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1. Introduction

One of the main goals of designing and implementing
asphalt pavement is to ensure its performance in
conditions that pavement may change. To achieve the best
pavement performance, the asphalt mixture must be of
good quality in terms of durability and stability. The
quality of asphalt pavement depends on various factors
such as the quality of the aggregates and the bitumen, and
the proper mixing between the bitumen and the
aggregates. To evaluate the anti-stripping properties of
asphalt mixtures, various tests have been performed,
including the AASHTO T283 test, which determines the
amount of anti-stripping properties based on the TSR
parameter (indirect tensile strength ratio of wet and dry
asphalt mixture samples). The minimum acceptable
amount of TSR parameter is considered to be 75% in Iran
pavement regulations.

Image processing of asphalt mixture samples was
performed for the first time in 1993 at the University of
Southern California. The main purpose of this research
was to study the inside of the asphalt core after paving and
find deformation and damage before and after loading.
Later, various image processing methods were used to
model 3D asphalt samples. In 2013, the analysis of the
structure of the asphalt mixture was performed using
digital image processing techniques that was developed
based on the research of Zelelew et al. In this research,
different components of asphalt mixture and volumetric
information were investigated. The methods used were
based on detecting the threshold between air, mastic
(bitumen and filler), and aggregate based on laboratory
data.

The main purpose of this study was to investigate the
characteristics of asphalt mixtures containing modified
bitumen with nano-lime, zycotherm and ivanic. In
addition, the relationship between the results of SEM test

and the results of moisture sensitivity test with the
proposed method AASHTO T283 were explored.

2. Materials and methods

Aggregates were extracted from the Asbcheran stone
mine according to grading No. 4 of Iran. Moreover,
bitumen with a penetration degree of 60/70 was used as
standard. To improve the anti-stripping properties of
asphalt mixtures in this study, Zycotherm, lvanic, and
nano-lime nanomaterials were used. To investigate the
properties, indirect tensile tests, Marshall Resistance,
Resilient Modulus, dynamic creep, SEM test, and image
processing by MATLAB software were used.

3. Results and conclusion
The mechanical properties of asphalt mixtures containing
bitumens modified with nano-lime, Ivanic and Zycotherm
were studied. Moreover, in order to investigate the
properties of moisture sensitivity in addition to AASHTO
T283 regulation, the amount of stripping was examined
using SEM images and quantified using MATLAB
software. Finally, the TSR results and parameter C, which
are obtained by quantifying the results of images taken
with SEM, were used to compare the results. The general
results obtained in this research are:

e The results of Resilient Modulus test of modified
and unmodified mixtures show that the use of
Zycotherm and lime reduces the hardness of the
mixtures;

e  The results of the dynamic creep test show that the
use of lime and zycotherm improves the rutting
resistance and between these two materials
zycotherm has a better effect. In contrast, Ivanic
slightly reduces the amount of rutting resistance;

e Marshall Resistance test results show that all three
additives improve the compressive strength of the
mixture, and among these materials, lime,
zycotherm, and Ivanic have the highest values,
respectively, compared to the control sample;

e lvanic additive improves moisture sensitivity and
increases the amount of indirect tensile strength. In
contrast, mixtures containing lime and zycotherm,
have better moisture sensitivity than Ivanic sample,
but this improvement in moisture sensitivity is
achieved by reducing the indirect tensile strength;

e The results related to TSR and Boiling Water
parameters show that all three additives Ivanic,
Zycotherm, and Lime, are suitable for anti-stripping
properties, and all three of these materials have
obtained better conditions than the control sample,
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and among these materials, lime has better
conditions compared to others;

e  The results related to moisture sensitivity show that
the use of nano-lime is more effective than the other
two additives. This comparison can also be done
based on parameter C obtained from the
quantification of the SEM test results;

e  The results of the SEM test are similar to the results
of the quantitative tests. However, performing
quantitative moisture sensitivity tests is a long
process and requires more time and equipment than
SEM testing;

e The results of examining the relationship between
the SEM test and the quantitative moisture
sensitivity tests show that the qualitative tests
obtained from the SEM are of good accuracy.
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1. Introduction

In recent years Fiber Reinforced Polymers (FRPs)
increasingly used as an efficient way to repair and
retrofit concrete structures. Performance of FRP systems
depends on environmental, chemical and mechanical
conditions. This study investigated the effects of substrate
and epoxy temperature at the time of installation (5 to
80°C) on bond strength between GFRP and cement-based
mortar substrate, using pull-off test (POT) and twist-off
test (TOT). A total of 288 tests were conducted and the
results showed that the specimen with 50°C substrate and
epoxy temperature had the highest bond strength.
Comparing to the control specimen, the bond strength of
this specimens increased up to 36 and 24% for POT and
TOT, respectively. Additionally, the reduction of the
substrate surface temperature caused a decrease in bond
strength. Furthermore, by increasing the substrate
temperature beyond Ty, a significant loss in POT and TOT
strength was observed. It was noted that the negative
effect of low substrate temperature can be reduced by
increasing epoxy temperature. A logarithmic correlation
between POT and TOT bond test was observed. The
results of the analysis of variance revealed that substrate
surface temperature and epoxy temperature significantly
affect the adhesion of the two materials and bond strength.

1. Introduction

Using FRP sheets has several beneficial effects on
strengthening, retrofitting, and rehabilitation of structural
elements. In the past few decades, FRP sheets have been
widely used for strengthening of RC beams because of
their superior mechanical, physical and chemical
properties. In retrofitted reinforced concrete members,
adhesive joints transfer stress through two distinct
mechanisms: 1) chemical bonding, and 2) mechanical
interlock. The former is a result of chemical interactions
between the adhesive and concrete substrate, while the
latter is due to the porosity of concrete and roughness of
substrate surface.

Various factors affect the bond adhesion between FRP
systems and concrete substrate, which can be referred to
as environmental, physical, and chemical factors. The
surface substrate and epoxy temperature at the time of
installation are two factors affecting the performance of
FRP systems.

According to American Concrete Institute Committee
440 Guidelines, the maximum service temperature of an
FRP strengthening system should be limited to glass
transition temperature, Tg, of the resin used. The Tg is the
temperature at which epoxy transition from a rigid state to
a viscoelastic state. Above the Tg value, properties of

epoxy can be dramatically reduced and changes in
molecular mobility, rigidity, volume, percent elongation
to break may occur. A more conservative limit on
maximum design temperature is recommended by
American  Association of State Highway and
Transportation Officials, where the maximum design
temperature is about 20°C below the Tg of most epoxies.
International federation for structural concrete (fib)
recommends that Tg of the adhesive used should be
sufficiently large with respect to the service temperature
and not less than 45°C.

Myers et al., used POT, TOT, and flexural tests to
evaluate the effects of environmental conditions during
installation of CFRP reinforcement. Test results revealed
that maximum allowable surface moisture content and
relative humidity were 4.3% and 82%, respectively.
Moreover, they noted that FRP laminates could be
installed within a temperature range of 4 to 50°C. The
effects of temperature and moisture on the bond strength
between FRP laminates and cement-based mortar
substrates were investigated by Imani et al. as well. They
demonstrated a significant reduction in bond strength
when the temperature exceeds the Tg of adhesives.

In this study, the effects of surface substrate and epoxy
temperature during installation on the bond quality GFRP
systems were investigated. Experiments were carried out
using the POT and TOT. The data obtained were
statistically analyzed using analysis of variance
(ANOVA). New accurate relations were proposed using
nonlinear regression techniques on data obtained from
POT and TOT for estimating bond strength of GFRP
systems with different conditions.

2. Method

In this study, 32 specimens with the dimensions of
300x300x60 mm?® strengthened by GFRP sheets were
prepared and evaluated under POT and TOT as shown in
Figure 1.

Pull-off Test Twist-off Test

Figure 1. Test set up for POT and TOT

The bond strengths of GFRP systems were investigated
for two conditions before FRP installation, namely:

I. Different temperatures of the cement-based mortar
surface;

I1. Different temperatures of the epoxy.

GFRP laminates were installed on specimens under
laboratory conditions of 25°C as control specimens.
Mortar specimens for condition | (after complete curing)
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were kept in a temperature control chamber (cooler or
heater) for at least 5 days before the installation of GFRP
laminates. The prescribed temperature conditions for
these specimens were chosen as 5°C, 50°C, and 80°C. The
two higher temperatures of 50°C and 80°C were chosen to
investigate the effect of temperatures near and above Tg.
Moreover, the epoxy resin for condition Il was reached to
same temperatures before installation. Nine POTs and
TOTs were conducted for each condition and the results
were averaged and reported with the observed failure
modes.

2.1. Bond Strength

Bond strength measured using two different test setups
and the gathered data were analyzed to determine
effectiveness of GFRP laminate and cement-based
mortar system.

2.1.1. POT strength

Table 1 shows the results of POT for different conditions.
As results show, the POT strength for control specimen
was 0.84 MPa. Installation at 5°C temperature resulted in

13% reduction in average bond strength. On the contrary, ®
an increase in the epoxy temperature leads to an increase

in the average bond strength between GFRP and mortar
substrate. However, upon increasing the surface
temperature beyond 50°C, a significant loss in POT
strength was observed due to thermal degradation and
oxidative cross-linking. For specimens with low surface
temperature, increasing epoxy temperature led to the
increase in bond strengths.

Table 1. The summery of the POT strength

f o Cv

Test Group (MI;a) (MPa) (%)
5-5 0.70 8.02 0.13
5-25 0.73 26.84 0.21
5-50 0.78 23.56 0.18
5-80 0.71 13.58 0.10
25-5 0.75 11.78 0.09
25-25 (Control) 0.84 21.89 0.18
25-50 0.91 9.07 0.08
25-80 0.72 18.26 0.13
50-5 1.07 10.26 0.11
50-25 1.12 10.93 0.12
50-50 1.14 12.46 0.14
50-80 0.81 1741 0.13
80-5 0.82 11.40 0.09
80-25 0.78 34.15 0.27
80-50 0.81 14.73 0.12
80-80 0.68 19.34 0.13

2.1.2. TOT strength

Table 2 shows the results of TOT. As can be seen, the
reduction of TOT adhesion for GFRP samples installed on
surfaces with a temperature of 5°C, after using epoxy with
temperatures of 5, 25, 50 and 80°C was 12, 13, 3, and 15%,
respectively. Generally, for specimens with low surface
temperature, increasing epoxy temperature before
installation led to improvement in performance of GFRP
systems. At surface temperatures of 25°C and 50°C,
increasing the epoxy temperature to 50°C increased the
TOT adhesion strength. On the other hand, installing
GFRP at 80°C, due to the decrease of adhesive properties,
reduced bond strength. In this case, depending on the
temperature of the epoxy at the time of installation, the
TOT strength decreased between 3 to 20%, compared to
the laboratory environment.

