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The most appropriate method for analyzing the concrete cover of tunnels and underground
structures is to use the continuous environment method. Appropriate software for this method
simulates the concrete cover and its follower environment together. However, structural
engineers often use the Winkler frame and spring method to analyze the concrete cover of
tunnels. In this method, the concrete cover is modeled with Winkler springs using frame
elements and the effect of the surrounding environment. Despite the use of the Winkler frame
and spring method, the results are not completely clear compared to the continuous
environment methods.Accordingly, in the present study, the results of the analysis of concrete
cover of tunnels under the effect of static loads and dynamic loads caused by explosion are
compared with these two methods.PLAXIS software is used for continuous environment
analysis and SAP2000 software is used for analysis by Winkler frame and spring method.
The results show good accuracy of the approximate method of Winkler frame and spring, and

it can be seen that the answers obtained by the two methods are close to each other.
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Introduction

Analysis and design of concrete linings for tunnels and underground structures is one of the
important topics in the design of road tunnels, water conveyance tunnels, metro tunnels, and
other critical underground defense structures and metro stations. To analyze the behavior of
concrete linings in underground structures under static and dynamic loads, continuum medium
methods and the Winkler beam-spring model are widely used. In the continuum medium
method, the concrete tunnel lining and the surrounding environment are analyzed together as
a continuous medium. Using software such as PLAXIS and FLACK, the concrete tunnel lining
and the surrounding soil or rock environment can be modeled simultaneously. These software
consider the surrounding environment of the tunnel as seamless and continuous. Software
such as UDEC allows for the modeling of jointed surrounding environments along with the
concrete tunnel lining. In recent years, extensive research has been conducted to investigate
the behavior of concrete tunnel linings using these software tools. However, despite the
widespread use of the Winkler beam-spring method by consulting engineers, its results
compared to more accurate continuum methods are not entirely clear. Accordingly, in the
present study, the results of the analysis of concrete tunnel linings under static and dynamic
loads using the Winkler beam-spring method are compared with those obtained from the
continuum method. For the continuum method analysis, PLAXIS software is used, while
SAP2000 is employed for the Winkler beam-spring method analysis.

Method

Structural engineers commonly utilize the Winkler beam-spring method for analyzing
concrete tunnel linings. In this approach, the concrete lining is modeled using frame elements,
while the surrounding ground interaction is simulated through Winkler springs.

The investigated structure is an underground horseshoe-shaped tunnel, with its dimensions (in
millimeters) illustrated in Figure 1. The concrete lining has a uniform thickness of 400 mm,
with the tunnel crown located 40 meters below ground surface. The concrete lining analysis
considers both rock pressure and blast loading effects. In the beam-spring method, the
magnitude of rock pressure acting on the lining is determined based on the geotechnical
characteristics of the surrounding soil/rock mass. This study presents a comparative analysis
of concrete tunnel lining behavior under static and dynamic blast loads using two distinct
approaches: Continuum method analysis performed using PLAXIS software and Winkler
beam-spring method analysis conducted with SAP2000

Results

Based on the results, it can be concluded that the numerical solution using the Winkler beam-
spring method demonstrates excellent accuracy compared to the continuum method solution.
Furthermore, the findings reveal that both the axial forces and bending moments obtained
through the Winkler beam-spring method are consistently higher in all cases than those
obtained via the continuum method. This observation indicates that the application of the
Winkler beam-spring method provides conservative results, making it a reliable approach for
design purposes.
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Conclusions

The use of continuum-based methods for numerical analysis of concrete tunnel linings and
underground structures offers very high accuracy. Suitable software for this method, such
as FLACK and PLAXIS, simultaneously simulate the concrete lining and the surrounding
ground medium. However, structural engineers typically perform numerical analysis of
concrete tunnel linings using SAP2000, which is based on the Winkler beam-spring
method. In this method, the concrete lining is modeled using frame elements, while the
surrounding ground is represented by Winkler springs. Despite the widespread use of the
Winkler beam-spring method by consulting engineers for the analysis and design of concrete
tunnel linings, researchers have not yet fully clarified its accuracy compared to continuum
methods. Accordingly, this study compares the results of concrete tunnel lining analysis under
static loads and dynamic blast loads using both methods. The PLAXIS software is used for
the continuum method, while SAP2000 is employed for the Winkler beam-spring method.
The obtained results indicate that the responses from the Winkler beam-spring method closely
match those from the continuum method. Thus, it can be concluded that the finite element
analysis of underground tunnel linings using the Winkler beam-spring method in SAP2000
provides reasonably accurate results.
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