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Tunnel-soil interaction Summary

Group piles ) Shallow urban tunnels during the construction phase may encounter
3D numerical modeling many existing piles serving as foundation. Long-term stability of both

Deformation parameters

. . the tunnel structure and the existing pile foundations is important and
Pile foundation settlement

vital. Design engineers require reliable predictive models to estimate
displacements of group piles due to live loads (as active loads). Additionally, predicting the effects of passive
loads (dead loads) on pile foundations, primarily due to ground movements induced by excavations, is also
crucial. In both cases, the economical and successful construction of urban tunnels, which have a high potential
for interference with group piles, requires a proper understanding of the interaction mechanism between tunnel
construction, deformation, and the response of piles. This research has been conducted to analysis the
interaction between Tehran metro line 7 and group piles of Ghazvin bridge. The analysis has been performed
by 3D finite element method modeling. The tunneling-Induced movements cause deformations such as
settlement, slope and relative rotation in the cap pile and piles of the bridge foundation. The results show that
the settlement of 2.5 mm created under the pile is much less than the values of 25 mm and 30 mm, that various
researchers have introduced as the criterion of damage to the structure. Moreover, the settlement of 13.5 mm in
the cap pile (as the foundation of the bridge structure) is less than the permissible settlement values. The
maximum slope of 0.0008 and the maximum relative rotation of 0.001 induced in cap pile are also less than the
allowed values, and the bridge structure does not suffer structural damage and remains stable in safe
conditions. The sensitivity analysis of the changes in the displacements of the cap pile concerning the
operational parameters shows that a significant increase in the face pressure and the grout pressure reduces the
settlement below the cap pile by an average of 12% and has little effect on the reduction of settlement or
structure. The maximum axial and moment forces created in the piles are about 553 tons and 12 ton.meter,
respectively. The bridge structure can easily withstand these forces and partial deformations. The tunnel can be
safe, It can pass through the foundation piles of the bridge without damaging the bridge.

Introduction

Many studies have been conducted to understand the mechanism of tunnel-soil-pile interaction. Various
researchers have carried out their studies based on experimental methods and field investigations, analytical
and semi-analytical approaches, physical and centrifuge modeling, and numerical modeling. Most of the
studies have focused on the effects of tunneling on existing piles, but some researchers have also investigated
the impact of new piles constructions on the stability of existing tunnels. A review of case studies reveals that
the vulnerability of piles due to displacements and induced axial and moment forces has received less attention
in major tunnel-pile interaction analysis methods.

Methodology and Approaches
In this paper, the tunnel-pile interaction has been investigated using 3D numerical finite element modeling. The
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bearing capacity of Ghazvin bridge piles (located on the Tehran-Niavaran Highway) against deformations and
soil displacements induced by construction tunnel of Tehran metro line 7 through them is analyzed using the
Plaxis 3D Tunnel.

Results and Conclusions

The analysis results indicate that the settlements under piles and pile cap (considered as the bridge
substructure) are less than the allowable settlement limits proposed by various researchers as a criterion to
prevent structural damage. Moreover, the induced slope and relative rotation piles and pile cap are less than the
permissible limits. It indicates that the bridge structure does not suffer structural damage, and is in a safe and
stable condition. The maximum axial forces and moment forces induced in the piles are approximately 553 ton
and 12 ton.meter, respectively. By plotting the axial force-moment (P-M) diagram and comparing the forces
acting on the piles, it can be concluded that the pile foundation of the bridge can withstand these forces, and the
tunnel can safely pass through the bridge piles.




