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Investigation of Creep Behavior of the Clay Soil in the
Laboratory Condition

A. Negahdar Sh. Yadegari S. Houshmandi

Abstract Mechanism and factors influencing on creep behavior of clay soil have not been understood yet
due to its complex structure. In this paper, to investigate the affecting parameters on the creep behavior
of the clay soils such as stress level, over consolidated pressure and water pressure, odeometr test are
performed in states of single stage, stepwise and overloaded-unloaded and the creep mechanism are
explained with considering the effect of diding of clay particles at their contacts and deformation of
particles. Snce the conducting of some creep tests may last for months, therefore the prediction of a new
method to accelerate the creep tests is necessary. The results show that in overloaded-unloaded test, the

time required to reach the specified porosity is lower than the single stage, and this process accelerates
the creep.

Keywords Creep, Consolidation Oedometer Test, Multi-Stage Creep Test, Loading and Unloading
Test.
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Study of the Seismic Vulner ability of Steel Moment-Resisting Frames
Designed Based on the Tenth Code of the Iranian National
Building Regulations Using Fragility Curves

H. Tajmir Riahi S.M. Omizadeh

Abstract Development of new methods in seismic analysis and increasing application of performance
based seismic design necessitate the study of the seismic performance of structures designed based on
Iranian regulations. In this study the seismic performance of steel moment-resisting frames designed
based on the tenth code of the Iranian national building regulations is investigated. Frames are different
in number of stories, seismic loads, span length and gravity loads. Fragility curves of the frames are
depicted for different performance objectives and their seismic vulnerabilities are examined. Results
indicates that satisfying life safety performance level would ensure the proper performance of frames for
other performance levels and al so the performance of taller framesis more critical than shorter frames.

Key Words Steel Moment-Resisting Frames, Fragility Curves, Incremental Dynamic Analysis, Interstory
Drift Ratio, Seismic Vulnerability.
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Parametric Study of Failure Load of Persian Brick Masonry Domes Stiffened by FRP
Stripsunder Concentrated Monotonic L oads

M.Hejazi M.Ghamari H.Beheshti

Abstract In order to investigate the structural behaviour of Persian brick masonry domes, three types of
semi-circular, (drop, ordinary and raised) four-centred and (drop, ordinary and raised) pointed domes
have been studied. The three-dimensional non-linear finite element method using the ANSYS code has
been used for analysis. Domes with different thicknesses and spans have been subjected to monotonic
concentrated loads up to local failure. Vulnerable zones have been stiffened by FRP strips. Stiffened
domes have been again subjected to monotonic loads until local failure. FRP strips with different
dimensions and patterns have been used. They have been placed at the one-third and two-third of dome
height. Appropriate failure criteria have been used for prediction of brick and FRP failure. In this paper,
obtained resultsincluding failure loads of domes, the effect of dimensions and patterns of FRP strips, and
that of the shape and span of domes on failure load are presented.

Key WordsNon-Linear Structural Analysis, Persian Brick Masonry Domes, FRP Strips, Stiffened,
Monotonic Load.
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Intermediate Layer Effectsin Performance of FRP-Confined RC Columns

H. Karimizadeh M. R. Eftekhar

Abstract The use of polymer composite (FRP) as a reinforcement material for the repair and
strengthening of important components of reinforced concrete structures, particularly columns, has found
wide spread. In this study, the effect of intermediate layer on improving the confinement behavior of
reinforced concrete columns has been investigated. To achieve the objectives of the study, 14 cylindrical
reinforced concrete specimens with 150 mm diameter and 500 mm height were tested under pure axial
load. The columns have been classified into four groups and were reinforced by one or two layers of
carbon fibers and then to investigate the research topic, confinement with intermittent CFRP strips was
performed in both traditional (Without intermediate layer) and modern method examined in the present
study and the results were compared together and with the results of loading columns with internal
reinforcement and without external reinforcement (the control sample). The new method involves using a
thin layer of galvanized sheet (thickness 0.13 mm) which is mounted under the FRP sheet to prevent the
transmission of stress concentration induced cracking concrete to FRP Sheets. The middle layer reduces
the transfer of biaxial stressto FRP sheettoo. The results suggest that specimens reinforced with FRP and
galvanized sheets have higher strength and ductility than specimens reinforced with FRP and without
Galvanized.

