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Abstract:  

Monitoring plays a significant role in the management of building structures, providing data 

that are vital to the observations of the behavior of structures. The concept of monitoring the 

dams is based on the systematic collection of all relevant data, which confirm the reliability of 

dam during construction, first filling and during the exploitation period. Dam "St. Petka" is a 

good example of the application of cutting-edge technology and experience in the field of 

monitoring and instrumentation, and the measured results compared with calculated from the 

mathematical model, define the behavior of the structure in all phases of construction and 

exploitation 
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1. INTRODUCTION 

The development and implementation of a well-developed monitoring plan have an important 

role in understanding the behavior of  dam during its lifetime, as well as its safety. There are 

several aspects why monitoring is an important part of the dam safety, include the following: 

 Instrumented monitoring process can obtain valuable data important for the behavior 

of the dam during construction and fist filling of reservoir;  

 Instrumented monitoring can obtain long term records of data important during  the 

life time period of dam, under different loading conditions ; 

 Comparing data obtained from monitoring process with those obtained by the 

mathematical model in the design;  

 Early detection an early indication of unusual or unexpected performance of the dam 

which could endanger its safety;  

 Establish a file of useful data that could be used in the future, for designing of such or 

similar facilities. 

2. INSTRUMENTATION AND MONITORING OF “SVETA PETKA” DAM  

 

2.1. General characteristics of the dam  

 

The dam “Sveta Petka” is located about 30 km from the city of Skopje, the capital of Republic 

of Macedonia. This dam is second step in cascade system of dams in the canyon of river 
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Treska. It is located on about 5.9 km upstream of the existing dam “Matka” and about 10.5 

km downstream of the dam “Kozjak”. This dam also like the dam “Kozjak”, are owned and 

operated by JSC “ELEM” – Skopje, Republic of Macedonia. 

The river valley that partitions the dam has a symmetric shape with steep banks, with 

maximum slope of the left bank of approximately 60°, and right around 50°. Riverbed width 

is about 20.0 m.  

Basic information about the dam: 

 Elevation of the crest .............................................. ........................ 364.00 m.a.s.l. 

 Elevation of the foundation ............................................. ................ 300.00 m.a.s.l. 

 Maximum height of dam construction ................................................. 64,00 m 

 Width of the dam foundation ............................................................... 10,00 m 

 Width of the dam crest ........................................................................... 2,00 m 

 Length of the dam crest .........................................................................115,00 m 

 Length of the gravitational part of the right bank ...................................14,00 m 

 Volume of concrete embedded in the dam 

-    Arch part ............................................... ..................................... 27.745,00 m3 

-    Gravitational block on the right bank ........................................... 3.322,50 m3 

 Reservoir volume (Vmax) ......................................................................11.4 • 10
6
 m3 

 

FIG.1 -  Sveta Petka Dam with accompanied structures 



34th Dam days 2014 

 

In order to prevent cracks in the dam due to temperature changes in the concrete during 

cooling, as well from eventual small cracks, the dam is divided in separate elements – lamella 

with vertical (radial) joints. The body of the dam is divided into 9 lamellas with 9 radial joints 

that are normal to the middle surface and represent a shell area 

Every lamella is constructed of blocks, with 2,0 m height, the thickness depending on 

thickness of the intersection (from 2,0 m to 10,0 m) and a length of 12,0 m for the middle 

lamella, placed symmetrically at the reference plane and 14,0 m for other lamellas. 

At the right bank gravitational block is constructed that allows contact of the dam with 

abutment, avoiding weak zones of foundation. It is considered as part of the supportive 

medium where the arches end. 

2.2. Instrumentation on dam  

The concept of instrumentation and monitoring of the dam "Sveta Petka" is based on the 

systematic collection and interpretation of all relevant data, which confirm the safety of the 

dam, in all stages of its life. The installation and choice of the instruments and monitoring the 

behavior of the dam is carefully planned and executed. Each instrument has its own specific 

purpose, in order to achieve the desired effects. 

