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habrasion/erosion strength of concrete. But, the abra-
sion/erosion strength of concrete containing nano
silica was greater than �ber concrete. Moreover, the
rate of improving abrasion/erosion strength by increas-
ing the amount of nano silica or �ber in the concrete,
was reduced. Application of nano silica can improve
compressive and abrasion/erosion strength as a linear
relation. But, although the use of polypropylene �ber
causes better abrasion/erosion strength, it cannot im-
prove compressive strength. In other words, polypropy-
lene �ber can extol the surface properties of concrete. It
is shown from the results that application of 1 % nano
silica can increase abrasion/erosion strength up to 40%,
and usage of 0.5 % polypropylene �ber can improve abra-
sion/erosion strength up to 30%. These results help to
achieve durable concrete in cases where concrete is prone
to abrasion/erosion e�ects, such as wind, ood tra�c
load and etc.

Key Words: Abrasion/erosion strength, nano silica,
polypropylene �ber.

CHALLENGES OF APPLYING THE
OVERHEAD COST FACTORS IN
BIDDINGS OF CONSTRUCTION
PROJECTS
E. Shakeri
eshakeri@aut.ac.ir
M. R. Afshar(corresponding author)
m.afshar67@aut.ac.ir
O. Amiri
omid121@aut.ac.ir
Dept. of Civil Engineering
Amirkabir University of Technology

Sharif Civil Engineering Journal
Volume 32, Issue 3.1, Page 131-144, Research Note

c Sharif University of Technology

� Received 22 September 2014; received in revised form 5 Jan-
uary 2015; accepted 17 January 2015.

Abstract
The construction industry is a major player in the econ-
omy of a country, generating both employment and
wealth, and the main portion of a country's budget is
allocated to infrastructure development projects. Ac-
cording to statistics, in Iran, about 373 trillion Irs had
been invested in construction projects in the year 2012.
Meanwhile, statistics show that a great number of the
construction projects failed to be �nished. Indeed, many
construction projects experience extensive delays and,
thereby, exceed initial time and cost estimates. In this
regard, government data also indicate that the earning
losses due to un�nished projects are over 120 thousand
million dollars (about two-thirds of the annual construc-
tion budget). There are many reasons why delays occur.
They may be due to strikes, rework, poor organization,
material shortage, equipment failure and so on. Many
contractors justify delays by lack of in time funding and
tight budgets. Unfortunately, in most cases, they spend
an untold amount of resources on the project; as large as
several times the contracted cost. A chief reason for this
is that contractors who submit bids are not fully aware
of the scale and proportion of the project.
In Many projects, overhead expenses are of consider-
able importance and are at least 30 percent of the total
amount of project cost. As a result, any minor mistakes
in calculating project overhead expenses can make the
project fail. This paper is mainly a case study in the
area of road construction projects, which concerns es-
timation of overhead factor de�ciencies relative to the
system expenses status.
The results show that the overhead Cost factors is in-
versely related to the cost of the project, and with the
increasing cost of the project, the factor is decreased.
Finally, a linear relation is established to determine the
overhead factor relative to contract cost.

Key Words: Overhead costs, cost of project, pro�t.
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h the soil nailed walls obtained from full dynamic analysis
was used as a reference solution to ascertain the accuracy
of the results given by the proposed method. Two soil-
nailed structures were considered as case studies. 1940
El Centro and 1989 Loma Prieta were used to excite the
models.
A reasonable match was found between the results of
the proposed method and fully dynamic analysis of the
problem. The proposed method may be used e�ectively
to perform a broad suite of parametric studies at the
design stage. The above procedure can also provide a
hybrid experimental and numerical tool for earthquake
impact assessment of soil-reinforced retaining structures.

Key Words: Soil-reinforced. soil-nailed. dynamic anal-
ysis. nonlinear static analysis.
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Abstract
There are special guidelines for the design of structures
resistant to earthquake forces; parameters, such as the
conditions and seismicity of the site, and the impor-
tance and type of structure, are the main e�ective fac-
tors. Consideration of these parameters in calculation
and distribution of earthquake forces is signi�cantly dif-
ferent in various design codes. In most of these design
codes, the computation and distribution of earthquake
forces are based upon the elastic structural analysis. In
this approach, the real behavior of the structure is not
considered and consequently it may sustain large dis-
placements and irretrievable damage. Therefore, a new
design method has been utilized in this paper, by which,
the base shear and its distribution in the height of the
structure are calculated according to the plastic behav-
ior of the structure, and which takes advantage of the
energy balance. The latter is known as the Performance

