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hAbstract
There are few actual records of near fault ruptures with
features di�erent from those of far �elds. These features
are mostly a�ected by forward directivity in near �eld
earthquakes. So, investigation into this �eld of study by
using methods such to simulate records would be essen-
tial Until now, di�erent methods have been used by re-
searchers to simulate strong ground motion. Stochastic
simulation is a method widely used for simulating high
frequency ground motion in recent years. This method,
which considers a point source, was presented by Boore
(1983). The seismic source is considered to be a rectan-
gular fault plane divided by some sub-faults in its longi-
tudinal and traversal directions. Bersneve and Atkinson
(1998) have introduced earthquake stochastic simulation
based on �nite fault modeling. In such simulations, each
subfault is considered a point source, using the source
model presented by Brune, with a corner frequency and
a constant stress drop. The target accelerogram is ob-
tained by summation of accelerograms generated by each
subfault and by considering their corresponding delay
times. This new modeling considers rupture geometry
and the directivity e�ect; therefore, its results will be
more appropriate.
The stress drop parameter is one of the most important
parameters in stochastic simulation that has a high un-
certainty. This parameter is studied here, based on both
stochastic point source and �nite fault modeling. For
this purpose, the stress drop is calculated for 7 Iranian
earthquakes with at least one near �eld record. Then,
these earthquakes have been simulated by using the re-
sults of the stress drops. Finally, several parameters,
such as nu, t0, gamma, and the impulse peak, which af-
fect near �eld records and directivity pulses, have been
investigated.

Key Words: Forward directivity e�ect, stochastic sim-
ulation, point source, �nite fault, stress drop, directivity
pulse e�ect.
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Abstract
In recent years, there has been an increasing interest in
studying the e�ect of di�erent parameters on the non-
linear behavior of moment resisting reinforced concrete
structures. However, it seems that simultaneous evalu-
ation of some parameters needs a comprehensive statis-
tical analysis. This paper describes a logical investiga-
tion into the seismic behavior of a �ve storey moment
resisting reinforced concrete structure under cyclic lat-
eral load, using an inelastic analysis computer program
named IDARC. The response surface method was used
for the experimental design and analysis of the interac-
tion e�ect of 4 factors: column dimension ratio, longitu-
dinal and shear reinforcement, column con�nement and
e�ectiveness coe�cient, on the overall damage index and
sti�ness degradation of the structure. Using the central
composite design method, each 4 factors were de�ned
over 5 levels. 25 IDARC models were analyzed and 4 re-
sponses obtained: Damage index at drifts equal to 1.5%,
3% and 4% of the structure height, and the tangent of
sti�ness degradation in a linear area, were taken from
each model. A computer program, named; Design Ex-
pert 7, was used for statistical analysis. Results show
that in linear areas, the drift equals 1.5% of the struc-
ture height. The overall damage index is a�ected by the
column dimension ratio, longitudinal reinforcement and
the column con�nement e�ectiveness coe�cient. How-
ever, in nonlinear areas, where the drift equals 4% of the
structure height, the damage index is a�ected by the col-
umn dimension ratio and longitudinal reinforcement. In
linear areas, the e�ect of shear reinforcement, and, in
nonlinear areas, the e�ect of shear reinforcement and
the column con�nement e�ectiveness coe�cient, on the
overall damage index of the structure, is negligible. Fur-
thermore, results show that the sti�ness degradation of
the structure is a�ected by the column dimension ratio,
longitudinal reinforcement and the column con�nement
e�ectiveness coe�cient. However, the e�ect of shear re-
inforcement on the sti�ness degradation of the structure
is negligible. The presented numerical model can be used
for prediction of the damage index.

Key Words: Nonlinear behavior, damage index, rein-
forced concrete, cyclic loading, response surface method.
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h for practical application, speci�cally the modeling of crit-
ical phenomenon such as boiling and heaving. Numerical
analysis was performed to show the mechanism of failure
under various conditions. Comparison of the computa-
tional results with experimental data and observations
shows that FLAC can model correctly the mechanism
of the boiling phenomena based on stress-strain analy-
sis. The e�ects of the internal friction angle, the angle
between the soil and the wall, and, �nally, the dilation
angle, on the behavior of soil, were investigated in de-
tail. The increase in the internal friction angle caused
the safety factor to rise signi�cantly. The results of this
study indicate that dilation angle is important in oc-
curring the type and shape of heaving and boiling. Up
to 15 degrees, the dilation angle created an increasing
safety factor, while, after 15 degrees, the safety factor is
decreased.

