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unrealistic predictions of the response and strength of
steel structures.
The objective of the current study is to evaluate the effects of this partial rigidity of the beam-to-column connection on the actual behavior of steel frame buildings.
Particular attention is devoted to double web angle connections and top and seat angle connections, which are
customary types used in most practical cases. In this paper, some basic concepts related to the beam-to-column
connection, such as xity percentage and end xity factor, are illustrated in detail and then calculated for customary steel frames. For this purpose, particular classes
of braced steel buildings, those composed of three, ve
and eight stories with di erent span length, are mod-
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eled as 2-D frames, and nonlinear static analysis is performed. According to the results, connection xity quantities are less than 10 percent. Also, some changes in
element forces occurred due to the actual semi-rigid behavior of exible connections. Generally, considering the
nonlinear behavior of connections in braced simple steel
frames, the designing forces of beams decrease (up to
18 percent in our models), and the designing forces of
columns increase. These increases in the designing forces
of outer columns, especially in upper stories, are noticeable.
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Simple steel frame, beam-to-column connection, partial rigidity, web angle, seat angle.
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Abstract

One of the most important defects occurring in reinforced concrete structures is the corrosion of reinforcements under undesirable environmental conditions. Various innovative methods have been studied by di erent
researchers to prevent corrosion. If a typical concrete
structure, reinforced by steel rods, encounters corrosive
environments like salts, acids and chlorides for a length
of time, it will lose strength to some extent. In addition, the corrosion of the steel, which is located inside
the concrete, might expand and damage it. Longitudinal rods have larger diameters compared to stirrups and,
therefore, they demonstrate lower corrosion e ects and
are a better alternative. Stirrups with lower diameters
and more proximity to the environment are subject to
corrosion and, therefore, it is better to use FRP stirrups, which are resistant to corrosion. Precast stirrups
have a special manufacturing process and are also expensive and rare. So, using them in small scale projects
is not economic. Hence, it seems necessary to nd a
new method for manufacturing FRP stirrups that is economically viable as well as showing a good performance
under external forces. The present research experimen-
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Abstract

Generally, steel frames are classi ed as rigid, semi-rigid
and exible frames, according to their connection sti ness. But, in the analysis of steel frame buildings, it
is customary to represent joint behavior by an idealized
model, either as a rigid or as a pinned joint. However,
typical connections in actual structures do not behave
in either a perfectly rigid or a perfectly pinned manner.
Previous investigations have shown that most connections in braced simple steel frames using angles do not
behave in a perfectly pinned manner and exhibit some
rotational sti ness. Consequently, an idealized pinned
assumption for these types of connections can lead to
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sponse of a SDOF system with a damping ratio of 5% tally investigates replacing steel stirrups with stirrups
equals the codi ed template design spectrum.
made by FRP laments under cyclic loads. So, three
concrete connections were made and tested. A longituKey Words: Acceleration functions, endurance time, dinal reinforcement with steel stirrups was designed as
wavelet transformation, optimization algorithms.
the reference connection. Steel longitudinal reinforcements were used in all three connections. One specimen of FRP stirrup connections is exactly similar to the
reference. As with the other two FRP stirrup connections, the space between the stirrups is twice that of the
EXPERIMENTAL INVESTIGATION
reference specimen. The stirrups in the last two specimens were made of FRP laments, in the laboratory.
ON CYCLIC BEHAVIOR OF RC
JOINTS USING NOVEL MANUALLY The diagrams of moment-drift, moment-curvature and
moment-strain have been obtained for steel and FRP
MADE FRP SHEAR REINFORCEM
stirrups. Energy absorption and hardness changes have
-ENT COMPARED TO CONVENTI
been calculated for all three specimens. All three stir-ONAL STEEL STIRRUPS
rups went under cyclic loads, and FRP stirrups showed
a better performance compared to steel stirrups.
M. K. Sharbatdar(corresponding author)
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of Civil Engineering
By increasing the number of earthquake records, it has Dept.
Iran
University
of Science and Technology
been made obvious that the dynamic characteristics of
ground motion between di erent stations (even stated
in a speci c zone) are considerably di erent. This distinction is further highlighted in surrounding areas due
to the epicenter. Seismic events all over the world have
shown that ground motion in the vicinity of causative
faults (within a distance of 15 km from the fault) may
be categorized as a large-velocity pulse and a largedisplacement fault, which have the potential to cause
considerable structural damage. Consequently, the main
cause of long-period pulse formation is the cumulative
e ect of shear wave propagation along the fault rupture, according to seismological investigations. Nearfault ground motion is severely a ected by fault mechanisms, rupture propagating directions relative to the site
and, nally, the permanent deformation of the ground.
These parameters create two signi cant e ects; directivity and the ing step, which should be taken into
account when estimating ground motion in the vicinity of causative faults. Forward-directivity depends on
the rupture mechanism and slip direction relative to the
site. It is characterized by a large pulse occurring at the
initiation of the record and oriented in a perpendicular
direction relative to the fault plane. In contrast, the
ing-step is a ected by tectonic deformation in the fault
and commonly generates permanent static displacement,
which occurs parallel to the strike of the fault for strikeslip events, and normal-to-fault direction for dip-slip
earthquakes. In this study, an innovative mathematical model is developed for the prevalent pulse modeling
of near-fault records during the 1978 Tabas and 2003
Bam earthquakes. The proposed model is capable of
simulating the long-period portion of near-fault records
with a high level of precision. Simulated pulses for the
ground motion components of the Bam earthquake and
their elastic response spectra have good compatibility
with that of actual records. Furthermore, the generated
elastic response spectra for the simulated pulse and corresponding characteristics for actual records of the Tabas
earthquake indicate good agreement just for long-period
areas.
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Abstract

