - -
FEILN 2650 40 - 0.15 100 0.5

s p WL E SRR 6 O BT VIR s AR s o, R RS BR 5B O B R A

T IE LT * MAT-PLASTIC-KINEMATIC ff: J{i
RS BRI AR WA 3,

®3 BEMBSH
Table 3 Material parameters of pipe
ME p/(kg-m™) E/MPa u  o/MPa E,/GPa
WA 7850 205 0.3 353 10
Fp WE L E R s AR o, R
AR VS IR%) |

2 EEI AR
2.1 izt

JI—LIJ%% 4 o
*4 ERIFIRRA
Table 4 Model comparison group
. 415

1 2 3
EIAPEE D/mm 100 100 100

EIERE]E T/mm 4 6 9
BFERKE L/m 20 20 20
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K2 MmEAROLR 1K

Fig. 2 Stress diagram of tetrahedron element
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Fig. 3 Cloud chart of effective stress of pipeline
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Fig. 4 Schematic diagram of monitoring unit with 4 mm wall thickness
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Fig. 5 Time history curve of effective stress of axial element on the blasting face of pipeline with different wall thickness
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Table 5 Peak vibration velocity and vibration wave energy of tube wall element

1 2 3
U e 3 () / £ /M e 3 () / £ /M e 3 (1) / £/M)
(em-s™") (em-s™") (em-s™")
A 12. 06 0. 045 408. 60 12. 06 0. 0581 557.77 12. 06 0. 041 372. 36
B 12.23 0.041 382.93 12.23 0. 058 541.71 12.23 0. 041 382.93
C 12.41 0. 035 335.59 12. 41 0. 057 517.67 12. 41 0.039 375.05
D 12. 58 0. 033 326. 11 12. 58 0.052 513. 86 12. 58 0. 033 326. 11
E 12.77 0. 030 305. 48 12.77 0. 046 468. 41 12.77 0. 030 332.36
F 12.95 0.028 293.21 12.95 0. 043 450. 29 12.95 0.029 312.06
G 13. 15 0. 025 269. 94 13. 15 0. 041 442.71 13. 15 0. 029 318.53
H 13.32 0.024 265.89 13.32 0.039 432.07 13.32 0.030 305.48

Felte r WL Y07 (1) KT AL,

325 BARRA15) AT LM RNAIE 15 BEORMI ;AN () BE SRR 1) 45 18 R B A IR B2 AN [ < BE
FNEE R Y TR AR B AT 25 SR anE SR 4 mm 6 mm 9 mm [PYEE , BRIER 3 A R
11, 200 B 3 B PRSI RE R B, IR0 1 B2 008 142,71 MJ (125.7 MJ (66. 88 MJ, P



48

ik 2021 4£3

WU AR KR 74T 3 A IR P e Y 2
ARAL, R BAE R R AF T, A T BE SR K 2 mm
13 mm AR B AR Bl 15 B i Dol R 3 S ek L 2
12% Fi1 47% , Fifi 35 5 B J52 B2 34 K, 3iR 3 i g 2t 1 5
T L P DR P L T

IR A I R CR B0 5 RE e AT T i
52 R IR Sh I RE i 5 I (R L A TS, 15
FIRRBAR SRR E, S54%Sh L A5 0" LI
MO, HAHSRMEY R T 0.85, 4 12,

Esl R=0.87 .
550 f N
e Esl R*=0.95 .®
s00 - 4 Es1R=0.90 et
Linear Fit of Es1 o ‘
- = = = Linear Fit of Es2 .
E 450 - — — Linear Fit of Es3 o® °
2 400 F
=y /M:
350 e
A4
300
250

0 0.01 0.02 0.03 0.04 0.05 0.06

v,/(cm * s7)