Table 2. The summery of the TOT strength

f o Cv

Test Group ™ F:a) (MPa) (%)
5-5 3.48 27.63 0.96
5-25 3.44 13.43 0.46
5-50 3.85 13.14 0.5
5-80 3.39 12.64 0.43
25-5 3.77 7.54 0.28
25-25 (Control) 3.96 12.94 0.51
25-50 4.36 15.58 0.68
25-80 3.70 10.58 0.39
50-5 4.86 10.74 0.52
50-25 4.76 9.57 0.46
50-50 4.92 9.38 0.43
50-80 3.74 10.75 0.40
80-5 3.83 9.92 0.38
80-25 3.64 8.14 0.30
80-50 3.68 12.17 0.45
80-80 3.16 10.75 0.34

2.2. Failure modes

Three predominant failure modes were observed during
bond tests:

cohesive failure in mortar substrate (G);

adhesive failure at the interface between GFRP laminates
and mortar substrate (E);

mixed-mode failure including mortar failure and interface
failure (F).

For the specimens prepared at temperature 25 and 50°C,
the failure mode G was observed. With increasing
substrate surface temperature beyond Tg, the percentage
of failure modes F and E increased.

2.3. Statistical analysis

In order to better understand the impact of various
factors (independent variables) and their interactions on
the responses (dependent variables), observed data for
bond strength were analyzed using SPSS (using the
ANOVA). This analysis was done for differences at 0.05
significance level. Table 3 shows the results of the
ANOVA for POT and TOT strength. As it can be seen, in
Table 4, substrate surface, epoxy temperate and their
interactions affect TOT and TOT strength.

Table 3. ANOVA results for POT and TOT strength

Factors Sums of Squares df Mean Square P-Values
POT | TOT POT | TOT | POT | TO

T

Surface | 1650 | 2204 | 3 | 085 | 7.35 | 0.00 | 0.00

Temp.

Epoxy 0784 | 1043 | 3 | 026 | 348 | 0.00 | 0.00

Temp.

Interaction 101.83 | 2266.78 | 16 | 6.37 | 141.7 | 0.00 | 0.00

3. Conclusion

Mechanical bond strength tests were conducted on
cement-based mortar substrate and GFRP laminate
installed using wet layup techniques to assess the effects
of substrate surface and epoxy temperature during the
installation process on the quality and performance of the
bond. Test results revealed that the high surface and epoxy
temperature cause a substantial decrease in the adhesive
bond strength between GFRP and cementitious mortar
substrate. The POT and TOT strength reduced by 13%
when substrate surface temperature was 5°C. In this case,
with increase of epoxy temperature up to 50°C, the POT
and TOT can be increased. The analysis of variance
showed that surface and epoxy temperature had great
influence on POT and TOT strength.
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1. Introduction

The use of fiber modeling method for nonlinear modeling
of reinforced concrete shear wall is widespread. In this
method, by using fiber elements that are based upon the
stress-strain relationships of materials, extensive plastic-
ity behavior is explored along the entire length of the ele-
ment. In order to model shear wall details, the fiber model
is commonly used. Among the simplified models pre-
sented for shear wall, the multi vertical line element
model, called MVLEM, is used as an efficient simplified
model to model the nonlinear behavior of reinforced con-
crete shear wall. In this model, the wall is modeled with
uniaxial elements with stiffness ki to k, in parallel, a rigid
axial element in the center of the wall and rigid beams
above and below the floor level. The stiffness character-
istics and force-displacement relationship of axial ele-
ments depend on the structural stress-strain relationships
of concrete and steel and the surface attributed to each el-
ement. Among the simplified models for concrete resist-
ing frames, the substitute frame model is suitable, which
concentrates on the stiffness and strength of the elements
of an n-frame to a single frame. Due to the importance of
studying the behavior of the dual wall-frame system, there
is a necessity for a simplified model that can analyze the
seismic behavior of the system with less time and maxi-
mum accuracy. Therefore, in this research, a simplified
model for this system is proposed.

2. The proposed Simplified Model

In this research, a model for a regular dual system in plan
with the same span is proposed, which is a combination
of simplified models of shear wall and moment resisting
frame (Figure 1). For simplified modeling of shear wall,
MVLEM is used to substitute frame for moment resisting
frsme. These two sections are connected to each other by
connection beams. These interface beams represent the
beams between the frame and the wall in the original
model. The important difference between the wall-frame
model proposed in this simplified model is the interface
element between the frame and the wall, which has been
previously used as rigid elements.

3. Modeling Method
To evaluate the proposed simplified wall-frame model, a

regular ten-storey building that is symmetrical in two di-
rections was designed. This model is the main model or
reference model and the proposed simplified model is
compared with it. Due to the symmetry of the structure in
two directions, the model with details includes three
frames that are connected as a rigid floor (see Figure 2).

® e [
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Figure 1. Simplified model proposed for dual system of
bending frame and shear wall

The detailed model was modeled as a reference model
or main model in OpenSees software. In this model, two
beam-column elements with fiber cross section in each
floor were employed to model the shear wall. The beams
and columns of the frame are also modeled in the form of
concentrated plasticity, i.e., an elastic element with two
concentrated springs at both ends of the element which
illustrate the non-linearity of the member.

|
LT
L
1]

Figure 2. The model with dual frame-wall system details

In the simplified model, one frame is used as a substitute
for nine frames of the main system and one wall is used
as a replacement for two walls in the main system. The
interface beam between the wall and the frame in the sim-
plified system also replaces the four interface beams in the
main system. For modeling the wall, in the simplified
model, two MVLEM elements are placed in each floor
and the number of axial elements in the cross section of
the wall is six elements, i.e., two axial elements for the
border columns of the wall and four axial elements that
form the wall existence. In defining the parameters of the
end springs of frame beams and interface beams, the stiff-
ness and anchor parameters in the spring are equivalent to
simplified models equal to the sum of the corresponding
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parameters in the original model (parallel to the total
springs). Other parameters are averaged.

4. The Evaluation of the Proposed Simple Model

To evaluate the simple model and compare it with the ref-
erence model, cyclic nonlinear static analysis and nonlin-
ear dynamic analysis were used. Table 1 presents the
modal period of the first three structural modes for both
the main and simplified models. The main period of the
structure in the two models shows a slight difference of
0.142%, which can indicate that the proposed simplified
model correctly models the initial stiffness of the structure
and delivers an accurate estimation of the main rotation
time of the structure.

Table 1. Modal Period of the first three modes of the struc-

ture
Modal Period | Original Model | Simplified Model
T1 0.6335 0.6326
T2 0.1317 0.1308
T3 0.0506 0.0497

In order to better understand the overall nonlinear be-
havior of the structure, Figure 3 shows the cyclic pushover
curves for the whole structural system, which shows that
the behavior of the two models during loading and unload-
ing is well matched and shows almost the same yield ca-
pacity (see Figure 3).
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Base Shear (tonf)
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Figure 3. Cyclic pushover curve

For more accurate evaluation of the structural response by
two main and simplified models, two categories of near-
fault and far-fault records were used. One of the important
parameters that are considered in the evaluation of seismic
behavior and structural damage in earthquake engineering
is the relative displacement of floors or drift. In this re-
search, this parameter was used to investigate the struc-
tural responses with two main and simplified models. Fig-
ure 4 shows the drift in the height of the building. Each
gray color curve shows the drift in the original model for
each earthquake record. In addition, the average drift of
all records for both the main and simplified models are
shown. As shown, the drift of the upper floors is higher
than that of the lower floors. In other words, the drift of
the floors is affected by the function of the wall. Moreo-
ver, due to the average drift, the response obtained from
the two main and simplified models under near fault re-
cods show less difference.
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Figure 4. distribution of drift under (a) far-field records
and (b) near-field records

Figures 5 show the examples of time history response of
the roof displacement ratio for the original and simplified
models, under far-field records and near-field records. As
can be seen, the changing procedure of response during
the time is similar for both far and near field record groups
in the two main and simplified models, but there are dif-
ferences in maximum displacements and permanent de-
formation for some earthquake records.

Figure 5. Time history of roof displacement under records (&
far feiuld record FEMAG95ChiChiCHY101, (b) far feiuld rec-
ord HectorMineHector, (c) near feiuld record Morgan Hill,
and (d) near feiuld record Northridge-01

5. Conclusion

The results of nonlinear analysis for 40 near-fault and far-
fault earthquake records show that the simplified model
predicts drifts with an error of less than 20%. Further-
more, the time required to analyze a simplified model is
about 30 times less than the time required to analyze a de-
tailed model.
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1. Introduction

One of the most important issues discussed in the
engineering fields is the innovation of reinforced concrete
structures. With the development and emergence of new
technologies in the civil industry, the use of new
innovations in reinforced concrete structures is inevitable.
Beam is one of the most important members of reinforced
concrete structures, which for various reasons such as
cracking, corrosion of concrete and stirrup of the beam
tensile zone, high deflection, lack of proper
implementation of the structure at the time of
construction, change in structure use and non-compliance
with new rules and regulations, need to use new materials
to be able to increase the service life of the structure and
any infrastructure at a lower cost and to continue the
operation for them. In the past, methods such as concrete
and steel armor have been used to compensate for the
weaknesses of the abovementioned cases.

