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Abstract: [Purposes] This paper aims to study the influence of multiple factors on the vertical
displacement of existing overlying pipelines under shield tunnel construction. [ Methods ] Based on the
Mindlin solution and the three-dimensional solution of the unified soil movement model for shielded
tunneling, in the first stage, this paper considered the effects of four factors including the frontal
jacking force of the shield, friction between the shield and the soil, grouting pressure at the shield tail,
and soil loss rate on the vertical displacement of the existing subway pipelines during shield tunnel
construction. As a result, the vertical soil displacement was obtained. The second stage combined the
Pasternak foundation model with the finite difference method to propose a calculation formula for the
vertical displacement of the existing overlying subway pipelines caused by shield tunnel excavation.
Moreover, this paper analyzed both the effects of the frontal jacking force of the shield, grouting
pressure at the shield tail, and friction between the shield and the soil on the vertical displacement of
the existing subway pipelines in the three working conditions of 12, 0, and —12 m between the tunnel
excavation face and the pipeline, and the influence of different soil loss rates and pipeline rigidity on
the vertical displacement of the existing subway pipelines. Finally, the numerical simulation results
were compared with the measured data to analyze the variation laws in the vertical displacement of the
overlying pipelines under shield excavation construction. [ Findings] The vertical displacement curve
of the existing overlying pipelines under shield tunnel excavation generally presents a “V” shape, with
the maximum vertical displacement always located in the middle of the pipelines. [ Conclusions ]
During shield tunnel construction, the influence exerted by the frontal jacking force of the shield and
grouting pressure at the shield tail on the vertical displacement of the existing pipelines is relatively
less. Additionally, the soil loss rate and friction between the shield and the soil have a greater effect on
the vertical displacement of the existing pipelines, with the friction between the shield and the soil as
the main factor causing the slight upward bulging at both ends of the existing pipelines. As the soil loss
rate increases, the vertical settlement of the pipelines caused by shield excavation becomes more
significant. The greater flexural rigidity of pipelines leads to smaller vertical settlements caused by
shield excavation.

Key words: shield excavation; vertical displacement; soil loss rate; numerical simulation; shield

tunnel;; pipeline protection
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Fig. 1 Calculation model of shield excavation
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Fig. 2 Calculation model of frontal jacking force

B z—c (3—4,u)(z—c)_
Sn = f fol6ﬂGU,—M) R R,
6cz(z +¢) 4001 —p)(1 - 2u)
R; ’ Rz] (R2l +z+ C) ]rdrde

(2)
itqj : R, = (Y—}’o)z‘*(x—r0089)2+(z-0)2;
Ryy=J(y =y )V +(x—-rcos®)’ +(z+¢); c=h-
rsin 035, A JEA T 5 DR A AR R 10 55 .

122 JE/Erf jlAeeg LR

&1 3 28 i e BEBE ) 1A AL 5 14, v Py o AR
T IE e AR 1 G 72 BE BT 5 LW JE #8 ALY
KB 5 dA, & FE A FRm AR B oG AR, dA
Rdsdf;s N JEFHUMOTI FE . éT%ﬁﬂﬁEEEﬁ,
RIS TEJE FEEERH IV E R AR Bl 5 4%
Sn:f“Lsty+ﬂ [Z—C+(3—%ﬂz—d

0 16mG(1 —p) - R, RS,
6¢cz(z + ¢) . 401 — )1 - 2uw) 1 Rdsdd
Rgz Rzz(Rzz +Z+C)

(3)
A H s R,=J(y+s)+(x—Rcosh) +(z-¢);
Ry,=/(y+s)+(x—-RcosO) +(z+¢c); c=h-
Resin 038, 0 A2 LT 31 21002 (0
123 JERERES) F Ay AR IE
TEJE R R0 TSR 8 R JR R A ¥ 43 AR AE T
KIETIWVE RN R A B A I o &4 0 5 R

FE SRR T I P 4 o P, ok I A R iR S
Bl A= AR R T o U 0T dA=Rdsd0 (s
JIT 3 A BT AR BE ), AE Fr Ah 3R T foT AR
T 3% 69 71 R dP=P,Rdsd@ , 1M nT 5764 Fr BE 5 142
FETIVER AR i 4 .

0 y
/ h |
xd 77 [m]
6 s, =
1P Py Py
'\ ir, P, P,
Lg z

B3 &t s

Fig. 3 Calculation model of friction between shield and soil
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Fig. 4 Calculation model of grouting pressure at shield tail
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Fig. 6 Vertical displacement curves of pipelines under the
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influence of multiple factors
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