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Abstract

In the current work, a series of three-dimensional finite element analyses have been
carried out to understand the behaviour of pre-existing single piles and pile groups to
adjacent Shield TBM tunnelling by considering various reinforcement conditions.
The numerical modelling has analysed the effect of the pile cutting, ground reinforce-
ment and pile cap reinforcement. The analyses concentrate on the ground settlements,
the pile head settlements, the axial pile forces and the shear stress transfer mechanism
at the pile-soil interface. In all cases of the pile tips supported by weathered rock, the
distributions of shear stresses presented a similar trend. Also, when the pile tips were
cut, tensile forces or compressive forces were induced on the piles depending on the
relative positions of the piles. Furthermore, when the pile tips are supported by wea-
thered rock, approximately 70% of the load is supported by surface friction, and only
the remaining 30% is supported by the pile tip. Furthermore the final settlement of the
piles without reinforcement showed approximately 70% more settlement than the
piles for which ground reinforcement is considered. It has been found that the ground
settlements and the pile settlements are heavily affected by the pile cutting and rein-
forcement conditions. The behaviour of the single pile and group piles, depending on
the pile cutting, conditions of ground and pile cap reinforcement, has been extensively
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examined and analysed by considering the key features in great details.

Keywords: Shield TBM, Reinforcement condition, Pile cutting, Numerical analyses
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=ole o] TSt FHEE JA| §isH| HEz T ARl 2 = el HaE itk (Lee,

2007; Lee, 2008; 2012a; 2012b; 2012c; Marshall, 2009; Ng et al., 2013; 2014; Dias and Bezuijen, 2014a;
2014b; Hartono et al., 2014; Liu et al., 2014; Ng and Lu, 2014; Williamson, 2014; Hong et al., 2015; Lee and
Jeon, 2015; Jeon and Lee, 2015; 2023; Jeon et al., 2015; 2017; 2018; 2020a; 2020b; 2022; Lee et al., 2016;
Soomro et al., 2018; Zhang et al., 2021; Wang and Yuan, 2023). ©]of| H|5[] @S AA|E AL0] 749 Al
2 ° 2 A|gFA 1|, Pang (2006), Selemetas (2006), Liu et al. (2014), Mair and Williamson (2014), Williamson
(2014) 2 Selemetas and Standing (2017) E['d=2h0 2 QI9h Q1 W59 A5 AASS Soto] A=t
H} It} Fig. 12 Pang (2006)°] A17}E 2 Mass Rapid Transit (MRT)2] North-East line |4 AAIH EG A5
w2 QYU A5 APAZ 02 e RAES RojF1 gk, Aol nE Bde] 2xie BEo] 4
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Fig. 1. Layout of Singapore MRT (Pang, 2006)
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Fig. 3. Elements and geometries used in study analyses
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Table 1. Summary of numerical analyses

Analysis series Thick‘ness of ground Thick‘ness of pile cap Remarks
reinforcement reinforcement
PL - - Pile load test
G - - Greenfield
SP - - Single pile without reinforcement
GP - - Pile group without reinforcement
GP-G 0.5m - Pile group with ground reinforcement
GP-GC 0.5m Im Pile group with ground and pile cap reinforcement
Table 2. Summary of the location and condition of the pile
. Ground Pile cap Pile location number
Pile name . . . Remarks
reinforcement | reinforcement of Fig. 3(d)
P2 ) Single pile without pile cap and
ground reinforcement
GP-1 - - 1 Pile group without pile cap and
GP-2 - - 2 ground reinforcement
GP-G-1 Y - 1 . ) .
Pile group with ground reinforcement
GP-G-2 Y - 2
GP-GC-1 Y Y 1 Pile group with pile cap and
GP-GC-2 Y Y 2 ground reinforcement
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Table 3. Material parameters assumed in the numerical modelling

. , E’ ’ ,
Material Model (kNW/fm3) K v (MPa) (k(;’a) ¢ ©)
Weathered soil (Lee, 2012a) | Mohr-Coulomb 20 0.75 0.35 80 50 35
Weathered rock (Lee, 2012a) | Mohr-Coulomb 20 0.75 0.25 200 100 35
Grouted material Mohr-Coulomb 25 0.01 0.2 800 250 35
Shield TBM machine
(Plaxis 3D, 2024) . 247 i i 200,000 i i
Segment (Plaxis 3D, 2024) Elastic 27 0.01 0.1 31,000 - -
Pile/Pile cap 25 0.01 0.2 30,000 - -

7, (unit weight of material), /, (lateral earth pressure coefficient at rest), v (poisson’s ratio), E’(Young’s modulus), ¢’ (cohesion), ¢
(internal friction angle), s (soft shotcrete), h (hard shotcrete)
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a) Single pile without reinforcement

(b) Pile group without reinforcement

(¢) Pile group with ground reinforcement

(d) Pile group with pile cap and ground reinforcement

Fig. 12. The contour of settlements the pile and subsurface (X-Z plane)
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