With the increasing development of technology and
the need to use new materials, today FRP materials have
a special place in the construction industry. Proper and
principled use of these materials requires knowing the
issues related to them. FRP rebars and sheets have, over
time, found a special place in the construction industry.
FRP rebars will eventually replace steel rebars due to their
lighter weight, up to one-third of similar steel rebars, and
ten times resistance to them, while they are also cheaper.
These rebars have better corrosion resistance due to the
properties of the materials used in them, and perhaps the
only weakness of these rebars compared to steel rebars is
their lower bonding to concrete.

Varoius studies have been conducted on the bonding
effect of FRP rebars and sheets in concrete structures,
including the study of Saad Farid in 2002, the research of
Xi Wang Sun et al., and the study of Qader Ahmad et al..
In all of them, FRP rebars have been used instead of steel
rebars, while the stirrups are still made of steel. Since
stirrups are effective factors against shear cracks in beams
and the use of these members will have a significant effect
on reducing beam cracking and deflection and possibly
increasing bonding, in this study an attempt was made to
determine the behavior of a concrete beam made by glass
fiber reinforced polymer (GFRP) rebars and stirrups.

The aim of this study was to investigate the effects of
GFRP rebars and stirrups on the behavior and service life
of concrete beams to be replaced with steel rebars and
stirrups in order to increase the service life of concrete
beams in corrosive environments.

2. Method

In this research, an investigation and comparison between
steel rebars and stirrups with GFRP rebars and stirrups wa
made by making several concrete beams in which the
main variables were rebars and stirrups. Therefore,
according to Figure 1, to achieve this goal, three concrete
beams with cross-sectional dimensions of 200 by 300 mm
with a length of 2000 mm were constructed. The main
variables in these beams are rebars and stirrups so that the
first beam be reinforced by steel rebars and stirrups, the
second beam by GFRP rebars and steel stirrups, and the
third beam by GFRP rebars and stirrups. The resistance of
concrete in all three beams was assumed to be constant.
These beams were subjected to a four-point loading in the
laboratory, and the four beams were compared based on
the P-delta curve and the obtained results of the strain
gauge data that were installed on the beams.
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Problem definition to improve the behavior of Estimating the need of the engineering
concrete beams in corrosive environments community to build the beams under study

v v

Studying previous papers and investigating the weaknesses of the work done

v

Providing a new solution by adding GFRP stirrups

v v

Making GFRP stirrup form Exploring the test method

v v

Loading, extracting data and comparing results

-

Investigating the possibility of using the defined system to improve the durability and
lifespan of concrete beams

Figure 1. Steps of the research method

3. Results

By studying and summarizing the diagrams obtained
from the load-displacement test of three concrete beams,
the extracted points can be summarized as follows:

» Using GFRP rebars instead of steel rebars
reduces the bending capacity of concrete
beams by 55%;

* Reduction of bending capacity of concrete
beams as a result of using GFRP rebars instead
of steel rebars can be eliminated by increasing
the diameter of GFRP rebars up to 55%;

* Using GFRP stirrups instead of steel stirrups
increases the shear strength and reduces the
ductility by up to one third in concrete beams;
* To increase the ductility in concrete beams in
which GFRP stirrups are used, the distance of
the stirrups can be increased up to three times,
and at the same time, CFRP fibers can be used
under the tensile zone of the beam as a
jacketing around the concrete beam.
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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.



https://civilica.com/p/181176/

’Z"m,(“/ ;JL“;‘G:?}J‘”"JL” W (DQ—VT)L}_W_;JJJ QWWW‘L/@
https://civil-ferdowsi.um.ac.ir/ DOI: 10.22067/jfcei.2022.73934.1098

e Loy 59 595390 9 (SO ol gl b ool OLL 3 o 488 <O (S0 p K S 38 (T35 wed (v y
KONl 3 g8 (Sho g o (83990 Axdllo)

® O " L : O
Vo assy Dol el Vbt s b el VU 23 gy

Sl sode oo Celazs S 415 bl 3 pe dow D oSOl o Sl 03 e Aot (sl gy Ko o [SUlSCo 5y Gl T o OMSS
e ol el b s D S35 s (sl il Lo 57 oo glaodls ol plonil puliea 31380 i 33 oo olSHST s i (s Ssnkmn (il sy pols]
e dlos e sy byl (sl a8 Lisg gla b e Tk (s bl S8 5 NS (63 p0e E4 (sildio u/’JL:J (ol g3, tegléo L3l o o
Loy ol ot (gloodls b (gode folont 1 odolinsty S 27 o (gl JLi5 Ol o o o 5l DL pulef iz S 415 aslial 3 30 s Sl OLL
ol Y (Stod olpnd S R 5 (gillita JLS (G 350 43 (3o ol 5 3 Ll ($laesls Sy o Sl 45 4S5 sha oo idate sl
s o 3STo plei ilazs S )15 eslizd 35 50 i Skt CoSh S8 (sl S A 5 (gldio LS sla el bide] Covsay o> 99 TVAS
Lo LS VY00 41880 JS i ol dIISLl LS £V 5 £00 gudio JLE5 (ol 2o 140 5 IV it s il o (oodde (ola Julowi I ol i
S 5 W i (3 el 5 s 1l CILE I ol e degd s 33 35 g o o o ST 43,5 e Clsloms b ook s
Ul aS 4 Bl o 0/EV 5 01O o it 3 el 53 I3 5 (ooude folod ] fool Ru ST iz il (Coste e 53 8 45 2
3 Sl G L I e s o L S )l 0 g s s wf;jmj;’@u} ozt ol ol el o +/0 ol b il po > 0l iy ol

‘)J/J J//";L/"‘/ ;Jj.br.d

-GPSR WATCINE S I S I DIPR VPR KE PR G [ S VRTE CRURWRTE-TE W (g1 Y% ||

s ol 5,8 15 ol 5 oLl o) se polhe ke sl

Sol3pe g A o 5 2l UL o ol Ko Shes ) e Flos 51 ol o g 5 ol OLL o (S glads )L,
b L2l b Ol gl w i L 0T (850 R N N SR T
S o3 e B 3 by slalpl el s G e pde Judaas Al anils ol panas bogy e Sy 5 lada 61 1
Olge )y die Of Hlas 5 b as dscwis Glusesle bl San g3de b S olge ol s Coalsd
LS & balpl v g5 odld ol Glaesls s 5 S S S e3lLl (ol pls aL slie baylsl law g sdiasl ) @Lﬁ L s
WAS o KaS o B 5 ks slacid s S0 S w [1] el o2 slesosle OLL 5 bade o 5 4520
S S5 85 Gl il s 51 e Gl Ll o asly lassle 5SS 5l (SO Olsea (S 5 S slan
3 de i L Olg e b baesls ol il 228 Wos i b Glacaa] 5 ol Glaaus s s e S
woar b 8] 555 oLl gods o 33 6 58 anlis Lol s Sas & Coslods sl LOT Ll Lsa L0l

Al VAN OT oy oyl 5 V60 /AN E Wlie il s ju b *

Ol el ST ol 55 Aoy Ol e 0 S5 55 il (1)

Email: raminvafaei@yahoo.com Ol (e ST ol Gy Ay Ol s pwdige o S Lokl i st sk 55 (V)
Ol ¢t e el 33T oSS ¢t A5 (Ol o pilige 05,5 Sbslzad (1)

Olnl e el 35T oKl 5 45 Al s Ol pae tign 03,8 sk (£)


https://civil-ferdowsi.um.ac.ir/
https://civil-ferdowsi.um.ac.ir/article_42032.html
mailto:raminvafaei@yahoo.com

b estle OLL Sl e u;pﬁg/aﬁjgﬁﬂgbw,;;:jw_}iw)f

A\

503 35 s 55i Ol s et O e Sl albtng ;) els
wla Hps O ladlbisg, 53 s sladw 5l S p
S g de O 4 Ol 00 5l 5L clleds
ALy Condy LS it 2l i 3 35 8 S sl
Jols (G35 Ll 5 goe o Ql")'('-“ salaall e B
4 e By e HLAS 5 B A S la bl J S
oyt e 5 aien S L3 (il Slui J oS
S s Jeaml 5 clodd sl 5 (Sa5e 8
2 Ul gy K dor (Sppded CnSKE Sy 5 atees

C,.w\o.)\.& o C,}Lw Qb“ki )\ o

G 59
Ao Olasiae

58S el ey e b Glop Ko e S Agd A
ot maskS 0 55 Gayed) gl 1 Blss, o)
Ao YW 2B dsb b de ol ot asla 5,5 30
el 20 8) Dol (Sl 25) (o Connd 0SS5 g
o VEAA Osen U 515 5 (s e 5D V00t A 2l 315
xS o 0o TV Jle i ebas 53 O30 oomm 5 L3 el S
thgl_):...{&.ﬂbdﬁ-;))):.ﬁ):fﬂo‘f o= Ges .l
o A 3l G ol s VU s ds Y g clas S
O3 oS By 5 s Bt G S (Ko By 5 53500
o s Fles buy SVl w9y Sl e dle s gls
it Jold e i, Gl Eleds o3l i
Jm.uCLéJ)\PeafuckM@);Juﬁj)mduJ)M‘b
e 53 s A ST Yy Jlo s s cla cconlass S 51 3
5L g d YT Ol 53 ol 513 e OLL 4 Yo
) e S ple b A B sl Job s el
5O sl (V) S5 55 dledd S e )y dxes 55 a3l
o3l OLAS Sde Al A OO s (385 Sl slails sla ) sme
slo