Key Words: Boiling, sheetpile, cuto�, sand, seepage,
safety factor.
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Abstract
Cracking of asphalt layers and pavements is one of the
most common modes of failure in roads and highways,
which can signi�cantly increase the cost of repair and re-
habilitation. Since asphalt mixtures can behave as brit-
tle materials at low temperature, brittle fracture and
crack growth in pavements is usually observed at the
surface of roads located in cold regions. Tra�c loading,
(due to the weight of moving vehicles) and thermal stress

(induced by daily or seasonal variations of �eld temper-
ature), are two major parameters a�ecting nucleation
and propagation of cracks inside the pavements. Re-

ective cracking is often observed in the overlays, and
the growth of such cracks is a an important problem in
this �eld. Thus, understanding the mechanism of crack
growth is essential for predicting pavement performance
for designing the averlay thickness, as well as in the de-
sign and optimization of mixtures. In this study, a two-
dimensional multi-layer asphalt pavement containing a
re
ective crack, and subjected to tra�c loading of the
front and rear wheels of a moving vehicle, was analyzed
numerically using ABAQUS �nite element code. Three
fracture parameters, including modes I and II stress in-
tensity factors (KIandKII) and the T-stress, are com-
puted for various positions of the vehicle relative to the
re
ective crack. In the analyzed models, the in
uence
of some parameters, such as wheel positions relative to
the crack, elastic modulus, thickness of layers and crack
length, was studied on the sign and magnitude of frac-
ture parameters. According to the obtained results, an
asphalt layer containing a vertical re
ective crack ex-
periences di�erent mixed mode opening-sliding (mixed
mode I/II) deformations when a vehicle moves from far
distances towards the crack location. It was observed
that a wide range of positive and negative KI ;KII and
T-stress values is induced in the asphalt layer. The in-

uence of crack length on the fracture behavior of the
analyzed crack was also noticeable.

Key Words: 2�D �nite element analysis, re
ective
crack, stress intensity factors, T-stress, tra�c loading, pave-
ment characteristic speci�cations.
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Abstract
Project scheduling is an important process in project
planning. In project scheduling, precedence relations
and resource constraints must be considered. In this
study, a Multi-mode Resource Constrained Project
Scheduling Problem (MRCPSP), as a main problem of
project scheduling, is investigated. Exact methods, heuris-
tic procedures and meta-heuristic approaches are di�er-
ent methods for solving the MRCPSP. However, with
respect to the fact that exact methods are unable to
solve problems with more than 20 activities in acceptable
computational time, in recent years, heuristic and meta-
heuristic approaches have been further investigated by
researchers. On the other hand, it has been proven that
the meta-heuristic approach outperforms heuristic meth-
ods.
In this study, an improved genetic algorithm (GA) is pre-
sented for solving MRCPSP, with minimization of the
project makespan, as the objective, subject to resource
and precedence constraints. Before starting with GA,
the preprocessing procedure is employed to reduce the
search space and computational e�ort. For solving this
problem, a random key and a related mode list (ML) rep-
resentation scheme are used as encoding schemes and the
multi-mode serial schedule generation scheme (MSSGS)
is considered as the decoding procedure. In this paper,
a new �tness function is proposed for reducing compu-
tational e�ort and average deviation from optimality. A
new mutation operator is also de�ned for improving the
solution quality.
The well-known benchmark sets, J10, J12, J14, J16, J18,
J20 and J30, in PSPLIB are used for testing the pro-
posed GA. Comparison of the results of the proposed
GA with other approaches validates the e�ectiveness
of the proposed algorithm to solve the MRCPSP. It is
worth mentioning that average deviation from the opti-
mal makespans (in the case of set J30, from the lower
bounds), the percentage of optimally solved instances,
and the average CPU time, in seconds, are used for com-
parison.