Key Words RC column, Intermediate layer, Confinement, CFRP Composite ,Compressive Strength,
Ductility.
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Evaluation of Horizontal Displacement of L ong Piles Subject to
Lateral Loading in Sandy Soil

J. Keshavarz J. Bolouri Bazaz

Abstract In many structures, the applied lateral loads are comparable with gravity loads. These types of
piles which are subject to high lateral load are usually divided into two categories including long and
short piles. The general methods to estimate lateral bearing capacity of short and long piles are based on
ultimate bearing capacity and allowable horizontal displacement respectively. In the present research, in
order to evaluate lateral bearing capacity of piles subjected to horizontal loads, steel pipes which were
embedded in sand soil to simulate piles in the laboratory. A wide range of laboratory tests were
performed to investigate the behavior of long piles with different lengths and diameters. The test results
were compared with three different theories including Modulus of Subgrade Reaction, Elastic and Kymex
approaches. The experimental results reveal that knnax approach is more suitable for determination of
horizontal displacement and also estimation of lateral bearing capacity for long piles.

Key Words Long piles, Lateral load, Horizontal displacement, Cohesionless soil.
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Numerical Modeling of Reinforced Soil Walls Using Multiphase Approach and
Hyperbolic Constitutive M odel

S. Honari S. E. Seyedi Hosseininia

Abstract Due to widespread application of reinforced soil media and the crucial need to understand and
anticipate its actual behavior, in addition to the fact that direct numerical analysis of reinforced massesis
a difficult and time-consuming procedure, homogenization methods have been introduced. In this study,
multiphase approach which is considered as a new framework in homogenization methods is devel oped.
This development is done using the Duncan-Chang hyperbolic model for simulating the behavior of soil
in a reinforced medium. In this study, efforts have been made to propose a new multiphase model for
analyzing reinforced soil media, based on assigning the Duncan-Chang constitutive model to soil and
elastic-perfectly plastic behavior to reinforcements. A developed multiphase model is used to simulate a
full-scale reinforced soil wall. The wall has been analyzed by means of both direct and homogenization
approaches, using Duncan-Chang constitutive model and the developed multiphase model, respectively.
After comparing the results of the analyses, sufficient accuracy of homogenization approach using
proposed multiphase model has been approved. It is also observed that in contrast to its simplicity, the
Duncan-Chang hyperbolic model presents a suitable estimation of behavior of the reinforced soil wall in
case of implementing direct analysismethod.

K eywor ds Homogenization Methods, Multiphase Model, Duncan-Chang Hyperbolic Constitutive Model,
Reinforced Soil Wall, Numerical Analysis
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It is worth mentioning that all the numerical
analyses were performed with the hypothesis of
perfect bonding between phases, i.e. the identical
displacement field of matrix and reinforcement
phases. Also, al interface elements were assumed to
be glued to the surrounding media.

4- Concluding Remarks

Combining al the numerical results and the
comparisons made with measured data obtained from
the monitored full-scale reinforced soil wall, the
suitable accuracy of the developed two-phase model
has been confirmed. The following conclusions can
be made:

1. Given the suitable accuracy of the direct
simulation of the wall using Duncan-Chang
constitutive model, it can be stated that the
model, presents proper simulations of the
reinforced soil wall in case of direct
simulation despiteits simplicity.

2. Considering the similarities between the
results of direct and homogeneous (two-
phase) numerical simulations, it can be
concluded that the results of two-phase
numerical simulation of reinforced soil wall
are similar to those of direct simulations.
Thus, the analysis method (homogeneous or
direct) is amost ineffective on the wall's
simulated behavior.

