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h series of triaxial experiments in the undrained state was
used. In the lowest con�ning pressure case, the load-
bearing capacity for the geotextile reinforced column will
be 1.18 times higher. Whereas for the geogrid-reinforced
stone column, the load-bearing capacity is 1.31 times
higher. In this study, standard Ottawa sand, gravel with
a unit weight of 17 kN=m3 and a friction angle of 47,48�,
geotextile and geogrid layers, and triaxial test appara-
tus are used. Triaxial specimens were 10 cm in diam-
eter and 20 cm in height. Stone column dimensions of
2 cm in diameter and 20 cm in height are selected, re-
spectively. Due to the limitations in the laboratory and
the simulation of natural conditions, the unit weight of
sand samples and stone columns made in triaxial test
molds were selected as 15 and 17 kN/m3, respectively.
Precipitation is used to fabricate cylindrical sand sam-
ples for triaxial testing. In this method, �rstly attach
the membrane to the underside of the triaxial apparatus
and fasten the detachable bifurcation mold to the mem-
brane and attach the membrane to the detachable mold

walls by suction pumping about 2 bars. The aim is to
create a homogeneous sample with uniform rainfall ve-
locity to obtain a sample with evenly possible porosity.
The method of precipitation depends on two parameters,
one is the intensity of rainfall (amount of sand poured in
a given volume at a speci�ed time), and the other is the
height of the sand fall, which is the distance between the
sand outlet from the precipitation tank to the sand bed.
The important point is that to achieve the same poros-
ity, and this distance must be kept constant throughout
the precipitation process. After construction, the test is
performed according to ASTM D7181-11. Triaxial CU
experiments on Ottawa sand were carried out in three
cases: unreinforced, reinforced using geotextile encased
stone column and reinforced using geogrid encased stone
column. In triaxial experiments, three con�ning pres-
sures of 200, 300, and 400 kPa were used.

Key Words: Ottawa sand, stone column, geosynthetic
encasement, Triaxial test.
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hduction increases. In addition, the ow and pressure
lines also become almost horizontal.

Key Words: Tsunami, water tank, wave, numerical
simulation.
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Abstract
In this study, the removal and degradation of organic
pollutants from real oil re�nery e�uent was investi-
gated using a synthesized TiO2/Ag photocatalyst �xed
on lightweight concrete plates. Petroleum compounds
are a set of hydrocarbons some of which are stable,
long-term decomposing, poisonous and even carcinogen
for human. One of the attractive wastewater treatment
techniques is photocatalytic puri�cation and this process
has the potential to mineralize all organic and inorganic
compounds found in petroleum impregnated processes
and convert them into biodegradable and biodegradable
compounds. Characterization of synthetic photocata-
lysts was done using X-Ray Di�raction (XRD) Fourier
Transform Infrared Spectroscopy (FT-IR) techniques,
Scanning Electron Microscopy (SEM) with EDX anal-
ysis, and Nitrogen Adsorption and Desorption (BET).
The photocatalytic pilot consisted of three20 � 20 �
5cm lightweight concrete plates coated the nanoparticles
on the concrete surface and powered by 36-watt UVA
lamps. SEM experiment results showed relatively uni-
form TiO2/Ag coating on lightweight concrete surface.
The synthesized photocatalyst XRD pattern showed the
successful synthesis of Ag crystals in the nanocomposite
structure. BET results showed that when TiO2/Ag was
synthesized, the cavities became mesoporous. Investiga-

tion of the e�ect of pH on the system e�ciency in the
range of 3 to 12 showed that at pH 4.5, the removal
e�ciency reached its highest level. The e�ect of mass
loading of TiO2/Ag nanoparticles on the concrete plates
showed that the highest removal e�ciency in mass load-
ing was 15 gr=m2. To study the rate of COD removal
under sun light, the reactor was transferred to the yard
in Kharazmi University in Tehran. To obtain results,
the experiment was performed three times in both states
of using TiO2 and TiO2/Ag under optimum conditions.
The rate of COD removal under sunlight for 8 hours and
the use of UV-A lamps for TiO2/Ag photocatalysts were
51.8% and 76.3%, respectively. The results showed that
the synthetic photocatalyst was capable of treating real
wastewater using UV rays.

