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Abstract
During previous earthquakes, a large number of used
piles have been damaged, which unfortunately have been
recorded in a small sample of usable information. There-
fore, it would be very useful to obtain close-to-realistic
information on designing and determining the behavior
of the piles. The purpose of this paper is the modeling
of soil and pile using Winkler's method and its prob-
abilistic analysis under the dynamic load of the earth-
quake by applying uncertainty of input parameters of
soil and concrete. For this purpose, by programming in
the MATLAB, dynamic analysis in the time domain is
combined with the New Mark method and the Monte
Carlo Simulation (MCS) as a tool for probabilistic anal-
ysis to determine the probability distribution of the dis-
placement, velocity, and acceleration of each point of the

pile. In this way, the plie is modeled as beam elements,
sti�ness and damping of the soil, by linear springs and
dampers are modeled respectively, and optional earth-
quake force is considered on the bedrock. The MCS is
a computational algorithm that involves building mod-
els of possible results by substituting a range of values
for any variable with inherent uncertainty. To verify,
the results of the displacement of the pile and the spa-
tial response of the site are compared by the output of
PLAXIS and Deepsoil deterministically. Using proba-
bilistic analysis, it is possible to determine the proba-
bility of outputs of the model. Also, in this paper, the
e�ect of the pile length on its probabilistic displacement
in the dynamic analysis is assessed and the maximum
displacement probability density functions of them are
compared. The results indicate that with increasing the
length of the piles, the average displacement of the pile
head increase. Furthermore, with increasing the length
of the piles the standard deviation of displacement of the
pile head also increases. This means with increasing the
length of the piles the uncertainties of pile displacement
increase.

Key Words: Dynamic load, winkler method, uncer-
tainty, pile displacement, monte carlo simulation.
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hcontents than the mainshock. Even seemingly, undam-
aged buildings may be damaged as a result of after-
shocks. The mainshock-damaged buildings with deterio-
rated structural properties are more susceptible to dam-
age. Based on the achievements of structural engineering
and earthquake today, design of structures based on per-
formance can be mentioned. Firstly, unlike traditional
methods, new structures can be designed based on seis-
mic needs and functional levels; secondly, the possibility
of retro�tting existing buildings is provided. There are
also famous ATC and FEMA regulations in this �eld. In
this research, the performance of steel structure with ec-
centric braced frames being a�ected by sequence earth-
quakes has been studied. To do so, low-rise buildings of
3, 5, and 7 stories have been analyzed in terms of time
history dynamics by nonlinear software of Perform 3D.
By drawing the fragility curve of structures at di�erent
levels of performance, the seismic vulnerability of struc-
tures has been investigated. The results indicate that
as the number of stories increases, the seismic vulner-
ability of the structure decreases, and the probability
of failure in Far-�eld earthquakes is higher than near-
fault earthquakes. In a seismic sequence discussion, the
second earthquake is often a�ected by the fact that its
PGA is larger than the �rst earthquake. In other words,
when the PGA is the second earthquake smaller than or
equal to the �rst earthquake, its e�ect on structures is
very slight, which can be ignored. With regard to the
fragility curves achieved, it can be concluded that the
structure at the level of the safety of life (LS), which
is the standard 2800 and the topic of the tenth subject
of the national building regulations, has a good perfor-
mance, and the design based on them is reliable.

Key Words: Eccentric braced frames, near-fault and
far-�eld earthquake, sequence earthquake, seismic vulnera-
bility, nonlinear dynamic analysis, fragility curve.
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Abstract
Selection of Ground Motion Prediction Equation (GMPE)
is one of the key elements within a seismic hazard anal-
ysis. A variety of available GMPE models makes this
selection a scienti�c challenge. Therefore, the stability
assessment of an optimized GMPE model is investigated
in this paper by employing a new Re-Sampling Analy-
sis (RSA) methodology (Azarbakht et al., 2014). The
Boore and Atkinson 2008 GMPE is examined in this
paper. The multi-objective Genetic Algorithm (GA) is
employed in order to minimize the Log-likelihood (LLH)
measure as well as maximise the RSA. The ground mo-
tion database, in this study, consists of 15348 ground
motion spectra resulting from 58 seismic events. The
magnitude range is between 5 and 7.4, and all the records
have the distance less than 200 km. The analysis is per-
formed for peak ground acceleration. The results are
compared with the eight most common NGA GMPEs.
The obtained results show that the optimum coe�cients
for the BA2008 model improve it in such a way that the
LLH is least among the models, and the RSA measure is
adequate. It is worth mentioning that all the results in
this paper are constrained to the given assumptions as
well as the considered methodologies and database. The
results may change by using di�erent databases and en-
richment of the data during future researches.

