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Active Fault Summary
This paper aims to investigate the effect of the Zirmarg movement,
as an active fault, on the stability of water transmission tunnel of
Sardasht dam and power plant project. To this end, a preliminary
Sardasht tunnel analysis was undertaken on seismicity history of the studied area
Finite difference method and then using a finite difference code, stability analyses were
carried out at the intersection of tunnel with Zirmarg fault. Results
of numerical analyses of fault movement on lining showed that 18 meters of the lining in the footwall and
16 meters in the hanging regions are damaged through the fault movement. To prevent damages on lining,
two methods of excessive excavation behind lining and flexible lining were used. The results show that 4
meters excessive excavation behind lining and using a filler having 10 MP modulus of elasticity, the
damage to the tunnel lining is minimized. Numerical simulation of flexible lining using 0.5 meters joints
with 3 meters distance from each other shows that this method results in 50 percent decrease in the
damaged zone length, in addition to significant reduction in tunnel damage intensity.

Excessive excavation
Flexible lining

Introduction

In the construction process of tunnels in active tectonic regions, it may be inevitable the intersection with
active faults. Active faults from two aspects of sudden fault displacement and weak ground conditions in
faulted region can destructively effects on the tunnel stability. If the tunnel crossed by an active fault, the
tunnel may be damaged by the sudden movement of the active fault. As it is not feasible to avoid the fault
displacement, the design of support system is founded on the fault displacement. The lining protection
systems against the fault displacement are expensive and the selection of appropriate support system
should be evaluated based on practical and economic concerns. The proposed lining protection systems
include excessive excavation behind lining and flexible lining.

Previous studies on the design of lining systems in intersection of tunnel and active faults are categorized
into practical experiences [1-5], physical modelling [6,7] and numerical modelling [8-10]. Review of these
researches show that the main goal in the intersection of tunnel and faulted zone should be focused on the
prevention of the whole tunnel failure and reduction of the damaged zone in the sudden movement of the
fault. However, no robust methodology has been developed due to difference in geomechanical situations
of each project. This study aims to develop a three-dimensional numerical model for design of tunnels at
the intersection of active faults. To this end, the damaged zone at intersection of Sardasht water
transmission tunnel and Zirmarg fault, as a case study, was first estimated using a finite difference code.
Then, the lining was designed using the excessive excavation behind the lining and the flexible lining.
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Methodology and Approaches

Sardasht dam and powerhouse is located at the in North-West of Iran and the South-West of Sardasht in
West Azarbayjan. To transfer the water from dam to powerhouse, a water transmission tunnel having the
length of 4.3 km has been designed. The tunnel section is the horse-shoe and the tunnel has been excavated
using the NATM method. The support system is the reinforced concrete tunnel and the final diameter of
the tunnel is 5 m. There are several faults in the designed path of this tunnel and the Zirmarg fault is known
as the most important geological zone due to its characteristics such as the length of crashed zone as well
as movement potential. The fault is strike-slip and its dip at the intersection with tunnel is 80 degrees. The
crushed zone is 30 m and the possible movement is estimated 30 cm. The 3D numerical model was
simulated using a finite difference code and this model and its boundary condition is shown in Fig. 1. To
investigate the stability of lining before the fault movement, the capacity graph of lining was drawn as
shown in Fig. 2. The footwall and hanging wall were then moved 15 cm in opposite directions to reach the
designed fault displacement.
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Fig. 1. The constructed numerical model and its boundary condition at the intersection of tunnel and
Zirmarg fault
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Fig. 2. The stability of tunnel lining before fault movement.

Results and Conclusions
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Results of numerical model showed that 18 m in hanging wall and 16 m in footwall (including faulted
zone) fail by the movement of fault as shown in Fig. 3. To design flexible lining in numerical model, joints
having the length of 3 m were designed in the damaged zone, where 5 and 4 joints were considered in the
hanging wall and footwall, respectively. The implement of flexible lining results in reduction of damaged
zone to 8 m in both hanging wall and footwall.
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Fig. 3. The induced axial force and moment in lining by fault movement (Magnification 20 times).

To simulate the excessive excavation behind lining, three parameters of length, thickness and type of
filling should be determined. To this end, sensitivity analysis on these parameters were carried out. Results
of these analyses showed that for filling materials having the modulus of 10 MPa and the length of 4 m
results in minimization of the damaged zone. It is interesting to note that with an increase in the thickness
of excessive excavation, the effect of filing stiffness on damage zone increases.
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