Based Plastic Design (PBPD) method. In this method,
the target drift and yield mechanism are used as per-
formance parameters, which are based on the energy
method; in addition, the equilibrium relation between
the demanded work for monotonic displacement of the
structure to achieve the target drift, and the internal en-
ergy obtained by the spectrum response of the equivalent
SDOF for the elasto-plastic system, is used to compute
the base shear of the structure. This method has been
successfully performed on MRF, CBF, EBF and special
truss systems. In this paper, the PBPD method has been
developed for coupled shear walls with steel link beams.
The results of the PBPD method are compared with the
results of the ordinary method. It is demonstrated that
the plastic hinges, the inter-story drifts and the plas-
tic rotation of links are distributed more uniformly at
the height of frames designed by the suggested method
compared to those of the ordinary method.

Key Words: Performance based plastic design, couple
shear wall with steel connective beam, seismic performance,
base shear, plastic hinge.
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Abstract
Abrasion/erosion strength is an important characteristic
of concrete, such as when used in pavements or some hy-
draulic structures. In these cases, usage of some admix-
tures can help to improve abrasion/erosion strength. In
this study, admixtures using nano silica and polypropy-
lene �ber, which can increase abrasion/erosion strength,
are used. Determination of abrasion/erosion strength
is measured based on ASTM C1138, which can evalu-
ate the abrasion/erosion strength of concrete under wa-
ter and steel ball suspension. This test method simu-
lates the abrasive action of waterborne particles, such
as silt, sand, gravel, and other solids. The results show
that these admixtures can remarkably improve the
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Abstract
For several years, hybrid structures such as CFT and
RCS have been studied and their good performance has
been proved. By applying the bene�ts of concrete and
steel together in hybrid systems, a connection with good
performance is achieved. Composite structures have been
widely used in the construction of buildings due to their
excellent static and earthquake resistant properties, such
as high strength, high ductility, and large energy dissi-
pation capacity. In this paper, an experimental inves-
tigation of the perimeter diaphragm and internal plate
e�ects on a hybrid connection of steel beam to concrete
column has been conducted. So, a concrete connec-
tion and three composite connections were constructed
and tested under cyclic loading. A concrete connec-
tion was the standard reference connection and the fol-
lowing three connections were proposed as composite
connections of steel beam to concrete column: perime-
ter diaphragm and internal plates, perimeter diaphragm
and inner shearheads, and post tensioned composite.
In all these composite connections, the concrete col-
umn in the panel zone has been con�ned with a steel
sheath. The perimeter diaphragm makes the plastic
hinge form at a distance from the connection bay and
column edge, and the connection elements remain in
an elastic state. The results indicated that compos-
ing the connection created an increase in loading ca-
pacity and energy dissipation. An increase in the duc-
tility of composite connections with the perimeter di-
aphragm in comparison with the reference concrete con-
nection was also observed. By composing the connec-
tion, the maximum strength of specimens with a di-
aphragm and internal plates, the connection with di-
aphragm and shearheads, and the post tensioned con-
nection, in comparison with the reference specimen, was
increased 239,389,156 percent, respectively. Also, the
ductility increase of specimens with diaphragm and in-

ternal plates, and with shearheads, in comparison with
the concrete specimen, was 118.25 percent.