Key Words: Multi-mode resource constrained project
scheduling problem, precedence constraints, resource con-
straints, genetic algorithm (GA), random key representa-
tion.
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Abstract
Deep drilling is a major part of construction in urban
planning and is necessary for establishment of tunnels,
underground parking lots and structures with deep ex-
cavations. Usually, vertical and horizontal forces acting
on the location of the excavation are braced by vari-
ous types of sheet pile and cut-o�. The water level
around the sheet pile is an essential element to deter-
mine the excavation depth. Seepage 
ow through soil
reduces the stability of the soil body around the sheet
pile, and, �nally, causes boiling and heaving phenomena.
In this study, by means of software based on the explicit
�nite di�erence method, the e�ects of various factors
on the occurrence of failure mechanisms and safety fac-
tors against boiling near the sheet pile are investigated.
Comparison of experimental data with numerical results
indicates that FLAC can model and simulate, properly,
the boiling phenomenon, which is based on the stress-
strain analysis.
Boiling and heaving near hydraulic structures with an al-
luvial foundation are so destructive and undesirable that
remedial issues at the downstream part of such struc-
tures are vital. Proper modeling of such hydraulic struc-
tures (i.e. coastal dikes, levees etc) before implementa-
tion can be predicted using safe models and software
such as FLAC. Good adaptation of numerical results
with experimental data can prescribe accurate models
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Abstract
The historical application of tie rods in historical build-
ings was used in the past to ensure the stability of arches
and vaults against gravity and horizontal loads. There-
fore, the necessity of tie rod health monitoring is a preva-
lent subject in the vulnerability assessment of historical
buildings. The main purpose of this research is to eval-
uate the dynamic characteristics of tie rods. Also, the
e�ect of several parameters, such as known and unknown
boundary conditions, length and cross section, 
exural
sti�ness and axial load, on fundamental frequency, has
been evaluated. As a result, after a series of analyti-
cal modeling, practical graphs for three types of beam
end connection have been developed. It is possible to
calculate axial force with the fundamental frequency of
in-situ testing with the proposed graphs. Results showed
that the frequency is sensitive to all the aforementioned
factors. For instance, under known boundary condition,
the e�ect of the support type is more tangible for long
span beams. Also, under constant tensile stress, changes
in the boundary condition of tie rods with small cross
sections did not a�ect the frequency considerably. Fur-
thermore, length factors for a pinned-pinned beam with
small tensile force are not sensitive in comparison with
other support conditions. Comparison of analytical re-
sults of axial load and 
exural sti�ness with experimen-
tal data of reference 1, showed an acceptable conformity
between them. The maximum error for tensile stress
was calculated as 12%. This error was 5% for com-
pressive stress. Furthermore, analytical 
exural sti�ness
approached a full rigid support condition, while tensile
force increased. This is due to the geometric e�ect of
tensile force on the sti�ness matrix of the beam. Also,
for unknown boundary conditions, estimated buckling
force, regarding Newmark's analytical formulation, had
3.1% error, with the corresponding force from in-situ
dynamic testing obtained from reference 1.

Key Words: Tie rod, boundary condition, fundamental
frequency, 
exural sti�ness, axial load.
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Abstract
This article analyzes the results of load tests on 30 real
size rammed aggregate piers (RAPs) used in the con-
struction projects of various states in America, between
2001 and 2007. These piers were mostly tested in cohe-
sive soils, including CL and ML. The Navg-values of the
Standard Penetration Test of these soils were between
3 and 30. In this research, the parameters of pier di-
ameter, pier length, pier slenderness ratio, soil elasticity
modulus, pier elasticity modulus, design limit pier top
settlement and stress and pier sti�ness modulus were
considered. The pier diameters were 0.60, 0.75 and 0.90
m, and their length was between 1.8 and 5.1 m. The
piers slenderness ratio (length to diameter) was between
2.4 and 31.7 MPa. Test results reveal that when the
pier length or slenderness ratio is increased, the aver-
age top settlement changes little and shows a constant
trend. More precisely, the minimum and maximum set-
tlement values were 6.5 mm and 16.1 mm, respectively,
and the average settlement was 11.35 mm. The results
of in situ load tests on 12 RAPs in ML soil on small-
scale piers, in Iran, in 2011, similarly showed that the
minimum and maximum settlements were 7.2 mm and
13.1 mm, respectively, and the average settlement was
10.35 mm. The small-scale pier diameters were 0.185-
0.105 m, and the pier lengths were 0.35-1.5 m. Based on
these results, it seems that the average pier top settle-
ment value could provide a suitable basis for estimating
the piers sti�ness modulus and preliminary designing of
single RAPs. Based on the parameters a�ecting the es-
timation of pier top settlement and regression of results,
an equation was achieved in this research which showed
good agreement between calculated and measured re-
sults. This equation is based on pier slenderness ratio
(Lt=DP ) between 2.3 and 6.7, and the ratio of pier elas-
tic modulus to matrix soil modulus (EP =ES) between 5
and 88.

