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h were observed for the Fe3O4-APTES membrane. The
values of total, reversible and irreversible fouling for
the bare PES were 54.0, 12.6, and 41.4% respectively.
Whereas these values for the Fe3O4-0.50 were 31.9, 12.8,
and 19.1% respectively, and 26.8, 10.3, and 16.5% for the
Fe3O4-APTES, showed higher fouling resistance of the
Fe3O4 and Fe3O4-APTES modi�ed membranes due to
the more hydrophilic surface. Flux recovery ratio (FRR)
was measured as the most important fouling factor. The
value of FRR was increased from 58.6% for the bare

PES to 80.9 and 83.5% for the Fe3O4-0.50 and Fe3O4-
APTES, respectively. Dye rejection performance for all
prepared membranes was near total removal (more than
95%). The maximum and the minimum removal e�-
ciency were observed for Fe3O4-APTES (99.5%) and
bare PES (95.4%), respectively. the results introduced
Fe3O4 and Fe3O4-APTES nanoparticles as an excellent
membrane modi�er for wastewater treatment objectives.
Key Words: Nano�ltration, Fe3O4 nanoparticles,
APTES, polyethersulfone, dye removal.
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Abstract
Owing to the fact that the world's population and their
need for water are becoming increasingly larger, the con-
struction of structures like dams and levees to pro�t
from water sources and, also, the prevention of possi-
ble disasters, are inevitable. Moreover, embankments
are more economical and have been immensely under
consideration by the expert communities. Internal ero-
sion plays a major role in the failure of embankments.
Due to internal erosion of an earth dam water that seeps
through the dam, soil particles are carried away from
the embankment, foundation, or abutments of the dam.
Internal erosion may be a result of inadequate com-
paction during construction, di�erential settlement, des-
iccation, earthquakes, burrowing animals, and/or vege-
tation roots. The erodibility of the material in the in-
ternal erosion 
ow path and hydraulic stresses are the
most important factors in determining the degree of ero-
sion. The challenge in predicting failure due to internal
erosion characterizes the material properties relevant to
the rate of failure. To prohibit this natural phenomenon,
the addion of chemical additives and grouting is highly
suggested. In the present study nanoclay devoid of any
environmental detrimental e�ects was utilized. Erodibil-
ity of samples contained naoclay with 0, 1 and 1.5 weight
percent of dry soil and curing time of 0, 7, 14, 28 days
went under investigation through image processing. Fur-
thermore, to make a contrast between the modern and
typical additives, another sample containing bentonite
clay with 5 weight percent of dry soil was used. The re-
sults illustrated that the specimen containing 1 weight
percent of nanoclay with a curing time of 14 days pos-
sessed the strongest resistance. Curing time of 14 days
diminished erodibility in all the specimens; however, the
allocation of more curing time had no bene�cial e�ect.
In addition, the sample containing 5 wt. % bentonite
clay could decrease erodibility to a 10-fold extent, com-
pared to the sample containing 1wt. % nanoclay.

