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Introduction

Given the overburden of approximately
600 m in some zones, the poor quality of the
rock mass, and the presence of significant
geological discontinuities, the assessment of
squeezing potential along the Sardasht dam
water conveyance system alignment is of
critical importance. Accordingly, based on
geological and geomechanical data, the
squeezing conditions were evaluated using
empirical, semi-empirical, and analytical
approaches. Furthermore, to improve the
reliability of the time-dependent analysis, the
creep parameters of the Burgers viscoplastic
model were determined through back-analysis
of instrumentation data, enabling realistic
simulation of the long-term behavior of the rock
mass. Finally, this research focused on the
timing of the final lining installation to
investigate the impact of delaying the lining
execution on the reduction of imposed
pressures and the optimization of construction
costs.

Material and methods

Initially, the squeezing hazard within the
Sardasht dam water conveyance tunnel was
assessed across four distinct zones based on
geological, tectonic, and rock mass mechanical
conditions using empirical, semi-empirical, and
analytical approaches. Due to the absence of
laboratory creep tests on the surrounding rock
mass, a tunnel section located near the Zirmarg
Fault (Zone 3, representing the most critical
squeezing condition) with comprehensive field
instrumentation data was selected for back-
analysis to determine the creep parameters.
Specifically, the section at chainage 0+690
(with an overburden of 333 m and 175 days of
monitoring data) was used to calibrate the rock
mass creep model. Subsequently, FLAC2D was
employed to simulate the 10-year time-
dependent response of the tunnel lining in terms
of displacement, axial force, and bending
moment, considering different time intervals of
30, 60, and 90 days between the installation of
primary support and the construction of the
final lining.

Result and discussion

The results of the squeezing hazard
assessment using empirical, semi-empirical,
and analytical approaches indicate that Zone T3
represents the most critical section along the
tunnel alignment. Located within the active
Zirmarg Fault zone, this area is characterized
by extremely poor rock mass conditions
(RMR= 11, GSI = 10-15, and Q = 0.005)
together with unfavorable tectonic settings,
resulting in the highest squeezing potential
along the tunnel. Furthermore, due to the large
number of parameters requiring calibration and
their wide range of variation, a series of
FLAC2D simulations were performed to
iteratively calibrate the creep parameters. The
numerical convergence curves obtained from
the simulations were matched with the recorded
field instrumentation data. A quantitative
comparison between the back-analysis results
and the instrumentation data (Fig. 1) indicates
that the average relative error within the stable
time interval (20 to 175 days) is approximately
2.6%. Moreover, the total Root Mean Square
Error (RMSE) over the entire monitoring
period was calculated as 2.04 mm,
demonstrating a strong agreement between the
numerical model and field measurements and
confirming the validity of the calibrated
Burgers model parameters. The final back-
calculated creep parameters for the section at
chainage 0+690 are presented in Table 1.
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Fig. 1. Agreement between the monitored
convergence data and the FLAC2D simulation
results

The long-term performance of the final
tunnel lining was evaluated over a 10-year
period, assuming time intervals of 30, 60, and
90 days between the installation of the primary
support and the construction of the final lining.



The results indicate that the designed
lining performs adequately, with axial
forces and bending moments remaining
within the allowable capacity. Increasing
the time interval leads to a non-linear
reduction in axial force (27 and 14% in the
first and second stages, respectively) and
bending moment (37.5 and 7%) (Fig. 2.).

The progressive flattening of the response
curves suggests that the majority of rock
mass deformation occurs during the early
stages, and further delays result in only
marginal reductions, as the tunnel-rock
system gradually approaches a stable
equilibrium condition.

Table. 1. Final creep parameters obtained from back-analysis

Parameters GM(GPa)

K(GPa.h)n

GX (GPa) M (GPa.h)n

4.9

Values obtained from back analysis

83.33 0.29 2.36*10°
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Fig. 2. Variations in (a) axial force and (b) bending moment with increasing time interval between temporary
support installation and final lining placement

Conclusion

In this study, squeezing potential in
phyllite rock masses of the Sardasht dam water
conveyance tunnel was evaluated using
empirical, semi-empirical, and analytical
methods. Results show that 94.4% of the
alignment (T4, T2 andT,) is subject to mild-to-
moderate squeezing, while 5.6% (T3) exhibits
severe conditions requiring special design
measures. Numerical analysis with P-M
interaction diagrams and a 10-year time-
dependent model indicates that the final lining
remains stable for all installation intervals (30,
60 and 90 days after primary support). A factor
of safety of 3.3 was obtained for the most
critical case (30-day delay), representing the
governing condition. Overall, increasing the
installation delay reduces axial forces and
bending moments in a non-linear manner, with
diminishing effects as the system approaches
quasi-equilibrium, thereby lowering structural
demand provided that primary support ensures
stability during the interim period.
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