Key Words: Rammed aggregate piers, pier settlement,
in
ection stress, pier sti�ness modulus, modulus load test.
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hwall to experience higher displacement than its top. The
time history of monotonic bending moment infers that
considerable moment is applied to the wall root by the
loose section behind the root. This moment is the main
reason for the "escape" of the wall root. The remediation
method, by deep vibro-compaction of the weak area, is
considered as a liquefaction countermeasure. The e�ec-
tiveness of soil improvement in zones adjacent to the em-
bedded section is discussed, based on analytical dynamic
responses. Implemented countermeasures are found to
considerably reduce deformations in the wall; however,
in order to prevent failure at embedment, improvement
of soil located behind the wall root is more e�ectual.
The compacting of this section not only reduces driv-
ing moment applied to the wall root, but also creates
resistant moment against root escaping. In addition to
the impact of base acceleration amplitude, the optimum
extension of improved zones is introduced.

Key Words: Liquefaction, quay wall, improvement,
DIANA.
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Abstract
Heavy metals, such as lead, chromium and nickel, are
known to be major environmental pollutants and highly
toxic to humans and other organisms, even at low con-
centrations. Chromium is widely used in many indus-
tries in various forms, but chromium (VI) is considered
a de�nite carcinogen and, thus, should be almost com-
pletely removed from industrial wastewater to meet en-
vironmental laws and regulations.

Many techniques are used to treat wastewater, contain-
ing Cr (VI), including; reduction followed by precipi-
tation, Ion exchange, adsorption by clay or activated
carbon and reverse osmosis. However, these processes
often produce too much sludge, or are ine�cient when
large volumes of wastewater are involved or do not meet
environmental standards. Adsorption is another e�ec-
tive method with very few disadvantages compared to
others. In recent years, synthetic polymers have been
considered as quality adsorbents for removal of Cr(VI)
from wastewater. The aim of this study is to investigate
the possibility of absorption of chromium from aqueous
solutions by a new and innovative adsorbent produced
from Polyaniline-activated carbon. The e�ect of various
operative parameters on the adsorption of Cr (VI) was
studied. Experiments were carried in batch mode and
the e�ect of variables, such as the initial concentration
of Cr (VI), amount of adsorbent, adsorption time, and
initial pH value and temperature, were studied. The
maximum adsorption of Cr (VI) was obtained at 400C,
with an initial concentration of 15 ppm, with an ini-
tial solution pH of less than 5 and addition of 10 g/lit
Polyaniline-activated carbon. Recovery of the adsorbent
was carried out by desorption with nitric acid, where 2
M nitric acid was used to recover 83% of Cr (VI). The
results indicate that Polyaniline-Activated carbon can
be e�ectively used in the treatment of wastewater con-
taining Cr (VI). Kinetic studies on adsorption behav-
ior closely followed the \Langmuir adsorption isotherm"
model for a single layer.

Key Words: Polyaniline, activated carbon, heavy met-
als, adsorption, recovery.
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Abstract
The e�ect of suction on consolidation behavior has a
dominant role to play in the constitutive modeling of
unsaturated soils, and, therefore, has received the re-
searchers attention in this �eld. In this paper, the e�ect
of the initial conditions of compacted specimens of a
clayey soil on their consolidation behavior, under sat-
urated and unsaturated states, is investigated. After
determining the compaction curve of the soil, the sam-
ples were statically compacted at di�erent initial suc-
tions and void ratios (moisture content, dry densities).
In order to investigate the volume change behavior of
collapsible soils, the cylindrical samples were loaded to
a de�nite stress in conventional oedometer apparatus.
Then, while keeping the vertical stress constant, the vol-
ume changes of samples due to wetting were measured.
After completion of the collapse settlements, the stepped
loading of the samples was continued and the end of the
primary consolidation line of the samples were attained.
The saturated normal consolidation lines of samples with
di�erent initial water contents and dry densities are com-
pared. It is shown that the normal consolidation line is
almost unique and its position is not a�ected by the
initial condition of the samples. This result suggests a
simple method for predicting the collapse potential un-
der di�erent conditions. The method can be described
as follows: The e�ective stress after saturation is cal-
culated. The initial void ratio (before saturation) sub-
tracted from the void ratio of the soil in a saturated
normal consolidation line, corresponding to the e�ective
vertical stress at saturation, would be the change of void
ratio due to saturation. The collapse settlements could
then be easily calculated. Since determination of the sat-
urated normal consolidation line is a conventional and
inexpensive procedure, the proposed method can be re-
garded as a versatile and inexpensive technique for fore-
casting the collapse potential.

