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Abstract
Road safety for children is not at an acceptable level in
developing countries; and the age group of 5-15 years
is at the highest risk level. It is clear that almost all
of which are students in those countries. Considering a
large population of students in our country, the discus-
sion of vehicle accidents with students and the safety of
the environment surrounding schools require more at-
tention. This study aims to investigate the e�ect of
tra�c calming on student crashes surrounding schools
of Boroujerd. In order to collect data, interviewing and
viewing tools were used. In this regard, 116 primary
and secondary school information were collected includ-

ing school type, educational level, age group, gender,
functional hierarchy, land use, accident type and stu-
dent accident history in the last 5 years and tra�c calm-
ing equipment surrounding schools. Data analysis was
done by descriptive and inferential method. The �nd-
ings showed that 73% of student accidents in the school
districts occurred in the absence of tra�c calming equip-
ment and 63% of schools with no accident history of
students had tra�c calming equipment. It was also
found that 62% of accidents occurred in residential ar-
eas, 47% of the accidents occurred in 2nd grade passage-
ways (major distributor) and 100% of accidents occurred
around public schools. The study on the relationship be-
tween student accidents and tra�c calming showed that
there is a signi�cant relationship between student ac-
cidents surrounding public schools, in residential areas,
2nd grade passageways (major distributor) and student
accident injuries along with the tra�c calming. How-
ever, there was no signi�cant relationship between stu-
dent accidents in terms of educational level, age group
and gender with tra�c calming. The results of the re-
search indicate that there is a risk of accidents and dam-
age due to high speed of vehicle, high population den-
sity and poor economic status. Therefore, tra�c calming
measures in these places should be considered more than
other areas"

Key Words: Student, school vicinity, safety, accident,
tra�c calming.
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hloading on the body of spillway concrete structure dur-
ing a 
ood complicates the interaction analysis of the
structure and the 
uid. By using numerical methods
in computational 
uid dynamics and structural analy-
sis, we will be able to predict the behavior of structure
and 
uid hydrodynamics parameters. In model's 
uid
domain, choosing the type of Navier|Stokes equations
proportional to the e�cient RANS mathematical model
of turbulence, is very sensitive. Mainly one equation
turbulence models such as the Spalart-Allmaras or two-
equation models, such as K-Epsilon or K-Omega, are
based on Boussinesq hypothesis. Boussinesq hypothe-
sis explains how to estimate the components of the 
uid
stress tensor for the above-mentioned turbulence equa-
tions. This assumption, by simplifying the computation
process, only a in some parts of the 
uid domain, ana-
lyzes the turbulence as anisotropic.

Key Words: Computational 
uid dynamics, 
uid-
structure interaction, morning glory spillway, structural anal-
ysis.
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Abstract
The basis of the modern design of earthquake resistant
structures is based on the structural ductility for absorp-
tion of earthquake energy and stability in large-scale dis-
placement. Although metal materials are highly ductile,
the Northridge earthquake showed that moment connec-
tions have a certain rotational capacity under cyclic load,
and severe earthquakes can lead to failure in the area

with low ductility. Therefore, in order to determine the
level of actual performance of structures under earth-
quake, such as the life safety or Collapse Prevention, it
is necessary to carry out more serious studies to deter-
mine the �nal cyclic capacity of connections. On the
other hand, after the collapse of the Alfred P. Murrah
Federal building, a truck explosion in 1995, as well as
the collapse of the World Trade Towers caused by the
2001 airplane collapse;Determination of �nal capacity
or failure of �ttings under uniform load; to investigate
the structural behavior before the destruction or com-
plete destruction began. Since most of the tests carried
out on the connections have not been completed due
to the limitations of the laboratory facilities and have
not been performed until the failure phase of the con-
nection; hence, it does not determine the �nal capacity
of the connection. Mathematical studies are also in the
early stages due to the lack of reliable failure mechanism
to determine the time and how to start and spread the
failure under monotonic and cyclic loading. In this re-
search,it has been attempted to be evaluated the �nal
capacity of the RBS connections under the monotonic
and cyclic load . Also, the place of the start of defect
in this type of connection is evaluated. In this regard,
the �nal capacity of the reduced-sectional beam (RBS)
connections under uniform loading was determined using
a column-removing scenario with the SMCS model and
the theory of growth and expansion of void under uni-
form load. Then, the �nal capacity of the reduced-beam
section (RBS) connections under cyclic loading (SAC)
was obtained by using the Cyclic Void Growth Model
(CVGM) and compared with the proposed �nal capac-
ity of FEMA350 for RBS connection. The results of
this study show that the cyclic rotational capacity of
the RBS connections provided in FEMA350 is far more
than actual. Also, the results show that the rotational
capacity of the RBS connection under monotonic load is
almost twice the amount given in FEMA350.

