5445 1 Bi koW R TR R Vol.44 No.1
20244F 2 A Journal of Disaster Prevention and Mitigation Engineering Feb. 2024

DOT:10.13409/j.cnki.jdpme.20220903001

ETFREROBE T3 ERT TR TR

FXRY, ARF, MEF, TFEY

(1. AR ASE R AR BE TP B & 3300135 2. HEZR S A 2% VL 7Y 48 Bl 9 9 ¢ F o 722 4 B o o S 0 =2
YLV & 330013)

d

HEHANEEFHANRRATEREBURR AR L EFETAAF T, MARRAEEAT . FRAFTL
A% Euler-Bernoulli 2 , 5 48 F F 7T # J& 3 K 3% 4: & 7 ¢4 Pasternak ¥ & £ . A% Rayleigh-Ritz x4 B4 R4, 5
AR AGEHR SN RARR EZETEREHGE ST, R\ R DB REASLHITE B K
B4R AR B S R R b AT . 2 1A A A PR LR AR a9 A2 R A R R SR b B T AR 9 M B3R R
EFR T EHAEM, VR ACERTRE HOEATRAEABEREERTF ARSI, FRER
A RERAFTERRETANEAFOEHNTAALGER EAFTRGEB R mEEREREFGK RA
TR TG K . TR kT ek 46 Bl T RA F RO Y h .

SRR R A AR RIS MM RS HS T

RESES: TU0.3  XHRFRIRAE: A XEHS: 1672-2132(2024)01-0128-09

Research on Deformation of Existing Pipeline Induced by Shield
Tunneling Based on Energy Method

LUO Wenjun"?, LIU Tianyu"’, HAO Jieping', JIANG Xuehui'”
(1. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China;
2. Jiangxi Key Laboratory of Disaster Prevention-mitigation and Emergency Management, East China Jiaotong Univer-

sity, Nanchang 330013, China)

Abstract: The start point of this paper is to figure out the deformation mechanism of existing pipelines
induced by shield tunneling using the system energy technique instead of the general namely mechani-
cal balance method. The existing pipeline is simplified as an Euler-Bernoulli beam on the Pasternak
foundation which can deform continuously. After giving the displacement function referring to the Ray-
leigh-Ritz method, the energy expressions of each component in the elastic foundation beam system
are achieved, and then the total potential energy equation about pipeline deformation is obtained.
Based on the principle of minimum potential energy, the theoretical method is derived to assess the

pipeline deformation by employing a variational method to solve the governing equation. The rationali-
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ty of the proposed method is verified by comparing the calculated results with those of the simulation re-

sults of the finite element software (FEM) and the monitoring data from the engineering project in the

published literature. Then, the parameter analysis on the bending stiffness, cross angles and ground

loss is conducted to figure out their influence on the deformation of the pipeline. The results show that

with the increase of the bending stiffness of the existing pipeline and the crossing angle between the

new and existing structures, the deformation of the pipeline decreases. However, the deformation in-

creases as the ground loss increases. The proposed method can quickly evaluate the impact of tunnel ex-

cavation on existing pipelines.

Keywords: tunnel crossing; pipeline deformation; energy method; elastic foundation beam theory;

theoretical analysis
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Fig.1 Diagram of tunnel under-crossing the existing pipeline
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Table 1 The related parameters of tunnel and pipeline

2R IR/ P A
sy MRS gy TR

m kPa
B g 19.6 6.0 0.30 34.5x10°
WEA 5 2k 7.6 1.2 0.01 2.1X10°

P 5 R T AT BROCRCINZE R 5 e Iy i i 50 4%
B E HE S B0 o R B T BT B R R R
WS MRS Z O A 208 . IR 5 sl LU it
45 R 5 B2 R A B (RO AE AN ) T A L
PIE A —E W22 . X T A RITRIE2 % R
il T 3 BRI T T 2045 DN 3R K B8 o 2 T B e
fift 55 BV 45 R 2 (A7 AE — S I i 22 o (R AA b 3T
AR I b A 5 AL 2 SR i 2 B — B, Bk 1 AR
Jr $ 75 125 0 5 BRAE



x2

THEEXER

Table 2 The related information of soil

+ 2 JEBE /m HE/(kNem ™) s /kPa TR L % J1/kPa e /()
ZIE A+ 0.55 18.23 8x 10° 0.28 12 6
MR+ 3.70 19.49 10X 10° 0.30 22 15
HLA> 8.90 19.43 25X 10° 0.25 1 30
RS 5.80 19.35 28 10° 0.27 1 36
a5 KA B 2D I R A 1.90 22.10 130 10° 0.30 42 28
XA B BT 19.15 24.10 800 10° 0.32 850 38

