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Abstract

In the current work, a series of three-dimensional finite element analysis was carried
out to understand the behaviour of pile when the tunnel passes through the lower part
of a single pile or group piles. At the current study, the numerical analysis analysed the
results regarding the ground reinforcement condition between the tunnel and pile
foundation. In the numerical modelling, several key issues, such as the pile settlements,
the axial pile forces, the shear stresses and the total displacements near the tunnel have
been thoroughly analysed. The pile head settlements of the single pile with the
maximum level of reinforcement decreased by about 16% compared to the pile
without ground reinforcement. Furthermore, the maximum axial force of the single
pile with the maximum level of ground reinforcement experienced a 30% reduction
compared to the pile without reinforcement. It has been found that the angle of ground
reinforcement in the transverse direction affects the pile behaviour more so than the
length of the ground reinforcement in the longitudinal direction. On the other hand, in
the case of the pile group with the reinforced pile cap, the ground displacement near
the pile tip appears to be similar to the corresponding ground displacement without
reinforcement. However, it was found that the pile cap near the pile head greatly
restrained the pile head movement and hence the axial pile force increased by about 2.5
times near the pile top compared to the piles in other analysis conditions. The
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behaviour of the single pile and group piles, depending on the amount of ground reinforcement, has been extensively
examined and analysed by considering the key features in great details.

Keywords: Group piles, Ground reinforcement, Single piles, Three-dimensional (3D) numerical modelling and
analysis, Adjacent construction
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Fig. 1. Increment of axial stresses on piles depending on the relative locations of the pile tips regard to the
tunnel positions from literatures (Dias and Bezuijen. 2014).
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Fig. 2(a). A representative 3D finite element mesh used in the current study (a 5X5 pile group, D : tunnel
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Fig. 2(b). Sectional view of analysis geometry Fig. 2(c). Locations of piles inside a 5X5 pile group
(a 5X5 pile group)

392 Journal of Korean Tunnelling and Underground Space Association



A study on the effects of ground reinforcement on the behaviour of pre-existing piles affected by adjacent tunnelling

Table 1. Summary of numerical analyses

Analysis series Range of Ground Angle of Ground Remarks
Reinforcement Reinforcement

G - - Greenfield
SP - - A single pile without ground reinforcement
GP - - Group piles without ground reinforcement
SP (1-180) +1.0D 180° A single pile with ground reinforcement
SP (1-120) +1.0D 120° A single pile with ground reinforcement
SP (0.5-180) +0.5D 180° A single pile with ground reinforcement
SP (0.5-120) +0.5D 120° A single pile with ground reinforcement
GP (1-180) +1.0D 180° Group piles with ground reinforcement
GP (1-120) +1.0D 120° Group piles with ground reinforcement
GP (0.5-180) +0.5D 180° Group piles with ground reinforcement
GP (0.5-120) +0.5D 120° Group piles with ground reinforcement
PC - - Group piles with a pile cap
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Table 2. Material parameters assumed in the numerical modelling

. Y , E ¢ ¢
K

Material Model (N/m) 0 v (MPa) (kPa) ©
Soil Mohr-Coulomb 20 0.75 0.35 80 50 35
Grouted material | Mohr-Coulomb 25 - 0.2 800 250 35

.. 5,000(s)
Linin 25 - 0.2 - -

s Elastic 15,000(h)
Pile/Pile cap 25 0.01 0.2 30,000 - -

Note : 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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Fig. 2(d). Grouted material, 5x5 piles and pile cap in 3D finite element mesh used in the current study (D
tunnel diameter)
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Fig. 3(a). Distributions of normalised pile head and soil surface settlements with tunnel advancement (single
pile) (6,,),na-= 7.7 mm) (with ground reinforcement)
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Fig. 3(c). Distributions of normalised pile head settlements with tunnel advancement (group piles) (6,,,.),, 4, =
7.7 mm) (with ground reinforcement)
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Fig. 4(c). Distributions of normalised axial pile forces with depth (group piles) (P ), .= 878.87 kN) (with
ground reinforcement)
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Fig. 5(a). Distributions of shear stresses with depth (single pile) (with ground reinforcement)
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Fig. 5(c). Distributions of shear stresses with depth (group piles) (with ground reinforcement)
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