e gl Ao O35e 5 o B Slaselie (V) Jgds 5o
[14] Crlonds osls 0L

3 e e s e S b oa (S a glas it
T R G - P PRI AU AL
5 b Shs ol sl S5 s SGplel il
55 A Ol Slid 2l 4] el (g5 ,0 e Sl s ke
Coglis JalS a5 S5 5 Jals Cel lane L
b Shter mls Ll 8 2500 A Ly 3lye 5
[5] 552 S ladn ylull el 5 sl asls Jlos
oo iy Wl b U bl bt L J 28
250 bl (IS oo b cins o1 b 5 s 51
S el st ol oLl s [6] 5,8 13 e s
535 J S Sl Oliabl o JlEe b L s30e 55l
Ll o3 Ol s LA s eddicna la 3! bl 7]
BB sV Ry s de O (0T sl 5l S
S eslizall glo K gl B (oL [8] ol pons
el Dlalllas ulal 5 [9] sl s LB (308 (g3Ledle
by o LJJaj A s Ddedil s il Slas 4 S
w8 S se Slllas b bes [10] ass s 55 A dnes
g 0% e S S Sl s M S Casledd el
sol Ssld woax 5L [11] e § Oy s s ol
Gl ise o oReal o @ivy 5 e
SBE e 4 e e Gl e ) A il
LB 2 e sl s S5 2 bl sl oS 3400
o bl o dlall Joee (S35 53 05 sa oo B 3585
& Oy o JLas dlasl LS 555 0 2T 5553 sl 5o
e 5 Sl Jaul pd 55 5 bl 5 Al ane 5 LS e caten
adllas [12] 558 0 do By ST sdes gainnd 5 ol 5w
Gb 3l S osbae s Sode clS
S cleds oLl gode Low 5 a8 LT gla sl
el Cl Sl S et CLodas 0 OLES
oy Sbogbae as gl GM-GC 5l esla
8 ol (S s b de G e A e [13] ot
adlee 53 3 0 Cawlodd atle Ol ol 53 5000 b SSo5 s
Dak et 2l el 350 U3 VG a3 ) il b ol

o ol e g Al cole ol G (6552

TEo) oG ol oy 5w Sl

25 e pnlige & 2



a\ S i —Ollj ol = By s ool = b 28 S

g de s gl Caleds i S L 3 O gl 5 Sl b a5 b Ol sla o i b a8l 5l
ot Sl Sl sae mlan m (b A e s Sk clie bl coas bl ey o Jlains (g5, o]
(V) U2 53 adizen J 28 5 0l LB oy oS cslods Slad le cilises (gls el (8ol 5 wla bl s
RASOR x5 ol Blie LS L Ak Sk aie skee [IB] ol pLOWGI SIS IS (sl

.QM‘@JJ:)‘JOLSMZJJ{&.&A Mc@#.\?@h}w}j))ﬁa&j‘ Cdle 5 xS

ol Gy 5 A B gla Shs 4 e 5L ol

(<)

O 53 8l o smee () O las (Call) 1 Sde dgd s ) I

gf“"-f"/"’u/f“agf""w;ff':"' ’f"‘ﬁiju:ﬁjwdﬂw



b Gl DL Gl g 85 S (o y K (Slads 40 S35 prsF iy ¢

e degd O 5 de b Olasiie ) Jsds

Lo Ll Ol SlAie
M&“ﬂ)\wcbcuj)l e )
LGJJJMJIMCUCUJJ\ AR

A 2515 e \ond

Jb s ps5, 55 AoV EAA
JNCUJJL S YVA

Lo b 2o S

L O o xS e 0o YU

Ao By llas oz e e O gk VIV
Lo B CedVL el Ao
Ao B S bl ol AVARPYR

L O ol e AS NYTY

®.® ©, . ® ®

1
| DAM CREST . 1510 ¢
1¥ -

1490 — gf/@ 1490
1470 1470 |
1450 1450 ||
1430 ¢ N =

1410 ) 1410

1390 1390
= = = 3 = = .
DISTANCE = = 2 ; E E E § §

Surface Menument

1540 {bench mark) B =
Stand pipe Plezometer —SP w
{Casagrand Piezometer)

1520 ol

Vibrating Wire Piezometer 1

1500 Inclinometer I :[

Vibrating Wire Pressure Cells pC |

1480 Magnetic Settlement. Detecter SD 1
—

1460 f————— —

1440

1400

1380

(o)

M&J{éajﬂdfﬁ)ﬂ(g)g)\ﬁ\épméjﬁ)\}L_«J.)u__;}béaip(dl):@,uw,u YU

75'7‘;QJJL~J‘MJWJLW gf‘})fﬁuwww‘@/";’



o

S i —Ollj ol = By s ool = b 28 S

A 8l Sty 5 2V Joe sl ey el ] s
5 o&alesl 51 dlys s sl 5w S (00 o sl
A Gy Jhe s Zlsad Gl gla el
Sl 5l (luand Gl ks mlae Olgsa Cel S
(V) Jsd 3 . eslinad Jl3gs 5 B 20 5lse 0 gl s
ols Ol dew iliis 15 (sl Jibe S sses (sls el
o
Ysat (KN fa (KNI MP) sla el )y oo ol
Jle L_ul s E(MPa) 5 v C(KPa) «(deg) K(m/s) m?)

QJJ“_L.\L;-U.A}—-\MQ)) vﬁjbcwﬁﬁf Lg‘)\;é‘)

c&‘b 6&&.&‘&)\_} C‘_Sﬁv\-i;jﬂ-l “—*‘-ij*’ cCLA"L\up}.AM

Ll

Sledbl 5l eslinall wof s, ol pladl 5 Lo e
Clz.w):]:.a‘\\ CUJ)\)JMZJJ\{JsoM@)bJOH B
Gt Ol s s gdin Lid ol Sl ples (V00 8
DA VY0 6 gammanss 555 oo ocil g eddnlonsl (sla i3 5 B
S WO VP) K Slse WY (PC) S L
(SD) T3 YVO (1 Y «casgrandeh (SP)
Yoo Jlo s e B Gs il icalodd vl A B
.Mgﬁfjlu)jb@g;;'-l.wdjb)sLaul:;;JSJlSa\.g@J&
b () I [3] Lledd S 0z oy ated 53 ajlpl S|
S SN Sl 650 JES Glaptrn 5 dhiss
03 SOl Ol s SIS g 5 Al 3 sddas
Aas o QLS T Sde dgd s L
Shgeds e s eslid sy Hlas ol
by 5 s dlas s 2 S S sla il

SIS Dl g s Ol 5 (0 oKy 25 0 S, Sl g (555 0 J,xS slad (Cl) 1 e g A T IS0

R P R

160 ) o oyl comty 5 oo Sl



b estle OLL Sl e u;pﬁg/aﬁjgﬁﬂgbw,;;:jw_}iw)f

"

Md@)@nﬁ.)qw)ux 6[.;!):,«\)[.; Y Jsd-

S plas gl sl | yg (KN/MP) | ye (KN/MP) | K*10°(m/s) | @ (deg) | C(KPa) | (v) | E (MPa)

o Aear 14 Y YRRy YA g Y Y.
ks \E AR e Y . /Y0 g

gy AR YY Yous 33 . /Y0 Ve

Sl 4L \E Y /ey YA . /Y0 0

I3 g3 las Y4/v V4/A raaas \ YA \E Y Vo
Sl VA/0 V4/0 rerean) \C \D Y £

s K Y\ YY DEEERERRRS YA Ar /Y0 Yoo

eu@u}m\;d)u}@udwqjkg‘wc}u@,@
)Mﬂh)guaszk;)u}.;ﬁ%&@gw)d\ﬁ
S 5l e ol o Ao 55 d (gileand 1

el > o g3 Jold A B G o 5
S g B G2e VEIT) ey S Sl e el ) A
0 e VE Cales LY Ve s a8 (e VEVWY ) dlbssg,
Jsb & e Vssd (S B 515 A oleand Sl e 5
S g LB a5 s s O e sl
s S 3l e YV a e sl S s sy Wil
O.il);.J\;SSJLszgwjﬁ)gim“\so)'\zh@)
Jdsa s (53 (CU) e LG (28085 Oy o B a0
Ju,;mtul@)xgw,g\yLw)mvséﬁ;gsyg
ol e S adedsE Mea B0 g5 ey s S e S
Ben O Pl 51 ey Ll ol ¢y Rd i 35
sy K355 i a4y (53 SI mlane S 58 5

Al sl ol G-
\o~£)wil§l§43l>'->”):~€cla_.~j\@g;}b.‘fll>f
Sldas > o ol gl (gluans 4N TS (e
Ok s &t 5 bl Ik o JL Y 5 Sl
40k sl Sl Ol e oS olKin 53 (CU) 25
L 2o s pled (Y000 o VY )ty s S 51 VL 204
M@ﬁbbj.&b;h&&)béw}wqqtjﬁ
5o Dldas 35 Ol 4 anly oo 5 4 5 a5 Laesls
)sJMz@ou}urw\;lmduuwu,aﬂj
gl psd e LT 55 s e an S e s (oade o

.@)@Udbyw)sgi

s34 Jow g g5led b
OLl 15810 5 5l eslinall Sus dgd ds Srsan (38 Jlos
Sl 5l Calodd plasl Midas-GTS.2019V2.1 5 5.tus
S slade o gl 5 SUSS S aasS Slle S S
Joloss (53 (g5ladde 38 o 15 eslinal 5 5e (gle s K
DS sl Jolm el Sl 5 ol (sLle SIVL s oLl
oo dl a3l eslaall de Jue dwiis sl 4l ol s
oy oo Slcde B 5 e sl oledde 5ol
SU e 5 A5 5 s IS A aslind a5
S amio 55 Lald (S U s s w8 e el
Sy eh G o s s sl il da>dle
UGV Gleys (Ko das e o5 A Sl
S dman oledde 5L 5 Sl a3 Sl Sl 5 5
Solwdis oS Wlazsls Ll Ol 51 5 35ls St A
Ao gl dsb s S b e (S Al S s
&l [16] 553 0 ilia El e e LB iy S
Cu‘b‘}ﬁ‘ YAV Jsb) Y/ 0 sl S A Ao
(o degd o G35 il s Oy Sl At ys 5 (20 )
el s Lo opl ply 35 50 3 50 Sdman (iledie S
S sledde Gl s eom dman Olgdle S pl s el
Gilae SelS s ol Ole o oslinud it slaasis
Gilwaes ol A ol Olyes 5 8l s sl sl
dwls gl Jsl A e 5 AL 0 A e an LS (g3ue
ol BE 81 Wby s L s e
e dlesl b (B Gla s e pl 53 38 5led ke
S pss e 53 s syl 08 Dl s Sl Lt