Key Words: Ultimate capacity, monotonic load, cyclic
load,reduced beam section (RBS), void growth model.
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Abstract
Piers and abutments cause local contraction in the rivers.
As a result of the contraction, the water level increases
in the upstream section of the bridge named as a�ux.
A�ux is one of the key concerns in the design of a bridge
construction and the a�ux estimation is important when
the speci�c regions in the upstream of the bridge is to
be protected against the 
ood. Hence, estimation of the
a�ux is required for river training of the upstream sec-
tions, before bridge construction. In this research 54
experiments were conducted to investigate the e�ects of
di�erent parameters such as the pier angle with respect
to vertical, the Froude number and the contraction ra-
tio on a�ux. Design expert software is used to design
the experiments and to analyze the results. According
to the results, for a downstream inclined and laterally
inclined piers, the a�ux increased. However, the a�ux
decreases due to an upstream inclined pier. Also, the
e�ect of inclination angle on the a�ux is smaller for in-
clined piers towards upstream than inclined pier to the
downstream or laterally inclined piers. By increasing
the pier angle from zero to 24 degrees, toward channel
side walls and toward downstream the a�ux increases
by 20 and 15 percent, respectively. While in the same
situation by increasing the pier angle from zero to 24
degrees toward upstream, the a�ux decreases by about
5 percent. The higher a�uxes were observed in larger
Froude numbers and contraction ratios. The analysis
showed that the Froude number and contraction ratio
have more e�ects on the a�ux as compare to other pa-
rameters. Finally, appropriate equations are presented
to estimate the a�ux.

Key Words: A�ux, inclined pier, design expert soft-
ware, froude number, contraction ratio.
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Abstract
In this research, the behavior of the morning glory crest
and throat were investigated in the event of 
ood. Spill-
way structure and dam reservoir 
uid were respectively
simulated using the �nite element method and �nite vol-
ume method in ANSYS software. The morning glory
structure's behavior was performed in three scenarios:
a) the static analysis scenario of the dam empty reser-
voir, b) the static analysis scenario of the full reservoir
while there is no 
ow over the spillway crest, and c) the
dynamic analysis scenario of structure-
uid interaction
in two parts: 1- starting of the 
ood 
ow on the morning
glory spillway, and 2- the steady state 
ood 
ow on the
morning glory spillway. The concrete structure analysis
was linearly done in all three scenarios. Based on the
results, the most critical condition for the structure in
terms of maximum tensile stress was 5.3 MPa in the �rst
part of the third scenario. The maximum compressive
stress was 12.3 MPa in the second part of the third sce-
nario. Spillways are one of the most important and vital
structures in the life of a dam. The e�ciency and proper
functioning of such structures requires a precise and re-
sponsible design. The morning glory spillways have a
great deal of importance due to the standing structure
inside the dam reservoir. The weight and hydrodynamic
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hbeen mixed with mortar and aggregate. Structural be-
havior of this mixture induces strain hardening behav-
ior under uniaxial tension. This behavior is the most
important property of high performance material. Me-
chanical properties of this material, such as bending
strength, ductility, toughness and crack width are more
desirable than those of conventional �ber reinforced con-
crete. Moreover, using this material induces no con-
structional problem and can be used to repair, retro�t
and construction of earthquake resistant buildings with
high strength and ductility. In this research, with re-
spect to advantage of SIMCON material, retro�tting of
beam-column connection of RC frame with SIMCON
material is evaluated. Veri�cation is carried out compar-
ing experimental and numerical model results for beam-
column connection using OPENSEES software. Two
specimens from an experimental study have been se-
lected for veri�cation. The hysteretic behavior of ex-
perimental and numerical results shows good agreement
in the form of the maximum force and dissipated en-
ergy for the two specimens. Three 2D frames with 4, 7
and 10 stories have been developed for the study. These
frames have non-seismic details in their joints. E�ect of
retro�tted joints in general behavior of retro�tted frames
is evaluated and compared with non-retro�tted frames
using nonlinear static (pushover) analysis. Results from
pushover analysis show increase of lateral strength, duc-
tility and ultimate displacement of the retro�tted frame
compared to those of non-retro�tted frames. Evaluation
of results shows that the ductility of retro�tted frames
has been increased by 39% to 48% compared to sim-
ilar non-retro�tted frames. Moreover, lateral strength
for retro�tted frames has been increased by 50% to 57%
compared to similar non-retro�tted frames. Assessment
of nonlinear time history results obtained by applying
seven earthquake records shows that the average maxi-
mum roof displacement for retro�tted frames has been
decreased by 14% to 21% compared to the similar non-
retro�tted frames. Furthermore, the average maximum
base shear for retro�tted frames has been increased by
25% to 30% compared to similar non-retro�tted frames.
The average maximum story drift ratio for retro�tted
frames has been decreased by 42% to 47% compared to
similar non-retro�tted frames.

