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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 to adjacent
tunnelling by considering the tunnel face pressures and the relative location of pile tips
with respect to the tunnel. The numerical modelling has analysed the effect of the face
pressures on the pile behaviour. 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. The head settlements of the pile (the vertical distance between
the pile and the tunnel: 0.25D, where D is the tunnel diameter) directly above the
tunnel crown with the face pressure 50% of the in-situ horizontal soil stress at the
tunnel springline decreased by about 38% compared to corresponding settlements
with a face pressure 25% of the in-situ horizontal soil stress at the tunnel springline.
Furthermore, it was found that the smaller the face pressure, the larger the
tunnelling-induced ground movements and the axial pile forces were and the higher
the degree of the shear strength mobilisation at the pile-soil interface. When the piles
were outside the tunnel influence zone, compressive pile forces were developed due
to tunnelling. It has been found that the ground settlements and the pile settlements are
heavily affected by the face pressures and the position of the pile tip relative to the
tunnel. In addition, the computed results have been compared with relevant studies
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previously reported in literature. The behaviour of the piles has been extensively examined and analysed by
considering the key features in great detail.

Keywords: Single piles, Face pressure, Tunnel-soil-pile interaction, Three-dimensional (3D) numerical modelling
and analysis, Shield TBM
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Lee, 2012a; 2012b; 2012c; Ng et al., 2013; Dias and Bezuijen, 2014a; 2014b; Hartono et al., 2014; Liu et al.,
2014; Ng and Lu, 2014; Ng et al., 2014; Williamson, 2014; Hong et al., 2015; Lee and Jeon, 2015; Jeon and Lee,
2015; Jeon et al., 2015; Lee et al., 2016; Jeon et al., 2017; Soomro et al., 2018). ©]of| H|ol| A=At B49-S
B A= AiH 0 2 AIgHA 1Y), Selemetas (2005), Pang (2006), Liu et al. (2014), Mair and Williamson
(2014), Williamson (2014) ¥ Selemetas and Standing (2017)< E|9=Z2L0 2 QI3 QIR 0] 755 IR
=5 Foto] A5k HE QUL Fig. 1-2 Selemetas and Standing (2017)©] B 11¢F HEAHE o4 4=31% EPB E}]
TBM B'd 22 Ao TS Hojgil glom, RS2 Bd =2t &2 QIRP TS A5 A5 A o
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F|E ol B dAlEellA AEA o= 485012 NATM 3ol Hlal 2|5He] ¥igd 9 gl TS 24
5} 4= Q1= shield TBM 350 2|29 tjoro & t=5] 17 QJch. Shield TBM 2] 4 o] Z
BAIA AEHSHE Aot & 4= Qlom, S22t FA| Al IHE 28 3 IS ES Fohs A58 = B
gd22kg Rl ol 5718 BSA1E o vk d3lo] itk ¥hHol shield TBM -3# 280l ThE Q1 H=9]
A&l thet St AR rlE e AdHle]ar oo tigt Heket Oﬂ% P’JRO 17do]th. Kaalberg et al.
9] 7% TBM 5= A8t a5 Fol T
ﬁ}oﬂ o, B 25 YEATe] A4
P51t Mroueh and Shahrour (2008)2 & b
EPO% B d=2te] w2 X3 5t 2 Hd 22 [Hre MYy
2R EY A S HE 2R FRAETES o] AAE Nesto] Ao S 5]t Oq%L— st
ol52] Halo] ofot B dx 250 o AR of w22 0] AFol AdoloHA R P = 2 A%
E0] o]A72E 125t @A o] o|Foj Mok ghrtal B 15T Lee et al. (2012), Cho et al. (2014a; 2014b),
Xuetal. (2015), You and Kim (2017) 2 Ahn et al. (2018)2] 7]&& o A152 HEd=2F0 & QIgh x|Htz]5}et
o] & Q5] Il =TE0] 752 2P| ks Y EotA] o> oA A5 -5t B, Jeon et all.
(2018) uFgQre] HalE 11efsto] shield TBM E'E ZAIEl TE 5O A A5 FA|ol4S &85
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2 2D). 714, D= B9 9] 217-& VR, W, B8 9] Sl RollA o] SA7IX] 8o A A 2l & ongh
TH(Fig. 3(a)).
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Fig. 2. A representative 3D finite element mesh used in the current study (pile centre is located at Y/D = 3.5, D:
tunnel diameter)
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Fig. 3. Sectional view and location of pile tips assumed in the current study
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Q : Changes of the tunnel face pressures(0.25 and 0.50)

Z, : Distance from the soil surface to the tunnel springline
v : Unit weight of material

K, : Lateral earth pressure coefficient at rest
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Fig. 4. Modelling of shield TBM tunnelling and application of tunnel face pressure

Table 1. Summary of numerical analyses (D: tunnel diameter)

