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Abstract

In the current work, a series of three-dimensional finite element analyses were carried
out to understand the behaviour of a pre-existing single pile to the changes of the tunnel
face pressures when a shield TBM tunnel passes underneath the pile. The numerical
modelling analysed the results by considering various face pressures (25~100% of the
in-situ horizontal stress prior to tunnelling at the tunnel springline). In the numerical
modelling, several key issues, such as the pile settlements, the axial pile forces, the
shear stresses have been thoroughly analysed for different face pressures. The head
settlements of the pile with the maximum face pressure decreased by about 44%
compared to corresponding settlement with the minimum face pressure. Furthermore,
the maximum axial force of the pile developed with the minimum face pressure. The
tunnelling-induced axial pile force at the minimum face pressure was found to be
about 21% larger than that with the maximum face pressure. It has been found that the
ground settlements and the pile settlements are heavily affected by the face pressures.
In addition, the influence of the piles and the ground was analysed by considering
characteristics of the soil deformations. Also, the apparent safety factor of the piles are
substantially reduced for all the analyses conducted in the current simulation, resulting
in severe effects on the adjacent piles. Therefore, the behaviour of the piles, according
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to change the face pressures, has been extensively examined and analysed by considering the key features in great
details.

Keywords: Single piles, Face pressure, Tunnel-soil-pile interaction, Three-dimensional (3D) numerical modelling
and analysis, Shield TBM
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Fig. 1. Sectional view of tunnel crossing bridge foundation (Liu et al., 2014)
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Fig. 2. A representative 3D finite element half mesh used in the current study (D: tunnel diameter)
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Fig. 4. Method used for the tunnel construction using TBM (A = the changes of the tunnel face pressures
(0.25~1 in the current work), Z = distance from the surface to the tunnel springline, ¥ = unit weight of material,
Ko = lateral earth pressure coefficient at rest)

Journal of Korean Tunnelling and Underground Space Association 1007



Young-Jin Jeon - Jeong-Sub Kim - Seung-Chan Jeon - Sang-Joon Jeon - Byung-Soo Park - Cheol-Ju Lee

Table 1. Summary of numerical analyses

Analysis series Face pressures (kPa) LF
G (0.60) 262.50 0.60

G (0.75) 196.88 0.75

G (0.91) 131.25 0.91

G (1.06) 65.63 1.06
LF (0.60) 262.50 0.60
LF (0.75) 196.88 0.75
LF (0.91) 131.25 0.91
LF (1.06) 65.63 1.06

Note: G (Greenfield), LF (Load factor), The bracket ( ) means values of LF
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Table 2. Material parameters assumed in the numerical modelling

Material Model (kN)//m3) Ko v’ (NIIEPa) (k;a) o' (°)
Soil (Mroueh and Shahrour, 2008)| Mohr-Coulomb 20 0.5 0.3 30 5 27
TBM machine (Plaxis 3D, 2017) 247 - - 200,000 - -
Segment (Plaxis 3D, 2017) Elastic 27 0.01 - 31,000 - -
Pile 25 0.01 - 30,000 - -

Note: ¥ (unit weight of material), K, (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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