——itHE R
—“~FEM#& it

—;U 0 10
LRI 7] / m
5 LR AR LS R

Fig.5 Comparison between calculation and simulation re-

=30 20 20 30

sults of pipeline

2.2 T 2L

TR b B — 0] T A 5 g 3l X ) R i O 4 2k
& A, Bk O 72 A P AR R i, P 2R ) Bl
15.0 m™" o 7 2 b Bk B G A 8 E i T4 IR) , 2> 3

N R R B AR L), B[]
L2 m(E 6)™ . S Wl BE A 45 44 i 28 8 3% i, (e
P B TP A T R L 0 S E R W
27 SCHR[ 30 148 2 25 W2 A BUMEL , B 222 g 18 AN
EA LTS B L R G B AITER ST
T A0 B TE i T 2 B LL b I A N O e] L e
Hk[29],

e
AN

LRI =
-

( P
FRRE m f'r\\(%?fé%iﬁ

I S ' #fi: m
B 6 BRI M LA B R

Fig.6 Sectional view of relative position of tunnels and exist-

ing pipeline

®3 RBIMXEE

Table 3 Relevant values in the case

e B/ m MR /m YL RIE /(KN  m*) S WERTE /kPa AR HUEBIR R/ Y
Ee gl S 14.4 6.0 — + 1k 8.2 10° 0.3 0.84
WA & 2k 8.7 3.0 5.87 X 107 — — — —

K7 8 7 2R A 6] 07 33 H 53045 21 60 BE A A 2
AR 4 2R DL KT R 0 B dls B9 XS B o AT LU AR
SCT VR BT 45 R L TSGR0 29 ] 5 ¥k po 45 R
I SEL . USRI A Lt RAEIE RE 2 M 25 =
BRI T3 — TR s D {E ) /T W AR, eI A
SCTT IR VE B A LA B8 D 22 0 i 29 009 3.1 04 (E) Al
3.8%6 (W), T3 SCHR[ 29 177 ¥k B4 Dt 22 73 531 249 4 5.9 %%
(E)FI13.6% (W) thitt, ol W] A A SOk 7
TR B A D0 B, M TR T %7
HE

3 SHAW

AT LTI M Bk — 30 A% O B AR T80, X BE A4
LT NI BE o A R DL RO )R Rk R AT S 8
IIHT o TR X — S B RS R AT o BT, Ay
SRRFFAE

31 ELMERE
TEFEAR TIOR8 8 2R 56 B0 25 MR A 00 46

133



iR
o WWEE™

A EWEwW

- o= SRR

T T R T R— 10 20 30
WELHNEFE/m

7 LR GRS S E A L
Fig.7 Comparison between calculation results and measured

data of pipeline

{EH (ED ., 34 5 H 0.5(ED.,.0.75(ED) . 1.25(ED),,
LA K2 1.5CED) 33 JUA AN [6) 4 0 8 73 A e xf BE A4
AT

K 8 7R T SIS W B T AT 4 2k i 7R T2 1
B o TEIX LA R AR R RN A R A — b A B 4
T A LR Al 2 7 ) ) BE S 5 A R MR Z LU AE D B
Hedi (/D) , A AN R BT W T 19722 T8 {65 90 iR 4
BRI (ED ., T & KA Z AR AR Chol/
Wao) o T LAWY BT Y, B B B0 25 W RE i K, A R
{14 T B 1 B 22 s o 3 R R B A A LR B N
JBE B, JLHRHT AR B 1 8 ) Mk, DAL 45 44 7E [] 45
i BRAE T, A AT s