3. In the two-phase simulation of the wall, the
congtitutive model related to the matrix
phase (the soil part of the composite media)
has a considerable effect on the results. The
use of Duncan-Chang constitutive model for
the matrix phase leads to better simulation
of the wall behavior than using the Mohr-
Coulomb criteria.

4. Since the overal displacements of the wall
face that came out of the numerical resultsis
in accordance with the real measured values,
it can be argued that the perfect bonding
assumption is acceptable and does not have
much impact on the movement of the wall
face. However, relative displacements of the
wall face from the bottom of the wall is
overestimated due to the assumption that all
interface elements in numerical models were
glued to the surrounding media. In this case,
the behavior of the wall backfill is similar to
the active state, and as a result, the
horizontal stress behind the wall face is
considerably underestimated.

Given the suitable accuracy of the results of the
developed two-phase model, it can be concluded that
the two-phase analysis approach developed with
Duncan-Chang constitutive model is a useful tool to
efficiently model reinforced soil walls, offering

suitable predictions of the wall behavior especialy at
no surcharge condition and low-strain levels.
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Numerical Modeling of Reinforced Soil Walls
Using Multiphase Approach and Hyperbolic
Constitutive M odel

S.Honari* E. S. Hosseininia®
1- Introduction

The increasing importance and vast use of
reinforced soils demand more precise simulation of
their behavior. The distinct nature of composing
elements of reinforced soil with different mechanical
behaviors might make the numerical simulation too
complex. To overcome the issue, “homogenization
methods” is introduced enabling us to analyze the
behavior of the media as one homogenous composite
material. These methods are in contrast to the
“direct” or “distinct” methods that try to model al
the elements comprising the reinforced media
separately. While direct simulations in reinforced
media are complex and demanding, using
homogenization methods leads to fewer model
elements and prevents the model from numerical
instability caused by stress/strain concentrations.
Thus, these methods provide simpler and faster
numerical modeling for reinforced media with
repeated layers of reinforcing elements in a periodic
manner.

2- Literature Review

The “Multiphase approach” is considered as a
new framework in homogenization methods,
comprising of the assumption that the composite
medium is made by the superposition of continuous
individual media called phases. Each point of the
geometry in a multiphase material is comprised of
“matrix” phase (representative of the element which
covers most of the space, eg. soil) and
“reinforcement” phase (representative of
reinforcement inclusions) with their own kinematics.

So far, in most studies that have been conducted
on the multiphase approach, the behavior of both the
soil and the reinforcement inclusions is considered as
linear elastic-perfectly plastic. Although this
simplified behavior model might be a good
assumption for inclusions behavior, it cannot
simulate the soil behavior well enough. Therefore,
more advanced constitutive models are needed to
model the nonlinear behavior of soil in reinforced
media. In this theoretical and analytical study, the
hyperbolic constitutive model aso known as
Duncan-Chang model is implemented in the

! *Corresponding Author, M.Sc Student, Civil Engineering
Department, Ferdowsi University of Mashhad
Email Address: siavash.honari @yahoo.com

2 Assistant  Professor, Civil Engineering Department,
Ferdowsi University of Mashhad

multiphase model to simulate soil behavior. The
Duncan-Chang constitutive model is an elastic model
providing a suitable estimation of the non-linear
behavior of soils especialy at low-stress levels using
mathematical equations.

