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Simplified calculating method for the pipeline nonlinear
deformation caused by tunnel undercrossing

YIN Xin
(Chongqing Survey Institute Co., Ltd., Chongqing 401120, P. R. China)

Abstract: The construction of urban subways involves undercrossing existing municipal pipelines, which may
threaten pipeline safety. Most of the existing prediction theories for pipeline deformation use elastic foundation
models such as the Winkler model and the Pasternak model, which cannot account for the nonlinear deformation
characteristics of soil. Therefore, an existing municipal pipeline with rigid joints was regarded as a continuous
beam on a nonlinear foundation and a nonlinear deformation prediction method for pipelines was established.
Firstly, the ground displacement along the axis of the pipeline caused by single-line and double-line tunneling
was calculated respectively, using the Peck empirical formula and the modified Peck empirical formula that
considers the tunnel construction sequence. Then, the differential governing equation for pipeline deformation
caused by tunneling was established, and the deformation solution of the pipeline was obtained using the finite
difference method and the Newton iteration method. Finally, the rationality and applicability of the proposed
method were verified by comparing its results with monitoring data from a centrifuge experiment and two
engineering cases. The results show that the proposed method is in better agreement with the measured data

compared with other foundation models such as the Winkler model, Pasternak model, and Kerr model. It can
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also predict the pipeline deformation caused by twin-tunnel undercrossing while considering the effect of tunnel

construction sequence.

Keywords: twin-tunnel; tunnel undercrossing; pipeline with rigid joints; nonlinear foundation; theoretical

analysis

gt , B 2021 4 i, v AT 42 4 36 i T 8
5 T B, H b6 3R T A Mk B R 7 S 4 Bk
AT A, B R e g K S TR R T LA
2238 I FH 38, b 2k 26 [ 22 45 S AE b PR A2 4% 1
[ RN N S =N IR O e A N B 5 AR 1 P €]
A 2% . 7 R 0 i T2 % AR & A 3, ik s
Hb )2 R PR 7 A MR R, 5 R b )2 DR
b3 STV o O 117 R S Y TG G =5 . o B | AN V2 U 7 I
FE3E M B AT AZ B AR ) A R Rk e Rl R
A, A e T VR DA b K R T T B R
A2 o DRI, ST B 0 - A R A A ) A
R RF 5 bk TN 2 X AR T BB LR s, LA
B A2 2 SO TR E .

2 AT A R S I A3 BT B A L A
T 55 RN R 4 B 45 5 YA R BE A R 2 g R BE A
7B R 09 Dy 2 W N AT TS . X ey o 3
W0 W7 A ST 1 7 Ak T 55 D 1k R A B B b T I
A T IBUE 2 X R 7 I AL R S 20 R 800 A5 S A
H T, B8 20 B v 3 2R T U 2 A A A
WP 4 3k A5 26 5 0 T B DR TR U 4 R R 4 Lk
AT RN O S LR 2Z RN,
FE VT o AT RO T S S Ak R RS R A
A FH A AT A A, S A A KT T 425 e 7 A
WEMITHNE . =R LEY Zhang Y BN 5 H
F Winkler 3 He A5 R, 73 551 1 57 1 i 2 A8 2k 4 Sk
Bk TE R ZE MY R A BEIS R . Yu R
Winkler iy BE ) BE Al |, $2 HH 2% 1B A8 S TR A9 18 1E b
B S8 TE ML EE A b 5K BR 2 AFY R Huang 451
G A A ST T8 I IR AR R R 8 F 4R 5] RS L AR
T BUE . Wang 55" Lin 5 RINE 538 455 —
% BI85 U1 )2 1) Pasternak S S 50 3L, % & +
RAELMEAER, & TRIE T FHRAELLE
B e, I 43 0 OF R BRAS o0 Ar o e b LAl b, AT
SO SRS v AN 18 48 1E Viasov BRL Xt
Pasternak Hb JE 15 Y (1% 9 A4 S B b 708 OE o 15 [ #E
IR RS BE T A = 2 8 Kerr b 3L BE 0, I % 18
) [ia)  MAF AE LR AR T B S, #E ST TS R R T R
AL LR BB AR . DL RS A A
AR AT T A R BER ST 2 b b AR ) &
ESH AR R T AE S . H IR H Ak
LRk R AT, RV B LR TR G K R S R AN &

LM TCBR G s H AT, A R AR L A B
MWW 3> . FEVF SRR TE T 2 518 i EA 4
£ e 7 B, Vooster 25 VTE i AR R M 1A R
Lt IZTTE T B T A LRI P 1 A U
A5 Klar S50 2 7 it — B 0E T B T B AR
0~ 25 - S B ) A = R AR IA A