Key Words: SIMCON layers, high performance �ber
reinforced cementitious composite (HPFRCC), strain hard-
ening, moment RC Frame, nonlinear analysis.
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Abstract
Damage detection of the structures is one of the most
important parts of structural health monitoring. Dy-
namic characteristics such as natural frequencies, mode
shapes and damping are inherent parameters of struc-
tures which change through local damages. In This pa-
per a new method for damage detection of rigid con-
nections in moment resisting frames at the height and
in the plan of the structure is presented. This method
is based on the mode shape curvature. The presented
procedure is a two-step procedure. At �rst, the dam-
age level is localized using modal shape curvature of the
columns and then the exact place of the damaged con-
nection is determined on the plan using modal shape
curvature of the beam. In this essay a new method is
being used to draw mode shape curvature at the begin-
ning and the end of members. Detecting the damage
at boundary areas becomes possible using this method.
The new method is used to normalize the mode shape
curvature di�erences data to localize the damaged con-
nections accurately. This procedure is studied on a seven
story three bay steel moment frame with real measure-
ments and in di�erent damage scenarios. The results of
this study indicate that the proposed method can iden-
tify the location of damage in the connections, especially
at the beginning and end of the members with accept-
able accuracy.

Key Words: Damage detection, rigid connections, mod-
i�ed modal curvature method, damage in height and plan,
moment frames.

EXPERIMENTAL INVESTIGATION
ON AFFLUX DUE TO INCLINED
CIRCULAR BRIDGE PIER
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h sheets. The analytical results also show good agreement
with the experimental results. The main di�erence be-
tween the analytical and experimental results is due to
the simulation of pinching e�ect of the experimental re-
sults.

Key Words: Strengthening, reinforced concrete col-
umn to foundation connection, sti�ness, energy dissipation.
GFRP.
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Abstract
Increasing number of seismically isolated structures
mostly in seismic-prone regions of the world has raised
a concern on seismic performance of these structures in
severe earthquake ground motions. On one hand, base-
isolated buildings should have a clear certain gap with
adjacent structures to avoid pounding; otherwise devel-
oped seismic force and displacement demands during
impact with neighboring buildings or surrounding moat
walls may be far beyond the capacity of the superstruc-
ture. In this case, the advantage of using base-isolation
technology over traditional seismic design may be to-
tally lost. On the other hand, considering the high cost
of lands and other urban limitations do not allow for
large seismic gaps to completely eliminate the risk of
pounding. Moreover, isolation hardwares should remain
stable under vertical loads at their maximum horizontal
displacement demand under maximum considered earth-
quake motion. This results in expensive isolation devices
that may prevent the use of isolation technology for a
wide range of residential constructions. Additionally,
the structural performance level of base-isolated build-
ings has a sharp change from immediate occupancy for
moderate seismic hazard levels to collapse prevention for