 

FIG. 2 Instrumentation of Sveta Petka Dam 

Analysis of the dam " Steta Petka ", with a mathematical model based on the interaction of the 

dam with part of the abutment. When approximately 332 instruments were estimated in the 

body of the dam, the differences in the characteristics of the rocky massif were taken into 

calculation, whereby approximately symmetric disposition of instruments were got. 
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FIG. 3  Cross section through lamella 5, with installed instruments  

As seen from Figure No.3 , the instruments are placed on five (5 ) levels: +305.00 m.a.s.l; 

+320.00 m.a.s.l; +335.00 m.a.s.l. and +357.00 m.a.s.l. Mainly these are points obtained with 

the estimated mathematical model, on the places where the calculated values are of particular 

importance for the behavior of the dam. 

Table 1. Type and number of instruments 

Parameter Measured Instrument name pieces 

Water level Water level gauges 4+1 

Air temperature Air thermometers 5 

Water temperature Water thermometers 4 

Concrete temperature Concrete thermometers 27 

D
is

p
la

ce
m

en
ts

 Longitudinal and Lateral 

movement 

Normal Pendulum 3 

Longitudinal and Lateral 

movement  

Invert Pendulum 3 

Foundation movement Multi Rod Rock Extensometer 12 

Geodetic monitoring   

Rotation  Tilt meter (Clino meter) 1 

Joint Dilatations Joint meters 26 

Strain Strain meters 74 

Stress Total Pressure Cells 2 

Ground Water level Piezometers 28 
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Meteorological Station 

 

Meteorological Station 

Air thermometer 1 

Moisture of Air 1 

Barometer 1 

Wind speed 1 

Wind direction 1 

Precipitation 1 

Visual Observation   

 

2.3.    Monitoring during the construction of the dam  

The monitoring process of the dam starts from the beginning of construction. Monitoring of 

the dam "St. Petka" began with installing of piezometers in the right and left bank and 

measuring the level of ground water, upstream and downstream of the dam site. The results of 

these measurements were important data on the movement of ground water during 

construction, as a control to provide of dry construction pit during excavation and concreting 

of the dam and other structures. 

For thin arch dams, temperature changes in concrete are of great importance, due to the risk of 

thermal cracking. With the technical requirements of the project, the temperature of the 

concrete at the time of placing, was supposed to be in the range of +5° C to +20° C and the 

growth rate of the temperature in the concrete, during the hydration process, not to exceed the 

limit of +40° C, or the maximum temperature difference between the installation and 

maximum growth temperature is within the 20°C.  

All of it requires to pay extremely close attention to thermal processes in the body of the dam, 

which despite monitoring equipment installed in the dam, in some extreme cases when 

concreted  with extremely high or low atmospheric temperatures, additional resistance 

thermal wires was installed, connected with date loggers, in order to get a more accurate 

picture of the state of the temperature in the concrete and if necessary to take appropriate 

measures for care of the concrete in the blocks.  

 

FIG. 4 Correlation between temperature in the concrete block and air temperature 
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Besides measuring the temperature of the concrete during the construction of the dam, 

regularly the air temperature was measured, whereas the atmospheric changes in temperature 

have a significant impact in changing the temperature of the concrete in the dam (FIG. 4). 

After completion of concreting the dam and the completion of most of the process of cooling 

the concrete, it comes to opening the radial joints. A particularly important point in this case 

is time for determining the start of grouting of the radial joints. Based on the readings of the 

temperature data of concrete, air temperature and size of the opening of the radial joints (joint 

meters), the decision was made to start the primary grouting of radial joints (FIG.4 and 

FIG.5). 