Key Words: Curing time, image processing, internal
erosion, nanoclay.
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Abstract
In the present study, a mixed matrix nano�ltration mem-
brane was prepared by blending magnetic Fe3O4 and
amino-functionalized Fe3O4 (Fe3O4-APTES) nanopar-
ticles into polyethersulfone (PES) matrix. To achieve
this purpose, Fe3O4 and Fe3O4-APTES nanoparticles
were introduced into PES matrix using phase inversion
technique. Scanning electron microscopy (SEM), water
contact angle and overall porosity technique were used
to investigate the e�ect of Fe3O4 and Fe3O4-APTES
nanoparticles on membrane morphology and hydrophilic-
ity. The e�ect of Fe3O4 and Fe3O4-APTES nanopar-
ticles on membrane performance was studied in terms
of pure water 
ux, antifouling properties. Nano�ltra-
tion performance of the membranes was examined us-
ing reactive green 19 (RG19) separation. The Fe3O4
and Fe3O4-APTES modi�ed membranes showed an in-
creased hydrophilicity, porosity, permeability, and dye
rejection e�ciency and also improved antifouling prop-
erties, compared to the bare PES. Water contact angle
result demonstrated a decreasing trend with addition
of Fe3O4 and Fe3O4-APTES content, showed the ef-
fect of hydrophilic nanoparticles on membrane surface
hydrophilicity. Membrane porosity was increased from
63.3% for the bare PES to 73.3% and 78.0% for the
Fe3O4-0.50 and Fe3O4-APTES respectively, due to the
presence of nanoparticles. Pure water 
ux was increased
from 36.1 to 80.4 (L=m2 h) by increasing the Fe3O4
nanoparticle content from 0.00 to 0.50 wt.% and then
increased to 92.9 (L=m2 h) by addition of the Fe3O4-
APTES nanoparticle. Fouling resistance of the prepared
membranes was investigated with �ltration of a 250 mg/L
bovine serum albumin (BSA) solution. All modi�ed
membranes showed improved antifouling properties com-
pared to the bare PES. The best antifouling properties
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h study of the behavior of the lateral resisting systems
under blast loading conditions is essential. In order to
achieve the aforementioned goal, 20 seismically designed
steel frames with a number of stories of 3, 6, 9, 12, and
15 and di�erent widths were modeled and analyzed un-
der four explosive scenarios in OpenSees software (non-
linear dynamic analysis). The response of stories drift
and acceleration, as well as the ductility ratio of the
steel plate shear wall, were studied. The results of the
study showed that tall buildings with steel plate shear
wall system had behaviors far better than short build-
ings. The dominant behavioral modes of tall, medium
height, and short buildings are 
exural, combined shear
and 
exure, and shear modes, respectively. It is also
observed that, in medium- and high-rise structures, the
maximum horizontal acceleration of roof occurs in free
vibration, while, in low-rise structures, this amount is
experienced during loading. In addition, for all struc-
tures, the maximum horizontal displacement of the roof
occurs in free vibration so that, with the increasing num-
ber of stories, this amount occurs later. In the other
part of the study, it was shown that, in the same way, as
we know for SDOF systems, in MDOF structures, the
usual damping in systems with no control device is not
signi�cantly a�ected by the structure response to the
explosion.

Key Words: Steel plate shear wall, blast loading, non-
linear analysis, �nite element method.
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Abstract
In this study, the behavior of the 
oating stone col-
umn in clay bed was evaluated using a scale small-axial
loading tests and the replacement of recycled materials
with natural materials in the construction of the stone
column. Since the construction of stone columns re-
quires huge amounts of natural aggregates and limits on
the supply of aggregate environmental aspects such as
transportation-induced pollution, and the management
of construction and demolition wastes through waste
reuse and recycling would bring the use of recycled ma-
terials in stone columns to consider. According to this
study's �ndings, the use of a combination of recycled
aggregates might lead to the achievement of the goals;
however, future research studies are needed to investi-
gate other available and similar materials. For this pur-
pose, the individual stone columns were made of three
di�erent materials such as the crushed brick, the crushed
concrete, and the gravel aggregate. The material index
tests, such as aggregate crushing value and aggregate
impact value, were used to assess the quality of recycled
materials. Due to the fact that the surcharge pressure
is greater in the depth of the soil, the passive pressure
of the soil is mobilized and creates more con�nement.
Therefore, the sti�ness of materials in the 
oating stone
column alone is not an e�ective factor in increasing the
bearing capacity, and the bulge of the column at lower
depths plays an important role in the bearing capacity
of the columns. The results show that the recycled ma-
terials provide poor performance compared to natural
aggregates. However, the bearing capacity of the clay
bed reinforced using the 
oating column with crushed
materials is approximately 5 times the capacity of soft
bed without stone columns. Moreover, the results of the
loading test show that the made 
oating stone columns
provide suitable performance compared with the made
columns using the combination of several types of recy-
cled materials.

Key Words: Stone column, recycled material, crushed
brick and concrete, ground improvement.
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h0.7g, the response swing (mean plus minus two stan-
dard deviations) for a failure time of 145 minutes have
been calculated.The highest swing for the reinforcement
yield stress, concrete cover and concrete strength was
calculated 60, 53 and 40 minutes, respectively.