the large ones. Consequently, structural elements of the
superstructure usually do not experience damage-control
performance levels. Aforementioned performance objec-
tives may not be compliant with the performance goals
considered for residential buildings with normal impor-
tance. This study aims to evaluate seismic performance
of base-isolated buildings with insu�cient seismic gaps
that do not conform to minimum codi�ed gap require-
ments. A wide range of isolated and �xed-base elastic su-
perstructures has been subjected to analytical near �eld
pulse-type motions to evaluate seismic demands in the
superstructure during impact with retaining walls. Dif-
ferent values for sti�ness of moat walls has been consid-
ered with a stereomechanical impact model. The results
of the parametric study show that the developed seismic
demands in the superstructure depends on the pulse du-
ration, gap size and the ratio of the isolated period to
the �xed-base period as well as the moat wall sti�ness.
As a conclusion, this study shows that by using avail-
able gap sizes and utilizing lower cost isolation devices
with a smaller displacement capacity compared with the
current code-based design requirements, a more econom-
ical performance-based seismic design for base-isolated
structures is achievable adopting a more gradual tran-
sition from immediate occupancy performance level to
the collapse prevention one.

Key Words: Base-isolation, gap size, pounding, seismic
performance, near-�eld ground motion.
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Abstract
SIMCON is a novel high performance material. This
material has a high volume fraction of �ber, which has
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Abstract
Universities and research institutes typically consider
short-term and long-term construction projects accord-
ing to their strategic plan to expand their education
and research programs. Iranian general conditions of
construction contracts should be attached to such con-
struction projects' contracts. Con
ict of interests among
contracting parties may arise in projects which may put
success of the project on risk. The contractor may act on
its own interest instead of the owner interest. General
conditions of construction contracts are central in miti-
gating such con
icts and in improving the success of the
project. However, there may exist some shortfalls in gen-
eral conditions of construction contracts. This research
explores and addresses shortfalls in general conditions
of construction contracts of Iran focusing on construc-
tion projects conducted at universities and research in-
stitutes. Two hypotheses are proposed to evaluate the
importance of revising di�erent chapters of the general
conditions of contracts and to consider their possible
shortfalls. A survey is made by the use of a question-
naire. Construction practitioners from seventy universi-
ties and research institutes are involved in the research.
The practitioners are senior personnel coming from own-
ers, consultants and contractors organizations. One way
analysis of variance, non-parametric Kruskal Wallis and
the least signi�cant di�erence methods are adopted to
analyze the survey data in SPSS. The results in most
cases indicate no meaningful di�erence based on the im-
portance of need for revising di�erent chapters of general
conditions of construction contracts. The results also in
majority of cases show no meaningful di�erence among
owners, consultants and contractors perceptions about
the importance of need for revising di�erent chapters of
such general conditions of contracts. It can be concluded
that the revision's committee should put the same pri-
ority in revising di�erent chapters of general conditions
of construction contracts. Based on the perception of
the research participants recommendations for improve-
ment of general conditions of construction contracts are
provided. This research would be relevant to those inter-
ested in revising the general conditions of construction
contracts by providing insights for further improvement.