TEo) oG ol oy 5w Sl

25 e pnlige & 2



v

S i —Ollj ol = By s ool = b 28 S

PSNIH]
yu@h%@wda»&;g@u‘yqdlﬁ
slrosls L (gl gﬂ LS 5 IS o b pS el

g e e Ll Sl sdals s sAECS

e s Gt e Dy (Sl L5 o
Gloaih i3 S 5 Bl (goses 05 S aw
‘C“"m Ois B 5 bacais (gosee DS > Lgd e
Ew‘gié|§u¢sj>.¢mdommz,\{q,ﬁsjv§;f:}
Ao Oen 3 5 5al sl 0o )3 oS sV oS > o
2 PO G o s oS ol oLl das e £
S el it Glacand ple wend VL Hllas
(ol edle el e e T (GBI LIS oty il
AL Cs ol s CansVL sladals js &S Lix o OIS
el A B G g 53 390 eSS Coeglie Jdoay 5o e
5 Oyt S ) bmingd (6ol patds Bl 51 eslizu
s Gl Gl Sl sene oy S B e
G308 plralr s p Gl pcd (S glad 53 b IS
il fool g )3 &S enblian Olio (g0 Sl e G
ol elodd o3l Wlodd ks Uy J51s
ad (S 8L oy g Dl b dis oS i o S
bl cpl s das e 5 OF 53 plralr (S & Celols
IS is I S sbaaals ol ol i i
e bl ket el ROl B il glaend
3 M) Bl sl WYl S dgd s )3 (63508 sla S
b 53 (bl il Dlois) (SD) prniecnts YVO
S ol Gaasw 5y Cewledd eslanal d B el
5 et Il @l ) ol s35ms S Slas
Aes AWE 3D £ B A Mcbuﬁ)sds.u«duw
el i el osls 0L (V) Jd s Sl
it G35 I3 Ja g eddd slaesls Sl edalisay (63 500
Y TGO Ip v P W R | I W IO VR P |

ol s g sl pl e o el

A3 o oA Al lralr sl i s s

Ve 311l o 5 4 bl 558 g0 a8 S
Sl ga5es 5 Bl Gy solasl 5y 5 e ad S L s
Ol (st Sl e 5 S5l Je (8) S5 55 5538 0

Cwlo s 6303

()

)

A e () dman Jbe (L) 1 S gd A (g3de Jbe £ S

S

E L s B WO R VR S Ry e W XN g W

B Saodn S g 85 el Ll sl e LS
e gl A (oode o sl A opl ool e
s 3 Shiin O HLES (S (65 505 sla i daccis ol
23 g oo dem e Layl 3l 5 M"TCM‘M-Z sdiS glaesls b wgs

R P R

160 ) o oyl comty 5 oo Sl



il Gl QUL G g 85 O (o s K (Slades 40 S35 prsf iy

A

JLw 0> Jla dl}r_f.b‘)JI ialais BE ‘_;t.;..b ;)JJU.:A) u,jJu?; C)_;_g
03 s Ol S LgLAJ'a:;.A S anlsl s ol ERLY
co“b)‘ybdueb‘bdfw%ﬂng;xtw)l
Mt@&l@»@ﬁd\jdswdu&x}&b)\ﬁl

Cewlo s el OLES (0) L;LAJS..':

Utﬂtﬁ )‘ de ) )‘ o= éb}a& Sl d\ﬁd JS‘J}
)\ﬁ(}é}&&l’:}.@u C S e A d B oL
(fﬂ)l/9031/79 c(C) J»ﬂjﬁ C]a;.n BERE™Y :b.b BE oni;.»‘.a.'!

SRl b Sl el (g 5ee S Ol Sepl s o

BE S b ccml g3de Jos Ol 5 jljmﬁdomm); b

.JWL'JJ.cblia):)\ﬁljé:,\.cb}tlquydjybd:wwjiil» Y Jsa-

_;,;,aclzaﬁ¢u (J:ﬁ))guijld.pb—;,w:;)\.mﬂ}su (o) 38 LIzl 5l ol s Sl ey SLe
A v/80 +/874
B \/00 AVZ-
C \/va \/4
D \/Y \/YY
E \A VY

Curve settlement changes in sec(A)

Correlation Coefficient

1510 0.475
¢Instrument R?=0.7835 .
ne BNumerical analysis )
1500 n . o
0.4 LI
. | -
- e £
%1490 . < . .
L *
- . 0.325
1480 . s
W .
[ ) 0
0.25
1470 < < -
0.25 0.3 0.35 0.4 0.45 0.5
0.25 0.325 0.4 0.475 ? 8 A ? ?
seftlement(m) ‘
A Cl““‘ ()
1520 Curve seftlement changes in sec(B) Correlation Coefficient
9 1.6
¢Instrument R2=0.8954 . -
- , . ¢
1500 .. . . WNumerical analysis ',.»-"‘
] + 1.4 .
| +
. )|
~ 1480 41 - _ . .- .
E - £
z $ 2" =1.2 ..
2 ¢ 3
1460 3 .
» ! e
. u, . 1 .
1440 s ' o0
He . ~
0.8 1
1420 0.8 0.9 1 11 12 1.3 14 15 16
0.8 1 1.2 1.4 1.6 A(m)
seftlement(m)

B ki (<)

TEo) oG ol oy 5w Sl

38 Ol o plign % i



14 S i Ol darl = Gy s el - L 28 e
1520 Curve settlement changes in sec(c) Correlation Coefficient
*Instrument 1.8 R2=0.9402 e .
1500 | ® e 4 TR - ) e
o+ Numerical analysis A ]
"
e o, 1.6 ]
.
1480 LI
-
N e . . _ . et
z "tas E 14 . oW
T 1460 . * . < S e
L] .
e -
o un ™ 1.2 -
1440 + 0
we * " Pt L)
. * -
u? 1 |e. "
1420 » e
.
0.8
1400
0.85 1.05 125 1.45 1.65 1.85 ! 1.15 1.3 1.45 1.6 1.78 1.9
settlement(m) 4;(m)
C hie (0
Curve seftlement changes in sec(D) Correlation Coefficient
1515 1.45
#Instrument R*=0.9733
ENumerical analysis
1500 —=% : 1.3 o
L e
o+ .
m - .
] *
1485 [ + £ 1.15 . .
= u +* -~ . -
< m e < o
e
= L™ . 1 .
1470 - - .
LIRS .
n * _._,
- 0.85 -
1455 e .
|
3 + .
- e 0.7
1440 - - 0.8 0.95 1.1 1.25 1.4
0.7 0.95 1.2 "
sertlemeni(m) 4;(m)
D b (5)
1505 Curve seltiement changes in sec(E) 1.2 Carrelation Coefficient
*Insirument
] L
1500 WNumerical analysis
] * 1.1 -
1495 . - .
E e B .« e
= 1490 = 1 -
] . . =
.
1485 ] * e
0.9 -
1480 °
L .
1475 0.8
0.85 0.95 1.05 1.15 0.95 1 1.05 1.1 1.15 1.2
sertlement(m)
4, (m)

E akis ()

L By pblin 53 (Shad o 5 S oot Blie 0 IS

s gy o Slon K — S gladn Lo Calzses
g A 533305 o0 o Bl il LS s ST 15 Ol e
Llodd apnd a5y ilies glacans 55 HLas Johe VY0 S
oslizal A Ky e LG S 5 Ol s sl &S
Lt 5 13 515 o0 ¥ (slantps s Lol ol oy
Sl (2508 S KBl g 53) S Y 5 )
Sladb bow g sdelimsey (53508 Sl AT e S o
)bwcﬁa@:):%’jqwmjbébdﬁ&bvj))w

Celo s cb)_ﬂ (f,) J}J&-

SASIA Pl basoln H o 35 lago

olis Settlement 5w Lo 515 s e lndd Dlds
o Ll @SB g s Ll Sl Hldae skas
5680 Ll mls Sl Jels e glaesls SN
AYIA 31 s 0 A 5518 55l e o ¢l p e gl Lo
O el u.(:....w.m syl &S AL o Aoy e

AL e S glasls

slasl s s Ll cad e .‘f:j‘,«}!w" 'J/...:Uw‘.:f

R P R

1601 i Slot oy s oo Lo



b estle OLL Sl e u;pﬁg/aﬁjgﬁﬂgbw,;;:jw_}iw)f

E 5D (C 6B ¢A shaia ;3 Ztlo 0LL 31 g Sl 03 o By (36 sla 25

ilie £ Joa

s lad | mas Joee | (o) gmme Sl dbol | ai 515 = e =

GBS s | A | BB S s A
APC.1 s S IV VEq4/0V YA A Y\Y /A
APC.2 A o3yl =1/ A0 YEVo/vo 10 Ya\% £ /A
APC.3 aiwds SVl Vot AFAZYE Yo\ +/1\o £40 /Y
BPC.1 s S +/2Vo V84477 YAQ VY YY¢ “/AA
BPC.3 Sebaies S -4/0¢ 1E14/v4 IARY AL 004 /A
BPC.4 aed VL A Y£14/v4 £y a\s ooY /NG
BPC.7 Crmbdtes Cues -\ VEOE/NY 0o Vat V4. AT
BPC.8 et S e iAmt Vgog/to o YAy AY s VAV
BPC.9 @t o3Vl YA/AY VEO0E/EA OAr /N Ave /A0
BPC.11 btz Coos -\UY AFACYARY A0 Ay V440 /A4
BPC.12 s S e /A ARACYARY] AAS VY VY /40
BPC.13 @ SVl VUMY AFARYARN ALO A ARK +/AQ
CPC.1 s S ./0 \EAXVAR Vav/e VY Yéo A
CPC.3 ormbianas Cos —\+/08 VEVe/ex A Ay OAY /4
CPC.4 @t o3Vl Ve/Ye Y£14/4Y0 [ALYA Ay ov4 /A4
CPC.7 Crmbdtes Sues RN V£08/184 ovo Al A0 /A0
CPC.8 s S e +/84Y Ye0e/A WA YA\ ALO /4
CPC.9 FESI GO \V/40 Y£08/1Y4 LAVAS a\s AY /A
CPC.12 btz Cos =Yo/uY AFAVARL Yo AN VY \Yo- /4
CPC.13 wd S 0 . YEYY — —— \YV /4
CPC.14 FENSICIR | AKYAN VEFV/YYY YaVa/0 %% \Yoo /4
CPC.16 Ombaies s KN VEY/YAE \Yr0 */Vo VEYo +/AQ
CPC.17 s S e \/YY ViYe/00 KR VY Vege AN
CPC.18 Wwds eVl V4/AL AFARVACN AT VY AN v/AQ
DPC.1 s S e /8 YE44/)) VAL Yt YY1 /A0
DPC.3 ombazes Cos RTat! \FAZYAN AN e 00\ /A0
DPC.4 awr eVl \RYAY% AEAZVAY-L LA a\y 08¢ +/AY
DPC.9 Crebdtas Cos —-1v/a) VE08/8YY o\ Va VAO CJAY
DPC.10 A S e /Yoy VE08/EAA 0 Vat! AY N
DPC.11 FERSICIR| 1v/Aan VE08/\V ovo Va V4. CJAY
DPC.6 Crbdtas Cos —-\V/\o YE¥4/) 0A V4. Vat! VoA N
DPC.7 s S e A \FALVEER3 A0 A \AEK /A4
DPC.8 FESISCION [P 7% AFALVARL AYY Ay \avs N
EPC.1 s S e /e84 YEA4/41 \Vo e Yot V1
EPC.2 orbazas Cos —VAA YEVA/ALT Yio Vo AR /A4
EPC.3 aieds oV VY YEVA/qeV YY) A% 3 /A

