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[ Abstract] In the condition of engineering surcharge near the existing pipeline, the pipeline produce subsidence deformation and
further threaten the normal operation of the existing pipeline. Most of the research in this area stays in the finite element and indoor
tests, and few theoretical solutions are used to analyze the stress and deformation response of existing pipelines under adjacent engineer-
ing surcharge. Based on this, the pipeline-soil interaction under this working condition was investigated by using theoretical analysis.
Firstly, the Boussinesq solution was used to analyze the additional stress at the axis of the existing pipeline. Then, the pipeline was
simplified as an infinite beam rest on the Pasternak model to further obtain the total energy of the system during the deformation of the
pipeline. Finally, the stress and deformation response of the pipeline can be obtained according to the energy variation theory. By com-
paring with the existing experimental data, the correctness of the proposed method was verified. Compared with the degradation analysis
of the proposed method, the proposed method is closer to the measurements. The parameter study shows that the stress deformation of
the pipeline wills decrease nonlinearly with the increase of the buried depth of the pipeline. Increasing the diameter of the pipeline
would increase the deformation response of the pipeline, the deformation of the pipeline is not sensitive to the angle between the pipe-

line and the loading area. Increasing the horizontal distance between the pipeline and the loading area can effectively reduce the stress
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and deformation response of the pipeline, and the deceleration increases first and then decreases. A series of analysis results can be

used to analyze the influence of engineering surcharge on the stress and deformation of existing pipelines in practical engineering.
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Table 1 Test calculation parameters

p/kN E/MPa  z/m d/m 6/(°) v D/m  EI/(N-m?)

6 0.32 0.2 0 0 0.25 0.025 2.35x10°

2.2 HELERS

MG SCHR 14 ] BOBTST, TREHEZ G A T RN
LRI TT 200, KR TREHE R 5 5 i BE AT 4
R ASTERIR . T B IEA SO AT AR PR
FEF TR AL 2 S AT m N, 6T 534
I 59 RE EAT X LA IR 4 RS, AT AR SOy
B N HAR AL EB-W 5 15345 S i S 56 s il
e — 20, LKA T B s 45 v AR B I S A £ T
LRI 20 m YOI PN, T IH % DX el A 2 A ) 1 A T
17587 N i1 I N 7 - N TR A DR =22 AV S Ry )
WEAE 4514 1. 14 mm F10. 66 N-m,iB{Lf# EB-W 15
YRR T8 AR B U1 AR TR ) i 1545 2 22 T8 FN 25 46
WEAE 43514 1. 66 mm F10. 94 N - m ; i S ECHE 7R
LR 26 b0 BT Y AR B RN A A 4 i N
0.91 mm#10.45 N-m 815 WL, A 305 vk 11 B 4
e SN B (ER 1L VA N R B &/ I ra s o U J iU
RI7E T Winkler #b LAY K G825 18 3] - 1R 55 U] AF JE
Boszm , oA gk R 4 5 80 2k 0 B A 19 1
TR 5 TRV, Fh 3 A FH A A5 1 36 DU B M
2R T AR S 1 8 2 /N TR M 2
T REMELASTE (R 52, TR AS SO T A T
R RN, RIS, A SO B T 4 R RS i

=
E ¢
i £ 7
1.2¢ % ¢
‘V 77
*’v‘ 7 —“'—2125‘673‘1%%'&]
7 -+ -EB-WH
Lor %’ o HHE
60 <40 -0 0 20 40 60
HERHA R I/ m
(afrfs

’é 024 4
z /
< y £
£ 04 N )
K ‘v ) 7
g ¢y £V
0.6r ¥, ;
v i
08 v ¥ - < -EB-Wf#l
: Y o JMHR
1.0 b4
=60 -40 =20 0 20 40 60
L R /m
(b)BH

K4 L2 IS S X
Fig. 4  Comparison between the calculation of the

pipeline stress deformation and measurement results

IS MHE - www. stae. com. cn



B2 AR
2086 Science Technology and Engineering

5 T &
2025,25(5)

S - AT AE A, 2t — 2Bk T %05 ¥k 1Y IE
P, BE A AT H F SE B T v R A L AE B 7
HERAE I T A L2 R BT

3 SHSH

N T WIS R 5 R B S O A 22 )
ARG G R R B E AR FLS
SRR R AP B S B SR A R o3 Wi B 2 52 T AR TE i
B, AR TR HE R X I 50 m x 20 m, HAt it 52
BN 2 Fs AER SR — SRR L= 1R
M RS HOIRIFAL

*2 EXHESH
Table 2 Basic calculation parameters

p/kN E/MPa  z/m  d/m 6/(°) v D/m  EI/(N-m?)
60 10 10 0 90 0.33 3 5.87 x 10!