Wavelet transform is a mathematical tool which indicates the time variations of frequency in a signal. On
the other hand, the endurance time method is a new
dynamic pushover procedure where the performance is
assessed based on the length of the time interval needed
to satisfy required performance objectives. In this paper,
endurance time acceleration functions (ETAF) are generated for the compatible design spectrum of standard
No. 2800 for soil type (II) with wavelet transform and
optimization algorithms. To generate endurance time
functions, in the rst step, wavelet analysis is performed
to decompose a series of random data to several levels,
each level covering a special range of frequencies. Each
level is then divided into a number of equal time intervals and each interval of time is multiplied by a variable.
Unconstrained optimization algorithms are used to calculate the variables and minimize the error between the
response and the target spectra.
The method applied is a modi cation of the data in the
time and frequency domain. For this purpose, the eciency of the heuristic algorithm (GA), the classic algorithm (quasi-Newton algorithm) and their combination,
for the simpli ed objective function (duration of this objective function is 5.12 seconds, which consist of 512 acceleration points in 0.01s time steps) is evaluated. The
algorithm which determines the minimum error in the
speci ed iteration is selected as the best method to optimize. Employing this optimization method, the main
acceleration function (duration of this objective function is 20.48 seconds, which consist of 2048 acceleration
points in 0.01s time steps) is produced. Finally, error
values of the acceleration functions produced are comKey Words: Near-fault, prevalent pulse, elastic re- pared with ETA20d acceleration functions. The target
sponse spectra, ground motion.
time of the functions is 10th of a second when the re-
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are known. However, it is more dicult to determine the
in-situ horizontal stress. This is because it depends on
several other soil characteristics, such as stress history
and over consolidation history.
Throughout the years, several additional sensors have
been developed in order to supplement the data collected with the CPT test. Among the wide variety of
sensors developed, the lateral stress module represents
a promising tool for estimation of in situ lateral stress
conditions from the interpretation of lateral stress penetration data. However, the popularity of the so called
lateral stress cone has declined over the years due to
constraints in both the instrumentation and the interpretation of measured data.
In the present paper, a database of calibration chamber
tests results is provided. Using the database, the e ects
of di erent soil parameters (such as relative density, insitu vertical stress, in-situ horizontal stress, constraint
modulus, and over consolidation ratio) on cone tip resistance have been studied.
Among these parameters, relative density and in-situ
horizontal stress are found to be the main e ective parameters and a correlation between these parameters
and cone tip resistance has been suggested. With a given
density, the relationship can be used to estimate
Key Words: Rotational components of earthquake, fre- relative
the in-situ horizontal stress of the soil upon measured
quency dependent wave velocity, dam-reservoir interaction, cone tip resistance.
Lagrangian-Lagrangian approach.
The relationship has been validated with calibration chamber test database. Besides, its e ectiveness has been
compared with two other empirical correlations suggested
by other researchers. The results indicate that the correlation proposed in this study can predict cone tip reHORIZONTAL STRESS ESTIMATION sistance better than the other two available correlations.
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tional and translational motions. Using the mentioned
approach, it becomes possible to consider frequency dependent wave velocities and the incident wave angle of
the earthquake to generate the rotational components
of ground motion. For this purpose, two translational
components of di erent earthquake accelerations have
been adopted to generate their relative rotational components, based on SV and SH wave incidence. The results are compared with other work and show very good
agreement. Using translational and obtained rotational
components of ground motion, a dynamic analysis of the
Pine Flat dam has been performed for six earthquake
accelerations. Analyses have been done using the nite
element method, considering dam-reservoir interaction.
The dam and reservoir are modeled using a Lagrangian
approach, and di erent water levels of the reservoir are
considered. The material behavior of the dam and reservoir is considered to be elastic, linear, isotropic and homogeneous, and, also, the foundation is assumed to be
rigid. Results are shown that depend on maximum rocking components and their frequency content. Content,
these components can be e ective on the linear dynamic
response of concrete gravity dams and cannot be negligible in some cases.
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in this study, it has been shown that earthquake intensity causes minimum acceleration (in the rst oor) to
decrease, and peak acceleration (in higher oors) to increase.
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Abstract