'.—4—05(EDQ
#e -=-0.75(ED,
- (ED),,

bl --125(ED),,
~we1.5 (ED),

-1.2 i \ L
“10 " 0 5 10

F8 A a] AP i T B A AR TR
Fig.8 Deformation of existing pipeline under different soil

elastic moduli

3.2 FHAEE

TEFEAR TR B 43 5B 307 .45°.60° 7574 )
90° 1 JL A A [ 25 ik A 2 o o0 A L X B AT 45 4k AR TP
i5-A

B9 R T A A 28 f R BR A & 4R 0 AR TE 1

134

Ulo ATLAE H, BEE A A 38, A8 2k i 8 E 12
BB/ o 3 A A R A BN B T S5 R AE =S 1] L
CIE-SiE g I E MR R s =08 AN I/ NS/
SRR AR JE DL 154 (] B AR AL, (EUR A R AR AR (A 2
(]S, T 2 Bt 5 A T 8 T, el /) 2 o 22 Dk 2%

x/D
K19 ORIR 28R B N BEA B LB TP

Fig.9 Deformation of existing pipeline at different crossing

angles

33 TiRRKZR

FEFEAR T HUR B G b 2 380 25 R AE N 9 1R (8
€0, 43 M B 0.5¢,,0.75¢,.1.25¢, LA K 1.5¢, 3% JLFP A
[ 175 03k 2 M H 6 R A 45 4R AR TE Y 5 T

B 10 JEoR T AR Z 4k 2 T BEA B Zny 48
JEAE B . T LLE 1, Bl 25 2 28 R A 8, 48 4k
() 78 1 70 3 1 R o b2 4 2R BRI R B o e 2,
HC(E 3G 0 £ 45 VR AR G A A8 46 1Y fir 3 il 22
R, T R A A A7 B R A S 7 AR TR g A
o IFH W S B0 3.1 T A LB W S A
0 v A R R AT 45 1 AR T 52 ), AN ME K
B, B4 R W R s N A R R T 45 A

=10 -5 0 5 10

P10 ASTA] M2 450 5 B A8 2L e
Fig.10 Deformation of existing pipeline under different

ground loss values



AR BT A5 A5 AF TR (O3 R s /AR [ L 4], AR
Pt O R A R R WA o A A A R T T
(], R B Ff SR IR IE 4 45 il A 42 i) 2 454 2% ¢, i
/INBE T T2 0 BEAT A8 2l SR i L L 2

4 & it

(1) NREHE A B Hh & L 456 Rayleigh-Ritz 1% il i
JINEACRE SRR A T R 2 B TS| Ak R A A R T
R B T A 2 i O vk T M T AN BE A B
2 B B B S R

(2) F) 4 BR T 3Kk {4 PLAXIS 3D # 57 = 4
YRR SE 5 AR SO R T R A R AT A, &
U5 AS T il 2k 5 40 25 SR o e AR — 2 A
FH RN Hb B % 18 T 28 B A A8 4 0 s D 85 4 55 AN [F)
TR TR A R AT IR, R IR SO B AT
b N SCHR T35 o A 2 1) 349 56 F AR SC T 4R ik 1
A

(B H P4 LR A &L HS R E
1) 1 I AT /N G5 48 AR T 5 BEHT TH 45 0 22 [ 2 A
A BE 0, BE A A5 2R 1 AR T BE 22 /) 5 1 2 5 R R
Pl /N AT A AH o A A R TR o

AR SC Y B AF 5 05 B AR A Al M AE R AE
F R XA BN R — ARSI I .

S 3k

(1] PR UK, B SO 45 ik RO I 42 5 e 1 45 2k 78

A S5O [T Ak BHEOR  2 le (A AR B2
J),2022,50(4):7-13.
Cheng L., Yang C Y,Ma W H, et al.Deformation calcu-
lation and experimental study on buried pipes induced
by subway tunnel excavation [J]. Journal of Huazhong
University of Science and Technology (NaturalScience
Edition) ,2022,50(4) :7-13.(in Chinese)

[2] ZhuJ L,Zhu D Y.Deformation of pipelines induced by
the construction of underlying twin-tunnel[J]. Tehnick-
ivjesnik-Technical Gazette,2020,27(4):1311-1315.