A WEFE LR b, 25 08 R - AR AR
FH R P B B 43 A7 3, 48 57 BRL 28 R XU O ) %
T 2|k BE A TR AN 1) R 2k A B Y 4
O3 7 B A A A PR 22 A vk R AR Ak AR oK L 15 3
B DT WBE A . 456 850 PILSE 5 B Al K
PR A T S 0 5 i 6 iE 7 ik 1 S PR A R M, O
B 45 R 5 % H B9 Winkler , Pasternak J Kerr
by B AR AR T B 25 R AT LB T

1 BETFREELMNMEILES

1.1 FRZ Mt BEA&R
ERPUR BT RE I I8 L ST - M AR
FHBE IR, 0 2R FH A S A H 5 452 0 DA% 48 4 i) 52 )
FIAE T g g2 50 A 22 3 A5 A A5 A W 5 b 3R
e 2R I YU 2 S AR AT it T | S B A R K A )
A 2 3, R Al S P R A R 8 T 4 b, 000 B AT
W8 132 1A IE N . S AR S R LR AR
AR HAE F AT, R FHAE £k P Pasternak 1 3% 3,
s 5 1 A Fz 3 FAS B o 28 2 AU 48 =X, B
glx)= wiz) _ chw(x) (1)
1 w(a) dx
L a
A g(a) Ry M L T 5w )k 3 B8 [m] 2 £S5 by M HI)
WA GBI U2 R Qo R I 7 iH 5 b ik
PR+ He J3fE R ALA B & 2 m T R 5

/L\\}KI[ZSJ

2D
Qi=N.cD + N,yz,D + N,y 2

(2)

XA Ny TN+ R, 5 R R I AR AR
K3 N o i MRS - R, 5 N BE 5 AR R TR LA
KN, A ERNSE  c NEER T D N E LM
y B ERE R o, AL, R 3N TN
NN FEN I EUE AT L& % K (3) ~(5) .

chz(z")< 10 (3)
D



% 47 %

116 + K5 ;% 4
N, ( f:]p) )< exp(mtan ¢) tan2(45 + g) (4)
N,=exp(0.18¢ — 2.5) (5)

Mo 1 5 AR I 6 R AN 1, 5 XU £k
KER . HELMBRFE RN WER ) Qm&A &
KA R Qoo WIRALFS 0,5 1 )2 HL HRA
BEGRAR G 2 L R B 0 B AR 0 I, UM 0. 01~
0.022,, H/NF 0. 1D; 4 4 22 N BE B + B3 FE -1,
BUA 0. 12,8 0. 22,, H/NT 0. 2D BT [k M B A
B Al SRR E N SR 7 R B A

] 22 HE

Ry

Od _____7|___

9 B
B1 ERANSUBXRME
Fig. 1 Relationship between ground reaction and

displacement

1.2 BEHBEFEZSIENMRALBITE
1.2.1 #XmE 23] Rk AL

EAA TSR] B T T i 5 R i TR
W7 TE 5 1 6 )2 TR s (o) £F B T A A o Ak
ZE B AW IR IE T2 51 B 7 BRAT T BUE 2
IO 1) AL, 2R FH Peck 28 56 28 30 H 5 g G T 42 51 R 9
WO . I, EHWR M IZE R A X E
W& B T 42 51 A B A B LA 1 2 A2 % L 1% S

SI(I)*ismaxeXp o 212 7
TCR2V|

, (6)
- exl{—f}
«/EK(zo—zp) 2K (20— 2, )

S S 0 T RS 1 B KU RR AR 5 2 O 5 B 0 Al 2
KBRS 5 0 N DLRERE S8 R, i=K(2—2,) 3 K
Sk U B S 5 5 805 = M =2, 0 0 A o T ORI IV A 2K
AL IR s R S B IE 9 b4 5 Vo BB T8 T2 51
4 b 2 45 2K 3

FE 3T M T BRI U, T A ) 2 1 BRI
RE S BAE LR MBS, K 2(a) By
N FLAH ZE IE DL A A o DR SR FH A bR e 46 1
ik e (6) /Y 8 Rl A5 BT B BE o T %
I 425 | R 1 B A A Ak i 17 8% 31 5

(b) XXk b% &
B2 BESHAEELZAMTACETRSHE

Fig. 2 Relative planar position between tunnel

and existing pipeline

ﬂszl
si(x)=— exp
vor K(z,—z,)

(zsina )
B ZKZ(ZOZP)Z:|
(7)