The importance of non-structural components in the
seismic performance based design of buildings is well
known nowadays. Impaired Non-Structural Components
(NSC) in earthquakes could cause heavy loss of life and
property and loss of serviceability. The response of NSC
depends on various parameters, among them are the behavior of the primary structure, location of non-structural
elements in the structure, interaction between NSC and
the structure, type and number of NSC attached points,
the geometry, shape and condition of the mass distribution of NSC and etc. Researchers have used di erent
methods for calculating NSC responses. Among them
are the direct method and the Floor Response Spectrum (FRS) method. In the rst method, analysis is
performed by modeling the primary structure and NSC
simultaneously. In case the weight of the NSC is less
than 10% of the total weight of the structure and 20%
of the weight of the oor, then, the e ect of NSC on the
structure can be neglected and simpler methods can be
implemented. One of the simpler methods is the FRS
method. In this method, the behavior of the primary
structure at the attached point or points of NSC is determined, neglecting their interaction. Then, the obtained
FRS is used as an input for analyzing non-structural
elements. This method is used in many design codes
in order to determine the design force on the NSC. The
present research studies the e ect of various parameters,
including the inelastic behavior of the system, natural
periods of primary and secondary systems and type of
structural system, on NSC response. A method for calculating the NSC response is suggested, which accounts
for the location of the NSC and the inelastic behavior
of the structure more precisely. For this research, a variety of moment resisting frames, eccentric and concentric braced frames were examined. These frames are designed in accordance with ASCE 2005 requirements. 15
records of far- eld earthquakes and 15 records of neareld earthquakes were chosen for performing parametric studies. To perform expanded parametric studies
on various frames with di erent sti ness and strength,
modi ed shear building models for these frames were
constructed. The shear building frame is set to have
an equivalent lateral force-deformation behavior in each
storey of a given MRF, CBF or EBF frame. Consequently, the base shear-roof displacement curve of both
frames became approximately the same. It has been
demonstrated that the structure system type does not
signi cantly a ect the suggested relations. Moreover,
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Abstract