Key Words: General conditions of contract, research
and education institutes, shortfalls.
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Abstract
Bridges play a signi�cant role in developing the roads
and accelerating the serviceability in normal and emer-
gency situations. The corrosion problem of steel rein-
forcing bars in reinforced concrete columns of bridges in
humid environments results in the early deterioration of
these structures. Therefore, it is vital to use the e�cient
and cost-e�ective strengthening methods to increase the
serviceability of these structures in critical situations. In
this study, the strengthening of circular reinforced con-
crete column to foundation connections with �ber rein-
forced polymers is investigated. In the experimental part
of the study, four specimens of column-foundation con-
nections were cast and tested. One specimen was used
as the control specimen without strengthening. Two
other specimens were strengthened with GFRP reinforc-
ing bars of di�erent sizes. The fourth specimen was
strengthened with both of GFRP reinforcing bars and
CFRP sheets. These specimens were under constant
axial compressive load and cyclic lateral displacement,
simultaneously. Initial sti�ness, energy dissipation ca-
pacity, lateral load capacity and ductility of the spec-
imens are studied. In order to investigate the ability
of the ABAQUS software, the experimental specimens
were simulated in the aforementioned software. Test
results show that the amount of lateral load capacity,
initial sti�ness, energy dissipation capacity and ductil-
ity increase signi�cantly due to 
exural strengthening of
circular reinforced concrete column to foundation con-
nections with GFRP bars. The highest increase in the
amount of the aforementioned parameters is observed in
the specimen strengthened with GFRP bars and CFRP
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h number, and con
ict distances in per day was assessed
and an e�ective dependency in the same direction was
perceived. The result of real case modelling demon-
strates that the collisions of executive resource workspaces
are occurred approximately in a quarter of project days
with the average con
ict distances of 2.3 meter.

Key Words: 5D CAD model, construction resource,
spatial con
ict, workspace management.

POST-TREATMENT OF LEACHATE
BY MICROWAVE-FENTON PROCESS
USING OFAT ANALYSIS METHOD
F. Barancheshme
f.barancheshme@modares.ac.ir
N. Mokhtarani(corresponding author)
mokhtarani@modares.ac.ir
Dept. Civil and Environmental Engineering
Tarbiat Modares University
DOI:10.24200/J30.2018.50602.2330

Sharif Civil Engineering Journal
Volume 36, Issue 1.2, Page 51-59, Original Article

c
 Sharif University of Technology

� Received 23 April 2018; received in revised form 7 August
2018; accepted 29 August 2018.

Abstract
Industrial and economic development along with changes
in lifestyle over recent decades in most countries has re-
sulted in considerable growth of di�erent waste. Since
biodegradable organic materials constitute approximately
60% of the total municipal solid waste in developing
countries, leachate treatment is considered as a big con-
cern for solid waste management in these areas. Appli-
cation of biological processes is one of common method
in leachate treatment. However, due to presence of re-
fractory pollutants, biological process alone cannot treat
leachate on its own. In order to enhance the quality
of leachate to the discharge standards, post treatment
of biologically treated leachate is essential. One appro-
priate solution for complementary treatment of leachate
and removal of refractory materials is the application of
advanced oxidation processes. The Fenton process is one
of homogenous advanced oxidation processes has been
applied for leachate treatment. However, this method
is time-consuming and expensive. In order to improve
the performance and reagent utilization e�ciency, in this
paper microwave enhanced Fenton process was utilized

for post-treatment of composting leachate. Batch labo-
ratory scaled experiments were employed on e�uent of
leachate treatment plant of a composting factory in Iran.
Initial experiments were conducted and then the e�ects
of variables were determined separately by one factor at
a time (OFAT) method. The e�ects of factors such as
pH, ratio of concentration of H2O2 to initial COD, ratio
of concentration of H2O2 to Fe2+, and Microwave irra-
diation power on the microwave enhanced Fenton pro-
cess e�ciency were investigated. According to obtained
results the maximum removal e�ciency of Microwave en-
hanced Fenton process was obtained at pH=3, ratio of
H2O2 concentration to initial COD equals to 3.75, ratio
of H2O2 concentration to Fe2+ concentration of 3, and
Microwave irradiation power of 170W. The experimental
results indicated that, under this optimum conditions,
the removal of COD, total nitrogen, color, and turbidity
were 72%, 70%, 75% and 88% respectively. Results of
this research addresses that, applied process is unable
to reduce organic load of the leachate in a way that it
could be discharge in receiving environment. However,
the ratio of BOD5=COD was elevated from 0.01 to 0.25,
representing substantial improvement in biodegradabil-
ity. By so doing, a common biological process such as
activated sludge could be hopefully utilized to reduce re-
maining organic load to the limits set by the standard.