63F °* - -w. = InEsl AL ey
P e 12 AT 2
621 IAr I 4 InEs3 Fig. 12 Energy and velocity squared linear regression results
6.1} MRRET O
@ 60F * N HCB I A (13) UG 14 2 B I R 4L B
=] S NI N ~ e T D, N \
T osor * e HEUARANE RIS 2 A TR TR, E X
587 e~ . A - % TR 4R Sl 0 RE R TR ¢
5771 Linear Fit of Es1 R'=0.97 s k =(E,-E,;)/E, (16)
5. | == - Linear Fitof Es2 #=0.96 . o g s i e
2]+ = = Linear Fit of £s3 #=0.81 By E 53 3] DA 7 T 00 T BT R R T
3320 122 124 126 128 130 132 134 BT R I IR Sl 0 R o o R S I T 5 R T iR
X=rim S RE BRI AR B « 1E N BE B R, il i BE
BT fehE SR OBRZRTE A 2R R O = AN ] BEJRL B4 1 ST A5 [l 5
Fig. 11 Results of linear regression of energy £ 1.8 1,4 i=T/DVEREHEERLSE,INFE6
and blast center distance « (HHI32 5 HEET,
®6 HEONRGERSHERAAR
Table 6 Pipeline regression results and energy attenuation formula
JRARLL  KMEZyRERCH  PRshiiheR fRsShitaEE \ NN
ikl J =R
20 51 C_T/D % /% SR /% SEAR /% A FE-- 85 A2
1 0.04 49.16 34.9 34.4 0.97 E, =49.16%E,e "™
2 0.06 14.37 22.5 21.4 0.96 E =49.16%E, e **"
3 0.09 7.35 18.0 19.0 0.81 E, =49.16%E, e "™

A2 6, 221 n .« B FEAR HLRY RIS R A
e 13,

60

50

40

30

nlkl/Bl%

20

10

0 1 1 L 1 )
0.04 0.05 0.06 0.07 0.08

i=T/D

K13 i 5y BARIKR
Fig. 13 Relationship between i and changes of n,«,8

WS TEERH i <0. 0525 W48, KEZ
(R BE U B Ol B2 JEAR HE 0. 0525 <i<<0. 05375, 4538
RE BRI R L B MR RE AL IR n Hil- T MR T AE A
R k RE IR B AL T 26. 7% ;B4R Hhi=
0.05375 , 45 1 Hi 29 I g 1t 179 32 0 o i B 5 45 R
R i=0.06 B, 45 16 2 1] 1) I 2 I B 2 I el R A
SEAARL, BEE S BIEAE L ¢ 3K, 45 8 A )
FATTH m ok 5 B IS, I RE T R 31 ik BH
P LA T 0 1y i 7 SRR R AT, 41 Bl g
TR IR AR . MR AR Sk e R R R G T
BRI A7 2 B 98 R B, HE S 2 ki 34 5 i
SRR IRAR B0 w T FR R R, 2 B AR AR iR
Bl TE R Bl 7 0 7 43 BT g ST ) B R R A TR
BRI HER

N
!
T &



CURLE N TR ] B gL I8RO, AR HUBKERE H USROS AT M T ) B0 0 5 49
. B A B SN 1 SRS RE AT [T ] R3S ity
4 ZHig 2018,37(10) : 141-148.
SRR AR VR T, S () B L 4 4 A [4] SUNJS,LIZC,LIU G Y,et al. Dynamic stress and vi-
E’dejjﬂ[ﬂf“ St AT 0N F7 A B R A Ak, bration characteristics of geomaterials in slopes induced
by blasting vibration[ J]. Journal of Vibration and Shock,
FEFRIT ﬁ*ﬁ/\ , e . 2018,37(10) :141-148. (in Chinese)

(L) S8 A - A3 Tl o 0 70007 ) [5] MIRZAEI M,NIASARI H. Experimental and numerical a-
Pl X3 B PR £, A DU IE AR AT 174 (B nalysis of dynamic rupture of steel pipes under internal
D HI0) AAFAERL IR PR A8 20 ~ 50 ms I RIH high-speed moving pressure [ J ]. International Journal of
A RN IR B AR 5 38 1 05 100 A R iR AL Impact Engineering,2015 85 ;27-36.

N FE 10 ~ 21 ms BF 45 38 300 13 TR 5 438 18 1) i 8l [6] MOKHTARI M, NIASARI H. A parametric study on the
S I mechanical performance of buried X65 steel pipelines un-

(2) B 18 BE R A a0, 45 18 200 58 1] RN 1 der subsurface detonation[ J|. Archives of Civil and Me-
@ﬂﬁﬁﬁk E"ﬁﬁi 6] 45 50 7 R B 147 3 W 0 /S chanical Engineering,2015,15(3) :668-679.

A TE T SO0 T RS AR T 4G 280 W B (7] 5RERW] B A IR 22 F AR sl 0] b T A8 T 52 T 3

BERFIRCP S 1/4 A, 0 TS T 9 50 1 0 LI B AR 7l 2017, 36 (16241
247.