Rotational components of ground motion including rocking and torsional components have been eccentrically
ignored for a long time, rst, because the rotational effects were thought to be small for structures and, second,
due to their small amplitude, they cannot be measured
using standard seismic devices. Recently it has been
shown that the rotational component of ground motion
can have noticeable e ects on the dynamic response of
structures, and many structural failures and the damage caused by earthquakes can be linked to di erential
and rotational ground motion. The main purpose of
this paper is presentation of a proper formulation for dynamic analysis of concrete gravity dams under the correlated translational and rotational components of ground
motion due to earthquakes. The rocking component of
earthquake acceleration has been obtained using the corresponding available translational components, based on
transversely isotropic elastic wave propagation in 2-D
space and the classical elasticity theorem between rota-

durance due to its low capillary porosity. Its high resistance to deicing salt makes it an interesting choice for
use in surfaces frequently exposed to deicing salt. Ultra
high performance concrete (UHPC) has the potential to
greatly simplify construction joints in accelerated bridge
construction by reducing the development length of reinforcing steel. The use of UHPC in highway bridges
has recently begun in the connection between modular
precast components. The potential for increased safety
and quality that comes from the use of prefabricated
components is enticing; however, there is also the recognition that the use of these components frequently necessitates the use of eld cast connection details. Conventional construction practices for such connection details
can result in reduced long-term connection performance
compared to joined components.
In this study, the bond strength between UHPC and reinforcing bars is investigated using pullout and spliced
beam specimens. Thirty six pullout specimens and ten
beam specimens were manufactured and tested. The effects of di erent properties such as concrete cover and
Key Words: Constitutive modeling, homogenization, top bar e ect on bond strength are studied by pullout
open-cell foams, geometrical imperfection.
tests. The strength and ductility of 9 full scale exural beams fabricated from two precast components and
joined together with UHPC are investigated. The bond
strength of spliced bars in joints is the main parameter of this investigation. One beam without spliced bars
CONNECTION OF PRECAST
was cast as a reference specimen. Mid-span displacement and the applied load were obtained using a hyREINFORCED CONCRETE
draulic jack, a load-cell, a LVDT and a data logger set.
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Abstract

Ultra High Performance Concrete (UHPC) is an excellent material for the creation of ligree components. Its
high ductility and endurance make it the ideal replacement for other materials, such as steel, in many areas. Ultra high performance concrete has very high en-

Key Words:

Bond strength, connection, ductility, precast members, splice length, UHPC.
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The model assumes the open-cell foam to be constructed
from a repetition of the same unit-cell. The unit-cell in
its original state has a regular structure, i.e. it comprises four identical members forming equal angles with
respect to each other; the point at which these members
coincide is called the unit-cell vertex. Imperfection was
introduced in the form of small perturbations in the position of the unit-cell vertex. Accordingly, homogenization was employed to obtain the uniaxial stress-strain
response of various perturbed microstructures. The results were then quanti ed in terms of four uniaxial parameters. The next step was to compare these parameters with their counterparts that had been obtained for
the regular microstructure. The consequence of this was
to identify how the uniaxial response of originally regular, open-cell foam could vary when its microstructure
was subjected to geometrical imperfections. In particular, this investigation revealed that di erent uniaxial
parameters altered linearly (or pseudo-linearly) as the
perturbation of the microstructure increased.
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Con ned masonry walls are made up of masonry walls A. Vafai
and con ning elements on their four sides. This sysAbstract

tem is a conventional form of housing construction, as
well as a good alternative for post-disaster reconstruction of seismically damaged and/or collapsed buildings
in many countries, including Iran. Seismic behavior of
con ned masonry buildings rigorously depends on material properties, construction methods and worker skill
levels. There are few studies that consider the e ects
of the local constructing parameters of Iran, such as
common materials and labour skills, on the modeling
of con ned masonry walls. In this paper, a computer
program, DIANA, is used for the nite element modeling of con ned masonry walls. Modeling parameters
are estimated by material tests conducted in the structural laboratory of the International Institute of Earthquake Engineering and Seismology (IIEES). The models
are validated with the results of tests performed on two
one-story one-bay con ned masonry walls performed in
the same laboratory. The walls are designed according
to the Iranian seismic code and are subject to lateral
cyclic loading; the rst being solid and the second with
a central window opening. The scale of 1:2 is assigned
to all parts of the walls including bricks. Two types of
mortar with di erent sand to cement ratio are used to
make the masonry walls. Proper modeling parameters
for concrete ties and the macro modeling of masonry
panels, which are estimated by material tests, are introduced for both specimens. The results obtained from
the models match the experimental results quite well.
Results show that the elasticity module of such walls
are considerably smaller than that proposed in previous
studies in foreign counties. Also, results indicate that
changing the sand to cement ratio of mortar can a ect
the lateral resistance of walls signi cantly. So, it can
be concluded that this ratio should be addressed in the
Iranian codes.
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Abstract