TEo) oG ol oy 5w Sl

25 e pnlige & 2



V)

S sy —oleslj daml = Sy U5 el = L 5 e

s 3 S5 il g (S & Susy) AL st
ol 53 [18] ol s Sl gyis conSs ez 5 S
sdal sty S35 g b Camnnd o (Sulslie sl ()
Sy odis (g3de Lo bw i edddnlwe 5l 5l glaesls
Sldbe b s sdalwsay 3500 SIS Sols 4 0l
S oy 3Sbe 0l o gdlen 35ls 5Ll (ade ol 5 LS
Jeos s 38s Sl S35 ol Sde Agd A s s
(ool G 31 2S5 8 S 5 /A 5 VY L S gode
OLE ol el 3515 5 gy s 53 e 3 g 585 Jais)
O3 el B gdoee 5 (Sgsdes eSS b 5l dw oS das e
53 S B clem glapene e (V) IS8 5 )ls
@tj)'lt}.pbdue:bm&w%yjmlvgtu})l

elods S By (g3de gl s 5 535 )l

Tortal stress changes at the dam height

1500
- ¢Instrument”
BNumerical analysis"
1480 + 0
¢
» [ 1]
1460
T - ]
T
1440 o -
@ L]
1420 . L]
1400
50 300 550 800 1050 1300
Total stress(Kpa)
(<ah
Correlation Coefficient
1500 R:=10.9909 e
“o
1200
i
= 900
z o’
s =
600 ..
.
8
300
4
0
100 300 500 700 900 1100 1300
o; (m)
()

e Sad 5 (0) (2508 JS 55 Dl et (D) 1 S

sdasolis PC: Vibrating Wire Pressure Cell
2 E 9D C B A shic =y 5545 cul HLAS glad sl
oS Sl el esls LS @L:_} 03 &S sboles Wleus
sdelonzay e 5l 28 Lis sladsha 55 S (63500 sl
G3pee ST S Sl ol g3l Lo
I R e e I
el OS5 5l I8 G by 5 Jlasl 25 8l O gensl S
PP el (S Ll o 555 Ol S ke S5, sbe
LS o slad g 4 ol 3168 5k (81 s 352
Al b oaslie s g8 (S5 L sk Gl sl
ot 33 et o ol A e s e
ladhe SLbI s Js 5 528 e 1oi 4 2o a5l
S S 5 ol IS 55 Sl e 5L [17] 555 0 L3
(s 4 A Jlall e o ode o 5 (oliE lad sl
Ol Cid8 Msay ol Il LS VEEY 5 VY00 5 ja
s bols o (05 sl ol s las S0 s
BERE R C B RN E g W Jole (IS g3 4ee 15 50
S e (T sl 5 cotle OLL Oley L3 .l azus
slwl 88l SlalS 5 Wlgs oo b sy Sl 55 (g3 gee A
S5 opl Sl (g3508 (35 e 5l i O HLas |5 S
Cows oyl 4 CandVL 51 5d o ol SJsjds &S s
Sl Ao Bl 4 sl ol e S oo sl Fl s
oxlital las dipd o dw ol o i Yzl 5 S e
oslaza! Cﬂ.m 3 S o Ko sl dau gy )3 ol
35 ol o AtV e oples s Lot & 5 0l
eles S sl ks gl 1) ilie sla il S olse 65
s sl ol a5 e Slge s Saol (ol e dle
M);Jdvs&w&_xljswdaﬁ&mﬁgwj\
Jui;& S sglade s ;’Ju"js ol cpl 4 LS sl
J18] das o 151 1, (S5 5 s (V) dsloe

A=( yiv}l M)

NGJJJ&{‘)IGV

P gas U39 1Y

&;'-Cu;,l:h
%Qwﬁw‘wj:wﬁzbujj\dﬁfﬁ;ﬁé\ﬁ

Ar 4;-:]& ML\)\%W}JJW&&J%%)J

i Ol peoige &

TEo) o ol oy 5w Sl



b estle OLL Sl e u;pﬁg/aﬁjgﬁﬂgbw,;;:jw_}iw)f

\'Al

550 ke 51 5V St &Y Culss s h
i sy A 3 IS (S3pee L5 0

s sy el sl 5 Jsb 53 U e LS
Stk oS Wl by 5 das e 0L 1 el
s LasOLERY ol 5lade (ol o Do das o a1 Ao &
sy o (SJpodes S ol s YL Olebl LB
RS PUAW ST (T WU RN~ P TR -5 B IRGIVH I v
‘Bcbmjs%;@dm)wwo\,ﬁu(o)J}».);
s (WVP) S, ooy cils Wil D s C
$3ds el 5l Jols ol 5 (SP) ol SIS (sla e
Cslo s es)ﬂ

03 ekddwle 5 oddodalin [y &S das o 0L @L\;
Ru o csls )l - Lot bl wosle LG
3500 Sl 25 o Cole e sddailoe 5 sddedalie
o 51 ol Ry Sl ol aulons 5 0 aalie
3 V0SS s 3 eldceal Gis Il s sods
Ruf19] s dgd Ao 3 518 Gb il ev/tV
Sl aS e asl 0 b A e s el i
Cslo wﬁwwlﬂ)).x?awﬂlﬁ); Cea glis

23 G JLid Dlass sl o S e (V) IS s
3 ol glaesls ( (Soan s 5 A B gl
Shl e sla Ll 5 SO S gla 250 513 b
ol

3 3te Jew el ey dtes (gl LIS (""USL‘
£V 5800 (04 o By 3 eddna b agpn S5l
alosls 5 s mlav 515 Sl 0 &S Ja
Sl ol s s (S5 s 5 0L S s
)wdues\sww%,@.wu;y,m\aw&,}
WY (gade sla Jds 5 s ag 5 Cu S Jol s
SV LR U N LU | I-E LS Vo P W pe
PR CUNVRT JYCTF. S RS v VRS O PN
s 5 byl law g sddd sdine SLid o el
Jsb 3 gpddst 5 pldl ol Clea LS s goue
S Js ops an $ s Gl s s ok iledbe

JWS@J:.:;:JJWCLAJJ w@j&bli 9 u"i\ ‘Q:».E.:.E;-‘)b

5 3 Lol 5 5 lousls i S

S AL e Loy oo 44/+4 (gaue sla Jd=5 5 535 )5l
US55 bl e el Sl Sieas sdas0ll
Pl L3S et Ul e b 4 el il
L_gLAJ;;SﬁLL;’-Li;.«;CM»\)l:)}sﬁ ol 35 5 C)La.a

NG n.,\..zwbu»

5 e s 3 S e Sl piddte L S i
Glade 3 e 5Lis Ol s ol Sk SO adige
(oS Lo Gl LS Olge ile el se o S
S S (S15 5 Ll Oln (5 2S05 Ll 2
5 S o Caglie Al Gl gl HLid 0580 s ls
S JAS ol pE et S Sl s
G s Aul58l Ce i Ol 8 el Ol s (g5, S
5 S Gl e Sl Sde dgld A 3 S S
osliial Cilizes 3l 5 55 (gdie 5Lid Ol sae s (5l o SLLIS
S St Jdoy (S 5 S slade > eledd
G b la ) slge Sl (JKate 0 gl b 5 et b
DL pl g e sl O 3Ll 5Les T 51 36 L 5 oS
05 52,505 (05 Dl (A58 45 A B 3 05 s (S
DL Gl et Sl Jgb 3 el oS 0T S
e e 5 A L ol S S 538 e s
DLEd Ol s (Gl 53 58l ates &L L;;J.,&i:a-._“f
w&;;w)ﬁzijlj,QWl)w@ﬁ&lem
WAoo By 53 sddwal e 2oy Cl:q Lolas S 513
3 alsn sy oS G adidsl (s A SL5 (S e e
ol A By LS| (st 5LES ckten ol s (ST 5
Ol o e es b sddnlnl (gl HLAS VA{}SLA Cmlo s
& s JUal s 53 s el sl > ol 0L
SVl 31 gl HLis Lol Clodd sdalive & gunsl 5

el e B (F) 5 (V)

re=(3op) ()
Ru=() )