The aim of this article is to investigate the
implementation of the hyperbolic constitutive model
into the multiphase approach formulations and to
assess the resulting developed model. The behavior
of a monitored full-scale reinforced soil wall was
simulated using the developed two-phase model in
order to evaluate the accuracy and performance of
the model. In this study, the inclusions of the
reinforced soil wall are considered as tensile planar
(two-dimensional) elements behaving as linear
eastic-perfectly plastic materials. The wall was
constructed and instrumented by the Public Works
Research Institute (PWRI) in Tsukuba, Japan. It was
constructed directly on a concrete floor inside a test
pit with the height of 6 m. The wall was constructed
using six primary and five secondary geosynthetic
layers, each 3.5 and 1.0 m long. The geosynthetic
layers were bolted to the modular concrete blocks
using the nuts and metal frame. The wall face
consisted of atotal of 12 concrete blocks with 50 cm
high and 30 cm wide, except for the top and bottom
blocks which were 45 and 55 cm high. The
horizontal displacement of the wall face, the
elongation of geogrid layers, the latera stress behind
the wall as well as the vertical stress at the bottom of
the wall were all measured. The backfill used was a
silty sand, reinforced with polyethylene (HDPE)
geogrid layers. It is aso worth noting that the
reinforced soil wall was studied under its own weight
and no surcharge was applied on the backfill surface
of thewall.

3- Methodology

The wall was numerically modeled using FLAC
2D. The wall was analyzed incrementaly in 0.5m
steps (consisting 12 steps), and its behavior was
investigated in each step accordingly. In each step,
the numerical results were compared with each other
after performing a direct numerical modeling using
Duncan-Chang model as well as a two-phase
modeling using the developed model. Then, the
results were also compared with the measured datain
terms of face horizontal displacement, normal stress
on the concrete platform (under the reinforced soil
walls), horizontal stress behind the wall face and
axial force in primary geogrids. Findly, to
investigate the effect of the constitutive model on the
predicted behavior of reinforced soil wall, numerical
results were compared with the ones reported by
Seyedi Hosseininia who analyzed the same wall
using the two-phase model developed with linear
elastic-perfectly plastic Mohr-Coulomb constitutive
model.
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"Ga-L*D*"or "Al-L*D*". "Ga" and "Al" to indicate
that the substances of the pile is galvanized or
aluminum, respectively. The letters "L" and"D"
represent the embedment length (cm) and outer
diameter (mm) of the pile, respectively. For example
"Ga- L40D27" indicates that the pile is galvanized
with 40 cm embedment length and outer diameter of
27 mm.

3-Test Result

The static lateral load was applied to different
embended length piles in soil with density of 13.8
and 15 kN/m’. During the test, the applied load and
the horizontal displacement of the pile on the
surface and in the depth of the soil were measured.

For example, the experimental test results of one
pile (Ga-L80D27) are shown in Figures 1 to 3.
Figure 3 shows the experimental result of galvanized
pile with a diameter of 27 mm subjected to lateral
loading in the soil with a density of 15 kN/m® that is
compared with the modulus of subgrade reaction and
elastic approach. In Figure 2,the experimental test
results of pile are compared with the ultimate
modulus of horizontal subgrade reaction (Kjymax)-
Four stages of the load are displayed in Figure 3
where the behavior of a long pile under lateral load
is shown.
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Fig.1 Comparison of experimental curve with the modulus of

subgrade reaction and elastic approach
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Fig.2 Comparison of the experimental curve with ultimate
modulus of horizontal subgrade reaction (Khmax)
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Fig.3 The horizontal displacement of the pile at different depths

4- Conclusions
In general the test results and comparisons show the
following:

- The ultimate modulus of horizontal subgrade
reaction is better than other theories for
determine the bearing capacity of long piles

- Increasing the diameter of a long pile causes an
increase in lateral load capacity

- Increasing the length of a long pile until it reaches
a fixed length does not have any effect on the
load-bearing capacity.

- In general, joint point in long pile with increasing
stiffness of pile will be far from the soil’s
surface.
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the pile at the soil surface and at different depths of
Evaluation of Long PilesHorizontal the pile. For this purpose, an experimental apparatus

Displacement Subjected to Lateral Loading Was designed. The following sections describe the
in Sandy Soil details of the apparatus, materials and equipment

used in this research study.