3.1 HXRIER
AFELIEIR T TR ER G R T ML 2 )
IE MR 5 B, o], BEAA 45 26 AE 4R HE 2%
s, AN A% S A A A il 22 35 Do il 2 B
XERRGAT , HA S RS RIS AE oAb B Fifi

ERALFES/mm
o ) ~

(=)

20} cev--z=12m

M 60 -0 =0 0 30 40 60 80
5 LA M BB /m

(hif%
4}
Ep)
z
w
0 6
K
qn 8}
10}
12t
14 . . . , . , .
80 -60 -40 20 0 20 40 60 80
55 2 4 Y B B /m
(byS 48

K5 RFEEFLRIEIR T AL AR LA A 2
Fig. 5 The curve of pipeline displacement and

bending moment under different depth of pipeline

FHELMBIN 6 m BTG INE] 14 m B, L5 KA
M 13.37 mm BEHNF] 21. 67 mm, B IRZA N 62% ;
AR I A 11. 26 MN -m H4/ME]12. 56 MN - m , 31
YN 12% ., RIS, A5 A0 A% 1S R s {1 448 i 42 IR 34
Wb LS, TR — R EE e TRE
SR IR BB B 1 R, M 37 AR A A 0% B In iz
NTEXZh g, HbEE HIRRE 2 IEL
PRSI R i — 2045 28 32 B B B ;. g Bl 2 AR
MR/ FESCPR T RE R, R Bkt fo 7 B S 4
TR AT TR HE AR, U R A LR T
T, RS I EAEAE LR L AT IR BT TR HERL,
3.2 BHHERE

AL B T AT TR 5 n A &
i Rz A& niE 6 pros, mlAL 84 H
REH20m M KEL4S m, MAESLE KM
16. 51 mmiEMF] 19. 54 mm, HHE24 R 18% ; i BEA
B IEIEE M 9. 9 MN - m Z #H K 514, 43 MN -
m YEIE 2R 46% , X & T4 HARNHE K S5
AR ZU A - A EAE R, M iE— 25 5 R A &
(AN RS RS A AR 2 B W 3 G, Xt U BH TR 3 2k
W 5 R AT K AR B LR R K e AU

P

O

B RALE/mm

15 20 25 30 35 30 45
BHHHER/M
(@F RN
l<
||
14}
2
éw
%u
.K
ity
= 11
b
10}
9 . . . . .
15 20 25 30 35 40 45
HLRHERE/M
() K255

Ko ANRELERR T L E RN AL
Fig. 6 The maximum displacement and bending moment

curve of pipeline under different pipeline diameters

IS MHE - www. stae. com. cn



2025,25(5)

WHRBE, 55 AR R AR A

2R AR TR M) IO (%) PR AT T v 2087

3.3 EXSHEHPOKFEEEER

NG i A N S S
s R REA LRI SR 7 s, nf
B L SR O KRR 0 m 35 E] 50
m I, DA LA I (B A 18. 23 mm 1 3l /)N 3]
0. 15 mm, Hya 5 52 B 518 K5 W/ 19 2 7 5 R A
), YA LR 5 e P 0 KO BE B EORERR B BE A 4
LA (E N 12.4 MN - m 3% /)N 0. 07 MN+m,
HgE B B KN R, X FEEEKNET
TRRHE AR 5| R S A B B R g 23 Bl 3 KT
P S ) M R /N T 24 A £ A7 1o ME 2 A
{4 IE T 7 DX, 3 285 | A ) A8 S BT 1z 7 T8 30 ik
N OB 2R 52 178 T A HE B AE T E R O X 4 B
BRI B SR AN U E:E /N T
MU LR S HE RN 2 () e ffy A I K2 1R T
RILATCAE X T R X, A HE AR
TG TGS 28 1 2 £ AN R Bl A8 45 26 rh o A4 B B T
N AT WALz 1 AR T W AR TCRE W, DL BT
Tl B R R i G FE A £ 1 b AT 3 38 A s