Key Words: Consolidation behavior, unsaturated soil,
collapse, �lter paper method, collapse potential.
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Abstract
The seismic performance of quay walls is found to be
strongly dependent on liquefaction occurrence. Besides,
in some existing walls that were designed without con-
sideration of the liquefaction hazard, due to the rela-
tively long length of quay walls, the orientation of soil
strata probably caused the lique�able layers to appear
unavoidably neighboring the wall roots. In this paper,
the dynamic response of anchored sheet pile quay walls
embedded in liquefaction susceptible soil was investi-
gated numerically, utilizing the strain space plasticity
model for cyclic mobility available in the DIANA �nite
element program. Based on the results, the extension of
lique�able soil around the wall root leads to the "fail-
ure at embedment" mode. Deformed mesh indicates
that the most visible deformations are localized in loose
soil around the embedded section. Beside the noticeable
heave of the seabed, its seaward displacement causes a
signi�cant reduction in its supporting role for the em-
bedded section, and leads to the large tilt of the wall.
Consequently, an active wedge, extending from the em-
bedded section to the back of the anchors, is formed.
Moving along this wedge, the anchors endure signi�cant
overturning. The mentioned deformation shape was pre-
viously observed in shaking table tests conducted by the
authors. The leeward section of the loose layer is recog-
nized as the most vulnerable zone against liquefaction.
Besides the e�ect of soil softening in this zone, dynamic
active pressure behind the wall causes the bottom of the
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Three specimens were retro�tted by a diagonal GFRP
plate; 100 and 200 mm wide. For the last three speci-
mens, a reinforcing horizontal rebar (3mm diameter) and
vertical (10mm diameter), recommended by the Iranian
seismic, code was used. For this purpose, 2 holes were
made, with 600 mm space and 60 mm diameter, for a
10mm diameter vertical rebar. After montage of one re-
bar in a hole, grout was used to �ll the other parts of
the hole.
Reinforced AAC walls have higher resistance in diagonal
tension tests. Diagonal strength increased by 32 percent,
and the crack width achieved more than 22mm without
any collapse of the reinforced walls, but, control speci-
mens have brittle failure. Three specimens were retro�t
with 100 and 200 mm FRP width in a diagonal direc-
tion, which increased the energy absorption 12.9 and 21
times.
The mortar in the shear strength tests has more re-
sistance than the shear strength of AAC walls with a
compressive strength 3.2 MPa block. The wall behavior
in this strength class of AAC showed that the failure
modes consisted of: 1-diagonal tension failure mode and
2- crashing is on the toe.

Key Words: AAC, diagonal tensile test, reinforced
walls, the polymer-�ber FRP.
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Abstract
Carbon monoxide is one of the most important pollu-
tants. It is a serious pollutant in terms of the air qual-
ity index (AQI) found in Tehran before 2000. Local
meteorological conditions and transport systems are the

strongest factors for changing pollution levels. Because
of some restrictions in this paper, we discuss the e�ects
of meteorological variables on CO concentration. Exam-
ining the trend of this pollutant and the e�ects of me-
teorological variables in a comprehensive plan to reduce
air pollution is described in this paper. In order to dis-
cern changes in CO data, it is necessary to separate their
di�erent temporal components. Hence, study of the CO
time series and its temporal components is needed. Also,
meteorological signals must be removed in order to make
better air quality management decisions for the future.
Various methods have been developed for decomposing
the time series into long-term (overall emission, pol-
lutant transport, climate and policy related), seasonal
(solar cycle induced), and short-term (weather related)
components. These techniques are PEST, anomalies,
wavelet transform, and the Kolmogorov-Zurbenko (KZ)
�lter. Kolmogorov-Zurbenko, as a low-passed �lter, can
be applied to datasets with missing data, and is much
easier to use than the other methods, with acceptable
precision. In this paper, it is used to separate the tem-
poral components of average hourly CO and meteoro-
logical variables between 2000 and 2008. Results of this
study indicate that CO has decreased from 11 ppm to
5 ppm, while temperature and wind vectors have an in-
creasing trend in the years studied. One of the most pos-
sible reasons for a decrease in CO is improvement in the
transport system. Moreover, long term components con-
tribute less than 10 percent to the total variance of the
time series. Long term components of CO concentration
and meteorological variables have more correlation than
other temporal components. Accordingly, CO concen-
tration has strong correlative contributions with wind
vector and relative humidity. These results are useful
for examining emission-related CO trends in Tehran.