Key Words: Seismic hazard analysis, GMPE, , RSA,
LLH, BA 2008.
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Abstract
In this paper, the seismic behavior of base-isolated wa-
ter storage tanks under the e�ect of long-period earth-
quakes has been investigated; as relatively high period
of these types of structures causes them to be sensitive
against long-period earthquakes. In this regard, an e�-
cient and new method called critical excitation method
(CEM), is employed for seismic behavior of base-isolated
water storage tanks, for the �rst time. In the CEM, it
is tried to produce critical earthquakes for each struc-
ture based on its characteristics and parameters, and
then apply them to the undertaken structure so that
the seismic behavior of structures during and after the
earthquake may be increased. To investigate behavior
of base-isolated water storage tanks under long-period
earthquakes, three types of broad, middle and slender
storage tanks have been used, for which two types of
isolators (i.e., lead rubber bearing (LRB) and friction
pendulum system (FPS)) are equipped. In order to
model seismic behavior of water storage tanks consid-
ering uid-structure dynamic interaction e�ects, a sim-

pli�ed and practical model proposed by Haroun has been
employed in this research. The base-isolated water stor-
age tanks have been exposed to long-period earthquakes
to magnify responses. In addition, in order to develop
the CEM, it has been used to analyze base-isolated wa-
ter storage tanks through modifying available matrices
in the equation of motion, rewriting the required for-
mulas and developing the necessary codes in MATLAB
environment. According to the results obtained from
this research for the speci�c cases considered, it was
found that using energy dissipation systems has caused
these structures to perform better. Moreover, by propos-
ing the CEM, this method was investigated for the �rst
time with regard to base-isolated water storage tanks.
In addition to introducing the critical parameters of this
method, it was found that using this method leads to
critical conditions in base-isolated water storage tanks.

Key Words: Water storage tanks, seismic isolator, crit-
ical excitation method, long-period earthquakes.
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Abstract
Following a large earthquake, numerous aftershocks can
be triggered due to the complex stress interaction be-
tween and within tectonic plates. Although aftershocks
are normally smaller in magnitude, their ground mo-
tion intensity can be large and have di�erent energy
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Abstract
The reliability of structures under di�erent loading con-
ditions is the main objective of civil engineers. Progres-
sive collapse is a catastrophic phenomenon which has
been of greatest interest to many researchers and engi-
neers during the last decade. The incidence of diverse
accidents such as burst, �re, vehicle collision, miscalcula-
tion, mistake in construction can result in a partial fail-
ure in a structure, which sometimes extends to collapse
the majority of or entire a building. This phenomenon
is called the progressive collapse. This collapse is de-
�ned in some regulations in the same way. For example
in NISTIR-7396 \the progressive collapse is the expan-
sion of a primary damage triggered by a primer incident
from an organ to others consequently causing either ma-
jor or entire damage to a construction". The main aim
of this project is to study the reaction of the steel mo-
ment frame with the rigid connection of SP, WUF-B and
RBS under the progressive collapse.
To pursue the study, we used six-, nine- and 12-oor
buildings representing short, mid and tall structures
equipped by the steel moment frame system. The alter-
native path method and UFC 4-023-03 regulation were
used as standard methods to estimate the progressive
collapse. The modelling of the buildings was run by
software SAP 2000 which is in 3D, and then non-linear
dynamic time history performed to analyze the data.
Moreover, we predicted the di�erent scenarios of col-
umn removals regarding the regulation criteria in order
to study the progressive collapse.
The results from the alternative path method showed
that unlike the WUF-B and SP connections, the RBS
has more potential resistance due to higher ductility.
Furthermore, the tall buildings presented the better re-
sistance against collapse as well, because of the higher
indeterminate degree. The results from column removals
in the given models showed the more destruction in the
upper oors unlike the removals of columns in downward
oors.

