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Preface

The International Institute of Earthquake Engineering and Seismology (IIEES), affiliated to the Ministry
of Science, Research and Technology (MSRT) of I.R. Iran, was established in Novemeber1989, following
the suggestion of 24" UNESCO General Conference and approval of Iranian government. According to
its Constitution, IIEES is engaged in implementation of relevant researches and projects in different areas
of seismology, earthquake engineering and disaster risk mitigation and management in order to reduce the
potential impacts of earthquakes in the country and region. Promoting international scientific collaboration
and conducting joint research projects with other countries (especially in the region) are among the main
missions of IEES. Accordingly, producing educational and scientific materials such as books, conference
pamphlets and journals and distributing them to scientific institutions, experts and students, is an important
goal of IIEES. Publication of a Persian magazine of “Seismology and Earthquake Engineering” since 1991
and the international “Journal of Seismology and Earthquake Engineering (JSEE)” since 1998 in English are
among these activities.

IIEES asan international research center has also made wide and close cooperation with worldwide organizations
and centers such as UNESCO and UNDP, as well as many other international scientific associations in the field
of seismology and earthquake engineering including TWAS, FDSE, and ASCE. In addition, IIEES has also
established joint research projects with some other universities and research centers in various countries such
as China, France, Indonesia, Japan, Malaysia, Russia and Syria.

Organizing six successful International Conferences on Seismology and Earthquake Engineering (SEE1 to 6)
since 1991, and joint workshops with cooperation of reputable universities are among other activities of I1IEES.
IIEES is now known as a reputable center having special position among international research centers in the
world who work in the field of seismology and earthquake engineering.

This bulletin covers the extended abstracts of the main research projects carried out by IIEES during the last
five years (2009-2013) in order to inform the research subjects related to seismology, earthquake engineering
and disaster risk management in the country. It contains 101 research abstracts. | sincerely hope that this
bulletin contributes to progress of disaster mitigation in Iran and neighboring countries.

Abbas Ali Tasnimi

Prof. in Structural Engineering
IIEES President

Tehran, I.R. Iran
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Active Fault Studies in the Zanjan District

Khaled Hessami-Azar

Assistant Professor, Seismology Research Center
hessami@iiees.ac.ir

Hadi Tabassi, Shahryar Soleymani

The Zanjan region is an area of intense deformation
situated between two thrust belts of the Alborz to the north
and the Zagros Mountains to the south. Offset geomorphic
features along the major faults of the region suggest that
the convergence between Arabia and FEurasia has been
accommodated mainly through NW-trending right-lateral
strike-slip faults in this region. These strike-slip faults appear
to be the southeastern continuation of the North Tabriz fault
and other right-lateral faults in SE Turkey.

This report uses geomorphic features to constrain active
structural deformation at the Zanjan region, northwest-
central Iran. Offset stream beds indicate right-lateral strike
slip motion along the NW- trending Soltanieh, Mahneshan
and Manjil fault zones. The fact that the WNW trending active
sinistral Rudbar, Ipak, North Tehran, Mosha and Taleghan
faults run sub-parallel to the active right-lateral strike slip
faults suggests that shortening across the northwest part of
central Iran is accommodated by eastward relative motion
of several crustal wedges bounded by conjugate dextral
and sinistral strike-slip fault systems. This scenario is very
similar to the proposed westward motion of the west-central
Alborz.

The existence of several active faults implies that this
region contains an important seismic potential in spite of
the fact that the Zanjan region has been seismically inactive
during the last millennium.

Keywords: Active faults, Tectonics, Seismicity, Zanjan,
Iran
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Geological setting and active faults of Zanjan province



Seismic Hazard Analysis in the
Tabas Region

Mehdi Zare
Associate Professor, Seismology Research Center
mzare@iiees.ac.ir
Mohammad Aryamanesh

In order to recognize the earthquake source zones in Tabas
area, first the ETM landsat satellite images were processed.
The combination of ETM landsat satellite bands 3, 2 and
5 was prepared as a proper combination in order to assess
the neotectonics problems via morphotectonic indications.
Structural lineaments of satellite images were extracted in
manual and automatic ways, and finally with the combination
of the obtained results, digital structural lineaments map
of the region was prepared. Digital aeromagnetic data
was also processed to prepare the magnetic lineaments
map. Then, the morphotectonic indexes of the region were
evaluated after the calculation of the quantitative indexes
and finally 11 active fronts were recognized and classified.
The digital map of the location for each active front was
prepared separately. Then, the results of the interpretation
of satellite images, magnetic data, digital elevation model,
morphotectonic indications, such as the drainage pattern,
meanders, alluvial fans, explorations trenches, and some
other field works and seismic data were assembled in GIS.
The geographical condition of 57 new faults was mapped
afterward. Considering the above-mentioned method, the
geographical condition of the active folds was also classified.
The seismicity of the area was studied according to the
instrumental and historical seismic data, the identified faults
and the folds. Finally, seismic zones of Tabas area were
identified on the basis of mentioned criteria (structural and
magnetic lineations, quantitative morphotectonic indexes,
active faults and folds, and the location of instrumental and
historical earthquakes) as well as integrating all these digital
layers in geographic information system. The results show
that the active tectonic zone of Tabas is not limited to the
fractured zone by 1978 Tabas earthquake, but all Tabas plain
is active. It can be stated that from the tectonic point of view,
east parts are more active than the west parts of the plain.
The results have also shown that in addition to several active
faults in this zone, the active folds play an important role on
the seismicity of the area. Then, 18 seismic sources zones
were recognized as the most important seismic areas which
have been applied to analysis of earthquake hazard. At last,
seismic hazard map of the study area was mapped.
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Hidden Faults Detection Using
Electrical Tomography

Gholam Javan Doloei
Assistant Professor, Seismology Research Center
Javandoloei@ifees.ac.ir

Asghar Azadi, Khaled Hessami- Azar

Electrical noises have important role in the accuracy
of geoelectrics data. These noises can be originated from
geology conditions, self- potential, induction polarization,
power electrical cable, and underground railway, pumping
engines and different electromagnetic fields. In the first step,
most noises have been identified and the effects of important
noises have been investigated which can be reduced using
different field array and processing data. One of the most
important ways to decrease the gain of noise is recording
of electric data in digital way. For considering this subject,
electrical data have been measured in digital waveforms
in different part of Iran for the first time. Then, we applied
different filtering tools to increase gain of signal to noise
ratio. The results of this research showed that using electrical
waveforms leads the precise of measurements to increase
from 1mv (in analogue measurements) to 0.01 mv with our
new designed facilities during the process of this study.

The NW-SE trending, Tus fault is one of the active faults
in northeast of Iran. Geomorphologic evidences indicate that
this fault is active and passes through Mashhad city from near
Tus town. Since the population and pilgrim dwell in this city
are high, the study of Tus fault is of significant importance.
Hence, a new investigation have been undertaken to evaluate
the hazardous potential of this fault. This study includes
analysis of integrated geophysical surveys. After revising
and correlating the previous studies, supplementary study
with electrical resistivity method has been done in the area
along the Tus fault. Results show that this fault is a reverse
fault and has a dip direction to southwest. The activity of
this fault during quaternary time is evident from displaced
alluvial deposits. Due to these findings and results, it is
necessary to prepare a suitable legality order for limiting
construction near this fault. In addition, the existing buildings
are recommended to be retrofitted as well.

Keywords: Geoelectrical waveform data, Integrated
geophysical survey, Iran, Tus fault
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The final result of the TUS fault’'s geometry in the North of Mashhad. Resolution of fault detection down to 2km with dip direction
towards south-west indicates the reliability of the designed equipment in present research.
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Strong Ground Motion Modeling Based on
SH-wave Analysis and Green Function for
Silakhor, Dahoeye- Zarand and
Firoozabad- Kojoor

Hoessein Hamzeloo

Associate Professor, Seismology Research Center
hhamzehloo@iiees.ac.ir

Mehrdad Mostafazadeh

The strong ground motion is the result of convolution of
source, path and site effects at recording station. One of the
simulation methods, which consider the effects of source,
path and site, is the Empirical Green’s Function (EGF)
method. In order to estimate the source parameters and focal
mechanism, the hybrid method of SHE- waves and EGF has
been introduced. We considered SH-waves, because they are
minimally affected by the crustal heterogeneities. Moreover,
corrections for mode conversion at the free surface for
SH-waves were not necessary and therefore, a full space
representation for the earthquake source region could be
adopted. The new hybrid method has been applied on
foreshock, mainshock, and aftershocks of Dahoeye- Zarand,
Firozabad- Kojoor, and Silakhor earthquakes considering
Brune model, similarity law and EGF. Comparing the
observed and simulated strong ground motion for Dahoeye-
Zarand earthquake, it was seen that the rupture started at
a depth of 14 km and propagated unilaterally from east to
west. The near field estimates of the strike, dip and rake
of the causative fault of the Dahoeye- Zarand earthquake
are 100°, 47°, and 226°, respectively. Our estimated fault
plane solutions suggested a reverse faulting mechanism.
The estimated strike, dip and rake are 110°, 32° and 71°, for
Firozabad-Kojoor earthquake, respectively. The estimated
fault plane solutions suggested a reverse faulting mechanism
with minor left lateral component and rupture started at a
depth of 29 km and propagated unilaterally from east to west.
The comparison between observed and simulated records for
Silakhor showed that rupture started at a depth of 14 km and
propagated unilaterally from southeast toward northwest. The
near field estimates of the strike, dip and rake of the causative
fault of the Darb—e-Astaneh (Silakhor earthquake) were
3700, 70°, and -166°, respectively. The estimated fault plane
solutions suggested a right lateral strike slip mechanism. Our
analysis showed that the new hybrid method can estimate the
source parameters suitably.

Keywords: Green’s function, SHE-waves, Silakhor
earthquake, Strong ground motion
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Active Tectonics Investigation of NE-Iran,
Binalud and KopehDagh

Mohammad Reza Abbassi

Associate Professor, Seismology Research Center
abbassi@iiees.ac.ir

The KopehDagh and Allah Dagh-Binalud (NE Iran)
deformation domains, accommodate a large portion of the
northward motion of central Iran with respect to Eurasian.
This study focuses on several studies in order to gain
information about kinematics, stress evolution and slip rates
of faults in northeast Iran.

By inversion of fault data and focal mechanisms,
evidences for drastic temporal changes in the state of
stress was presented by inversion of both geologically and
seismically determined fault slip vectors. The inversions
of fault kinematics data revealed three distinct states of
stress during the Plio-Quaternary (since~5 Ma), whereas,
each stress state has been spatially homogenous during
corresponding activity time span. The paleostress field was
characterized by a regional mean of N140+10°E trending
horizontal maximum stress axis, and a transpersonal
tectonic regime. The modern state of stress showed two
distinct strike-slip and compressional tectonic regimes with
a regional mean of N030+15°E trending horizontal c1.

The change from the paleostress to modern stress states
has been occurred through an intermediate stress field
characterized by a mean regional N trending c1.

The estimation of late Quaternary slip rates along two
major strike-slip faults (The Baghan and Quchan faults)
in this fault system, using in-situ produced 36Cl nuclide to
date two offset alluvial fan surfaces. The cumulative offset
revealed values of 940+100 and 360+50m of the fan surfaces
along the Baghan and Quchan faults, respectively. A total of
12 carbonate boulders from the fan surfaces were collected
and dated. This yields minimum age of two episodes of fan
abandonment at 280+16 (Baghan fault) and 8344 ka (Quchan
fault). Age estimates and measured offsets of the fans are
consistent with respective maximum long-term fault slip
rates of 2.8+1 and 4.3+0.6 mm/yr for the Baghan and Quchan
faults over the Middle-Late Pleistocene.

At the regional scale, the sum of total cumulative strike-
slip offsets is about 35-40 km, which implies a total maximum
slip rate of 9+2 mm/yr in the Central-Eastern KopehDagh.
This is resolved to average northward and westward slip rates
of ~8 and ~4 mm/yr, for the western KopehDagh with respect
to Eurasia.

Keywords: Neotectonics, Morphotectonics, KopehDagh,
Stress state, Mountain front migration, Neyshabur fault,
Mashhad fault
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A Study of Spectral Attenuation of Strong
Ground Motions for Iran Using Empirical
Method (1977-2004)

Mehdi Zare

Associate Professor, Seismology Research Center
mzare@iiees.ac.ir

Hadi Ghassemi

The purpose of this study concentrates on the assessment
of the attenuation functions of Iranian strong ground motion.
Hence, the first step is to prepare a basic data source of
response spectra and maximum ground parameters. In this
study, the development of attenuation relations mainly refers
to the evaluation of spectral accelerations in a vast range
of frequencies or periods of vibration, obtained from the
response spectra of modified ground motions. Furthermore,
selecting a preliminary relationship among seismological
parameters (eg.magnitude, distance,...), and accomplishing
some regression analyses, a proper attenuation relation is
suggested. The values of the residual standard deviations and
their functions due to the seismological parameters such as
magnitude and distance can be interpreted as the accidental
and systematical errors, which may be quantitatively
estimated by different statistical procedures. At the end,
the effects of some other parameters, such as geotechnical
site conditions on the design spectrum are investigated. It is
evident from the achievements of this study that application
of the mean spectral H/V ratio in assessment of the soil
site class is vital, specifically in the regions which lack
recorded shear wave velocity. In this regard and based on
the optimized methods, the spectral attenuation parameters
have been presented in this study for Iran.

Keywords: Attenuation, Spectral acceleration, Zagros,
Central Iran, Site effect
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Recognition of Seismic Pattern in
the Central Alborz Region Using
Morphostructural Zoning (Nodes) for
Earthquake of Magnitude 6 or Larger

Mohammad Mokhtari
Assistant Professor, Seismology Research Center
mokhtari@iiees.ac.ir

Alexander Gorshkov, Madjid Shaahpassandzadeh

The Alborz region specially the Tehran area as earthquake
prone zone has been studied using the Morphostructural
zoning (MZ) method. The study conducted at the National
Center for Earthquake Prediction -IIEES in a joint project
with IIEPT RAS from October 1, 2004 till May 2005. The
methodology has been developed by IIEPT&MG. In this
study, an earthquake with magnitude of 6 or larger has been
taken into consideration. The applied method is based on
the fact that the large earthquakes occur within seismogenic
nodes (lineament/fault intersections). For the first time in Tien
Shien region, the correspondence between the node and the
earthquake location has been reported. The result achieved
in this study shows that the Alborz mountain region has high
potential for the earthquake occurrence. This information
can play an important role in seismic hazard study in the
region. Some nodes are located in the area that can have
potential for earthquake occurrence, therefore it has been
suggested that this area should be studied in further detail in
any future investigations using for example geophysical data
as well as intensive geological field work.

Keywords: Seismic pattern, Nodes, Precursory, Central
Alborz, Moving boundaries
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Determination of PGA Attenuation
Relationships Using Adaptive Neuro-fuzzy
Inference Systems (ANFIS)

Anooshiravan Ansari

Assistant Professor, Seismology Research Center
a.ansari@iiees.ac.ir

Strong ground motion attenuation relations are considered
as a main connection between source and distance. These
relationships have important role in seismic hazard analysis.
These equations, which indicate the simplified attenuation of
seismic waves in the earth, are usually computed by means
of statistical regression methods based on the available
recorded earthquake data. As a result, it is necessary to
consider a functional form for these relationships. The aim
of this project is to extract the behavior and characteristics
of the seismic data from the attenuation point of view by
means of a general approximator called “adaptive neuro-
fuzzy inference system”. Moreover, in the conventional
attenuation relationships, the effect of soil condition and
faulting mechanism are usually considered as deterministic
parameters. However, these effects can be considered
more realistically as fuzzy numbers. Hence, the second
objective of this research plan is to model such parameters
as fuzzy numbers and to make comprehensive comparisons
between the results of such analysis and those obtained by
conventional relationships. The analysis in this research
project is performed using seismic catalog of Iran.

Keywords: Neuro-fuzzy inference system, Attenuation
relationships, Iran plateau
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Seismicity Study and Probabilistic
Prediction of Seismic Hazard in Relation to
Volcanic Activity of Damavand

Mehdi Zare

Associate Professor, Seismology Research Center
mzare@iiees.ac.ir

Reza Mehrnia

Damavand Volcano is an active system from the
geological point of view and has great importance in
Iran. This importance refers to the vicinity of this system
to crowded populated megapoles such as Tehran. The
extrusion of gases in period of December 2006 to May
2007 caused the special situation for this volcanic system.
Therefore, it was important to know the geological situation
of the system in order to understand whether the condition
is critical or not. This study focused on the compilation of
different geophysical information in order to understand
the present situation of Damavand volcano. It was aimed
to compile different available information to understand
the criticality of the situation. The author has studied the
geological, geophysical and seismological data in this
project. The Q factor was studied in order to show the
anomalies in attenuation of seismic waves in the region.
Then, the geothermal conditions around Damavand were
studied, and finally the magnetic model of the region was
reviewed. The information has shown that this volcanic
system is active, but there is no indication that an immediate
possible explosion could be found. There is also an attempt
to study the impression of this volcanic activity in central
Alborz tectonic situation.

Keywords: Damavand, Seismicity, Volcano, Tehran,
Central Alborz, GIS., Magnetic, Seismotectonic,
Attenuation
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Seismotectonic and Upper Crust Seismic
Structure of Lorestan Province based on
Micro-earthquake Survey

Farzam Yaminifard

Associate Professor, Se/lsmology Research Center
faryam@iiees.ac.ir

Mohammad Reza Abbassi, Mohammad Reza Sepahvand

Seismotectonics and velocity structure of the Lorestan
province was studied in this project based on local temporary
seismic networks data. This region, included Doroud and
Boroujerd cities located in the high Zagros, is the place where
1909 Doroud earthquake with magnitude Ms, 7.4 occurred,
where there is no instrumental record of this earthquake. The
2006 Silakhor earthquake with magnitude Mw, 6.1 provided
an opportunity to study Doroud segment of the Main Recent
Fault in detail and to install a dense local seismic temporary
network. Data was collected from two separate networks,
one installed after 2006 Silakhor event including 5 stations
for the period of 3 months, and the other was installed a year
later which included 33 stations again for 3 months.

In order to locate the recorded events precisely, one
dimensional velocity model was calculated by the inversion
method. The resulted velocity model included 6 layers with
5.5,5.9,6, 6.2, 6.4 and 6.7 km/s velocities and 2, 4, 6, 2, 2
thicknesses and a semi space, respectively.

Epicentral distribution obviously showed a south-east
north-west trend of seismicity along Main Recent Fault
zone. The depth distribution was verified due to the existence
of fault zone including individual parallel faults with dips
between 60-80 degrees. Associated seismic activity was
limited between 2 and 11 km which were consistent with the
Teleseismic and InSAR results for 2006 Silakhor earthquake.
This depth interval was very close to that in Boroujen region
and shallower than the one in central Zagros.

The calculated focal mechanisms are not limited to one
kind and imply no simple deformation mechanism in this
region. A majority of the focal mechanisms are left-lateral
strike-slip and furthermore, important component of extension
is clearly deduced from determined focal mechanisms which
most probably belongs to Main Recent Fault zone due to the
movements on parallel strike-slip faults. A small number of
the thrust mechanisms with east-west strike and low dip were
observed between the calculated mechanisms.

Keywords: Local seismic network, Main recent fault,
Seismotectonics, Zagros
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Study of the March 25, 2006 Fin Earthquake
(Mw=5.9) in Hormozgan Province Based on
Aftershock Analysis

Farzam Yaminifard

Associate Professor, Seismology Research Center
faryam@iiees.ac.ir

Hossein llaghi, Mohammad Tatar, Khaled Hessami-Azar

In March 25th, 2006 at 7:29 (UTC) 10:59, local time, an
earthquake with - magnitude of MW=5.7 occurred in the Fin
region in southeast of the Zagros Mountains. This earthquake
has been followed by four moderate aftershocks at 9:55,
10:00, 11:02 and 12:13 UTC, respectively. The purpose of
this research is to study the aftershocks of this earthquake,
recorded by a local seismic network in the region and to find
the relation between faulting and folding in the region.

The calculated velocity model for Fin region showed
two discontinuities in 12 and 13 kilometer depths. P wave
velocity has been obtained 5.65km/s, 5.9km/s and 6.25km/s
for the first layer, second layer and half space, respectively.
In the next step, the aftershocks using double difference
method was relocated using the obtained velocity model. A
number of selected aftershocks that have been located by
double difference method versus depth, indicates that most
earthquake depths in this region are limited in the range of
9 to 25km.

The epicentral distribution of aftershocks showed an
east-west trend which indicates that the causative fault is
in the east-west direction. Both focal mechanism solution
reported by CMT catalog and body wave modeling results
were also in agreement with it. Cross section view in north-
south direction showed a northward dip for the fault plane.
There is no incidence between the strike of depth distribution
of aftershocks on the surface and the known folds of the
region. By using these results, it was concluded that there is
no direct relationship between faulting at depth and surface
folding. Aftershocks were distributed lower than Skm depth
which indicates that the Cretaceous Gurpi marls would not
allow the faulting to reach the surface.

Keywords: Zagros, Aftershocks, Fin, Folding,
Seismotectonics
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Seismotectonic and Velocity Structure
of Qeshm Island Based on Local Data
Recorded by a Temporary Dense
Seismic Network

Farzam Yaminifard
Associate Professor, Seismology Research Center
faryam@iiees.ac.ir

Khaled Hessami-Azar, Mohammad Tatar,
Abbas Gholamzadeh

In order to record the aftershocks, a temporary network
included 17 stations was established in the Qeshm Island
in January 2, 2005, after the November 27, 2005 Qeshm
earthquake (Mw, 6.0). This network remained in the area
until February 25, 2006.

Results showed that the upper crust structure of the
southern edge of the Zagros in Qeshm includes a sedimentary
layer of thickness (8km) and speed around 5.5 km/s on
another layer with 4km thickness and about 5.9 km/s speed
and again on another layer with 6.2km/s. The calculated
ratio between Vp and Vswas 1.85.

The epicentral distribution of the aftershocks revealed
the east-west and northwest-southeast - seismicity trends.
An aftershocks depth between 11 and 18km implied that
they were located beneath the sedimentary layer. The
depth distribution is diffused and a trend of seismicity with
40 degrees dip to north is observed in eastern end of the
aftershock zone. An epicentral distribution and strike-slip
mechanism for November 27, 2005 Qeshm earthquake
revealed that the main shock with reverse mechanism
activated the strike-slip basement faults. It implies that
besides the reverse faults, basement strike-slip faults are also
involved in the deformation of this part of Zagros.

Keywords: Aftershocks, Fault, Qeshm, Seismotectonics,
Zagros
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Configuration of the seismic network installed in the Qeshm Island from December 2, 2005 to February 26, 2006. Triangles are seismic stations. Gray
circles show the epicentral distribution of all 2617 located aftershocks. Dashed line shows the Laft anticline axis.
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Realistic Strong Ground Motion Modeling
for Tehran

Hossein Hamzehloo

Associate Professor, Seismology Research Center
hhamzehloo@iiees.ac.ir

Francesco Vaccari, Giuliano F. Panza

A hybrid method for the calculation of realistic synthetic
seismograms in laterally heterogenous, anelastic media has
been used to model the ground motion in city of Tehran. The
computation of synthetic seismograms has been carried out
by the hybrid method. In this method, synthetic signals are
first computed by the modal summation along the bedrock
(1D) model, which is defined as a stack of horizontal
layers, each characterized by its thickness, longitudinal and
transversal wave velocity, density, and Q-factor, controlling
the anelastic attenuation. Then, these signals are numerically
propagated through the laterally varying local structure by
the finite-difference scheme. The resulting signals are used
for the seismic microzoning, using as zoning criteria the
“Response Spectra Ratio” (RSR).

The satisfactory comparison between the observed and
synthetic waveforms allowed us to propose a possible pattern
of amplification of seismic waves along a representative
north-south profile in the west part of Tehran. The high
amplification in Tehran clearly indicates that a seismic
microzonation map, based on the described methodology, is
necessary for sound and sustainable land use planning and for
the specifications of building codes and practice to be used
by city planners and civil engineers. Our results indicated
that this very important preventive planning tool can be
readily implemented for Tehran city, with a background of
large historical earthquakes in the past, simply by extending
the analysis, made so far, in space and to different earthquake
scenarios, consistent with the local and regional tectonics.

Keywords: Realistic ground motion, Site amplification,
Tehran
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Evaluation of Crustal Deformation Using
Earthquakes Data in Alborz Region Belt and
Surrounding Area

Mehrdad Mostafazadeh

Assistant Professor, Seismology Research Center
mehrdad@iiees.ac.ir

Anooshiravan Ansari, Shobeyr Ashkpoor

In this research, crustal deformation is evaluated using
instrumentally seismic data which occurred in the western
margin of the Caspian Sea, Alborz and KopehDagh. The study
area is divided into seven seismogenic zones and seismic
strain tensors with symmetric and asymmetric components
which are calculated for each area. Based onthe density of
seismicity and mechanism of seismic source of earthquake
data, this area has been selected. Some researchers have
studiedthe crustal deformation in this region in the past. In
this research, this has been done by dividing the total area
to smaller areas, with a special focus to the seismicity in the
host zones; and focus has been on areas that other researchers
have not mentioned so far.

These results show that the western margin of the Caspian
Sea, with the compression axis tilt of 40 degrees Azimuth
N75W almost perpendicular to the folding axis, caused
Caspian crust being pushed under the Azerbaijan-Talesh
mountain belt. This phenomenon, according to the rotation
of counterclockwise of north axis of the host blocks also has
to be interpreted. The folding in the Western side of Alborz,
in southern Caspian Sea, and the phenomenon of significant
is counterclockwise vertical axis rotated. In Central Alborz,
rotational axis was calculated using asymmetric tensor of
vertical axis around 0.84 per million years. Compression
axis (P) in the region, with Azimuth has 43 degrees and
tilt 17 degrees which can be interepreted as the causes of
sinistral strike slip movement with east- west direction and
reverse in north — south direction.

In the eastern fringe of the Caspian Sea, a compression
axis oriented N18W with a dip and neutral axis is almost
vertical. In the northern part of KopehDagh, shortening
crust almost north — south while for the transition in the
eastern side of this area, the compression axis to the north
side is divergent to the east. Calculations carried out in parts
of KopehDagh shows that drooping vertical elongation is
observed along the east — west direction. In the northeast
corner of the study area and adjacent common borders with
Afghanistan and Iran, Tajikistan, P axis is horizontally and it
is continually in the N39E direction.

Keywords: Crustal deformation, Strain tensor, Seismic
moment, Alborz region
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Prediction the Location of Large Events
(>6.5) From 2003-2008 Using Statistical
Method

Mostafa Allamezadeh

Assistant Professor, Seismology Research Center
mallam@iiees.ac.ir

In this research, various seismicity patterns before major
earthquakes have been reported. Foreshocks, preseismic
quiescence, precursory swarms, and doughnut patterns are
discussed. For many earthquakes, seismic patterns appear
with clusters, and therefore, the actual pattern is often
complicated.

In this regard, the advanced statistical models such as
artificial neural networks and unsupervised models need
seismic patterns recognition.

Artificial neural networks, which are inspired from
human brain, consist of several artificial neurons which are
connected with some weight vectors to each other. Artificial
neural networks are able to classify a large volume of input
data (i.e. earthquake catalogue) simultaneously and in
parallel can recognize seismic patterns very well.

Artificial neural networks have two useful properties (i.e.
Abbreviation and Generalization) for learning earthquake
catalogues. The combination of associative and competitive
learning rules results in formation of self-organizing artificial
neural networks. Self-organizing feature map (SOFM)
neural network consists of several neurons that are placed at
the nodes of a lattice that is usually one- or two-dimensional.
These neurons effect mutually on each other to satisfy the
principal goal of the SOFM which is to transform input
continuous space into a one- or two-dimensional discrete
map. SOFM algorithm has converged and the feature map
computed by the SOFM algorithm displays important
statistical characteristics of the input space.

Pattern recognition of aftershocks distribution and
aftershocks clustering is an important and complicated issue
in seismology. It is difficult because of un-uniform structure
in the interested region and stochastic nature of seismic
signals.

In this research, Kohonen artificial neural network
is used to predict the concentrations and the trend of
aftershocks of 2003 Bam Iran and 2008 Chengdu Sichuan
China earthquakes.The method is based on inputting first
aftershocks to Kohonen artificial neural network. Kohonen
artificial neural network algorithm has converged and weight
vectors of artificial neurons indicated the concentrations and
the trend of aftershocks precisely.
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Keywords: Seismic patterns recognition, Artificial neural
networks, Unsupervised models, Clustering, Earthquake
prone areas, Large earthquakes, Earthquake prediction
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Determination of Source, Path, and Site
Effects in the Central Iran and Alborz
from General Inversion of
Strong-Motion Records

Hamid Zafarani
Assistant Professor, Seilsmology Research Center
h.zafarani@iiees.ac.ir

Anooshiravan Ansari

The Iranian plateau located along the Alpine-Himalayan
orogenic belt, is one of the most highly seismic regions in the
world and consequently, several disastrous earthquakes have
occurred in this area (e.g., Manjil, 1990, M 7.4; Tabas, 1978,
M 7.4). Therefore, the necessity of having more precise
seismic hazard studies in this region has become a key
issue in earthquake engineering applications. Considering
the limited number of studies about seismic sources, wave
motion characteristics and site effects and alsoas well as the
lack of enough high-quality strong motion records in some
parts of Iran, a physical methodology is used in this research
to deal with the this issue.

In this study, for estimating seismic parameters, the
northern region as one of the most active seismic zones in
Iran, is selected. To perform a reliable estimation of seismic
hazard by using physical modeling approach, the study of
region-specific source and wave propagation parameters, as
well as seismic-site responses, is a priority for research. In
this study, a generalized inversion of the S-wave amplitude
spectra from the strong-motion network data in the northern
Iran region is used in order to estimate the above mentioned
parameters.

By gathering events form from 1990 to 2009, almost all
significant earthquakes were selected. These earthquakes
were recorded in different stations, which are located in a
vast area in the northern liranian region and cover a wide
range of hypocentral distances. This study is one of the first
attempts to evaluate region-specific seismic parameters
in the Iranian plateau. The results contain seismic source
parameters, S-wave attenuation and site responses from
analysis of strong motion data and are verified with similar
studies which have been done in the region so far.

