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Wavelet transform Summary

Damage detection With the development and growth of the population in large cities, the need

ggéé'simom software to use public transportation facilities such as the metro is growing. Given the
sortware

importance of the urban transportation network, it is very important to pay
attention to the health control of underground structures against static and
dynamic loads. As Iran is one of the countries located in the world’s seismic risk zones, in recent years, it has
witnessed devastating earthquakes caused heavy damages. According to previous studies, underground structures,
compared to surface structures, are safer against earthquakes because surface structures are connected to the ground
only on the floor while underground structures are in full contact with the surrounding environment and are more
resistant to earthquake loads. However, given that most subways are built on shallow urban soils, there have been
reports of severe damages to these underground spaces from earthquake loads. For this reason, identifying damage
and controlling the health of underground spaces, especially subways, are very important. In this research, due to the
uncertainty in the ground parameters, and also, the lack of accurate forecast of the drilling route, 3DEC software
(when dealing with rock layers) along with PLAXIS®*°2020 software has been used for static and dynamic analysis of
Mashhad Metro Line 2 Tunnel. In addition, in order to control the health of the tunnel structure, wavelet transform
(WT) method has been used. For this purpose, the received signal was called by dynamic analysis and using the
wavelet conversion toolbox in MATLAB software, and damaged areas were identified in the model (around the
concrete cover and side borders) that can obviously be identified using the maintenance system. The collapse of the
underground structure in the identified areas was properly prevented.

Health control of underground spaces

Introduction

Today, with the increase of human knowledge in the construction of underground spaces, as well as due to political,
security, economic and public issues, the attention of many developed and developing countries has turned to the
construction of underground structures for civil, military and mining work. One of these underground structures that
has been widely used in recent years is urban tunnels. These tunnels, due to the expansion of cities, and also,
population growth, are employed to reduce environmental problems, reduce traffic load, facilitate the movement of
people and shorten routes. The use of subways is expanding day by day. Due to the sensitivity and important use of this
type of spaces, paying attention to their safety and health is one of the main concerns and challenges in the
construction of subways. Because underground structures such as subways are located below ground level, the
pressure of the upper floors (overburden) may lead to the collapse of underground structures, thus many studies have
been carried out on the static analysis of underground structures. However, due to the seismicity of Iran, many
dangerous earthquakes have occurred so far. The earthquake load can be applied to underground structures that can
increase the risk of collapse and damage to the underground structures. Therefore, one of the important issues in the
behavior of tunnels is the dynamic response to earthquake load. However, due to the fact that underground structures
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are in complete conflict with their surroundings, they are safer than surface structures which only their lower part is
involved with the ground. Before the 1995 earthquake in Japan and the 1999 earthquakes in Turkey and Taiwan,
engineers believe that underground structures show the least risk against seismic loads; however, as a result of these
earthquakes occurred in 1990s, the tunnels were severely damaged by the earthquakes. Therefore, engineers had to
undergo dynamic analysis of earthquake load along with static analysis. All static and dynamic analyses performed in
previous studies generally show the stability or instability of underground structures. If the issue of damage
identification and monitoring the health of the structure has been one of the most important issues in structural
engineering, not paying attention to the damage will have irreparable consequences on the structures. Most failures
that occur in underground structures are usually limited and occur in one or more structural elements. However, with
the passage of time and the continuation of static and dynamic loads and not paying attention to this issue, it causes
these failures and cracks to spread in the structure, and ultimately, leads to increased probability of failure of
underground spaces, breakdown, and even, total collapse of underground structures. Therefore, due to the high cost
and importance of underground structures, the diagnosis of damage in structures is a very important issue. In this
case, by accurately and correctly identifying the damaged elements in the structures and by strengthening them, such
as shotcrete, stone screws, etc., they can be prevented from falling, and therefore, the human and financial damages
can be minimized or reduced to zero. Moreover, by accurately and quickly identifying damage to the structures,
serious and dangerous damage can be prevented in the long run. In recent years, research has been conducted in the
field of structural health control and monitoring.

Methodology and Approaches

In the present study, static and dynamic analysis of Mashhad Metro Line 2 Tunnel has been performed using
numerical methods. Then, the displacement due to dynamic loads in each element that leads to modal deformation,
stiffness and failure in underground structures, is obtained, and finally, the displacement obtained in each element by
using numerical methods in MATLAB software is called. Then, using the discrete wavelet transform method, which is
one of the methods of controlling the health of the structure, the severity of damage and failure as well as the location
of damage in each element are identified.

Results and Conclusions

Due to the expansion of underground structures, and also, the high sensitivity of these structures, it is very important
to pay attention to the health of these structures. Because subways are located near the ground, in addition to the
static loads due to the weight of the upper floors, dynamic loads have a significant impact on the health of the
underground structures. Applying static and dynamic loads to underground structures may cause damage to the
structures that will change the stiffness matrix due to failure and damage to the underground structures, and this
change will also be effective in locating the damaged elements. By changing the stiffness matrix of the structure and
softening the structure, the rate of change of node locations will increase and as a result, the shape of the structural
modes will also increase. Therefore, this ratio of increasing the shape of the modes can be used to identify the location
and severity of the damaged elements. Many studies on the stability and safety of underground structures have been
performed using dynamic and static analyses, but as stated in this study, damage detection in the elements of
underground spaces has not been studied so far. In this research, it has been tried to first obtain the displacements
caused by loads using dynamic and static analyses and by calling the desired signal in MATLAB environment, a new
method for investigating and identifying damage in Mashhad Metro Line 2 is presented. For this reason, one of the
most important, accurate and fast tools in identifying structural damage is the use of discrete wavelet transform
method, which has been applied using the toolbox within the MATLAB environment. After applying discrete wavelet
transform at the output of 3DEC and PLAXIS*°2020 software, the damage loci have been identified by cofi, sym, bior
and haar wavelets according to the signal complexity at 9 levels. Using numerical modeling, the locations of the
damage can be identified and the site of damage can be strengthened by protective and resistance methods so that not
to lead to the overall collapse of the structures.




As a result of the static and dynamic analyses carried out in this paper, it was found that the
displacements due to static and dynamic loads were in almost favorable conditions and tunneling in this
area would not lead to collapse, but by applying discrete wavelet transform on the received signals, it
was observed that in some areas, there were many cracks and damages from the areas around the tunnel
and the side borders. If these factors are not taken into account, the mentioned displacements will
increase and as a result, the tunnel will collapse completely.




