Fa45E Fol
2023 £F 6 H

# + T B % 4k

Chinese Journal of Geotechnical Engineering

DOI: 10.11779/CJGE20220249

P RN T2 [EE B RIEM R BT ERER R 247

FTRY, 4T, 5 2 8 AL B’
(1 TTIMRZFELEARTRESBE, TR T 5100065 2. MK TREEBESSMEEHETTELLRE, TR M 510006;
3. M AR R I BB AR, [ JTMH 510060)

& FE. DUEBRIE R R U U PR T R B T, R R T P R IR 1 R S MR AR ZE LA B i
G-I ATRFYUE BEIE T HERTEA R B AR T A RS &, BT 2 - S iy, 25590 N RSV,
2 R MRS B Bk i m 2 1 i, DA S e NS &, PR P AT NIk mzh )
Wi S A TR RS . THEEE SRR BUE R ST T AR A5 B A L A S5 SRR R SR FH A S LA R kAT
THEL AT RLARE 5 ER 37 R R T B AT B AR 2 s I RV E NS R IR R A AL ER VA TR B LN R
BB R, AR L BR AR B R A R, IR B SE I, HBURRR Ik i — DR . g AT
SR P TE b R A P (MR S 43 A5 B AR B TR AL B S T R 8 S T R S R R

KHEIR: DUERRIE: Z0J1orhTs MIAGEERL: bRk RIEARL

hESHES: U452.28 XHRFRIRAD: A XEHS: 1000-4548(2023)06-1190-10

EEE N ZWARA98S— ), 5, it, FIEIR, FENFHTEEEHURTTEKT. E-mail: liyadong@gzhu.edu.cn.

Seismic response analysis of immersed tunnels considering backfill
materials of foundation under incidence of P waves
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Abstract: The backfilling of foundation groove of immersed tunnels is an important procedure in the construction, but the
influence mechanism of its seismic performance is seldomly mentioned in the previous researches. In order to investigate the
influences of the stiffness of backfill materials on the deformation of flexible joints in the immersed tunnels, the numerical tests
of longitudinal dynamic response analysis under incidence of P waves are carried out for Ruyifang immersed tunnel in
Guangzhou by using the particle-spring-beam model with implementation of the longitudinal displacement method and the
flexible joint model with the longitudinal limit devices. The results show that the numerical model and method can make the
structures respond in a timely and reasonable manner. When the longitudinal response displacement method is used for
calculation and analysis, the time histories of multi-point displacement in the free field should be extracted as the excitation of
the structures. The untreated soft silt clay cannot be used as the backfill materials. If the density of sand or gravel is increased,
the seismic capacity will be further improved. The research results may provide a more reliable model and design basis for the

response analysis and seismic design of immersed tunnels under earthquakes.
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Fig. 1 Free field combined with multi-particle-spring-beam model
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Fig. 4 Stress analysis model for single shear key
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Fig. 5 Distribution of site soils after excavation and backfilling of foundation groove
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Fig. 6 Amplitude curves and Fourier spectrum of input ground motion
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Table 1 Classification of ground motion
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Table 2 Parameters of soil layers

g DR R B
(m'sh /m (kg'm3)
180 0-3.5 1600 0.2
. . 200 3.5-8.25 1600 0.2
AL 220 8.25-13 1600 0.2
230 13-15 1600 0.2
. . 250 16-20 1500 0.25
H 240 13-18 1500 0.25
TR

i 400 20-25 2200 0.35
380 15-21 2400 0.3
410 21-26 2400 0.3
RALE) 440 26-31 2400 0.3
i 470 31-36 2400 0.3
- 500 36-41 2400 0.3
530 41-46 2400 0.3
560 46-51 2400 0.3
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Fig. 9 Packaging of backfill materials of immersed tunnels
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Table 3 Basic parameters of backfill materials

. TR K/ A EAE R E ky PV fy/

FEARSHL S . , .

. (105 N-m!) (105 N-m!) (105 N-m!)

[EIpzsy g 28 — — g/

WOngek  wEL . . .

. . JafAtk ke il 117 il 117 il 1A
(ms!)  (kgm?)

WA E 500 2500 0.20 91477 2605.8 10423.4 15.4 46.1 37500.0 90000.0
T i 350 2300 0.23 84159 1204.1 5485.3 15.4 46.1 16905.0 41586.3
H5E AR A 300 2200 0.25 94615  70.7 353.6 47.5 142.6 22176.0 55440.0
RO D 200 1600 0.30 68255  18.2 118.3 15.4 46.1 7168.0 18636.8
WA+ 100 1500 0.40 62789 4.6 64.7 3.6 10.8 1680.0 4704.0
BaEn+ 250 1850 0.30 78920 329 213.7 27.8 83.3 12950.0 33670.0
rhE AR A 350 2300 0.25 98915  77.2 385.9 67.6 202.9 31556.0 78890.0
BEMRA 400 2450 0.20 106146 103.6 414.6 94.1 282.2 43904.0  105369.6
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different backfill materials
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