Keywords: General inversion, Strong ground motion, Q
factor, Stress drop, Iran
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Slip Rates Along the Active Faults in
Central Alborz Using GPS Measurements

Khaled Hessami-Azar
Assistant Professor, Selsmology Research Center
hessami@iiees.ac.ir

Fatemeh Khorrami

A present-day kinematics of northern Iran (the Alborz
range and northern part of Central Iranian Block (CIB)) is
showed using continuous GPS measurements. This study
presents active deformations of the region by estimating
velocity field and geodetic strain rate of 30 GPS stations
from 2005 to 2009. The obtained velocity field suggests
that western and central parts of the Alborz mountains
accommodate the convergence between Arabia and Eurasia
mainly through shortening at a rate of ~5 mm/yr and 2 mm/
yr left-lateral strike slip motion, while the eastern Alborz
accommodates the differential motion on either side of the
range by left-lateral strike slip faults at ~5 mm/yr, as well as
2 mm/yr shortening across the range. It can be deduced from
the velocity vectors that the main portion of shortening in
the western and central Alborz is mainly taken up along the
North Alborz and western Khazar faults. It is also evident
from the site velocities that ~3 mm/yr shortening is occurring
in CIB, i.e. ~1.5 mm/yr on northern side of CIB (along the
Parchin-Pishva-Robatkarim faults) and ~1.5 mm/yr along
the Tafresh fault. These observations strongly suggest that
CIB is not a rigid block. Principal axes of geodetic strain-
rate tensor show that compressional deformation mainly
occurs in western Alborz while transpressional deformation
is dominant in eastern Alborz. Strain rate decreases in south
and south-western parts of the belt, as it approaches the
CIB. The copmressional deformation in northern margin of
CIB was also observed. Finally, we indicate that the present-
day kinematics of the Alborz mountains is consistent with
geological evidence and active tectonics of the region.

Keywords: Continuous GPS network, Alborz, Kinematics,
Velocity field, Geodetic strain rate, Central Iran
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Q- Velocity Model in Iran Using Surface
Waves For Simulation of SGM

Hossein Hamzehloo
Associate Professor, Seismology Research Center
hhamzehloo@ijiees.ac.ir

Habib Rahimi, Francesco Vaccari, Giuliano F. Panza

In this study, it is proposed that first elastic and
anelastic structure of the lithosphere and asthenosphere
of the Iranian Plateau is derived by means of tomographic
techniques applied to local phase, group velocities and local
attenuation coefficients of Rayleigh wave fundamental
mode. We used commonly known as Hedgehog nonlinear
inversion method to evaluate the velocity structure. The
Hedgehog was improved in order to derive attenuation
structure using attenuation coefficients of Rayleigh wave
fundamental mode. For this goal, a tomographic inversion
of Rayleigh wave dispersion and attenuation coefficient
was conducted to obtain, two-dimensional (2-D) phase,
group velocity and attenuation coefficient tomographic
images in the period range from 10 s to 100 s for the Iranian
Plateau. An automated regionalization of a reduced domain
of the Earth’s surface, without a-priori seismotectonic
information, is achieved by means of the slope and zero-
frequency intercept of dispersive and attenuative linearized
frequency dependence relations used as an input to a fuzzy
logic clustering algorithm. For this purpose, the fundamental
mode of Rayleigh waves, recorded along 1586 paths by 29
broad-band stations, has been identified by applying the
frequency time analysis (FTAN) to each epicenter—station
path which, at the same time, satisfies the two-station method
conditions. The fundamental modes, identified by FTAN,
were used to determine the inter-station path average phase,
group velocities and attenuation coefficient at selected
periods. With this procedure, more than 240 group and phase
velocity dispersion curves and 150 attenuation coefficient
curves have been processed to obtain tomographic maps by
applying the Yanovskaya—Ditmar formulation, for periods
in the range between 10 and 100 s. Each tomographic map
has been discretized with a grid of 0.5° of latitude per 0.5°
of longitude. In such a way, it has been possible to divide
the Iranian Plateau into five homogeneous regions in terms
of slope and zero-frequency intercept of attenuation and
dispersion relations. The regionalization is based upon the
optimum number of clusters estimated by calculation of
validation indexes. The dense path coverage in the Iranian
Plateau permits to produce images that have substantially
higher lateral resolution than is currently available from
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global and regional group velocity studies. Our results
demonstrate that the Iranian Plateau is characterized by low
crustal and uppermost-mantle group and phase velocities
and high attenuation coefficient. Tomographic maps at
high frequencies are well correlated with the upper crust
structure and especially with sediments layers thickness. The
regionalization of the areas is well correlated with the main
tectonic features of the study area and mimics a recently
proposed tomographical sketch. Our results are comparable
with existing group velocities and other local body wave
attenuation studies in different parts of Iran. Averaged
dispersion curves of phase, group velocities and attenuation
coefficients representing each rather homogeneous region
are computed. The regions defined in such a way were
compared with known seismotectonic domains. Finally,
we used a fully non-linear inversion procedure, commonly
known as Hedgehog (Valyus et al., 1969; Valyus, 1972;
Knopoff, 1972; Panza, 1981; Panza et al., 2007) to derive
tomographic images of the elastic and anelastic structure
of the lithosphere and asthenosphere of the Iranian Plateau.

Keywords: Anelastic, Elastic structures, Surface waves, Iran
plateau
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Continental Lithosphere Structure Beneath
the Iranian Plateau Based on Receiver
Function and Surface Wave Analysis

Mohammad Tatar

Associate Professor, Seismology Research Center
mtatar@iiees.ac.ir

Afsaneh Nasrabadi

Lithosphere structure of the Iranian Plateau which is
located between two convergent Arabian and Eurasian plates
is studied. More than 3 years of teleseismic earthquakes
recorded by 12 broadband stations of Iranian National
Seismic Network (INSN) from 2004 to 2007 are used
to investigate the structure and thickness of the crust and
uppermost mantle in different parts of Iran by joint inversion
of the receiver function and surface wave phase velocity
dispersion data.

Receiver functions are primarily sensitive to shear-
wave velocity contrasts, whereas surface-wave dispersion
measurements are sensitive to average shear-wave velocity.
A combined inversion of Rayleigh wave phase velocities and
body wave receiver functions increases the uniqueness of
the solution over separate inversions and facilitates explicit
parameterization of layer thickness in the model space.

The time-domain iterative deconvolution procedure,
which has higher stability with noisy data compared to
frequency-domain methods, was employed to deconvolve
the vertical component of the teleseismic P waveforms
from the corresponding horizontal components and
obtained radial and transverse receiver functions for twelve
broadband stations of INSN network. More than one year
of teleseismic waveforms, recorded at INSN stations from
June 2004 to August 2005, were selected in order to obtain
receiver function curves for the station. The waveforms were
corrected from the instrument response before proceeding
with the receiver function deconvolution. High-frequencies
were filtered using a Gaussian filter, at 1.0, which gives an
effective high-frequency limit of about 0.5 Hz.

Rayleigh wave phase velocity dispersion curves were
estimated employing the two-station method, which is
one of the most classical techniques to determine regional
variations of surface-wave phase velocities. The desired
part of the waveform is isolated from the seismogram
using FTAN. The fundamental mode of Rayleigh wave is
selected by constructing energy versus period diagram of the
surface wave. This curve is used to construct a time-variable
filter, whereby the desired fundamental mode surface wave
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signal can be extracted from the observed waveform. Phase
velocity dispersion data is obtained for each pair of stations
using Winner filter.

Our result indicates that the crustal thickness differs from
a minimum of 40 £2 km in southeast of Iran, (ZHSF) to
a maximum of 56 +2km beneath the Sanandaj-Sirjan zone
(SNGE). A thickening of the crust was observed from 47
+2km beneath the central Zagros (GHIR) to 52 +2km below
the eastern most of Zagros (BNDS), then to 47 +2km beneath
the northwestern part of the Zagros (SHGR). Crust of the
central Iran (KRBR) has a thickness of 48 £2 km while the
average Moho depth in southern parts of the Central Alborz
(DAMV and THKYV stations) is 54-56 £2km. Our analysis
shows a thinning of the crust to 43 £2 km beneath the
northwest of Iran (MAKO) and western part of the Caspian
basin (GRMI). Our observations also indicated that S-wave
velocity of [ranian platform lithosphere varies from 4.5 km/s
beneath the Zagros which is in good agreement with Arabian
platform shear wave velocity, to 4.2 km/s toward NE beneath
the central Iran and Alborz.

Keywords: Continental litosphere, Receiver function,
Doispersion of surface wave, Phase Velosity, Rayleigh
wave
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Three Dimensional Structure Study
of the Bam Region from Local
Earthquake Tomography

Mohammad Tatar
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The December 26, 2003 Mw 6.6 Bam earthquake is one
of the most disastrous earthquakes in Iran. This earthquake
attracted much attention, and has been far more studied than
could be expected from a moderate magnitude earthquake.
Nevertheless, there are doubtful results related to geometry
and location of the causative fault that produced the Bam
earthquake. As very little is known about the 3D structure
of the region and in order to define the 3D velocity structure
and the geometry of the active fault in the Bam area, travel
time data from aftershock series of the Bam earthquake are
inverted simultaneously for both hypocenter locations and
3D Vp structure. The data used for this purpose are 6201 P-wave
arrival times from 544 selected local earthquakes recorded by 23
temporary short-period seismic stations. Thurber’s simultaneous
inversion method (1983) was applied to the arrival time data
to obtain a 3D velocity structure, and hypocentral locations.
3D P-wave velocity variations down to 20 km depth were
obtained. The acquired tomographic images show that the
3D velocity structure beneath the region is heterogeneous, in
which low velocity appears throughout the region down to ~10
km depth, and high velocities occur in the western part from
~14 km depth. The inverse problem of 3-D local earthquake
tomography is formulated as a linear approximation to a non-
linear function. This process helps in determination of geometry
of the Bam-Baravat escarpment and its role as causative fault
during the Bam earthquake. Special efforts were made to
access the solution quality including resolution estimates and
synthetic tests. Velocity structure of seismogenic region are well
resolved to a depth of 20 km. Difference in observed velocities
in two sides of the Bam fault in depth of 10-20 km is clear
in tomographic images and on cross sections. We relate this
difference in velocity to the effect of the reverse Bam-Baravat
fault which seems to have influenced the deeper layer down to
20 km depth. This implies that the pre-existing reverse Bam-
Baravat fault is a major active structure in the region that could
cause the December 2003 Bam earthquake.

Keywords: Travel time tomography, Bam earthquake, Local
earthquakes, Reverse faulting, Bam-Baravat fault
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Study of the b-value Variation in Two
Tectonic Settings of Iran

Khaled Hessami-Azar
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The b-value, as one the most commonly used parameters
in seismology, provides a suitable scale of seismic rate at
a given region. From Gutenberg-Richter relation i.e. log
N= a-bM, we have the “b-value” representing dip angle of
frequency-magnitude relation of the region earthquakes.

In this study, the map of b-value variations was used
across two tectonic regions in Iran namely; Alborz and
Azarbaijan. Separate catalogues and different time windows
were used in this study to investigate and process the seismic
data of the two regions. To process the data and produce the
b-value map, we have invoked the ZMap 6.0 program which
can be run under MATLAB software.

The map of b-value variations in the Alborz region
(1996-2010) indicates that within the time window 1996-
2004, both western and eastern parts of the Alborz suffer
from high stress values. While, after the Kojur earthquake
(i.e. the 2004-2010 period), the stress level in the eastern
part of the Alborz has relatively decreased. Within this time
window, however, in the western half across the Rudbar,
North Qazvin and Alamautrud faults, which where were
highly stressed during 1996-2004, the stress level has also
decreased.

The map of b-value variations in the Azarbaijan region
(1996-2010) indicates the b-value in the range of 0.6 to 1.8
throughout the region. There is no earthquake larger than
M=5 in the time period 1996-2010 to be used as a reference
event to interpret the stress distribution of the region. The
b-value changes from 0.8 to 1.0 along the North Tabriz fault
so that in the eastern part, the b map shows lower values — in
comparison to the central and western parts.

Keywords: The b-value, North Tabriz fault, Alborz,
Seismicity, Prediction
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Discrimination Between Artificial Events
(Explosions) and Earthquakes Using
ARMA Filters

Mostafa Allamezadeh
Assistant Professor, Selsmology Research Center
mallam@iiees.ac.ir

Sayeh Mirzaie

In this paper, the problem of seismic source classification
is considered at regional distances. The neural network clas-
sifier is fed by Nonlinear Autoregressive Moving Average
(NARMA) coefficients extracted from raw data as feature
set. We have devised a supervised neural system to discrimi-
nate between earthquakes and chemical explosions apply-
ing filter coefficients obtained from the windowed P-wave
phase (15 sec). First, the recorded signals are preprocessed
to cancel out instrumental and attenuation site effects and
obtain a compact representation of seismic records. Then, a
Quadratic Neural Network (QNN) system was used to ex-
tract nonlinear ARMA coefficients for feature extraction in
the discrimination problem. These coefficients were then ap-
plied to a probabilistic network for the purpose of training
and classification. The results have shown that the overall
combination of this feature extraction and classifier structure
leads to a suitable seismic discrimination performance. The
events tested includes 36 chemical explosions at the Semi-
palatinsk test site in Kazakhstan and at test site in China as
well as 61 earthquakes (mb=5.0-6.5) recorded by the Iranian
National Seismic Network (INSN).

Keywords: Discrimination, Earthquakes, Explosions,
Neural network, ARMA model coefficients
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Seismic Wave Velocity Anisotropy in the
Upper Crust of Bam Area

Gholam Javan Doloei
Assistant Professor, Seismology Research Center
javandoloei@iiees.ac.ir

The seismic anisotropy is a subject of interest for
seismologists and geologists. Less well-known information
of'seismic anisotropy has akeyrole in geology interpretations.
An anisotropic material is one whose properties vary with
axis along which they are considered. Seismic anisotropy
is a ubiquitous feature of most geological materials. This is
because rocks generally exhibit fabric or order, which leads to
a directional dependence in seismic velocities. In anisotropic
medium, one component of the shear wave travels faster
than the orthogonal component. These differences in speed
cause the waves to separate.

The characterization of anisotropy in the Earth provides
a great progress in understanding Earth’s structures and
dynamic evolutions. It is often believed that the vast majority
of - crustal anisotropy is caused by cracks and microcracks in
the upper 10-15 km of the crust, which produce 0.04 to 0.25s
for anisotropy magnitude. Microcracks in rocks are aligned
parallel to the minimum principle stress. The influence
of these cracks is in such a way that the lower velocities
propagate normal to the average crack plane. In this study,
the upper crust anisotropy in Bam area has been investigated
by means of shear wave splitting sg phase. More than three
hundred aftershocks have been selected from IIEES local
temporary seismic network which has been installed after
2003/12/26 Bam earthquake. The aim of this study is to
calculate the magnitude (6t) of anisotropy and direction (j) of
fast wave as main parameters of seismic wave anisotropy in
Bam area in south east of Kerman province. For measuring
the anisotropy parameters, we have used the Teanby et al.
(2004) shear wave splitting technique. The results for 15
seismic stations show one main direction for shear wave
anisotropy with value of 39 to 79 Degree. The size of
anisotropy is about 0.034 to 0.1 sec. which indicates that the
anisotropy belongs to the uppermost crust of Bam area.

Keywords: Bam, Geology, Local seismic net, Seismic wave
anisotropy, Seismology, Shear wave splitting
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Background Noise Study of Broadband
Seismic Network of Iran in 2009

Anooshiravan Ansari

Assistant Professor, Seismology Research Center
a.ansari@iiees.ac.ir

Farzam Yaminifard

Seismology is one the most important fields of science
among geosciences which mainly relies on observations
from earth. Among different kinds of seismological
observations, continuous broadband data plays a significant
role in seismological researches and is one of the most
important sources of seismological interpretations.

The subject of monitoring and quantifying the quality
of seismic data has gained much attention during the last
decade since the utility of seismic data is greatly increased
when noise levels are reduced. A good quantification and
understanding of seismic noise is a first step at reducing
noise levels in seismic data. Taking into consideration that
the main function of a seismic station is to provide high-
quality data for earthquake monitoring, source studies and
Earth structure research, the utility of seismic data is greatly
increased when noise levels are reduced. The characteristics
and nature of background seismic noise are different in
various frequency ranges. At frequencies above 1 Hz,
sources of noise are human activities while at frequencies
around 1 Hz, wind effects and local meteorological
conditions governs the noise levels. At frequencies below
0.5 Hz, noise sources are natural (oceanic and large-scale
meteorological conditions). However, at frequencies of
0.01-0.06 Hz, horizontal components of noise differed more
from NLNM of Peterson (1994) than vertical components.
This is attributed to the sensitivity of surface-mounted
broadband seismometers to local, dynamic tilting caused by
thermal and barometric induced surface displacements. In
this frequency range, which is of great importance in seismic
source studies, background noise is sensitive to diurnal and
seasonal variations of temperature. McNamara and Buland
(2004) presented an example where noise at 0.01-0.02 Hz
was stronger in the spring and summer, which was attributed
to the larger amplitude of daily thermal variations compared
to winter.

In this study, the background noise of broadband stations
of the International Institute of Earthquake Engineering and
Seismology (IIEES) has been analyzed and power spectral
densities (PSD) of every one hour of continuous data are
calculated for all data recorded in 2009 in all stations.
Accordingly, the probability density functions (PDF) of
background noise were constructed and mode curves of noise
in each station were derived. Using the PDFs, the diurnal and
seasonal variation of noise in each station was studied and
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the sources of noise in each station were pursued. Moreover,

based on the power of noise in each station, the ranking of

different stations were also proposed in this study.

In the figure below, the ranking of different stations of
Broadband Iranian Network (BIN) in different frequency
bands is presented.

According to the results, the following issues were
pointed out:

* Being close to the sources of cultural noise such as
villages and roads had the most impact in increasing the
levels of background noise in the period range of 0.1 to
1.0 seconds.

* In the period range of microseism, the minimum level of
noise in some stations was less than NLNM.

* Almost in all stations, the horizontal components of
motion were greatly influenced by thermal fluctuations.

Keywords: Noise study, Seismic network, Broadband
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Evaluation of Stress Change in Zagros Belt
using Earthquakes Fractal Concept

Mehrdad Mostafazadeh
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mehrdad@iiees.ac.ir

Khaled Hessami- Azar

Coulomb stress transfer is an interaction criterion that
promises a deeper understanding of earthquake occurrence,
and a better description of probabilistic hazard. When an
earthquake reduces the average value of the shear stress on
the fault that slipped, shear stress will rise at sites in addition
to the fault tips. This discovery laid in waiting for 20 years,
when lobes of off-fault aftershocks were seen to correspond
to small calculated increases in shear or Coulomb stress.

Structural and seismological features of Zagros folded belt
were studied by a new approach (Fractal). For this purpose,
fundamental data of faulting and seismicity, distribution of
magnitudes, epicenters, and faults, were analyzed.

In this study, the belt is subdivided from northeast to
southwest into five morphotectonic units which step down as
five prominent levels to the southwest with different degrees
of thrusting, folding, uplift, erosion, and sedimentation.
Structural geology, morpho and seismotectonics of the
Zagros are therefore, dominated by these five compressional
uplift units which contain (1) Main Zagros Reverse fault;
(2) the High Zagros Thrust Belt; (3) Main Recent Fault; (4)
High Zagros fault; (5) Mountain Front Fault.

The parameters of fractal are fractal dimension (correlation
dimension D and capacity dimension D) and seismic b
value. These parameters were computed from earthquake
epicentral distribution (correlation dimension) - using the
correlation integral method, from magnitude distribution
(b value) by maximum likelihood method. Temporal and
spatial variations of these parameters computed from
different techniques are related with clustering properties of
seismicity (correlation dimension), density and complexity
of faulting and tectonic stress rate (b value). In computing
these parameters from different international agency, data
files from 1900 to 2011 were used. The correlation dimension
(2.15<D<2.47) and b value (0.3<b<1.6), respectively
computed from the earthquake epicenter and magnitude
distributions show significant temporal and spatial variation
related to seismotectonic feature of fault zones. Besides, some
parameters of fault zones were determined to have bifractal
properties. Our results showed that the fractal dimension (D)
in the Zagros thrust belt is changed between 2.1 to 2.47. The
fractal dimension along the thrust zone showed a significant
variation for the different fault segments. This might be
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In this study, the upper mantle structure beneath the
NE Iran continental collision zone is studied using ACH
damped least square method of Aki et al. (1977). Our goal
in this experiment was to acquire a seismic data which could
constrain the seismic structure beneath NE Iran in order to
better understand the mechanisms of collision in this area.
The ~25 mma—1 of northward motion of Arabia with respect
to Eurasia is accommodated at a rate ranging from 4 to 11
mma—1 in NE Iran and formed the KopehDagh Mountains
as a NW-SE trending active belt separating Central Iran (a
micro-continent caught between Arabia and Eurasia) from
Eurasia (Turan Platform). The KopehDagh range which
corresponds to the main deformation zone at the northeastern
boundary of the Arabia-Eurasia collision is limited in the
north by an abrupt linear range front trending 120°. This
linear range coincides with a southward thrust fault which
seems to be the eastern part of Ashkabad Fault (ASF), a
prominent, linear right-lateral strike-slip fault to the NW of
the city Ashkabad. The flat lowland of the Turan Platform is
located north of the KopehDagh. All well-located earthquakes
in the NE of Iran have focal depths shallower than 15 km, and
thus are restricted to the upper crust. There is no evidence for
subcrustal seismicity. To the south of the Kopeh Dagh lies
a parallel mountain range, the Binalud, which structurally
and geologically is an eastward continuation of the Alborz
Mountains. The boundary between the Binalud and the
KopehDagh Mountains runs along the Atrak Valley (ATR)
where it closely parallels the Kashafrud reverse fault (KRF).
Atrak Valley is considered as the suture between the Iranian
Plateau and Eurasian plate. However, in some maps the ASF
is still represented as the suture zone in NE Iran.

The data for this study were recorded by 17 three component
broadband stations operated from August 2006 to February
2008 along a profile from the center of Iranian Plateau, near
Yazd, to the northeastern part of Iran on the Turan Platform
just north of the KopehDagh Mountains. During the operation
of seismic profile, 389 teleseismic earthquakes were recorded
with magnitude 5.5 or greater and epicentral distances between
25° and 95°. These recordings provided 3775 relative P wave
arrival times for this study.

For optimal inversion of the travel-time residuals, we
used the 1-D crustal models beneath all stations calculated
by applying joint inversion of receiver function and surface
wave dispersion method. The teleseismic relative arrival-time
residuals were corrected for the travel-time perturbations

ooba dilaio 30 (VU A gF 4O o g (W O gk
Ol G Jlow

GG
mtatar@iiees.acir, wliiai; ouSing sy Lol

SLl el (o Juds apw

Jled 6108 (495 25 40 (SBg8 4dsS (e o Sl alllae (ol )
OhlSes 5 (STACH) ool o3l (59 Slaype Jolam (g 4 Glpl 355
loodls (5 slanz Bum ighy (ol )0 285 3 )z 3550 (VYY)
e & ol 3 Jlad dilaie 550 gt L e 5 5l
B ¥ ogan .l Gl oMb sl s nl jo polar ISg5lw gy Sy
o 255 28 3 S 9 i lon YD ggama f Jw 15 550 oo 1)
e 887388 o0 Jrans Glpl 358 Jled o Luslygl o S (050 amio
Olye 4 (Brd opiz — 28 ot wig) b gloaS ogS Al JSis a4y
055 Al el a1l asmans 5l (635 e )l ! Sols 0,5 suisSTas
095 o 5 55 S8 sl (i L gladlate Bjee oS gl S
Az 0 Ve iy, Lad ) G a9 Jlods 5o el Ll ol = oy ool
s> 095 Al (] 08 T so dgume cConl patin a4 gljls oS
G Sy o0 S 938 o Dgir Ceem g, a5 (Sl (LWSTL
ey 5 o 3 8y obT e 53l salobacl S 5,5
(0 Blg 1045 Jlods 10 (G5 Sy oy 23S (0 995 2 1l ol
EloarS ke 15 s S8 ot LS o) e plod 09
Aid S8 diugy 4y dgaze [ g 2egl S VO 5l S SgilS Gee (gl
)N gy vy 0 50 o)) S5y 2 S Slsd AT e
Blxly o 8,65 o 13 05 i 055 45, 51 Sllgo a5 o 5 ys
) Olee jro Canl 5l 095 ath ) (B8 bl oulidinns 9 (Sl
JouS Dlilge a5 095 4 Col ool #8lg Syl o0 ;0 0gllin g £l S slo
5 ORI O (oo 555 e Sy oS il 0 0 il 09, 22T usSne
St Juf i a5 ony 5 4 51 55 o 458,555 5 Ll
eload (B Glpl 375 Jlod )3 5,8 (e Olore 4
5145 lailge dw oygn il oKy VY L sgs il aalllan claools
Ol bolias 1o Jobo L8 G olazial o Ve oA ay (8 L5 Yo o8 &
S35 2 9 oS Jod yo &l lpl 3,8 Jlod LS 0 o5 (5575
ol sl 0,55 x> jo loas 6)5‘(':‘*'? Wlodgy a9 dio
WL YO Sgils Jolsd g i) B0 @V 550 b 5,50 Sy, YA
adlas slp 1P g (comd CELE VYYD ol ol Sl ool a0
Il s o) glbonilosdly ategy (0,5 Capr idged ol ol
JES &b Gloge 010,55 (g, 4 00 dslons (gony Sy dgy (sla s
o295 ool ol 2 13y rdaw Zlgel Saiily ciie g0k S
O1,5 el 5l 8550590 slaslgy (oo dmsy (o sbronilacly
S50 gy )3y Gloj 4 Loy ye SLLLEE (6l cidS leiSlo (s



caused by the crust prior to inverting for mantle structure.

The P-wave teleseismic relative residuals (3775 picks)
were then inverted for upper mantle structures using the
ACH damped least square inversion method. This linear
method is particularly suitable for restricted regional network
recording of teleseismic body phases. The starting model for
the inversion was the IASP91 travel-time model of Kennett
& Engdahl (1991).

For the reliability assessment of features observed in the
inverted models, two different measures of model resolution
are presented including the hit-count cross-section and the
diagonal elements of the resolution matrix. The later indicates
that only a large scale anomaly can be resolved in central
part of the model, while the higher resolution beneath Bl
and KD represents a better resolution. In addition, synthetic
tests were performed by investigating a number of different
synthetic models. Our various synthetic tests show that the
lateral resolution is high along the profile especially for the
northeastern part. The lateral resolution in the southern part of
the profile is limited by the inter-station spacing (~ 100 km).

The results of this study indicate significant P-wave
velocity lateral variations beneath a S440W trending profile
in NE Iran. There is a sharp velocity contrast in uppermost
mantle which separates an anomalously low velocity area in
the southwestern part of the profile beneath Central Iran, from
a high velocity zone in the NE of profile beneath the Kopeh-
Dagh and Binalud ranges. The results confirm the previously
known low velocity upper mantle beneath Central Iran. Our
tomographic model reveals a deep high velocity anomaly.
The surficial expressions of this anomaly are between the
Ashkabad and Doruneh faults, where the resolution and ray
coverage are good. A transition zone in uppermost mantle is
recognized under the Binalud foreland that we interpreted as
suture zone between Iran and Turan platform. The results also
indicate that Atrak Valley which is the boundary between the
Binalud and KopehDagh Mountains can be considered as the
northeastern suture of the Iranian Plateau where the Eurasia
and Turan Platform underthrust beneath the Binalud range
and Central Iran.

Keywords: ACH method, Teleseismic tomography, NE Iran,
Continental collision zone
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Active faulting in Iran is a direct indicator of active
crustal deformation due to the convergence between the
Arabian plate in the south and the Eurasia plate to the north
which occurs at 2.1-2.5 cm/yr.

The study of active faults based on strong scrutiny
of available earthquake data is difficult when studying
structurally complex and inhomogeneous collision regions
such as the Iranian Plateau. This is because seismicity is not
the result of the activity of a few faults in these areas but
it is due to the fault activity in zones that are one hundred
kilometers wide. Due to the high density of active faults
in Iran and the inaccuracy of the macroseismic data of the
area, the source for some of earthquakes have been related to
more than one fault. Additionally lack of accurate fault and
epicentral maps result in the inability to correlate seismic
data with the active faulting in the area. Obviously, even the
assumption of highly accurate seismic data, will not solely
suffice to locate all existing active faults. This is mainly due
to 1) the fact that many earthquakes are caused by blind
faults such as earthquakes occurring in the Zagros region;
2) some damaging earthquakes with magnitude less than
6.5 may not leave ruptures on the ground surface and, 3)
the gradual movement along many active faults over a long
period of time is the result of a creep regime which does not
result in a large earthquake.

Since, the accuracy of available fault maps are low as they
are published in very small scales (1:2,500,000) and thus
cannot be used in applied projects and, on the other hand,
they do not provide seismic parameters of active faults, it is
obviously essential to update the available fault maps using
new information and produce a larger scale map for active
faults of Iran in which information such as geometry pattern,
slip rates and mechanism of active faulting are shown.

The old version of the map of Major Active Faults of
Iran (Hessami et al., 2003) was prepared in adobe illustrator
environment and was digitized later after its publication.
The accompanied error due to digitizing is inevitable. The
estimated error is about 1-3 kilometer which is considerable
when invoking it for calculating near field seismic hazard.
In this new version, the fault locations have been corrected
using satellite images, SRTM, digital elevation model
(DEM), and geological maps.

