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Abstract

Arch dams have delicate sections thanks to their curvature. The fact that these dams are large, costly and
construction takes many years increases the importance of the structure. Mistakes and / or accidents that
may occur during the construction of such structures may occur major loss of life and property. Considering
the volumes, masses and slenderness of arch dams, they can be significantly affected by dynamic forces
such as changing water pressure, temperature, wind and earthquakes. The level of these effects and to what
extent they affect the dam can be determined by the analysis to be made to finite element model created by
computer. Since Finite Element Analysis is based on certain assumptions, the results obtained should be
compared and / or verified with the results obtained by experimental methods. One of the most suitable
methods preferred in many engineering structures is the experimental modal analysis method. Within the
scope of the study, experimental vibration tests were carried out in order to evaluate and determine the
structural behavior of the double curvature Deriner Arch Dam, which has a body height of 249m and a crest
length of 720m. Experimental measurements were carried out with accelerometers placed in appropriate
places in order to obtain the mode shapes of the dam. The dynamic characteristics of the dam were
determined using OMA software. The first seven natural frequencies of the Deriner arch dam were obtained
in the range 1.60-4.10Hz. As a result of the negotiations with the DSI 26th Regional Directorate, the
acceleration data obtained from the existing accelerometer system of the dam was instantly taken and a
continuous monitoring process was initiated. This data was transferred to the web-based monitoring site
and a structural condition monitoring platform was created.
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1. INTRODUCTION

Historical buildings, bridges, high-rise buildings and dams are important engineering structures of
strategic importance. These structures have different features with their usage areas, aesthetic appearance,
their surroundings and their location, and there are many different examples in our country. Most of these
structures, which have many variable parameters such as different material properties, construction
techniques and ground properties from the first periods, have survived despite changing conditions and are
still operating, and some of them are waiting to succumb to time and disappear.

Our country is home to many structures in terms of building diversity and has various dam structures
built in order to process many rivers and streams it has without harming the nature and to meet the energy
needs of humanity. For the dam planned to be built, it is necessary to determine the most suitable dam type
(weight, earth fill, rock fill, clay core, arch braces, concrete front face, roller compacted and arch dams etc.)
by considering regional characteristics, purpose of use and economic situation.

Considering the volumes, heavy masses and slenderness of arch dams, they can be significantly
affected by dynamic forces such as changing water pressure, temperature, wind and earthquakes. The
behavior of the structure under these dynamic effects is determined depending on the dynamic
characteristics defined as natural frequency, mode shape and damping ratio. Today, dynamic characteristics
are determined analytically as a result of modal (free vibration) analysis of finite element models created
according to element sizes, material properties and boundary conditions determined by considering the
project data of linear structures. However, the parameters taken into account during the analysis may have
changed due to reasons such as the loss of strength of the structure material over time, construction errors
during the construction of the building, cracks, fatigue and support collapses caused by the different loads
to which the building is exposed, and the dynamic characteristics of the building may have moved away
from the project values over time. Therefore, it is thought that incorrect analysis results can be obtained by
using analytically determined dynamic characteristics in determining the behavior of structures under
earthquake and continuous dynamic loads. This idea has been emphasized in studies by many researchers
[1-8]. Therefore, the dynamic characteristics of the structure should be determined by experimental methods
as well as analytical methods. Since the Experimental Modal Analysis method is applied directly to the
structure, the dynamic characteristics obtained reflect the current state of the structure.

Engineering structures continue to be used despite aging and deterioration far beyond their design
life. Conventional control and monitoring techniques performed on these structures may produce
inconsistent results. Besides, traditional inspection methods are very labor and time consuming. Therefore,
new structural health monitoring systems should be developed that are automatic, highly sensitive, sensitive
to minimal changes and cost effective [9]. Structural health monitoring is a continuous system description
of a physical or parametric model of the building using time-dependent data [10]. Improvements in sensor
placement and computational modeling allow important steps to be taken in the field of Structural Health
Monitoring in the near future. A commonly used Structural Health Monitoring strategy is to perform a
vibration analysis in which an intact (initial) model of the structure is compared with vibration response
data collected from the physical structure. Differences between model estimates and monitoring data can
be interpreted as structural damage [11]. In recent years, the management and security control of dams are
based on automatic monitoring by used advanced technology. This situation allows the evaluation of the
structural condition that changes over time and intervention in the structure in case of emergency in
engineering structures of great importance [12-16].

