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Mechanical characteristics of gravel bed for immersed tube tunnels
in heterogeneous ground

ZHANG Tao', LI Yun—gang', HU Chuan—peng', FU Bai-yong?
(1. CCCC Highway Consultants Co., Ltd ., Beijing 100088, China;
2. CCCC Highway Bridges National Engineering Research Centre Co., Ltd., Beijing 100120, China )

Abstract: In order to reveal the mechanical characteristics of gravel bed of immersed tube tunnel in heterogeneous ground, a
quantitative analysis was conducted through finite element analysis and theoretical calculation on the distribution law,
parameter sensitivity, and structural longitudinal stress response of the vertical and horizontal foundation settlement and
stiffness of the immersed tunnel. The results show that the pressure distribution at the base of the rock foundation section is
small in the middle and large on both sides, and hollowing occurs in the middle. The soft foundation section is small at both
ends and large in the middle, and hollowing occurs at both ends of the structure. The base stress value of the rock foundation
and the soft foundation are relatively close, but the stiffness of the foundation differs greatly, and the rock foundation section is
14 times of the soft foundation section. The longitudinal stiffness of the rock foundation section is greatly affected by the
parameters such as the thickness, modulus and preload of the cushion. The design thickness of the cushion layer in the rock
foundation section should be used as the control standard for the entire line. The average shear force of the joint of the soft
foundation section is about 3 times that of the rock foundation section. The study on the mechanical characteristics of gravel
beds for immersed tube tunnels in heterogeneous ground provides an important reference significance for the promotion and
application of immersed tube tunnels in complex geological conditions.
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Fig. 1 Geological profile of the project
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Table 1 Main physical and mechanical calculation parameters of rock and soil mass
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Fig.2 Comparison of the distribution patterns of
settlement, stress and stiffness of transverse

foundations in different formations
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Fig.3 Longitudinal foundation settlement, substrate stress
and stiffness distribution

Y] X 1] NS RS B AR R g 25 (AR A /N
TR L 7 30t 3 5 B (HEL R K2+765 — K2+804 )
BRI 1 KA SRAE . Y1) LW A S R b2 1]
T E 5 P (AR K2+115—K2+190) i, W JEF
U BRRE, HAEH 12 032 kKN/m® &4 1730 kN/m’.,
LR K3+740 R CR XAL A 25, Hb W2
5 VIiEAfk,

4 HREAHHEH EHEN ES RS
4.1 #HEFETGH

HE 4 TUUEWL, AR, D13 mBE
JpRE, HZIEREER/NE 0.95 m BF, LR
K17%; HIZEEREKE 1.8 m, HuIERI] /)N
21% ., PRI DA, o b Bl TR = 2L
JEHTHZRG LSRN, A 32EE N
AT b LRI SRR



2024 4F55 4 1) K, G BRI R DU BRI A

RS EDTE < 47 -

22000 [
20000 \
18000 F 4.4
16 000 P
14000 TN
12000 F .-
10 000 F
8000 —— s 2pzyis 1.1
6000  —>— HJZJERF 1.3
4000 F H— HIZJELE 1.6
2000 L WZJEREE 1.8
—— HZEJE 095
1 1 1

0
500 1000 1500 2000 2500 3000 3500 4000
AR S /m

B4 AENEERNESHHE(BEERE 15 MPa)
Fig. 4 Longitudinal foundation stiffness distribution curve
of immersed tube(Cushion modulus 15 MPa)
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Fig. 5 Calculation results of longitudinal foundation
stiffness under different modulus of gravel cushion
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Fig. 6 Calculation results of longitudinal foundation
stiffness under different preload loads
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Fig. 7 Calculation results of shear forces of segment joints
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Fig. 8 Calculation results of shear forces of pipe joints
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