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Abstract
In order to calculate and predict the discharge 
ow
through and over the gabion weir, 33 experimental broad-
crested gabion models were carried out through the sand
bed condition. The 
ow conditions through and over the
gabion were presented as three classi�cations which in-
volved partial 
ow conditions through a gabion, fully
gabion 
ow through a gabion weir, and over
ow on a
gabion weir. These classi�cations were considered due
to the free 
ow conditions. Based on the partial and
fully gabion 
ows, an equation was proposed to calcu-
late the gabion 
ow. Moreover, the 
ow discharge over
the gabion was considered based on the broad-crested
weir formula and then, the coe�cient discharge of broad-
crested gabion weir was proposed based on experimen-
tal measurements. Comparison between the proposed
values and experimental measurements illustrates that
good agreement is between the proposed and experi-
mental 
ow discharges. Also, the investigation of 
ow
variations through the gabion showed that the error of
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h gabion equation increased signi�cantly due to over
ow-
ing on gabion weir. In order to raise the accuracy of
the calculation process of 
ow discharge through the
gabion an equation was proposed based on the geometry
and Darcy Wisbech's parameters. The porosity, length,
and particle size were de�ned based on Darcy Wisbech
equations. Some math indexes were considered for this
equation and by employing the Mathematical software,
these parameters were presented based on the non-liner
technique. The error was measured based on the exper-
imental and proposed values and the result of the com-
parison pointed to the suitable agreement between the
two groups of values. Finally, the maximum scour hole
was measured by point-gauge along the longitudinal sec-
tion. Based on threshold velocity and geometrical and
hydraulic parameters, an equation was proposed to pre-
dict the maximum scour hole depth at the downstream
of the broad-crested gabion weir.

Key Words: Gabion weir, 
ow classi�cation, discharge
coe�cient, free 
ow, over
ow, under 
ow.
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Abstract
Nowadays cement is one of the most common material
for construction projects, due to its long time usage it
has been handy for engineers. Cement has a lot of dele-
terious e�ects on environment from production process
to cement itself. So looking for a substitution material

is vital for future generation, this research evaluated the
e�ect of zeolite and sawdust ash (SDA) replacement with
cement separately and simultaneously. There are some
variation parameters: the amount of zeolite and sawdust
ash and curing time for each sample. Overall 57 samples
were made the amount of cement is 4% by weight of base
soil and 0, 0.5, 1, 1.5 percent sawdust ash replaced by ce-
ment and 0, 10, 30, 50, 70 percent of zeolite replaced by
cement. The curing times are 7, 14, 28 days. According
to results by replacement 0.5% sawdust ash with cement
the amount of optimum moisture will increased and in
higher amounts of sawdust ash it will decrease. Also dry
density will decreased. Uncon�ned compressive strength
(UCS) test data shows that optimum amount of zeolite
and sawdust ash replacement with cement are 10% and
0.5% respectively. These optimum amounts make com-
pressive strength increased 250.46 and 245.01 percent
respectively compared with base soil and 73.9 and 87.42
percent respectively compared with stabilized sandy soil
with 4% cement only.

Key Words: Soil stabilization, sand, sawdust ash (SDA),
cement, zeolite, UCS test.

INVESTIGATION OF
SIMULTANEOUS EFFECT OF THE
REMAINING TIME, MOLARITY
AND BACTERIAL SOLUTION
CONCENTRATION ON SHEAR
STRENGTH OF SANDY SOILS
STABILIZED BY BIO-CEMENTATION
METHOD
M. Shahmohammadi
mahdiye.riv2@gmail.com
M. Azadi(corresponding author)
azadi.mhmm@gmail.com
Dept. of Civil Engineering
Qazvin Branch, Islamic Azad University
DOI:10.24200/J30.2021.57562.2917

Sharif Civil Engineering Journal
Volume 37, Issue 4.2, Page 27-37, Original Article

c
 Sharif University of Technology

� Received 13 February 2021; received in revised form 19 June
2021; accepted 17 July 2021.