Key Words: Air pollution, carbon monoxide, meteoro-
logical variables, kz �lter, temporal 1components.

CONSOLIDATION BEHAVIOR OF
COLLAPSIBLE CLAYEY SOILS IN
SATURATED AND UNSATURATED
CONDITIONS
A.R. Bagherieh(corresponding author)
bagheri@malayeru.ac.ir
Faculty of Civil Engineering and Architecture
Malayer University
A. Farsijani
alifarsijani@ymail.com
Dept. of Engineering
Islamic Azad University, Science and Research
Branch

162



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

h 3D steel frame as a benchmark. Di�erent damage sce-
narios, such as single and multiple defects of beam-to-
column connections, are investigated. Results show that
the presented method is reliable for operation monitor-
ing of connections in moment resistant frames by con-
sidering the low number of mode shapes, and its high
accuracy in damage detection.

Key Words: Moment resistant frame connections, struc-
tural health monitoring, Hilbert-Huang transform, mode
shape curvature.
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Abstract
Local site conditions have a great e�ect on ground mo-
tion and, consequently, underground structures, as im-
portant lifelines, have a vital in
uence on disaster man-
agement after earthquake occurrence. Among the lo-
cal site topographies of interest are tunnels, which are
located underground. A tunnel is an underground pas-
sageway, completely enclosed except for openings for the
entrance and exit, commonly at each end. A tunnel may
be for pedestrian or vehicular road tra�c, for rail traf-
�c, or for canals. Some tunnels are aqueducts to supply
water, for consumption or for hydroelectric stations, or
are sewers. Upon impact with a tunnel, induced earth-
quake motion would generate di�raction waves, which
increase the damage in adjacent structures. In order to
investigate the e�ect of wave di�raction on near fault
ground motions, the twin tunnels of the Shiraz subway

and their adjacent structures have been studied in the
present article. Arti�cial neural networks (ANNs) are
a �eld of science aimed at mimicking natural learning
using mathematically based approximation. A single bi-
ological neuron is composed of three major parts: the
cell body, the axon, and the dendrite. With known com-
binations of input and output data, a neural network
can be trained to extract the underlying characteristics
and relationships from the data. Then, when a separate
set of input data is fed to the trained network, it will
produce an approximate but reasonable output. Neural
networks are highly nonlinear and can capture complex
interactions among input/output variables in a system
without any prior knowledge about the nature of these
interactions. In this study, an appropriate arti�cial neu-
ral network has been generated in order to estimate the
amount of di�raction of near fault earthquake waves.
The results show that an idealized neural network has
a high level of precision in comparison with results de-
rived from �nite element analysis. Finally, a sensitivity
analysis was performed on input parameters and their
percent of importance was evaluated.

Key Words: Wave di�raction, ground motion, arti�cial
neural network, sensitivity analysis.
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Abstract
In this paper, the experimental behavior of an auto-
claved aerated concrete (AAC) block, and the shear
strength of the mortar used for construction of an AAC
wall was given. Six specimens with micro silica mortar,
suitable to the class of compressive behavior of AAC
blocks, were tested. 9 specimens of an AAC wall, with
dimension of 1200*1200*250, based on ASTM E519, were
constructed. The diagonal testing program was used for
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Abstract
Environmental conditions and uncertainty in materials
and service loads cause operational defects in structures.

Detection of damage at the earliest stages can increase
the life expectancy of structures and also prevent occur-
rence of disaster. So, structural health monitoring has
been of interest over the last decades.
Among the various methods for damage detection, vi-
brating response processing is one of the best and most
e�cient methods. Structural health monitoring systems
are set up in such a way that the natural and forced vi-
brations can be investigated. So, by using reliable mon-
itoring systems, structural behavior can be controlled in
various stages of construction or operation.
Occurrence of damage in a structure causes changes in
its dynamic characteristics, such as its natural frequen-
cies and mode shapes. Comparison of frequencies and
mode shapes or mode shape curvature under various
conditions can be used for health monitoring. For minor
damage situations, direct comparison of modal parame-
ters is not very useful. Instead, evaluation of mode shape
curvature can be considered.
In this paper, in order to detect damage in the connec-
tions of a moment resistant frame, a method based on
analysis of the free vibration response of a frame, using
Hilbert-Huang transform, is presented. In this method-
ology, natural frequencies and mode shapes of the frame
are predicted by processing the acceleration response of
the structure. Variation of the mode shape curvature
is considered as damage index. This method is tested
on the numerical model of a 2D concrete frame and a
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