In this study, it was aimed to develop a Web-based Structural Health Monitoring Portal to evaluate
the structural condition of Deriner Arch Dam and to monitor its current status. Experimental modal analysis
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test of Deriner Arch Dam, which is Turkey's highest dam is made. In addition, data from the existing
accelerometer system in Deriner Dam has been transferred to the online Structural Health Monitoring
platform. Thus, instant monitoring and storage of data is provided.

2. EXPERIMANTAL MODAL ANALYSIS OF DERINER ARCH DAM

Deriner Dam is a double curvature concrete arch dam and was built on the Coruh River. The body
height from the foundation is 249.00m and the crest length is 720m. The dam construction, which started
in 1998, was completed and in 2012 the water started to be kept. Experimental vibration tests have begun
to be carried out in order to evaluate and determine the structural behavior of Deriner Arch Dam, which
continues to produce electricity at full capacity, over the years and the structural behaviors it will show in
the future. In the tests, cable accelerometers with single axis type B&K 8340 and a sensitivity of 10V / g
were used. The signals from the accelerometers were collected in a B&K 3560 type 17-channel data
acquisition unit and transferred to PULSE [17] software. Dynamic characteristics were determined using
OMA [18] software.

Ambient vibration tests were carried out under the effect of wind and water pressure in Deriner Arch
Dam. The first measurement on Deriner Dam was carried out on 12 June 2019 with accelerometers placed
at the crest level. Photographs of the experimental measurements made in the Deriner Arch Dam are given
in Figure 1.

Figure 1. Some photos of the experimental measurements carried out in Deriner Arch Dam.
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During the test, accelerometers were placed upstream-downstream of the dam crest. Because of the
limited number of accelerometers and cable lengths, experimental measurements were taken by creating
three different setup (Figure 2). Each setup was carried out by taking measurements with reference within
itself (Figure 3). The distance between the accelerometers was determined as 45m and 9 accelerometers
were used in setup 1 and 2, and 7 accelerometers were used in setup 3. At each measurement, measurements

were taken for 30 minutes and signals were collected.
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Figure 2. Schematic representation of the measurements made in the Deriner Arch Dam.
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Figure 3. Accelerometer locations for each ambient vibration test.

Figure 4 shows the diagram obtained in the frequency domain according to the Enhanced Frequency
Domain Decomposition (EFDD) methods from the ambient vibration tests of the Deriner dam. Table 1

shows the frequency values obtained from setup-1 and setup-3 of the Deriner Arch Dam's measurement
dated 12/06/2019.
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Figure 4. Singular value of spectral density matrices of Deriner Arch Dam.

Table 1. Frequency values obtained from setup-1 and setup-3 of Deriner Arch Dam's measurements dated 12/06/2019.

Frequency Values (Hz)
Mode No Setup-1 Setup-3
1 1.638 1.638
2 2.052 2.158
3 2.310 2.286
4 3.090 3.057
5 3.322 3.498
6 3.831 3.950
7 4.105 4.098

3. STRUCTURAL HEALTH MONITORING OF DERINER ARCH DAM

Deriner Arch Dam currently has systems for monitoring structural health. However, existing
measuring instruments allow only certain and insufficient data to be received. 5 accelerometers in Deriner
Arch Dam record only 4sec data between 00:00:00 and 00:00:00 every night. Short-term measurement
records are not sufficient for processing data and obtaining frequency values. For this reason, it was ensured
that data from the current accelerometer system was continuously received and recorded 24/7 and
transferred to the Structural Health Monitoring Portal prepared on a web-based. Figure 5 shows the interface
of the website prepared.

YAPISAL SAGLIK IiZLEME

Figure 5. Structural Health Monitoring website.
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With this portal, it was ensured that the signal data received from the accelerometer can be
monitored online and accessed on the desired date. Figure 6 shows the page where instantaneous
acceleration data of Deriner arch Dam are obtained.
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Figure 6. Instant acceleration data of Deriner Arch Dam.

4. CONCLUSION

In this article, studies carried out to evaluate the structural condition of Deriner Arch Dam and to
continuously monitor its current situation are included. Experimental modal analysis tests of the double
curvature Deriner Arch Dam built on the Coruh River were conducted. As a result of the experimental
measurements, the frequency values of the first seven modes expressing the current state of the dam were
obtained between 1.6Hz and 4.1Hz. Due to insufficient data collection in the existing structural health
monitoring system in the dam, the acceleration data of the dam can be instantly transferred to the Web-
based Structural Health Monitoring Portal prepared by improving the existing system. Acceleration data of
the dam can be monitored and stored instantly with this web-based portal.
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