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Method for determining nonlinear foundation reaction of shield tunnels
based on the UH model
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Abstract: To accurately capture its nonlinear characteristics under surcharge, an approach for the subgrade reaction of shield
tunnels is implemented on the basis of the soil strength design method (MSD method) and the unified hardening model (UH
model). The practical simplified version is proposed by conducting the description of the mechanical properties of the entire
soil zone with constitutive curves of soils at the height of tunnel center. Furthermore, using the statistically derived UH
constitutive parameters for soil layers @ and B); in Shanghai, the subgrade reactions for both soil layers are predicted and
fitted by using the hyperbolic curve function. After the secondary fitting process is conducted to obtain the initial stiffness and
the ultimate strength in relation to the parameters of the constitutive model, the functions for subgrade reactions of shield
tunnels in Shanghai are established. Eventually, the multifactorial evaluation of shield tunnels in Shanghai under surcharge
conditions is performed, confirming the capacity of the developed formulas for predicting the large deformation of tunnels
under surcharge. The convergence deformation of the tunnels under surcharge is more sensitive to the initial stiffness of

subgrade reactions, governed by various soil parameters such as x/4 and confining pressure, than to its ultimate strength.
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Table 1 Triaxial test schemes for Shanghai soft clay
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Table 2 Parameters of UH models for Shanghai soft clay under

exploration
IR 55, @f/ A K € M OCR
VU1 big 20 0.107 0.016 0.990 1.32 3.0
BRI 38 0.065 0.010 0.860 1.33 2.8
FRiT 41 0.040 0.006 0.691 1.19 3.5

250 O PJIIEEE20 m GRE)) emm— )1 JEE20 m (UH)

v BRFIL38m (KK) == - RKIL38m (UH)

O TRIL41 m GRI) - o GKIT41 m (UH)

200 TV T
v VvV

150} 03"v}.LV*’

Cmob/kPa
<
. L)
kY
\

100

50
,’

&/%
(a) =R R

O PJE#20 m GRYY) == PO )I]JtE20 m (UH)
vV BRFIL38m (KL) =  RFIL38 m (UH)
150 - & #IC41 m R = o FIT41 m (UH)

R A \
N __v..v--y"
100 $%d -y
oy b
-~

" \%
\% o o

Cmob/kPa

&/%
(b) =Hlhr L

3 LB HOK Ziitie RARB TN LR
Fig. 3 Comparison between model predictions and results of
undrained triaxial tests for Shanghai soft clay
2.2 MSD S EEEITE
1.4 75 rh e L2 (1 A st B RE 25 SR AN IR R B2 Ak TR I
LX) MSD 7Tl IR S IR, AH B
AT T fiT A 7 32 A P B e 2 AL P I g — AR 2 4
eI ATy, WORIEIR M EACR . NIRRT
AT IR A B, ATIRE DL IET %, Wk 3
Fios, TP T R TR R 22, FLrh BRIE 2k
VRN 15 m.
% 3 WIE MSD B EREENRE SR
Table 3 Verification schemes for precision of simplified MSD

method
WiEgH /A e, v M OCR
1 0.09 0.20 1.2 0.3 1.2 1
2 0.09 0.20 1.2 0.3 1.2 2
3 0.12  0.20 1.2 0.3 1.2 2
4 0.09 0.10 1.2 0.3 1.2 2
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Table 4 Schemes for obtaining subgrade reaction of tunnel of soil
layers @ and (®) based on MSD method
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