RYYLBTY S FI IR RATIRYRE ' E e

491 ol Wl
hessami@itees.acir, lisa/i); ouSiings Lolis/

55“".‘"4 GSOL“ U8 ol L“““)"

S8 s edine oy 3 ploie @ (g5 oo 1) Olnl JUb slelnS
Amu,u‘_g‘o)u »))95).3 J_@b aS Cusls u‘);|)o Ly gr’?"s
2 el YN-Y/0 Kol b Jlos o Lowlygl aio g ogi 40 oylias o
Gbls yo sloy ) sosls ululy Jld sllud sl il oo Jow
Wil oo Yol 5 oauzmy g sl s jlas o)l udas glo B 5 65 5
P Epoi)aS 05 b o ool sl 5 Eaog0 bl Hlobo L
Al ol Sguze e 9 0000 Jlad S (g0g0me olaws 4y bl (i
FEOIVEN SRWIRCE P EETYIP VI SRR Jyy- BT SN RLIN WP E S
Olnl 5 Jbd LS ol o515 Jdo @i 3l 4 i s (59,
3 e daiz s (2B (sloj ) an gloodly ol B oren g
Sl H53 a5 p3Y Ll 0a 00ld o T SO 5 s 4 o J g
oj i) (b 03l ) 330 sl loadds (uils (5,8 (S oS
aS Jdo ol et sos )l Jld sleluS plos olowlas 4 08
g o bl ey (Sl ol g 55 oo J s Sl 8 o O
aile ‘M)LSQ" u...a)C_‘a.md.vl.o.».ﬂMjoéj.' QBSJA ULH)).'))JAS
ooy i ol (pan (V.aamd o0 (59) (051 ddlaie )3 &5 lmo)Jires;
olyor xaw SiZenS Lo lae (6 5ls ;0 FI0 5l S (18,5 L o yore
395 s > Jlsb Sl 58, 13 (o (25 IS > (F 5 ks
0355 Sl b (ol 0 (85 G5 55 S 5 49) (N Lo

S B 51NV YD oo e ulide )0 09290 (gloa i 45‘5..@1)‘1
4,500 (g9 3l g 095u0 410,65 5 (60,5 (slrogg o colaiwl g
S oY (G5 55 515 gilen) (sl Uity 0806 oSl Lo
(CoBge 5l 380 Al agd Wil cod ol pl o Lis C i ey oy
G 5555 oo 50 olpl b SlbeS ol b £ 5 g5l ol
il oo $y900 Slree SIS S Jodo 4 asd aie oS
oz .050,5 058, Lads g 0ol 45 adobe illustrator lase ;o 4 S
S ).n.bl.‘ul...o‘ ).15..44 1)) )I ué; 6@53) ..\..4‘)5 5o 0d— bl}u‘ Gt&o
S ¢ oo Slalllas 1o 45 003,55 ,91 s yioghS V=Y dgu Uas
‘Gl.id A s o ..\JLQ.)GA .)L?u‘ d.‘>9.v k}alﬁ (5>Ua.> 9 &.:o,; 0)9—> ).la.‘>
Jae SRTM 81,5 9,55 «(slolgale 5 glad 5l oolaiwl | g cds a4y LS oo
s o..\g.é)f C)'La‘ S.ALH..:U...A) LSLDM 9 (DEM) 6@93) GCLQJ)‘ LSLQ

YY Jlow g 8= a0 OF Jladlcaas Job yo ol ,ol JS dal o
JSa @i f o aml o as ot SIS Al e 4 Jbax o
28 5o YL g o L1 poe> oS jgkaie a0l iidgs lei oo |y ol )]



We first subdivided Iran into four regions along the
Longitude 540E and across the latitude 320N. In order to
minimize the file sizes and boost the accuracy in different
regions, using available data and information of each region
has been divided into four smaller areas limited by UTM
boundaries of 38, 39, 40 and 41 zones.

ARC GIS software v. 9.3 is used to make the new map.
The topography data (SRTM) were quite consistent with the
Landsat images and both were used to trace the fault lines. We
also used the geological maps in a geo-reference system to
segregate geological units of quaternary age. However, Spot
and Cosmus satellite images which are available for some
areas at the IIEES library, have been also used to precisely
locate the active faults. The fault characteristics have been
registered contemporaneously along with finalizing fault
locations and specifications in an Excel format. In the next
step, the excel table of fault data was joined with a similar
table in the GIS environment so that by selecting each fault
segment, the relevant information could be displayed. Fault
segmentation is based mainly on strike change of the fault.
Segmentation, segment length, strike and coordinates of
end points of each segment were calculated automatically
using Arc GIS software capabilities. Regarding the surface
fault ruptures associated with large earthquakes, original
published maps of earthquake faults were used to place them
to the fault category. The table of surface fault ruptures was
also added into the final file.

Keywords: Active Faults, GIS, Iran, Seismology
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This study focuses on the analysis of geomorphic,
structural, and behavioral characteristics along the Doruneh
Fault System (DFS), east of longitude 56°45'E. Detailed
geomorphic and structural analyses of different scale satellite
images and digital topographic data, accompanied with field
surveys allowed us to establish a fault segmentation model
in which three discrete fault zones have been recognized:
(1) the western fault zone (WFZ) characterized by reverse
left-lateral mechanism with left-handed step-over geometry,
(2) the central fault zone (CFZ) which is pure left-lateral
strike-slip and comprises nearly parallel faults, and (3) the
eastern fault zone (EFZ) that is a trailing imbricate fan
fault-termination characterized by reverse faulting and
fault-related folding. Detailed geomorphic and structural
investigations revealed the presence of the NNW-trending
dextral strike-slip faults within the EFZ. Each fault zone
showed discrete geometry and kinematics implying that
deformation is not uniformly accommodated along the DFS.

The surface trace of the DFS is marked by geomorphic
features such as Quaternary alluvial fans and their associated
streams that have been laterally and/or vertically offset along
the whole length of the fault system. Detailed geomorphic
mapping based on SPOTS satellite images complemented by
field observations allowed to subdivide multiple generations
of alluvial fans, which are abandoned and entrenched, into
Q3, Q2 and Q1 geomorphic surfaces, from upper to lower.
Each geomorphic surface exhibits specific geomorphology
such as geomorphic terracing (stepping), incision pattern,
and the state of preservation.

Sixty-seven offsets recorded by the Q1, Q2 and Q3
alluvial fans and their associated geomorphic markers,
displaced along the WFZ and CFZ, were reconstructed.
The ages of ~12, ~36 and ~120 ka were determined using
in situ produced '"Be and **Cl cosmogenic nuclides for the
Q1, Q2 and Q3 abandonment surfaces, respectively. These
ages allowed determining three sets of individual left-lateral
slip rates and consequently describing the distribution
of slip along the fault zones. The slip rates averages over
time intervals of ~12, ~36 and ~120 ka reveal: (1) that the
long-term slip behavior along CFZ and probably WFZ,
is characteristic and (2) that the overall slip rates of the
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CFZ remain nearly constant during the past 120 ka with
a maximum rate of ~8.2 mm/yr accommodated along
the mid-length of the CFZ. The CFZ is divided into two
independent segments with roughly but symmetrical slip
distribution. These segments are separated by a persistent
boundary which has not been ruptured over the last ~12 ka.
A maximum Holocene slip rate of ~5.3 mm/yr is estimated
for left-lateral faulting along the CFZ. The maximum length
of independent seismogenic fault segments varies from 70
to 100 km, which produce characteristic earthquakes with a
magnitude of Mw= 7.2-7.4.

Fault slip data comprising fault slip families belonging
to two separations was done on the basis of geological field
data using relative chronology of the striation (crosscutting
relationship). The modern stress state was determined
using the youngest striae sets measured in pre-Quaternary
rock units and Pleistocene conglomerates. The modern
stress state is characterized by a N45+15 ° E-trending ol
and shows a predominated strike-slip tectonic regime. The
inversion analysis is individually performed for the oldest
striae sets in pre-Quaternary rock units. The calculated
paleostress tensors represented a N 150+20° E-trending o 1,
with a compressional tectonic regime. Applying the average
N45 E-trending horizontal 6 1 (modern stress) to average
geometry (N95+5 ° E) of the CFZ implied dominant left-lateral
strike-slip faulting, which is consistence with late Quaternary
geomorphic expression of the fault zone. The modern state
computed in this study is compatible with corresponding
stresses axes in NE Iran, which were deduced from the
inversion of seismically determined fault slip vectors.

We proposed a new kinematic model to explain how the
DFS accommodates the Arabia-Eurasia convergence normal
to the overall fault orientation. According to this model,
the DFS takes up the northward motion between central
Iran—Lut block relative to Eurasia by a complex kinematics
varying from pure reverse to pure left-lateral strike-slip
faulting. The kinematics of the WFZ and EFZ corresponds
to the direction of the NE-trending regional compression.
While, the partitioning of slip into strike-slip and reverse
component of faulting on parallel faults (strain partitioning)
allows the CFZ to remain pure left-lateral strike-slip. Such
a model proposes a way to explain how large strike-slip
faults such as the DFS accommodate tectonic block motions
perpendicular to strike of the faults.

Keywords: Dorouneh fault, Morphotectonic, Fault
segmentation, Fault kinematics, Slip rate
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Probabilistic Forecast Model Based on the
Earthquake Catalogue of Iran
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Aref Bali Lashak

According to the earthquake records in Iran, which imply
a great risk for such events in highly populated areas, there
is an attempt in this study to discuss the short-term, mid-
term and long-term events predictability through logical
prospects and via well-organized approaches.

First, the main framework of forecasting procedure is
discussed which includes forecasting trees and selection,
state space, time series, stochastic, chaotic, periodic, and
semi-periodic processes. This section also includes notes
about predictability of a typical phenomenon and different
views on earthquake forecasting by means of precursors and
through a probabilistic-statistical prospect. Next, the ground
surface is divided into four different sub-regions according
to different seismicity rates of the regions. This has been
done by means of a time coefficient for changes that have
occurred between different subsequent earthquake events in
Iran. Then, according to the amount of this coefficient, an
appropriate random distribution pattern, rather high or low
in frequency of changes, has been picked and used for the
probabilistic prediction of a future earthquake event.

In addition, the new innovative approach BZEFM is
introduced which works mainly on clustering of the earthquakes
and improvement of the clusters as well as the definition of
new zones namely dual seismic zones and, through this, a
new model for short-term and mid-term event forecasting is
introduced based on statistical and probabilistic tools.

It has also been proved from this survey that the long-term
clustering does exist both in the main and in the remained ~
catalogues. Kagan’s forecasting model for long-term
probabilistic predictions has been used later as the algorithm
running on Iran’s data (available via the past earthquake
events catalogue) and the setting parameters and regional
coefficients needed in this method were further calculated
and optimized through genetic algorithm and with a look at
the data gathered on Iran’s seismic activity. Calculation of
the tensor momentum for some big earthquakes in Iran has
also been considered and finally the forecasting probability
density plans is outlined for different time intervals and
different regional coefficients, amongst which the best plan
has been chosen as the one with two equal halves in the
catalogue. Short-term, mid-term, and long-term forecasting
procedures yielded genuine results when applied to Iran’s
earthquake event catalogue.

Keywords: Probabilistic forecasting (prediction),
Coefficient of variations, Dual seismic zones, Genetic
algorithm, Tensor moment
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Determination of Earthquake Source
Parameters by Near Field Data Using
Multimodal Summation Method (February
22, 2005 Dahuiyeh, Zarand Earthquake)
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Rahmatollah Rouhollahi, Mohammad Reza
Ghayamghamian, Mohammad Tatar

On February 22, 2005, at 05:55 (local time), an Mw 6.5
earthquake hit south-central Iran, east of Zarand in Kerman
province. The epicentre, located at the Kuhbanan fault zone
ruptured an intramountain reverse fault striking EW and
dipping to the north (Talebian et al. 2006). This earthquake
caused considerable damage, especially to Dahuiyeh and
Hotkan villages, and killed more than 500 people.

We used the time-domain inversion method introduced
by Das & Kostrov (1990) and Das & Suhadolc (1996)
using near-source strong motion data. The S-wave part of the
waveforms was inverted to retrieve the source parameters
and slip of the Dahuiyeh-Zarand Earthquake. Different fault
scenarios are examined to find the best fit between synthetic
and observed waveforms recorded at the six strong motion
stations, which are located within 50 km from the epicenter.

To determine the spatial and temporal distributions of
the slip over the fault area, the representation theorem is
used, so that the acceleration record at a surface station can
be expressed in terms of the slip distribution over a fault
surface as an integral equation. By dividing the fault into
square cells and the source time function into steps, the
problem can be discretized assuming the form of a system
of linear equations: Ax =b. Each column of the matrix A is
the appropriate discretized set of the impulse response of the
medium for all stations corresponding to different cells and
time instants, ordered in the same way as the observations
in the b vector and x is the vector of unknown seismic
moments released at each cell at each time step. The Green’s
functions are determined using the multimodal summation
method for layered anelastic media, and they are computed
for a frequency range of 0.2-1.0 Hz. The extended fault
is modeled as a grid of point sources, and the synthetic
seismogram at each station because of the moment release
on the fault is computed by summing the contributions
from each point source with appropriate delays and weights
(e.g. Panza & Suhadolc 1987; Das & Suhadolc 1996). The
average slip and A is the total area, as well as assuming an
average with a fixed time step chosen as an integer number
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of the sampling interval of the waveforms. The sampling
interval is fixed at about 0.1 s both for the computation of
the Green’s function and for the waveforms.

Acceleration strong motion data recorded during the
2005 Dahuiyeh-Zarand earthquake was inverted for the
slip distribution on the causative fault. The lack of absolute
timing has been successfully overcome by estimating
the propagation times of P and S waves in the velocity
model of the region. The synthetic tests, carried out for a
linear programming problem of dimensions equal to those
of our real inverse problem, allowed us to conclude that
the obtained results can be considered significant with a
resolution of at least 2 km x 2 km. Acceleration waveforms
and Fourier amplitude spectra were successfully reproduced
at six three-component stations of ZAR, QAD, CHA, SHI,
DAS and HOR.

The final source model, estimated from the inversion
procedure, revealed a single reverse fault model with
dimensions of 18 km x 14 km, strike 260°, dip 60° to the
north with a nucleation point located at 9 km depth. The total
seismic moment is 7 X 1018 Nm corresponding to Mw 6.5.
The rupture velocity is found to be approximately 70 percent
of the local shear wave velocity.

The inverted slip model showed two deep asperities
located to the west and east of the nucleation point extended
at depths of 6-12 km with the maximum slip of about 2.4
m. It was found that the observed forward directivity pulse
at ZAR and SHI stations can be successfully reproduced
by the two asperities located in the west and east sides of
nucleation point.

Keywords: Dahuiyeh-Zarand earthquake, Source
parameters, Slip model, Strong motion inversion
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Geological Modeling and Geometrical
Identification of Hendijan Fault Using
Seismic Reflection Data and
Ray Tracing Method

Mohammad Mokhtari
Assistant Professor, Seismology Research Center
mokhtari@iiees.ac.ir

Mohammad Montazeri

Study of faults is important from different viewpoints
within the earth sciences discipline. In this regard, the fault
identification in seismicity study is vital. The study area is
located in the Hendijan area with the Abadan plain. The
Hendijan structure has been influenced by the Arabian plain
fault system with north-south trending smooth folding,
which begins from Khafji field (Saudi Arabia) to the Rag-
e-Safid structure.

To study the Hendijan Fault system, the earthquake and
seismic reflection data and well log data have been used.
The seismic data was loaded to SMT software and is being
interpreted. The earthquake data for the Hendijan and its
surroundings has been gathered from seismological bulletins
and websites of national and international agencies. The
seismic reflection data has been provided by the National
Iranian Oil Company. Based on detection of 21 seismic
events within 10 km radius of the Hendijan Fault system,
it has been observed that the fault system is active. Based
on the results of seismic reflection data analysis, it was
concluded the focal mechanism of the fault system varies
along the fault.

The Hendijan structure has been influenced by a system
of Arabian plate fault with a fold of north-south trend which
has been extended from the Khafiji field (Saudi Arabia) to the
Rag-e-Safid structural feature with north-northeast — south-
southwest trend and is located on the structural features of
Hendijan and Bahregansar which has been affected by them.

The Hendijan fault in the vicinity of the Kazeroun, Razak
and Zendan faults are the main and deep faults within the
Persian Gulf that have created several paleo-highs.

The earthquake events that are shown in Figure 1 most
likely belong to the Hendijan and Rag-e-Safid faults within
the Hendijan region, but the earthquake events that are
located close to the Hendijan fault are presumably related
to this fault.

To increase the accuracy - of fault geometery, the seismic
reflection data within offshore area of the Hendijan which
was consisted of a grid of data, has been utilized, but in this
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report only 2 seismic sections which has been interpreted
have been - presented. Figure 2 shows the location of these
lines, which are selected such that are orthogonal to the fault.
Based on the interpretation, the Hendijan fault penetraed
into the Gachsaran formation but did not cut through this
formation.

Integrating the seismic reflection and the earthquake
events in the vicinity of the Hendijan fault shows some
interesting results. First, the Hendijan faults clearly could be
interpreted on the seismic data. The seismic data has fair to
good quality and acquired using air gun and streamers. The
data has been processed using state-of-technology. As this
data shows, the fault stops within the Gachsaran formation
but do not cut the sea floor, while the faults can be seen in
deeper part of the seismic section which can indicate that
this fault might reach the basement.

Based on the above, it was concluded that the
combination of seismic reflection data and earthquake
events is a powerful tool in increasing the accuracy of fault
identification especially if the fault could not be observed
at the surface (Hidden faults). This can be used in future
seismic hazard studies.

Keywords: Earthquake events, Hendijan fault, Seismic
reflection data
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Figure 2. Seismic reflection data along the profile1 within the study area, for
the location of the seismic profile see the map shown in the left bottom corner.
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Figure 1. Locations of the eartquake events based on the national and
international seismological networks.



Iran Spectral Acceleration Map in Scale
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Ground motion estimation for the purpose of earthquake
hazard analysis may eventually be carried out in some
routine and accurate empirical or theoretical manners.
Earthquake hazard analysis requires the use of knowledge
from disciplines other than Seismology. Geology is needed
to help define the location, configuration, and potential
of seismic sources, particularly, known as active faults.
Geophysical techniques are needed to help define those
seismic sources not readily observable at the earth’s surface.
Mathematics, particularly an understanding of probability
and statistics, is important in the increasingly prevalent
probabilistic evaluations. Geotechnical engineering is very
useful in estimating the effect of local site conditions on
ground motion.

The basis for earthquake hazard analysis is the analysis
of seismicity or the occurrence of earthquake in space and
time. The historic record may contain reports of earthquakes
that occurred during hundreds and, in some cases, thousands
of years of recorded human history. The instrumental record
yields information about those earthquakes for which actual
instrumental evidence exists.

For this study, the IIEES and Engdhal catalogue, which
is based on the reports from the International seismological
institutes, and reports from Ambraseys and Melville (1982)
have been used. The available earthquake catalogs usually
contain two type of information: historical and instrumental
data. We used Kijko method to estimate seismicity param-
eters and the return period for different earthquake magni-
tudes. Based on the seismicity and seismotectonics provinc-
es of Iran, 25 zones have been considered for Iran.

A reliable assessment of seismic risk in a region requires
knowledge and understanding of both the seismicity and
the attenuation of strong ground motion. Four attenuation
relationships have been considered. These are Boore et al,
(1997), Abrahamson and Silva (1997, Ghasemi et al., (2009)
and Campbell and Bozorgnia (2003).

Finally, the effects of all earthquakes of different sizes,
occurring at different locations in various earthquake sourc-
es at different probabilities of occurrence are integrated into
maps which show the probability of exceeding of different
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Investigation of Time-dependent
Earthquake Forecasting Methods, Case
Study: The Greater Tehran
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The regional time and magnitude predictable model has
been applied successfully in diverse regions of the world to
describe the occurrence of mainshocks. In the current study,
the model has been calibrated against the historical and
instrumental catalogue of Iranian earthquakes.

The Iranian plateau is divided into 13 seismogenic
provinces; then the interevent times for strong mainshocks
have been determined for each one. The results have been
used to determine the following empirical relations:

logT, =0.19M ; +0.33M  —0.391ogM, +1
M, =0.66M;, —0.29M +0.61logM,+m

where t and m are empirical constants determined separately
for each source. On the basis of these relations and using
the occurrence time and magnitude of the last main shocks
in each seismogenic source, the probabilities of occurrence
of the next main shocks during the next t years as well
as the magnitude of the expected main shocks could be
determined. In the second part, repeat times of strong
shallow mainshocks have been determined by the use of
instrumental and historical data for 15 seismogenic sources
in the Iranian plateau. The seismogenic sources have been
adopted and modified from Nowroozi (1976). At least five
interevent times (six mainshocks) are available for each
source. By using the renewal times for these 15 sources,
empirical relation has been determined for the repeat time
and the magnitude of the following mainshock.

The Alborz mountain ranges extend from the north central
Iran to the eastern border of the country is seismically active
and is characterized by the occurrence of several moderate
and large earthquakes. Some of the very important cities
e.g. the capital city of Tehran are located in this seismically
active region and therefore, performing accurate and reliable
seismic hazard studies and prediction/estimation of future
ground motion parameters is a crucial and important issue.
Different time dependent seismic hazard analysis schemes
differ mainly in the statistical distribution of time interval
between successive earthquakes. Contrary, in the traditional
time independent probabilistic seismic hazard analysis
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(PSHA), the occurrence of earthquakes is assumed to be
independent and therefore, can be specified by a Poisson
distribution. Here, as a first attempt to implement our
knowledge of occurrence of past earthquakes in the region,
using three statistical models, namely, Gamma, Lognormal
and the Brownian Passage Time (BPT), as well as the
earthquake recurrence intervals by the use of instrumental
and historical data for 15 seismogenic sources in the Iranian
plateau, was investigated. The seismogenic sources have
been adopted and modified from Nowroozi (1976). Source
number 13 included the Tehran metropolitan area. The
renewal model parameters have been estimated using the
maximum likelihood method.

For example, the formula for the likelihood function of

the BPT model is as follows: i
S 7 e )}
L=f .ttt \a)= exXp| —— 5
R u,a) 1:[(211 2ti3) p[ 20718,

where, n is number of earthquakes in sequence. Taking
the logarithm of equation (6), it awas found that the maximum
of the likelihood function using the partial derivatives with
respect to the model parameters (i.e. and ) is:

O

n (ﬂl : jh: (t —tiﬂ)z}

The maximum likelihood estimates of model parameters L
and a are is that values for which dln L/ dpand dln L/ da
are equal to zero.

Also, conditional probabilities of the occurrences of
strong earthquakes during a specified interval of time have
been estimated on the basis of various statistical models.

Our attempt was not to distinguish between the employed
models using the statistical approaches (e.g. Kolmogorov-
Smirnov statistics). However, since the value of likelihood
function (L) is an indicator of how well the model fits data,
additional to the best estimated model parameters, we also
reported the corresponding values of the logarithm of the
likelihood function (In L). In other words, the logarithmic
of likelihood function (In L) has been used to compare the
suitability of models and it was found that the lognormal
model represents the best results in regions with
intermittent occurrence characteristics.

ohL n

oa a

Keywords: Time- and magnitude-predictable model, Time-
dependent, Seismic hazard, Gamma model, Lognormal
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Development of Automatic P Phase
Detection Methods for Seismic Events
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The development of seismic networks around the
world is leading to generate large amount of digital and
real time seismic data. Manual reviewing of seismograms
within a huge seismic data mine is very time consuming,
boring and also may be influenced by personal opinion or
human experiences. Therefore, using automatic methods is
unavoidable for preprocess, fast identification and detection,
arrival time calculation, magnitude estimation and finally
rapid announcement of a seismic event from real time data
or within a huge seismic data quarry.

In this research, common methods of automatic seismic
phase picking are investigated. Then, a new method for
automatic detection of seismic P phase is presented based
on continuous wavelet transform. Obviously, earthquake
signals and background noise often differ in energy and
frequency contents, and since the wavelet transform is
consistent in revealing the boundary of the main signal from
background noise for almost noisy condition, therefore, our
new algorithm is developed based on the wavelet transform.
To accomplish this, a characteristic function is established
using envelopes of wavelet coefficients. Also applying a
threshold value and detection rules P-phase onset time is
determined.

Verification of the new algorithm is evaluated by
means of a local dataset, including different sampling rate
seismograms. Moreover, the results are compared with
the manually picked onsets in the database. The presented
figures are examples deduced from the results. These figures
show the comparison of the proposed algorithms with the
manual pickings at the Broadband Iranian National Seismic
Network (BIN) which belongs to the International Institute
of Earthquake Engineering and Seismology (IIEES).

A comparison of the new proposed method and the
well-known AR-AIC method indicated the efficiency of the
proposed scheme and its ability to accurately determine the
earthquake signal onset. It should be noted that the original
AR-AIC algorithm uses STA/LTA scheme to provide
a first estimation for the P-phase onset time. As it can be
seen in many cases, the STA/LTA algorithm usually fails
to determine acceptable estimation especially in low SNR
conditions. However, we provided such initial estimates
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by means of picks obtained from new proposed algorithm.
The results showed that the proposed new method works
successfully for low SNR and emergent arrivals of broad-
band and medium-band data as well.

Keywords: Automatic detection, Automatic P-phase
picking, Continuous and discrete wavelet transform,
Seismic events, Seismic network
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This project presents a new simulation network model
by self-organizing neural networks model and Copulas
dependence structure on earthquake prediction with appli-
cation to risk in Alborz region. In this report, we will cover
the theoretical aspects of clustering, including error and
learning, followed by an overview of popular clustering
algorithms named SOM and Monte Carlo -classical
simulation indices. We also discuss the relative performance
of these algorithms and indices and conclude with examples
of the application of clustering to computational seismology
to identify active fault in Alborz region.

The shape of clustered earthquake provides an initial
feature of short-term forecast, which is very sensitive to
the variations in mechanical properties of the fault zone.
SOFM models in real earthquake catalog observe some of
these precursory phenomena, but some of them are not.
The SOFM method does not predict earthquakes; rather it
forecasts the regions (hot spots) where earthquakes are most
likely to occur in the relatively near future.

In this report, the SOFM neural networks identify regions
with historic seismicity data to produce a map of probabilities
for future large events by pattern recognition techniques. The
SOFM training does not aim to learn past earthquakes from
earthquake catalogs, but rather to build a statistical model
of the process, which generates the earthquake epicenters.
We apply the data of Iran and Afghanistan to find possible
locations where future large earthquakes are expected to
cluster particularly earthquake prone area. A hazard alarm
for a large earthquake is raised when many earthquakes with
high clustering (a topological feature of networks) connect
to the network of events linked by high generation rates.
SOFM neural networks model for short-term forecasting
earthquakes have been developed that could capture more of
the clustering effect by giving more weight to more recent
earthquakes.

This approach has been tested in many seismic regions
of IRAN The results have been confirmed by subsequent
occurrence of strong events that can yield results with
around 90% predictive accuracy of subsequent events
took place at some nodes recognized to be potential sites
for strong earthquakes prior to their occurrence. Although
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earthquakes are obviously complex phenomena, acquiring
knowledge by example may be the only solution. For many
real-world problems, precise solutions do not exist. In such
case, acquiring knowledge by example may be the only
solution. When it is not possible to describe the logic of a
problem or to predict behavior with analytical or numerical
solutions to governing equations, traditional predictive
analysis is difficult.

A neural network analysis does not rely on prescribed
relation, but rather seeks its own relation and thus may have
an advantage over traditional predictive analysis. The self-
organization behavior of earthquakes is not a consequence of
a given geometrical structure like the fractal structure in the
earth system. This algorithm has shown the results of SOM
and Copulas numerical simulations as a complex dynamical
process to find new seismotectonic framework. Tehran and
Ghom and Saveh regions are two examples in this project.
In this study, we have presented several observables, the
spatial seismic distribution after the Varzeghan mainshock,
the geomorphology patterns, and the magnitude distribution.

Keywords: Simulation, Self-oranizing, Copulas structure,
Earthquake prediction
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Crustal Structure and Moho Depth of the
Western Alborz (Iran)

Mohammad Tatar
Associate Professor, Seismology Research Center
mtatar@iiees.ac.ir

Samira Mousavian, Farzam Yaminifard

Crustal velocity structure of a seismically active region
such as the Alborz located in North of Iran, has a great
influence on precisely locating of earthquakes, attributing the
seismicity to the active faults, and improving the reliability of
the seismic hazard assessment. In spite of several researches
on Central Alborz crustal structure, very little is known
about the structure and thickness of the crust beneath the
Western Alborz which is significant due to the occurrence
of the 1990 Manjil-Tarom earthquake with Ms=7.3. In this
paper, We intend to study the thickness and structure of the
crust beneath three stations of Zanjan, Roudbar and Ghazvin
located on Western Alborz by joint inversion of the receiver
functions and Rayleigh wave group velocity dispersion
measurements. A combined inversion of Rayleigh wave
group velocities and body wave receiver functions increases
the uniqueness of the solution over separate inversions and
also facilitates explicit parameterization of layer thickness in
the model space. The time-domain iterative deconvolution
procedure, which has higher stability with noisy data
compared to frequency-domain methods, was employed
to deconvolve the vertical component of the teleseismic P
waveforms from the corresponding horizontal components
and obtain radial and transverse receiver functions for two
broadband stations of ZNJK and RUD, and one short period
station of GZV. The waveforms were corrected from the
instrument response before proceeding with the receiver
function deconvolution. High-frequencies were filtered
using a Gaussian filter, at 2.5, 1.6, and 1.0, which gives
an effective high-frequency limit of about 1.2, 0.8 and 0.5
Hz, respectively. As the structure may vary with azimuth and
with epicentral distance, all the observations were grouped
by azimuth (< 10°) and distance (A < 10°). To increase
the signal-to-noise ratio of the deconvolved traces, the
individual receiver functions were aligned according to the
P-wave arrival and point-to-point stacked waveforms. The
stacked receiver function was then allocated the average
slowness and back-azimuth of every event included in the
stack. Rayleigh wave group velocity dispersion comes from
tomographic images between 10 s and 70 s period produced
by a study of regional fundamental modes of Rayleigh
waves propagating across Iran and surrounding regions.
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Fundamental-mode Rayleigh wave group velocities to each
stations are taken from the corresponding tomographic cell
containing the station.

The results show that the crust beneath the Roudbar
station has a thickness of 36 =3 km. A shallow low velocity
sedimentary layer, about 3 km thick, and a velocity
discontinuity at depth of ~13 km is observed on crustal
model of this station. Beneath the Zanjan station, the
Moho depth varies from 38 to 42 km. We observe the same
sedimentary layer as beneath the Roudbar station and an
interface at about 15 km depth. Toward east, beneath the
Ghazvin station, the thickness of the crust increase up to
52 km which is close to what was proposed for the crustal
thickness of the Central Alborz. Our seismological results
show that the Western Alborz have moderate crustal root but
of insufficient thickness to compensate the elevation of the
range.