Key Words: Progressive collapse, rigid connections,
reduced beam section (RBS), improved WUF-bolted web
(WUF-B), side plate (SP).
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Abstract
Creeping behavior of �ne grained soils under constant
loading over time is a signi�cant subject in evaluating
their behavior and the long-term settlements of foun-
dations of the high rise buildings and lateral displace-
ments of various retaining structures in contact of these
soils. Grain soils often have no signi�cant creeping be-
havior. This study, conducted on undisturbed samples
of �ne-grained soils of clay and silt from di�erent parts
of the city of Mashhad. By continuing constant loading
over time consistent with the creep studies of a num-
ber of researchers, the changes of creeping coe�cients
were investigated after the main consolidation stage; in
addition, the results of the secondary consolidation of
the samples were evaluated and controlled by previous
investigations. By using regression statistical analysis,
the correlations of creep coe�cients with other physi-
cal characteristic parameters of the �ne grain samples
has been evaluated. Studies on �ne grained specimens
in the city of Mashhad showed that they were mainly
clay and silt with a low level of liquidity. In the statis-
tical analysis of regression, the secondary consolidation
coe�cient and creep behavior of samples in the type of
�ne-grained clay CL with physical characteristic param-
eters of �ne grained samples, especially with coe�cient
of compression, is more signi�cant than the regression of
ML �ne-grained samples. Correlational equations have
been analyzed and presented for both groups of local
�ne-grained soils. In addition, the results are compared
with the limits of the proposed secondary compression
coe�cients of other researchers. The results can be used
in predicting control and rapid calculations of creeping
settlements, and displacements of high-rise structures,
retaining structures, etc. in the city over time under
constant load. For rapid initial calculations, without the
need for results of long-term experiments, relationships
of coe�cients of creep behavior were obtained through
regression analyses with other physical properties of �ne
grained material. The results of statistical analyzes for
the clayey �ne-grained soils have a more signi�cant cor-
relation with the physical properties of the soil than the
�ne-grained silts.
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h the reinforcing plate increases the exural strength, en-
ergy dissipation, and connection sti�ness. In addition,
an increase of 20 kn of post-tensioning force leads to an
Increase connection power in the lateral force bearing
to 6%. Use web angle as a new idea, leads to increased
exural strength, Increase connection power in the lat-
eral force bearing, energy dissipation, and connection
sti�ness.

Key Words: Post-tensioned connection, energy dissi-
pation, numerical modeling, cyclic loading.
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Abstract
In recent decades, due to increased military and terror-
ist attacks in the world, attention has been paid to the
construction of underground security structures. Since
most of the vital, sensitive and important structures of
the country, like other structures, are based on soil or
in soil, the study of the e�ect of the explosion on the
performance of these structures is essential for their safe
design. Secure underground structures are structures
that are constructed at a certain depth of the ground,
generally made by reinforced concrete, then the embank-
ment is applied as overhead cover. Overhead embank-
ment plays an important role in removing the tensions
caused by the explosion. Consideration of this aspect
of the design of underground structures requires the ex-
pertise and knowledge of geotechnical engineering that
combines civil engineering with passive defense, i.e., a
step forward in the design of secure structures under-
ground. In the present study, 3D modeling of the soil

mass and the geofoam layer in ABAQUS �nite element
software examined the e�ciency of geofoam as an obsta-
cle to the explosive separator. For modeling soil behav-
ior, modi�ed Dracke-Prager model with a cap and for
modeling the behavior of geofoam, stress strain graphs
under a high strain rate have been used, In addition, in
order to analyze the e�ect of using geofoam in reducing
the pressure caused by explosive charge, a reduction per-
centage was used to compare the results. Investigations
have shown that the use of geofoam layer in underground
structures overhead, the maximum pressure due to ex-
plosion signi�cantly reduced (up to 61%). The change in
the speci�c mass of the geofoam layer from 110 to 80 Kg
per cubic meter, the reduction percentage has changed
+10%. By changing the thickness of the geofoam layer
in the range of 0.25 m to 1 m, the percentage of reduc-
tion +14.7% has improved. By changing the length of
the geofoam layer in the range of 2 to 8 m, the reduc-
tion percentage has changed+15.8%. By increasing the
thickness of the overhead embankment above the geo-
foam layer, the reduction percentage has changed +9%.
Considering the speci�c circumstances of each project,
including the cost-bene�t graph, can be obtained an op-
timal and appropriate amount for each of the variables
declared. At the end of this research, a relationship has
been found to calculate the reduction coe�cient that
will be e�ective in designing intelligent defense embank-
ments.