Key Words: Perimeter diaphragm, internal plate, com-
posite connection, panel zone, ductility.
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Abstract
In recent years, due to the growing demand for high-
rise structures, the use of soil-nailed walls has become
increasingly common, particularly as a basement to pro-
vide su�cient parking space. However, the main concern
when using soil-nailed cuts in high-seismicity regions is
the performance of soil-nailed excavations during seismic
loading. It is necessary to study the seismic performance
of nailed structures for optimum design and it is useful
to study displacement seismic design with a focus on dis-
placement, instead of force, as the direct performance or
damage indicator, to achieve these objectives.
A method is proposed to evaluate the seismic deforma-
tion of soil reinforced structures using a combination of
nonlinear static analysis of MDOF models and dynamic
analysis of a 2DOF system. A computer program for
dynamic analysis of nonlinear 2DOF systems was de-
veloped, in which seismic deformations of soil reinforced
structures can be calculated. Two force-displacement re-
lations, obtained from nonlinear static analysis, describe
the characteristics of the whole structure and are used as
the nonlinear sti�ness of the 2DOF springs. Nonlinear
static analysis was performed by applying a vertical load
pattern behind the reinforced block and on the surface
of the multi-degree of freedom model. Contours of the
horizontal displacement and plastic strain from static
nonlinear analyses are compared with the seismic fail-
ure mechanism of soil-nailed structures. Deformation of
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h alginate, which is used a lot in the dentistry industry. It
is used extensively as an impression making material in
dentistry, prosthetics, life casting and occasionally for
creating positives for small scale casting. In addition,
alginate is used in the food industry, engineering and
construction. This polymer is made in a variety of per-
centages: 0.5, 1, 1.5 and 2, with di�erent percentages:
1, 1.5 and 2, of resin. The values of w/c in all samples
are 0.36. The objective of this study is to investigate
the inuence of alginate on the fresh, hardened and sul-
phate resistance properties of SCC. The performance of
alginate is established in SCC using fresh concrete tests,
such as slump ow, T500 time, J ring and L-box ra-
tio, and by hardened concrete tests, such as compres-
sive strength, exural strength, water absorption and
density in magnesium sulphate solutions. The compres-
sive strength and density of each mix design, over 7, 28,
56, and 90 days, are determined. In addition, prismatic
specimens are made to determine the exural strength
at 28 days of curing. Two cubic specimens are made to
determine water absorption at 28 days of curing. The
results of the fresh concrete show that increasing algi-
nate content negatively a�ected the blocking ratio, be-
cause of viscosity decrease. This reduction is because of
diatomaceous earth. The use of alginate increases the
strength of the sulphate solutions. The highest exu-
ral strength value is seen in the R1.5A1 sample in the
sulphate environment. The R1A1 has the least density
compared with other samples. The R2A1.5 sample has
a higher compressive strength, over 56 and 90 days, in
the sulphate environment rather than the water environ-
ment. Results show compressive and exural strength in
upper ages. The R2A2 has the least water absorption
compared to the other samples.

Key Words: Self-compacting concrete, polymer, algi-
nate, magnesium sulphate, resin.
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Abstract
Abnormal load due to natural events, implementation
error and some other issues can lead to the occurrence
of progressive collapse in structures. In the research un-
dertaken so far, most have involved 2-D models and are
based on bare steel frames without consideration of the
contribution of the oor systems, which reduces the ac-
curacy of the model. Consideration of the e�ects of three
dimensional and concrete oor slabs can play a crucial
role in the progressive collapse response. For this pur-
pose, in this research, a 3-dimensional �nite element
model of a �ve story steel building was simulated by
Abaqus/CAE 6.11 software; First, with consideration of
the slabs, and next, without their consideration. Then,
the potential for progressive collapse was simulated. The
results of the analysis indicate that the lack of consider-
ation of the slabs during computation can lead to errors
in assessing the potential for progressive failure of struc-
tures. The following results can be concluded from this
study: when a structure is subjected to unusual exter-
nal loads, such as a motor vehicle collision, explosion
of a bomb in a vehicle, etc., the most critical columns
are located in the nearest frame to the outer frame of
the structure. So, engineers should focus more on resis-
tant design against progressive collapse, as it could be
a key factor that has a signi�cant role in reducing the
progressive collapse potential. In progressive collapse
evaluation, when external columns are removed and the
structure is damaged, the closest columns to the exter-
nal frame are critical. Also, after removing the columns
in di�erent modes, the loads are split between the ad-
jacent members; hence, these members must have su�-
cient ability to withstand the additional forces. There-
fore, the distribution of forces in these members, before
and after column removal, can be seen by monitoring the
axial force values for adjacent members of the removed
column. Because all the members are designed to with-
stand earthquake loads and non-interference of related
loads (i.e., earthquake ground motion) with progressive
collapse, even by removal of the main load bearing mem-
bers, other columns still have enough capacity to carry
the existing loads.

Key Words: Progressive collapse, intermediate steel
moment frame system, composite roo�ng, abnormal loads.

EXPERIMENTAL INVESTIGATION
OF PERIMETER DIAPHRAGM AND
INTERNAL PLATE EFFECTS ON

151



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

hthe area of the setback. The seismic responses of geo-
metrically irregular frames, which have a larger e�ective
modal mass ratio for the second and third modes, are
large, and the responses increase by a reduction in the
area of the setback. The results show that peak seismic
responses occur when a setback is in one second, and,
then, at one third of the height. At the level of the set-
back (the level at which the tower is joined to the base)
a large jump in drift diagram is observed when com-
pared to the referenced regular frame. Also, enhanced
pushover analysis methods can estimate the seismic de-
mands accurately for geometrically irregular frames with
setback. The seismic responses of the frames with set-
backs and the accuracy of the enhanced pushover analy-
sis methods generally depend on dynamic characteristics
and geometrical con�guration.