(3] MRRAE, 25 ke | Al it T 5 | S i 48 26 78 0 LA B e 4

DR PEAG [T]. 8k 8 )2 5 TR 24, 2020, 17(11) -
2882-2891.
Liu C Z,Su Y H.Pipeline deformation laws and safety
risk assessments caused by shield construction[J].Jour-
nal of Railway Science and Engineering, 2020, 17(11) :
2882-2891. (in Chinese)

(6]

[7]

[9]

[10]

[11]

Winkler E. Die lehre von der elasticitaet und festigkeit
[M]. Prague: Dominicus, 1867.

[ ITE S 957 O e~V SR ol S PR A B
T T ERBIEM R I AA %5 TR%M,
2019,38(4) :852-864.

Zhang Z G, Shi M Z,Zhang C P, et al.Research on de-
formation of adjacent underground pipelines caused by
excavation of quasi-rectangular shields[J].Chinese Jour-
nal of Rock Mechanics and Engineering, 2019, 38(4) :
852-864. (in Chinese)

BAY, v SC, 28 T A S AL T X 4R I b T A
LRI AT [T BB 5 AR, 2017, 14(9)
1934-1941.

Wei G, Huang W, Jiang X. Analysis of influence of
ground penetrating shield tunnel excavation onadjacent
underground pipeline[ J].Journal of Railway Science and
Engineering, 2017,14(9) :1934-1941. (in Chinese)
Pasternak P L. Fundamentals of a new method of ana-
lyzing structures on an elastic foundation by means of
two foundation constants [ M ]. Moscow : Gosudarstven-
noe lzdatelstro Liberaturi po Stroitelstvui Arkhitekture,
1954.

Zhao S W,Li X L,Li X, et al. Analysis of pipeline defor-
mation caused by shield tunnel excavation that obliquely
crosses existing pipelines[J]. Arabian Journal of Geosci-
ences,2022,15(3):1-14.

MRAEWI, 3% B . 3 T Pasternak Hu % (19 J& 4 % 38 T 4%
g FAFLm e [T 5 £ TR YR, 2019, 41
(7):1200-1207.

Lin C G, Huang M S.Deflections of discontinuous bur-
ied pipelines induced by shield tunnelling based on Pas-
ternak foundation [J]. Chinese Journal of Geotechnical
Engineering,2019,41(7):1200-1207. (in Chinese)

B A JRVAE TR WS B e v B S T S B A kY
BT A [T]. % 4 55 30 8 24 4k, 2023, 23(6) -
1852-1858.

Huang M H, Zhou Z L.Explicit solution analysis of tun-
nel excavation under existing pipelines on double-param-
eter foundation[J].Journal of Safety and Environment,
2023,23(6):1852-1858. (in Chinese)

Lin C G, Huang M S, Nadim F, et al. Tunnelling-in-
duced response of buried pipelines and their effects on
ground settlements [J]. Tunnelling and Underground
Space Technology,2020,96:103193.

XIGETE Bz, o, 45 R o B g R 8 T A 2k B 1
{2 4% 1Y R k78 43 43 BT 5 ik [T ]. A 0%, 2014, 35 (4%
2):217-222,231.

Liu X Q, Liang F Y, Zhang H, et al. Energy variational

135



[13]

[14]

[15]

[16]

[18]

[19]

[21]

[22]

136

solution for settlement of buried pipeline induced by tun-

neling[J]. Rock and Soil Mechanics, 2014, 35(Sup2) :
217-222,231. (in Chinese)

LIRS E I 7R T E g i) STEN Nl Y S TR
O AT SR T] W R 2 i (B R0 L, 2018,

45(9):103-112.

Wei G, Yu G H, Yang B. Calculation of existing shield

tunnel shearing dislocation platform deformation due to
undercrossing new shield tunnel undercrossing[ J]. Jour-

nal of Hunan University (Natural Sciences) , 2018, 45
(9):103-112. (in Chinese)

Washizu K. Variational methods in elasticity and plastici-

ty[M].2nd ed.Oxford : Pergamon Press, 1975.

Vesic A B. Bending of beams resting on isotropic elastic
solid[J]. Journal of the Engineering Mechanics Divi-
sion,1961,87(2) :35-53.