Key Words: Intelligent defense embankment, geofoam,
underground security structure, explosive loading, reduc-
tion percentage.
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In this paper, applied element method for linear analy-
sis of structures based on energy concept in the range of
small deformations has been developed and introduced
as modi�ed applied element method. This method con-
siders the structure as a set of rigid elements and con-
necting springs. Both elements of the structure are con-
nected by a single spring with normal, shear and rotary
sti�ness. Springs sti�ness can be calculate according to
the properties of the materials. Considering principle of
minimum total potential energy for the structure, defor-
mation in the structure can be calculated. This method
estimates the linear behavior of the structure with a very
good accuracy and low analytical time in the range of
small deformations. In this paper, �rst, the formulation
of the modi�ed applied elements method for the analy-
sis of the behavior of linear structures in the small range
of deformation is expressed, then, compare the accuracy
and speed of this method with applied element method
and theoretical values. The results show that in analyz-
ing a cantilever beam with the proposed method, even
with a model that includes the minimum number of el-
ements, the error rate is less than 2 percent. This com-
parison was also used to analyze a one-story frame with
simple supports, in this case the rate of error was less
than 0.15 percent. However, solving this two problems
by applied element method with the same dimensions of
element, has more than 31% and 32% of the error rate
in case of cantilever beam and one-span frame respec-
tively. The calculation time of the proposed method is
less than 40% of the calculation time in the applied ele-
ment method with 10 series of connection springs. Also,
in this method, the value of the frame ductility was esti-
mated with an error of about 3%, while the correspond-
ing error value in the applied element method was as
much as 41% in the same element size.

Key Words: Applied element method, principle of
minimum total energy potential, small deformations, lin-
ear analysis.
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Abstract
Many arrangements of beam-column connection have
been considered since the start of steel construction. In
the early times of steel construction, engineers provided
bolted connections with di�erent detailing of pinned and
�xed connections. In the late 1950s welded-ange-bolted-
web connections replaced earlier connections. Speed of
erection and cost-e�ciency were among the reasons that
led to wide use of this connection detail. Prior to the
major earthquake of Northridge, welded-ange-bolted-
web connections were considered the most seismic re-
sistant detail of any beam-column connection based on
experimental work conducted at Lehigh University and
University of California at Berkeley which proved their
good cyclic behaviour. The experimental work showed
that this connection can withstand high plastic rota-
tions, especially for welded-ange-welded-web con-
nection. These results led to widespread use of
welded-ange-bolted-web connections in the 1980s.
The Northridge earthquake caused extensive damage
to many structures and changed the general idea about
steel structures.
The observation of the damage to the construction in
1994, with the Northridge earthquake, revealed that,
unlike the expected behavior, in many cases, the brittle
failure in the connections It happened at the of the Plas-
tic rotations was much lower than the requirement, and
in some cases, even when the elastic structures Have re-
mained. According to the damages, the researchers pro-
posed new connections, one of connections is the post-
tensioned connection. Post-tensioned connections in-
clude high-strength steel strands for self-centering and
energy dissipation to control plastic deformation.
In this study, the numerical modeling of the post-
tensioned connection was performed using Abaqus �nite
element software. In addition to verifying the accuracy
of the modeling with the experimental results, 3 sam-
ples of the connection were modeled and Was investi-
gated the e�ect of some parameters on the connection
behavior under cyclic loading, this parameters including
the use Angle and reinforced plate with greater length
and width, the larger post-tensioning force, use the web
angle. In the range of models of this paper, the results
show that increasing the angle length and the width of
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the methodology proposed by FEMA P-695 taking into
consideration the uncertainties in modeling, designing,
earthquakes and experimental data. Results show that
the e�ect of diagonal angles on the response modi�ca-
tion factors depend on the building height. However, it
can be stated that, in general, changing the angles of
diagonals in steel diagrid systems do not have a signif-
icant e�ect on their R-factor. It is also observed that
an increase in the angle of diagonal members will reduce
the uncertainty in collapse data.

Key Words: Diagrid structures, nonlinear static anal-
ysis, nonlinear dynamic analysis, seismic performance fac-
tors, collapse fragility curve, steel structures.
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Abstract
In crowded cities, building structures are usually con-
structed in close proximity to one another because of re-
stricted availability of space. In many cases, every build-
ing in a block is in full or partial contact with its neigh-
boring buildings. Because of insuf�fb01cient separations,
their di�erent heights and seismic-resisting systems colli-
sion can occur between adjacent buildings during strong
ground motions. This collision can make partial or gen-
eral damages to the structural elements and acceler-
ate their failure by a�ecting their sti�ness. This phe-