Keywords: Western Alborz, Receiver function, Joint
inversion, Moho, Dispersion
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Seismotectonics of the Western Alborz
(Iran) Based on Regional-local
Waveform Modeling

Farzam Yaminifard
Associate Professor, Seismology Research Center
faryam@iiees.ac.ir

Sajad Ansari, Mohammad Tatar

Moment tensor solution using regional-local waveform
modeling is considered from various points of view. Availabilty
of the regional-local data for real time purposes like its application
in production of the shakemaps and their application in Quick
Damage and Loss Estimation systems is one of its advantages.
Calculation of the focal mechanism parameters of small and
medium earthquakes where there is not any information about
big instrumentally recorded seismic event is another application
of regional waveform modeling that help us better understanding
of the seismotectonics in that region. Because of seismic hazards
in the western Alborz, seismotectonics unknowns and relatively
good distribution of the broadband stations around this region, it
is selected for further studies.

In this study, 25 focal mechanisms were calculated by
moment tensor inversion of small regional-local earthquakes
in the Western Alborz recorded by Broadband Iranian National
Seismic Network. Compiling those focal mechanisms by
previous ones, we studied the seismotectonics of the Western
Alborz and surrounding areas. Calculated focal mechanisms
around Khazar and Alborz Faults in the Central Alborz,
considering south dipping nodal plane as the fault plane, is
consistent with the pure low dip thrusts. Moving to west close
to 1990 Rudbar-Tarem earthquake region is different from left-
lateral strike-slip mechanism of this large earthquake which
shows complex fault system in the middle of the Western Alborz.
In the Talesh located in the west of the South Caspian, strike-slip
mechanisms are dominant and shows left-lateral motion in this
region. The only calculated focal mechanism close to western
segment of the North Tehran fault, considering the strike of the
this fault as the fault plane, implies left-lateral motion around
this fault. In the south of the Alborz mountains approaching
Central Iran, close to the 2002 Changureh earthquake, except
for two mechanisms similar to reverse mechanisms of this large
earthquake, the rest of the mechanisms are consistent with a
strike-slip zone. This is consistent with right-lateral motion
around Kushk-eh Nosrat and Soltanieh Faults, implies slip-
partitioning in this region.

Keywords: Modeling, Local Waves, Seismotectonics,
Western Aborz
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Strain Analysis and Slip Rate
Determinations Along Active Faults of
North West Iran Using GPS Measurements

Khaled Hessami-Azar
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Hamidreza Nankali, Akramsadat Alijanzadeh

GPS measurements are the most accurate and commonly
used methods for strain analysis and determining present-day
slip rates along active faults. The recent GPS measurements
which have recently been used to determine the velocity
field in Iran generally suffer from one of the following
shortcomings; 1) the GPS networks have been deployed with
small number of stations than to be used for determining fault
slip rates but have served mainly as a mean for documenting
regional deformation. 2) On the other hand, most of the
published results for the NW Iran either have processed the
data obtained from the campaign measurements or have not
determined the rate of strain in the region. In this study, we
use the dense, permanent GPS network deployed in the NW
Iran since 6 years ago to calculate strain rates as well as fault
slip rates along active faults of the region.

This study uses six-yearlong continuous GPS observations
over the time period 2005-2010 to estimate geodetic velocity
vectors in NW Iran. The velocity vectors across the NW
Iran indicates a dominant right lateral movement along the
North Tabriz Fault as well as other faults to the northwest
including the Maku, Khoy and Naxchivan faults so that the
rate of right lateral displacements increases from southeast
to the northwest. However, an extensional motion along
with a right lateral component occurs along the southeastern
segment of the North Tabriz Fault which seems to have
accommodated along the north and south Bozqush faults.
East of Urmieh Lake in southern Azarbaijan, an extensional
component along with right lateral motion can be detected
between the BNAB and MNDB stations. Furthermore, at
the same longitude, between the SKOH and BNAB stations
a compressional component with a left lateral motion is
detected. An extensional motion along with a right lateral
component occurs between the North Tabriz Fault and the
Caucasus region.

In the next step, we invoked the velocity vectors calculated
from continuous GPS observations, for the first time, to
estimate geodetic strain rates in NW Iran shown in rightside
Figure. The strain axes calculated from velocity vectors
indicate right lateral strike-slip motions associated with a
small compressional component along the North Tabriz
Fault and other NW-SE trending faults in the region. The
strain rate reduction observed northeast and southwest of the
North Tabriz fault can be attributed to the relative stability
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of Azarbaijan and central Iran. However, a NE extensional
component as well as strike slip motion is seen in west of
Ahar and Kaleibar which can be attributed to subduction of
Caspian plate beneath NW Iran.

As it can be seen from the leftside Figure, along the North
Tabriz fault and its northwestern continuation, azimuthal
angles of strain polygons (triangles) changes (rotate)
anticlockwise. Since the magnitude of maximum shortening
vectors are similar to the magnitude of lengthening strain
vectors, we conclude that the right latral strike slip motion is
dominant along the North Tabriz fault. West and northwest of
the region (west of longitude 45.5 degree) show a clockwise
rotation with respect to eastern part of the Azarbaijan block
as a result of convergence of central Iran with respect
to Eurasia. This rotation seems to be accommodated by
subduction of oceanic crust of Caspian beneath Azarbaijan.

Keywords: Strain, Active fault, slip rate, GPS, Tabriz, NW
Iran
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The Map of Quaternary Deposits of the
Central Alborz

Mohammad Reza Abbassi

Associate Professor, Seismology Research Center
abbassi@iiees.ac.ir

This study deals with the extension of early and middle
Pleistocene deposits in south Central Alborz situated
between cities, Qazwin in west and Semnan in east of
Tehran. The Alborz range in Northern Iran developed due
to closure of the Paleothetys ocean. The Central Alborz is an
arcuate fold and thrust belt, consisting of two major distinc
structural trends: a NW-SE-trend characterizing the west-
central Alborz and a NE-SW-trend marking the east-central
Alborz. The two structural trends join roughly at longitude
of Tehran. The Quaternary deposits in this part of Alborz is
cropped out in intermountain basin as well as in frontal part
of range.

The alluvial deposit of Early Pleistocene is the result of
uplifting of Alborz mountain, named after Hezardarreh Hill
in northeastern Tehran. The surface of this deposit is densely
incised by dendritic drainage network, differing totally from
the younger overlaying deposit of Middle Pleistocene in age.
In sections, it appears as well sorted and densely compacted
alluvium showing regular bedding.

The subsequent deposit is a glacial deposit of Middle
Pleistocene with an N-S-running drainage pattern of less
density than the one in the Hezardarreh formation. On
the aerial photography it appears as moderately to deeply
dissect alluvial deposits. Topography often consists of gently
rolling hills with none of the original planar alluvial surface
preserved. It is in sections, it is a loose deposit composed of
a mixed sequence of gravel, silts, sands and boulder-gravels
lacking a clear stratification.

The city of Tehran is studied in detail because of its
excellent outcrops. For example, in Sohanak (NE-Tehran)
are the structures such as folding and its relation to faulting
is studied in detail. It is shown that folding in Quaternary
deposits is closely related to faulting.

The area under study is divided in two branches namely
East and West. A detailed mapping of two mentioned
deposits in East and West branches of the Central Alborz
have revealed differences in tectonics and sedimentary basin
especially of Hezardarreh Formation (Early Pleistocene in
age). This Formation appears in eastern branch of Central
Alborz (between Rey and Semnan) in three successive
straits from south (Boundary between rock and piedmont)
inward to the mountain. The western branch of Central
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Alborz (Karaj to Qazwin) however shows a narrow restricted
area of this formation cropping out on the mountain front.
The deformation of this deposit is manifested by folding
of different degree, those with vertical or/and overturned
bedding is found close to the rock-alluvium boundary in
Tehran area. As a general roll it is impossible to recognize
the feeding sources of Hezardarreh formation, whereas the
Middle Pleistocene deposits have preserved their feeding
sources. The distinction of geomorphic surfaces in Middle
Pleistocene deposits show two different surfaces related to
different ages, which needs to be dated.

The eastern branch of Central Alborz (Rey to Semnan) is
divided by a NE-SW-trending transitional zone coinciding
with Hablehrud valley in Garmsar in South to Kiassar and
Behshahar to the north. The west of this zone is Hezardarreh
formation represented by folded shallow hills (200 m above
the surrounding level) located on the mountain front. To
the east of the transitional zone diminishes the amount of
Hezardarreh formation showing an increase of uplifting rate
relative to the western part. This behavior is also supported
by superposing of at least three generations of alluvial fans
in mountain front indicating an active vertical movement
higher than the eastern part of transitional zone.

As a general rule, in two branches of south Central Alborz
one can conclude that the Hezardarreh formation is intensely
deformed especially in northern part of Tehran comparing to
the western and eastern branch of the Central Alborz. This
deformation is manifested by vertical to overturned bedding
of folded Hezardarreh formation.

The eastern branch of south Central Alborz based on
SRTM-topography, Hezardarreh formation is shown in
brown and Middle Pleistocene deposits in green.

The western branch of south Central Alborz based on

SRTM-topography, Hezardarreh Formation is shown ina

brown and Middle Pleistocene deposits in green.

Keywords: Central Alborz, Quaternary Deposits, Tehran
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Statistical Investigation of Seismicity
Patterns Before Earthquakes in the
Iranian Plateau for Mid-Term
Earthquake Prediction

Hamid Zafarani

Assistant Profrssor, Seismology Research Center
h.zafarani@iiees.ac.ir

Hessam Vahidifard

Investigation of seismicity pattern before large
earthquakes usually reveals the precursory activities. The
seismic precursors have some advantage with respect to
the non-seismic ones, including the wide range of their
spatial and temporal domains. Two phases in seismicity
change before a forthcoming, major earthquake are widely
observed, which are the seismic quiescence and activation.
The RTL (Region—-Time—Length) analysis is a statistical
method developed by Sobolev and Tyupkin (1996, 1997)
to detect seismic anomalies preceding isolated large
earthquakes. The RTL algorithm has been successfully used
to detect precursory seismic activation and quiescence in
different seismotectonic region around the world. The RTL
algorithm is based on the analysis of the RTL parameter,
which is designed such that it has a negative value, when in
comparison with long-term background, there is a deficiency
of events in the time—space vicinity of the examined site. On
the other hand, the RTL parameter increases if activation of
seismicity takes place.

We, therefore, consider the RTL algorithm a helpful
technique to reveal the significantly precursory activity
occurred before large earthquakes of Iranian plateau. The
precursory seismicity in and around the epicentral zone of
the 2012 Ahar-Varzaghan (Iran) dual earthquakes and five
other moderate to large earthquakes have been investigated
by applying the RTL algorithm—to earthquake catalogues
derived from that for the period 2006-2012. The applicability
of the method in terms of quiescence detection of the
anomalies has been evaluated with respect to earthquake
magnitudes. First, we have determined the completeness
magnitude (Mc) for the selected region around the desired
events. We also analyzed the temporal variations of Mc using
the ZMAP software. The RTL algorithm codes have been
written using the Matlab software. By applying the RTL
prognostic parameter, a clear quiescence stage followed by a
period of foreshock activation is observed before two events
of Ahar-Varzaghan, 2012. This earthquake is preceded by
a time interval of at least seven years of available data in
the catalogue adopted for RTL analysis. However, for three
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earthquakes examined here, there is not any sign of RTL
decrease in the time period before the main shock.

RTL performances are sensitive to the choice of spatial
and temporal parameters. Following the method for
automatic parameters selection developed by Chen and Wu,
we calculated many sets of the RTL functions with various
combinations of r, and t;, then computed the correlation
coefficients over pairs of the RTL functions. It is expected
that high correlation between two RTL functions could be
found when their values of r, and t; approach the optimal
values mostly stabilizing the pattern of the RTL function.
Even if the results found in this project are encouraging, we
should also emphasize which are the limits of the method:
First, the time shift between the detection of quiescence
and the earthquake can be long and therefore it has been
necessary to select a long time analysis for the RTL. Also,
the area covered by the quiescence zone can be large,
especially in regions with low seismic activity, which does
not allow us to perform a reasonable economic planning of
construction, timely preparation for potential damage and
correct land use.

Keywords: RTL algorithm, Seismic patterns, mid-term
earthquake prediction, Iran
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Evaluating Dynamic Characteristics and
Seismic Behavior of Masjed Soleiman
Rock-fill Dam Using Recorded Signals and
Numerical Models

Mohammad Davoodi
Assistant Professor, Geotechnical Engineering Research Center
m-davood@iiees.ac.ir

Mohammad Kazem Jafari, Masoud Amelsakhi

Following previous investigations in I[IEES on seismic
response of earth dams, the current research aim was to
improve the numerical procedures engaged in analysis of
these types of dams. Consequently, signals of the recorded
earthquake and explosion on Masjed Soleiman embankment
dam were used as a powerful tool. The earthquake signals
were recorded in the gallery, mid-height and the crest of the
dam during local earthquakes; whereas the explosion signals
were recorded on the crest and downstream faces of the
dam during synthetic site explosions. Since the amplitude
and frequency content of earthquake and explosion time
histories vary with time, the classical and modern signal
processing methods were used to extract fundamental
frequencies of the dam. Comparison between the results of
these two methods confirmed high accuracy of the modern
signal processing method in evaluating modal frequencies
of earth dams. Besides evaluating the modal parameters of
the dam body, the seismic response of the dam-foundation
system was estimated. The recorded earthquake acceleration
time histories in the gallery station were used as an input
motion. By assuming different masses for foundation, the
seismic response of the dam-foundation interaction was
evaluated. The calculated responses were compared with the
recorded accelerograms on the mid-height and the crest of
the dam using modern signal processing methods. Totally,
the analysis results indicated that the mass-less foundation
assumption, as the usual one in the available computer
programs, is not acceptable. On the other hand, assuming
foundation with maximum 50% mass can lead to more
acceptable results in comparison with recorded responses of
dam body.

Keywords: Embankment dam, Dynamic analysis, TFD
method, Mass-less foundation
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The finite element modeling of the Masjed Soleiman dam-foundation system
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The calculated earthquake acceleration time history of the Masjed Soleiman dam crest in U-D direction for 50% of foundation mass (top);
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Studying the Seismic Behavior of
Geotechnical Structures Using Advanced
Signal Processing Techniques in Time -
Frequency Domain

Mohammad Davoodi
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Mohammad Kazem Jafari

Based on previous investigations in IIEES, there were
some problems in evaluating dynamic characteristics
(including resonant frequencies, mode shapes and modal
damping values) of earth dams. These experiences indicated
that the identification of dynamic characteristics becomes
difficult and cumbersome not only when non-stationary
signals are recorded on dam body, but also if PSD functions
include closely spaced or overlapped peeks. In fact, the
classical signal processing methods provided reasonable
results as long as the amplitude and frequency contents
of the recorded signal did not vary with time and natural
frequencies of the structure and were well separated and
well defined. To overcome this problem, the main purpose of
this experimental research is to introduce the advanced TFD
(Time Frequency Distribution) method. The TFD method
maps a one-dimensional signal into a two-dimensional
function of time and frequency and describes how the
spectral content of the signal changes with time. The basic
concept in this experimental study was to excite the dynamic
response of the two highest earth dams in Iran namely
Masjed Soleiman and Marun by detonating explosive
charges. The recorded signals were processed by classical
4-spectra and modern TFD methods and the obtained modal
frequencies of the dam body were compared. Differences
between the two methods were described and the benefits of
the modern signal processing method were discussed. The
overall results indicated that non-stationary in-situ tests on
earth dams such as explosion tests are an excellent method
of exciting the dam-foundation system, and that it is possible
to evaluate the dynamic characteristics of this kind of dams
more accurately using modern TFD method. Besides, the
in-situ dynamic tests on earth dams and the non-stationary
recorded signals on the machinery foundations were also
analyzed by classical and modern signal processing methods
and then compared with permissible vibrations. Totally, the
results indicated that it is possible to evaluate the amplitude
of the non-stationary vibrations in the interest frequency
more rapidly and accurately using TFD method.
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The evaluated mode shapes of Marun dam in U-D direction based on signal processing of explosion
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A lot of damage during earthquakes are due to the
instabilities occurrence in soils. Liquefaction of loose and
saturated soils is one of the most dangerous type of them.
During an earthquake, loose and saturated sands tend to
decrease in volume, which need the water in soil to be
drained rapidly. If the water cannot be drained, pore water
pressure increases and may become equal to the total stress,
so that the effective stress will become zero. In this condition,
soil does not have any shear strength and it develops into a
liquefied state.

Based on the research during the last four decades,
liquefaction has been observed in clean sands, silty sands,
clayey sands, sand-gravel soil mixtures and even, in special
cases, in clays. Liquefaction resistance of soils can be
evaluated by experimental methods such as cyclic simple
shear and triaxial tests, or by field tests such as standard
penetration test (SPT), cone penetration test (CPT), Becker
hammer penetration test (BPT) and shear wave velocity
(Vs). The latter in situ method, (Vs), can be considered as
applied tests in areas where penetration tests results may be
unreliable.

The assessment of liquefaction potential of soils in
laboratory by shear wave velocity have been performed
mainly on clean sands, but the effects of fines content on
liquefaction resistance using shear wave velocity have not
been investigated in depth. Whereas most of field studies
show that soil liquefaction resistance increases with fines
content, both decrease and increase of soil liquefaction
resistance are observed in experimental researches.

In this research, effects of nonplastic fines contents on
evaluation of liquefaction resistance by shear wave velocity
are investigated by laboratory tests and the correlation of the
results to field tests are discussed.

Keywords: Liquefaction potential evaluation, Silty sands
Liquefaction, Shear wave velocity, Field tests
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Effect of Loading Path on the Mechanical
Behavior of Composite Clays with Especial
View to Pore Pressure Build-up

Ali Shafiee
Assistant Professor, Geotechnical Engineering Research Center

Mohammad Kazem Jafari, Hamidreza Tavakoli

A quite wide spectrum of cohesive and granular materials
is found in natural deposits and soil structures. Composite
clays that may be considered as a branch of composite
materials are broadly graded and may encompass clay, sand,
gravel and cobbles. Clay constitutes the main material of
these soils, since they are used as the impervious cores of
embankment dams. Using cyclic triaxial tests, Jafari and
Shafiee (2004) showed that more pore pressure is generated
in composite clays with respect to pure clays. Thus, in
composite clays, the possibility for the stress path to touch
failure envelope increases.

The main goal of this research is to investigate the
mechanical behavior of compacted composite clays with
special view to pore pressure build-up under different
loading paths including: monotonic triaxial compression
and extension, stress and strain-controlled cyclic triaxial
and stress and strain-controlled cyclic torsional shear. The
torsional shear apparatus of the International Institute of
Earthquake Engineering and Seismology (IIEES) was also
commissioned during this study. The tests were performed
on the pure clay and the specimens containing 40% and 60%
sand, respectively.

The results of this study revealed that in the strain-
controlled tests, pore pressure increases with sand content,
while in the stress-controlled tests the trend is vice versa. In
addition, more pore pressure is generated in cyclic triaxial
tests with respect to cyclic torsional tests with identical
initial conditions. The difference accounts for the values of
the strains and stresses and the rotation of principal axes.

Keywords: Composite materials, Pore pressure, Cyclic
triaxial, Cyclic torsional shear
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Attenuation Relationship for Arias Intensity
Based on Iranian Data

Mohammad Reza Mahdavifar
Assistant Professor, Geotechnical Engineering Research Center
mahdavif@iiees.ac.ir

Ali Mohammad Rajabi

Arias intensity is considered as a shaking parameter
suitable for characterizing earthquake impact on ground
stability. Within the framework of a study aimed at providing
tools for the assessment of hazards related to earthquake
induced slope failures, Arias intensity attenuation relations
were determined for the Zagros Mountains region, an active
tectonic belt elongated NW-SE in the western and south-
western parts of Iran. Coefficients of the relationship were
determined based on strong-motion data of earthquakes in
the Zagros area recorded by Iranian stations and managed
by BHRC (Building and Housing Research Center of Iran).

Five models of attenuation relations were considered
and their coefficients were estimated through a least square
regression analysis. The resulting relations were then applied
to a data sample different from that used for regression and
the RMS (Root Mean Square) of residuals was examined
in order to compare the effectiveness of different relations
in probabilistic estimates. Furthermore, a comparison made
with attenuation relations obtained for the Alborz and central
part of Iran, showed significant differences possibly related
to the structural differences.

Keywords: Arian intensity, Attenuation relationship,
Seismic data, Iran
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Dynamic Analysis of 3D Saturated
Poroelastic Media in Time-Domain by BEM

Mohsen Kamalian
Associate Professor, Geotechnical Engineering Research Center
kamalian@iiees.ac.ir

Mohammad Kazem Jafari, Morteza Jiriayi Sharhi

Analysis of wave propagation in saturated porous media
is a very important problem of soil dynamics and earthquake
geotechnical engineering. The boundary element method
(BEM) is known as a preferable numerical technique
for solving wave propagating problems in unbounded
poroelastic media. In this project, an advanced formulation
of time-domain 3D BEM is presented in order to solve
poroelastodynamic problems, using the well known u-p
formulation and neglecting the compressibility of fluid
and solid particles. The needed full space fundamental
solutions are derived in the time domain and thereupon
the corresponding elastodynamic convoluted kernels is
derived. Some numerical examples have been solved which
demonstrate the accuracy, efficiency and applicability of the
presented algorithm.

Keywords: Saturated porous media, Boundary element
Method, Fundamental solution, Elastodynamic kernel,
Time domain
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Numerical Investigation of the Seismic
Behaviour of Adjacent Topographic
Structures by Boundary Element Method

Mohsen Kamalian

Associate Professor, Geotechnical Engineering Research Center
kamalian@iiees.ac.ir

Mohammad Kazem Jafari, Abdollah Sohrabi

In the first chapters of this report, the 3D time-convoluted
elastodynamic traction kernels are derived and an advanced
time stepping BEM algorithm is presented that enables one
to carry out site response analysis of three-dimensional
topographic structures in time domain. The accuracy of
the kernels and the applicability of the presented boundary
element algorithm have been demonstrated through some
examples of site response analysis, including half-plane,
canyon and ridge sections subjected to incident P and S
waves.

The next chapters of this report presents the results
obtained by an extensive numerical parametric analysis on
seismic behavior of 2D and 3D canyons and hills subjected to
vertically propagating P and S waves. Based on these results,
the length of the incident wave, the hill’s shape ratio and its
dimension ratio, constitute the most important parameters
that governs the seismic behavior of topographic structures.
The dominant behavior of hills and canyons are amplification
and de-amplification, respectively. The amplification
potential of topographic structures increase by their shape
ratio. 3D topographic hills have a major amplification
potential compared to that of the 2D ones. However, in the
case of 3D topographic hills with a dimension ratio of more
than 4, the seismic behaviors are almost the same. The 3D
canyons show almost the same seismic behavior as the 2D
ones, irrespective of the dimension ratio. The amplification
potential of topographic structures subjected to incident S
waves is much more than if subjected to incident P waves.

Finally, some preliminary simple equations and tables are
presented which could be used as useful starting estimates to
account for topography in seismic microzonation studies.

Keywords: Topography, Time domain, Boundary element
method
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Determination of Pseudo Static Coeffi-
cients in Seismic Slope Stability
Analysis in a Selected Zone of Iran

Based on the Performance

Farajollah Askari
Assistant Professor, Geotechnical Engineering Research Center
askari@iiees.ac.ir

Orang Farzaneh, Masood Mir Abutalebi

In this report, the effect of bedrock inclination on seismic
performance of slopes is investigated. The study was
conducted based on dynamic analysis of different slopes,
evaluation of the earthquake acceleration in sliding mass,
and calculating the permanent displacement of the slope,
using Newmark sliding block method. The investigation
indicates that variation of the bedrock inclination, which
results in a change in the predominant period of the slope
(T), in conditions that the mean period of the time history
of the acceleration on critical sliding surface (T, ) and T are
close to each other, changes the sliding displacement and it
may reach its maximum level. Typical results are presented
and discussed.

A two dimensional model of a typical slope was
considered and by conducting a dynamic analyses, the slope
performance was studied for different geometries, strength
parameters and shear wave velocities. Such a performance
has been studied through assessing the record of acceleration
in sliding mass (the mass above the critical sliding surface)
and calculating the slope displacement using Newmark
method.

Itis shown that neglecting the effect of bedrock inclination
would lead to non-real results in assessing the seismic slope
performance.

Keywords: Permanent displacement, Seismic slope
performance, Acceleration of the sliding mass
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Extension and Application of Shakedown
Theory in Evaluation of Seismic
Stability of Slopes

Farajollah Askari
Assistant Professor, Geotechnical Engineering Research Center
askari@iiees.ac.ir

Mohammadreza Arvin

Methods for evaluating the stability of slopes can be
classified into two major groups, namely direct and indirect
methods. Direct methods have more application in practice
due to their simplicity and shorter time of analysis compared
to indirect methods. Unlike indirect methods, it is not
necessary for direct methods to follow the loading path from
the initial stage of loading to the structural crisis. In fact,
direct methods only characterize the critical state of systems
under the available loads.

In this study, shakedown method as a direct method with
the ability to consider variable repeated loads is employed
to assess the seismic stability of slopes. Shakedown method
specifies a safe domain in the load space which is a portion
of a load domain and involves all loads that can possibly be
applied on the structure. Under the shakedown load domain,
permanent strains in the structures cease to develop and
system behaves elastically at the end. The applied theory in
this study is the lower bound dynamic shakedown theory.
Therefore, the obtained safety factor is smaller than the
actual one.

To apply the above mentioned method, a numerical
method, whichhas beenused previously to find the shakedown
limit of pavements under traffic loads, was employed herein.
The forgoing numerical method was modified in order
to find the dynamic shakedown limit of structures. Some
illustrative examples of slopes and appropriate earthquake
records occurred in Iran were opted and analyses were made
by the shakedown method. Results indicate the ability of
dynamic shakedown method, compared to the other direct
methods in order to consider the dynamic properties of slope
and load at the limit state. Besides, the effects of strength
parameters of soil and geometrical properties of slopes on
the shakedown limit were evaluated through some analyses.

The comparison between the results of shakedown method
and Newmark displacement method showed that if stability
of slopes under repeated loads is obtained, the application of
Newmark approach, along with the methods which consider
the repeated variable loads, may be useful. Comparing the
results of shakedown method and pseudostatic method
suggested that putting together the results of both methods in
a single diagram; one can reach an idea for seismic zonation
of slopes in terms of their stability against monotonic and
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repeated loadings.

Typically, shakedown safety factor is represented as a
multilayer of the actual load domain of the slope. In this
study, in addition to the safety factor on the applied loads,
a type of safety factor which typically is used in slope
stability analyses associated with the strength parameters
and soil was considered as well. This kind of safety factor
which is analogous to the pseudostatic safety factor was
then compared to its pseudostatic counterpart through some
illustrative examples.

Keywords: Slope, Lower bound dynamic shakedown,
Residual stress, Optimization, Shakedown safety factor
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Vahid Tajik, Masoumeh Rakhshandeh,
Shaghayegh Hassanzadeh

Earthquake-induced landslides have caused tens of
thousands of deaths and billions of dollars economic losses
worldwide during the last century. In many earthquakes, the
resulting landslides have caused as much or more damage
than the other effects of seismic shaking. Predicting where
and in what shaking conditions earthquakes are likely to
trigger landslides is a key element in regional seismic hazard
assessment.

The most common information available immediately
following a damaging earthquake is its magnitude and
epicentral location. However, the damage pattern is not a
simple function of these two parameters alone, and more
detailed information must be provided to ascertain the
situation properly (Wald et al. 1999). Mahdavifar (2006)
generated a primary version of a GIS-base system which
can provide the map of Arias intensity, as well as a map
for seismic landslide hazard zonation, based on simplified
Newmark’s displacement method in a short time after
an earthquake. These maps provide a rapid portrayal of
the extent of potentially damaging shaking following an
earthquake and can be used for emergency response efforts,
loss estimation models, and for public information through
the media. Generation of such maps is fully automatic,
triggered by any significant earthquake. The platform is
calibrated using data from the 1990 Manjil earthquake,
Mw=7.1, and its application is demonstrated in the area
covered by Cholkasar and Chaharmahal quadrangles, on the
southeast of the earthquake epicenter.

In this study, the system, which had been developed by
Mahdavifar (2006) is completed to apply in the Central
Alborz, Iran. For this purpose, the dynamic performance
of slopes is modeled using the permanent- displacement
analysis developed by Newmark (1965). Critical acceleration
of the slope (above which permanent displacement occurs),
was determined from the static factor of safety (FS) and
the slopes geometry. To estimate the strength parameter for
calculating FS in medium scale, the Hoek and Brown failure
criteria was used.

Firstly, the geological and topographical data of Centeral-
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Alborz area were entered into the system. To complete
the data needed for Hoek and Brown failure criteria, the
appropriate locations for data gathering in the field were
determined. The stations and routs were selected so that the
strength parameters of all geological formations could be
determined. During the field work, information related to
strength parameters of rock masses were recorded, and then
by using attributes tables, the information were analyzed
and GIS parameter were determined for each station. In the
next step, using Hoek and Brown relationships and Rocklab
and Excell softwares, the value of all rock mass parameters,

¢ and ¢, were calculated. For those geological formations
which their data were determined in more than one station,
the minimum value was considered. After completing the
information, the system was successfully executed for four
different earthquakes which occurred during past decades in
the area. The earthquakes were selected, so that they covered
a wide range of earthquake magnitudes.

Upon completing the project, the system can simul-
taneously provide iso-seismic map and seismic-landslides
hazard map after any earthquake greater than 5, and will
automatically locate them in IIEES website after a short
time.