Key Words: Nano-photocatalyst, TiO2/Ag, petroleum
re�nery wastewater, photocatalyst treatment.
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Abstract
The use of stone columns is one of the e�ective ways
to increase the bearing capacity of soils. An alternative
system that can provide su�cient lateral con�nement
to support stone columns and increase bearing capac-
ity is geosynthetic encased stone columns. These meth-
ods have been well utilized in Europe and South Amer-
ica. If the soil bed requires excessive con�nement, the
use of geotextile and geogrid encase around the stone
columns is one way to improve the performance of these
load-bearing members. This study aims to compare the
behavior of geotextile and geogrid layers in reinforcing
stone columns in standard Ottawa sand. In this study, a
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Abstract
According to the basic theorems of plastic analysis of
structures, increasing the strength or sti�ness of a part
of the structure does not weaken it under a speci�c static
load. This result is widely used to simplify the model-
ing and design of structures, but these theorems have
not been proven under dynamic loading like earthquake
excitations. This study applies the results of the safe
theorem numerically in a two-dimensional steel moment-
frame structure with �ve stories under nonlinear dy-
namic analysis with 29 di�erent earthquake ground mo-
tion records. Under transient dynamic loading condi-
tions, because the mechanism or collapse does not occur
in the structure, the safety of the structure is investi-
gated by maximum rotational deformation of the mem-
bers. By changing the characteristics such as local sti�-
ness and strength of the members in the range of 0.8
to 1.5 times the initial value, the maximum deformation
demand of the members has been compared. The re-
sults of the dynamic analysis show that upon increasing
strength, in most cases, the demand for ductility de-
creases and with increasing sti�ness, in almost all cases,
the ductility demand increases. The results of nonlinear
static analysis are compared with the nonlinear dynamic
analysis in cases where increasing sti�ness has increased
the ductility demand. From this comparison, it can be
concluded that upon increasing the sti�ness of the mem-
bers locally, the demand for ductility in the dynamic
analysis is less than its corresponding value in static
analysis. As a result, it can be said that by increasing
the sti�ness of the structure, observing the limitations
of the codes for the ductility capacity of members and
connections leads to the safety of the structure. Gener-
ally, it is concluded that the safety of the structure is
not compromised by minor increase in the strength and
minor increase in sti�ness of some members of the struc-
ture under dynamic loading if regular limitations of the
codes for the ductility capacity have been observed.

Key Words: Safe theorem, nonlinear dynamic analysis,
resistance, sti�ness, ductility demand.
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Abstract
Tsunamis occur every year in di�erent seas and oceans
around the world. These waves propagate at high speeds
in various directions and, if they reach the shore, cause
irreparable damage to these areas and their structures
and facilities. Therefore, understanding this complex
phenomenon and predicting its behavior can reduce the
damages. In the present study, numerical simulation
studies of the tsunami phenomenon were carried out.
The purpose of the study was to predict the tsunami
wave characteristics when reaching the coastal area. The
use of numerical simulation greatly reduces the cost of
laboratory work and can also be used for complex geome-
tries and models. The tsunami waves were considered
as viscous uid by Navier-Stokes equations for shallow
water as governing equations with uid volume fraction-
ation method for simulating water surface in software.
Wave generation was created by simulating a tank that
uctuates once to its left wall and once to its bottom.
This work was carried out by Fluent software. In the
following, the inuence of shaking side wall angles on
the generated waves is investigated. The simulation re-
sults show a signi�cant increase in wave height due to
the oscillating wall angle. The e�ects of the oscillating
bottom wall have also been studied. In this thesis, the
method of producing and propagating tsunami waves is
described and the equations are de�ned. Also, since the
most important issue in dealing with this phenomenon is
their control, a method for controlling tsunami waves is
presented in this thesis. Finally, a multi-phase method
is used to simulate the movement of waves in a tank
with a tremor wall. Finally, the obtained results have
been compared to the analytical results by Green equa-
tion method and there are good agreements between
them. The results showed that there is no change in
wave height at distant points and with the oblique wall
obliquity being increased by 30 degrees, the wave pro-
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hheterogeneity between people in accepting this technol-
ogy. For this purpose, �rst, using the UTAUT, the latent
factors a�ecting acceptance have been identi�ed and in
the next step, considering the socio-economic variables,
heterogeneity has been investigated. To evaluate the
conceptual model, 641 stated preference (SP) surveys
were distributed to the residents of 22 districts of Tehran
in 2019. The results of model calibration indicate the
positive and signi�cant e�ect of all latent variables (per-
formance expectancy (PE), e�ort expectancy (EE) and
social inuence (SI)) on acceptance. Also, gender and
the postgraduate education moderate the coe�cients of
EE and SI, age over 65 years and possessing a driving
certi�cate moderate the coe�cients of PE and EE. The
results of this study can be used by transportation au-
thorities to identify the incentives and inhibiting factors
concerning the acceptance of AVs.