(o [7] ZAHNG L M,ZHAO M S, CHI E A. Experiments for

(3) 748 38 4R Sl il E B RE IO Y, 005 15 2 o .

- Ay [ o X effect of blasting vibration on underground pipeline and
B PR 16 i ) DA i Y R S S A UL A risk prediction[ J]. Journal of Vibration and Shock,2017,
RKFR BRI A7 5 9k 2 iRl Bt 52— UK BR AL 36(16) :241-247. (in Chinese)

KA HEIEIEAE £ <0. 0525 BF AFZGREMI M (8] £ #h. popide, £ HL S TR ARIE AL A% i
tR,0. 0525 <i<0. 05375 ft, W45 n B« BH SR S BT (D). A TR,
o0 26.7% , H i=0. 06 B} 18 2 [a] W i) BA G 4% 301 2017,50(S2) :134-140.

ISR IR T —3 [8] WANG D,HE L C,WANG K. Field measurement and nu-

(A)VFEA ST THT AL T 75 10 45 30 9 5o 06 {1 merical simulation for influence of blasting excavation on
T 1.0 ~2.25 em/s JEEP BRI 2E 4R adjacent buried pipelines [ J ]. China Civil Engineering
Hh R B I8 1 R 3 B B 5 R B0 0 S S 22 4 ]Ournal:2?117,50(52) :134-140. (in Chir}ese) ‘
. (9] YILMAZT, .KARAMAJ.\J K, CIHANGIR F, et al. hffect. of

tunnel blasting operation on the surface penstock pipe
5 STk ( References) [J]. Top Conference,2016,44.052010.
[10]  FRAETE, A7 r v BRI AR A iy =078 1 8l g i i
CU] A N E 3005 B S M EE A8 Bk R i HOR BE IR T]. VU R 2SI R4, 2017,52(2) :264-

PR BT ]. V4 g 508 K774 , 2015,50 (1) :97- 271.

109. [10] ZHEN S Y,YANG L Z. Numerical experiments of dy-
[1] HE C,FENG K,FANG Y. Review and prospects on con- namic response of buried gas pipeline under the action of

structing technologies of metro tunnels using shield tunne- seismic waves induced by tunnel blasting[ J ]. Journal of

ling method[ J]. Journal of Southwest Jiaotong University, Southwest Jiaotong University, 2017,52 (2) :264-271.

2015,50(1) :97-109. (in Chinese) (in Chinese)

(2] Bh&HR, S WL H ME,SF BIAT AT M PE A IE (1] & s e W07 1), AR AME AR AT AT T

Bl 0 IS SEL T ] MR ,2018,35(4) < 1-5,89. REOARBE AT S W BON R E AL T ] k35
[2] ZHONG D W,LU Z,HUANG X, et al. Experimental study iy ,2012,31(16) ;72-76.

on buried PE pipeline under blasting loads[ J]. Blasting, [11] JI C,LONG Y,FANG X, et al. Numerical simulation of

2018,35(4) :1-5,89. (in Chinese)

[3] AK H,IPHAR M,YAVUZ M, et al. Evaluation of ground
vibration effect of blasting operations in a magnesite mine
[J]. Soil Dynamics & Earthquake Engineering, 2009,
29(4) :669-676.

(4] Il ZEIE I, X0 B0, 45 MR AR S 7E i 3 s 4

[12]

large-aperture steel pipe subjected to contact explosion

loading [ J ]. Journal of Vibration and Shock, 2012,

31(16) :72-76. (in Chinese)

iﬂiﬁﬁ{ﬁ TR, R P R A R A R R
IR LIPS [T ] B, 2018,35(2) - 137-

143.