Keywords: Landslides, Earthquake, Risk system
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Estimation of Seismic Bearing Capacity of
Strip Foundation on Slopes by the Stress
Characteristic Method

Mohsen Kamalian
Associate Professor, Geotechnical Engineering Research Center
kamalian@iiees.ac.ir

All buildings rest on soil. Therefore, bearing capacity
of foundations is one of the most important topics in soil
mechanic and foundation engineering. Assessment of seismic
bearing capacity of strip foundations has been the concern
of many researchers in the field of geotechnical earthquake
engineering during the last decades. Some important works
reported in the literature showed that the bearing capacity
of strip foundations reduce considerably during earthquakes
compared to the static loading.

The stress characteristic method is one of the most
attractive computational methods for assessing the static as
well as the seismic bearing capacity of strip foundations.
Especially in problems which are statically definitive and
do not need considering the strain field, all calculations
could be executed simply and very rapidly. One important
advantage of the stress characteristic method over the well -
known limit analysis methods is that the first method is able
to present an idea of the contact stress distribution beneath
the foundation.

In solving the bearing capacity problem of strip
foundations by the stress characteristic method, one is
concerned with a perfectly plastic material under conditions
of plane strain. As in classical plasticity, it is necessary to
have some concept of the location and nature of plastic zones
beneath the foundation before solutions can be attempted.
In order to solve the bearing capacity problem using the
characteristic method, the soil beneath the foundation is
divided into a central plastic and a surrounding rigid region.
Combining the equilibrium equation with the Mohr-Coulomb
failure law, a pair of quasilinear hyperbolic equation will
be developed that are associated with two families of
lines known as characteristics. These characteristics have
two important properties. Two stress fields which are
continuous but analytically different may be joined along
the characteristic lines. If the field quantities are known on
one side of a characteristic, they cannot be extended beyond
that characteristic without additional information. These
governing equations should be re-written in terms of the field
quantities derivatives along the characteristic lines. This
new representation proved to be very useful in developing
numerical solution for these equations. A sequence of three
fundamental problems must be solved: the initial value or
Cauchy problem; the characteristic initial value or Goursat
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problem, and the mixed problem.

The solution obtained by the stress characteristic method
provides a lower bound to the correct load, only if it is
possible to find an equilibrium stress field which does not
violate the failure criterion in the rigid regions.

This research investigates the seismic bearing capacity
factors of strip foundations on slopes and adjacent to the top
of the slopes obtained by the stress characteristic method.
It has been shown that the more the slope, the less the
seismic bearing capacity factors would be. It has also been
shown that in weighty media, the seismic bearing capacity
of foundations adjacent to a slope is less compared to the
one on a similar infinite slope. Some graphs and tables are
presented that could be used in order to assess the seismic
bearing capacity factors of strip foundations on slopes and
adjacent to the slopes obtained by the stress characteristic
method.

Keywords: Bearing capacity, Strip foundation, Stress
characteristic method, Earthquake, Slope
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Boundary Integral Equation and 2D & 3D
Fundamental Solutions of Unsaturated
Poroelastodynamics in Laplace and
Time Domains

Mohsen Kamalian
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Ground surface response analysis necessitates solving
the wave poropagation problem. To solve such problems, the
governing equations of the media, constitutive relations and
boundary conditions should be defined and satisfied correctly
in the numerical method. Domain type numerical methods
like finite element method have the ability of modeling
nonlinear and plastic behaviour of the materials, but they
have shown shortcomings in modeling the semi-infinite
media and could not satisfy exactly the important boundary
conditions of the outgoing waves from the boundaries to the
infinite media. On the other hand, boundary type method like
boundary element method has the ability to model the semi-
infinite media properly, but has shortcoming in modeling the
stress induced anisotropic non-linear elastoplastic behaviour
of materials. Hence, the combination of these two methods
as new hybrid method has the abilities of both methods. The
aim of this research is to provide the required mathematical
building blocks of 2 & 3 dimensional boundary element
codes which have the ability of solving elastic wave
propagation problem in an unsaturated porous media. These
necessary mathematical building blocks consist of:

* Boundary Integral Equations (BIE) governing the
dynamic equilibrium of the media in transformed and
time domains.

» Fundamental Solutions (FS) corresponding to the above
mentioned governing BIE in transformed and time
domains.

Keywords: Unsaturated porous media, Time domain,
Laplace
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Effect of Near-Field Ground Motions on
Seismic Behavior of Embankment Dams
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The characteristics of near-fault ground motion and
their influence on civil structures have been the interest of
researchers for a long time. Recent significant earthquakes
have provided unprecedented research opportunities to
advance the state of knowledge on near-fault issues. The
distinguishing characteristics of near-fault ground motion
are the pulses generated by the forward directivity and
fling-step effects. The present study will compare the near-
fault and far-field ground motion effects and investigates
the consequence of well-known characteristics of near-
fault ground motion on the nonlinear dynamic response of
embankment dams.

For this purpose, nonlinear dynamic analysis was
performed on two- and three-dimensional models of
MasjedSoleiman and two-dimensional models of Marun and
Success embankment dams. The ground motion database
compiled for nonlinear analyses constituted a representative
number of far-fault and near-fault ground motion. These
records cover a wide range of frequency contents, durations,
amplitudes and distances. They were divided into four
subsets, each containing 20 records: 1- The near-fault
records with pulse periods 1.5 times smaller than the natural
period of the dam (Benign records); 2-The near-fault records
with pulse periods 1.5 times larger than the natural period
of the dam (Aggressive records); 3- The near-fault pulse-
like records which generate permanent ground displacement
(Fling-Step records); 4- The ordinary far-field ground
motion without pulse characteristics (Far-Field records).In
the present study, simple pulse records were used in addition
to real ground motions. Moreover, to investigate the effects
of magnitude of earthquake on the results, the near-fault
and far-field ground motions were normalized at different
intensity levels.

The results of this study shows that, the seismic respons-
es of embankment dams such as crest settlement and slip
surface displacement resulting from aggressive near-fault
ground motions are higher than that resulting from far-field
ground motions or benign ones. The larger seismic response
of embankment dam for near-fault shaking is associated with
fewer reversed cycles of loading. This effect is due to the
presence of high-amplitude velocity pulses in the aggressive
near-fault records that caused dissipation of sudden energy
in a short period of time in a single or few excursions. On
the other hand, the energy demand on an embankment dam
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subjected to a far-fault motion tends to gradually increase
over a longer duration, causing an incremental build-up of
input energy. It is noteworthy that, shear stress time history
has a direct relationship to velocity and no direct relation-
ship to acceleration or displacement. This fact is one of the
most important keys to aggressive near-fault ground motion
which creates larger inelastic displacement than far-field
motion. Generally, aggressive near-fault ground motion has
a larger peak ground velocity than far-field ground motion,
which leads to a greater shear stress level that can reach the
yield surface. In this situation, materials may undergo plastic
deformation. Therefore, it is normal for the profile of me-
dian acceleration amplification for far-field ground motion
to be greater than near-fault motion. Moreover, it is clear
that the PGV is a better predictor for nonlinear behaviorthan
the PGA.

Based on the results of this study, one of the most
important parameter that affect the response of embankment
dams was the ratio of velocity pulse period of near fault
ground motions to natural period of the embankment dam.
For scaled ground motions with same level of pseudo
spectral acceleration PSa(T)), response of aggressive
ground motions was relatively large compared to that of the
other ground motions. This is because the PSa(T ) ground
motion intensity index only measures the intensity of the
ground motion at T . Since the embankment dam behaved
nonlinearly and its effective period lengthened, it was greatly
affected by velocity pulses at longer periods. Conversely,
the lowest responses were associated with records having
TP/T0 values of approximately 1. In this case, the PSa(T))
value is large because the energy from a pulse with a period
of approximately T implies that the record is intense as
measured by PSa(T)). However, as the embankment dam
begin to behave nonlinearly, its period lengthened into a
range where there is comparatively less energy. Finally, for
T /T, values from 0.2 to 0.3, the pulse excited higher modes
of the embankment dam, while PSa (T ) did not detect it.

Totally, this research shows the significant effects of near
fault ground motions on seismic responses of embankment
dams. Consequently, it is recommended to consider pulse-
like near-fault ground motions in analysis and design of
embankment dams.

Keywords: Seismic behaviour, Near-field, Embankment
dams

Yfj (okigeo g (oulidd il Moo oSty

LL3 )| iz a8l )0 5,1 S92 s L3 )| ccs yu o azpiny

OB i g Sl Glojy azsy B g (Lbp (A5 azsu )b o (el
=l 5 Sy 055> eyl Je—axe jsb 4y all ol 05290
Sl oo 599 055> eyl a4y Cod (65555 (e S e ST (g1l
dlas sl il jo aisS sl (658 )5 obp o i wilgs e 4 S
okl glaS ) n Jlate ww Jas e L) o 4 ia i pa S
Oz 93,5 g0 o035 0j9> sl 5l 155 590 05> sladl;
OBl g o il oo ot e Jl8, o i Gl Sl Lo
Wsly ey DS 5 5 S Slagly (e (Kot (e 3l S5
Glojy Gusly » 50 Jalse (s yiagen Sleds crno 09y 43 SH03 059>
Gl 5970 4 LIS soles 4 S S50 0 0dl o S o
Psa(T ) s (ormbs 093y jo oLl all b LSS lade olls a5 wisd
SFEh sl carge (o2l g9 Se5 09> slaalyl il
Salyl aS el ] ggog0 (l e 30,5 o Lol plw 4y Cos
b s L8 >0 sy, sladlj; o S glbow aSST 4 4z g5
oy 5 o s lgo il S (xeale 39 e cigd oo
53 ko | 8 o 1B el £ SIBCuISS 3 g2 gm 0 a2l
230 099> ;0 (plly 09 45 098 o0 DOl (Gloj il (e (2 %S
S93 52 (109 Sudy Juo 4 Psa(T ) Hlase cdl> ol jo ol ow ol
Sl bl oo Wogs o wlu ;o Psa jlade 5l 255 s 09 4 b
3l slodgasme ;o dws wdw grdo 091 il g jo a8 LS,
lagealy W g 08k oo (505 S35l Gl a5 05 o0 )18 Sld 4t il
o%ﬁQ,_MJASG';)y)oubw)éba.ﬁsaalqgllﬂ_g)_:&jf
k._.A-CJ—-HJ u.JLv ‘MLv <Y iy Al O\)jm BLIC W] Glaa.‘o 09y A U‘"‘—‘L
bageoly (ol a5 05 o s VL Glaoge S 2 mge SIS 40 35250
B aless Psa(T ) ol yal,b 13l cow Ko

o397 slealily o s b (il 4 kol @l cgg—ezme 5o
Le;‘ u.d)f).'a))é u.a.o.ﬁb‘g él} LSLQ-.A_MJ LS“’))J C;wla SS9y 2 ASJO)J
30 390 g0 dpogic bl (ul ams oo plii ]y S gloows 2l (o
QSL“C"":‘&)'.’ ogdle ‘J.uf Sooj 03> 4o é‘ﬁ ‘;la- o gloy ) ‘5'>|J.b
D oolaiwl 55 aile (Wb el 5l gole g Jaors

S Glean (o3 0595 «sloj ) L8, t oS svejlg



Down-shell 44m
44 m

-
R-alluvium

R-alluvium

4z > 4+—

m
Mesh pattern of two-dimensional numerical model of Success embankment dam
25
| ===-- Benign Aggressive —a—Fling  ceeeeeeee Far Field
£20 | Design-pea=0.14g
i;’ 15
T 1.0
$ 05
© , . oo
00 = AN —e~at R e A ST T e
0 10 20 30 40 50 60 70 80
EQ-No
8.0
£ | T Benign — Aggressive —a—Filing , e Far Field
= 6.0 Design-PGA=0.28g
c
(]
%4.0 AAA[\‘/\/\\ﬁﬁ
2 ; ! A
9 2.0 " i
S " FaRY]
! ‘. ’ "
00 ERESsSATT -
0 10 20 30 40 50 60 70 80
EQ-No
Crest settlement of Success embankment dam at two different intensity levels
Design-PGA=0.28g Design-PGA=0.14g
1.0 1.0 A
0.9
0.8
- -+
® 0.7 ®
= =
T 0.6 T
¢ g
= 05 =
o ©
2 04 2
0.3 = — — Benign 0.3 — = —Benign
0.2 —_— Aggresive 02 Aggresive
—+—Fling —+— Fling
0.1 . 0.1
++++++« Far Field ' seesseee Far Field
0.0 & 00 4
0.00 1.00 2.00 3.00 4.00 0.00 0.20 0.40 0.60

Permanent Vertical Dis (m) Permanent Vertical Dis (m)

Median permanent vertical displacement profiles of each subset of Success embankment dam at two different
intensity levels

International Institute of Earthquake Engineering and Seismology

suoday Youeasay Jo Arewwns



-0
0

g ST 1o

An Investigation on Heterogeneous Pore
Water Pressure Distribution in Clay -
Aggregate Mixtures

Mohammad Kazem Jafari
Professor, Geotechnical Engineering Research Center
jafari@iiees.ac.ir

Javad Jalili, Ali Shafiee, Mohsen Kamalian

A series of tests and numerical analyses were conducted
to explore the heterogeneity of excess pore water pressure
distribution in a mixture of coarse gravel-size particles
floating in a matrix of clay. The research is a step forward
in an ongoing investigation on behavior of composite clay,
which is used as the core material of some large embankment
dams in Iran.

This study focuses on a predominant feature of the
composite clay behavior: increase of non-deformable solid
inclusions in a mixture leads to formation of heterogeneity
of stress field, excess pore water pressure and strain
distribution along the specimens. Despite the effective stress
and strain which only change with loading situation, the
excess pore water pressure is continuously redistributed to
reach a uniform situation, with a rate dependant mainly on
permeability of the clay. This study mainly probes formation
of such heterogeneity during experiments utilizing some
miniature pressure transducers inside relatively large hollow
cylinder and also cyclic triaxial specimens.

The same triaxial specimen geometry is also modeled by
finite element code to explore such trend of behavior, results
of which are included in the last part of the report. Cyclic
tests on triaxial specimens containing miniature pressure
transducers near an inclusion showed increase of excess
pore water pressure in areas near the inclusion, compared
with inclusion-free areas of the specimen. Similar trend was
observed in numerical simulation of the experiments, making
use of material models which parameters were calibrated by
monotonic and cyclic tests on specimens of pure clay. This
trend of behavior is in agreement with previously findings in
this regard: Increase of measured excess pore water pressure
in specimens of composite clay from magnitudes of pure
clay specimens not only originate from the highly deformed
clayey portion of the mixture compared with pure clay
specimens, but also occurs because of the heterogeneously
compacted clay areas captured among the inclusions.

Though in high magnitudes of permeability (i.e. higher
than 10°'°m/s), the excess pore water pressure is redistributed
in few seconds or less, in lower levels, considerable increase
of pore water pressure is observed among inclusions, and
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the redistribution takes up to even some minutes, which is a
matter of concern in stability analysis of structures including
such materials. Based on numerical analyses in this study, a
rough estimation of the excess pore water pressure increase
among inclusions is provided, which could be useful in
stability analysis of the composite clay structures.

Finally, based on experimental and numerical investiga-
tions, the formation of local heterogeneities of stress, excess
pore water pressure and strain among inclusions, as a trend
of behavior of composite soils, are observed. Concluding
remarks are as follows:

1. Heterogeneity of stress and strain distribution in dry
specimens was observed in numerical analyses results.
Position of the inclusions relative to loading direction, and
the distance between inclusions would lead to formation
of “compression path” (positive deviatoric stress) and
“extension path” (negative deviatoric stress) among
inclusions. In “compression path” higher magnitudes
of volumetric strain and mean stress were observed,
compared with the magnitude in pure specimens, while
in “extension path”, lower magnitudes were observed.

2. Heterogeneous excess pore water pressure distribution
in saturated specimens was formed during undrained
numerical analyses. However, as qualitatively observed
in these analyses, the heterogeneous excess pore water
pressure induced among inclusions during loading is
redistributed with a rate proportional to material hydraulic
conductivity.

3. With current available miniature sensors, it seems
impossible to capture a clear trend of pore pressure
distribution in mixed-clay specimens. Smaller sensors
should be positioned in different parts of the relatively
small specimens of the mixed material to achieve reliable
results, which require high tech and costly instruments.

Keywords: Clay aggregate mixtures, Pore water pressure,
Numerical analysis, Laboratory investigations
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Shear Modulus and Damping Ratio of
Unsaturated Materials in Cyclic Loading
and Suction Control Condition

Ali Shafiee
Assistant Professor, Geotechnical Engineering Research Center

Mahnoosh Biglari, Mohammad Kazem Jafari

In this research, the shear modulus and damping ratio of
compacted Zenoz kaolin are evaluated in suction controlled
condition. The initial shear modulus and damping ratio in
small strain level has been measured by suction-controlled
resonant column device, developed in university of Federico
II and the shear modulus and damping ratio in medium to
large strain levels have been measured by the new suction-
controlled cyclic triaxial device, developed at IIEES.

The soil used for experimental study was a commercial
Iranian kaolin named Zenoz kaolin (ZK), from a mine in
northeast Iran. The soil had a clay fraction of about 18%
and a silty fraction of about 60%. This material with liquid
limit of 29%, plastic limit of 17%, and therefore, a plasticity
index of 12%, was classified as lean clay (CL) according to
Unified Soil Classification System.

An experimental study has been carried out to investigate
the effects of isotropic compression, wetting and drying on
the initial shear stiffness of Zenoz kaolin, unsaturated lean
clay, both in normally consolidated and overconsolidated
conditions. Unsaturated resonant column tests were
performed using the RCTS-ns at UNINA: a suction-
controlled device comprising several modification of an
earlier version used for saturated soils.

Five resonant column tests were carried out: one
saturated test using RCTS-DTC158 and four suction-
controlled tests using the RCTS-ns. During the tests, after
a preliminary equalization stage (in the saturated test
after the saturation process), samples were consolidated
isotropically at constant suction (in two cases with both
loading and unloading), measuring the initial shear stiffness
almost continuously along the entire stress path. Two tests
also included stages of wetting at a constant mean net stress
(p — va), with measurements of the initial shear modulus at
suction equalization. Overall, four levels of suction (0, 50,
150, and 300 kPa) and mean net stresses ranging from 50 to
450 kPa were investigated.

Initial shear stiffness was measured along isotropic
stress paths including an isotropic compression stage at a
constant suction condition and wetting and (or) drying
stages at a constant mean net stress. The behavior observed
on compression is qualitatively similar to that of saturated

29 EL! i 4319 39 y TWlaw (3 w0 9 (39 Jaeo (ot
oo J S bl g g (396 5,105 5L

(5&“"“ A GL:
iG] okigo 0uiagy Lol

suoday Youeasay Jo Arewwns E

Sy B sexo (g Ay gt

051 5935 St Bl (omlme Cod g (Shp Jge 0gn ol 5o
@l Somd 5 (S n Sy Sl oad (b)) (1S J5US Laulp8 s
S0 22085 s SsaqerS ool S 25,5 e 5
b ol )b ol prolie 5 ool Coway LILG! U pgo 650 508 olKisls  J s
PYRPNEI S PRERTISIERC SRS s (G
st 5 gzl Ml olfngty o anlly s 1 o5 25
Wlodds s a3yl

Sl £ o 05sn ol 5o Sralesl el g e gl
ot > gy (ytne Sy 5 g n ) 3535 el plie g o
Qo 0 Fe 3905 g )y s, YA Glils ST plally oo ol (558
9 0oy VY ol Saidl s o SV RIS T ET S O
Godid Gille poses Gl 00l sl ao 0 VY uidr:‘*’ ol
3,8 50 41,8 CL 03, 10 ;553 zdlas dotie piuu

O (e p (SIESES 5 (Sab Fles (S8 SIS
0SS e 9 48l oS (o0le Lyl )0 gLl d o3 St glST 4|
i3 gt Il ek cul ol 8 518 aslllae o )50 a il
ol 00 o0l lans plol Cgz U pgo 655,08 oKisls gloil

Lls 0 Gieles] 6wl oo plil yais e Sialos] =
58y 3 e A ST T
eldl cas jo) adgl Slow, Jolw & al> o 5l o e ploxil o>
1)l S0 Ly s a1y iy ol 8
® g pob sl (B (s ()00l 5 HISL L 390 93
ol 525 Lol 510,90 95 ol 00 5,55l A5 (5lo e Joo
55t gt T oatl 5 Culs alls 5 Silo 25 0 o S ol
D yho) S e oz ggemme )0 Cwlosg 1S ol )0 4yl
£0¢ b e alls uSiloa i il asgoeat SHISEURIE LGRS 1N
Lol 4385 )18 (o) 2 990 JSlislS

(53528 4l o Jal a5 (5l pt 0 &) 2 T
A eSilan 5 55 FADKES 5 Sl a5 ot
A S jeb 4y (S0,08 10 ol edwlin L8, .cul s (5,565l
S bosls S Ful § e 045 J 90,0 Cl gldl LS
ol sladiges (o .abl co diged goz> L8, 4 G atrie Sy
A 280 5 GalS el (55298 b olye (S 5 oS atdly oS
oals g B,k G g e SelS cul Al G sy JB
Lo 15T 5 288 it 30 eyl (0 s 2 )00 (g5l (S
ialS L bl 0 Sou iy sle diged ;0 e Se 0l e S5 2l

International Institute of Earthquake Engineering and Seismology



g ST 1o

soil, while on the wetting path, data clearly indicate that G,
depends significantly on volumetric behavior. In normally
consolidated samples, where wetting is accompanied by
collapse, reduction in suction has no remarkable effect on
G,. Specific volume reduction on one hand and suction
reduction on the other interact on the initial shear stiffness
of Zenoz kaolin, keeping it almost constant. Conversely,
in overconsolidated samples G, reduces significantly as
suction decreases. On the drying path, because of both
volume reduction and suction increase, G, of Zenoz kaolin
increases. The cyclic stress—strain behavior of unsaturated
kaolin was investigated in a medium-to-large strain range
(10*<y<10?). For this purpose, a new cyclic triaxial device
working in suction-controlled conditions has been developed
at the International Institute of Earthquake Engineering and
Seismology.

The experimental program in this part includes the triaxial
tests on three specimens: one tested in saturated condition
and the other two subjected to a suction of 150 and 300 kPa.
During the tests and after a preliminary suction equalization
stage (in the case of the saturated test after the saturation),
the samples were isotropically consolidated at constant
suction up to a mean net stress of 100 kPa. A series of cyclic
loading at various maximum deviatoric stresses (12, 18, 42,
and 81 kPa) were then carried out simultaneously keeping
the mean net stress and suction constant. Finally, isotropic
compression stages were performed at constant suction and
up to a mean net stress high enough to recover a normally
consolidated state.

Considering the test results of measuring suction effects
on E, G, and D of unsaturated Zenoz kaolin’s specimens by
constant suction isotropic compression and cyclic loading
test, the following conclusions were drawn:

1. The effect of the strain amplitude on Young’s modulus,
shear modulus, and damping ratio of unsaturated kaolin
is qualitatively similar to that of saturated kaolin. An
increase in strain amplitude leads to a decrease in E and
G and an increase in D.

2. The cyclic properties of the unsaturated specimens were
considerably affected by suction. At similar strain level
and number of cycle, E and G increase and D decreases
by increasing suction.

3. The results suggest that the G/G, relations should
involve unsaturated soils behavior for equivalent linear
ground response analyses.

Keywords: Shear modulus, Suction control condition,
Cyclic loading, Unsaturated materials
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A Study on Nonlinear Behaviour of Piers in
Skewed Bridges During Earthquakes

Afshin Kalantari

Assistant Professor, Structural Engineering Research Center
a.kalantari@iiees.ac.ir

Mohsen Amjadian

Due to the irregular configuration of special bridges
such as “c-bent bridges”, “curved bridges”, and “skewed
bridges”, special considerations should be assigned to their
analysis and design procedure. Rotation of the deck in
skewed bridges during seismic vibrations and colliding deck
to the abutments may cause severe damage to the structure.

On the other hand, the torsional moment induced in the
piers due to the rotation of the deck, which is combined with
shear force, bending moment and axial force, reduces the
capacity of the piers as shown in the previous studies. In this
research, nonlinear seismic response of the piers in skewed
bridges is computed by modeling the structures in OpenSees.
Also, variation of stiffness in the structure due to nonlinear
response was evaluated. Furthermore, the effect of bilateral
loading and direction of excitations was investigated through
this study. The results of time history nonlinear analysis
indicated the effectiveness of torsional response of the deck
on the damage occurred during the earthquake.

In addition, a brief study on the direction of incidence was
carried out. The results showed that, although in some cases,
the maximum time history response of the piers occurred
when TetaSkew angle=00, more further study is required to
investigate the skewness effects and input seismic motions
with different frequency contents.

Keywords: Skewed bridge, Torsional response, Nonlinear
analysis, Piers
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Engineering Infill Panels, Behavior and
Adjusting Methods

Majid Mohammadi

Assistant Professor, Structural Engineering Research Center
m.mohammadigh@iiees.ac.ir

Vahid Akrami

An experimental investigation was conducted to study
a new type of infills, proposed here, to meet high ductile,
engineered infilled frames, with high damping ratio, well-
defined failure mode, and stable post-peak behavior. The
study focuses on enhancing seismic behavior of infills in
both in-plane and out of plane directions. The specimens had
Frictional Sliding Fuses (FSF) at their mid-heights. Three
1/3 scale single-storey single-bay engineered infill wall
with different FSF regulations were tested by displacement
controlled cyclic loading. Results demonstrated that
applying FSF improves infill behaviors in both perpendicular
directions. The infilled frames of this study had more
appropriate hysteresis cycles, higher ductility and much
lower deteriorations in strength and stiffness in comparison
with regular ones. According to the results, such infills
demonstrated high out of plane strength which is true even
after the wall was damaged by in-plane loadings.

To study the influence of retrofitting on behavior of
engineered infilled frames, one specimen was retrofitted
after being failed by in-plane loadings. The retrofitted
specimen showed higher ultimate strength and deformation
capacity but lower initial stiffness, compared to the original
specimen.

Furthermore, the method to adjust the FSF for a definite
sliding strength is explained. The influence of some
parameters, including duration, corrosion, welding on the
constitutive plates, and on the behavior of the FSF, has been
investigated as well. It is worth noting that according to
the proposal, the main objective of this project is to study
the behavior of fused infilled frames and to find methods
to adjust them. However, their behavior in out of plane
direction is also studied as well as the behavior of the
retrofitted specimen, repaired by grout.

Based on the results of this study, infills with the proposed
configuration can be regarded as an engineered element.

Keywords: Engineered infill, Frictional sliding fuse,
Stiffness, Strength, Damping, Ductility, Out of plane
strength.
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Study of Box- Column Connection Using
Side Plates

Fariborz Nateghi Elahi
Professor, Structural Engineering Research Center
nateghi@iiees.ac.ir

Zahrasadat Tabatabaie

In ordinary rigid connections in steel structures, usually
the most concentrated stresses occur in and around the panel
zone; place where the beam to connection is located. Since
this area usually carries a lot of welds, it therefore becomes
the most problematic location during earthquakes. Usually
cracks start around these welds and connecting holes. To this
point, Northridge earthquake showed many problems with
these connections.

This report looks into the earthquake behavior of end
plated connection to the boxed columns which can be easily
used in Iranian steel frames. One of the most important
benefits of this connection is the fact that this connection
does not require horizontal continuity plates which in turn
makes construction cost cheaper and also easier to construct.

For this matter, 20 analytical models were constructed
and studied based on pushover analysis. Results indicate
great improvements in comparison to the ordinary steel
connections. In this report, modeling, loading and results
are presented and also a complete detailed design for this
connection is provided.

Keywords: Rigid connection, Earthquake behavior, Slide-
plated connection, Pushover analysis
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Analytical Study on Seismic Behavior of
Multi-span Concrete Bridges with Link Slabs

Akbar Vasseghi
Assistant Professor, Structural Engineering Research Center
vasseghi@iiees.ac.ir

Simply supported beam-slab bridges are frequently
constructed in Iran. At each end of simply span a joint is
usually provided for deck movement due to temperature,
shrinkage, and creep. Bridge deck joints are expensive and
pose many problems with regard to bridge maintenance.
Elimination of deck joints at support of multi-span bridges
has been the subject of recent studies. Recent research has led
to the development of a design concept and design approach
for jointless bridges, where the locations for expansion joints
are replaced with continuous link slabs. Further studies have
indicated proper performance of such bridges under service
loading conditions. However, seismic behavior of these
bridges has not been fully studied. This paper presents the
results of study on seismic behavior and response of long
multi-span concrete bridges connected by link slabs.

Keywords: Bridge, Structure, Concrete, Earthquake, Link
slab
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Performance of Concrete Buildings in
Bam Earthquake

Abdolreza Sarvghad Moghadam
Assistant Professor, Structural Engineering Research Center
moghadam@iiees.ac.ir

Armin Azimnejad

This report consists of two main parts: In the first section,
some general information on concrete, concrete structural
systems and their code related provisions are presented. Also,
in this part, the performance of reinforced concrete buildings
in some important earthquakes, as well as the reasons for
their poor performances including design and construction
errors are studied. In the second section of this report,
the performance of reinforced concrete buildings in Bam
earthquake is studied and the reasons for different damages
that these buildings have experienced, are discussed.

Keywords: Reinforced concrete, Bam earthquake, Seismic
performance of buildings, design errors, construction errors
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Effect of High Performance Martial Filled
in Accordion Metalic Dampers

Fariborz Nateghi Elahi
Professor, Structural Engineering Research Center
nateghi@iiees.ac.ir

Esmaiel Izadi

During the last decades, many researchers have been
concerned about the supplemental passive energy absorption
devices especially hysteretic metallic dampers and different
types of them with various capacities and potentials. The idea
of buckling of thin-walled tubes and the use of this property
has lead to the development of an accordion metallic damper
(AMD). This damper utilizes the capability of accordion
thin-walled tube for excitation of axisymmetric concertina
buckling mode as a damping mechanism,while increasing
the amount of the energy absorption.