JJGJJ‘))AZ.’G.L)JLSW&_)T‘)WU

geyaze A=l O35ty

TEo) oG ol oy 5w Sl

25 e pnlige & 2



vy

S sy —oleslj daml = Sy U5 el = L 5 e

D 5C 6B ghis ;3 ol 0L 51 oy Jlo o3 $308 Lo il L ol SLalS 5 L3051 sla joas sy (sibite JLES ol glin © U

sslas 3l s S SLis I R,
2 Joa 2 5 - - -
e85 () 5 goee G Il | e U] Gads Sl | eoae SJUT [ 85 Sl | gsde U
BVP.7 LU ;Muu,.i\.. =\ VEYA/NA YoA/ Yvo YV /YA ix3 a3
BVP.8 MJSJ» /AN AFARVANY A YVAS YA+ YV Y/YA v/ /Y'Y
BVP.9 s s YL V784 AFAKYAR Yo YAO YA +/Y4 /8y /Yo
BSP.1 LU wbwb -\Yo VEYA \Vo YA+ Y VYA - YE
BSP.2 Ll )SJ» -YNa VEYA AN YAY /Y Y/YA - /Y'Y
BSP.3 s Cewd YL VY/YA VEYY 140 Y40 AR +/Y4 - /Yo
CVP.10 WQM:J\;_L A VEY /0¥ Yie ey °/Y V/YE /YA */YAY
CVP.11 wen S JEYY VEY+/OA | YYA ¥4 4 Y YA YV
CVP.12 A Cowd YU Ye/Y0 VEY /YA Yiv Ve o/ ARA AR AR
CSP.1 Wt Cod iyl AR VEVY Ly YA +/YY /YO - AR
CSP.2 A.:MA)SJ» =Y/A+ AFANYAY yqY Yo */YY AR3 - /YA
CSP.3 atwds Cewd YU Yo/ VEVY A L0 oYY «/YO - Y
DVP.4 Wt Cod iyl AR %Al ARARVARA A\RA7A% Yoo /YA /Y AT oYY
DVP.5 MJ'SJA \Y VEYQ/eY Yoy vy /Y +/YVO o8 /Y'Y
DVP.6 Lo Cwd YLg YWV \FARVA! APl YA+ YV VYA A +/Y0
DSP.1 LU W’u‘ib =\V&/) VEYA 1 YoA (VAN [VARY - /Y'Y
DSP.2 ELOWEN )'5}» -Y/AY AFARY AM vy o/ +/YVO /N /Y'Y
DSP.3 s Cowd YU \£/AO AFAL) A YA o/ /YA /) /Yo
Correlation Coefficient
Pore pressure changes at the dam height 490
1440 -
. . om_ R?=10.6731
.
1435 *Instrument” .
WNumerical analysis" ,.410 .
1430 | £ ]
g -
z BN
1425
330
1420 * ]
L]
* n
1415 250
50 150 250 350 430 80 130 180 230 280 330 380 430
Pore pressure(Kpa) . (m)
() (<)
o Sad b () (e HLid Sl (L) VS
s Lol 31 4 a Lol il S S S A

Sty S e eSS 5 4 dmaw e sla b

C,-.wl J'.’.) CJ.JJ @ d;JLkA U'~'~\ )\ QJ.AT

me,g&uku\wduugﬂeu&aﬁ

5 2l b Olosens dw s A3l (nde la s ¢ S

i Ol peoige &

TEo) o ol oy 5w Sl



il Gl QUL G g 85 O (o s K (Slades 40 S35 prsf iy \23
S0 3 el gladles s ol S350 T Ol s cdow Ly L plas! S Jles )
5 oale OLL 51 dle o CadS Lsas Sde Al A 0 Y EAR RN PPN RN W S SR 3 P P BRG] SO v
S os addaie 53wy o L Tl 2 ez ($3 508 Lo Olgme ool (5 So3lll e sl 1VA
L s ey 2,8 s 5 b, O el Jelos Olgee 5l il sblis e 55 Gids Sl s ) Lol
G| R e PN PLV R o r"’-ijsu Ceslodls ol (gl A0 eker &) Oh U i pl &S ol (g30e
£V i gods ol 5 e 3 eddaal gls ey oyt el 42308 L 03 b Olaul 3T dilate 3 anb
Sloosls fn (Somes 5 A3l SISl S £00 5 332 0l w5l ol s sbaesls G (Soas
(3 sla s 5 Gds Ll w5l Lol e HLid el AY/A s kg IS 15l Cla).a o Sl e la s
e Stmsad 50305 4 A3l o 33 pules W/T Glasls o clie  Sen sas0lis a5 3L o Lo s
ol 33l 5l 6 S s slieds Sl Js s slaesls VAV NG
g5 3l G5 s Gl Olas o s (gl La3 IS s 5 Slu e B el 3l g e e Y
d O (650 Sldes s B 5y Sssdes ol 53 @ade e 5 o lis Jske slaslnl i3 5l sl
e JLas sslie 35S il eddd 25 &) son AL IV 0 i fa s Il e 53 G Agd A B
(ot OLL L3 b esse 5 gode o Sl edelse el B30l 48 Clodsl st Il kS V8
5 oddodalin Ry ol tindls oo b o 850 Do lsesls o St o b el Bl 53
sldodalin (g3 g0e la 25w ols Jsa sddaculon 44/44 (gsde sla s 5 335 Sl @sz S Jee= S
oS 5 olddmsle Ry SIu> s g sddacwls s Sl Stren 550l &S AL e Ao s plo
W PR YS AG VAN JRUV S PURL WA U N VNP U S >3 JEE VIR U T PRGNV W PR ST E Ee
Copo om0 b s e s edd s AoRu corl 2l sl o ) Sl 1 2eS 4S5 ASL e VWV B s
338 o ol (S 55den Sl 5 s St Okl > Saiomss Jdoa St ol B Sl e
e

1. Javanmard, M., Amiri, F., Safavi, S. M., "Instrumentation Readings Versus Numerical Analysis of Taham Dam",
International Journal of Engineering, Vol. 32, No. 1, pp. 28-35, (2019).

2. Hossein, S., Etemadifar, M., Aghamolaie, I., "Monitoring of Masjed Soleyman Dam Based on Instrumentation Data",
International Journal of Innovative Science, Engineering & Technology, Vol. 4, No. 5, pp. 78-99, (2017).

3. Derakhshandi, M., Pourbagherian, H., Baziar, M., Shariatmadari, N., Sadeghpour, A., "Numerical Analysis and
Monitoring of a Rock Fill Dam at the End of Construction”, International Journal of Civil Engineering, Vol. 12, No.
4, pp. 175-199, (2014).

4. Yu, Y., Zhang, B., Yuan, H., "An Intelligent Displacement Back-Analysis Method for Earth-Rockfill Dams",
Computers and Geotechnics, VVol. 34, pp. 423-434, (2007).

5. Komasi, M., Mazaheri, A. R., Beiranvand, B., "Numerical Analysis of the Arching Effect of Ayoshan Dam in the
First Dewatering Period and Its Comparison with Accurate Instrument Results”, Journal of Water and Soil
Conservation Research, Vol. 26, No. 6, pp. 79-97, (2019).

6. Bharti, M. K., Sharma, M., Nazrul, Islam, "Study on the Dam & Reservoir, and Analysis of Dam Failures",

International Research Journal of Engineering and Technology, Vol. 07, No. 05, pp. 303-317, (2020).

’2"‘&;/'“‘/""'%—}&”“/[“ WJ)I"J/J“"‘G;Y“'“L‘F%/“:J



Vo

o sy —oleslj daml = By 25 sl = L 28 S

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

22.

Zhenyu, W., Chen, C., Xiang, L., Liang, P., Limin, Z., "Discussion on the Allowable Safety Factor of Slope Stability
for High Rock Fill Dams in China", Journal of Elsevier Engineering Geology, Vol. 272, pp. 220-235, (2020).
Soroush, A., Aghaei, Araei A., "Analysis of Behaviour of a High Rockfill Dam", Proceedings of the Institution of
Civil Engineers -Geotechnical Engineering ICE Virtual Library, Vol. 159, No. 1, pp. 49-59, (2006).

Pramthawee, P., Jongpradist, P., Kongkitkul, W., "Evaluation of Hardening Soil Model on Numerical Simulation of
Behaviors of High Rockfill Dams", Songklanakarin Journal. Sci. Technol, Vol. 33 No.3, pp. 325-334, (2011).
Mazaheri, A. r., Alipour, R., Shokri Derivand, B., "Study the Monitoring and Numerical Analyses of Rock fill Dam
(Case Study of Marvak Dam in Lorestan, Iran)", Civil Infrastructure Researches, Vol. 5, No.2, pp. 153-164, (2020).
Rashidi, M., Mohsen Haeri, S. M., "Evaluation of Behaviors of Earth and Rockfill Dams during Construction and
Initial Impounding Using Instrumentation Data and Numerical Modeling”, Journal of Rock Mechanics and
Geotechnical Engineering, Vol 9, No. 4, pp. 709-725, (2016).

Komasi, M., Beiranvand, B., "Evaluation of Pore Water Pressure Foundation and Core of Sivand Dam after the First
Dewatering Period in Comparison with the Actual Instrument Results”, Journal of Iranian Dam and hydroelectric
power plant, VVol.6, No, 21, pp. 66-73, (2019).

Ghanbari, A. and Shams Rad, S., "Development of an Empirical Criterion for Predicting the Hydraulic Fracturing in
the Core of Earth Dams", Acta Geotechnica. pp. 1-12, (2013).

Ghods-Niroo consultant engineers Co, "Technical Report on the Studies of the Second Phase of Shahid Madani Dam",
Tehran, (2002).

Mauriya Kumar, V., "Geotechnical Instrumentation in Earth and Rock-Fill Dams", Indian Geotechnical Conference,
Vol. 10, pp.1027-1030, (2010).

Lefebvre, G., Duncan, J., Wilson, E., "Three-Dimensional Finite Element Analysis of Dams", Journal of the Soil
Mechanics and Foundations Division, Vol. 99, No. SM7, pp. 495-507, (1973).

Dunnicliff, J., Green, G., Geotechnical Instrumentation for Monitoring Field Performance: A Wiley Inter-science
Publication, (1988).

Terzaghi, K., "Theoretical Soil Mechanics", New York, (1943).

Ghods-Niroo consultant engineers Co, "Technical Report on the Instrumentation of the Body of Shahid Madani
Dam", Tehran, (2013).

Beiranvand, B., Komasi, M., "Monitoring and Numerical Analysis of Pore Water Pressure Changes Eyvashan Dam
during the First Dewatering Period", Journal of Applied Research in Water and Wastewater, Vol.6, No.11, pp.1-7,
(2019).