1.2.2 MBI I2 5] A6 BB
X2 % 18 it 1175 & 0 b )2 0 B R A S B 4k R
T it T AR o E XLk b T8 it T A 2 v, R0 O3] 2 A2k
W% 3 2 1] ¥ R A /N B I 0T Al i i X b )22
FEAE T AT B, AR T b 2 o R, & 3 AR
15 /P A = =4 7 B (= 1 I 70l L s w1 NGV | A S
KT S R GH |, fe 28 2 DR il 28 & 22 30R XERR 4
Ao TEX PG OCT , 750 MK P 2% % G it T 43 1) 5|
AL TR AT 2 TN, AN B8 M A b S5 Ak A 2 g 3 il T
R HZ IR A . AR R, L2405
T 35 S0 A RO 0 S 2 A B K, B S % il 2 R
BRGSO R . B, FE ) Peck AU K
W& 2 g | A Y b )2 0 RS B, TR B R S R T T s
Wi,k H AT IE , Lin 552045 1 T )5 42 bk 3 Hh 26 17

Byt
sZ(x)_(1+Mde|le)nRZV1-

n.a o i

exp|:_(12i-zl'z) :| (8)

O c o e, 43 931 DAy Sl At B Gl 2 i A B G Bl 6
R A i 5 ML R 5 1 B T T £ B R A G A9 T N B I
FB, BB G D 0~1, 2 9 % 0 R 2 2 gk |




% 64

B AT F RS XXM FAT S & 117

52 IR O, 24 5 8 Bk T8 il 2 7 S B G Al 2k
T 15 m, ok U A e R A B A B, A8 I

T, WE 2(b) R, i BRI AL AR 5L B i 7 3%
P8 W TG o [R] i 25 45 B2k B 3l 51k 3

|x xll R E (7)), TR BT 2= A BN L %
2.5~3; Hirp, BIME KT 1, 42 1 LA .
. TFE 51 # R &L g hr BT a2
M b IE S R S L B o RN B
o o nR*V, _(xsinozfyflsinoz)2 B
ot MK(zo—z,)exp{ 2K (zy— 2, ) } ©
1+Md_Md|xsina—xlsina| 7RV, exp _(Jcsin,é’*yczsin‘ﬁ‘)2
nK(z,—z,) «/EK(zo—z 2K’ (20— 2, )
1.3 EZMMEHMYEGFIE Bernoulli %2 #1138 , ] 15 3] & £k A8 T 09 il o0 725 1 O A2
HEEA R ZE WA 3N, S RE S LR Eld w(i)+ w(x)D 7G.Dd2w(1):
F T ARk tE s 3 A9 Euler-Bernoulli 2 . {8 %€ da* + w(a) ‘ da?
I A 5 2 15 ) Bl ko B s (B 2% 15 - ks ks ZQi (13)
T ) O T 42312 0 0 o S 5 () Mﬂwd L)
S 4L - PRSI B 1085 ) RV 28 B 2 88 w0 (1) : 1y (Q) dr

AN PSS

wlzx)=s(z)+ ulx) (10)

A w) . s(@) il wlx) ¥ R BE A48 425 22 B Y
hif%.
i
—]zp D Lipl}
%0 B[22
G
)2
- ETES
HrdthkiE

B3 HEIETEE
Fig. 3 Sketch of the calculation section

P S48 AT A B I —oT ik, A2 1 bt

O ES IS TS N Uy 1 B s T S 8 N N RS T SR O B 3
TOTCHR AT 52 T3 53 Br , 38 3k 32 07 - vl 15 3]

d*M

dz?

=—q(x)D (11)

q(x)D
M ﬁ 0+dQ
[ - X
dx \
0 )

M+dM

B4 RTEZHSH
Fig.4 Force analysis of an infinitesimal element
ERIIEMZ MR u() T p(2), 5E L
Z BN 21 1 q() B2 AR 7, )

)= pla)= ) @)
1 N ulx) da?
ki Qd

5 (10)~(12) , HE455 #4812 Euler-

X ETN S TS W

A C13) Sy DU B AR S5 05 A, ELAF A6 P IR 2 1k
T, X AR fife H S R DR s 5 A BR 22 23 vk AR
R AR TSR AR . 5T, W S TR R REAT
i 2 T U AR RO A RS RS, OT R E N/,
3t 0454 B 50 (AL 456 P S 45 WS JE LR T ) o AR
P e n A BR 22 23 4 3, AT B 50 (13) iy 22 73 B
XN