In this research, filled accordion metallic dampers
(FAMD) were suggested and the behavior of AMD’s and
FAMD’s under axial cyclic loading were investigated and
compared analytically and experimentally. For this purpose,
firstly, analytical studies based on finite element method
and nonlinear dynamic analysis was performed on FAMD’s
for the determination of the approximate preliminary
specifications of the different polymers for the potential
use. After specifying the preliminary material properties, 12
specimens include 10 FAMD'’s filled by polymeric foam and
2 corresponding AMD’s were subjected to dynamic tension
and compression actuator and the effect of filling AMD’s by
this polymeric foam on some of the important specification
of damper, were studied. It was tried to use this method for
improving and developing the AMD’s. Based on the results
obtained, using the appropriate filling inside the AMD’s is a
suitable technique for the purpose of increasing some of the
important specifications, such as the number of cycle before
failure, amount of dissipated energy, and plastic capacity. In
low capacity specimens, filling the specimens is efficient to
increase some characteristic of damper such as amount of
dissipated energy and also plastic capacity in tension and
compression as far as the amount of dissipated energy and
plastic capacity of system in tension increased about 100%
and its plastic capacity increased between 2 until 6 times
based on the amplitude of loading. While in high capacity
specimens, filling is an efficient method to increase the
strength of AMD’s against low cycle fatigue.

Separation between filler foams and accordion thin-
walled tubes, due to the stress concentration and generation
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of contact force was an important parameter of failure in >l (2l ) S5, 0o 5 ped o S a8l BT b e
FAMD’s. Of course this separation occurs less for full fill o> sladigas sl Logas aiwm Sl cud b 2l s
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filler foams played an important role specially in increasing
the amount of dissipated energy and the plastic capacity of
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Keywords: Experimental study, Filled accordion metallic
damper, Finite element, Foam
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Time Integration with Step-sizes Less
Depending on the Steps of Excitation: I.
SDOF Systems

Aram Soroushian

Assistant Professor, Structural Engineering Research Center
a.soroushian@iiees.ac.ir

Concentrating on single-degree-of-freedom systems
subjected to digitized excitations, the research reported here
introduces a method for arriving at the capability of time
integration with steps larger than the steps of excitation.
In view of some simplifying assumptions, the objective is
materialized, without additional errors. The computational
costs are reduced, specifically when the steps of excitation are
much smaller than the basic restrictions because of numerical
stability, accuracy, etc. The claims made are validated via
several numerical examples. Meanwhile, considering single
step integration as an assumption, a starting procedure to be
implemented in analyses with integration methods having
multi-step schemes, is also proposed.

Keywords: Dynamic behavior, Structural analysis, SDOF

systems, Step- by -step integration, Accuracy, Computational
cost
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A Study on the Possibility of Using
Orthogonal Cylindrical Rollers for Seismic
Isolation of Buildings

Mahmood Hosseini
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Amir Hossein Soroor, Mohammad Ghassem Vetr

Using seismic isolators is a new method for earthquake
resistant construction with the philosophy of reducing the
earthquake input energy, which in recent years has made the
construction authorities to think about using more efficient
systems in order to minimize the life and economic losses of
earthquakes. In this report, a somehow new isolating device
for short- to mid-rise buildings is introduced and studied,
which does not need high technology for manufacturing,
and is not costly contrary to other existing devices like lead-
rubber bearing, or friction pendulum bearing systems. The
device is consisted of two sets of Orthogonal Pair of Rods
on Concave Beds (OPRCB) and an interface plate between
orthogonal rollers. Rolling rods installed in two orthogonal
directions make the movement of the superstructure
possible in all horizontal directions. The concave beds, in
addition to giving the system both restoring and re-centering
capabilities, make the stiffness of the isolators to be of
hardening type, which is useful for controlling the maximum
lateral displacement and absolute acceleration of the isolated
building.

The results of numerical investigations on the OPRCB
devices, presented in part (I), included the lateral load-
displacement relationship of the rollers pair under various
vertical loads, obtained by a finite element analysis program
(by ABAQUS Software) and was verified by experimental
results. The experimental results are related to tests conducted
using two actuators in horizontal and vertical directions for
obtaining the lateral load-displacement relationship of the
prototype devices of the proposed isolating system under
vertical loads up to 70.0 to nf. In addition to verification of
numerical results by the tests’ results, the von mises stresses
have been calculated by the finite element model of the
prototype sample to check that yielding does not occur in any
part of the isolation system. The analytical studies include
the derivation of equation of motion governing the vibration
of SDOF system installed on a set of the OPRCB device using
Lagrange equation in the state of large displacements. This
derivation required deliberate mathematical elaborations
due to the difference between the motion of the rollers and
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the mass above them and also because of the existence of
rolling resistance.

Some of fine points discussed in the project have not
been addressed in the published works so far. Based on
the numerical calculations, performed by using a computer
program developed in MATLAB environment, for solving
the nonlinear governing equation of motion by fourth order
Runge-Kutta method, it is observed that the oscillation period
of the isolated SDOF system is independent of its mass and
the amplitude of its free vibration response and the value of
rolling resistance coefficient. Rolling resistance has an effect
similar to damping. Results of the Time History Analysis
(THA) showed that the amount of absolute accelerations
in the isolated SDOF systems can be reduced drastically
in comparison with the fixed-base systems. Results also
revealed that if the rollers and cylindrical beds are made of
high-strength steel materials (for example, MO40 alloy),
the system can be used effectively under the vertical loads
of about the axial forces of columns in ordinary buildings
having up to 14 stories.

Keywords: Elastomeric bearings, Base isolation, Viscous
dashpots

The prototype sample of the OPRCB isolator. (a) The set of the prototype
OPRCB. (b) One pair of rolling rods on their concave beds

"L/jjju“’“*ef"/"u“’["“’d)/)ull‘“/— olCingy

ﬁ‘ﬁ ) ool dslllao )l_w‘da- l)TdSu_m‘ 03 ‘JV-JLQJ‘SO JSM)bo |)
Lloalyly coled o3 b oS (oo Joo otlan 926 2y laadl ) a8 ]
J.m s_JL..wJ.:‘].: ',V 9 ',Y‘a 9‘,\& )L)._.Mc\._md.: u&aﬁ) uLo..w)..SldD
Q‘?"GA L;JLQFA.M..».: )LMJ‘» )L»_‘)) B oo dxdlas o)lj.o )| sloads u,uLA.D.o
o bl (8 > ailan (olB b o LaoSEE ks odag) ot 42
Sogo a2 a5 el o,Lil Gl o @3B L S50 5 e 5o il
ool a8 518 Lo g 40555 3 90 ailS o

) Sy ML.A d)‘):‘ MATLAB h.\}u’ B ol c\.,..wj.: A.AL:J.:
el e gloSide 5l osla_wl b onds g3l wloz slpilazlow u>_'>‘).L:v 9
5 oot i sl 55,5 5 0 b3l 5 ol oS 4 Al oo
L 5 S o b gl bl s digy b 5y 4y sl
o5 135 ) L phite (gloslaisls o, o b dalllas i s ogllae
4G olgise o>l (siesl g (solaibl ans g0 o 5laS gz 4y il o
8l s g usthe s

Sz (gl ol wlaz ol gjlwlas gaads glaejly
IS b e e oSy Sl ST« Sg)0e

Min |
Coan |

k‘ﬂ It

Mas |
I‘(nl

M=

v

-

=(R—r)(1-cos#)

o

jﬁ_ us=(R—=r)(8+sina)
Ug

Schematic planar model of multi-story shear-type building on
OPRCB isolators



Identification of Basic Features of
Structural Systems Using Enhanced
Huang Transformation
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The Hilbert-Huang transform (HHT) was introduced by
Huang in 1998 as a powerful adaptive signal processing
method for analyzing non-stationary and nonlinear signals.
The HHT consists of two main parts; the empirical mode de-
composition (EMD) for obtaining intrinsic mode functions
(IMFs), and the Hilbert spectral analysis for analyzing the
IMFs. The latter part itself needs two requirements which
allow the Hilbert Transform of the IMFs to be formed. In
many applications, these two requirements are not met.

In order to improve the HHT performance, considerable
researches have been done. However, most of them have
focused on EMD and less work has been carried out on the
Hilbert transform part. In this research, a five-step procedure
is proposed instead of the Hilbert spectral analysis. To ver-
ify the new method, named the Enhanced Hilbert-Huang
Transform (EHHT), six numerical cases are analyzed. Results
show that EHHT offers more benefits in frequency resolu-
tion and tracking ability than HHT. Also, EHHT is more
capable of extracting non-stationary and nonlinear features
of signals than HHT.

Additionally, based on the EHHT method a new iden-
tification procedure for extracting dynamic characteristics
of structures is proposed. Using this method, two different
structural systems are examined; an arch bridge (Beichuan)
and a 15-story building (Factor). For the 1* case, a set of
ambient vibration data and for the 2™ case two sets of ambi-
ent and earthquake (Parkfield) vibration data are analyzed.
For each case, a few natural frequencies and mode shapes of
early modes of the structures are clearly identified. In both
cases, results of the proposed procedure are in agreement
with other identification methods (PP and SSI methods).

Keywords: Enhanced Hilbert-Huang transform (EHHT),
Hilbert-Huang transform (HHT), Non-Stationary and
nonlinear signals, System identification, Beichuan bridge
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Evaluation of Reinforced Concrete
Columns with Poor Confinement and their
Retrofitting by Thermal Post Tension
Steel Jacketing

Abdolreza Sarvghad Moghadam
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Mohammad Javad Makarem Rahm Del

Nowadays, natural resources, in particular those which are
used to build industrial, commercial and residential projects
are on the decline. In this regard, one of the most important
challenges in front of the researchers and engineers is to
conserve, update and enhancethe quality of construction.
Therefore, current research was defined in order to improve
the seismic performance of reinforced concrete columns with
insufficient confinement. Confinement is one of the most
effective parameters which in most cases results in ductility
reduction of reinforced concrete structures. Confinement
increases maximum compressive strength and considerably
enhances compressive failure strain.

In this study, RC columns with insufficient confinement
are assessed, and confined columns with steel jackets
with and without temperature post-tensioned have been
investigated experimentally. Some tests have been carried
out on scaled specimens in order to obtain information about
compressive behavior of confined concrete with steel jacket.
In addition, an equation has been developed for confined
compressive strength. The results from this equation are
highly in agreement with the experimental results.

Keywords: Experimental results, RC columns, Steel jacket,
Insufficient confinement
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Comparison of Seismic Performance of
Eccentric (Y) and Concentric (X) Bracings
in Steel Frames
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Earthquake effect is important in structural design which
needs special attention. In this regard, steel bracings have
extensive application to earthquake resistance. Therefore,
special attention is needed to understand the performance
of bracing systems. One common bracing system used in
recent years is Y type. There is no discussion in Iranian
Standard 2800 about this kind of bracing, but its application
is increasing and designers consider this bracing type similar
to X bracing type.

In this research, bracing type Y and Y'Y have been studied
and compared with Z and K types in different bays of frames.
Nonlinear static and dynamic analyses were performed
on 2D frames with different bracing arrangements and
severalnumber of bays and floors. Based on the analyses,
pushover curves, hysteretic behavior, ductility, initial
stiffness, over strength, energy absorption, and plastic
hinges have been studied. Results indicated that ductility
and initial stiffness of Y bracings are very lower than X
bracings. Also, hysteretic curves of Y bracings indicated low
energy absorption with more nonlinear behavior of frames.
Irregular behavior of Y bracing is more than other types
especially in high story frames.

Based on the research finding, it is suggested that the
application of Y bracings should be stopped until reaching
to the confirmation of standards such as 2800. Generally,
stiffness and ductility of Y bracings is lower than 1/3 and
3/4 of concentric bracings respectively, and plastic hinges
and nonlinear deformations appear quicker which indicates
the unsuitable hysteretic behavior of Y bracings.

Keywords: Dynamic analyses, Pushover curves, Hysteretic
behavior, Ductility, Initial stiffness, Over strength
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Effects of Top Gap on the Behavior of
Engineered Infill Panels
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The efficiency of the sliding fuse on the seismic behavior
of infilled frames was confirmed in our previous project. In
this project, other subjects of such infill panels are studied.
In this regard, effects of a gap between the infill and top
beam are investigated. For ordinary infill panels, it was
shown that such gap decreased the stiffness and strength
considerably. The minimum required gap for excluding the
normal load of the frame on the infill, is firstly determined.
Then, some experimental tests were carried out. In order to
investigate the influences of the gap, the results of the present
project specimens are compared with those of previous one
(Engineering Infill panels, Behavior and adjusting methods-
code 7352).

Furthermore, out of plane strength of the specimens
were measured in the worst scenario. In order to achieve
this, the specimens were loaded in plane and after going
over the ultimate strength, they were loaded in out of plane
direction, after turning back to the initial position (zero
drift). The results showed that the top gap affects the fused
infill behavior, but here the deterioration is less than the
regular infill panels. Also, transversal loading showed that
the out of plane strength of the fused infill panels in the
presence of the top gap was high enough to prevent jumping
out of the frame in earthquakes, even after being collapsed
by in-plane loads. To complete the research on such infills,
the influence of the number and situation of the sliding fuse
on the behavior of the infill is also investigated. The results
showed that applying the fuse at lower levels will raise the
ductility more.

Keywords: Engineered infilled frame, Frictional sliding
fuse, Stiffness, Strength, Damping, Ductility
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Investigation on the New Techniques in
Seismic Design of Structures Based on
Semi-active Approach

Mansour Ziyaeifar
Associate Professor, Structural Engineering Research Center
mansour@iiees.ac.ir

Masood Nekoie

The new techniques in seismic design of structural
systems are usually based on elastic behavior of the system.
In such cases, natural period and damping ratio of the
system are considered as the main design parameters. Mass
isolation is one of the practical techniques in this category of
structural design approach. In this study, a structural system
based on mass isolation technique is chosen for further
investigation on different aspect of the design. The structural
system is consisted of a mass and a stiffness subsystem.
These two subsystems are connected together with viscous
energy dissipating devices. A dual mass simplified model
is used for representing the system in theoretical studies.
These dashpots are chosen either passive or controllable via
a simple control algorithm to investigate the possibility of
having a higher performance in the structural system.

The theoretical work on the dual mass model reveals an
important parameter of the system in defining the level of
Isolation ratio for the system. In the numerical phase of the
study, the model was subjected to different earthquake records
and a comparative study between the mass isolated structure
and a system without isolation, have been performed. In
these studies, the controllable dashpot is designed with a
new logical control algorithm to solve a series of problems
in having higher level of structural performances for mass
isolated structural systems. The algorithm is based on logical
decisions in separate layers of decision making tree based on
the required performance platform for the system.

The result of a large number of studies on different
configurations of the system indicates a suitable performance
for the mass isolated system in all cases. The result also
indicates much lower sensitivity in responses of the mass
isolated system with respect to the changes in system
parameters when it is equipped with controllable devices.

Keywords: Mass isolation, Semi-active structural control,
Logical algorithm, Dual mass model
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Analytical Investigation of Masonry Infill
Walls in Moment-resisting Steel Frames

Fariborz Nateghi Elahi
Professor, Structural Engineering Research Center
nateghi@iiees.ac.ir

Ayoub Dehghani

Many of buildings in our country contain steel and
concrete structures with masonry in-fill panels. Based on
previous researches, which are carried out on these masonry
panels in the recent 5 decades, it has been shown that many
major parameters have significant effects on the behavior
and collapse mechanism of the masonry panels. In spite of
these researches, there is no unique method for design of
frames with panels and yet these panels are considered as
nonstructural elements and are not taken into account in
analyses and design of structures.

In this research, in-fill panels are modeled via equivalent
diagonal element. The SAP 2000 software is used to model
the building analytically. After model calibration, based on
experimental and other analytical results, the effects of in-
fill panels on the behavior of steel moment frame buildings
are studied.

It should be mentioned that analytical models are different
in height and type of in-fill panels. These models have 1,
3, 5 and 7 stories and their in-fill panels are different in
material type. The frames are analyzed and designed based
on Iranian building codes.In order to investigate the effect of
in-fill panels on the behavior of frames, nonlinear static and
dynamic analyses are carried out on the models. As a result
of research, ignoring the in-fill panels at the models with the
mediocre height (5 and 7 stories), has no undesirable effect.
But because of increasing the frame performance level and
limiting the number of hinges at the frame components, the
strength of frames are increased at the models with panels to
the frames without panels. It is also observed that the frames
with in-fill panels have less story drifts.

Keywords: Masonry, Steel framed, infill, Nonstructural
elements, Dynamic analysis
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A Study on Seimi-active Control of Skewed
Bridges Using OpenSees Software

Afshin Kalantari

Assistant Professor, Structural Engineering Research Center
a.kalantari@iiees.ac.ir

Mohsen Amjadian

In this research, the application of the passive and semi-
active control methods is investigated in order to reduce
the responses of superstructure and substructure of skewed
highway bridge affected by collision of the deck with the
abutments. The study of skewed highway bridges shows
that the coupling of longitudinal and transverse translational
movements and the seismic pounding are two important
and effective factors on dynamic behavior of this type of
bridge during the ground excitation. Based on this, a 3DOFs
dynamic model considering the coupling effects is presented
to study the dynamic behavior of skewed highway bridges.
Moreover, for simulation of collision of the deck with the
abutments, eight contact points are considered at two sides.

In order to model the impact force at each point, anonlinear
viscoelastic model is employed based on the linear and
straight contact assumption. Then, the influence of collision
of the deck with the abutments on the displacement response
of superstructure and the torsional response of substructure
for a sample skewed highway bridge is evaluated. The
results of analysis showed that seismic pounding causes a
noticeable increase in torsional moment of columns at the
intermediate pier as well as an increase in displacement of
the acute corners of the sample bridge under the ground
excitation. A seismic isolation system including 10 lead
rubber bearings (LRB) is employed to reduce the torsional
response of the substructure. In this case, the results show
a remarkable decrease in torsional moments of columns,
but the displacement of deck corners especially the acute
corners is amplified by the seismic pounding. A semi-active
control system, by adding 24 variable viscose dampers to
the isolation system, is designed to control the displacement
response of the isolated deck. The results of analysis showed
that the shear forces of columns are increased by damping
action of the dampers. It was found that by keeping the shear
forces in an allowable range, the displacement of the deck
can be reduced by regulating the dampers. This will prevent
the deck from colliding with the abutments.

Keywords: Skewed highway bridge, Seismic pounding,
Substructure torsion, Superstructure displacement, Seismic
isolation, Semi-active control
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Foundation Embedment Effects in Soil-
Structure-Interaction (SSI)

Naghdazli Hosseinzadeh

Assistant Professor, Structural Engineering Research Center
hosseinz@iiees.ac.ir

Ebrahim R. Rokhnabadi

In this report, dynamic soil-structure interaction effects
on the seismic response of building structures with surface
and embedded mat foundations have been studied using
shake table tests on scaled models. For this purpose, four
structural models with 5, 10, 15 and 20 floors, as common
representative buildings in urban area, are designed and
constructed for dynamic tests on the soft and relatively
soft soil media. These models subjected to El Centro 1940
(USA) and Tabas 1981 (Iran) earthquakes were recorded
on the International Institute of Earthquake Engineering
and Seismology (IIEES) shaking table. Also, results were
obtained from dynamic tests compared with Opensees model
responses. The results indicated that the analytical model is
capable to demonstrate SSI effects.

In addition, different parameters have been studied in this
research which includes: building aspect ratio, shear wave
velocity, frequency content, damping, and acceleration of
structural models. The results indicated that SSI effects
reduce in embedded buildings and this reduction has
increased by increasing of the embedment depth.

Keywords: Soil-structure interaction, embedded
foundations, Dynamic tests, Rocking mode, Surface
foundations
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An Investigation of the Effect of Vertical
Component of Earthquakes on
Structural Buildings

Behrokh Hosseini Hashemi

Associate Professor, Structural Engineering Research Center
behrokh@iiees.ac.ir

The effects of simultaneous excitation of horizontal and
vertical components of near-fault earthquake motions on
the nonlinear responses of moment resistant structures are
investigated using a time domain nonlinear finite element
program (SAP 2000 nonlinear). Three steel structures and
9 recorded earthquakes motions are considered. It is found
that the effect of vertical component of earthquake on the
displacement of all three structures is quite negligible. It is
also shown that the largest effects of vertical component of
earthquake occur in interior base joints and interior columns
and the smallest effects occur in corner base joints and cor-
ner columns. It is also found that the effect of vertical ground
acceleration on axial forces of columns is independent of
story level and story number. In addition, the effects of the
vertical component on the moment of beams and columns
are also negligible.

Keywords: Nonlinear analysis, Vertical component of
earthquakes, Nonlinear response
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Design and Manufacturing of Elastomertic
Rubber Bearings for Application in
Structures Subjected to Seismic Hazards

Mansour Ziyaeifar

Associate Professor, Structural Engineering Research Center
mansour@iiees.ac.ir

Hossein Pezeshki

The use of elastomeric bearings in seismic design of
structural systems is rapidly growing. However, these de-
vices are considered expensive due to their complicated
manufacturing processes. Extending the use of elastomer-
ics bearings in buildings requires new technologies for the
bearings to be manufactured with ease and lower cost. In
this study, a new type of elastomeric bearings is introduced
with the capability to be manufactured with much lower cost
in the form of mass production. The isolator is called the
“Hydraulic Isolator” and possesses much higher flexibility
and energy dissipation potential with respect to other elasto-
meric isolators.

The proposed devices can be manufactured with much
lower cost with respect to usual ones. They are also durable
and need less maintenance if compared with other technolo-
gies.

Keywords: Elastomeric bearings, Base isolation, Viscous
dashpots
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Control of Torsion in Asymmetric
Structures Using Damper Distribution

Abdolreza Sarvghad Moghadam

Assistant Professor, Structural Engineering Research Center
moghadam@iiees.ac.ir

The behavior of structures in the past earthquakes shows
that torsion due to asymmetry was one of the main reasons
of structural vulnerabilities. The studies performed on the
issue of controlling torsional effects by suitable stiffness
and strength distributions show that in the nonlinear range
of structural behavior, elimination of torsional effects on
multiple governing responses of structures is not possible.
Such reason made the researchers to apply optimal
distributions of energy dissipating devices for controlling
the torsion of structures. Past studies show that viscous
dampers have suitable and simple behavior which can be
distributed in the structures to control asymmetry effects. In
this research, suitable distributions of viscous dampers are
proposed for decreasing the effects of torsion on structural
and non-structural elements. Additionally, the possibility
of controlling multiple responses of buildings by specific
distribution of dampers is studied. In this regard, the effects
of plan wise and height wise distribution of dampers are
studied on dynamic specifications of structures in the
elastic ranges. Also, analytical nonlinear studies have been
performed on one-story and multi-story buildings with
different distributions of stiffness and strength and damping
under several ground motions. The sensitivity of the results
has been studied on different governing parameters such
as torsional stiffness of the structures, different damping
coefficients of the dampers, stiffness versus mass asymmetry
and two-way asymmetry with bi-directional excitation. The
results show that by using a suitable damper distribution, the
effects of torsion can be decreased on important structural
responses, but controlling multiple responses are possible
in specific cases. For verification of the analytical results,
an experimental setup including a 1/6 scaled one-story
structure with two viscous dampers has been tested on
the shaking table. The comparison of the analytical and
experimental results shows an acceptable similarity in many
of the responses. Finally, suitable plan wise and height wise
distribution of viscous dampers have been proposed for
controlling torsion of the structures with different stiffness
and strength properties.

Keywords: Asymmetric structures, Viscous damper
distribution, Torsional balance, Lateral acceleration,
Damping eccentricity, Experimental model
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Influence of Vertical Loads and Behavior
of Retrofitted Specimens (by grout) in the
Engineered Infilled Frames,
Having Sliding Fuses

Majid Mohammadi

Assistant Professor, Structural Engineering Research Center
m.mohammadigh@iiees.ac.ir

Reza Mohammadi

Study on infills is one the most controversial issues of to-
day’s civil engineering because of complication in its mate-
rial behavior, interaction between frame and infill, weakness
of analytical models, etc. Proposing a method to improve the
ductility of infills is an important subject in this area. For this
purpose, the author of this study has proposed a new kind of
engineered infilled frame by an innovative use of an element
called “Frictional Sliding Fuse (FSF)” The resultant infill
not only has higher strength and ductility in comparison with
its corresponding infills without FSF, but also has got the
capability of being adjusted to a desirable ultimate strength.
The detail of FSF and how it performs, infill’s ideal behavior
with FSF, and some other phenomena such as the effect of
top gap or fuse position on the behavior of infilled frame, has
been studied experimentally in previous projects. Another
important factor which considerably affects the behavior of
infilled frames is the axial load in the columns of the frame
that always exists in actual cases. Since, none of specimens
have been tested with vertical loading on their columns be-
fore, the first phase of this project deals with identification of
the effects of this parameter.

Having the capability of being repaired after earthquakes
or to be used in rehabilitating process of an existing struc-
ture, are the other objectives of proposing this novel infilled
frame. For such usage of engineered infilled frame with FSF,
its behavior after repair should be taken into consideration.
Thus, repaired specimens with and without top gap have
been tested in the second phase of the project. The effect of
top gap on repaired specimens is of more significance than
on usual ones, since in most cases, it is inevitable to have top
gap when repairing the infill.

The obtained results show that vertical load on the fused
infilled frames improves their deformation capacities and
ultimate strengths, but decreases their damping. Further-
more, such infill panels can be repaired by grout easily. The
repaired specimen showed even better behavior, regarding
the ultimate strength and deformation capacity. It is worth
noting that the top gap, between the infill and the top beam,
should be avoided during repair.
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Selection of Ground Motion Records for
Nonlinear Time-history Analysis
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Mehdi Moussavi

The ground motion intensity measure (IM) parameter, as
a link between the site hazard and the structural response,
plays a significant role in the seismic risk analysis. One
of the most fundamental characteristics of an IM is its
“sufficiency”. That means the applied IM can completely
represent a ground motion record. The acceleration response
spectra in the dominant period of structure, S (T)), is the
most well-known intensity measure which is used today
by the structural engineers. It is shown that the S (T) can
not be accounted as a sufficient IM, because of the obvious
influence of the spectral shape of a ground motion record
on the nonlinear response. Consequently, if a structure be
analyzed with considering the S (T), the event of bias in the
calculated response, is a reasonable expect.

The major objective of this research is to study the
influence of the spectral shape on the bias of the structural
response. The statistical analysis of SDOF systems under
excitation of a variety of ground motion records is the applied
methodology in this report. Also, the collapse capacity is
considered as the structural response, here.

As one of the most significant findings of this study, the
filtration of the ground motion records based on the target
hazard level is an effective way to reduce the structural
response bias. For this objective, an innovative indicator
of spectral shape is proposed. This indicator, named “eta
(n)”, is a linear combination of the acceleration response
epsilon, €, and the peak ground velocity epsilon, €,,. By
determination of the target n corresponding to the desired
hazard level and filtration of records based on this 1, the bias
of structural response decreases.

The frequent selection of records for each hazard step
is not practically convenient, especially for risk assessment
procedure that requires integrating the fragility and hazard
functions in different hazard steps. As a solution to this
challenge, a simplified approach is proposed that considers
the spectral shape in response assessment without need to
repeating the selection procedure in different hazard levels.

The introduction of appropriate ground motion records
for analysis of different structures is a practical need for
development of performance based earthquake engineering.
With this aim, the effects “period” and “ductility”, as the
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the response assessment, Record filtration, Spectral shape,
Spectral shape indicator, Seismic collapse capacity
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Development of Seismic Fragility Curves
for Quick Seismic Assessment of Typical
Three Span Highway Bridges in Tehran

Afshin Kalantari

Assistant Professor, Structural Engineering Research Center
a.kalantari@iiees.ac.ir

Seismic assessment and retrofitting of bridges is one of
the major activities which may reduce the probable seismic
loss during and after earthquakes. Seismic fragility curves
have been introduced as a necessary tool for this purpose.
In this study, analytical seismic fragility curves were
developed for one type of highway bridges in Iran. For the
modeling purpose, the typical technical detailing of a three-
span-highway-bridge provided in the publication No. 294
of Management and Planning Organization of Iran was
employed. A nonlinear model of the bridge was developed
in OpenSEES software. The seismic demand on the bridge
piers and their capacity was considered to define the failure
of the structure. 20 pairs of seismic records were selected
from the PEER ground motion data bank. The results of the
fragility analysis have been provided as seismic fragility
curves.

Keywords: Highway bridges, Nonlinear analysis, Damage
index, Seismic fragility curves
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Analytical Study on Seismic Behavior of
Offshore Platforms in Persian Gulf Designed
for Float-over Installation
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Assistant Professor, Structural Engineering Research Center
vasseghi@iiees.ac.ir

Yusef Javadi Sina

Fixed offshore platforms are usually constructed for
development of oil and gas fields in relatively shallow water
depth. Water depth in the Persian Gulf is less than 100 me-
ters and many fixed platforms have been installed there. Re-
cently in Persian Gulf and other places with relatively calm
environmental conditions, a special method called “float-
over” is used to install very large platforms. In this method,
the substructure called “jacket” is first installed at the desired
location. The barge carrying the topside passes through the
jacket legs and the topside which usually weighs more than
5000 tons is placed on top of the jacket. The jacket is a pace
structure with 4 or 6 legs and horizontal and diagonal mem-
bers which connect the legs at different levels. The float-
over installation requirement for the barge to pass through
the jacket dictates no framing members from 8 meter below
to 12 meter above the sea level in one of the major direc-
tions. Such framing configuration would significantly affect
seismic behavior of the platform. This report presents the re-
sults of an analytical study on seismic behavior of two plat-
forms which have been installed in the Persian Gulf using
float-over method. The seismic behavior of the platforms is
studied using nonlinear static and dynamic analyses.