Key Words: Geometrical irregularity in height, set-
back, dynamic characteristics, seismic behavior, nonlinear
dynamic analysis, enhanced pushover analysis.
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Abstract
In this paper, the behavior of laterally loaded mono-
piles was investigated considering soil and structure in-
teraction, and using numerical modeling. The numeri-
cal model was, at �rst, veri�ed using large scale experi-
mental test results and some analytical methods. Then,
some sensitivity analyses were performed and the e�ects
of parameters, such as free to embedded length ratio of
the mono-pile, diameter of the pile, soil strength and
etc., were investigated. Finally, the response of the lat-
erally loaded mono-pile and soil system was compared

with an end �xed column to �nd an equilibrium length
for the column to have the best �t response with the
mono-pile and soil system. The veri�cation analysis of
numerical modeling showed good compatibility with the
large scale tests results and analytical methods. Also,
the sensitivity results showed that increasing the free to
embedded length ratio and diameter of the mono-pile
and reducing soil strength result in the rigid behavior
of the mono-pile. Increasing the soil strength, pile di-
ameter and embedded length of the mono-pile increases
the mono-pile lateral bearing capacity. However, there
is an embedded length, as critical depth, subsequent to
which, the mono-pile lateral bearing capacity becomes
constant. Comparing the load- displacement response
of the mono-pile and soil system with an end �xed col-
umn showed that it is possible to replace the mono-pile
and soil with a column having an equiblibrium length
as its initial length plus a pert embedded length (called
depth of �xity). The amount of depth of �xity is sug-
gested to be 6 to 10 times the pile diameter, without
considering soil and pile conditions. The depth of �xity
depends on the free length and diameter of the mono-
pile and soil strength, so that, increasing the free length
of the mono-pile results in an increase in the depth of
�xity in dense sand soil. However, there is not a speci�c
trend in the loose sand soil.

Key Words: Mono-pile and soil, lateral loading, numer-
ical model, depth of �xity.
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Abstract
This paper presents an experimental study on the prop-
erties of self-compacting concrete (SCC) using natural
polymer (SCC). Fifteen series of mixed proportions were
used, which were cured in two environments of magne-
sium sulphate and by water curing. The polymer used is
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Abstract
A comprehensive closed-form approach is presented to
approximately evaluate the probability distribution of
displacement of SDOF and MDOF systems subjected
to stationary and non-stationary Gaussian excitations.
The probability distribution of displacement of a SDOF
system is investigated on the basis of statistical relations,
and a closed-form method is presented to approximately
detect the structural response without any need to per-
form exact dynamic analysis. Buildings with BW hys-
teretic behavior can easily be modeled with the aid of
the proposed approach. The approximate procedure can
signi�cantly facilitate the utilization of non-stationary
models in engineering practice, because it avoids com-
putational di�culties. The method is based on the ap-
proximation of a non-stationary process by an equiva-
lent stationary process. In this study, six systems with
initial periods of 0.4, 0.6, 0.8, 1, 1.2 and 1.4 sec. are
considered for the validation of the presented relations.
With the aid of the determined linearization coe�cients
of the system, the target displacement and IDA curves
are also determined. The previous investigations into de-
velopment and evaluation of the coe�fb03cient method to
compute the target displacement used computer models
of the buildings; an exhaustive list of references is avail-
able in the FEMA-440 report. The \exact" value of the
target roof displacement was taken as the peak roof dis-
placement computed by nonlinear response history anal-
ysis of the computer model subjected to selected earth-
quake motion at its base. But, generally, determining
the probability distribution of structural demands and
the response of structural systems at di�erent con�dence
levels, based on nonlinear dynamic analysis, can be very
time consuming. With regard to this need, developing
a simple computational approach that replaces exact
methods and the time consuming dynamic analysis of
structures is the aim of this research. The computed tar-
get displacements for six systems are compared with the
target displacement under 300 non-stationary records
and from nonlinear static procedure in FEMA-440. In
comparison to the exact dynamic analysis procedure, the

proposed approach provides an acceptable probabilistic
result with less computational time and cost.

