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A Finite Element Framework and Validation
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Introduction v Simulation framework for shield tunneling

. . . . Initialization Inputs:
o Shleld_gr()und lnter actlon durlng (1) Ph()i's;cal an mecl:zical parameters of shield, segment lining, grout model,
g . and boundary conditions;
mechanized tunneling governs load (2) Standardized geological borehole data;
- (3) Physical and mechanical parameters of each soil/rock layer. y
transfer between the shield shell, R o {

. . Construct a eological model based on
cutterhead structure, and surrounding 7 P oryreugy /
ground, thus determining the loading - - v ,

o | - Il.lltla] geostatic stress analysis of the
conditions and long-term performance of S B

mapping
Initialize the high-fidelity finite element model

for shield tunneling Shield Tunneling
s R SR d------

critical components such as the
cutterhead and main bearing.
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i ‘ B | Record the current shield posture and export
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i 2 & : the analysis results (old mesh .odb file)
R -
e I T
2 'g ! Establish New Model
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g I Remesh the model based on the old mesh boundaries

Geological (new mesh)
information
mapping . .
| Has the cumulative shield No
advance exceeded one ring width?
Yes

Activate one ring of segment and grouting elements in the new mesh;
previously installed grout elements are set to hardened state
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| Import shield model mesh from the old mesh
: (inheriting shield posture information from the previous step)
|

l

!

l

|

I

|

|

. -v L ]
- ~\
5 - > - - - ) |
] 23 T = - AN N Vg - . - g 2 -l s Bt
0N ' EmIiT 4 ' == - - » = : - - “% . ::
, ——— ... ]88 Y 4 b . ~ 3 NG
P ;A\ - - . _ - » LR _Re - B - "’-
- - R P LR T e —— ' - F -~ .
e L, - L RN T - - ~ - | S
- . . - . & - - g - - - - -
- g - 1 & - b - - '~‘ » ‘4 " P - - -~ . . . c:
> ‘ = B > P O -~ ¥ - - > " - A . - -
| @ S _' . o 3 - \ e ‘ 8 -~ - 4 ’ 4 . . - . - ." p— - - . " N - - - - ‘ .
| -~ — - - & . - -~ »- . v - - - - .
- . '. o~ > ~ - X . " - i - ‘ - ._~ & = & e g - - o - E - - .~; ~ P
| ~ ".0_ - o X - - < - T ™ - 35 v - - T - 2
£ L — - L e, VNG e .- . - - - — - ~ - iy R e . -

v' 3D Geological modeling and mapping

v
Establish contact conditions and perform mesh solution mapping
Geological borehole No. Classification for element: = : =
- 9 N Map stress and strain information from old mesh elements to new mesh | 4
i et e Ee e St e mmmemmmmmmmm=————— - and perform equilibrium analysis
LT Ay 7 || Rt LTI TR
Soil layer (1)
1~ B - ® « @ =)
------- PPttt /./" / S 1 Z Model Outputs:
Soil la},re]:' '@:}"‘“ -=1"" IEI . 9 ! « Ground deformation, shield posture, shield shell structural strain,
L _ e S 7 HZs L surrounding soil pressure and stress evolution, etc.
__________ I I I - Rt ', J
Soil layer (3 | ™ ot

_______________ -_____ _________,_..-..--E E -------i------::";;\l | o -
Soil 1 (4) I Soil interf: Center of element .
s i 5.2 Results and Conclusions

T * The proposed model is quantitatively

@) Cutterhead RSs evaluated using a comprehensive tield

%{?ﬁ; sl ‘ dataset collected from the Shenzhen-
Huizhou intercity railway.

* The results demonstrate that the model
can reproduce the mechanical response of
the shell structure and cutterhead under
composite ground conditions. The
predicted cutterhead-soil interaction can

Clayey soi B Moderately weathered granitc provide a mechanical basis for the design

Completely weathered granite Slightly weathered granite Of the cutterhead and main bearing .

Plain fill Strongly weathered granite
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