nomenon is commonly referred to as structural pound-
ing. Pounding between inadequately separated buildings
has been observed in most previous major earthquakes.
Each time pounding occurs, building structures will sus-
tain short duration large impact force not speci�cally
considered in conventional designs. The severity of the
impact depends on the dynamic characteristics of the
adjacent buildings in combination with the earthquake
characteristics. Aiming to prevent such collisions, the
present study tends to estimate the demand of separa-
tion gap angle at the highest collision level using various
proximity compositions of two regular steel moment re-
sisting frames under near-�eld and far-�eld earthquake
records. Accordingly, 2, 4, 6, 8, 10, 12, 14, 16, 18, and
20 story three-span steel moment resisting frames are
placed in all possible pair proximity states, and their
demand of separation gap and separation gap angle is
calculated using dynamic analysis of the nonlinear time
history with the OPENSEES software, and compared to
Standard 2800 (Fourth Edition) requirements. The re-
sults indicate that in some proximity states the Standard
2800 requirements underestimate the demand of sepa-
ration gap angle. Meanwhile, the average of demand
of separation gap angle in the states studied under the
component vertical to the fault of near-�eld earthquakes
is 1.48 and 1.35 times greater than those of the far-�eld
earthquakes and the component parallel to the fault of
near-�eld earthquakes respectively.

Key Words: Separation gap angle, adjacent buildings,
collision level, component vertical and parallel to the fault.
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ow condition and uniform-graded bed materials even
by applying ANFIS model, a lack of studies exists on
scouring under unsteady ood ow condition as well as
for non-uniform bed materials. Generally, river beds are
composed mainly of non-uniform materials. Motion of
the �ner sediment particles initiates results in the pro-
tective e�ect of greater particles, namely armoring ef-
fect on the bed surface, thereby eliminating further ero-
sion of the bed. Furthermore, in most of the rivers the
ow regime is commonly unsteady. During a ood, the
maximum scouring depth regarding to the peak of the
ood hydrograph would be smaller than the equilibrium
scouring depth which is commonly estimated using a
constant ow discharge. When the ow unsteadiness is
pronounced, the di�erence between the maximum scour-
ing depth and the equilibrium scouring depth is quite
substantial and thus should be addressed.
In the present study, armoring e�ect on local scouring
under unsteady ow condition was investigated based
on a comprehensive dataset collected by di�erent for-
mer investigators using ANFIS model. For this pur-
pose, two di�erent models were constructed. The �rst
model was based on 372 dataset collected in a practi-
cal study on di�erent bridges in USA. Measurements
were conducted under steady ow condition. The sec-
ond model was developed for estimating the maximum
scouring depth in the beds of uniform and armored ma-
terials under unsteady ow condition. To present a more
accurate model, some strategies including; reduction of
dimension and detection of outlier were used to improve
the performance of calculations. Genetic algorithm and
particle swarm optimization methods were applied to
develop a novel hybrid learning algorithm for ANFIS
model. The new hybrid learning algorithm train the an-
tecedent part of the fuzzy rules. Then the least square
method was applied for training the conclusion part of
the rules. It was shown that ANFIS model gives more
accurate results compared to the empirical equations.
Results highlighted the e�ectiveness of the data on the
estimations of ANFIS model. Furthermore, according to
the results, this approach is potentially able to train the
ANFIS model in both steady and unsteady ow condi-
tions.

Key Words: Bridge piers, scouring, unsteady ow, ar-
moring e�ects, ANFIS, optimization algorithms.
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Abstract
A new structural system of diagonally gridded elements,
the so called \diagrid", has been introduced in recent
years in which the frames that are made up of inter-
sected members surround the main structure. This type
of system provides excellent shear rigidity and sti�ness,
in contrast to the similar tubular structures. The trian-
gular con�guration o�ers structural stability for gravity
and lateral loads, and the removal of external columns
gives the building a unique architectural beauty. Swiss
Re (London), Hearst Tower (New York), Cyclone Tower
(Asan, South Korea), Capital Gate Tower (Abu Dhabi)
and Jinling Tower (Nanjing, China) are prominent cases
with diagrid system worldwide. The response modi�ca-
tion factor (R-factor) for diagrid systems is not yet ex-
plicitly introduced in the existing building codes and few
studies have been conducted on the assessment of this
parameter. On the other hand, previous researches show
that the angle of diagonals play an important role in the
structural behavior. In this paper, the e�ect of the angle
change of diagonal elements on R-factor, collapse capac-
ity and collapse fragility curves of steel diagrid struc-
tures are investigated. To this end, 6, 8, 10, and 12
story diagrid buildings with di�erent angles for diago-
nals varying from 580 to 780 were selected and modelled
using OpenSees software. The post-buckling behaviour
of diagonal members was taken into account in modelling
process. The models were then analyzed using nonlin-
ear static analysis and the R-factor of the system was
calculated according to the proposed method by ATC-
19 guielines. Nonlinear incremental dynamic analysis
(IDA) were performed and collapse fragility curves were
extracted using 44 far-�eld records in order to evalu-
ate their seismic performance and to validate the cal-
culated R-factor. Next, the reliability of the applied
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h bentonite and kaolinite clay samples with di�erent per-
centage of lime were studied experimentally. Studied
samples during the time of 7 and 28 days were cured
and uniaxial test were performed on them. Then Scan-
ning Electronic Microscope (SEM) images were done to
investigate the e�ect of the percentage and clay mineral
type on the lime stabilized clay samples. The results
of this research indicate that lime stabilization increase
the UCS of soft clay soils about 2 to 10 times. Also, the
interaction of soil-additive, the pozzolanic reaction pro-
gresses over the time, the optimum mixture of soil and
lime as well as the stabilization e�ciency, signi�cantly
dependent on the type and percentage of clay minerals
in the soil.