 

FIG.5 Graphical representation of a radial joint opening (Joint 1L), measured with 

Joint meters, at the different levels of height 

2.4.  Monitoring during the first filling of the reservoir 

The first filling of the reservoir is perhaps the most critical phase of dam’s  life. Then for the 

first time under the influence of actual, load tests and observation the responses of the dam 

are made to such loads and are compared with the calculated at the design phase . Considering 

the special importance of this phase, the firs filling of reservoir of  the dam  " St. Petka ", a 

special design was made, which covered the dynamics of filling and emptying of the 

reservoir, program for monitoring and verification of monitoring data, as well as the choice of 

instruments that are carried out the monitoring process. 

Figure 6 shows the graph of the time schedule of filling and emptying of the reservoir during 

the four-month period. The red line shows the predicted dynamics from the project, while the 

green line is the actual level of the reservoir, as measured by the water level gauges during the 

period of filling and emptying. 
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FIG. 6 Time schedule of the first filling and empting of the reservoir and measured levels of the 

reservoir 

FIG. 7, shows the expected displacements of the dam, according with mathematical model for 

lamella No.5,  which in the calculation are taken: actually measured temperatures in the dam 

body, the temperature of water in the reservoir, the air temperatures near the dam at the 

different levels (FIG. 10) and the water level (hydrostatic pressure) [4]. These displacements 

were compared with the actually measured displacements obtained by normal pendulums and 

those obtained by geodetic method.  

FIG. 8 presents the displacements in the dam in central lamella (No.5), obtained by normal 

pendulum (TEL 6), in the upstream-downstream direction (red) and left-right direction (dark 

yellow), depending on the impact of the change in the level of reservoir (brown color), air 

temperature (dark blue) and water temperature (green). 

  
 

FIG. 7  Displacement of    FIG. 8 Displacements in the dam body according to the air                  

 the dam crest according                                and water temperature changes                                                         

to the Mathematical Model 
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From the graph also it can be seen data obtained by invert pendulum (TEL3), in the upstream 

-downstream direction (dark blue) and left-right direction (light yellow). Invert pendulum are 

use for measurement of displacement at the dam foundation relative to fixed reference point. 

 
 

FIG. 9 Stress distrubution on the downstream face of the dam      FIG.10 Measured   

            according to the Mathematical Model                                    temperature in the          

dam body and 

sorrounding area                                                                                                          

Important information about the behavior of the dam is a stress distribution in the dam body. 

It is generally impossible to measure stress directly, so strain is usually measured and stress is 

then calculated. FIG.9 illustrates the stress distribution on the downstream face of the dam, 

present by mathematical model specifically developed for this purpose, calculated with data 

obtained from measuring equipment (strain meters) and real data input with measured 

temperatures in the dam body and surrounding area [4].  

Strain meters that are placed in the dam body measured dilations in the concrete, and then 

based on rheological characteristics of concrete, they are converted to stresses. Strain meters 

can also measured temperatures in the concrete. 

Characteristic of an arch dams is to distribute stresses from the body of the dam to the 

abutment. The abutment foundations of an arch dam are particularly critical to the stability of 

the dam because they are required to resist the majority of the reservoir forces that attempt to 

push the structure in a downstream direction. Foundation information must provide sufficient 

geological detail to identify and locate any potential sliding wedges of rock that could cause 

instability. Adequate instrumentation should be considered for measuring compression 

movements due to the weight of the dam, as well as discrete movements along specific 

geological features. 

For this purpose 3-Rods Borehole Rock Extensometers with anchors on 5.0 m, 10,0 m and 

15,0 m, are placed in the dam foundation on the different level (FIG. 11), on the contact 

between the rock and the body of the dam.  
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FIG. 11, shows the displacements in the rock section of one of extensometers (EXT 6 

+320.50 m.a.s.l. on the right bank), during the first filling of reservoir, wherein the increase of 

water level in the reservoir causes displacements in the rock mass (~ 0,5 mm). 

 

 
 

FIG.11 Displacements in rock mass (extensometers anchors on 5,0m, 10m and 15,0m), 

according of water level in the reservoir 

 

2.5. Monitoring during long – term period (Normal Operation)  

Monitoring of dam at this stage is a continuation of the process of first filling, where the 

dynamics of the reading of the results is reduced. 