Key Words: Target displacement, statistical relations,
bouc-Wen model , displacement probability distribution.
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Abstract
A building with a sudden change in the geometry of
the frame over the height is called a setback build-
ing, stepped building or vertically geometrically irregu-
lar building. This kind of irregularity causes an abrupt
discontinuity in the sti�ness, strength and mass of the
frame, creating complex behavior in the structural sys-
tem. This paper aims to study the seismic behavior
of geometrically irregular buildings with setbacks, the
irregularity of which can cause damage during earth-
quakes. In this study, a total of 20 geometrically irregu-
lar steel moment resisting 9-story frames were designed.
An eigenvalue analysis was performed to evaluate the
dynamic characteristics of the structures. The seismic
behavior of the frames was examined by nonlinear time-
history analysis using seven ordinary far-�eld ground
motion records. Due to the rapidly increasing use of
pushover analysis in recent years, and to account for the
e�ect of higher modes in pushover analysis, enhanced
pushover analyses, including modal pushover analysis
(MPA), upper bound pushover analysis (UBPA), con-
secutive modal pushover (CMP) and extended N2 (EN2)
methods, were implemented. The results indicate that
the e�ects of higher modes for geometrically irregular
frames can be considerable. Also, two basic parameters
have an inuence on the seismic response of these struc-
tures: the position of the setback and the reduction in
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hinto spectral accelerations and displacements is based on
the assumption that the dynamic behavior is dominated
with only one of the natural vibrational mode shapes
which is assumed to be constant and not changing dur-
ing the (NSP) analysis. Assessing this assumption for
horizontally curved bridges shows that the lateral load
patterns are e�ected with combination of modes and are
not proportional to one especial mode shape. In this
context, mass proportional load pattern is usually used
to consider the e�ects of some special pre-speci�ed mode
shapes in (NSP) analysis.
In this research, the (CSM) method is further devel-
oped and a method is proposed for determining target
displacements using the mass proportional load pattern.
In the proposed method, the capacity spectrum is drawn
using mass proportional load pattern based on the dis-
placement vector in the linear range instead of some
speci�ed mode shapes. Therefore, the developed pro-
posed method is not dependent on some pre-speci�ed
modes of vibration and the e�ects of all modes of vi-
bration are considered simultaneously. The e�ciency of
the proposed method is proved by determining target
displacements of control points on a horizontally curved
bridge using the proposed method and then comparing
the results with the results of incremental dynamic anal-
ysis (IDA).

Key Words: Horizontally curved bridge, capacity spec-
trum, m load pattern.
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Abstract

Soil cement is a mixture of Portland cement, soil and
water, the constituents of which, due to the hydration
of cement and compaction, bond together and make a
dense and durable composition with low permeability
and abrasion resistance. According to the de�nition of
ACI 116R, soil cement is a mixture of soil and a certain
amount of cement and water which has been compacted
to a high density. A more comprehensive de�nition has
been provided in ACI 230 IR, which de�nes soil cement
as a hard material with speci�c engineering properties
that is produced by the mixing, compaction and curing
of soil, aggregate, Portland cement, additives and wa-
ter. They are similar to roller compacted concrete; the
main di�erence between them being, however, the type
and size of aggregate particles. Soil cement is principally
made of round natural �nes, while roller compacted con-
crete is made of particles with a size of up to 19 mm.
The soil cement mixture is usually used as protection for
earth embankment slopes, while roller compacted con-
crete is mostly used in massive elements such as gravity
dams. All types of soil can be used in soil cement con-
struction, except organic and plastic soil and reactive
sand. The most e�cient soils are those containing 5 to
35% of �nes, passing sieve 200. However, soil containing
more than 2% organic material is strictly unacceptable.
Soil cement application in dam and pavement construc-
tion has grown. Previous studies have investigated the
e�ects of cement content, water to cement ratio, and
compaction level, on the strength of soil cement mix-
tures. Some other factors a�ecting the strength of soil
cement are pozzolans and chemical additives which are
not usually economical for use in large civil projects.
In this research, the e�ects of plasticity index and sand
equivalent of soils on uncon�ned compressive and ex-
ural strength have been investigated. The results show
that the compressive and exural strength of soil cement
mixtures is dependent on the plasticity index and sand
equivalent. Also, a numerical model developed for the
co�er dam of the Bakhtiari dam, and results, show that
its structure is stable with soil cement material.