Key Words: Leachate, advanced oxidation, fenton, mi-
crowave.
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hAbstract
In liquefaction occurrence, shear strength of loose cohe-
sionless deposits of saturated soil is considerably reduced
or even is lost when subjected to dynamic or seismic
loads. The earthquake-induced liquefaction can cause
signi�cant damage to existing facilities and structures.It
is, therefore, of prime importance to deeply understand
the liquefaction mechanism and the related and a�ecting
parameters on this phenomenon. In the current study,
using a semi- automated shaking table, the e�ect of
the relative density and the percentage of non-plastic
�ne content of soil material on the liquefaction potential
and the settlement of saturated sand layers were inves-
tigated. Acceleration of the shaking table in all tests
was adopted to be constant and equal to 0.3g having a
frequency of approximately 4.7 Hz. In contrast to many
other researchers conducted in recent years, loose and
very loose sands are considered for experimental stud-
ies. Further, shaking table studies conducted here on
these materials are considered as relatively large scale
tests which notably di�er from those conducted mostly
by common triaxial tests in the past. The results ob-
tained showed that the higher the relative density, the
lesser is the pore water pressure even if the shaking level
is high and that the probability of liquefaction is reduced
to the lowest level. In addition, the surface settlement
of soil layer is signi�cantly reduced. It was also observed
that, despite the existing challenges and even opposing
point of views among researchers, an increase in the per-
cent of non-plastic �ne content in the soil material would
lead to a reduction in settlement of soil layer and, iron-
ically, to an increase in pore water pressure. Other ob-
servations on the experiments conducted in this research
veri�ed that the time during which soil remains in lique-
�ed state is reduced if and/or percentage of �ne content
of soil material is high.

Key Words: Liquefaction, saturated sand, non-plastic
�nes, relative density, shaking table.
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Abstract
Construction resources in addition to identifying project's
time and cost, sets up a unique spatial requirement in
the project life cycle. The dynamic nature of construc-
tion resources leads to con�ned spatial conditions along
with the project progresses. Incomprehension of the
workspace condition and spatial-time con
icts lead to
a considerable decrease in productivity and e�ciency of
working teams. Reduced e�ciency of contractors alters
temporal speci�cations such as critical path, duration
and sequence of activities as well as budget planning
of the entire project. Building Information Modeling
(BIM) make a better understanding rather than activity-
based scheduling techniques by covering the simultane-
ous cost, time and spatial information of activities.
The Five-Dimensional Computer-Aided Design (5D
CAD) model in this research, quanti�es the number and
the distance of spatial interference and also highlights
space critical level of construction components and its
corresponding resources on a daily basis. To conduct the
research, an innovative three-phased modelling method-
ology was deigned: preparation of basis model, de�nition
and allocation of workspaces, and �nally simulation and
detection of spatiotemporal con
icts. This investigation
has started the initial stage of preparation information
model through the generation and linking of two Prod-
uct and Work Breakdown structures (PBS and WBS).
The cost and Time required for creation of 5D CAD
models are calculated by resource analysis and work-
group e�ciency rate. In proposed model, work execu-
tion space is simulated by BIM accessible software on
a daily level and time-space con
icts are recorded auto-
matically.
This research by presentation of a novel methodology
linked the graphical and non-graphical data together
and made visual 5D workspace planning of construc-
tion resource and their interaction. The main purpose
of this system is to contribute promoting planners' un-
derstanding about the potential spatial con
icts based
on the overlapping duration and simulation of activities
workspace according to the real situation.
Proposed methodology was evaluated by implementing
it in a real case (Micro-level project) and analyzing data
obtained from it. Finally, the correlation coe�cient be-
tween the variable such as number of activities, clashes
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h eters may be the values of frequencies and modal shapes
of the real damaged structure and its related analyti-
cal model. Extensive results obtained from analysis of
di�erent models with various dispersed damages which
were so small or very in
uenced in severity, shown that
the proposed methodology has able to detect three lev-
els of the structural health monitoring stages, accurately
and more precisely. These three levels are as follows:
(1) detection that the considered structure is healthy or
damaged, (2) detection of damage locations (along whole
or part of the members of the considered structure), (3)
detection of the severity of the damaged member, which
may be so small or so intense.