Key Words: Autonomous vehicles, heterogeneity be-
tween people, uni�ed theory of acceptance and use of tech-
nology, moderator variables, structural equation modeling.
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Abstract
In this paper, post-earthquake �re (PEF) modeling in
3- and 9- story structures of moment steel frame is dis-
cussed. In this modeling, di�erent levels of ground mo-
tion intensity and several time intervals for extinguishing

the �re during PEF are considered. The structures are
modeled using OpenSees software and tested to the per-
formance level of life safety. First, the structures are
subjected to a scale of earthquake accelerograph, then,
assuming 60 seconds of free vibration until the struc-
ture is damped, the thermal load is applied as a 9-point
thermal gradient to the beams and columns exposed to
heat in this software. These structures were examined in
di�erent durations of post-earthquake �re based on the
ISO 834 standard �re curve and �re scenarios in 3-story
structure are considered as �re in 2 lower oors and 2
upper oors and in 9-story structure as �re in 3 lower
and 3 upper oors. Having a maximum drift of the oors
under PEF and the maximum allowable drift for the life
safety level of the moment steel frame, which is 0.025
(according to FEMA356 Standard), Sa(T1) a scale of
accelerograph that the structure under earthquake alone
will reach the maximum values of drift under PEF can
be calculated. According to the direct relationship be-
tween the base shear and the pseudo-acceleration spec-
trum component at the time of period of the �rst mode of
the structure Sa (T1) the base shear of the structure can
be modi�ed. The results of the study show that these
structures are more sensitive to general �re scenarios in
the lower oors and the maximum relative displacement
between the oors increases under these scenarios. Also,
in the 3- and 9-story structures, according to the �re sce-
narios considered, the resistance of the structure to the
level of life safety can be increased by 160 seconds by in-
creasing the base shear by 4.4% and 8.3%, respectively.
As a result, according to the time required to extinguish
the post-earthquake �re, the structure can be designed
by modifying the base shear for the performance level of
�re safety under PEF.

Key Words: Post-earthquake �re, heat transfer, ther-
mal analysis, performance-based design.
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Abstract
Irregular withdrawals from water resources, unprinci-
pled agriculture at the upstream of Shadegan wetland,
and the drainage of agricultural drains and municipal
e�uents have severely reduced the quality of water en-
tering the wetland. Also, the construction of the Marun
and Jarreh dams on the rivers supplying the wetland
demand has led to severe hydrological changes in the
river and eventually, its environmental demands have
not been met in some years. Common water resources
operation methods focus on maximizing socio-economic
bene�ts and pay little attention to meeting ecosystem
demands. The aim of this paper is to investigate the
performance of meta-exploratory algorithms in planning
and proper allocation management to resource and uses
at the upstream of Shadegan Wetland and the deter-
mination of the ecosystem demand of the downstream
so that in addition to maximizing the percentage of the
basin demand supply during the operation period, this
algorithm attempts to reduce the salinity of the inow to
Shadegan Wetland. Due to the importance of the wet-
land as a seasonal habitat for birds and also one of the
important tourist attractions and the importance of pro-
tecting its ecosystem, the development of a quantitative-
qualitative optimization model for optimal use of avail-
able water resources is the purpose of this study. Ini-
tially, based on current conditions, the prepared model
entitled "reference scenario" is developed for a future
30-year period (2021 to 2050). To achieve the best sys-
tem response in terms of qualitative and quantitative
criteria, the e�ciencies of the MOICA and MOPSO al-
gorithms as the optimal scenario are compared. The
results indicate that the MOICA algorithm has a better
performance in supplying various demands as well as de-
creasing the salinity of the inow to Shadegan Wetland
more than the MOPSO. With the implementation of the
optimal solution obtained by the MOICA, in addition
to supplying demands with high reliability in the whole
system, the amount of river salinity at the entrance to
Shadegan Wetland, especially in low water months, is
reduced by about 55%. The coupling model proposed in
this research is applicable for other study areas with a
quantitative-qualitative operation approach and is able

to calculate the environmental demands of the river as
well as the downstream ecosystem by taking into account
all uses.