Attewell P B, Yeates J A, Selby A R.Soil movements
induced by tunnelling and their effects on pipelines and
structures| M ].London: Blackie and Son Ltd., 1986.

W H P RRRRE, BL AR, A 25 RS 5T ) &N i Sk 47
i T BB G I AR R [T ] A A, 2020, 4108
1): 195-207.

Xu R Q, Cheng K, Ying H W, et al. Deformation re-

sponse of a tunnel under foundation pit unloading consid-

ering buried depth and shearing effect[ J].Rock and Soil

Mechanics, 2020,41(Sup1) : 195-207. (in Chinese)

Yu J, Zhang C R, Huang M S.Soilpipe interaction due

to tunnelling: assessment of Winkler modulus for under-

ground pipelines[ J].Computers and Geotechnics, 2013,
50(5):17-28.

Tanahashi H. Formulas for an infinitely long Bernoulli-

Euler beam on the Pasternak model[ J].Soils and Foun-

dations, 2004 ,44(5) : 109-118.

v EE BB E N PRETT (D], B R

%, 2005.

Xu L.Research of the longitudinal settlement of soft soil

shield tunnel [D]. Shanghai: Tongji University, 2005.
(in Chinese)

Loganathan N, Poulos H. Analytical prediction for tun-

neling-induced ground movements in clays [J]. Journal

of Geotechnical & Geoenvironmental Engineering, 1998,
124(9) :846-856.

RORAE B RN, A 75 R T Y U000 (1 R E T

ESolvEeNEpal SEE NE R AL IRAR RPN = [ {@N

(23]

[24]

[25]

[27]

[28]

[29]

[30]

#JR),2018,52(3) :420-430,472.

Liang R Z,Zong M F, Kang C, et al. Longitudinal im-
pacts of existing shield tunnel due to down-crossing tun-
nelling considering shield tunnel shearing effect [J].
Journal of Zhejiang University (Engineering Science) ,
2018,52(3):420-430,472. (in Chinese)

Zhang Z G,Huang M G, Xu C, et al.Simplified solution
for tunnel-soil-pile interaction in Pasternak’s foundation
model[ J]. Tunnelling and Underground Space Technol-
ogy,2018,78(8) :146-158.

LiuZY, XueJF, YelZ, etal. A simplified two-stage
method to estimate the settlement and bending moment
of upper tunnel considering the interaction of undercross-
ing twin tunnels [J].
2021, 29(9): 100558.
Lin X T, Chen R P, Wu H N, et al. Deformation be-

haviors of existing tunnels caused by shield tunneling un-

Transportation Geotechnics,

dercrossing with oblique angle[J]. Tunnelling and Un-
derground Space Technology, 2019, 89: 78-90.

Yin M L, Jiang H, Jiang Y S, et al. Effect of the exca-
vation clearance of an under-crossing shield tunnel on
existing shield tunnels[J]. Tunnelling and Underground
Space Technology, 2018, 78:245-258.

Avgerinos V, Potts D M, Standing J R. Numerical in-
vestigation of the effects of tunnelling on existing tunnels
[J]. Géotechnique, 2017, [s.n.]: 1-15.

Liang R Z. Simplified analytical method for evaluating
the effects of overcrossing tunnelling on existing shield
tunnels using the nonlinear Pasternak foundation model
[J]. Soils and Foundations, 2019, 59: 1711-1727.

i B A L5 A M2 A RS K HO AR IT M T A 2k
B2 3 AT (D] AR U VP 31 TR, 2005,

Ma T. The research of tunneling-induced ground Sur-
face movements and their influence to adjacent utilities
[D]. Changsha: Changsha University of Science &
Technology, 2005.(in Chinese)

SRAE T TR JE A R T T2 T R B A 2y 18 ) AR JE
CT1 TR B R 2 4R CH R B 22 ) L 2013, 41(8) : 1172+
1178.

Zhang H, Zhang 7Z X. Vertical deflection of existing
pipeline due to shield tunnelling[J]. Journal of Tongji
University (Natural Science) , 2013, 41(8) : 1172-
1178. (in Chinese)

(A% .KRE)