EI wi+274wz+l+6;'(’;'1‘747/01'714»%’1‘*2+
w,; D Wi — 2W; T W,
T w() P r -
w\x
—+ (14)
kd Qd
s:D Sii1 T 28— S
1 () P &
wlx
—+
kq Qq
_'_'|i ___________________________________ <!_._
L sl ﬂ\
‘____[_\II\HI\I\I\I ______
2 -1 0 1 2 3 i-2i-1 i i+l i+2 n-3 n-2 n-1n nt+l nt2

Bs5 ESZELEREE
Fig.5 Discrete model of the continuous pipeline
1 R A g T DU EG 300 5% A S A i S
FBY 3 ¥4 S %, o AT A 3 G g 4 A4S K S AR £

EESUSV
Wy — 4%’0 - 4%'1 + W, w_— 271,'0 — W,
W, =4dw, 4w, T W, 5 W, 1= 2W, — W,

(15)

B b U A R R A UCA K (14) )

BRI TRAEL 1WA 2ZES T, B
%2253 05 R AT S A A% B A A ARk A L



118 K5 xR ¥E AL FROP FE L)

% 47 %

S

Kw+ D— Gw= D— Gs (16)

w 1 s
— 4+ = — =
kd Qd kd Qd

A w WA R ) 6 B ) i K O BB 2N
HE B 5 G Ry b 55 BT D) NI B P 5 s R BR B R SR Y
ARG RS 1) H . A5 )RR A 4

K(:

[ 2 —4 2 0
—2 5 —4 1

1 —4 6 —41

o . . Lot
7 1 —46 —4 1
1 —4 6 —4 1
1 —4 5 —2
L O 2 —4 2 o D%t 1)
(17a)
G:
(0 0 0 |
1 —2 1
1 —2 1
G.D . .
Iz b
1 —2 1
1 —2 1
L O O O—(n F1)X(n+1)
(17b)

T
w={w,, Wy w, W, W w, g, w, ) (17¢)

s :{so,sl---s[,l,sl-,s,»+1---57,,1,5,,}T (17d)
1.4 Sk REKRR

i 32 (16) A7 7R AR L PRI, T vk 1 4R
PRI a3 3k 2 ik Ak SR B o Sl = (16)
AL A5 B — AN e FAE AL FE ) 1 1) 4 [

D
Flw)=K,w+ w

—Gw—p=0 (18)
1, w
kd Qd

e 152 T2 W 1% T L R I 0 3 I A A ELA
S0 HSR S AT A5 HURE AT LE R

F'(w)=K,+K,—G (19)
A KJE T BT AR RS SR
fi= 1u D— S D, i=[0,2] 20)
= i 1 w;
kq * Qq Qd(/nger)

AR A= i AR A 5, Ay
w(/e'l):w(k)_(F/(w(/z)))*lF(w(k)) (21)
Aw(/\')zi(F/(w(k)))*lF(w(/J)) (22)
A (F'(w™) o F (™) B E T LGS B 1 306 4
W 5 & 0 SR AR 1A SR AR s w0 R I ARER R URSR AT

0B 386 5w A LR B o 5,
BTV S 3R 85 A 8 10K 5 58 K
PHETLE R Z I 0B . DA, 4 T R LI £
w IR , WX AR T, P R SR B 1
LR IR

2 EHIWIE

2.1 BOVERKE

FEBE T8 T 58 L0 B O ALK B P, ST T
RHMESEREPESLE L. B0 R85 s 82
PP 6(a) FT 7R, 38 56 B 0 ek R 60,g, X6 17 f14 5
TR B IR A AME 4308 9.0 m A1 6.0 m, BEA 4
AR SMEFBEIE 5y 1.2.1.08.0.06 mo A
S B B R Ry 70 GPa, T 15 345 24 1Y B 25 W
JER 1.76X10° kN-m*, R 5 i FH £ & % F [ br b
M ——H AR F W, BARSHOLSCHR[7], 8 i ik
B AT 2 L T A2 3h 1 B KB 7o 1950 kN,
X I B B BR A # R 135 mm (0. 125D,) , H i 7] 45 %]
B A AR 0 B AR 14 400 kKN/mo AR SOk
(71, 243056 75 2] 9 i J2 388 2 Ry 290 B, F i 32 E R 0
B AT E TR TR R BN 4. 81 m, SRS F M
JZ TR 58 B 240 K=0. 53,

