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Determination of parameters used in numerical simulation for
construction of the end wall of a subway station

YANG Yan, XU Jinming
(School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China)

Abstract: Numerical simulation may efficiently analyze the deformation of the envelope structure and
surface settlement caused by the excavation of deep foundation pits. However, there are no common
recognition for determining the parameters of the layered soil mostly used in the numerical simulation.
Taking the end well section of the deep foundation pit in a subway station in Shanghai as an example,
the construction process was simulated using the finite element software ABAQUS. After estimating the
importance of each parameter by using orthogonal test, the sensitivity of the influence of the parameters
of various soil layers on the horizontal displacement of the envelope structure was analysed. The back
analysis was furthermore conducted to determine the parameters used in the finite element simulation
for the pit excavation. It is shown that two parameters, i.e., the elastic modulus and Poisson's ratio, have

the greatest influence on the horizontal displacement of the continuous wall in the numerical simulation.
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In the finite element simulation, the modulus ratios (ratios of the elastic modulus to compressive

modulus) for the sludgy clay and sludgy silty clay can be taken as 3.25~3.35, those for the clay and

silty clay can be taken as 3.67 and 5.69~5.81, while those for the silt and silty sand can be taken as 6.14

and 6.17~ 6.44. The modulus ratios for the corresponding soil layers from small to great are cohesive

soil, silty soil, and sandy soil in order. The ratio of the Poisson's ratio to survey ratio for silty soil is
1.05~1.12, while those of other soil layers are 0.90~1.05.

Keywords: envelope structure; finite element simulation; parameter determination; orthogonal test;

back analysis
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Tab.1 Distribution and mechanical parameters of soil layers on end well

R4 HIZAFK TRFS +J2EE/m ﬂ Ey 1 —o2/MPa 7/(kN"m ) c/kPa 9/(®)
® IR BTR B Ab + Q01 42 0.34 272 17.1 12 13
@ IR+ Q02 10.5 0.36 234 16.5 13 11

®i. it Q03 2.9 0.34 3.04 17.2 15 16
®) FhIOR LIk R 1 Q04 6.2 0.32 4.43 17.9 12 21
®, [ i Q05 5.7 0.28 9.18 17.9 4 31
®s. TR+ Q06 10.4 0.31 4.50 17.8 18 20
®s., YD IR BT 1 Q07 7.1 0.27 8.36 18.2 3 30
®s4 s dsi Q08 3.6 0.32 5.17 17.9 25 16.5
@, b Q09 7.5 0.26 11.50 18.4 0 32
©, Hreb Q10 135 0.27 12.04 19.0 0 34
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Tab.2 Parameters in orthogonal tests at various levels
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Tab.3 Scheme and results of orthogonal tests

®4 EXRBLERPHENRE 1)

Tab.4 Mean and range of orthogonal test results (1)

RS ——— - 1R2251 (i F%/mm R ——— - R4
FPERCEEA JARA LB NEEREfAC ZER D WPEREA  JARAHB  EEEMC  FER D
1 0.6 0.8 0.8 0.8 1 74.49 K, 370.73 223.03 344.15 291.14  266.63
2 0.6 0.9 0.9 0.9 2 70.07 K, 298.74 254.79 295.92 27581 27437
3 0.6 1.0 1.0 1.0 3 68.83 K; 271.18 267.57 258.82 27223 293.04
4 0.6 1.1 1.1 1.1 4 74.00 K, 233.13 304.51 255.46 279.13  273.14
5 0.6 12 12 1.2 5 83.34 Ks 215.64 345.28 240.83 276.87  288.00
6 0.8 0.8 0.9 1.0 5 51.61 ky 74.15 44.61 68.83 58.23 53.33
7 0.8 0.9 1.0 1.1 1 51.25 k, 59.75 50.96 59.18 55.16 54.87
8 0.8 1.0 1.1 1.2 2 48.80 ks 54.24 53.51 51.76 54.45 58.61
9 0.8 1.1 1.2 0.8 3 58.27 ks 46.63 60.90 51.09 55.83 54.63
10 0.8 12 0.8 0.9 4 88.81 ks 43.13 69.06 48.17 55.37 57.60
11 1.0 0.8 1.0 12 4 38.26 R; 31.02 24.45 17.74 0.21 427
12 1.0 0.9 1.1 0.8 5 52.12 Hee 1 2 3 4
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Tab.5 Mean and variance of orthogonal test results (2)

EES LES R Vi Ffif B
A 2995.51 748.88 46.36 R
B 1779.97 444.99 27.55 o
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Fig.3 Horizontal displacements of the continuous wall of

various soil layers with various modulus ratio

M 3T LLE 1, FrA 4 )2 A [ B g
AR, R SR KO B HE AR I B A B A
b NI (17 4 NP 1 7 N [ P 1 R Y 8 e 12 A
Xof 1 % SR KOV RS 1 R M R B R OR AR R, BT
ALZH, 1)2 Q05 Hl Q06 X K F-HLAL 15 Wi fi
Ko 3% 212 r B 1.4 T & 285 K P10 %
Ll S5 VA X 1 A5 78 43 531l sk 20 7 12.88% FlT 15.32%;
M 74 0.8 Bf 3 R 7% 22 55 /K 57 78 43 5 36 K 6.30%
M 7.27%; Hofth A 2 %5 1R 8 255 K007 B 19 52 1)
L

h T W E SR A SRS SRR L R, Rk A

VA R L A Rk e R U,
5 - B A 5 B 4 W KT RS O R R A
A8 LI IR BB S(X) R .