Key Words: SEM, lime, kaolinite, bentonite, uniaxial
strength.

STUDY OF TIME-DEPENDENT
BEHAVIOR OF SOFT CLAYS IN
DEEP EXCAVATIONS
J. Maleki
jafarmaleki@alum.sharif.edu
A. Pak(corresponding author)
pak@sharif.edu
Dept. of Civil Engineering
Sharif University of Technology
DOI:10.24200/J30.2018.5207.2216

Sharif Civil Engineering Journal
Volume 35, Issue 4.1, Page 13-25, Original Article

c Sharif University of Technology

� Received 4 October 2017; received in revised form 3 February
2018; accepted 10 March 2018.

Abstract
Deep excavations in soft clayey soils usually cause exces-
sive ground settlement and wall movements due to the
creep in soft soils. One of the commonly used methods
for predicting these displacements is numerical analysis,
however, in most cases for modeling soft clayey soils, soil
behavior is considered to be time-independent. So, the
e�ect of excavation time and creeping in soft soils are ig-
nored. In this paper, the impact of the time of construc-
tion of the excavation and creep e�ect that occurs in soft
soils are studied using three case studies. These three
excavations are stabilized using a combination of soil
anchorage and soil nailing methods. For studying the
time inuence and creep e�ect in soft soils with numer-
ical modeling, excavations are modeled using three dif-

ferent soil constitutive models, namely Mohr-Coulomb,
Hardening Soil (HS), and Soft Soil Creep (SSC) models.
The real �eld records by installed in-situ instruments are
employed to evaluate the performance of three constitu-
tive models for simulating the excavation wall behavior.
The obtained results show that for realistic simulation of
the behavior of deep excavations, the construction time
and the corresponding creeping behavior should be in-
cluded in the numerical modeling procedure in order to
better match the numerical predictions with the time-
independent behavior of soft soils.

Key Words: Deep excavation, numerical modeling, soft
clay, creep, soil anchorage, soil nailing, time factor, wall
deection.
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Abstract
Several studies have been performed to study the scour-
ing depth at bridge piers. Due to the complication of
the problem and variety of the hydraulic and geometric
parameters a�ecting the scouring phenomena, a general-
ized relationship has not been presented yet. Therefore,
adaptive neuro-fuzzy inference system (ANFIS) is an al-
ternative to overcome these problems. This approach is
an e�ective tool to provide the hydraulic engineers, pre-
cise estimation of the scouring depth around the bridge
piers. Although a large number of former studies have
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Abstract
The type and percentage of clay minerals in the soil
as well as the pore uid properties of double layer are
the important parameter that inuence on the strength
and behavioral properties of the clay Soils. In this re-
gard, clay soils are highly sensitive to changes in envi-
ronmental conditions and their behavior and strength
parameters will be a�ected by many factors such as soil
disturbance, water content, loading and drainage con-
ditions, loading rate, temperature, etc. Therefore, one
of the important parameter that a�ect the results and
e�ciency of lime stabilized clay soil samples and opti-
mum lime content (OLC) is the type and percentage of
clay minerals in the clay soils. In common, methods
of lime stabilization, the most e�ective innate factor of
clay minerals in the soil is not considered comprehen-
sively. So it has been observed that the results of var-
ious test methods are completely in conict with each
other. The accuracy of the test results depends on the
simultaneous consideration of chemical and mineralog-
ical properties of the soil. In this research, to study
the micro and macro-structure of stabilization process of
lime stabilized clay soil samples, di�erent combination of
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