P 6(b) Sy B0 ML AL 3 56 v i J2 48 2k 290 T4
T IR B 5 AR S 2R b SR AR TR A AR Y X

F% -
kiﬁ 1
B R i
N
D=18 100
T
EEilS TN
g
il
A
$1j.: mm
(a) A~ ZEH
PERRE PO B B/ D
-6 4 22 0 2 4 6
0.1 . : : - : L5
%i 0o g % 1.0
= 0.1 2 . ~
z & 05 E
g 02 \ =
|/ e o0 8
fm -0.3 1 §
& 5
i 0,5%%
1 )
o s = LR -1
Yt
el Do 1s

(b) 5 2780 Ay LR 25 SR i (e
Eo6 O Rm

Fig.6 Case of centrifuge model tests for tunneling

underneath a continuous pipeline



% 64

M BT F AR KA KR R AL Ak 119

oo B 6(b) Al A, R J7 BE 3 142 5 | A 19 i 22 4 4%
RN 1 S i (T s o TR [ =7 B S N 5
T A, I A R A S R A (A, TR v N S G
o BEAh, BRAS B ECHE Ah T E a5 R 5 s 45 R
P, VIR IR R PR EAS S . R4
5 2 BT A 2 A — e 9 iR K UL R R
0. 528% , i 56 W 45 bk 38 b 2% 1 Oy S R IEH — kDT BE
H70.507% , i F A 2% 0. 021% , 1% 2% (8 75 4 31 il
o R, AT AR A% R 2R 1 R A R T S b +
AR IE T s R - A EAEH
2.2 RSB THFEEEL

TR I M 2K 75 H 3l 22 4 2 30l IX[a) R ) 4 R P
W fE A T 2E MEAA R E R 4T &Y. AT
A A5 2R 5 3 A R A R 67 B RS R T AN R 7 (a) BT
N, JE AR R T 55 A T IEH 4 4 2k B Al A 2R .
JE H4) % 3 A A R AR 430 o 6 moAT 5. 5 m, R E 2
8.7 m, WEAT HL 4045 4R A& 3 m, H 5 07 d bk 3H
AN RIE A 1.2 m O FE /N ) A R BUS NIEE ET
9 5.87X 10" KN-m*, %18 J& ¥4 Jits T %8 i X 3 + &
TN R RS A AL o AR SCk(3, 15], F
Y Hi 2 8 48 HE B0, 84 %%, HiLJE UL I U JE S B K L
0.53, HARFVERIE Eh 8.2 MPa, JAMA v N 0. 3,
i )10 68.9 kPa, WEEHEf1 13,77, LAKE R
18.7 kN/m*, o] 31 5045 2 48 4 ) T iz 3l 19 i)
BRBH {8 Qo 1 213. 8 kN, bk /2 g 5 {3 #% XUl 2%

A

i

# WEA A 2

| B m
(a) T 7 7 &

HTEPLRRE B TIRE I P 0 R 7K PR e/ m
040 23020 10 0 10 20 30 40 so

= o z
m -2f 3 % 1, 2
=l N -
= B\ Nl W , B
- &
K -6r LB
o RSl /e
g - - WinklerihFt?®
= -8 .. - -Pasternak i} .
-——-Kerrit 05
— SRR AR
=10 s 255 1

(b) & LATY i S AR AT 5541
7 RIBGTHFRELETERM

Fig.7 Case study of Shenzhen Subway undercrossing a

concrete pipe

() 4R 3 5 &y Sk 2 023 kKN/m,

Y 1] 7 () v 530 45 R 55 5200 45 21 ¢ % L AT A
B, AT 8 5 Y12 B9 Pasternak My 3% 321 5 4%
T, Winkler Hy 56 A5 Y 1) 31 55 45 S0 o Qi 25 T A 0] 5
Brif . 3% & i T Winkler b 5E 45 15 2 1 3 i — &
G|l ST A RN, i R BN, B R R RS
YR B2 Bl 4 5 O A, T 5 s AR 2 e B A
B, A 8] A7 A B B8 7 5 Pasternak #3586 458U 5 o
TIN5 U 2 25 5 SR A 0 AH B Rg ), ] i — 255 i 4
1A 4 SE 1 TN I 45 R A Winkler b 58 00K5 i . Kerr
iy A5 R X Pasternak b AR R (4 et 80 T
J2 A W R R T 5 2R — A sy 2
GG RS RS S 4 R T . {H 3 FP i
AR R B Hb K 2B e B Ry s AE, B b S ) 5 RS
BCAE B, PRI 2 v Ak b 2 WIS, 5 300 0R 45 R 34 O
JIN T L TR B3 1 A8 4 37 5 i 91 TR B S 0 A O
AHEC T 75, AR SCHE H 9 F 26 1 b LA A0 [ 2% 18 T +
EEEMN N MAELEBIE LR AR B S LN
] A5 T8 Ha ORI R 1 S MM B 420 . Rk, %
JE AR 2 M AR T B bl B AR AU T SR A A i T M A
BRI o A £ B N R VB i e S D T =
IIE NS
2.3 WEHETFRAKEL