Key Words: Multi-Objective optimization, MOICA,
MOPSO, ecosystem demand, shadegan wetland.
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Abstract
Autonomous vehicles (AVs) provide safe and e�cient
transportation without human intervention through their
sensors and communication technologies. The advent of
such vehicles will lead to an unprecedented revolution in
transportation. Higher acceptance rates justify invest-
ment in the infrastructure required for the expansion of
such technologies as well as their ultimate success since
eliminating economic and technical obstacles while ne-
glecting the human barrier of acceptance would be futile.
Most researchers have employed the Uni�ed Theory of
Acceptance and Use of Technology (UTAUT) to investi-
gate the latent variables a�ecting the acceptance of AVs.
Although the theory incorporates the majority of vari-
ables from eight technology acceptance models, it over-
looks several factors. Moreover, the majority of studies
on acceptance of AVs have been conducted in developed
countries. The purpose of this study is to investigate the
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hyielding stress of the bracing core, the ratio of cable pre-
stressing force to the cable yielding force, and the ratio
of cable to core area. For the yielding stress of the core
two values of 240 and 360 MPa, for the pre-stressing
ratio �ve values from 0.1 to 0.5, and for the area ra-
tio, seven values of 0, 0.25, 0.5, 1, 2.5, 5 and in�nity
were selected. So therefore, a total of 62 models of 9-
story structures with dual steel moment resisting frame
system equipped with self-centering buckling restrained
brace were constructed. The models were analyzed us-
ing OpenSEES �nite element software. Performing non-
linear analyses under cyclic loading, the hysteresis dia-
grams were obtained. The optimal design for these mod-
els was performed considering residual displacement and
energy absorption as two main parameters. Finally, the
performance of the optimized structure equipped with
self-centering buckling restrained brace was compared
with the structure equipped with ordinary buckling re-
strained brace. According to the results, the optimized
self-centering structure may reduce 60% of the residual
displacement while its energy absorption drops by only
37%. Generally, the results indicated the prominence of
the optimized self-centering structure.

Key Words: Self-centering system, steel, residual dis-
placement, energy absorption, buckling restrained brace.
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Abstract
Today, there is an increasing interest in use of seismic
isolation to protect the structures against earthquakes.
The most common type of seismic isolation is called base
isolation, in which the isolation layer is installed under
foundations to separate the structures from the ground

and reduce the earthquake forces. However, the use of
this type of seismic isolation faces some di�culties such
as construction in congested urban areas or construc-
tion of near sea structures. Furthermore, for seismic
retro�tting of existing buildings, the installation of the
isolation under foundations is di�cult or even impossi-
ble; so, it needs to be located on the middle oors of
the buildings. The method of isolation design is called
oor or middle story isolation. Despite the advantages
of seismic isolations, they have some limitations such as
instability in large deformations, residual displacement,
and the need for replacement after severe earthquakes.
The use of Shape Memory Alloys (SMA) regarding their
unique properties is considered as an appropriate solu-
tion to overcome the above problems. These smart ma-
terials show high strength and strain capacity, high re-
centering ability, and high resistance to corrosion and
to fatigue. The purpose of this study is to investigate
the e�ect of combination of middle story isolation uti-
lized by Natural Rubber Bearing (NRB) and iron-based
shape memory alloys in steel structures and to compare
the performance of such structures with and without the
presence of the shape memory alloy in the middle-story
isolation system. Then, a three-story steel structure has
been modeled and evaluated. For this purpose, a struc-
ture with oor isolation and iron-based shape memory
alloy was modeled in OpenSees computer program. The
structures were then subjected to seismic loading. The
results were presented in the form of story drift, oor
acceleration, oor shear forces, and base shear. The out-
come of this research showed that the use of these alloys
in the middle-story isolation reduced the overall base
shear and oor shear forces. The overall story drift, oor
acceleration and displacement are reduced; with the ex-
ception at the isolation level. Thus, utilizing the natural
rubber bearing isolator along with the iron-based shape
memory alloy can be considered as a desirable system
for the seismic protective design of buildings.

