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Abstract: Urban rail engineering faces significant challenges with regard to an earthquake resistant
design of underground structures. The response displacement method is a simple method, which
is widely used to design such structures. Thus, determining the ground spring constant in the
seismic design of underground structures is very important. Four typical determination methods
are introduced: the test method, Li’s method, the MIDAS method, and the finite element meth-
od. Based on the values of the ground spring constant determined through these four methods and
considering the local geological conditions in Beijing, response displacement models are used to
obtain the bending moment, axial force, and shear force of the underground structures. The four
determination methods are compared on the basis of their respective advantages and disadvanta-
ges. The results show that the values of the ground spring constant have a significant influence on
the internal force response of underground structures. Moreover, using the response displacement
method, we observe that the constant has a greater influence on the axial force and shear force
and comparatively lesser influence on the bending moment. The test method is recommended for

designers, when geological survey data are not available. The empirical formula and the finite ele-
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ment method can be used as alternative methods. In order to ensure design safety, the internal

force of underground structures can be modified by a correction factor of 1.10, considering that

the four typical determination methods have an impact on the internal force.

Key words: seismic design; ground spring; response displacement method; underground struc-

ture
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Fig.1 Cross section of underground structure (Unit: m)
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Physico-mechanical parameters of soils
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Table 1

SIATA L B/ (kg » m™®)

1 150 0.40 1750
2 200 0.35 1 850
3 300 0.30 2 000
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Table 2 Values of ground spring coefficients (Unit: MPa/m)
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Table 3 Horizontal displacement of the soil

17 R HE PR WRUK AL Y UK AR AL
z/m u(z)/mm #% w(z)/mm
5.00 87.9 16.0
5.95 86.6 14.7
6.90 85.1 13.2
7.85 83.4 11.5
8.80 81.5 9.6
9.75 79.4 7.5
10.70 77.1 5.2
11.65 74.6 2.7
12.60 71.9 0.0
R R T

p(z) =K +L o+du(z) (1D
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Table 4 Shear force between structure and soil during

earthquake (Unit: kN/m)
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Fig.2 Bending moment of the structure in soil 1 (Unit: kN * m)
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Fig.3 Bending moment of the structure in soil 3 (Unit: kN » m)
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Table S Maximum value of bending moment of the

structure (Unit; kKN « m)

TJRRA BAERA W BRI MIDAS % A Rtk

. AR —313.4 —274.0 —331.8 —333.8
E&H 208.7 166.6 234.0 235.9

) A —487.1 —417.0 —504.1 —492.1
ES 300.0 231.6 326.7 315.5

5 fMAH  —781.4 —652.1 —787.2 —708.9

ES 388.6 330.7 456.4 419.7
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Table 6 Normalized maximum value of bending moment

of the structure

TJRRA EAERA W BRI MIDAS % A Roc ik

. DY) 1.00 0.87 1.06 1.07
EA A 1.00 0.80 1.12 1.13
) k¥ 1.00 0.86 1.03 1.01
ES 1.00 0.77 1.09 1.05
5 8 1.00 0.83 1.01 0.91
EAHE 1.00 0.85 1.17 1.08
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Fig.4 Axial force of the structure in soil 3 (Unit: kN)
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Table 7 Normalized maximum value of axial force

of the structure

FEEA KRk BRRE MIDAS L AIRJok

1 1.00 0.60 1.23 1.27
2 1.00 0.61 1.19 1.16
3 1.00 0.92 1.68 1.54
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Fig.5 Shear force of the structure in soil 3 (Unit: kN)
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Table 8 Normalized maximum value of shear force value of

the structure

AWk MIDAS ¥ ABRIck

1 1.00 0.64 1.20 1.23
2 1.00 0.65 1.16 1.13
3 1.00 0.93 1.50 1.40
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