Keywords: Offshore platform, Structure, Earthquake,
Seismic behavior

Sy porigo g ol Mo s olCi0g

BT 10 (b0 oS slo) ¥ HUS 5 i axiline
S29bw gy 4 e 0399 (510w i b

Hly p51
vasseghi@iiees.acir ojlo  wdigo ouSingsy Loliu/

Lo (50192 Gwys

395 Sl g e G s 4 Sl g0 5l (b )e ol slagSw
Wl 15 liie 4295390 0 g S g Ll Cario (ogatt mlis 5
5 s 8 corge s osl a3 2o ol b itn sl n
Oliobl bi> fad o5 gayazr slajhy) 5l (b5 slacS po 5 L fdome
wiled Jlatul wsl ails o jo 1) bas e jials wjle L8,

s Jls ;o as Float Over b (5,0l g, 4 55w Slgd o el
9 48 )18 azrgi 590 (SBed o3 15 3L (33 b bagSw el 5 3]
wilse g, cnl 31 (S 00,5 o0 009381 (] Cangezme 5 9, 4 s,
G558 Glogm ) p diojls Sl SBgs Cand (o Sl e @ oS
ilos i)y £58y i 0 ogatn (Seelus o Julos )

g S 3o a8l lmoslns b lagS alisda LB cglis bl 5
ol i | i aallas 555 0 £55ie (535 5 e Ll
)3 )3 g0k ause 5 E8y Bro b cwed S lalEle 5 ]

Jshaie 3l 5 51 ool aal b 45 el ]y (xs s 3o ol o
SB35 siladan e el Jow Sl L g SAP2000 o3l —wiigeo
azu U Julod SO (b (oo ol (6550w 90 loj ) )L8; il 5 ST
8 5 S g aad Sl )18, (05 ad Loaxlo b (oS b
5o oolitul Sl (goleiian (b9, 99,5 (o) 0jlw lan (s s
ooy by ol slagSw ads

il i 20 & alols gl ol

@leolr 4 i ol pod i ola by, 5l adol> mols
B gy ol (Sl (s e Julow (g s 5 o0 @Bl 5l a8
o i gy 5 Sy bl o585 5] i e
Ao oo a3l eSSl sla Lol

P Ry B slaaly ) peled Josly aslllas 3550 slagSo ;o
odyay £985 Jloso| Skirt aods 3l ookl Dlad 5.5 9 0,10 5929 laali e
st Clls e 8 52535 3373 oty 4 (slasly 3 oS 95
o 51055 2 Stz 99 50 St ol jl ESlr o 50 0 oS>
Aoy Sy Sy e Sle Sl L ladl ) (b chrs Co
ey (50 (o> s

«sloy ) e, Float Over g, « ol o <ol slagSw (gudS” Wrojlg
s e o a5 Jelos S5 e S



Evaluation of Influence of Earthquake
Rotational Components on the

Behavior of Structures

Mohsen Ghafory Ashtiany
Professor, Structural Engineering Research Center
ashtiany@iiees.ac.ir

Mohammad Reza Falamarz Sheikhabadi

The objective of this report is to evaluate the influences
of the rotational components on the dynamic behavior of
structures. To achieve this, after reviewing common methods
for obtaining the rotational components in earthquake-
engineering applications, new formulations in order to
evaluate the rotational motion corresponding to a point on the
ground surface, and foundation input motions are derived.
A procedure is also presented to estimate all foundation
input motions, and the influence of the geometrical shape
of foundation on the structural excitation is parametrically
studied. Next, to investigate the importance of the rotational
components in ordinary structural analyses, the contribution
of the foundation input rocking component relative to the
corresponding foundation input translational components
to the dynamic responses of a set of vertically irregular
and regular structures is evaluated. Numerical results
show that the seismic loading of the rocking component is
more dependent on the distribution of mass, stiffness and
geometrical shape of structures in height in comparison
to the translational ones. This contribution of the rocking
components in structural responses can be detrimental
and in the especial cases can achieve to 60%; however,
this contribution is 15% in average. Finally, reviewing the
provisions of seismic design codes shows that the effects
of the rocking and torsional components have not been
considered by current codes. In addition, the accidental
eccentricity presented by these codes cannot consider the
influence of torsional components, effectively. Therefore,
a new method for evaluating the accidental eccentricity of
structures due to torsional loading has also been derived
and its application has been shown. However, further study
is still necessary to verify the application of the proposed
method.

Keywords: Rotational components; Principal axes;
Phase velocity; Coherency; Vertically irregular structure;
Accidental eccentricity
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Numerical Investigation on the Behavior
of Multilayer Frictional Bases, Considering
Vertical Components of Earthquakes

Majid Mohamamdi

Assistant Professor, Structural Engineering Research Center
m.mohammadigh@iiees.ac.ir

Majid Kashani, Morteza Kianian

Influence of sliding layers in foundation is investigated in
this research, regarding influences of the vertical component
of earthquakes. For this, the behavior of a stiff building
constructed on such foundations is numerically investigated
under some real earthquakes. The building is assumed as
a rigid block, which can be a short masonry building, in
order to facilitate the calculations and to focus more on the
efficiency of the sliding layers. In addition to the vertical
component of earthquakes, the number of sliding layers as
well as restitution factor of the foundation is also considered
here. Based on the obtained results, the following conclusions
can be drawn:

If the vertical component of an earthquake is ignored,
the ground accelerations which are equal to or less than
png will be applied to the structure. However for the larger
earthquakes, the applied acceleration will be restricted to pg,
because of the foundation sliding (m is coefficient of friction
of the sliding layer and g is natural ground acceleration). For
real earthquakes, with vertical component, the acceleration
applied to the structure depends not only on m and g, but
also on the instantaneous vertical acceleration (yg ). The
foundation will slide when the horizontal acceleration
exceeds (g +Yy).

Additionally, contact between the layers is modeled by a
damper and a spring, in each horizontal and vertical direction,
shown in the following figure. Stiffness of the spring depends
on the layer thickness and material. Separation of foundation
layers is also modeled in this research.

To summarize the efficiency of the foundations, with
sliding layers, earthquakes are categorized in two groups: 1-
Earthquakes with considerable vertical component, having
PGAs greater than g and 2- Others.

In the first group, which includes near source earth-
quakes, the layers of the considered foundations will
separate when the vertical accelerating is greater than g.
During the separation time, no horizontal acceleration will
be transmitted to the structure. In this regard, the separation
may be repeated because of the restitution factor of the
layers and there will be more intervals with no horizontal
transmission. Increasing number of the sliding layers raises
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the efficiency of the foundation in restricting the horizontal
earthquake applied to the structure. For the second group
of earthquakes, the difference between foundations with
single or multi sliding layer was not the same as the first
group. However, the spectrum of the acceleration applied
to the structure showed that multi layer foundation is still
more efficient, as shown for San Fernando Earthquake in the
following figure.

It is worth noting that Iran has the potential of having
a near source earthquake considering the abundance and
scattering of faults all over the country. For such earthquakes,
the foundation with many sliding layers can be very efficient
in raising the security of structures, by restricting the applied
horizontal accelerations.

Keywords: Frictional bases, Vertical components of
earthquakes, Sliding layers
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Analytical and Experimental Study on
Diagonally Stiffened Steel Plate
Shear Walls
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Erfan Alavi

Upon the recent studies, steel plate shear walls, SPSWs,
have been introduced as an economic and appropriate
seismic resisting system, which have been used in structural
design and retrofitting of existing buildings with different
configurations and philosophies, stiffened, un-stiffened,
or with openings. However, the non-linear behavior
complexities of the steel shear walls such as buckling, post
buckling and tension field action of infill steel plate, out-
of-plane large deformation of the thin steel plate, hysteresis
loops, interaction between the infill plate and the surrounding
frame, ductile or brittle fractural modes of the wall, in
addition to absence of comprehensive provisions for design
of steel shear walls, have still demanded more investigations
on this system.

On the other side, the recent investigations on stiffened
steel plate shear walls have demonstrated that stiffening of
a thin steel plate with the horizontal and vertical stiffeners
improves its non-linear behavior. However, application of
the conventional stiffeners, which have been usually used
for precluding of the shear elastic buckling occurrence in
the infill plate, is very time consuming and causes high-
fabrication cost. Hence, in this study, stiffening of the
infill steel plate with diagonal stiffeners is proposed as an
alternative, and non-linear behavior of the new system has
been analytically and experimentally investigated. In this
regard, and for the analytical study, several finite element
models of un-stiffened and diagonally stiffened steel plate
shear walls have been generated. Multi-linear kinematic
hardening plasticity model is used for modeling of steel
materials, and non-linear large-displacement analyses under
monotonic and cyclic loadings have been carried out. In
addition, the pushover and hysteresis curves of the models
and other responses are acquired and verified.

For the experimental study, a number of tests on six Y2
scaled one-story SPSWs with the dimensions of 2m x 1.5 m
and the infill plate thickness between 0.8 mm to 1.5 mm are
conducted at ITEES laboratory, and the quasi-static cyclic
tests were performed on the specimens in the presence of
the gravity loads. Two numbers of the specimens have been
un-stiffened and the three others had diagonal stiffeners;
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the sixth specimen had a circular strategic opening at
the middle of the wall in combination with the diagonal
stiffeners, designed based on the obtained results during the
experiments.

From the analytical and experimental studies, theoretical
formulas for estimating shear strength capacity of diagonally
stiffened steel shear walls have been developed and the
accuracy of them are verified. Meanwhile, the effects of
boundary elements stiffness and strength and the type of -
beam-to-column connections of the surrounding frame on
the non-linear behavior and shear strength of steel shear
walls have been investigated and some limitations for the
boundary elements strengths selection are derived and
propounded accordingly.

The results showed that the diagonal stiffeners have
increased the elastic and the ultimate shear capacities of
the system, and the hysteretic behavior of the diagonally
stiffened steel shear walls have been improved in com-
parison with the un-stiffened steel shear walls, especially
when diagonal stiffeners were used with the edge stiffeners.
Besides, the experimental specimen with the strategic hole
has behaved very ductile and energy dissipative. It is also
found that there are good agreements between outcomes of
the proposed theoretical formulas and the experimental and
the numerical outputs in the estimation of the shear capac-
ity of steel shear walls. Furthermore, some of the specific
responses and parameters such as response reduction factors
(R) are estimated and discussed for un-stiffened and diago-
nally stiffened SPSWs. Moreover, a parametric seismic be-
havior model of diagonally stiffened SPSWs is inferred and
developed from the results, and the required parameters for
modeling of an un-stiffened or diagonally stiffened SPSW
in accordance with FEMA 356 procedure are obtained and
presented.

Keywords: Steel plate shear wall, Diagonal stiffener,
Non-linear behavior, Shear strength, Strategic opening,
Experimental, R factor
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Direct Time Integration with Steps Larger
than the Steps of Digitized Excitations

Aram Soroushian
Assistant Professor, Structural Engineering Research Center
a.soroushian@iiees.ac.ir

For studying the dynamic behaviors of structural systems,
the conventional approach is to discretize the mathematical
models, in space, and time integrate the resulting ordinary

initial value problems, typically, noted below:

Mii(t)+£,, (t)=(t) 0<t<t,,
u(t=0)=u,
Initial Conditions : | u(t =0)=1, ()
fint( =0)= fmto

Additional Constraints : Q

In Egs. (1), t and t 4 imply the time and the duration of
the dynamic behavior; M is the mass matrix; f,, and f (t)
stand for the vectors of internal force and excitation; u(t),
ﬁ(t), and ii(t) denote the vectors of displacement, velocity,
and acceleration; u,, W,, and f;, ~define the initial status
of the mathematical model; and, Q represents some
restricting nonlinearity conditions. Time integration is the
most versatile tool, for the analysis of Egs. (1), especially,
when the behavior is nonlinear. In seismic analyses, f t) is
available as digitized records, and hence, the integration step
sizes, At, need to be equal to or smaller than the steps, by
which, the earthquake records are available, h 4 1€

2)

This is while, for the sake of the accuracy of integration, the
literature recommends

At<h,

At =Min (h o Tj for linear systems
10
; 3)
At =Min (hs ’100) for nonlinear systems

where, T is the smallest dominant period of the response,
and h is the step size restriction, for preserving numerical
stability. When, the right hand side, of Eq. (2), is smaller than
the right hand side, of Eq. (3), the integration suffers from
additional computational cost, A., about (for nonlinear
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\3\ problems, maximum)
\%i Min(hs,lTOj—hd
1 A=100 : % “4)

d

without any essentiality, from the point of view of integration
accuracy; and hence, when the right hand side of Egs. (2) is
smaller than the right hand side of Eq. (3), and the smallness
is considerable, the computational cost arisen from the
smallness of the digitization steps of f (t) would be high. This
is the concern in this research project, where, the elimination
of the computational cost, in the price of small sacrifice of
accuracy, is considered as the objective.

After reviewing the existing literature, special attention
is paid to the essentiality of convergence, the order of
accuracy of conventional time integration methods, and the
typology of Taylor series. Based on these considerations,
a modification of digitized excitations is defined, that
utilizes the information of the digitized excitation, f (t), in
transforming the digitized record to a new record, f (t) . with
digitization steps, ﬁd , enlarged by an integer multiplier, n,
ie.
hg=nhy , nez*-{1} (5)

The new record, f(t), is defined such that, when
we replace it, instead of f (t), and implement a time
integration method, we can arrive at responses that display
negligible effect on the accuracy, and considerable save of
computational cost.

The formulation of f (t) is as stated below:

t|:O ?}’:f(ti)’
~ 1 &

0 <ti <tend : fl :Ef(ti)+r2[f(ti+k/n)+f(ti—k/n )]’ (6)
NS

ti:tend: flzf(ti)ﬂ

where,

t=At : n=n-1
g n=2j jez*

At<t<t,y —At : n = - | _ NG
—_— n=2j+1 jeZ

t=t,y—At: n'=n-1
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and the assumptions to be satisfied are:
1.The excitation steps are equally sized,
2.The integration steps are equally sized,
3.The excitation steps are embedded by the integration steps,
4.The f (t) in Egs. (1) is a digitized representation
(recorded at separate time instants) of an actual
excitation, continuous and smooth with respect to time.
It is worth noting that not only the information in the
original excitation, f (t), is fully considered in defining
f (t), but also the information is considered with the least
computational cost. The proposed technique is successfully
implemented in time integration analyses, with different
conventional time integration methods, of several structural
systems, including a thirty storey building, a multi-span
bridge, a silo, a reservoir, shear frames subjected to linear-
elastic/perfect-plastic and/or pounding, and a 3-D frame
subjected to multi-component earthquake, and has led
to considerable academic collaborations and scientific
achievements (reported in several publications), and
meanwhile is about to give rise to a commercial project.

Keywords: Time integration, Intergation step size, Accuracy,
Strong ground motion, Computational cost, Convergence
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Mojtaba Hervai, Vahid Afshar

Steel frames with concentrical or X bracing are among
very common building frames. In seismic design of this
type of frames, most of design codes, including Standard
2800 of Iran have offered a single value ‘Response
Modification Factor’ (RMF). This factor, which has been
widely used in most of the seismic design codes all over the
world, is basically for considering the possibility of plastic
deformation of the structure, or in other words, the ultimate
capacity of the system for withstanding against earthquake
effect. Obviously, the ultimate capacity of each structural
system, such as a moment frame or a braced frame, depends
on its structural configuration and specifications, including
type of bracing and size of bracing elements in case of
braced frames. Accordingly, the codes give various values
for RMFs depending on the lateral load bearing system
of the building structure. For example, most of the codes
suggest a value of 10 for the case of ordinary moment frame
(OMF), and a value of 6 for the Concentrically Braced Frame
(CBF). However, the RMF value in codes does not depend
on the number of braced bays and their relative location, or
even the overall pattern and form of bracing in a building’s
frames. This is while, at least, the number of braced bays
in a frame is important from the redundancy point of view.

One of the simple methods for nonlinear analysis of
complex structures is the graduate increase of lateral load in
a pseudo static manner. This can be part of seismic analyses,
during which the trend of formation of plastic hinges will
be shown in three-dimensional mathematical model of
the structure. By considering a target displacement at the
roof level, this analysis presents a good estimation of the
nonlinear behavior of the structure. The pushover analysis
can be performed - using computer programs developed for
two- and three-dimensional structures.

Many of the researches show that the pushover analysis
method has satisfactory agreement with the results of
nonlinear dynamic analyses. Pushover analysis can provide
useful information about the strength capacity of the
structure, the displacement demand, discontinuity in the
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strength distribution, and the area with potential damage in
the structure.

This report presents the results of analytical and
experimental investigations performed on a series of CBFs
with various numbers and locations of X-braced bays. The
number of bays varies from 3 to 7 and their number of stories
from 3 to 12. All buildings have been designed based on
AISC-ASDS9, and then some Pushover analyses have been
performed - to find out their ultimate capacity, as the first
phase of the study. The numerical results showed that the
ultimate capacity of CBFs and their ductility factor strongly
depends on the number and location of braced bays. The
capacity can vary up to 100% from case to case, and the
ductility factor can be as low as 3.5 in some cases, which is
much lower than the code suggested value. In the second
phase of the study, some 1/3 scale samples of CBFs with
various number and location of X bracings have been tested
by the actuators. The test results confirm the numerical
results, and on this basis it can be resulted that the code
suggested values of ‘RMF’ need essential modifications.

The following aims have been considered in this research:

e Analysis and design of frames with concentrical bracings
in three bays having the same height by using a loading
similar to that used in the experiments, based on the AISC
code for design of steel structures;

e Performing the push over analyses using SAP2000 and
ETABS programs and considering the plastic hinges
based on FEMA356 guidelines and guidelines No. 360
of the Iran MPO for determining the elastic base shear,
ultimate base shear, elastic displacement, and ultimate
displacement;

e Conducting tests on 6 samples of frames with concentrical
bracing and different locations of braces, subjected to
lateral load at their top level, till reaching the collapse;

e Determining the displacement ductility factor of frames,
and their elastic stiffness;

e Determining the trend of formation of plastic hinges in
frames elements in both analytical and experimental
works, and comparing the results;

e Comparing the obtained ductility factors of frames with
those obtained by the Standard No. 2800 of Iran;

e Proposing some recommendations for location of bracing
elements to achieve the recommended values of ductility
factors of the Standard No. 2800 of Iran,;

e Proposing more proper locations for bracing elements which
have not been addressed in Standard No. 2800 of Iran, and
the ductility factors for using in analysis and design.
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Investigating the Seismic Behavior of
Slender Buildings Having Special Moment
Resisting Frames, Regarding How to Satisfy
Drift Control Criteria

Majid Mohammadi
Assistant Professor, Structural Engineering Research Center
m.mohammadigh@iiees.ac.ir

Satisfying drift controlling criteria is one of the most
important phases in design of buildings. Therefore, the
designers have to replace some structural elements which are
sufficient for service loads with those with greater sections.

Based on the Iranian Standard (Code 2800) drift of each
story, the lateral seismic loading should not exceed from
2.5% and 2%, for buildings with natural period of vibration
less and more than 0.7 second, respectively. It is required in
this article that in drift calculation, the period of the building
can be determined through experimental formula, mentioned
in the code or be calculated by the analytical methods.
Regarding that experimental base formula normally give
shorter period, they lead to stronger structure, because more
structural elements need to be changed by stronger sections
in order to satisfy the drift controlling criteria. It is worth
mentioning that for service loads, structural elements should
be sufficient for dead, live and earthquake loads, in which the
structural period of vibration is calculated by experimental
formula. However, for drift controlling criteria the base
shear can be calculated by either analytical modeling period
or experimental formula. In this research, application of
these periods in drift controlling is investigated.

In this regard, two groups of buildings are considered,
in first group steel special moment frames with 5, 8, 10 and
15 stories and in second group concrete special moment
frames with 8 and 12 stories each with 3 bays and square
plan are considered. They will be designed twice based on
experimental and analytical period of vibration. Influences
of infills and non-structure elements are not considered.
Then nonlinear time-history analyses are carried out using
endurance time (ET) method with “in” series of records.
The obtained results of each building are presented in two
categories:

- Overall damage index of the buildings;

- Endurance time of the buildings for the considered

record.

Endurance time method is a technique for evaluating or
comparing seismic performance of buildings. In this method
the assumed structure is analyzed under an increasing
acceleration to calculate the maximum tolerable time of
the record, which is named as endurance time. Damage
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index of structures can also be applied for the evaluation of
comparison. For this, the record is applied to the structure up
to the time, in which the acceleration is equal to Code-2800
design base acceleration. Then damage index of the whole
structure is calculated.

For each case, comparing results of the two buildings
(controlled on the basis of experimental and analytical
period) shows that application of the analytical period leads
to a better structure, regarding that it has lower weight, lower
damage index and higher endurance time.

Therefore, it is suggested to use analytical period of
vibration for satisfying drift controlling criteria to achieve
structures with better seismic behavior and less weight,
specially in steel structures. However, application of
analytical period for concrete structures does not necessarily
leads to structures with better seismic behavior but
always gives a more economical structure with the same
performance.

Keywords: Seismic behavior, Drift controlling criteria,
Damage index, Endurance time, Time history analysis
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Analytical and Experimental Study of
Confined Masonry Buildings

Sassan Eshghi

Associate Professor, Structural Engineering Research Center
s.eshghi@iiees.ac.ir

Behrang Sarrafi

Structural masonry systems are widely used in many
countries for low- to medium-rise buildings. In such
buildings, the masonry walls act as structural elements to
resist and transfer both horizontal and vertical loads. Among
these systems, confined masonry is a method employed in
many regions. Confined masonry walls are usually confined
by specific elements called ties. These elements can be made
of various materials such as reinforced concrete, steel, or
wood, but reinforced concrete is the most common material.

The purpose of the research is to study the seismic
behavior of confined masonry buildings. A series of tests
were conducted on seven confined masonry walls under
cyclic lateral load. The walls are designed according to the
Iranian Seismic Code, which represents a typical qualitative
code for masonry structures (similar to the Chilean and
Turkish codes). The walls, all parts of which (including the
bricks) are assigned a scale of 1:2, are subjected to lateral
cyclic loading.

Most masonry codes specify that all head joints are to be
filled with mortar. However, head joints are often not filled
in many non-engineered structures. To study the behavior of
such structures under lateral loads, the first two specimens
were constructed without filled head joints. Moreover, the
bricks were not soaked in water, as this is also common
in most non-engineered structures. The total vertical load
applied on both specimens was 2 tons.

The main difference between the third and fourth
specimen and first two was that the head joints were filled
with mortar in them. Moreover, all bricks were soaked in
water before constructing the wall. These modifications
made the connection between the bricks strong enough that
cracks did not propagate strictly through joints. The amount
of vertical load on the third specimen was 2 tons and on the
fourth one was 4 tons. Three confined masonry walls were
constructed with the same dimensions including a central
opening to act as a window. In one of the specimens, the
lintel was expanded and connected to the vertical ties. The
dimensions of the window opening in the half-scale model
were set at 60 cm in length and 45 cm in height. All bricks
were soaked in water before construction and the head joints
were filled with mortar. Thus, the construction details of
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these specimens and the amount of vertical load (2 tons)
were similar to that of third specimen.

A series of material tests were performed in this study to
determine the properties of the bricks, mortars and concrete
according to ASTM standards. Two or three specimens were
made from each batch of mortar using standard 50x50x50-
mm cubes. In addition, 16 standard cylindrical specimens
were made from different concrete batches. Four masonry
prisms were constructed and tested in a universal testing
machine to measure both the compressive strength and the
modulus of elasticity of the masonry. Other samples were
tested using another machine that measures only ultimate
compressive strength.

The test results indicate that minor changes in the
construction of confined masonry walls will considerably
affect their behavior under cyclic loads, and imply that more
experimental studies should be performed to enable code
provisions to consider different circumstances as affected
by local worker skills, material properties, and construction
methods.

Then a computer program, TNO DIANA, is used for
finite element modeling of confined masonry walls. Macro
modeling approach is adopted for modeling masonry panel.
Eight noded quadrilateral element CQ16M is used to model
RC bond beams, tie columns and masonry panel. The
CQ16M is a regular plane stress element (sometimes called
a membrane element) which must be thin and the load must
act in the plane of the element.

Modeling parameters are estimated by material tests. The
models are validated with the results of the tests performed
on confined masonry walls. Proper modeling parameters
for concrete ties and macro modeling of masonry panels,
which are estimated by material tests, are introduced for
specimens. The results obtained from the models match the
experimental results quite well. The results are adopted to
introduce a backbone model to predict the lateral strength
and deformation capacity of confined masonry walls. The
proposed model is validated by modeling a building. The
shaking table test results have been reported in literature.

Keywords: Confined masonry buildings, Seismic behavior,

Experimental studies, Finite element modeling, Backbone
model, Cyclic loading
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Seismic Behavior of Tunnel Form Concrete
Building Structures

Sassan Eshghi
Associate Professor, Structural Engineering Research Center
s.eshghi@iiees.ac.ir

Alireza Tavafoghi

Tunnel Form Buildings are used in the building of
many residential, commercial or office complexes. This
type of buildings is built in many countries such as Iran
due to satisfactory performance during past earthquakes,
industrialized modular construction technique, low cost
and also saving in construction time. The idea of this
construction technique came up in the early 1950s due to
need for affordable housing in countries affected by war after
World War II. Demand for residential complexes and mass
construction caused that Outinord, a manufacturer based
in France, used this technology for their projects. Because
of their industrialized construction technique, tunnel form
buildings have been increasingly employed in the mass
construction industry in other countries. Nowadays, this
system is usually used for buildings with repetitive plans.

In situ concrete can be poured into two half tunnel to build
walls and flat slabs. These are the main components of tunnel
form buildings. Two halftunnel “L” shape formworks are used
to shape walls and slabs. A story can be rapidly constructed
using a series of these formworks. By using this method
of construction the walls and slabs are poured simultaneity.
Because of three advantages; construction speed, small crew
needed and reducing the total cost, tunnel form systems are
used as an attractive system for low to medium rise buildings.

In tunnel form buildings, lateral loads are resisted by walls,
which act as shear walls. Meanwhile, walls and slabs in this
system have to carry vertical loads. In other words, walls or
shear walls and floor system make the lateral load resisting
system as well as the vertical load carrying system. The
structural components of the tunnel form buildings are made
of'thin concrete plates. Prefabricated meshes are usually used
instead of reinforcements. Practically, a tendency exists as not
to use any boundary zone elements to increase construction
speed. So, the confinement of concrete and ductility level
cannot be defined like other conventional structures.

Recent studies showed that the current seismic codes and
guidelines do not provide sufficient requirements for this type
of building systems. The conventional seismic codes usually
apply the traditional force based design methodology. These
seismic codes did notaddress fundamental period and R factor
for tunnel form buildings clearly, in spite of the fact that these
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parameters are directly used to compute the design base shear.

In this study, an attempt is made to evaluate the behavior
factor of the tunnel form buildings according to ATC-63. An
experimental study included two three-story 1/5-scale of the
tunnel form building, was done. The results of experimental
study were used to decrease the level of uncertainty and to
calibrate the FE models. In addition, a better understanding
of the failure mechanism was achieved. Then a database of
five practical plans was created with different height from
15m to 45m and ATC-63 methodology was employed to
evaluate R factor for this type of buildings. It seems that
R=4 can be used as a reliable response modification factor
for tunnel form buildings where design requirements of ACI
318-05 (ACI 2005) and ASCE/SEI 7-05 for bearing wall
system except of the boundary zone check, are fully satisfied.

It should be noted that the limitation of building height
up to 160 feet (60m) in ASCE/SEI 7-05 is important
for bearing wall systems, due to not enough margined
of ACMR to the critical value. However, more studies
should be undertaken with more different plans and more
variety of building heights to represent the accurate R
factor. Furthermore, the effect of some provisions like
minimum of rebar percentage in shear walls, detailing of
reinforcements to achieve ductility in slabs, providing the
boundary zone in shear walls and some limitations on size of
structural members should be considered in future studies.

Keywords: Tunnel form buildings, R factor, Seismic

behavior, Cyclic loading Test, Forced vibration test, Shear
wall, Concrete nonlinear behavior
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A Comparative Study on Seismic Demand of
External Shear Keys in Normal and Skewed
Reinforced Concrete Highway Bridges

Afshin Kalantari
Assistant Professor, Structural Engineering Research Center

Seyed Mohammad Javad Foroughi

Skewed bridges are popular structures in urban areas.
The geometry of the structures induces coupling of dynamic
modes during vibration. As a result, considerable rotation of
deck is observed in the earthquakes as the principal mode
shape of the structure. This may result in large displacements
at the corners of the deck which are followed by severe
damage to this type of highway bridges, mainly on shear
keys which is then followed by damage to abutments or piers
due to propagation of cracks during strong earthquakes.

In order to decrease the damage level and enhance the
seismic behavior of the deck corners of this type of bridges,
an acceptable performance of shear keys is required. External
shear keys are commonly employed in bridges.

First part of this research investigates the effect of shear
key strength on seismic demand of selected skewed highway
bridge in various skewness angels. Shear keys are considered
as springs with a tri-linear force-deformation (Hysteresis)
behavior. To compare the results, shear keys with different
strength are considered in modeling procedure of various
skewed highway bridges. Selected bridges are modeled by
dual-beam stick method and are subjected to San Fernando
ground motion record for a three dimensional nonlinear time
history analysis.

A new steel shear key with friction mechanism to
dissipate energy during strong excitation is proposed in the
next part of this study. A model of behavior of the proposed
system is developed in OpenSEES.

The comparison of the results for different skew
angles and earthquakes shows that the numerical model
of the proposed system is capable of reducing the seismic
displacement of deck and the rotation of the structure is also
controlled accordingly.

Keywords: Shear key, Highway bridge, Nonlinear time
history analysis, Energy dissipation device
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Seismic Retrofit of Cap Beam in
Conventional Highway Bridge Bents

Akbar Vasseghi
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Mohammad Kazem Bahrani, Mahdi Soltani

An experimental study was carried out to assess the
seismic performance of the commonly used multicolumn
pier bents. Observing the real performance of the bent,
capturing undesirable failure modes, verifying current code
requirements and evaluating different retrofit methods were
the main goals of the study. Based on field investigations,
30% scaled specimens were designed, constructed and tested
under simulated earthquake loads. Two types of specimens,
type A and B, which represent the design practice in the past
two decades were tested. Figure 1 shows the test set-up.

The results indicated that the joint failure and the slippage
of longitudinal bars within the joints were the predominant
failure modes under lateral cyclic load. The slippage of
column’s longitudinal bars was the main contributing factor
for the pinched hysteresis response in the as-built specimens.
Bar slip problem observed in all the joints in specimen type
A and in the exterior joints in specimen type B. Figure 2
shows pictures of the as-built specimens after the test.