Key Words: Model updating, damage detection, con-
strained optimization, dual steel structure, newton's algo-
rithm, 2D frame, �nite element model.
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Abstract
In this experimental research, the e�ect of the number of
micropiles, the relative density of soil, and dry stone sur-
charge on the liquefaction potential of Anzali sand was
studied by using shaking table apparatus with the rigid
transparent container. The inner sides of the rigid trans-
parent box, installed on the shaking table, were covered
with the sheets of foams to reduce generation and re-

ection of body waves from the rigid sides. Two pore
pressure transformers (PPT) were used to monitor the
pore water pressure variations. For model preparation,
the moist tamping method was used. The grouting op-
eration for the construction of micropiles was performed
using a grouting device under the injection pressure of

0.1 bar with a water-cement ratio of 0.5. Three di�erent
arrangements of micropiles were used. The equivalent
diameter and the length of micropiles were 0.9 and 23
cm, respectively. After 7 days of curing, the model was
saturated from the bottom of the tank with a low hy-
draulic gradient. All models were shaken under a har-
monic sinusoidal load with the frequency, the displace-
ment amplitude, and the duration of 3Hz, 0.9 cm and
9.5 seconds, respectively. It was observed by increas-
ing the relative density of the sand, due to reducing of
void ratio, the values of excess pore water pressure ratio
(ru) were decreased, and the required cycles for reach-
ing the ru;max (Npeak) were increased. The obtained
results showed that the liquefaction potential of satu-
rated sand was signi�cantly decreased by installing two
and four micropiles into the soil model. On the other
hand, one micropile had a negligible e�ect on reducing
of the liquefaction potential. It can be explained by
forming the grout-sand zone around the micropiles and
also the localized compaction in the soil after grouting,
the rate of pore water pressure generation is limited. A
dry stone surcharge with the stress of 1.2 kPa was placed
on the surface of saturated sand, and due to the signif-
icant increase in e�ective stress, the liquefaction poten-
tial was reduced signi�cantly, leading to the increase of
Npeak. Based on the obtained results, the upper and
lower bounds were proposed to predict the values of ru
in pure and reinforced sand regarding the N=Npeak.

Key Words: Anzali sand, liquefaction, shaking table,
relative density, grouted micropile.
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Abstract
During many decades, maintenance and behavior eval-
uation of civil structures are drastically become of

more importance problem of urban planning. Many
researchers have tried to present various e�cient and
e�ective methods to evaluate more reliable and much
precisely structural damages especially in the begin-
ning of the damage formation. Among di�erent pro-
posed methods, model updating method is truly known
as an accurate and reliable method for detecting loca-
tion and severity of structural damages. Model updat-
ing method is a properly substitution for the traditional
methods. In this paper, a methodology for model updat-
ing of complex and/or irregular two degrees of freedom
moment-resisting steel structures and braced steel struc-
tures is presented. In order to increase accuracy and
performance of this methodology, model updating is de-
signed to carry out in two stages. Damages may be much
dispersed and their severities may be so small or much
intense. This methodology is powered by an iterative
sensitivity analysis using nonlinear constraint optimiza-
tion, which is worked based on the Newton trust region
algorithm. In order to shown capability of the proposed
methodology, di�erent damaged steel frames are exam-
ined. Model updating parameters are de�ned as sti�-
ness reduction coe�cients of members or a member is
divided into some smaller parts. Updating is obtained
during reducing di�erences between measured and ana-
lytical modal parameters of the structure. These param-
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