n n
Sm:MEP%+ZQﬁ (1)
i=1 i=1

K. X, MR A SEER & (=1, 2, -,
10); SHHLTFESRE MRS ; A, B, C HFFE
ESI8

F TR 20 ANRE, BA TR
PR e BEEAS i LA B BCK 0.9 F 1.1, 7533 21 4>
FREOGR Y 21 A E TR, A0k 6 R,

F6 SIEHUHEENHERLLER
Tab.6 Simulated results of the elastic modulus for
various soil layers MPa

+)Z
Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Q09 Q10
1 1224 10.53 13.68 19.94 45.90 20.25 37.62 23.27 57.50 60.20

ES o

2 10.20 10.53 13.68 19.94 45.90 20.25 37.62 23.27 57.50 60.20

3 14.69 10.53 13.68 19.94 45.90 20.25 37.62 23.27 57.50 60.20

4 12.24 8.78 13.68 19.94 45.90 20.25 37.62 23.27 57.50 60.20

5 12.24 12.64 13.68 19.94 45.90 20.25 37.62 23.27 57.50 60.20

6 12.24 10.53 11.40 19.94 45.90 20.25 37.62 23.27 57.50 60.20

7 12.24 10.53 16.42 19.94 45.90 20.25 37.62 23.27 57.50 60.20

8 12.24 10.53 13.68 16.61 45.90 20.25 37.62 23.27 57.50 60.20

9 12.24 10.53 13.68 23.92 45.90 20.25 37.62 23.27 57.50 60.20

10 12.24 10.53 13.68 19.94 38.25 20.25 37.62 23.27 57.50 60.20

11 12.24 10.53 13.68 19.94 55.08 20.25 37.62 23.27 57.50 60.20

12 12.24 10.53 13.68 19.94 45.90 16.88 37.62 23.27 57.50 60.20

13 12.24 10.53 13.68 19.94 45.90 24.30 37.62 23.27 57.50 60.20

14 12.24 10.53 13.68 19.94 45.90 20.25 31.35 23.27 57.50 60.20

15 12.24 10.53 13.68 19.94 45.90 20.25 45.14 23.27 57.50 60.20

16 12.24 10.53 13.68 19.94 45.90 20.25 31.35 19.39 57.50 60.20

17 12.24 10.53 13.68 19.94 45.90 20.25 31.35 27.92 57.50 60.20

18 12.24 10.53 13.68 19.94 45.90 20.25 31.35 23.27 47.92 60.20

19 12.24 10.53 13.68 19.94 45.90 20.25 31.35 23.27 69.00 60.20

20 12.24 10.53 13.68 19.94 45.90 20.25 31.35 23.27 57.50 50.17

21 12.24 10.53 13.68 19.94 45.90 20.25 31.35 23.27 57.50 72.24
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Tab.7 Inverse calculation results of the elastic modulus ratio
for various soil layers

TEFS MR A(E/MPa SE[E/MPa AEELE
Qo1 8.881 8.867 3.26
Q02 7.727 7.839 3.35
Q03 10.398 11.157 3.67
Q04 17.639 24.580 5.55
Q05 55.532 56.366 6.14
Q06 17.537 25.600 5.69
Q07 45.125 48.160 5.76
Q08 22.863 30.020 5.81
Q09 78.310 71.000 6.17
Q10 88.621 77.538 6.44

2 7 AT LR, BUEA I 4+ 2 1A
FERTHCR 3.2~6.5, HEEa HCHRE DA /N 31 R X6 1 9 4
Za BRI . e B RIS L
FTA YR A 5 2 AR e T i 3.25~3.35, Fhit
Fks T 2 A (A8 6 b 43 0l T HR 3,67, 5.69~5.81,
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Fig. 4 Horizontal displacements of the continuous wall with
various Poisson's ratio of various soil layers
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Tab.8 Inverse calculation results of the Poisson's ratio for
various soil layers

TR HEA AR i) SR R A LA
Qo1 0.408 1.10
Q02 0.392 1.09
Qo3 0.382 112
Qo4 0.345 1.08
Qo5 0.291 1.04
Q06 0.291 0.94
Qo7 0.251 0.93
Qo8 0.323 1.01
Q09 0.236 0.91
Q10 0.255 0.94

2 8 AT LLE Y, TAM L 5845 10 L fE
9 0.90~1.12, U+ 29I 5 g4
(AN 1.05~1.12, HABZEAY 4 2 03A P b2
WEATIE, 5555 R0 HE 0.90~1.05,
33 FEARSMAERINSHNAERES T

YEPE I MR 2% RMSE XHE ] EiR S B 1
HOE A S5 5 5 S0 25 S i W A R AT
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Tab.9 Root mean square errors in different methods
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