Retrofit methods were based on two main concepts. The
first concept was the columns flexural weakening to reduce
demands on the joints and cap beam. The second concept
was the external prestressing of the joints to prevent slippage
of the column bars in the joints. In spite of decrease in
lateral strength, the weakening retrofit method, enhanced
the seismic performance criteria and increased the ductility,
energy dissipation capacity and hysteretic damping ratio.
The external prestress retrofit method was very effective in
improving the lateral strength and seismic performance of
the bents. This method is considered to be a more desirable
retrofit method. Column bar slippage did not happen, plastic
hinges formed in the columns and the joint remained elastic
and the desired hierarchy for plastic mechanism observed.
Figure 3 shows pictures of the retrofitted specimens after
the test.

The following main conclusions are drawn from the
experimental study:

1. Contrary to the requirements of the current bridge
design philosophy plastic hinge did not form in the
columns of the as-built specimens.

2. Bond failure of longitudinal column reinforcement is
the predominant failure mode in the as-built specimens
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RC Dual Ductility Mode Shear Walls
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Shear walls are among the most common lateral load
resisting systems in medium height buildings. This is due,
mostly, to their ability in providing the required level of
lateral stiffness and strength for the structure. However, shear
walls are not considered as efficient structural component if
ductility is the major concern. The fact is, in a tall shear wall,
formation of plastic hinge happen only in a fraction of the
height of the wall and ductility resources of the rest of the wall
remains, mostly, untapped. The experiences with coupled
and slit shear walls have shown the potential of dispersion of
inelastic behavior over the height of the wall, causing more
desirable ductile behavior and a better crack pattern for the
whole system. Intuitively, the same concept can be extended
to the shear walls with openings. In such cases, both flexural
and shear ductility capacity of the system can be efficiently
used at the base and over the height of the wall, respectively
to provide us with a dual ductility mode shear wall. Note
that from the static’s viewpoint the notion of dual hinges is
nearly unthinkable. In order to investigate the feasibility of
formation of shear hinge around the openings, a series of
inelastic dynamic analysis have been carried on analogous
truss model of a shear wall with several openings. Despite
the constant total input energy, the results indicated that the
amount of dissipated energy at the lower part of these walls
was decreased to about two-third the value of ordinary shear
walls. Consequently, the ductility demand recedes at the
base plastic hinge and the required reinforcement detailing
becomes simpler. However, marginal gains were observed in
the structural response such as base shear and moment, inter-
story drift, and story displacement. Moreover, an algorithm
was proposed to calculate the time history of damping ratio
during the dynamic loads. It is indicted that the damping
ratio of shear wall with openings is much more than the one
for ordinary shear walls. Using several openings in the wall
can not only raise some practical problems, but also may
be impossible for some cases from the architectural point
of view. In order to solve this problem, a shear wall only
with one opening is assumed. In this wall, two flexural and
shear plastic hinges can be formed at the base and around
the opening, respectively. As the nature of external seismic
loads is dynamic and the location of the point of force
application is varied along the height, a fraction of input
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energy can be dissipated in the altitudinal plastic hinge in
few time intervals. Consequently, the ductility demand at
the base of the wall will be reduced. This altitudinal plastic
hinge can locally exhibit flexural or shear behavior. Due to
complex reinforcement detailing needed for providing the
flexural ductility around the opening, shear plastic hinge
is considered in this research. In this regard, a parametric
study was done to determine the location of opening over the
height of the wall, which was led to some relations. In order
to assess the validity of these relations, a series of sensitivity
analyses were performed on several walls with different
opening location under some earthquake loads. It should be
noted that, it is of great importance to determine the exact
capacity of altitudinal shear and base flexural plastic hinges
for creation of a dual ductility mode shear wall. Furthermore,
the philosophy of methods which estimate shear capacity is
based on the lower bound theorem and completely different
from the one for flexural capacity. Subsequently, these
methods can not be useful for designing shear plastic hinge in
dual ductility mode shear walls. Therefore, the best choice to
find out the real capacity is performing experimental studies
on this kind of hinges. The results show extra-estimated
capacity which should be decreased by useful proposed
solutions. The unique specificities of these experiments
are the simple loading setup which can easily simulate
the situation similar to pure shear loading and a proposed
reinforcement details surrounding the opening. At the end,
seismic performance of a dual ductility mode shear wall was
studied using finite element analysis. The results revealed
that despite a small reduction in the strength of shear wall
with proposed reinforcement details around the opening, the
crack patterns distributed more uniformly and the ductility
increased compared to ordinary shear walls.

Keywords: Shear wall, Dual ductility, Opening, Equivalent
damping ratio, Experimental study, Extra-estimated shear
capacity
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Analysis of the Seismic Behavior of a
Single Deck Floating Roof Storage Tanks

Mohammad Ali Goudarzi

Assistant Professor, Structural Engineering Research Center
m.a.goodarzi@iiees.ac.ir

Liquid-roof interaction imposes a complicated distribu-
tion of out-of-plane deformation on the single deck
type floating roof (SDRF), which is the main source of
considerable seismic stresses in floating roof. In the first
part of this research, an analytical solution for evaluating the
dynamic interaction between the liquid and the floating roof
is developed. Main physical and geometrical parameters
are involved by the proposed analytical solution (PAS) for
evaluating the seismic stresses of a single deck floating roof
tanks (SDFR). The results of PAS are compared with the
results of existing empirical formulas for various dimensions
of SDRF tanks.

In order to assess the validity of PAS for various sloshing
wave height, a numerical model based on finite element
method is established and the PAS results are compared
with the finite element method (FEM) analysis results. The
PAS predictions are in very good agreement with both the
available empirical formula and the numerical model results.

In the next part of this research, second mode sloshing
motion induces the vertical out-of-plane deformation of
deck plate in single deck floating roof (FR) cylindrical
storage tanks. This vertical deformation tends to shrink
the deck plate in horizontal direction, causing elliptical
deformation of pontoon. In order to evaluate seismic stress
caused by the second sloshing mode, the relation between
out-of-plane vertical deformation of deck plate and the
radial shrinkage of pontoon is required. A simple analytical
approach is proposed here for calculating the shrinkage
of the pontoon. The numerical analysis is also performed
for five tanks with various dimensions to assess the
effectiveness of introduced new method. The accuracy of
proposed formulation is confirmed by comparing its results
with the results of both numerical analysis and available
experimental measurements.

Despite existing empirical formula, geometric character-
istics of considered tanks are involved in proposed
formulation and it is shown that final relationship could
be utilized for various ranges of tank dimensions without
scaling or unit limitation. It is also found from the results
of numerical analysis that the dynamic characteristics of
sloshing modes are not considerably affected by the presence
of floating roof.
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Investigation of Seismic Behavior of Double
Deck Floating Roof Storage Tanks

Mohammad Ali Goudarzi

Assistant Professor, Structural Engineering Research Center
m.a.goodarzi@iiees.ac.ir

Sloshing response of a cylindrical liquid storage tank
with the Double Deck type Floating Roof (DDFR) subjected
to seismic excitation is considered in this report. In the first
part of this research, a numerical method including fluid-
structure interaction and the geometry details of a DDFR
tank is established. The geometric nonlinear effects on the
seismic behavior of the DDFR as well as the accuracy of
analytical solution suggested in the literature are examined
by the numerical model. The numerical results show that
the geometric nonlinear effects can considerably reduce the
seismic stress in DDFR, but have no significant effect on the
liquid hydrodynamic pressure exerted on the DDFR and the
roof’s vertical displacement (Fig.1).

It is also revealed that for seismic design of DDFRs,
not only the general displacement of DDFR should be
considered, but also the local effects of liquid hydrodynamic
pressure on the bottom plate of the floating roof should be
taken into account.

Finally, the design procedure for evaluation of dynamic
stress in the floating roof storage tank is considered. Two
new seismic design procedures are proposed to evaluate
the seismic stress for both Double deck and Single Deck
Floating Roof (SDFR) . In the case of SDFR, the relationship
between vertical deformation of the deck plate and the
radial shrinkage of the pontoon, as well as the estimation
of the nonlinear behavior of the free surface are revised.
Moreover, the attenuation of the sloshing wave height due to
the presence of a SDFR is analytically evaluated. A design
flowchart according to the new method is suggested. That
emphasizes on the nonlinear effects of large amplitude wave
for the smaller capacity tanks, and the seismic stress caused
by the second sloshing mode for broad tanks (Fig.2).

Keywords: Sloshing, Seismic design, Double deck
Floating roof, Numerical modeling, Single Deck floating
roof
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Fig.1. The maximum value of the analytical and numerical results for hydrodynamic
pressure and liquid sloshing height
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A Study on Implementing Neighborhood
Self-Help Planning for Sustainable
Earthquake Disaster Reduction

Yasamin O. lzadkhah
Assistant Professor, Risk Management Research Center
izad@iiees.ac.ir

Mahmood Hosseini

Evidences obtained from various earthquakes in different
countries show that most of the time, local people, especially
neighbors, are among the first to help those who need rescue
and relief in the immediate aftermath of major earthquakes.
On this basis, conducting studies is necessary to educate
and activate local people and train selected representatives
in each community in order to increase their mutual
cooperation with the local government before the event
as well as to establish or upgrade their capability to help
themselves much more effectively, before and particularly
after the event, in the time interval between the earthquake
occurrence and when the rescue and relief teams reach the
stricken area. In this project, first the concept of community-
based disaster management is explained and then a review
of related literature and the information gathered from the
available resources has been presented. In order to identify
the strengths and weaknesses of the people’s participation,
their confrontation with major earthquakes in the country
and the related consequences have been addressed. Also,
educational facilities and the public awareness capabilities
available in the country, which can be used for the
development and implementation of the neighborhood self-
help project, have been addressed. A list of prerequisites
for neighborhood sustainable planning has been presented
and a framework for community disaster management
as well as the responsibilities allocated to families in a
neighborhood, and what they should do after earthquakes
has been presented in the most probable scenario. In this
regard, it can be concluded that with the existing facilities
in Iran and experiences gained from previous earthquakes,
the implementation of this project is feasible and applicable
in the country. However, still there still might be problems
in achieving this goal, such as convincing people for
implementing this project and the required guidelines and
information provided in it. Although, in order to overcome
this problem, the roles of social science experts as well as
the mass media are of key importance.

Keywords: Self-help, Risk reduction, Earthquakes,
Neighbors, Sustainable planning, Neighborhood council
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Compiling a Support Document for
Conducting a Multi-purpose Educational
Software on “Earthquake and Safety”

Farrokh Parsizadeh
Research Associate, Risk Management Research Center
parsi@iiees.ac.ir

Mohammad Reza Abbassi, Mahmood Hosseini, Vida
Heshmati, Maryam Rafiei

In addition to public media, multi-purpose educational
software is one of the most important tools, which beside the
entertainment can cover different audiences in educational
fields. They can even provide and share the events which
in normal situations are either impossible or difficult to
experience. On the other hand, public education specialists
believe that simplification of concepts, which can affect our
daily life, should be considered as one of the priorities in
education process. Earthquakes which seem to be one the
most complex natural phenomenon will affect all segments
of society regardless of social levels. Thus, in order to
reduce earthquake casualties, people should be aware on
earthquake and safety educational concepts in a simple and
understandable language.

This project consists of four main sections with objectives
of how to reach a high-quality education on earthquakes
as well as methods to increase the knowledge of the target
groups on earthquake safety concepts. The project starts with
illustration of the formation of Big Bang and Milky Way
using images in a simple language, and then the structure
and different parts of the Earth has been discussed. The main
factors of earthquake occurrences, their direct and indirect
effects on buildings, roads and our daily life are presented in
this project by making references to the number of previous
earthquakes. Finally, the ways of how to become secure
against earthquake damages has been discussed in the last
chapter of this report.

Keywords: Earthquake, Faults, Earthquake safety, Multi—
purpose educational software
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Developing Seismic Human Loss Model
(Case Study: a District of Tehran)

Babak Mansouri

Assistant Professor, Risk Management Research Center
mansouri@iiees.ac.ir

Mohammad Reza Ghaemaghamian,
Kambod Amini Hosseini, Naeimeh Govahi

The annual seismic loss is an increasing figure in
the world. This is mainly due to the presence of old and
vulnerable urban fabrics and the result of continuous
growing number of low standard construction within
earthquake prone zones. This fact is even more important for
Iran and its large urban settlements such as Tehran where the
number of old vulnerable settings is high. In an effective risk
and disaster management system, it is essential to compile
“element at risk” data sets and their associated vulnerability
functions. The “elements at risk” can be briefly described
as the building inventories, infrastructure systems and the
population. Estimation of the urban building damages lead
to the assessment of human losses. Such information is
fundamental for planning the preparedness phases and also
to devise proper emergency responses schemes.

Unfortunately, minimal works were reported regarding
the development of building loss and human casualty
functions or models for Iran. In this research, considering
the domestic conditions of the country and the availability of
spatial data and information, a human loss model is devised
according to an event tree model (inspired from the HAZUS
program) for Iran, specifically for Tehran. In this line, a
multi-facet algorithm is developed to estimate the human
loss. Then, the results are compared and adjusted with the
findings associated with the building damages and casualties
of the Bam earthquake of 2003. For this, it was necessary
to compile and process the data gathered for the Bam event
from different sources. In order to complete the building
database with individual building information, Very High
Resolution (VHR) optical satellite images and aerial photos
were merged with survey data and stored in GIS format.
This information is used to calibrate the proposed human
loss model.

Finally, considering the availability of spatial urban data
and proper attribute information, a study area within Tehran,
the municipality district 17 is chosen for implementing the
model. Considering an earthquake scenario and applying
the empirical function of Bam and taking into account the
residential population of 254463 for the study area, the
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number of killed, seriously injured and slightly injured or _J& 455 gl (Babaiis slass g oog oaiws,loie Ly 398 b
healthy. people are estima.ted as 293:57, 15580 and 89.988, SRy (oWl g0 oy ki (pelna it 3lo) 8o e
respectively, for the daytime scenario. And, for the night- . .
time case, these numbers are 49639, 26344 and 152150 SR e b o sl
respectively. These figures are highly alerting. Considering

the nominal construction typology, the unreinforced «sl> Ol sy las o pae lmn Co poe 1 guads sLaejly
masonry, the count of the killed people is many times folds S| cs 58 Jow arer § pdycamw] wlals
the results suggested by HAZUS.

Keywords: Disaster management, Risk management,
Human casualty, Population vulnerability, Event-tree model
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A Survey on Correct Dissemination of
Information in Bam Earthquake

Farrokh Parsizadeh

Research Associate, Risk Management Research Center
parsi@iiees.ac.ir

Access of information as one of the most critical elements
during an earthquake will be difficult when it is most
needed. Mass media are considered as one of the most basic
links between people, decision makers and rescuers during
earthquakes. Despite December 26, 2003 Bam earthquake
has resulted in lots of human casualties, social, cultural
and economical losses, in the same time, it has provided
a good opportunity for media to review and evaluate the
process of information during the earthquake. In the this
project, the role of media before and during an earthquake
has been reviewed, and then the provided information by
four newspapers for the period of one week after Bam
earthquake, and its comparison with six other earthquakes
has been discussed. The content of four newspapers in
seven earthquakes during the past two decades has been
analyzed. In order to understand more about social effects
of earthquake on people’s life, interviews were done with
the affected people and experts and questionnaires were
distributed among citizens of Bam. Moreover, the contents
of 52 editions of a local newspaper in Bam which had been
published for period 30 months, were analyzed. The first
findings of this project show that delay on rescue operations
in Manjil and Bam earthquakes was due to the lack of proper
information flow, inaccurate, precise and fast, presented by
the organization in charge of announcing the earthquakes.
Due to inaccessibility of people to media during the first
three days of earthquake, face to face communication was
the primary method of dissemination of information among
the affected population in the area. The results indicate that
due to the lack of a documented sample for information
dissemination, thie process was done based on local
experiences and in error.

Keywords: Earthquake, Dissemination of information,
Mass media, Preparedness
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Developing a Methodology for Evaluation of
Vulnerable Urban Areas in Seismic Prone
Areas, Tehran Case Study

Kambod Amini Hosseini

Associate Professor, Risk Management Research Center
kamini@iiees.ac.ir

Mohammad Reza Ghaemaghamian, Babak Mansouri,
Solmaz Hosseinioon

Old urban fabrics are known as the most vulnerable areas
in seismic prone countries. However, the vulnerability of
urban fabrics to potential earthquakes is not only related
to construction conditions of buildings, but several other
parameters including seismic and geological hazards level,
site effects, physical vulnerability, social condition and
disaster management capacity, may affect the vulnerability
of urban areas. In order to evaluate the impacts of these
parameters and estimate the integrated vulnerability at each
urban fabric, it is essential to study their effects separately
and then compile them, using appropriate weighting factors.
In this report, the seismic vulnerability of Tehran is evaluated
considering some of these parameters and then the results
will be compared with the existing plans and programs for
rehabilitation of the city. The results show the plans that
are prepared merely based on physical vulnerability, are
unable to properly identify the priorities for rehabilitation
of urban fabrics and it is necessary to consider the impacts
of earthquake parameters and socio-economic conditions
for improvement of the vulnerable areas as well. For this
purpose, based on global experiences and using the results of
a survey conducted to evaluate the views of relevant experts,
anew method for assessing the vulnerability of urban fabrics
is presented and compared with classical methods.

Keywords: Vulnerability, Urban fabrics, Criteria,
Earthquake, Rehabilitation, Renovation
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An Evaluation of the Applicable Methods
in Teaching Earthquake Issues to
Preschool Children

Yasamin O. Izadkhah

Assistant Professor, Risk Management Research Center
izad@iiees.ac.ir

Vida Heshmati

Earthquakes are among one of the most threatening
natural disasters in Iran which cause unpredictable
casualties and irreparable economic loss every now and
then. An assessment of these kinds of disasters reveals that
children are one of the most vulnerable groups in the society
in the time of earthquakes. The vulnerability of children
as well as the necessity of conducting activities to teach
about earthquakes as well as getting prepared against its
consequences, resulted in teaching issues on earthquakes to
children, administrators and instructors. In this regard, an
evaluation of the educational methods and the contents are
very important.

In general, the main objective of this project is to create a
safety culture. Other objectives are as follows:

- To assess various educational methods of “Earthquake
and Safety” to preschool children;

- To familiarize children with the “Earthquake and
Safety” issue;

- Toincrease the awareness and knowledge of kindergarten
administrators and teachers on “earthquake and Safety”
1SSUue;

- To increase the awareness and knowledge of parents on
“Earthquake and Safety” issue.

In this project, various educational methods such as
puppet shows, storey telling, singing and music, drawing
and discussions are assessed, and recommendations have
been suggested based on the results in order to facilitate
teaching process in the preschool level. In this regard, first of
all, the importance of teaching earthquake issues to children
as well as the aim of teaching preparedness and ways to
achieve this, have been addressed. Then, the method for
teaching “Earthquake and Safety” in preschool level has
been presented. The background of holding “Earthquake and
Safety” drills, the aim, as well as the educational activities,
tools and products have been introduced. Previous studies in
Iran and few other countries in regard to teaching earthquake
issues to preschool children are also stated. Later, the
methodology and data analysis have been presented. A
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statistical sample has been selected from few kindergartens.

Children have been taught by various methods which have
been evaluated afterward. Also the teachers’, administrators’
and parents’ points of view have been addressed and noted.
A lesson plan regarding “Earthquake and Safety”” which has
been taught to children in one of Iranian kindergartens is also
presented. The observations made by the project manager
and the colleague in the classrooms are also addressed. In
regard to educational and art activities, few cases are also
addressed. At the end, recommendations have been made in
order to facilitate and expand the results of this project in all
kindergartens of Iran to prepare children about earthquake
issues before its time for them to attend school.

Keywords: Children, Teaching “Earthquake and Safety”
issues, Preschoolers, Educational method, Iran
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Design and Development of a Mobile-GIS
System for Coordinating Emergency Tasks
and Field Surveys in Iran

gy i 4o

Babak Mansouri

Assistant Professor, Risk Management Research Center
mansouri@iiees.ac.ir

Kambod Amini Hosseini, Naeimeh Govahi

Most of the urban settings in Iran are vulnerable to
potential earthquakes. Past disastrous earthquakes have
resulted in high economic losses and human casualties.
In order to mitigate the seismic risk, it is of considerable
benefit to exploit applicable advanced technologies.
The development and the use of novel and intelligent
systems, for rapid allocation of resources and also in data
communication between the agents, help in planning and
harmonizing between various human activities (i.e. search
and rescue) in chaotic situations. Also in routine field survey
(before event) operations and reconnaissance missions (after
event), effective strategies must be sought in collecting
urban information (rapidly with minimal overlaps between
activities) and in developing precise and reliable databases.
The proposed system benefits from the capabilities of
mobile computing including GIS functions with GPS and
data communication with the central system for the purpose
of geo-database development.

For the purpose of evaluating the system, a case study was
conducted for some random locations within Tehran. The
inventory database was developed according to the recorded
electronic forms (e-forms) and the wireless communication
was made possible using the GPRS mobile network.

In this report, first the general requirements and the
feasibility study is conducted. In the second chapter, the
literature survey presents excerpts of the breakthroughs in
recent mobile-GIS projects. The generation of the electronic
form and the compilation methodology of the geodatabase
are discussed in the third chapter. According to the need
and the availability of the networks and communication
infrastructures, two methods of database updating, based
on offline and online communications, are explored and
instructed in chapters four and five.

Keywords: Disaster management, Mobile-GIS,
Geodatabase, Online monitoring, Online communication
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An Assessment of Women’s Constructive
Role in Earthquake Disaster Mitigation

Yasamin O. Izadkhah
Assistant Professor, Risk Management Research Center
izad@iiees.ac.ir

Katayoun Jahangiri

Women play an important role in life management,
economy of the family and building the societies. An
overview of the past and recent worldwide research shows
the key and effective role of women in the decision-making,
design and planning in risk reduction programs. Part of
these activities such as, their role in cooperation in design,
decision-making and planning, learning about disasters
and its consequences, cooperation in various stages of
disaster management cycle, resettlement and organizing
the activities etc, is discussed in this project. In general,
natural disasters can affect all people including women.
In this regard, women confront a dual position, sometimes
due to their vulnerabilities and sometimes because of the
possible opportunities to use their capabilities. Experience
and evidence have shown that women could manage to
survive the disastrous consequences of a disaster such as
earthquakes, floods or hurricanes, etc. In one hand, women
can present a very important role in disasters due to their
special characteristics and at the same time, they can be a
victim of physical and mental vulnerabilities.

In this study, women vulnerabilities in disasters as
well as their capabilities to confront natural disasters such
as earthquakes are addressed, respectively. A qualitative
focus group discussion and deep interview study has been
performed in six steps. It was tried to present the strengths,
weaknesses, opportunities and threats of women’s role in
disasters with regard to their vulnerabilities and capabilities
at the same time. At the end, few suggestions have been
provided briefly for making women more capable in risk
reduction issues in probable future disasters. Few of these
suggestions are as follows:

- Creating a culture of awareness and self-belief in wom-

en in order to involve them in active cooperation;

- Promoting awareness belief in disasters through scien-
tific principles which cause disasters;

- Giving priority to earthquakes and their disastrous con-
sequences and the main role that women can play as the
key person in their families;

- Making women more visible in disaster management
fields;

- Strengthening community based organizations related
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to women and disasters;

- Understanding the beliefs and differences between
urban and rural women in regard to disasters which
match their settlements, roles and responsibilities;

- Attracting interested women in social activities related
to awareness and disaster issues.

More suggestions can be found in the final detailed report

of this research.

Keywords: Women, Vulnerability, Earthquake, Disaster
Management, Capabilities, Risk reduction
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Urban Seismic Safety against Earthquake
(Case Study: District 17 of Tehran)
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During the recent decades, the population of urban areas
in most developed and developing countries increased
dramatically. Based on the official UN documents in 2010,
for the first time in the world history, the urban areas
population was greater than the rural areas population.
However, the population growth was not in accordance with
development of urban infrastructures and necessary services.
This caused several socio-economic and physical problems
in many aspects. One of the most important problems of
population growth in earthquake prone countries is related to
increasing seismic risk in urban fabrics. This is mainly due
to construction of vulnerable buildings without sufficient
attention to their resistance to earthquake shaking. During
the recent years, several seismic events occurred in urban
fabrics (such as Bam, 2003 and Haiti, 2010) resulted in
considerable damages and casualties. Therefore, developing
and implementing necessary guidelines and criteria for
renovation of vulnerable urban fabrics is a need in seismic
prone countries.

In this line several studies have been carried out by now
especially in developed countries and some models such as
RADIUS (NORSAR ‘HAZUS ‘MAEViz are prepared. By
using such models, the vulnerability and seismic risk can
be estimated and in case of occurrence of an earthquake,
the potential damages can be assessed. In addition to such
models, some activities are carried out to develop integrated
master plan for disaster management. Such plans have been
prepared in many developed countries such as US and Japan
and some developing countries such as Iran and Turkey.
However, the results cannot be directly reflected into
decisions of relevant authorities as the costs and benefits of
implementing the proposed projects are not very clear.

In this research, it is tried to make an applicable model for
risk assessment and propose the best way for risk reduction
in urban fabrics based on the evaluation of different physical
and socio-economic parameters. For this purpose, the
following aspects are considered:

1- Determining the relevant components of seismic risk
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and vulnerability and assessing their importance;

2- Preparing the integrated model for selecting the best
choices in risk mitigation and disaster management
activities in urban fabrics;

3- Developing necessary model for land use planning in
earthquake prone urban zones;

4- Applying the model on pilot areas.

In order to conduct the study, at first all elements of
hazards and risk in earthquake prone urban areas were
gathered and evaluated and based on expert judgment (by
filling and analyzing questionnaires) their importance were
determined and weighted. Based on the results, it was shown
that the most important parameters of seismic risk in urban
fabrics are life safety, vulnerability of built environment,
ground motion and rescue and relief capacities. Then based
on the importance of these parameters, the best solution
for reducing the impacts of earthquakes were studied. For
this purpose, the potential damages and costs of retrofitting
the vulnerable fabrics are estimated and a new model for
determining the best choices for risk mitigation is developed.
This model shows which type of risk reduction measures
can be applied based on the vulnerability level and available
funds. For example in case of limited budget available, the
best choice for risk reduction is improving the rescue and
relief capacities in urban fabrics, while in case of access to
considerable funds, the best choice could be retrofitting of
vulnerable buildings to save lives.

Another model that is developed in this study is related to
land use. This model can predict the best types of land uses
based on their services and exposure to potential hazards.
By using this model, the appropriate land uses in different
urban fabrics can be assessed. This model can be applied to
existing urban fabrics to change some of the land uses for
reducing the total risk of the zone.

Finally, the results of this study have been applied to a
part of District 17 of Tehran Municipality that is one of the
most vulnerable urban fabrics to potential earthquakes in this
city. The results show that the proposed method can predict
the impacts of potential earthquake and can propose the best
methods for risk reduction and disaster management based
on available budget that can be allocated for such activities.

Keywords: Risk, Earthquake, Urban risk index, Land use,
Earthquake risk mitigation, Optimization
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Developing Urban Growth and Improvement
Criteria in Earthquake Prone Zones

Kambod Amini Hosseini

Associate Professor, Risk Management Research Center
kamini@iiees.ac.ir

Mohammad Kazem Jafari,
Mohammad Reza Ghaemaghamian, Babak Mansouri

Iran’s vulnerability to earthquakes is a living fact
throughout the history which has caused the destruction of
many human habitats in this country. As a historical country,
most of the cities are covered by weak and old structures
and urban fabrics that are highly vulnerable to earthquakes.
The city of Bam which was demolished by the earthquake of
26 December 2003 is a typical example of old urban areas
in Iran. More than 26,000 lost their lives and many more
got injured and the effects of the event is still observable in
the area. Destruction of most of the infrastructures, public
buildings, hospitals, schools and several cultural heritage
buildings including the Bam Citadel with around 2500 years
of history were some of the impacts of this disaster.

Besides the existing old structures in Iran’s cities, the
rapid growth of urbanization and lack of strong regulations
for managing the urban development in the previous decades
as well as immigration of low income residents of rural
areas towards the bigger cities can also be considered as
other reasons for expansion of vulnerable fabrics in Iranian
urban areas. Therefore, with the growth of urbanization,
recognizing the criteria to reduce the seismic vulnerability
in urban fabrics is critical.

This report presents the results of a research carried out
with the purpose of preparing necessary criteria for urban
areas renovation and development in earthquake prone
zones. The research topics include three main branches
which were reflected into three chapters as follows:

- Criteria for development around geological hazards
prone zones and unstable grounds: In this chapter
having a look on the main challenges observed by geo-
hazards in urban fabrics, some criteria were presented for
reducing their potential impacts. In this case, the impacts
of ground motion amplification, landslide and rock-falls,
liquefaction, land-subsidence and fault rupture were
studied and relevant criteria presented to reduce their
potential impacts in urban areas.

- Urban fabrics, physical forms and patterns: The impacts
of vulnerability of urban areas due to their physical
conditions and built environment were presented in
the second chapter. For this purpose, some of the most
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important urban planning elements including distribution
of open spaces, urban elements settings, vulnerability of
infrastructures and old urban fabrics as well as density
and land-use were considered and some criteria for
improvement their conditions were presented. In each
topic, based on evaluation of the impacts of experienced
large earthquakes which have occurred during the last
two decades in Iran, some guidelines were presented for
improvement of the physical and functional capacities of
urban fabrics in seismic prone zones.

Emergency response facilities: Selecting safe sites
for development and considering the optimal size and
location of emergency response stations based on the
hazard levels as well as upgrading the capacities of the
response activities are some of the main issues that were
considered in this chapter. Because of their importance in
saving victims’ lives after earthquakes, this research was
directed towards studying the main emergency response
activities, including search-and-rescue, emergency
medical care, emergency transportation and evacuation.
For this purpose, the experience gained in previous
earthquakes in Iran was described in the report, and
relevant guidelines and criteria were proposed in order
to improve rescue and relief activities after earthquakes.

The results of this study can be incorporated into the

development plans of urban areas in seismic zones in order

to

ensure sustainable development or reconstruction of

the cities as well as to assure the efficiency of emergency
response after earthquakes. It seems that by applying the
presented criteria into the master and comprehensive plans
of urban areas, the risk of earthquake and its impacts can

be

reduced to an acceptable level. However, applying such

measures needs some cost-benefit analysis based on the
available resources and selected priorities.

Keywords: Urban growth, Earthquake prone zone, Iran
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