Abstract
Soil bio-remediation is one of the developing methods
of soil improvement and the reduction of environmental
problems due to the injection of chemicals in the soil is
one of the superior features of this method compared to
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hother common methods. It was created by linking the
�elds of civil engineering, geochemistry, and microbiol-
ogy. The basis of soil improvement by biological cemen-
tation method is based on the microbial production of
calcium carbonate precipitation, which is inspired by the
formation of sandstone in nature and with the help of
bacteria that have precipitation and hydrolysis of urea
to enhance the technical speci�cations of soil. The steps
of soil remediation in this method are that in the pres-
ence of Bacillus Pasteurii bacteria, crystals are formed
which are the result of urea reaction and a source of cal-
cium, which is usually calcium chloride. These crystals
are placed in empty spaces of the soil and represent the
reason why the adhesion of soil particles increases sig-
ni�cantly and its strength increases. In order to manage
the consumption of materials used, it is better to obtain
optimal values during studies. For this purpose, in this
study, the cemented samples were subjected to triaxial
tests, permeability, and SEM testing. In consolidated
undrained triaxial experiments, the trend of soil resis-
tance over time was investigated by considering di�er-
ent retention times and di�erent molarities. The optimal
amount of molarity of the materials used and the con-
centration of bacteria and the optimal retention time
were obtained according to the results of experiments
performed in this method. Also, by examining the re-
sistance of cemented samples, an increase in strength in
the range of 50% compared to clean sand was observed.
Examination of the time parameter pointed to the for-
mation of calcium carbonate precipitation and their �-
nal setting up to 30 days. After 30 days, the trend of
increasing soil resistance exhibited a constant amount.

Key Words: Biological cementation, shear strength,
permeability, triaxial test, retention time.
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Abstract
In this paper, a new energy dissipative device named
elliptical damper was introduced for passive control of
structures. In the proposed damper, the energy dissi-
pation capacity is provided by the shear deformation of
the elliptical ring. To investigate the behavior of the
proposed damper, a sample of this damper was tested
experimentally. The results showed that the proposed
damper had stable hysteresis loops and good energy
absorption. Also, the �nite element model was devel-
oped by considering nonlinear behavior, large deforma-
tion, and material damage. The results of the numerical
model were veri�ed through experimental results. The
results showed that the numerical analysis could predict
the cyclic response and damage location of the experi-
mental sample. A parametric study was performed to
investigate the changes in the cyclic behavior of the el-
liptical damper with its dimensions. Four independent
parameters considered for this study are the greater di-
ameter of the elliptical ring, the ratio of its diameters,
the ratio of the thickness of the elliptical ring to its
greater diameter, and the ratio of the height of the con-
nection area to the greater diameter of the elliptical ring.
Among the studied parameters, the thickness of the el-
liptical ring had the greatest e�ects, and the height of the
connection area had the smallest e�ects on the cyclic re-
sponse of the proposed damper. By increasing the thick-
ness of the damper, the maximum strength and energy
dissipation capacity increase, but its ductility decreases.
The proposed damper has stable hysteresis loops, ex-
cellent ductility, and high energy dissipation capacity.
The elliptical damper is simple in terms of construction
technology and provides excellent energy dissipation ca-
pacity for the structure compared to the cost spent for
its construction. According to the results, the proposed
damper can be used as an appropriate energy dissipation
device for passive control of structures.