Key Words: Post-Earthquake �re, sensitivity analysis,
RC frame, random variable.
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Abstract
Dampers are a suitable choice to improve structural per-
formance and protect structures against lateral loads, in-
cluding seismic excitements. A steel slit damper (SSD)
is a damper that can be replaced after major earth-
quakes. After reviewing literature on the metallic yield-
ing dampers, this paper tried to identify the behaviors
of such dampers in order to �nd approaches that are
suitable for improvement and/or optimization of such
dampers by increasing the number of blade rows and
introducing a new geometric pattern. This study de-
signed, fabricated, and examined a total of seven labo-
ratory samples, including a solid damper without slit or
blade as the reference, three slit dampers with a single
blade row, as well as three slit dampers with two blade
rows, which were subjected to static cyclic loading in
laboratory. Results showed that a shift from bending to-
wards shear behaviors can increase energy dissipation by
the damper. In addition to the behavioral shift, the dis-
placement capacity of damper partially reduces. To pre-
vent the reduction of displacement capacity and achieve
higher level of performance, dampers should be designed
with two or more blade rows. The experimental obser-
vations showed that the sti�ness of dampers with two

blade rows is approximately twice the dampers with a
single blade row; in addition, their e�ective damping was
nearly 1.25 times higher. In addition to experimental re-
sults, di�erent parameters, such as force capacity, e�ec-
tive sti�ness, and dissipated energy, were calculated and
compared. Results showed that the force capacity, ef-
fective sti�ness, and absorbed energy were signi�cantly
better in dampers with two blade rows. In that, the
di�erence between these two dampers in terms of the
force capacity was 61.6%. Regarding the superiority of
dampers with two blade rows and observation results,
the optimal ratio of blade length to width (h/b) to pre-
vent buckling in the samples was estimated at 1.58.

Key Words: Yield damper, cyclic loading, bending be-
havior, shear behavior, dissipated energy.
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Abstract
During recent years, the occurrence of terrorist attacks
and explosive events has increased the need to investi-
gate the response of structures under blast loading. Due
to the nature of blast loading, a lateral resisting sys-
tem must damp energy to behave properly against blast
loading. Steel plate shear wall system, which features
a high level of sti�ness, 
exibility, and energy absorp-
tion, can be used as a means of the lateral resisting
system against blast loading. In order to gain a bet-
ter understanding of responses of the buildings and lat-
eral resisting systems with di�erent characteristics, the
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Abstract
Land subsidence due to groundwater over-exploitation
is a man-made hazard, and identifying those areas vul-
nerable to subsidence is of undeniable signi�cance. The
present study applies the ALPRIFT method to assess
the vulnerability of land subsidence in the Marand plain
located in East Azerbaijan province in Iran, which has
been at the risk of subsidence in recent years. In the
framework of this method that has been developed re-
cently, seven incorporated data layers comprise aquifer
media, land use, groundwater pumping, net recharge,
aquifer thickness, distance from fault, and water table
decline. The data layers were prepared by GIS process-
ing, and the prescribed rates were assigned to the data
layers. Then, the data layers were prioritized based on
the recommended weights, and the vulnerability map of
the region was delineated. In this paper, with respect
to the signi�cance of water table decline, two strategies
were used in the process of preparing this data layer.
In the �rst strategy, the di�erence in water levels was
used in the �rst and the last months of a speci�c year.
Based on this strategy, the decline of water table was
prepared during 2011-2018. In the second strategy, the
trend or slope of water table decline during the same pe-
riod was used to prepare this data layer. The goodness-
of-�t for the vulnerability map and InSAR processing
were evaluated by ROC curve. The comparison of the
results showed that the estimation of subsidence vulner-
ability by the �rst strategy varied for di�erent years;
however, the second strategy provided the vulnerability
to subsidence regardless of seasonal and temporal 
uctu-
ations. Moreover, the result revealed that the southeast
and southwest parts of the plain, the Marand city and
the Yamchi and Kushksaray residential areas were lo-
cated in the vulnerable area to subsidence. Moreover,
the average subsidence in this plain is 2 cm based on
the results of InSAR processing during 2017-2018. The
results of this research can be utilized in the planning
and management of groundwater abstraction to control
subsidence.