A T B 45 26 B i 2 SR X R) R 2 — R
RN K AR, B A R G 5 B R A A
K 8(a) Frzn o B Hb Bk 4548 M M2 6 m il XWLER G
P BRI , A7 O % T8 (FT) it T 5¢ A £t T 22 ) i i
(ST),PikziE LB BE R 15 m, B iEHE R 29 8. 9 m.
WEA 10 RN 7K 8 4 N AN A TR 4 5T, AME 1.5 m, BE R
0.1 m, it 15 KB WIE ETh 2. 7X10° kN-m”,
B L )RR A5 m, 5 a8 R T
FHEAL2.9m, R SELN TR EHZE, K
FPERLE £l 16. 1 MPa, JAM L v 8 0. 29, 38 i ¢
H 55 kPa, NEERE A M 15°, LK T 19. 8 kN/m’,
F U T 54 2 A 4 ) R A2 s i i PR B {E QR
582. 7 kN, Hli JE [ 77 5 050 % WU £ 1) 90 1 R R &yl
1942.2 kN/m. HAESCHER[27], 6 #4151 (1) H
JEAJH0. 48 %%, UK 58 FE S 40 0. 7, )5 Bk i
5| S o 2 TR B IE S ECM 0. 6,2, 2.8, Lk
AT AR R S B X L An B 8 (b) TR o

P& 8 () AT T, By T A 4% % 3 /K S i) B 45 3T
FHMELN MK AAEES ., B 1AKIET B
Jo A R 5 U VIR TR 25 5 2 A K I o
Joi L B TINER 1 AR I 2F A S, TR A ) S R
Ji 1o 4 I, M I A A TR 5 U BT RE M 42 o T AR bR
S 1 K7 o o i g o RS SRR RV S B S G T



120 K5 xR ¥E AL FROP FE L)

% 47 %

REAE B IR o P, 107 05 nl R BN 2 £ 3 J=
XLk % E T 2 51 E i B T B LN BT
ISk, 8 (o) AT 57 2 AR bk 2R B S , B iR
RN RN INER - N R VA R SR R )
T o X PR R 5 2 A% R G o B A R Y TR AR
K, % 3 B £ Hp ) ) 22 S T R DD 2 T B
N 18N

HoH

| |
% WEAT F KB 2 <

(a) A 7 2 &

WL B PRI 0 KT v/ m
20

—40 =20 0 40
2 T T 1
£ o
E of S
& %
& %
K -6r
Hu
5 g )
= L )
-10F - - - HHERS)
-12L @

(b) & LRALIY i S AR AT 5541

T LRRE B PIRE I HF 0 ) 7K PR e/
20

-40 -20 0 40
T T 1

— HHER)
- - - WREEAR)

200 [

I RBE N

ZHEM/(KN-m)

-200

-400 [

600 - ) @
(c) WL
B8 AENLZBETFRERELTWMAKEILRERG

Fig. 8 Case study of Hefei twin tunnels undercrossing a

concrete rain pipe

3 g

DIEBLA I LA |, 51 AJEZ % Pasternak #
FEBAY R - AR AR BAE T, T T AN
XL % T N 28 518 0 BR A WIPE 3 Sk 48 e 9 ) A2 JE
Pl 7 B, O 38 S A PR 22 43 1k R0 AR 2%k A oK R
F3 3 LR A -

2) 45 4 B0 FLABE AL 3 56 R0 P A AR 22 4 Y
ISR, 30 TE 1 B SR R 0 3 A B

B - AR AR AR A R AT R 1
by JZ R0 G A b 2 b 3 R R4 I R E T 2 DR By
REAT I 422 3k T B R N 1) A8 8, B iE R
T AT AR BE T i TR 52 IR % A e ) H:
JefE G RN E LA

3) il 1t 5 % 9 Winkler 1 3 | Pasternak 31 5&
Fl Kerr b 5545 7Y XJ LY AT 41+ 3 i by L A5 7Y 1145075 51
() A5 4 A8 T8 347 30 AL 5 DE 25 0 A, {35 Ok FH 4 v b
FE ST REC R, Al T R )2 MR S AL T A AR
T o 3 b BE AR AU T 58 45 SR i 0 (B AR U K, 52 i)
8 R U /N BRSO B b 3 2 8006 2 ) 6 £ Mk
Jo 118 52 e B A A, 5 45 SR Sy 3 T AR S
DR -k 5 Y =R i O R Er R )
A o PRt SR FH AR S B AR 1 R Ak T
B FETHR R GE R 2E 5 1R 09 A LY\ AR Y i A T
e AT REE o