Geological Report of Shahid Madani Dam Engineering, Ghods-Niroo Consultant Engineers Co, Tehran, (2002).
Ghiasi, V., Heidari, F., Behzadinezhad, H., "Numerical Analysis and Back Calculation for Embankment Dam Based
on Monitoring Results (Case Study: Iran-Lurestan Rudbar)”, Sharif University of Technology Scientia Iranica.
Transactions A: Civil Engineering, Vol.28, No. 5, pp.2519-2533, (2021).

Ghods-Niroo Consultant Engineers Co, "Technical Review of Numerical Analyzes to Control the Static and Dynamic

Stability of Shahid Madani Dam", Tehran, (2009).

gf“"jijj"’/j"‘pl,f““w‘{;j‘:’ IZ'M&;JLJ‘MJWJZW


https://www.sciencedirect.com/journal/journal-of-rock-mechanics-and-geotechnical-engineering/vol/9/issue/4

b estle OLL Sl e u;pﬁg/‘,ﬁjgﬁﬂgbw,;;@'mﬁw)f va

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Henkel, D, "The Shear Strength of Saturated Remolded Clays, in Proceedings of the ASCE Research Conference on
Shear Strength of Cohesive Soil", Boulder, Colorado, pp. 533-554, (1960).

Honggi, M., Fudong, Chi, "Major Technologies for Safe Construction of High Earth-Rockfill Dams", Science Direct
Engineering, Vol. 2, No. 4, pp. 498-509, (2016).

Lifeng Wen, MEng Junrui Chai, Xiao Wang, MEng Zengguang Xu, Yuan Qin, Yanlong Li, "Behaviour of Concrete-
Face Rockfill Dam on Sand and Gravel Foundation”, Geotechnical Engineering, Vol. 168, No. 5, pp. 439-456, (2015).
Mabhinroosta, R., Alizadeh, A., Gatmirib, B., "Simulation of Collapse Settlement of First Filling in a High Rockfill
Dam", Geotechnical Engineering, Vol. 187, pp. 32-44, (2015).

Nazari Giglou, A., Panahi, A., Solari, L., Bombar, G., "Assessment of Static and Dynamic Behaviour of Emarat Earth
Dam by Finite Difference Method", Journal of Civil Engineering and Urbanism, Vol. 7, No. 1, pp. 01-11, (2017).
Sehra, R. S, Gupta, S. L, "Instrumentation of Earth & Rock Fill Dams", International Journal of Engineering and
Applied Sciences, Vol. 5, No. 3, pp. 277-298, (2018).

Sigtryggsdéttir, F. G., Snabjornsson J. Th., Sigbjornsson R., Grande L., "Rockfill Dam SETTLEMENT Data:
Processing and Statistical Analysis”, The 3rd International Symposium on Rock fill Dams, Chincold Hydropower,
(2013).

Sivasuriyan, A., Vijayan, D., Munusami, R., Devarajan, P., "Health Assessment of Dams under Various
Environmental Conditions Using Structural Health Monitoring Techniques: A State-of-Art Review", International
Research on Sustainable Developments for Environment Management, Vol. 5, pp. 455—464, (2021).

Terzaghi, K., "Stress distribution in dry and in saturated sand above a yielding trap-door"”, in Proceeding of First
International Conference on Soil Mechanics and Foundation Engineering, Cambridge, Massachusetts, Vol. 1, pp.
307-311, (1963).

Yongkang, W., Bingyin, Z., Yuzhen, Y., Zongliang, Z., "Consolidation Analysis of Nuozhadu High Earth-Rockfill
Dam Based on the Coupling of Seepage and Stress-Deformation Physical State", International Journal of
Geomechanics, Vol. 16 Issue 3, pp. 05-19, (2016).

Yongkang, W., Huina, Y., Bingyin, Z., Zongliang, Z., Yuzhen, Y., "Displacement-Based Back-Analysis of the Mode
Parameters of the Nuozhadu High Earth-Rockfill Dam", Hindawi Publishing Corporation the Scientific World
Journal, pp. 77-88, (2014).

’2"‘&;/'“‘/""'%—}&”“/[“ ;;""J)j’d/j“‘“a;f“’w‘;j‘;’


https://www.sciencedirect.com/journal/engineering/vol/2/issue/4

Journal of Ferdowsi Civil Engineering
https://civil-ferdowsi.um.ac.ir/

77

Vol.35, No.1, 2022. (77-88)

DOI: 10.22067/jfcei.2022.73042.1072

The Influence of Ground Motion Duration
on Maximum Displacement of

Elasto-Plastic SDOFs*
Research Article

Mohammadhossein Hajimohammadi*
Horr Khosravi? Reza Dezvareh®

1. Introduction

In seismic design of structures, design codes generally
consider the influence of two key parameters, that is,
earthquake intensity and frequency content. However,
ground motion duration effect is usually ignored. In other
words, seismic design criteria are based on short duration
ground motions and seismic performance of structures
under long duration ground motions needs further inves-
tigation.

Many studies have focused on the influence of strong
ground motion duration on the structural damage param-
eters and the obtained results have been very different
based on the different structural damage criteria. In gen-
eral, studies in which cumulative damage criteria such as
hysteric energy have been used, show a significant effect
due to ground motion duration but other studies that have

used maximum inter-story drift or displacement show

much less effect. It is worth noting that recent studies, in
which the incremental dynamic analysis (IDA) have been
performed, state that the influence of ground motion du-
ration is obvious in near collapse inter-story drift and high
earthquake intensities.

In this paper, the elastoplastic response of single-de-
gree-of-freedom (SDOF) systems subjected to spectrally
equivalent ground motion pairs were compared. In order
to investigate the gravity load (P-Delta) effect along with
the duration effect, an innovative algorithm was proposed
and implemented that provides an appropriate design of
analysis of SDOF systems.

2. Analysis procedure and nonlinear modeling

In this research, an algorithm was presented in which 1)
the structural strength was determined based on elastic
base shear of system under earthquake ground motion, R
factor and gravity load and 2) SDOF systems was sub-
jected to spectrally equivalent record pairs. Figure 1
shows design and analysis steps. The proposed algorithm
is totally implemented in MATLAB in which some sup-
plementary OpenSees codes are called for linear and non-
linear time history analysis of SDOF systems.

For nonlinear modeling of SDOF systems considering
the P-Delta effect, the details of models are as follows:
e Rigid beam-column: the modulus of elasticity and

moment of inertia of the element is adjusted to be

rigid relative to rotational spring stiffness.
Rotational spring: in order to assign the elastoplastic
behavior to SDOFs, a rotational spring is used at the

base of the beam-column.

Concentrated mass: a concentrated mass of is located
on the top of beam-column element.
Gravity load: a gravity concentrated load is assigned
to the top of the beam-column element, i.e., the loca-

tion of the concentrated mass.

Damping: The damping of linear and nonlinear sys-

Select T, R, 0, &
carthquake record

tems are assumed to be 0.05.

3. Construction and Analysis of nonlinear
systems with gravity load

1. Construction and An.

Jvsis of linear systems

'__'_______l .
I Calculate 5”;\“_\ load I I Determine k, m & period (T) I |
yh & L
| P=7-0, < !
LTHA |
| | | v |
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| Determine P — A amplification factor | _]
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Extract maximum
displacement (Aqx

(a) (b)
Figure 2. a) Nonlinear behavior of SDOF system with and
without P-Delta effect, b) Schematic view of SDOF model

Figure 2 shows the schematic view and nonlinear be-
havior of SDOF models.

3. Results and discussion

The proposed algorithm was implemented more than
150,000 times for 146 earthquake record pairs, 41 peri-
ods, 7 stability indices, and 2 R factors. The maximum
displacement ratio for long-duration to spectrally equiva-
lent short-duration records (6) was determined. Then, for
statistical evaluation, bias and dispersion of 6 were calcu-
lated. The bias is calculated as the median of 6 and refers
to the exponential of the average of the natural logarithms
of 0 (i.e. the geometric mean). The dispersion also refers
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to the standard deviation of the natural logarithms of 9.
For clarification, Figure 3 shows the acceleration re-
sponse spectra for one of 146 spectrally equivalent record
pairs.

0.9 -

— Long duration record

-== Short duration record

Figure 3. Acceleration response spectra for one of 146 spec-
trally equivalent record pairs

Figure 4 shows the values of bias and dispersion in
SDOF systems with R=2 for different periods and stabil-
ity indices. As can be seen, the bias values for different
periods and stability indices are always about one. There-
fore, the maximum displacement values in long and short
duration are on average equal to each other and do not
differ significantly. However, the dispersion value is
about 0.25, indicating that the most of values for 6 vary
between 0.75 and 1.25.
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Figure 4. Bias and dispersion of SDOF systems with R=2
for a) data separately, b) all stability indices, and c) all pe-
riods

According to Figure 4 and the similar graphs for R=3,
there is not a considerable duration effect on the maxi-
mum displacement of structures, even for high stability
indices.

Since for some of earthquake records and some of the
designed structures, the maximum displacements are very
large and exceed the displacement capacity of structure,
these cases were considered as collapsed systems. In this
study, when maximum displacement for the nonlinear
system exceeds 1.5 times the linear displacement, the
structure considers to be collapsed and its data was omit-
ted in calculating 6 and bias and dispersion.

Figures 5 and 6 show the frequency of collapses for dif-
ferent periods and stability indices. It can be seen that the
frequency of collapses for structures subjected to long-
duration ground motions have been almost always about
2 times that of short-duration ground motions.

In addition, increasing R factor and stability index in-
creases the collapse frequency, while increasing the pe-
riod of the structure usually reduces the number of col-
lapses.
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Figure 5. Collapse percentage of structures subjected to
long and short duration ground motions for different peri-
ods
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Figure 6. Collapse percentage of structures subjected to
long and short duration ground motions for different sta-
bility indices

4. Conclusion

The analysis results indicates that in tolerable range of
displacements, no correlation was found between strong
motion duration and maximum displacement, even for high
stability indices. However, when displacement exceeds
the displacement capacity and the structure is collapsed,
the number of collapses for long-duration ground motions
is about twice the short-duration ones.
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