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Tunnel Summary

Concrete lining Linings of tunnels constructed using full-face tunnel boring
Segment machine (TBM) consist of set of concrete segments, which form

Longitudinal axial force a ring at each step of construction. In order to move forward, the

St;ogtég construction TBM inserts a great force through thrust jacks resting on
Thrust jacks segments. Installing a new ring requires decrease or elimination

of jacking force. Therefore, the magnitude of force alternates as
the construction continues, and a part of this force remains as residual through the lining. This residual
force may influence the longitudinal flexural stiffness of the lining. On the other hand, time-dependent
behavior of injected grout has a significant effect on the residual force. In this study, first, the time-
dependent behavior of cement-based grout considering confining condition is investigated using the
oedometer test, and then, modeling staged tunnel construction and alternate loading of thrust jacks
considering time-dependent grout setting are proposed using an analytical approach. Finally, the residual
force of the lining after construction could be calculated. This approach has been used to estimate the
longitudinal residual force in line number 1 of Tabriz subway lining.

Introduction

Nowadays, construction of tunnels in urban areas using tunnel boring machines (TBMs) has become a
common technique. Alternate loading of thrust jacks accompanied by gradual hardening of grout causes a
residual force in the tunnel lining, which affects the structural behavior of the lining. This residual force
needs to be calculated considering the above-mentioned conditions, which were neglected in former
researches.

Methodology and Approaches

Oedometer tests have been performed in different time intervals. Vicat test has also been performed to
determine the initial setting time of the grout. Then, an equation has been obtained from the test data to
calculate the elastic modulus of the grout. The equation is used to calculate the virtual spring stiffness
attached to the rings. The alternative loading and varying spring stiffness have been used to calculate the
residual deformation of the rings, and consequently, the remaining forces. In order to verify the
procedure, a numerical calculation has been performed using Abaqus software with a UMAT code to
assign the time dependent properties of the grout.

Results and Conclusions
The results of this research have shown that the residual force is maximum at first ring and decreases as it
goes to the last rings. Stand-still force of the jacks has a significant effect on the average residual force,
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which may cause this force to vary from 18 to 100 percent of the initial jacking force. Furthermore, the
results indicate that the residual force is higher in stiffer ground.