Key Words: Land subsidence, vulnerability, InSAR,
water table decline, marand plain.
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Abstract
Several loads over the lifetime of buildings threaten the
safety of structures. Earthquake, �re, explosion and ...
hazards that jeopardize the safety of the structure.Post-
earthquake �re (PEF) is one of the rare occurrences with
high consequences.Resistance time of structures against
�re in damaged structures caused by earthquake can be
di�erent from intact structures.In this research, the im-
portance of designing and loading parameters on the
resisting of reinforced concrete frames under post-
earthquake �re loads has been investigated.For this pur-
pose, the sensitivity of the parameters was investigated
using the FOSM sensitivity analysis method based on
random variables.The time of the �rst failure in the re-
inforced concrete frame is considered as the reinforce-
ment frame resisting against the PEF load.The thermal
load provided by ISO 834 is considered to thermal load-
ing.The results show that, among the design parameters,
the reinforcement yielding stresses are the most impor-
tant parameter in the resistance of the reinforced con-
crete frame.Concreteresistance and dead load is also one
of the most sensitive random variables.The modulus of
the elasticity of the armature and the length of the span
(if the armature cover is ignored) will produce the least
sensitivity for the failure time.In the further analysis of
PEF for ten earthquake records, the sensitivity of the
failure time to seismic loads is investigated.The results
show that seismic load in concrete frames (unlike steel
frame) is the most sensitive to failure time.Among the
loading parameters, the intensity of seismic load is most
important in the resistance of reinforced concrete frames
in post-earthquake �res loading.For example, in Sa =
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hskeleton void ratio, the microscopic changes of particles
are discussed. Skeleton void ratios are used to describe
the idealized packing conditions of the dominant particle
fraction. For soils with distinct coarse and �ne particles,
the skeleton void ratio is de�ned as the volumetric ra-
tio between the voids formed by the soil skeleton and
the volume of particles that make up the skeleton. Us-
ing the G=Go � 
 curve, variations of threshold shear
strain, 
th are also investigated. The results show that
decreasing relative density and mean e�ective stress in-
crease the sti�ness degradation and damping ratio in the
granular soil. The amount of 
th has also increased with
increasing mean e�ective stress and relative density in
all subgroups of the soil. In addition, the results pre-
sented on the basis of the skeleton void ratio indicate
that the dynamic properties of the mixed granular soil
can be evaluated using the skeleton void ratio. The dy-
namic properties of gravelly soils depend on the gravel
skeleton void ratio (egk), which is a more representative
parameter for the soil packing condition than the global
void ratio and the dynamic behaviour of sand-like grav-
elly soils can be estimated from the sand skeleton void
ratio (esk).

Key Words: Dynamic properties, shear modulus, damp-
ing, skeletal void ratio, sand.
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Abstract
By 2070, approximately 140 million of the world's popu-
lation will have resided in coastal areas and in the vicin-
ity of rivers and, thus, economist forecast that around
30000 million euro of assets could be dependent on 
ood
protection. A large part of these 
ood protection sys-
tems is old and need replacement and / or adjusted to

match safety standards. It requires a signi�cant invest-
ment in addition to an increase in population pressure
in coastal areas. Eembankment structures are built of
erodible (earthen) and/or non-erodible (Concrete) mate-
rial by humans or formed naturally. These are used as in
the 
ood protection system and water storage for drink-
ing and irrigation, energy production, and recreation
purposes. Due to various reasons, such as overtopping,
seepage, internal erosion and piping, and slope instabil-
ity earthen embankments may fail. However, more than
34% dam, 35% earth dams throughout the world, and
30% dam failure in USA during the last 80 years are con-
sider due to overtopping. More than 60% of human casu-
alties resulted from the failure of dams due to the failure
of the three large dams (Vajont dam (Italy), John Storm
dam (USA) and Mucho dam (India) due to overtopping

ow. Heavy rainfall and consequent dramatic increase
in water level, or wave attack caused by hurricane and
earthquake are regarded as the primary factors in cre-
ating overtopping 
ow. Inadequate free height, limited
capacity of weirs, and inaccurate prediction of the most
likely 
ood are among the most well-known human fac-
tors. Laboratory experiments are carried on overtopping
of embankments consisting of silty sand constructed with
di�erent levels of compaction. Digital image processing
was employed to investigate the surface variation in em-
bankment due to overtopping erosion with time. The
results show that a direct relationship exists between
the relative density of soil and erosion duration. It is
also an inverse relationship between density and rate of
erosion. On other hand, relative compaction has a key
role in headcut erosion and is clearly evident that in the
rate of erosion.