Key Words: Passive control, elliptical damper, experi-
mental test, numerical model, parametric analysis.
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Abstract
Currently, one of the most important air pollutants in
Tehran is �ne particulate matter. The composition and
sources of these particles are poorly known; therefore,
in order to distinguish the status of PM2.5 pollutants
from their chemical compounds, 24-hour PM2:5 samples
were collected at the main residential station (an Air
Quality Control Company site, located in Sharif Uni-
versity of Technology) every six days for a full year from
February 2014 to February 2015. The samples were an-
alyzed for ions, organic carbon (including water-soluble
and insoluble portions), Elemental Carbon (EC), and
all detectable elements. Based on the results of chemi-
cal analyses including TOT, GCMS, IC, SF-ICPMS, and
ROS methods, Organic Matter (OM) is one of the most
important compounds in PM2:5, which on average con-
stitutes 35% of the mass of �ne particulate matter. The
contribution of PM2:5 sources was determined by the
CMB model using the concentration of chemical compo-
nents of the particles and the pro�le of possible sources
in Tehran. According to previous results, mobile sources
(such as gasoline, diesel, and smoking vehicles) as the
most important source of particulate matter, account-
ing for 58% of the total concentration of PM2:5. Road
dust, the second signi�cant source contribution, was de-
scribed as the �rst loading factor, accounting for 49% of
the changes in particle concentration extracted by run-
ning the PCA model. Combined model (principal com-
ponent analysis/multiple linear regression chemical mass
balance; PCA/MLR+CMB) comprising two stages has
been developed for improving the accuracy of identifying
PM2:5 sources. The results show that the second factor
of the PCA model including 17% of PM changes is a
composite source, and it is in
uenced by heavy metals
from human resources including industries, car brakes,
car tires, and car lubricating oils and, in this factor, com-
bustion. Heavy fuels with an average of 65.10% made
the largest contribution to the emission of particulate
matter associated to factor 2. The insights regarding
�ne PM in Tehran provided by the results of this paper
could be useful in planning e�ective control strategies
and decision-making in Tehran, Iran.

Key Words: Air pollution, �ne particulate matters,
receptor models, combined model, Tehran.
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Abstract
There is no doubt that human resources have a signi�-
cant role in running any successful business. The liter-
ature indicates that this role is almost neglected in the
construction industry. One of the important factors to
increase productivity in various industries is to increase
the productivity of human resources. Human resource
productivity is a function of various factors where moti-
vation is one of the most important factors. Considering
the e�ect of motivation on innovation and the necessity
of innovation in construction design �rms, studying mo-
tivational factors of Architects and Engineers (AE) is
of great importance. In this research, the most critical
factors a�ecting Architects' and Engineers' motivation
were recognized through literature review. These factors
were classi�ed into �ve main categories including Lead-
ership and management, service compensation system,
organizational atmosphere, social status, and job nature
(current tasks - immediate situation and job develop-
ment). Then, the factors were ranked by the industry
experts through online questionnaires. Learning oppor-
tunity, distributive, procedural & interactional justice,
and job promotion opportunity were ranked as the top
critical motivational factors. However, it must be noted
that important factors may di�er considering the de-
mographic properties of the interviewees. As a result,
factors were ranked considering demographic factors in-
cluding gender, marital status, age, educations, years of
experience, and profession (civil engineer and architect).
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hFinally, it should be noted that motivation of engineers
and architects depends on several factors that must be
considered in the design of human resource subsystems
such as job analysis, performance appraisal and service
compensation, training systems, and promotion to im-
prove performance and increase productivity. In addi-
tion, motivation is one of the most important factors af-
fecting personnel retention. Therefore, human resource
management experts are advised to provide necessary
grounds to increase the motivation of construction in-
dustry employees by designing appropriate human re-
source systems.

Key Words: Motivation, construction industry, human
resource management, AE.
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Abstract
Previous studies indicate that low-rise buildings are more
prone to progressive collapse rather than high-rise ones.
In this research, an innovative method of probabilistic
analysis of progressive collapse has been applied based
on the concept of fragility curves. In order to develop
the fragility curves, the column reaction is considered
as the Intensity Measure (IM) and the displacement at
top of the removed column as the Damage Index (DI).
Based on these measures, the fragility curves of a 4-story
steel Intermediate Moment Frame (IMF) structure were
developed. Six scenarios of progressive collapse includ-
ing removal of corner, perimeter, and middle columns
were investigated. The scenarios were considered in all

columns of structural stories. The simulations were con-
ducted in OpenSees software. The structural analyses
were performed by the nonlinear time history approach
in a three-dimensional framework. The veri�cation of
the numerical modeling process was performed using the
available experimental data. The results showed that the
IDA capacity curve of the upper stories was weaker than
the lower stories. According to the results, at every con-
sidered DI and assumed performance level, damage to
the removed columns occurs at lower axial force on the
upper stories than on the lower ones. Furthermore, the
potential of the progressive collapse in di�erent columns
was investigated. It was shown that the capacity curve
of the middle columns was lower than other columns
due to the high gravity loads. The probabilities of the
fragility of the corner and the perimeter column in the
stories were the highest and the lowest, respectively. In
order to reach the corner and the perimeter column to
CP performance level, 93% axial force and 105% of the
axial gravity load in the opposite direction of the col-
umn reaction were required. Finally, the overall fragility
curves of the structure were investigated. According to
the results, upon removing 100% of the column reaction
in each column of the considered 4-story structure, the
structure exceeded the CP performance level.

