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Analysis of horizontal pipeline deformation caused by shield tunnelling
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Abstract: The two-stage method is used for analyzing the pipeline deformation caused by the underneath
shield tunneling. In the first stage, the LLoganathan formula is modified for studying the ground loss when
the tunnel axis intersection with the pipeline axis is not orthogonal. The soil-pipeline interaction is studied
based on the Vlasov model in the second stage, and the pipeline deformation is also obtained. Then,

through comparison with the finite element results, the proposed method was verified to be correct. The
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influences of pipeline diameter; tunnel depth and intersection between the tunnel and pipeline on pipeline

deformation have been further studied. The parametric study shows that the intersection angle of the tunnel

and the pipeline significantly influences the pipeline horizontal displacement, and the pipeline deformation

increases remarkably as the intersection angle decreasing. The parametric study indicates: a. the pipeline

horizontal displacement can’t be ignored compared to the pipeline vertical displacement when the

intersection angle of the tunnel and the pipeline is relatively small; b. the pipeline deformation is weakening

as the pipeline diameter and tunnel depth increasing.

Keywords: shield tunnelling; displacement of pipe; pipe; two-stage method; interaction
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Fig. 1 Schematic diagram of forces on the pipeline

considering horizontal displacement of the soil
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Fig. 2 Simplified model for the influence of the shield

tunneling on the existing pipeline
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Fig. 3 Diagram of relative position between the

tunnel and pipeline
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Fig. 4 Vlasov foundation model
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Fig. 5 Vertical displacement of pipeline
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Table 2 Parameters for the pipeline model
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Fig. 6 Horizontal deformation of pipeline
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Fig. 7 Soil horizontal deformation at different

intersection angles
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intersection angles
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Table 3 The maximum pipeline relative displacement

at different intersection angles

Ffh AHXF KA 7S AR 0 1] 3 7% L3mfvk: 24

6/ KA /mm I RAB/mm KR
75 2. 408 18. 972 7.87
60 4.622 19. 095 4.13
45 6.576 19. 25 2.93
30 8.052 19. 365 2. 40
15 8. 988 19. 421 2.16

6.2 ARERZEEKELB

SESEAE T EAR R AR A T KL RS 1 R
B D=0.5 m(+=30 mm) .D=1 m(t=60 mm) D=
1.5m (=90 mm) & D=2 m(:=120 mm)5 H4& &
AT

MEFRRE T 25 A A EAR S E I, 5] A E
KRR an & 9 Fras, M 9 AT LR, iR
BRI TE ™ KA BE /N, R R 4 1 AR
ARG T A T A R G R A AR A X
BT . BRI ZAh, B 4 1 AR
I A b7 A R KRR RS I B AT L 2 DR
(B IHG AR A7 A e KK PL B 14 7 2 A 724k
S3HTINA s T K ALRS OC T A FR L 24 R



60 I RE5xE e

FROF E O

% 42 %

AR i S A ST I, A8 T A9 A8 I R
RIZN . AR AE T A 5 R A 2 25t P 32 1
T HE A )25 T 8 a0 AR 2 e 74 T R ) 728 B 7 2 ik
55, T LA A ELAR AN 2 45 36 7 A= 1) 7K F-
PERB IR/ o 30 23 i A5 KK P2 A% 77 A 1 37 5 8 i
i (=0, BV TE A 7P AE T R RE DRl

ES
™

IS}
T

0=30°,
v=0.3,6=1%
E [E=5000 &
¥ Y

B KA/ mm

0o 2 4 6 8

“ x/D

H: =D=05m —-—D=1m -+D=15m
——D=2m -o-+iEpif

B9 AEEREEMNKFELSE

Fig. 9 Pipeline horizontal deformation with different

pipeline diameter
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Table 4 The maximum pipeline relative displacement with

different pipeline diameter
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different tunnel depth
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Table 5 The maximum pipeline relative displacement

with different tunnel depth
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