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Abstract: [Objective] The purpose of this paper is to address the issue of excessive axial force in the first sup-
port of a narrow and long deep excavation of metro stations during construction. [ Method] Through the method
of finite element analysis using the hardening soil model with small strain stiffness (HSS), the excavation meth-
od of the station pit , poor quality of steel support installation, and the untimely stressing of the steel support are
simulated in a refined way to analyze the influence on the axial force of the first support. [Result] The results
show that the use of basin excavation has a significant effect on the axial force of the first support, which increas-
es by 45% compared with the case of layered excavation, and the corresponding position of the steel support
should be installed in time; when the prestress of the installed steel support does not reach the design value, it
will lead to an increase in the axial force of the top support at the end of the excavation, with an increase of 10%
or less, and a decrease in the axial force of the bottom support. [ Conclusion] Basin over-excavation should be

strictly limited during excavation of narrow and long deep excavation of metro stations; The effect of tempera-
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ture changes on support axial forces cannot be ignored; when the prestressing force of the installed lower steel support

fails to reach the design value, it will lead to a large axial force of the top support at the bottom of excavation.

Key words: narrow and long deep excavation; strut axial force; hardening soil model with small strain stiffness;

basin excavation method
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Fig.3 Finite element model of excavations cross-section
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Fig. 2 Distribution of axial force monitoring points and axial force of concrete support in excavations
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Tab.1 Methods for parameterization of HSS model

Model . . Parameter value
Physical meaning
parameter methods
Stiffness-related parameters
EX consist of the reference secant EX=15N

modulus value
E;"  Loading-unloading modulus value EZ=: E* = 1:]

Ey,  Reference tangent modulus value E=: E™ = 1:3

oed

Strength-related parameters ¢ and ¢'
' encompass reference to the
the effective cohesion geological
. L o exploration
1) Effective internal friction angle report
v Dilation angle @'-30°
Initial static lateral pressure .
K . 1-sing’
0 coefficient Smg
P Reference stress 100 kPa
N Loading-unloading Poisson’s 02
" ratio ’
R: Failure ratio 0.7
Power exponent of stiffness-
m . 0.5
stress level correlation
Small strain parameters include
Gy the initial dynamic shear Gyl =pV’

modulus value

Shear strain corresponding to the
Yo7 initial dynamic shear modulus at

70% strain

(1~4)x10™

E LS AR SO, 2 IO B RN,
Yo WP L IUMEL, FhPE T IORME . ARG B DI i
Gy R (DI
Gy =pV? (1)
Kb py HARBE R Vo ARSI, K2 A+
R HSS BRI S HUE K/
Ry B EAR Y 2R B TR, S HUTR B 1 3
PRI TR O0T B I 53 9-1 B ZE Wi i A7
®2 LEERSY

Tab.2 Soil model parameter

et " ot ot

Soil layer f/ISOP; /I\E;I(Fa /l\b;lulr’a Jor /I\(/;IOPa
@ Plain fill 1125 1125 3375 1x10™* 4548
® Silty clay 7.93 793 2379 4x10" 7478
®) Fine sand 18.00 18.00 54.00 1x10* 60.05
@ Mediumsand 20.97 20.97 6291 1x10* 142.90
® Coarsesand 21.05 21.05 63.15 1x10™* 153.70
® Gravellysand 33.00 33.00 99.00 1x10* 199.90

@ Round gravel 56.00 56.00 168.00 1x10* 303.20
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Fig. 4 Site conditions at 6 m of excavation
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Fig.5 Finite element conditions for excavation
at 6 m depth
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Tab.3 The axial force of concrete supports measured at
different temperatures

Measured ~ Measured . Unit
Concrete . .
axial force of axial force of temperature
support . . .
.. atmospheric atmospheric . . axial force
monitoring variation .
oints temperature temperature KN variation/
P 17 C/AN 21 ‘C/kN (KN/C)
5-1 1095.3 1456.9 361.6 90.4
6-1 2 360.6 2676.3 315.6 78.9
7-1 2 380.9 2 872.7 491.7 122.9
8-1 1654.8 2 136.6 481.8 120.4
9-1 2 845.5 4 280.7 380.6 95.1
10-1 44139 4 864.8 450.9 112.7
11-1 5311.6 5854.1 542.5 135.6
12-1 51747 5646.7 472.0 118.0
13-1 4340.2 4774.8 434.6 108.6
14-1 1 406.6 21259 490.8 122.7
15-1 1 689.0 2184.2 495.1 123.7

Average value 111.75
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Fig. 9 On-site earthwork excavation construction drawing
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Fig. 11 Calculation model of basin excavation method
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