Key Words: Overtopping, compaction, image process-
ing, headcut erosion.
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Abstract
In this research, the seismic performance of a linked col-
umn system is evaluated as a secondary lateral resisting
system. The linked column is a new idea of the lateral
resisting system that can be used in seismic rehabilita-
tion of existing buildings and increases the lateral load-
carrying capacity of buildings against the earthquake
load. Moreover, this research used the linked column
system for the seismic rehabilitation of existing build-
ings, which do not have adequate lateral load resisting
capacity. For this purpose, several models are designed
in 3, 6 and 9 stories with 40, 60, and 80 percents of the
required lateral load resisting capacity in a special con-
centrically braced frame and special moment-resisting
frame systems. Then, the linked column as a secondary
lateral resisting system was added to the �rst models
for supplying the required lateral load-carrying capac-
ity. After the evaluation of rehabilitated models with
nonlinear static pushover analysis, the results show that
the increased capacity of models using the linked col-
umn system is possible, and rehabilitated models have
adequate capacity for lateral loads. In the next part,
the capacity of structural stability and collapse mech-
anism of rehabilitated models have been evaluated by
using nonlinear dynamic time history analysis under the
14 ground motion records that scaled to the base de-
sign earthquake. The coming results are indicated based
on the maximum inter-story drift of models. Based on
these results, the mean value of maximum inter-story
drift for all models is below 2 percent, and rehabilitated
models have the capability of structural stability against
the earthquake records. The plastic hinges spreading
and beginning (collapse mechanism) in nonlinear analy-
sis show that the secondary linked column system has a
good interaction with the �rst system of models. Based
on these results, linked column system has the capability
to provide an increase in the lateral load-carrying capac-
ity of buildings in an optimum design with high energy
absorption and dissipation, while low space occupancy
is considered and also without requirement of changing

or retro�tting structural members. Thus, the linked col-
umn system is presented as a convenient choice for the
existing buildings seismic rehabilitation.

Key Words: Linked column, fast and simple rehabili-
tation of existing buildings, lateral resisting systems, shear
links.
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Abstract
The shear modulus (Go), the shear modulus versus shear
strain (G=Go�
) and damping ratio versus shear strain
(D�
), are important parameters for the design of struc-
tures subjected to dynamic loading and can be obtained
by in situ and laboratory measurements. Advanced lab-
oratory testing techniques such as bender element (BE),
resonant column (RC) and cyclic triaxial (CT) testing
have been developed to study the dynamic properties
of soil. Despite extensive studies on the dynamic prop-
erties of granular soil, previous research has lacked a
quantitative study of the e�ects of mean e�ective stress,
relative density and gravel content on the dynamic prop-
erties from the point of view of equivalent skeleton void
ratio. The results from a laboratory experimental study
on granular soil are presented. In the current study,
G=Go�
 and D�
 curves of sand-gravel mixtures have
been evaluated using a triaxial cyclic apparatus along
with local axial strain measurement and also a resonant
column apparatus. The e�ects of mean e�ective stress,
relative density and gravel content on G=Go � 
 and
D�
 curves have been investigated. Also, using the soil
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Abstract
The growth and maturity of project-oriented organiza-
tions depends on the success of the projects, and the
success of the projects depends on the resource produc-
tivity. Productivity is a dynamic variable and varies
in accordance with project conditions and management
decisions throughout the project. This paper examines
the factors a�ecting productivity at the project level.
Factors a�ecting productivity and complex relationships
were identi�ed with �eld studies and library research
and, then, modeled using dynamic systems. After cre-
ating the model structure, the factors a�ecting produc-
tivity at the project level were grouped and analyzed
in �ve general categories including project management
productivity, work safety policies, human resources man-
agement policies, motivational policies, and quality poli-
cies. The evaluation of the results showed that project
management had the greatest role in increasing produc-
tivity in project-oriented organizations.

Key Words: Productivity, dynamic system, human
resources, project-oriented organizations, construction
projects.
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Abstract
Fracture mechanics is a vast and growing open research
�eld of sciences which concerned with the study of crack
propagation. Sti�ness matrix is an inherent feature of
a numerical method. Its condition has a great in
uence
on numerical calculation and the stability of the solu-
tion. Since the application of numerical methods such
as the standard �nite element method, the extended �-
nite element method and the isogeometric analysis ap-
proach in the problems of fracture mechanics has been
approved, in this contribution, a theoretical comparison
between sti�ness matrices is conducted. For this pur-
pose, three computer codes are prepared to make a com-
parison on the sti�ness matrix geometry and mathemat-
ical properties such as matrix sparsity, sti�ness index,
bandwidth, number of independent rows and columns,
zero and non-zero elements, symmetric/ nonsymmetric
and hermitian/ nonhermitian. The 8-node singular el-
ement is used in the framework of the �nite element
method. And in the case of extended �nite element, the
principles of enrichment of the interpolation functions
of �nite element and the application of the partition
of unity method is considered. Also in the isogeomet-
ric analysis approach repetition of two di�erent control
points between two patches can create a discontinuity
and also demonstrates a singularity in the sti�ness ma-
trix. In addition, the NURBS of order 3 are utilized
as the basis functions to approximate the geometry and
the solution. By comparing the stress distribution, the
accuracy of the calculations and the smoothness of the
results are investigated. It is found that, sti�ness ma-
trix obtained from the isogeometric analysis method is
non-diagonal in the fracture problems. Extended �nite
element sti�ness matrix in comparison with the other
methods possess a better numerical conditions.