Key Words: Progressive collapse, column removing
scenario, probabilistic analysis, nonlinear dynamic analysis,
fragility curves.
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Abstract
Prediction of river in
ow along with other parameters
such as sediment load, 
ood magnitude, and so on plays
an important role in Water Resources Management plan-
ning and reservoir operation program. In this regard,
many attempts have been devoted so far by the researchers
to predict in
ow or 
ow discharge in the rivers. One
of the most important rivers in the Golestan province
that highly in
uences climate changing is Gorganrood
river. Assessment of chaotic behavior of time series like
in
ows of rivers by the entropy measure is an impor-
tant facility in Water Resources Management projects.
In addition, this tool can be employed to extract the
number of embedding dimensions to predict time se-
ries by models like the ARIMA and ANNs. To this
end, this paper employed the capability of Approximate
Entropy (ApEn) measure as one of the famous models
to capture irregular behavior of a time series. Then,
ARIMA and ANNs models are implemented to predict
monthly in
ows at Gorganrood River as the biggest river
in Golestan province. The models are developed by us-
ing AQqala and Ghazaghli hydrometric stations gath-
ered data. Final results show that at AQqala and Ghaz-
aghli stations, to have an informative predictor model,
the number of embedding dimensions must be set to 12
and 10, respectively. In addition, it is concluded that
the developed models are accurate enough to be applied
in another period of the times in the studied case. Sen-
sitivity analysis of the ARIMA and ANNs models versus
various embedding dimensions proves extracted values of
embedding dimensions obtained by the ApEn. In addi-
tion, the evaluation of the ApEn curves proves the e�ect
of the constructed dams like Voshmgir, Golestan, and
Boustan dams on the environmental process and river
behavior. The sensitivity analysis versus embedding di-
mensions clari�es the e�ects of these parameters over
ARIMA and ANNs models.

Key Words: Predict, gorganrood, in
ow, ApEn, ANNs,
ARIMA.
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Abstract
Past earthquakes have shown that properly designed
buildings using shear walls have great performance in
dissipating a considerable amount of inelastic energy. It
is notable that the reduction in seismic input energy oc-
curs in plastic hinge area through inelastic deformation.
Plastic hinge development in a RC shear wall in the ar-
eas with plastic behavior depends on the ground motions
characteristics as well as shear wall details. One of the
most generally used forms of structural walls is 
anged
RC wall. These types of shear walls have large in-plane
and out-of-plane sti�nesses through 
anges and can tol-
erate high shear stresses. Several international seismic
design codes and guidelines have suggested special de-
tailing to assure ductile response in this region. In this
paper, the parameters that a�ect the length of plastic
hinge region in the 
anged RC walls were examined and
the sensitivity of these parameters was evaluated with
respect to the length of the plastic hinge region. Sensi-
tivity analysis was conducted by independently variable
parameters with one standard deviation away from their
means. To this end, the Monte Carlo simulation, tor-
nado diagram analysis, and �rst-order second moment
method were employed to determine the uncertainties
associated with analysis parameters. The results showed
that among the considered design variables, the aspect
ratio of the 
anged RC wall (length to width ratio),
length of 
ange to length of web (lf/lw), and axial load
level were the most important design parameters in the
plastic hinge region, while the yield strength of trans-
verse reinforcements had the least e�ect on determining
the length of this region.

Key Words: Sensitivity analysis, plastic hinge, 
anged
RC wall, tornado diagram.