S 2% 3k

(1] ShsEl], W2, B, 4. 2021 4F (5 iy Bl is <M

BEG S MR D] # LA E , 2022, 35(1):
5-11.
HANBM, LIY W, LU F, et al. Statistical analysis of
urban rail transit operations in the world in 2021: A
review [J]. Urban Rapid Rail Transit, 2022, 35(1): 5-11.
(in Chinese)

[2] HOU Y J, FANG Q, ZHANG D L, et al. Excavation
failure due to pipeline damage during shallow tunnelling
in soft ground [J]. Tunnelling and Underground Space
Technology, 2015, 46: 76-84.

(3] skAa, sK¥8 . G REE TF 25 | B Bh A 8 2 i % 1) A2 8

(7). [ BF o 24 4 (A 28 B2 D, 2013, 41(8): 1172-

1178.

ZHANG H, ZHANG Z X. Vertical deflection of

existing pipeline due to shield tunnelling [J]. Journal of

Tongji University (Natural Science), 2013, 41(8): 1172-

1178. (in Chinese)

HSELIE , MR AR, s, AF N R R i 2 B kD] R

AR UT M R LR TE S T T, o KR R (B AR

J2), 2022, 53(8): 3008-3020.

DENG H S, FU H L, SHI Y, et al. Research on

deformation of adjacent underground pipelines caused by

[4

[a—

shield machine tunneling along curve section [J]. Journal
of Central South University (Science and Technology),
2022, 53(8): 3008-3020. (in Chinese)

[5] SHIJ W, WANG J P, JI X]J, et al. Three-dimensional
numerical parametric study of tunneling effects on
existing pipelines [J]. Geomechanics and Engineering,
2022, 30(4): 383-392.

[6] E/bi, BRI, %2, 45 A [6) B R E F LR 38 K Y 42



% 64

M BT F AR KA KR R AL Ak

121

[10]

JIGE e X i S 4 £ B S R E S (0. A e, 2017, 38
(9): 2487-2495.

MA S K, SHAO Y, LIU Y, et al. Effects of construc-
tion sequences of twin tunneling at different depths on
the adjacent pipeline [J]. Rock and Soil Mechanics,
2017, 38(9): 2487-2495. (in Chinese)

VAR e, A, L E M T AR E S LR
B e PR e T gy ko 5 (3. A 5o, 2021, 42(D):
143-150.

SHIJ W, FANY B, PEIW W, etal. An investigation
of deformation mechanisms of jointed pipelines due to
excavation [J]. Rock and Soil
Mechanics, 2021, 42(1): 143-150. (in Chinese)

Fh S, PN, 5K TR R R GE TR 4R T R A
LR ). P EBE R, 2008, 29(3): 58-62.

WU W Y, SUN Y K, ZHANG T Q. Analysis of the

underneath tunnel

effects on the adjacent underground pipelines by shield
7]
2008, 29(3): 58-62. (in Chinese)

ZHANG Z G, ZHANG M X, ZHAO Q H. A simplified

analysis for deformation behavior of buried pipelines con-

tunneling construction China Railway Science,

sidering disturbance effects of underground excavation in
soft clays [J]. Arabian Journal of Geosciences, 2015, 8
(10): 7771-7785.

WA, WSC, F 8. M A UG R T IS SR L b R A
LR WA o3 T (7). BRAE R 2 5 TR 2, 2017, 14(9):
1934-1941.

WEI G, HUANG W, JIANG X. Analysis of influence
of ground penetrating shield tunnel excavation on adja-
cent underground pipeline [J]. Journal of Railway Science
and Engineering, 2017, 14(9): 1934-1941. (in Chinese)
WANG H T, ZHUANG X X, SUN H Y. Prediction of
pipeline displacement induced by water leakage during
tunnel construction [J]. Geotechnical and Geological
Engineering, 2019, 37(6): 5383-5389.

LIN C G, HUANG M S, NADIM F, et al. Tunnelling-
induced response of buried pipelines and their effects on
ground settlements [J]. Tunnelling and Underground
Space Technology, 2020, 96: 103193.

FRANZA A, VIGGIANI G M B. Role of shear
deformability on the response of tunnels and pipelines to
single and twin tunneling [J]. Journal of Geotechnical
and Geoenvironmental 2021, 147(12):
04021145.

ASCHE, R XNARWE, AF G R BB E T 54 i
SR B - £ A AR AT A £ %, 2020, 41(1):
221-228, 234.