Key Words: Sti�ness matrix, �nite element method,
extended �nite element method, isogeometric analysis, par-
tition of unity.
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h result of that, the slenderness e�ect may prevent the
column to achieve its maximum load-carrying capacity.
In this study, six concrete specimens in the height of
900 mm under eccentric loading with 60 mm eccentricity
were tested. Half of the specimens were with a circular
cross-section and half with a square cross-section. All
the specimens are retro�tted with FRP composites in
the longitudinal direction using externally bonded rein-
forcement (EBR) and externally bonded reinforcement
on grooves (EBROG) method. Results show that for
the columns strengthened via the EBROG method, the
load-carrying capacity is more than that of reference and
EBR columns. Furthermore, the EBROG method de-
creases secondary e�ects and increases ductility in slen-
der columns compared with reference and EBR columns.

Key Words: Circular RC column, square RC column,
slenderness, retro�tting, FRP composites, secondary ef-
fects, grooving method (GM).
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Abstract
One of the main goals of any construction is to provide a
project within the budget range. However, most of the
construction projects cost more than predicted. Cost
overrun is a worldwide problem, but it has become a
major challenge in developing countries. The purpose

of this research is to identify the most important struc-
tures related to cost overrun in construction projects in
Iran using the hybrid method of Systems Dynamic and
DEMATEL. For this purpose, 55 factors a�ecting cost
overruns in construction projects were identi�ed through
a literature review and classi�ed into 6 groups. From
the 55 identi�ed factors, more important factors were
selected based on the frequency and experts' opinion.
Then, using the System Dynamic method, the Causal
Loop Diagram of factors a�ecting the cost overrun and
the interrelations of these factors are built in the project
work process in the form of four subsystems including
labors, materials, equipment, and overhead. The result-
ing causal loop diagram obtained from SD were used
subsequently for identifying the most signi�cant factors
in
uencing and in
uenced by cost overrun through the
Decision Making Trial and Evaluation Laboratory (DE-
MATEL) method. The ranking of the factors was de-
termined by the amount of a�ecting degrees. Factors
and subsystems were also divided into cause and e�ect
groups. The results of this study indicate that lack of
cash 
ow, lack of technical and specialized personnel,
and the reworks are the most a�ecting factors on the cost
overrun in construction projects. Also, the duration of
the project, cash 
ow, and e�ciency of the employees,
respectively, are the most a�ected factors by the cost
overrun in construction projects. Also, according to the
model presented in this study, the factors in the labor
subsystem with 36.3%, overhead with 24.4%, materials
with 21.7%, and the equipment with 17.6%, respectively,
have the most e�ect on the cost overrun. Finally, the
most important loops related to cost overrun has been
identi�ed.

Key Words: System dynamics, causal loop diagram,
DEMATEL, cost overrun, cost management.
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Abstract
The application of FRP composites is one of the most
prevalent methods for retro�tting concrete structures.
Strengthening of columns as a major member of struc-
tures undergoing concentric or eccentric loads is of con-
siderable importance. The column under eccentric load-
ing experiences lateral de
ection at any particular col-
umn height, which is de�ned as an eccentricity for the
axial load at both ends of the column. The lateral de
ec-
tion would lead to the secondary moment, whose combi-
nation with the primary moment will produce more sig-
ni�cant e�ects. Although concrete columns are mostly
under eccentric loading in practical use and are vul-
nerable to instability caused by the slenderness e�ect,
limited experimental studies have been conducted on
the behavior of slender concrete columns strengthened
with FRP composites in comparison with strengthened
short columns. Previous studies state that the strength
of columns increases with retro�tting with FRP; how-
ever, the strengthening e�ect of FRP on the column
under axial-bending (P-M) loading would be reduced
with an increase in slenderness. In other words, the
capacity of FRP is not achieved completely since the
column is vulnerable to instability and buckling. As a
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