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Transverse seismic analysis of underground cross interchange
utility tunnel( [ ) : Method and validation

LIANG Jianwen, CHEN Huifang, LI Dongqiao, GUAN Qilv
(School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract: The construction of underground utility tunnels has developed rapidly, resulting in a large number of
interchange utility tunnels, and the interchange nodes of the these tunnels are mostly cast-in-place as a whole. Due
to the significant difference in lateral resisting stiffness in two orthogonal directions of the interchange utility tunnel,
and the soil deformation is closely related to the buried depth of utility tunnel, the seismic response mechanism of
the interchange utility tunnel is complex. In this paper, a response displacement method for the transverse seismic
analysis of underground interchange utility tunnel is proposed. Taking a cross interchange cast-in-place utility tunnel
as the research project, the load-structure model of the cross interchange utility tunnel is established via the
response displacement method. The maximum relative deformation and its occurrence time between the layers of the
interchange utility tunnel are studied, and the method in this paper is verified by the time history analysis method.
Results indicate that for the underground interchange utility tunnel, the maximum relative deformation between the
layers of interchange node does not occur simutaneously. Considering only the maximum relative deformation of the
top slab and bottom slab of the interchange node may not be the most unfavorable condition for seismic analysis of
the structure. It is necessary to calculate the maximum relative deformation between the layers of the interchange
node to determine the most unfavorable condition of the overall structure. The method in this paper can accurately

calculate the internal force and deformation response of underground cross interchange utility tunnel under seismic
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action, which is of reference value for the transverse seismic design of the underground interchange utility tunnel.
Key words: cross interchange utility tunnel; interchange node of utility tunnel; cast-in-place utility tunnel;

deformation joint; the most unfavorable working condition
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Fig. 1 Analysis model of load-structure of cross interchange utility tunnel
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Fig.2  Analysis model of cross interchange cast-in-place utility tunnel
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Table 1  Parameters of soil layer
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Fig. 6 Elastoplastic mechanical behavior of concrete

(a) T A R AT BT (b) brfE BRI

Hfii: m

(d) LA R LS
B7 +FAXAREMERTREREERE

Fig.7 Finite element model and springs arrangement of cross interchange cast-in-place utility tunnel
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Table 3 Comparison of internal force peak results between the proposed method in this paper and THM
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$16.61%,

R4 AXHEFEMERSEREE RS R

Table 4 Comparison of inter-story displacement angle results between the proposed method in this paper and THM method

LAV 0.38 g El Centro i 0.40 g Taft J% 0.40 g
e i A5k ATk - ATk ATk - A5k .
(1,=15.46s) (1,=t;=15.88 s) (1,=2.26s) (1,=t;=2.58s) 1 =1,=t;=7.10 s
MRS TP AR 0.008050 0.008410 0.008299 0.008 829 0.010701
(6.08%) (1.88%) 0.008 571 (1.11%) (5.21%) 0.008 392 (9.31%) 0.009790
FIEA 0.005582 0.004 741 0.003 063 0.003 165 0.004 122
(1.81%) (16.61%) 0.005 685 (4.93%) (1.77%) 0.003222 (4.80%) 0.004330
TR 0.006818 0.006576 0.005 681 0.005 997 0.007412
(3.04%) (6.48%) 007032y 0ga) (030%) 0005979 (0.63%) 0007459
F55 1t 45 R T1 0.005 737 0.005912 0.005 557 0.006 326 0.007 454
(1.79%) (4.90%) 0.005636 (8.22%) (4.48%) 0.006055 (2.21%) 0.007293
ENOE=I L1 0.001 767 0.001 741 0.000399 0.000411 0.000614
(4.59%) (5.99%) 0.001852 (8.28%) (5.52%) 0.000435 (4.51%) 0.000 643

T R P 35 BUERR R A AR SCT5 B S IR S 4 75 8k (THM) 75 31 A9 )2 (81288 A8 25 R B AT O R 22
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3 it
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fr T8k, EEBH LTSS

1) RSB 12 HAT AT SRG BE , BE A8 v 1) 1138057 S04 R i s 1 R 9 N T R T o
AR AT AR AR SO 860 34 50 3 s SR U= 5 19 S7 S48 R A T R T e
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