Solid foams are novel materials with outstanding characteristics that have found numerous applications in the
construction of light, sti structures during the past two
decades. At the micro-level, solid foams bene t from a
cellular structure, which is composed of either closed or
open cells. Open-cell foams, which were investigated in
this study, are described as a network of inter-connected
struts (or ligaments) with beam-like action. The mechanical design of foams requires their mechanical properties to meet certain criteria. These criteria can be satis ed by careful selection of the base material and the
microstructural geometry. However, the selected material has to be manufactured, and manufacturing is by
no means a perfect process. As a result, there is always
a threat that the properties of the nal material di er
from the ones expected. The current study addresses
this issue by exploring the e ect of geometrical imperfections on the uniaxial properties of regular open-cell
foams. Such an investigation requires an appropriate
approach, capable of relating the microstructural characteristics to the e ective behavior of the material. An
existing homogenization model was used for this purpose.

 Received 21 January 2012; received in revised form 29 December 2012; accepted 12 February 2013.

Abstract

Soil-Foundation-Structure Interaction (SFSI) in a structural modelling procedure can change seismic structural
response. However, SFSI e ects are mostly ignored in
the analysis procedure of structures, due to a general engineering belief regarding its conservative e ects. This
conservativeness is not always the case, although the period and the damping of the structure changes by considering the SFSI e ects and, consequently, seismic demand
decreases. Consideration of SFSI e ects still contains
some level of diculty due to the needed in advance
modelling procedures, but this issue can be solved by
employing advanced nite element modelling programs,
e.g; OpenSees software.
The aim of the current paper is to evaluate the in uence of SFSI e ects on the component demand modi er
factor, based on Iranian instructions for the seismic rehabilitation of existing buildings. For this purpose, the
beam on the nonlinear Winkler foundation approach is
used, which is a simple and ecient method. First, a
collection of 3, 6, 10 and 15 storey concrete momentresisting frames, founded on soft, medium and hard soil,
are designed and analysed for the case of xed-base and
exible-base assumptions. Eight ground motion records
were chosen in order to estimate the median response of
frames for a pre-de ned seismic scenario.
A comparison has been made between the results of the
nonlinear response history analysis of each frame under exible-base and xed-base conditions, with the response based on the equivalent linear static approach.
The results show that the equivalent linear static approach load combinations for the elements with significant gravity loads that are controlled by deformation
actions (e.g. beams) can lead to non-conservative prediction of the seismic demand. Finally, a new load combination has been proposed in order to limit the in uence of the demand modi er factor only on the seismic
loads. This new proposed load combination can be used
to improve the equivalent linear static approach in the
instructions for seismic rehabilitation of existing buildings.

DISPLACEMENT POTENTIAL
FUNCTION
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Abstract