20
—o—6=0°
16} —o0—6-30°
—A— §=45°
g —v— 6=60°
=12} =9(°
B —Oo—6=90
i:_(
R
% 8t
K
aing
4L
0 s L s s Y
0 10 20 30 40 50
B2 G POR BER
() RALFS
1 —o—0-0°
—o—6=30°
= —A— (=45°
> —v—06=60°
E 8 —0—6=90°
£
1
R
2
o4
0 L L
0 10 20 30 40 50
B Hedrho iy FEE
(b)ie KA 4

7 KRS S DOIER T RRE
e RO R A 2
Fig. 7 The maximum displacement and bending moment
curve of tunnel under different distance between

pipeline and surcharge center

AR T 5 (198 LR, e 28O0 FLE iR /N i
AU 2k DX I 5 A ST A R R 2 R B B AR T
SN X S SO AT A R IR 55 T bR TR

4 g

LT Pasternak M JEARARL 285 ke AR oy JR P 4R
W T TR M A5 R SIS T A A AR T i N g R
fEfT . BRI,

(1) ¥ BEA 8 2 il A R TC FRAC 2 35 i 7E Paster-
nak HBEEREHY | EMERAEH] T L2 1L &
St S RE AR TR B IS R T RE 578 43 1Y 7 5 3K
REA & L2 SIS BT

(2) BASOT ik BOLRAEfR TR R 5 S
FR 118 S S 5l 6T L, A S A L T R A A B O
W SIE A , 2D BRSO A AT R

(3) FEARIE TR HEZ W 52 T |, 15 KA 4k i 3
R B L2 ) I B AR LMD/ ) | T 1S A8 2
HRSEWAELRZ IR B R B E LS
M Xl P e R RS 2 32 1 AR T AR TR ) {3
KA LR M 28 DX I8 1) 7K1 I 2 T ol /)N A 4 1Y
AR I, HL 2 A8 2 I HE 2k X ORI A 4R
2 B )R HE RN

Z % x #

(1] /M, M, Rt % BT F50E EEEL BB

I RIrE (], W K= (A RBERR) , 2024, 51
(5): 68-75.
Feng Guohui, Xiao Mingqging, Ni Jianzhong, et al. Simplified cal-
culated method for pipeline deformation induced by shield tunneling
[J]. Journal of Hunan University ( Natural Sciences), 2024, 51
(5): 68-75.

[2] Feng G H, Xu CJ, Ding Z, et al. Improved analytical solution for
forecasting overlying excavation-induced tunnel response [ J ].
Transportation Geotechnics, 2023, 43 101142.

[3] 0, BRESY, WRF I, 55 FEUIFRE0 T RMELR % 0] 25 B 5% iR

IEAEAI BT[], B EOR 5 0R, 2021, 21(7) : 2843-2849.
Wu Zheng, Yao Lifang, Chen Xueliang, et al. Numerical analysis
on the influence of the foundation pit excavation on the vertical de-
formation of subjacent pipelines[ J]. Science Technology and Engi-
neering, 2021, 21(7) : 2843-2849.

(4] SEWE, BOGH, skib, 55 BESUHZE R T RMNEA B IE R AR
JERERTR 1], BRlR S TR, 2023, 20(10) : 3908-3917.
Feng Guohui, Chen Guangzai, Zhang Di, et al. Analytical solution
on uplift deflection of underlying existing tunnel induced by founda-
tion pit excavation [ J]. Journal of Railway Science and Engineer-
ing, 2023, 20(10) : 3908-3917.

[5] Feng G H, Xu CJ, Ding Z, et al. Simplified method for evaluating
tunnel response induced by a new tunnel excavation underneath
[J]. International Journal for Numerical and Analytical Method in

Geotechnical , 2024, 48 (5): 1797-1813.

IS MHE - www. stae. com. cn



2088

B 2 A 5O O#

Science Technology and Engineering

2025,25(5)

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

SENE. by TAT S X A 34 FE AR - I rp A i O AR A I 1Y
WWZE S [T]. RAESHIEE TR, 2022, 29(2): 57-
63, 94.

