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A study on the effect of tunnelling to adjacent single piles and pile groups
considering the transverse distance of pile tips from the tunnel

Young-Jin, J eon], Sung-Hee, Kirnl, Cheol-Ju, Lee™*

'Department of Civil Engineering, Kangwon National University
2Department of Civil Engineering, Kangwon National University

ABSTRACT: In the present work, a number of three-dimensional (3D) parametric numerical analyses have been carried out
to study the influence of tunnelling on the behaviour of adjacent piles considering the transverse distance of the pile tip from
the tunnel. Single piles and 5x5 piles inside a group with a spacing of 2.5d were considered, where d is the pile diameter.
In the numerical modelling, several key issues, such as the tunnelling-induced pile settlements, the interface shear stresses,
the relative shear displacements, the axial pile forces, the apparent factors of safety and zone of influence have been
rigorously analysed. It has been found that when the piles are inside the influence zone, the pile head settlements are increased
up to about 111% compared to those computed from the Greenfield condition. Larger pile settlements and smaller axial pile
forces are induced on the piles inside the pile groups than those computed from the single piles since the piles responded
as a block with the surrounding ground. Also tensile pile forces are induced associated with the upward resisting skin friction
at the upper part of pile and the downward acting skin friction at the lower part of pile. On the contrary, when the piles were
outside the influence zone, tunnelling-induced compressive pile forces developed. Based on computed load and
displacement relation of the pile, the apparent factor of safety of the piles was reduced up to about 45%. Therefore the
serviceability of the piles may be substantially reduced. The pile behaviour, when considering the single piles and the pile
groups with regards to the influence zone, has been analysed by considering the key features in great details.

Keywords: Three-dimensional (3D) numerical modelling and analysis, Single piles, Group piles, Tunnelling, Tunnelling
influence zone
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Table 1. Material parameters assumed in the numerical modelling

’ ’

c Y K ’ g c ! o
Material Model (kN/m3) o v (MPa) (kPa) o (°)
Soil Mohr-Coulomb 20 0.75 0.35 80 50 35

. 5,000(s)
Linin; 25 - 0.2 - -
¢ Elastic 15,000(h)
Pile 25 0.01 0.2 30,000 - -

Note: ~,(unit weight of material), K (lateral earth pressure coefficient ar rest), v (poisson’s ratio), E’(Young’s modulus), ¢

(cohesion), (;5, (internal friction angle), s(soft shotcrete), h(hard shotcrete)
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Table 2. Maximum pile head settlements according to the transverse pile distance (unit: mm, maximum Greenfield field

settlement: 5.9 mm)
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Table 3. Distributions of apparent factors of safety of the single piles

Division H,=0D H,=0.5D H,=1D H,=2D H,=3D
Apparent factors of safety 1.10 1.18 1.29 1.47 1.59
Table 4. Maximum normalised tunnelling-induced tensile forces or compressive forces of single piles
Division H,=0D H,=0.5D H,=1D H,=2D H,=3D
Max tensile force or
compressive force of -0.17 -0.08 0.02 0.03 0.02
pile(Td P/P0)

Note: (—-)ve: tension, (+)ve: compression
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