50 M 2021 43
[12] HAOY Q,CHENG K,ZHAO Q D. Study on safety dis- based on SPH-FEM Coupling Algorithm[J]. Acta Petro-
tance of gas pipeline under action of blasting seismic lei Sinica,2017,38(11) :1326-1334. (in Chinese)
wave[ J]. Blasting,2018 ,35(2) :137-143. (in Chinese) [15] sk 72, ALk, s, 2. SR mR sl R 4R
[13]  thfe)st, Jg 8, 4 R, 5. VR s i e < TE R MR e LA E B R R LT ] I IR Tk R Ao
b % sl ) S R SRR S [T ] AR e 1,2017,49(9) :79-84.
#,2019,39(10) :3-13. [15] ZHANG Z,ZHOU C B,LU S W, et al. dynamic response
[13] MA H Y,LONG Y,XIE Q M,et al. Prototypical experi- characteristic of adjacent buried concrete pipeline sub-
ment and numerical simulation of ground vibration resul- jected to blasting vibration[ J]. Journal of Harbin Institu-
ting from explosion in shallowly buried gas pipelines te of Technology,2017,49(9) :79-84. (in Chinese)
[J]. Explosion and Shock Waves,2019,39(10) ;3-13. [16] & .0 K, FLE. B IWL AR Ty B
(in Chinese) FBEFELT]. o R B4 ,2009,23 (4) :277-282.
[14] # {1 B, 15m%E kK, % T SPH-FEM 545 #& [16] ZHAO Y,TAO G,DU C X. Application research on JWL
B S BB T R e rh s s o N [T ). AW equation of state of detonation products [ J]. Chinese
3% ,2017,38(11) :1326-1334. Journal of High Pressure Physics, 2009, 23 (4) . 277-
[14] LIANG B,JIANG H Y,XU T L,et al. Impact dynamic 282. (iin Chinese)

response of near-field explosion in buried gas pipeline

ES &L S|

(L4540 )

[2]

(3]

(4]

(4]

(5]

ZENG Liang, LI Lu. Application of deep-hole loosening
blasting technology in shield tunneling through long-dis-
tance hard rocks[ J]. Tunnel Construction,2012,32(4) .
566-570,575. (in Chinese)

% ot R BRI JEATIE I A B T 5
SRV A IR 2k [T ] SR R 2 27 4k, 2015,
38(5) :396-400.

JIANG Gui,MA Jiang-jun, CAI Lu-jun,et al. Weak blas-
ting combined with machine excavation for construction of
Huashigou Tunnel with carbonaceous schist[ J]. Journal
of Wuhan University of Science and Technology, 2015,
38(5) :396-400. (in Chinese)

FROME, ST, PRI, S A A S A A R L T
SUNSN BRI [T ] 5L W58 5 F &, 2019,
39(1) :14-18.

GUO Hui, LU Sheng-liang, LI Zhen-bo, et al. Research on
advanced deep hole pre-splitting and loosening blasting
technology in fully mechanized excavation of rock road-
way [ ] ].
39(1) :14-18. (in Chinese)

RO, M, W, S R B K =
& T8 Rl A AN AS T IR RR AR A B2 [0 . HR A,
2020,37(2) :35-41.

XU Ye-qin, LI Mei, YAO Jun-wei,et al. Influence of blas-

ting load on stability and deformation failure characteris-

Mining Research and Development, 2019,

tics of tunnel surrounding rock mass with weak interlayer

[J]. Blasting,2020,37(2) :35-41. (in Chinese)

(6]

(7]

(7]

(8]

(8]

(9]

GEIES, 00, IV 32, 2. TR ES )2 B R T
FEEh Iy B ERITFEL ) ] Hg,2020,37(3) :56-62.
LUO Zheng-kun, LI Xin-ping,SUN Ji-zhu,et al. Study on
dynamic response law of blasting excavation in deep cros-
fault tunnel[ J]. Blasting,2020,37 (3) :56-62. (iin Chi-
nese )

AT XB B, M, S b s SR MR BE G it T
SR S RSO S [T ] A B TR ,2019,44(6)
154-160.

LIN Bing-chao, DENG E,MENG Ya-feng, et al. Study on
the characteristics of surrounding rock vibration during
tunnel blasting construction with soil-rock interlaced stra-
tum[ J]. Highway Engineering,2019,44 (6) : 154-160.
(in Chinese)

WRE S, Filgse, ARTEZL, 45 RN 2 % 18 00 2 f b
PR AR B4 e B R AF 7R [ 0] HE8, 2019,36 (3) :37-
42.

CHEN Zhi-hao, WANG Hai-liang, ZOU De-yun, et al.
Blasting technology with micro-vibration for shallow tun-
nel through the side of dilapidated residential buildings
[J]. Blasting,2019,36(3) :37-42. (in Chinese)
JAAEAZ, R, ke, S Bk R GE R B S B i
RHARBWTFELT ] $#1,2018,35(2) :85-89.
ZHOU Shi-ren,ZHOU Jian-min, WANG Hong-hua, et al.
Analysis of blasting parameters optimization and blasting
vibration effects of subway excavation [ J]. Blasting,

2018,35(2) :85-89. (in Chinese)

e

F LG A





