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1. Introduction

The behavior of rock fill dams at the end of construction
and operation is an important issue in the field of
hydraulic failure, which can pose serious risks to dams
and related facilities. Due to the uncertainty in the
properties of materials, the results of numerical analysis
may differ somewhat from the results provided by the
tools. Therefore, the analysis of dams at the end of
construction is necessary. The study of hydraulic failure
in rock fill dam cores has been evaluated through
laboratory tests and numerical analysis, which shows that
CL is prone to hydraulic failure, so the use of GM-GC for
rock fill dam cores is recommended. Shahid Madani Dam
is a rock fill dam that was built near the city of Tabriz,
Iran. The city of Tabriz is located in an area with high
seismic potential. Supplying agricultural water was the
main purpose of building this dam. There are several
freshwater and saltwater rivers in this catchment area.
Some evaporative dams have been built in brackish water
rivers to prevent them from flowing into the Shahid
Madani Dam reservoir. In this research, in addition to the
results of numerical analysis, the parameters obtained
from the behavior of the body obtained from the results of
precision instruments, including the parameters of
settlement, vertical stress and pore pressure, are included
in the stability control. Therefore, the possibility of core
arching and hydraulic failure of the rock fill dam ten years
after the end of construction was investigated.

1.1. Materials and experimental program

Shahid Madani Dam is a rockfill dam with a clay core that
was built on the Aji-Chai River, 5 km northeast of Tabriz.
This dam has a crown length of 277 m and the height of
the largest part of the foundation is 91 meters. The crown
level of the dam is 1504 m, the normal level of the
reservoir is 1498 m above sea level, and the volume of the
reservoir at the normal level is 361 million cubic meters.
Drilling was done with a depth of 52 m in the riverbed to
reach the bedrock. Two filter layers are located upstream
and downstream of the clay core, between the clay core
and the rock shell. The body's behavioral instruments,
including  settlementmeters, pressure cells, and
piezometers are located at five cross-sections at the height

of the dam. The construction of the dam began in 2002
and was completed in 2011. Instrument readings began in
2003 and the data were continuously recorded during the
construction of the dam body. Table 1 shows the materials
resistance and hydraulic parameters for different areas of
the dam.

Table 1. Resistance parameters of dam body, foundation
and materials

Materials
(sLU INM) P4
(s /N) vest
(S/w) 0T+

(Bap) &
(edd) 2
()
(edW) 3

Clay core 19 20 | 0.0005 | 28 | 40 | 03 | 20
Filter 20 21 | 0.0001 | 33 0 | 025 40
Shell 21 22 | 1000 | 44 | O [025| 70

Transient 20 21 le-4 38 0 | 025 | 50

Shell
Disposal 192 [ 198 | 1le6 | 28 | 20 | 03 | 15
Alluvial 185 195 le-7 20 | 20 0.3 40

foundation
Bed Rock 21 22 1le-9 28 80 | 0.25 | 200

2. Results

In this section, the results of numerical analysis of Shahid
Madani dam including settlements, total vertical stresses,
and pore water pressure are compared with the recorded
data obtained from the tools. The maximum amount of
vertical settlement after ten years from the end of
construction of Shahid Madani dam body is the results of
numerical analysis and tools installed in the dam body in
cross section C, which is 1.79 and 1.90 (m), respectively.
The maximum amount of total stress resulting from the
reading of pressure cell instruments and numerical
analysis at the junction of the core and the foundation is
1205 and 1440 (KPa), respectively, which indicates a very
good fit between the data. The maximum pore pressure of
the clay core, based on numerical analysis and readings of
installed piezometers, is 450 and 420 (Kpa), respectively.
The results showed that the amount of settlement, amount
of pore pressure, and the total stress obtained from the
numerical analysis were consistent with the data recorded
by the instruments. The correlation coefficients obtained
from linear regression between instrumentation data and
numerical analysis results for settlement, pore pressure,
and total stress parameters were 84, 67, and 99%,
respectively.
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3. Conclusion

In the present study, ten years after the completion of the
construction of the Shahid Madani dam body, numerical
analysis of the dam body and monitoring of the results of
instrumentation were performed. According to the
readings of the installed tools and three-dimensional
numerical analysis of the body and the support of the dam,
the results obtained from this research are as follows:

1. Ten years after the completion of the dam body, Ten
years after the completion of the construction of the
dam body, the amount of vertical settlement obtained
from the reading of the instrument and the results of
the numerical analysis is 190(cm) and 179(cm),
respectively. The amount of vertical settlement
obtaiened from the results of instrumentation in all
sections is more than the value obtained from
numerical analysis, which is due to the occurrence of
several natural earthquakes in the region of Azerbaijan
over the past ten years. The correlation coefficient
between the settlement data obtained from the results
of instrumentation and numerical analysis for the five
instrumented sections is 83.8 percent, which indicates
a good agremeement between the model and the
instrumentation data.

2. Ten years after the construction of the dam body, the
maximum total vertical stress, in the body of the
Shahid Madani Dam in Tabriz at the junction of the
core, recorded by the pressure cells and obtained from
the numerical analysis is 1205 and 1440 kPa,
respectively. The correlation coefficient between the
total stress obtained from the results of
instrumentation and numerical analysis is 99.09
percent, which indicates a very good agreement. The
arcing ratio in Shahid Madani Dam is between 0.6 -
0.77, which is less than 1, therefore, the dam is in a
safe area in terms of hydraulic failure due to arcing at
the end of construction.

3. In Shahid Madani Dam of Tabriz, due to the passage of
ten years from the end of construction, and the
existence of high groundwater level in this region as a
result of the river water level as well as the the wide
width of the core, a large pore pressure is observed in
the core of the dam. The maximum pore pressure due
to the reading of piezometers installed in the core and
numerical analysis is 420 and 450 KPa. The
correlation coefficient between the pore pressure data
obtained from the results of instrumentation and
numerical analysis is 67.31 percent, which indicates a
good agreement between the data.To prevent the
increase of pore pressure during the dewatering
operation and to prevent the occurrence of hydraulic
failure in the body of the dam, the dewatering
operation of the dam reservoir must be controlled. The
pore pressure values obtained from the numerical
analysis and the piezometers at the end of construction
were well compatible. The differences between the
observed and calculated Ru were due to the
differences between the observed and calculated
vertical stresses. The maximum Ru calculated and
recorded by the tools in the dam core is 0.35 and 0.47
and the Ru predicted in the design stage was 0.5,

which ensures the safety of the dam in terms of
strength against hydraulic failure.
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