Zhan Hui. Evaluation of the effect of landfilling on trenching natural
gas pipelines with solid foundation and soft foundation[J]. Safety and
Environmental Engineering, 2022, 29(2) ; 57-63, 94.

R, DR, R, AF. b ME GO 2 B T Y 2 4
WMELT]. PR ZE A PR OR , 2015, 11(11) ; 23-28.
Li Changjun, Ma Shufeng, Ji Chuling, et al. Study on influence to
safety of buried pipelines caused by ground loads[J]. Journal of
11(11) . 23-28.

Vorster T E, K A, Soga K. Estimating the effects of tunneling on

Safety Science and Technology, 2015,

existing pipelines[ J]. Journal of Geotechnical and Geoenvironmen-
tal Engineering, 2005, 131(11) : 1399-1410.
ARIATT, SRERAR, yote. TR AR X AR AL 2 S 15 ) 1 5 )
RERIEG [J]. R AS 5 TR, 2016, 12(S2) : 518-524.
Zhu Zhiqi, Zhang Chenrong, Lu Kai. Model tests on the longitudi-
nal responses of buried pipeline due to construction load [ J]. Chi-
nese Journal of Underground Space and Engineering, 2016, 12
(S2) . 518-524.

BRI, WA, BOOHA. b TR S 2 X A A TR b 1A £ R ) )
MriJ). At A%, 2011, 32(S1) ; 408412.

Cai Zhongxiang, Zhang Chenrong, Huang Maosong. Analysis of influ-
ence of surcharge loads on buried pipelineswith variable cross-section
[J]. Rock and Soil Mechanics, 2011, 32(S1) ; 408412.

TS, SREREE, BRAR. WS RAS TR H A 2 Y Hb R A
(1. ma e 5 TREAR, 2012, 31(1) ; 123-132.

Yu Jian, Zhang Chenrong, Huang Maosong. Subgrade modulus of
underground pipelines subjected to soil movements[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31 (1)
123-132.

SKBRAE, TS, FAEMS. BRI A2 &R T AR i S He 1t A
L AT )]. AL TR, 2013, 35(6) : 1018-1026.
Zhang Chengrong, Yu Jian,

Huang Maosong. Responses of adja-

cent underground jointed pipelines induced by tunneling[ J]. Jour-
nal of Geotechnical Engineering, 2013, 35(6) : 1018-1026.
ZEEIN, SRBRE, . BRE T RS A M A R L
AR AAHT[I]. A J1%, 2018, 39(S1) : 289-296.

Li Haili, Zhang Chenrong, Lu Kai. Nonlinear analysis of response
of buried pipelines induced by tunneling[ J]. Rock and Soil Me-
chanics, 2018, 39(S1) . 289-296.

SRR, e, BRMS. TR ME O TV B L G 1) W A 5
WsrHT [J]. A A EE TR %R, 2015, 34 (S1);.
3055-3061.

Zhang Chenrong, Lu Kai, Huang Maosong. Study on the longitu-
dinal response of municipal pipelines induced by construction load
[J].
34(S1) : 3055-3061.

BAN, T, VPR, Pasternak b )5 14 B% 18 5088 5 1L
oMM [)]. B RS TR, 2017, 17 (33):
158-165.

Wei Gang, Wang Bin, Xu Xun. Vertical displacement of under-

Chinese Journal of Rock Mechanics and Engineering, 2015,

ground pipeline caused by shield tunnel crossing in Pasternak foun-

dation [ J]. Science Technology and Engineering, 2017, 17

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(33): 158-165.

TSCHE, EWE, XAREE, & EHRRE T G LT R M
- EMEAERBI )] A%, 2020, 41 (1) 221-
228, 234.

Ke Wenhai, Guan Lingxiao, Liu Donghai, et al. Study on vertical
displacement of adjacent pile group caused by shield tunneling
[J]. Rock and Soil Mechanics, 2020, 41(1) ; 221-228, 234.
MAFR], BN, T Pasternak HbIE (1) & 44 % 38 TF 42 5 % 42
WTELR P[] A2 TR, 2019, 41 (7):
1200-1207.

Lin Cungang, Huang Maosong. Deflections of discontinuous buried
pipelines induced by shield tunnelling based on Pasternak founda-
tion [J]. Journal of Geotechnical Engineering, 2019, 41 (7).
1200-1207.