PERFORMANCE EVALUATION OF
PROPOSED TUBE-IN-TUBE
BUCKLING RESTRAINED BRACE
UNDER CYCLIC LOADING
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Abstract
In this article, a new type of all-steel buckling brace is
introduced. The proposed bracing member consists of
two tubular members. The inner tube is intended to act
as the structural core such that energy can be suitably
dissipated by its yielding under cyclic loading. The outer
tube is supposed to act as a lateral restraint for the inner
one without interfering in the axial load-carrying inner
tube, that is, using a gap separating the two tubes, the
inner tube should be free to slide inside the outer one un-
der the application of cyclic loading. Hence, axial loads
are resisted by the inner core tube and the outer tube
may only interfere in axial force resistance through fric-
tion at contact points after the core deforms laterally.
In this study, while accurately introducing the proposed
system, its behavior under cyclic loading has been stud-
ied using both experimental tests and numerical model-
ing. The test specimen was designed based on the para-
metric study previously done by the authors. In order to
investigate the cyclic performance of the proposed BRB
member, the displacement loading protocol proposed by
the AISC was applied. Numerical modeling was per-
formed using ABAQUS software, taking into account all
nonlinear e�ects, including nonlinear behavior of mate-
rials, geometric nonlinearity, and contact. Based on the
experimental and numerical results, it was demonstrated
that the proposed BRB - if well designed - would be
quite competent in accomplishing the intended tasks as a
buckling restrained bracing member. Properly designed
TiTBRBs can exhibit stable cyclic behavior and satis-
factory cumulative plastic ductility capacity so that they
can serve as e�ective hysteretic dampers. At the same
time, such all-steel TiTBRBs concreting was eliminated;
hence, much lighter members were obtained. This is also
associated with ease and speed of fabrication, erection,
inspection, replacement, and a more economical and en-
vironmentally friendly design.

Key Words: Buckling restrained brace, tube -in-tube
member, cyclic loading, FEA.
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Abstract
The mechanical properties of concrete are dependent on
the specimen size and shape. This phenomenon is caused
by the heterogeneous nature of concrete and results in
signi�cant dissimilarities between the laboratory-made
samples and larger concrete elements in the construc-
tion �elds. Thus, it is required to develop experimental
and numerical models to translate the strength of di�er-
ent concrete specimens with varying sizes and shapes.
In this research, the e�ect of specimen shape is evalu-
ated for PVA �ber-reinforced self-consolidating concrete.
To do so, three self-consolidating mix proportions were
designed, containing two di�erent dosages of PVA �bers
and various sizes of cylindrical and cubic specimens were
cast in order to account for the in
uence of specimen
size and geometry. The fresh properties of the designed
SCC concretes were assessed using several experiments
such as slump 
ow time and diameter tests, V-funnel

ow time test, and L-box test. Also, the 28-day com-
pressive strength of the designed samples was obtained
using a pressure jack. The specimen shape and size ef-
fect of PVA �ber-reinforced self-consolidating concrete
was studied based on specimen geometry and fracture
mechanism, and the in
uence of PVA �ber addition on
the compressive strength of samples was presented in
the form of linear equations. By analyzing the obtained
data, relations were proposed to translate the strength
of cylindrical specimens to cubic specimens. Also, for
the �rst time, the experimental coe�cients of Bazant's
model were achieved for PVA �ber-reinforced SCC, and
the Bazant's size e�ect model became functional for the
designed concretes. To do so, non-linear regression anal-
ysis was conducted on the obtained experimental data.
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h According to the achieved results, the addition of 0.08%
of PVA �bers increased the transitional size coe�cient
(D0) of cylindrical and cubic specimens by 170.39% and
105.86%, respectively, reduced the size e�ect, and en-
hanced the ductility in the designed self-consolidating
concretes.