KE W H, GUAN L X, LIU D H, et al. Research on up-

Engineering,

per pipeline-soil interaction induced by shield tunnelling
[J]. Rock and Soil Mechanics, 2020, 41(1): 221-228,
234. (in Chinese)

[15]

[16]

[17]

(18]

(19]

[20]

[21]

(22]

[23]

(24]

o E R, R, AL, A5 M AR B R S Y B
R =R AN IR TR WP N = A G e o TOR
2021, 55(8): 1453-1463.

FENG G H, XU CJ, TEY M W, et al. Deflection of
overlying pipeline induced by shield tunneling consider-
ing effect of lateral soil [J]. Journal of Zhejiang Universi-
ty (Engineering Science), 2021, 55(8): 1453-1463. (in
Chinese)

YU J, ZHANG C R, HUANG M S. Soil-pipe interac-
tion due to tunnelling: Assessment of Winkler modulus
for underground pipelines [J]. Computers and Geotech-
nics, 2013, 50: 17-28.

SRR, AT &, B BRI T 42 6 40 % S e 1
B LB R 2 AT (D). S b TR 4R, 2013, 35(6):
1018-1026.

ZHANG C R, YU J, HUANG M S. Responses of adja-
cent underground jointed pipelines induced by tunneling
[J]. Chinese Journal of Geotechnical Engineering, 2013,
35(6): 1018-1026. (in Chinese)

HUANG M S, ZHOU X C, YU J, et al. Estimating
the effects of tunnelling on existing jointed pipelines
based on Winkler model [J]. Tunnelling and Under-
ground Space Technology, 2019, 86: 89-99.

W, R, W0, S E MR E T A A E T
S 04 B ACF AR S T]. B A 5 TR RO
H0), 2020, 42(6): 54-62.

GUAN L X, XU CJ, KE W H, et al. Analysis of hori-
zontal pipeline deformation caused by shield tunnelling
[J]. Journal of Civil and Environmental Engineering,
2020, 42(6): 54-62. (in Chinese)

W, R, TOGE, 5L RBRE TS REAEE
Wl A% 1 AT TR T] BOR 5B T AR AR (rh
H30), 2021, 43(5): 66-72.

GUAN L X, XU C J, KE W H, et al. Simplified
method for calculating the vertical displacement of
existing pipelines caused by tunnel undercrossing [J].
Journal of Civil and Environmental Engineering, 2021,
43(5): 66-72. (in Chinese)
VORSTER T E, KLAR A,
Estimating the effects of tunneling on existing pipelines
Il
Engineering, 2005, 131(11): 1399-1410.

KLAR A, ELKAYAM I, MARSHALIL A M. Design

oriented linear-equivalent approach for evaluating the

SOGA K, et al

Journal of Geotechnical and Geoenvironmental

effect of tunneling on pipelines [J]. Journal of Geotechnical
and Geoenvironmental 2016, 142(1):
04015062.

ALA. Guidelines for the design of buried steel pipe [R].
American Lifelines Alliance (ALA), 2005.

IR, BESeHE, AL, 5. MR R G R E AN
li] 3F 2k M AR TP 87 Ak S b7 A (). A+ TR AE R, 2019, 41

Engineering,



122 AR5 xR B T FROP E L) % 47 %
(M4 1) 1): 245-248. 2350. (in Chinese)
KE Z B, LIANG R Z, TONG Z N, et al. Simplified [26] LIU Z Y, XUEJF, YEJ Z, et al. A simplified two-
analytical solution for nonlinear longitudinal deformation stage method to estimate the settlement and bending mo-
of shield tunnels under surface surcharge [J]. Chinese ment of upper tunnel considering the interaction of under-
Journal of Geotechnical Engineering, 2019, 41(Sup 1): crossing twin tunnels [J]. Transportation Geotechnics,
245-248. (in Chinese) 2021, 29: 100558.

[25] BEmk, MM, Pogts, % I iE & T ENE b E [27] SUN S C, RONG C X, WANG H L, et al. The

Y AR LN B ST, 4 12 5 TR, 2020,
39(11): 2341-2350.
KANG C, YE C, LIANG R Z,

longitudinal deformation of underlying shield tunnels

et al. Nonlinear

induced by foundation excavation [J]. Chinese Journal of

Rock Mechanics and Engineering, 2020, 39(11): 2341-

ground settlement and the existing pipeline response
induced by the nonsynchronous construction of a twin-
tunnel [J]. Advances in Civil Engineering, 2021, 2021:
1-12.

(%8 K&)