Based on the measured data in this phase should assess whether dam concerns and 

expectations towards whether monitoring equipment enables signaling phenomena that might 

threaten its security. 

All data should be compared with the calculated values of the design process, or limit values 

established by the monitoring program. In that way all data should be collect to identify and 

assess unexpected appearances, or if the limit values are reached in a short period, it is 

necessary to take appropriate actions. 

Based on the measured data and the comparison with calculated during this phase is to assess 

whether instrumentation or monitoring program adequately chosen, or whether giving the real 

picture of the behavior of the dam. For that it need to be answered a few questions: 

 Does the type, number and location of instruments suitable for real recording? 

 Is the dynamic of reading the results adequate? 

 Does the collection, processing and evaluation of data was done on time and correctly? 

Currently on the dam "St. Petka", measurements is performed with automated collecting of  

data from the instruments on every four hours. Also surveys measurements are performed 
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with condensed dynamic (on two months), and an intensive visual observations. The obtained 

data are analyzed by experienced engineers and are displayed in reports. 

From finishing the first filling and empting of reservoir (October 2012), until today measured 

data did not show any unusual occurrences i.e. behavior of the dam in the frame of estimated 

values. 

 

FIG. 12 Correlatio between displacement of the dam and air temperature 

 
 

FIG. 13 Correlation between displacement of the dam and water level 
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As a typical example of behavior of the dam, (FIG. 12 and FIG. 13) shows the impact of 

temperature and water level in the reservoir, on the longitudinal movements of the dams crest. 
The effects of temperature change in an arch dam are often a major part of the design considerations.  

The stresses caused by temperature changes can be larger than those from the reservoir loading. 

From those charts it can be noted that the impact of ambient temperature on this dam is also 

dominant, even though the water in the reservoir is on maximum level. 

3. AUTOMATED DATA MONITORING SYSTEM  

On the dam "St. Petka", the process of monitoring is fully automated, which means automatic 

collection of data in a database on the dam site, documenting the results, and after that 

comparison and analysis by technical staff. 

Parallel to this system fully automated system is installed to a higher level that collected all 

the data in a common database for all dams owned by JSC "ELEM" - Skopje, Macedonia. 

With specialized software each instrument installed on any dam can be monitored at any time 

since the installation of instruments to the rest of its life. It allows the technical staff 

composed of experienced engineers in this area, monitoring the behavior of each dam 

individually, which making possible inspection in the condition of the dams and assessment 

of their reliability to be raised to a much higher level. 

4. METEOROLOGICAL STATION 

With construction of high dams and reservoirs filling a climate changing comes on the 

conditions of the micro-location around the dam. Because of the need to register the effects of 

meteorological changes on the narrower and wider region around the dam site, a 

meteorological station is set to measure several important parameters of particular importance 

for the dam and around the dam location. 

5.  CONCLUSION  

Monitoring of dams should be considered from a wider perspective of security, not just the 

object itself, but also for the wider surrounding area, especially the downstream part. Sudden 

discharge of the reservoir as a result of the destruction or collapse of the dam surrounding, 

would mean losses with catastrophic consequences. 

Nowadays, the use of modern techniques allows for a simple and economical use of new 

devices in monitoring not only for dams, but also to any other engineering structures. It would 

mean the benefit of engineering practice in many ways. First, opportunity to update many 

useful data to be used in the design of bolder, but also cost efficient facilities. Also the use of 

monitoring instruments in the phase of construction of the structures, could greatly improve 

the quality control of construction, which means higher quality and cost efficient structures. 

And certainly in the exploitation phase, the application of appropriate instruments for 

monitoring of objects separately, would be of interest not only for the safety of construction, 

but also in the case of early detection of any abnormalities and damages on the structures and 

their timely remediation, which would means extending of the structures life period . 
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