Key Words: Floor isolation, shape memory alloys, resid-
ual displacement, energy dissipation, seismic retro�t.
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Abstract
Traditional push-based planning systems often result in
several types of waste due to mainly improper distribu-
tion of resources. Waste may have several adverse e�ects
on a project, including the increases in cost, duration,
and emission. Thus, the practitioners and researchers
have provided various lean production tools such as pull
concept, implementation of supermarket concepts, and
standardization to reduce waste and to enhance the ex-
ecution process. Although researchers have attempted
to transfer some lean manufacturing principles to the
construction industry in the last two decades, the em-
ployment of some lean concepts (e.g., pull, standard-
ization) in the construction has been challenging. On
the other hand, employing a lean concept before the
construction phase can be bene�cial in identifying the
waste of execution process and subsequently reducing
time and cost the project. To evaluate the performance
of lean concept scenarios before the construction phase,
it seems necessary to employ a promising tool that can
anticipate the various aspects of the execution process
including resource utilization, time, cost, and process
waste. Many researchers demonstrated the capability of
Discrete Event Simulation (DES) to evaluate the imple-
mentation of optimal alternatives in the executive pro-
cess planning. The traditional concept of lean manufac-
turing is borrowed in the current study to identify some
sorts of wastes and existing bottlenecks over the execu-
tive steps of a construction process. However, due to dif-
�culties in applying lean manufacturing on construction
projects, this study proposes a simulation-based frame-
work to evaluate various types of waste in the current
situation before the commerce of the construction phase
to enhance the future state in the construction indus-
try. Such a hybrid framework integrating DES with lean

concepts has been rarely used in the current and future
planning phase of construction projects to evaluate the
existing plan. The proposed approach is applied suc-
cessfully to an actual construction case study in Tehran,
Iran.

Key Words: Discrete event simulation (DES), lean
construction, pull concepts, standardization, supermarket.
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Abstract
Conventional seismic resistant systems generally dissi-
pate earthquake energy through the plastic deformation
of structural elements. These systems withstand high
residual displacements increasing the cost of repair or
even necessitate reconstruction of the building. In recent
years, researchers have focused on self-centering lateral
load resisting systems due to earthquake energy absorp-
tion in replaceable elements and reduced residual dis-
placement. One of the recent types of these systems
is self-centering buckling restrained 2-story-X-brace sys-
tem. In this study, the hysteretic performance of a 9-
story structure with a dual steel moment resisting frame
system equipped with a self-centering buckling restrained
brace is investigated.
At �rst, the parameters a�ecting the performance of the
bracing were speci�ed. These parameters included the
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hgressive method is that for identi�cation of m modes
of a structure, at least m sensors are needed. Besides,
this method like other similar methods in this area such
as frequency domain decomposition and stochastic sub-
space identi�cation is appropriate for extraction of modal
parameters from stationary measured dynamic struc-
tural responses. To address these issues, in this study,
the Hilbert vibration decomposition method, which is
a simple method for time-varying vibration decompo-
sition based on the Hilbert transform, is adopted to
improve the performance of the autoregressive method
for extraction of frequencies and damping ratios of a
structure from stationary or non-stationary responses
recorded by a sensor. The e�ciency and performance
of the newly enhanced method are investigated through
two numerical examples and a veri�cation example. The
�rst numerical example deals with a single-degree-of-
freedom system subjected to a non-stationary force and
the second one presents a two-degree-of-freedom struc-
ture excited by a stationary force. Finally, by using
the proposed method, the frequencies and damping ra-
tios of a support tower of the segmental bridge via an
experimental test are obtained. The results indicated
that the proposed method adequately estimated the fre-
quencies and damping ratios of a structure from sta-
tionary and non-stationary responses recorded by only
one sensor. Moreover, it is found that this method
outperforms other relevant methods when dealing with
non-stationary responses. Consequently, the enhanced
method is strongly recommended for extraction of the
frequencies and damping ratios of the structures from
stationary or non-stationary responses, especially when
the dynamic response of the structure is non-stationary
and measured using only one sensor.