In this paper, using displacement potential functions,
the exact solution of a three dimension elasticity problem is presented for free vibration of rectangular isotropic
plates. It is assumed that the materials of the plate
are homogeneous, linearly elastic, arbitrary, but with a
constant thickness, and all four edges of the plate are
on simple supports. The governing equations in terms
of displacement potential functions are two di erential
equations of fourth and second orders. Assuming harmonic motion and using a separation of variables, the
solution of the governing di erential equations for displacement potential functions results in exponential and
trigonometric expressions along the plate thickness and
the other two lengths, respectively. The boundary condition are zero vertical displacement and zero bending moments on all four edges, and all components of stresses,
including normal and shear stresses on the top and bottom of the plates, are zero. Applying these boundary
conditions result in a characteristic equation of the free
vibration of the plate, with which solution, the plate frequency vibration can be calculated. In order to verify
the solutions, the obtained results are compared with
other analytical work that are largely based on rst and
higher order deformations theories for moderately thick
plates. The most important characteristic of the method
presented in this paper is that there is no limitation for
thickness in determining free vibration frequency and its
validation for thin, moderately thick and thick plates.
The investigations have been done for a wide range of
aspect ratio (length to width) and thickness to length.
Key Words: Soil-foundation-structure interaction, mod- The obtained results show that increasing plate thickelling, Winkler, exibility, ground motion.
ness decreases nondimensional frequency, and that this
decrease intensi es at higher modes of vibration. In addition, investigations show that the Poisson's ratio has
little e ect on nondimensional frequency increasing the
thickness of the plate. This phenomenon is negligible
when the thickness of the plate is decreased.
AN EXACT FREE VIBRATION

SOLUTION OF ISOTROPIC SIMPLY
SUPPORTED THICK
RECTANGULAR PLATES USING

Key Words:

Exact solution, thick rectangular plates,
displacement potential function, free vibration, three dimension elasticity problem.
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decrease the solubility of carbonate and consequently increase the eciency of contaminant removal by EDTA
from calcareous soils. In addition, according to the results of this paper, several soil washing with low concentrations of EDTA will not signi cantly decrease the soil
pH. Therefore, the soil bu ering capacity will remain
constant in this method of soil remediation. In fact, in
such a case, the remediated soil will keep its retention
capability after the remediation process.

of structures. However, it is time-consuming and complicated to be utilized in 5engineering practice. In contrast, static pushover analysis (SPO) is more practical,
but, it has several limitations. Recently, a scaled nonlinear dynamic procedure (scaled NDP) has been proposed.
In this procedure, dispersion of the responses of nonlinear dynamic analysis is reduced by scaling a few ground
motion records. Ground motion records are scaled to a
value equal to roof target displacements, which are obtained by a static nonlinear procedure. Therefore, this
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ber of ground motion records are not available. Recently,
scaled NDP has been recognized by FEMA440 as an effective tool for the seismic evaluation of structures since
it utilizes the bene ts of both nonlinear dynamic and
nonlinear static procedures.
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Abstract

Strong earthquakes during the last two decades and also
post-earthquake eld investigations have revealed that
steel braced frames exhibit non-ductile behavior due to
the buckling of braces during severe ground motion. Recently, modi ed braces, namely; \buckling restrained
braces" (BRB), have been proposed, in which the buckling of braces due to compression forces is prevented.
Thus, such braces exhibit the same behavior in tension
and compression. Since these braces have recently been
proposed, more investigations into their seismic performance are needed.
Nowadays, the computational e ort of computers has
facilitated the implementation of nonlinear analysis procedures in structural engineering. Nonlinear dynamic
analysis is the most exact method for seismic evaluation
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and soil contaminant remediation with EDTA is investigated. For this purpose, several mixtures of kaolinite and di erent percentages of carbonate were prepared
and were laboratory contaminated with di erent concentrations of P b(NO3 )2 . The kaolinite sample initially
had 4% natural carbonate. To investigate the impact
of carbonate on the soil interaction process with EDTA,
6, 11, 16, 21 and 26 percentages of calcite was added to
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soil samples. Therefore, di erent calcareous soil samples
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plied to these samples in the EDTA/Pb ratios of 0.2 to
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After the mixing period, the samples were centrifuged.
Then, the concentration of Pb and Ca was measured
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in supernatant. The results show that in this method
Volume 30, Issue 1.2, Page 3-11, Original Article
of soil remediation, due to the solubility of a part of
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carbonate in low pH, the bu ering capacity of soil decreases. With the solubility of calcium carbonate and
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will tend to interact with EDTA and form a Ca-EDTA
or Pb-EDTA complex. This, in turn, will reduce the efAbstract
ciency of soil remediation with EDTA. The results of
In this paper, the in uence of calcium carbonate (cal- this paper show that the use of EDTA, at low concencite) in kaolinite on the bu ering capacity of clayey soils trations, with the application of several soil washing will
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