BN, DL, BERE, & B RIRTUE RN T
TR TUEE B ARIE T[], BHFHEARS TR, 2022,
22(35): 15784-15791.

Zhang Ligang, Lou Jiayue, Feng Guohui, et al. Study of deforma-
tion of existing jacking pipeline induced by tunneling underlying
considering residual jacking force [ J]. Science Technology and
Engineering, 2022, 22(35) ; 15784-15791.

MEWNE, SRR, FBERE, 5. OBTAERRE T A REE S Y
WE- A EAEF®FFE (], TREJ%%, 2023, 40(5) : 59-68.
Feng Guohui, Xu Changjie, Zheng Mingwang, et al. Study of tun-
nel-soil interaction induced by tunneling underneath [ J].
neering Mechanics, 2023, 40(5) : 59-68.

R, R, %K%EI: S5 i) L ARRE A T A R BRI S
EEELAIE[)]. BLRSFEFR (TSR , 2021, 55 (8):
1453-1463.

Engi-

Feng Guohui, Xu Changjie, Zheng Mingwang, et al. Deflection of
overlying pipeline induced by shield tunneling considering effect of

lateral soil [J]. Journal of Zhejiang University ( Engineering Sci-

ence) , 2021, 55(8) . 1453-1463.
GERE, KT, BENE, & ZEWYIAE T EMREES R
B LA ;/HE[J]. TEMES5H AR, 2023, 55(3);
287-295.

Feng Guohui, Xu Changjie, Zheng Mingwang, et al. Deformation
analysis of shield tunnel undercrossing existing pipeline considering
shear deformation[ J]. Advance Engineering Science, 2023, 55
(3):287-295.

Zhang D M, Huang Z K, Li Z L, et al. Analytical solution for the
response of an existing tunnel to a new tunnel excavation under-
neath[ J]. Computers and Geotechnics, 2019, 108 197-211.
Feng G, Xu C, Liang L, et al. Simplified method for evaluating
the response of existing tunnel induced by adjacent excavation
[J].
Geotechnical, 2023, 47 . 54-81.
Feng G, Chen Q, Xu C, et al.
estimating the tunnel response induced by overlying excavation

[J]. Sustainability, 2023, 15(4) : 2589-2605.

International Journal for Numerical and Analytical Method in

Improved theoretical solutions for

IR, MEHE, W%, . FIRITUIATE TRIETZ5 R
SBITHEHEACT- T AR R HT[ )] PR RS 4R (A AR

Mi) , 2023, 54(1) : 209-219.

Feng Guohui, Zheng Mingwang, Huang Zhanjun, et al. Simpli-

IS MHE - www. stae. com. cn



2025,25(5)

WHRBE , A5« T S 4075 e QI A S AR i 7 ) DR A BT D7 1%

2089

[26]

[27]

fied analysis for evaluating lateral response of adjacent pile due to
tunneling considering shearing effect [ J]. Journal of Central South
University ( Science and Technology) , 2023, 54(1) : 209-219.
THIEE, TR0, B, 5. JET Kerr HBIEAIAL I FELOITAZ |
RN RS2 T[], RS R, 2022, 56
(4):474485.

Feng Guohui, Xu Xing, Hou Shilei, et al. Deflections of the adja-
cent underground tunnel induced by excavation based on Kerr
foundation model [ J]. Journal of Shanghai Jiaotong University
(Science) , 2022, 56(4) . 474-485.

Attewell P B, Yeates J, Selby A R. Soil movement induced by

[29]

[30]

tunnelling and their effects on pipelines and structures[ M]. Lon-
don: Blackie and Son Ltd. , 1986.

Tanahashi H. Formulas for an infinitely long Bernoulli-Euler beam
on the Pasternak model[ J]. Journal of the Japanese Geotechnical
Society, 2004, 44(5) : 109-118.

Liang R, Xia T, Huang M, et al. Simplified analytical method for
evaluating the effects of adjacent excavation on shield tunnel con-
sidering the shearing effect[ J]. Computers & Geotechnics, 2017,
81(1). 167-187.

Washizu K. Variational methods in elasticity and plasticity [ M].
2nd ed. Oxford: Pergamon Press, 1975.

IS MHE - www. stae. com. cn