Key Words: Autoregressive method, hilbert vibration
decomposition, modal identi�cation, non-stationary re-
sponses.
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Abstract
One of the conventional methods for improving the per-
formance of transportation networks is building new
highways, which is not considered nowadays as an ef-
fective alternative especially for congested urban areas.
Using the intelligent transportation systems (ITS) for
tra�c control and congestion reduction, as a powerful al-
ternative, has attracted a lot of attention in the past two
decades. Advanced traveler information systems (ATIS)
are typical ITS applications which provide the travelers
and the tra�c control system operators with informa-
tion in order to enhance the safety and performance of
roadway facilities. The basic requirement of implement-
ing and applying such systems is the modeling of time-
varying tra�c ows over the network. Therefore, there
has been an extensive focus on developing the dynamic
tra�c assignment (DTA) models. The DTA models can
capture the dynamic characteristics of the tra�c ow by
predicting the pattern of time-varying ows, provided
that the time-varying travel demands are given. In this
paper, an analytical multi-class DTA model is proposed
which de�nes temporal path-link incidence and path-link
fraction variables to explain the relationship between the
link and path ows and travel times. This model ap-
plies the BPR performance function, while con�ning link
ows to the link capacities and considering link queuing
delays by employing link capacity constraints. Also, an
algorithm is developed which rapidly converges to the
optimal solution for large scale problems. In addition,
the algorithm uses dynamic penalty functions to deal
with the capacity constraints, whereby the queuing de-
lays for each link and each time interval can be easily cal-
culated. The suggested algorithm is applied to the DTA
test problem of Tehran network, showing that it is able
to e�ciently solve the problem. The application of the
algorithm for evaluating some multi-class ITS policies
in Tehran is also investigated. Finally, a comparison be-
tween the dynamic and static results reveals signi�cant
di�erences.

Key Words: Dynamic tra�c assignment, multi-class,
capacity constraint, intelligent transportation systems,
tehran network.
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Abstract
The new generation of design codes is established by
reliability-based calibration methods. The overall aims
of these methods are to achieve consistent levels of safety
or structural reliability under di�erent type of uncertain-
ties. According to these methods, the acceptable relia-
bility level of structures is obtained based on statistical
descriptions of loads and resistance and also considera-
tion of di�erent types of uncertainties such as the physi-
cal uncertainty, the statistical uncertainty and the model
uncertainty. In the last decades, based on reliability-
based calibration approaches, load and resistance fac-
tor design (LRFD) method has been developed for steel
buildings design. In this method desired level of safety
is obtained by a set of partial load and resistance factor.
The design load combinations for steel structures in Ira-
nian National Building Code (INBC), Part 6, are gener-
ally based on other codes such as ASCE/SEI 7-10 stan-
dard and National Building Code of Canada (for wind
load factors), while the e�ect of Iranian statistical data
for load and resistance has not been considered. In com-
parison to other loads, such as gravity loads, wind load
has a high degree of uncertainty and also it is completely
site dependent. Therefore it is important to estimate a
suitable statistical model for wind load and also investi-
gate the reliability level of structures subjected to wind
load combinations. This paper is a parametric study
to assessment the reliability level of wind load combina-
tions for steel beams based on INBC. For this purpose,
wind load statistical data are provided for whole of Iran

by the climatology data of wind speeds. Based on the
FOSM method explicit formulation for reliability index
of beams is calculated. The reliability indices for a range
of practical load ratios are obtained and compared to
the target reliability index. The results indicated that
reliability level of wind load combinations in INBC is
lower than target reliability index. One of the main rea-
sons for the low level of reliability index for wind load
combinations is related to underestimation of reference
speed. The results show that by considering the refer-
ence speeds based on statistical data, reliability index
approaches to target reliability index.

Key Words: Reliability analysis, iranian national build-
ing code, load combinations, wind load, statistical param-
eters.
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Abstract
In this paper, an enhanced method for extraction of
modal parameters (frequencies and damping ratios) of
a structure from stationary or non-stationary measure-
ment dynamic responses recorded by a sensor is pre-
sented. Surely, one of the simplest methods in area of
ambient modal identi�cation (operational modal analy-
sis) is autoregressive method. Major problem of autore-
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Abstract
Flood routing is one of the most complex problems inves-
tigated in hydrologic engineering and it can help design
engineers to recognize the impacts of riverine projects.
Among the di�erent ood routing methods, the Musk-
ingum model as the best hydrologic method of ood
routing is widely used with high accuracy in river ood
studies. In this paper, DragonFly Algorithm (DA) was
used to this end. The results of the DragonFly Algo-
rithm (DA) were compared with GA and HS algorithms.
The results showed that DragonFly algorithm (DA (was
capable to provide satisfactory estimates of nonlinear
Muskingum parameters. The results showed that the
DragonFly Algorithm (DA) could provide an appropri-
ate estimation of the optimal values of nonlinear Musk-
ingum model parameters so that for the Sum Squares
Deviations (SSQ) and RMSE, the values for rainfed algo-
rithm were 4.5551 and 0.711, respectively, for the Drag-
onFly Algorithm (DA). The DragonFly Algorithm (DA)
can be used for any continuous engineering problem.

Key Words: Hydrologic routing, DA algorithm, opti-
mization, indirect penalty function.
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