Analysis series Face pressures | Pile tip location measured from tunnel Remarks
(kPa) W, T,
PL1 - 0.25D Pile load test, L, =20 m
PL2 - 0.50D Pile load test, L, = 18 m
PL3 - 0.75D Pile load test, L, = 16 m
PL4 - 1.00D Pile load test, L, = 14 m
G50 - - Greenfield
FP50 (W, =0D, T, = 0.25D) 0D 0.25D L,=20m
FP50 (W, =0D, T, = 0.50D) 0D 0.50D L,=18m
FP50 (W, = 0D, T, =0.75D) 0D 0.75D L,=16m
FP50 (W, =0D, T, = 1.00D) 0D 1.00D L,=14m
FP50 (W, = 1D, T, = 0.25D) 1D 0.25D L,=20m
FP50 (W, = 1D, T, = 0.50D) 130 1D 0.50D L,=18m
FP50 (W, = 1D, T, =0.75D) 1D 0.75D L,=16m
FP50 (W, = 1D, T, = 1.00D) 1D 1.00D L,=14m
FP50 (W, =2D, T, = 0.25D) 2D 0.25D L,=20m
FP50 (W, =2D, T, =0.50D) 2D 0.50D L,=18m
FP50 (W, =2D, T, = 0.75D) 2D 0.75D L,=16m
FP50 (W, =2D, T, = 1.00D) 2D 1.00D L,=14m
FP25 (W, =0D, T, =0.25D) 0D 0.25D L,=20m
FP25 (W, = 1D, T, =0.25D) 65 1D 0.25D L,=20m
FP25 (W, =2D, T, = 0.25D) 2D 0.25D L,=20m

FP25 [tunnel face pressure: 25% of in-situ horizontal soil stress at the tunnel springline], FP50 [tunnel face pressure = 50% of in-situ
horizontal soil stress at the tunnel springline]], FP25 corresponds to LF = 1.05, FP50 corresponds to LF = 0.90
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Table 2. Material parameters assumed in the numerical modelling

Material Model (kTZ/I /m3) (I\/Ilil;a) (k(;a) (?i)’ K, v
Soil (Mroueh and Shahrour, 2008) Mohr-Coulomb 20 30 5 27 0.5 0.3
Shield TBM machine (Plaxis 3D, 2018) 247 200,000 - - - -
Segment (Plaxis 3D, 2018) Elastic 27 31,000 - - 0.01 0.1
Pile 25 30,000 - - 0.01 0.2

v (unit weight of material), E’ (Young’s modulus), ¢’ (cohesion), ¢ ' (internal friction angle), K, (lateral earth pressure coefficient at rest),
v (poisson’s ratio)
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O] W=l A A =] et HE SHSAISHA A= AR | ffoto] HE-FH o eAE = 58S 57 A Z{th PLI
O] 74 WHFHE 5150] °F 1,190 kN Q1] =2 uf7px|i= Wsohaat w135}k Afolof 2] A4
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o]& &35} Fig. 50 LYEIY 9J50] PL1 U590 mH] 51 (failure load)2 1,200 kN.© 2 AF51Ict of7]of oF
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Fig. 5. Relation of axial pile forces and pile head settlements
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Fig. 6. Distributions of normalised axial pile forces with depth (W, = 0D, FP50)
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Fig. 7. Distributions of normalised tunnelling-induced axial pile forces with depth (W, = 0D, FP50)
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Fig. 8. Distributions of normalised tunnelling-induced axial pile forces with depth (T, = 0.25D, L, =20 m)
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Fig. 9. Distributions of interface shear stresses with depth (W, = 0D, FP50)
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Fig. 10. Distributions of tunnelling-induced interface shear stresses with depth (W, = 0D, FP50)
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Table 3. Computed maximum pile head settlement and maximum axial pile forces

Analyses P\;l/ep tp locat;c;n Face(lffr’zjsure O punet_max/ O gr 50,max Pret max/Pa
FP50 (W, =0D, T, = 0.25D) 0D 0.25D 130 1.62 (-)0.36
FP50 (W, = 1D, T, = 0.25D) 1D 0.25D 130 0.67 (+)0.20
FP50 (W, =2D,T,=025D) | 2D | 025D 130 0.23 (+)0.12
FP25 (W,=0D,T,=025D) | 0D | 025D 65 2.59 (0.45
FP25 (W,= 1D, T,=025D) | ID | 025D 65 126 (+)0.20
FP25(W,=2D,T,=025D) | 2D | 025D 65 0.57 (H)0.17

(+)ve: compression, (-)ve: tension, 6 g somax: 10.8 mm, Py 600 kN (L, =20 m)
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Fig. 12. Distributions of normalised pile head and soil surface settlements with tunnel advancement (W, = 0D,
FP50)
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