Key Words: Specimen shape e�ect, self-consolidating
concrete, polyvinyl alcohol �ber, specimen size e�ect, com-
pressive strength.
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Abstract
Modeling and analyzing various issues in civil engineer-
ing, especially in the �eld of geotechnical earthquake en-
gineering and earthquake engineering, has always been
a complex, time-consuming and costly task. Accelero-
grams recorded by today's seismographs have a large
amount of data due to the high accuracy of seismo-
graphs and their use in numerical methods and com-
plex models leads to the formation of very large ma-
trices and prolongs the analysis processing time. To
reduce computational time, in this research, accelera-
tion time-histories have been compressed using wavelet
multi-resolution analysis method and the number of their
data has been reduced. The original and compressed
versions of accelerograms were used in �ve di�erent seis-
mic problems. The results demonstrated that one level
of compression, which is equivalent to a 50% reduction
in accelerograms data, reduced the duration of model
analysis by 33% on average, while di�erential errors in
the results are less than 5%.

Key Words: Data compression, wavelet multi-resolution
analysis, acceleration time-history, earthquake accelerome-
ter.
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Abstract
Electronic communications play an important role in as-
sisting construction project managers. Few researchers
have addressed the problem of communication technol-
ogy adoption in the construction industry. This paper
explores the quality of communication at construction
sites in Iran and evaluates the e�ciency of electronic de-
vices. To investigate the quality of communications in
construction sites, a �eld study is conducted on a sample
of construction projects in Hamadan province, Iran. In
this �eld study, engineers from the Building Engineer-
ing Organization of Hamadan Province are interviewed.
Cohen's kappa coe�cient is used to determine the per-
centage of agreement among the research participants.
A case study was considered to evaluate the performance
of automatic electronic communications in a construc-
tion site. The site is related to 
our hives located in the
west of Hamadan city. Five devices are used including a
virtual reality building information model, a smartphone
camera, an electronic construction kiosk, a GPS smart-
phone, and quick response tags. A video is used by the
aid of the electronic construction kiosk that shows the
risks and injuries for people without helmets. Analyti-
cal hierarchy process is employed to assess the relative
importance of various electronic hardware used in this
study. The results indicate that most communications
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hin construction sites are traditional (paper-based); slow
and ine�ective communication, misunderstanding of re-
quirements and agendas, and inadequate communication
between personnel are the most important communica-
tion problems of construction sites. The results also
indicate that prioritizing the importance of electronic
communication tools is the electronic kiosk, quick re-
sponse tags, smartphone camera, and GPS smartphone,
respectively. In addition, the results demonstrate the
bene�t of electronic communications on employee train-
ing, project safety, project time, and project cost. Lim-
ited research has been conducted on the performance
of electronic communications in construction projects.
This paper is of interest to those who work in the �eld
of construction project automation.

Key Words: Electronic devices, automation, construc-
tion projects.
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Abstract

In this study, the capability of using the Endurance
Time method in seismic analysis of steel moment frames
with green roofs has been investigated. These days,
green roofs are welcomed by architects and engineers due
to their beautiful architecture and many environmental
bene�ts. In general, this system signi�cantly increases
the weight of the structure at the roof level and leads
to a change in the dynamic behavior of the structure.
There are usually two categories of green roofs. The
�rst category is extensive green roofs with short vegeta-
tion (such as grass) and usually low seismic weight. The
second category is intensive green roofs with high veg-
etation (such as trees) and usually high seismic weight.
Accurate evaluation of these types of structures has high
computational costs. The Endurance Time method is a
time history analysis that can seismically evaluate the
structure at di�erent levels of excitation intensity with
low computational cost. Despite the advantages of this
method, its performance in the seismic evaluation of dif-
ferent structures - especially when the seismic behavior
of the structure is di�erent from conventional structures
- is a challenging issue. In this research, a 5 stories steel
intermediate moment frame with ordinary roof, exten-
sive and intensive green roof is modeled in Ansys soft-
ware. Nonlinear �nite element method is used for seis-
mic assessment of these structures in various excitation
levels. In this regard, both geometric and material non-
linearities are considered. To evaluate the accuracy of
Endurance Time method, 7 earthquake records at dif-
ferent levels of excitation intensity have been used. The
results show that the Endurance Time method with dif-
ferent accuracy can evaluate the maximum roof displace-
ment, base shear and maximum interstory drift ratio
compared to conventional time history methods. Also,
adding a green roof can have a signi�cant impact on the
seismic behavior of this structure.

Key Words: Endurance time method, green roof, seis-
mic assessment, nonlinear dynamic analysis.
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