Key Words: Soil cement, uncon�ned compressive
strength, exural strength, plasticity index, sand equiva-
lent, type of gradation, numerical modeling.
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h (highest bearing capacity with the least cost) are deter-
mined in order to reduce the costs as much as possible.
Also, a comparison is made between the performance of
the 3D geosynthetic reinforcement and planar form with
the same mass of used material (as two reinforcing sys-
tems with similar materials but di�erent behavior mech-
anisms) to determine the system with higher e�ciency.

Key Words: Reinforced soil, foundation bed, geosyn-
thetic, geocell, FDM, FLAC3d.
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Abstract
Settlement and tilt of structures due to the liquefaction
of subsoil layers is a major cause of damage during earth-
quake. Among di�erent soil pro�le types, two-layered
sub soil is very common. The numerical study presented
in this research addresses the e�ects of di�erent parame-
ters that are inuential on liquefaction in saturated sand
deposits underlying the foundation of structures. In this
regard, a 3D �nite element model, with a fully coupled
dynamic analysis of saturated porous media has been
utilized. For the constitutive model, a well-calibrated
bounding-surface plasticity model, capable of accounting
for the monotonic and cyclic response of saturated sand,
in a wide range of densities and con�ning pressures, has
been used. Another main feature of the proposed numer-
ical model is taking the variations of permeability into
account during liquefaction. The numerical simulations
of this study have been performed using OpenSEES,
which is an Open-source software framework. In this
research, two 3D u-p elements with novel variable per-
meability functions have been used, which were imple-
mented in OpenSEES. The numerical model has been

veri�ed by simulation of a series of centrifuge experi-
ments performed on models of footing and the analysis
results are compared with experimental measurements.
After veri�cation of the numerical model, comprehen-
sive parametric studies were conducted and, based on
the obtained results the e�ects of the parameters were
reported. The results showed that existance of a lique�-
able layer plays a signi�cant role in shallow foundation
settlement during earthquake. In two- layered subsoil, if
the footing rests on the lique�able layer, the underlying
dense sand can reduce the amount of settlement more
e�ectively.
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Abstract
Considering appropriate lateral load pattern and deter-
mining target displacement for bridges in nonlinear static
pushover (NSP) analysis have been important issues for
researchers. There are two conventional load patterns
in the standard codes of practices which are called:1-
Mode shape proportional load pattern, 2-Mass propor-
tional load pattern.
Capacity Spectrum Method (CSM) is one of the ap-
proaches applied in determining target displacement of
structures usually using the �rst mode proportional load
pattern. In conventional (CSM) method for determining
the spectrum capacity curve during NSP analysis, the
base shear of the multi degrees of freedom system versus
displacement of the control point is drawn using the �rst
mode proportional load pattern, and then is converted to
spectral displacement and spectral acceleration format.
Converting base shears and control point displacements
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Abstract
Geocell is a three-dimensional geosynthetic product
which can be used to stabilize foundations by increas-
ing bearing capacity and reducing settlements. Geocells
have completely di�erent mechanisms compared to the
traditional forms of geosynthetics (planar geosynthet-
ics). Their three dimensional geometry causes extreme

lateral con�nement for the in�lled soil, which leads to
an increase in soil strength and sti�ness and a decrease
in surface permanent-deformation.
Many laboratory and �eld tests have demonstrated the
e�ectiveness of geocell reinforcement systems in di�er-
ent �elds. Due to several advantages, the geocell is in
the process of practical development. However, a con-
siderable gap exists between applications and theories
for mechanisms of geocell-reinforced foundations. There
are relatively extensive laboratory studies in the �eld
of geocell reinforcement, but, because of its complexity,
numerical modeling of geocell reinforcement, which is
essential for investigating its behavior, has rarely been
undertaken.
This paper presents a numerical model of geocell rein-
forced foundation sand beds. In this numerical study,
in order to simulate the three dimensional nature of the
geocell accurately, the geocell and soil are simulated sep-
arately using the 3D Finite Di�erence Method (FDM) of
FLAC3D. The geocell is simulated using geogrid struc-
tural elements, and the elastic-perfectly plastic Mohr-
Coulomb model is used for modeling the behavior of soil.
In order to verify the modeling, at �rst, a single geocell
reinforced soil is modeled and compared with the equiv-
alent laboratory test presented in the literature. Then,
the model is extended to geocell foundation beds.
Finally, in this research, the placement conditions un-
der which the geocell layers have the highest e�ciency
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