1 . 2
J. Keshavarz'  Jafar Bolouri Bazaz A. Soil

. Standard Firuzkooh sand with a specific gravity of
1-Introduction 266
Almost all types of piles are subjected to lateral was used for the present investigation. The friction

loads. In many cases, however’ the ap ph.ed latgral angle of sand, determined in a Direct Shear device,
loads are comparable with gravity loads. Piles which _

. . . was 330 and 41.50 for loose (y = 13.8 kN/m3) and
are subject to lateral load are usually divided into

two categories: long piles and short piles. The
behavior of both short rigid piles and long flexible ;
o ; . N B. Pile
piles is based on the relative stiffness of the soil—pile . . . .
Galvanized and aluminum pipes were used as pile

;yste?m. The gener? I.I;ethOds t;) e(sitlmate llgteral for the experimental tests. The embedded lengths of
earing capacity of piles are based on ultimate piles were 400, 600 and 800 mm. The outside

b@aring capacity  and alloyvable ho.r izontal diameters of the pipes were 21.7, 22, 24.8 and 27
displacement for short and long piles, respectively. mm, while their wall thicknesses were 1.4, 1.9 and

Fr ce-head short piles under lateral loading act as a 2.4 mm. Tensile tests were performed on these pipes
rigid body and they are expected to rotate around a and the results are shown in Table 1

center of rotation while fixed-head piles move laterally

medium dense (y = 15 kN/m3) states, respectively

in translation mode. Free and fixed-head long piles Table 1. CHARACTERISTICSOF PILES
under lateral load form one or two joints, respectively No. weight Outside Wall Young's
and rotate from the joint point. (kg/m) diameter | thickness | modulus
Several theoretical methods, including Hansen, (mm) (mm) (GPa)
Broms, Petrasovits, Meyerhof, Prasad and Chari, 1 1.00 217 24 196
modulus of subgrade reaction, elastic approach and 2 131 27 24 196
ultimate modulus of horizontal subgrade reaction 3 0.25 22 1.9 68
4 0.36 24.8 14 68

(Kumax) have been proposed to predict lateral bearing

capacity of piles in cohesionless soils. )
C. Experimental Setup

2-The Aim of the Study When a pile is subjected to lateral loads, the lateral
stress is distributed in the soil behind of the pile. The
diameter and depth of the soil reservoir must be
large enough to allow soil pressure to be freely
distributed. If the diameter of the soil reservoir is 10
times that of the pile in the direction of lateral
loading, this condition will be satisfied. Hence, the
tests were conducted in a test tank having a diameter
and height of 700 mm and 1000 mm, respectively.

There exist many theories to estimate ultimate
bearing capacity of piles subject to lateral loads
which have been proposed by various researchers. It
is difficult for engineers to choose a suitable method
due to the complexity of these theories.
Experimental and theoretical efforts have been made
to clarify the precision of these theories. In the
present research study, laboratory tests have been ‘ ‘ !
conducted to evaluate the behavior of long piles For measuring the horizontal displacement of the
under lateral loads. Also the point of bending, force- pile at various depths, small holes were made on the
displacement phenomena and the effect of wall of the tank at intervals of 200 mm in the
parameters such as soil bulk density, length and direction and opposite direction of. |
diameter of piles been have been investigated. The static lateral load was applied by means of

dead weights placed on a hanger connected to a
3-Equipment and Material Testing flexible steel wire, s.trung over a pu'lley vsupported by

To carry out an experimental study of the behavior a frame. Before filling the reservoir Wlth sand, thin
of piles under lateral load, it is required to develop a WIres were attached to the. pile at regulgr intervals to
set of devices such as to be able to apply horizontal measure the horizontal displacement in depth. The

force and also measure horizontal displacement of pile was then placed inside the tank. The reservoir
was filled by slow raining of sand through air and

was then compacted at 15 cm layer to get a uniform
density. During the horizontal load application to the
Email Address: keshavarz@yahoo.com pile at the top surface ‘of the sand, an LVDT was
> Associate Professor, Civil Engineering Department, used to measure the horizontal movement of the pile.
Ferdowsi University of Mashhad Each test is specified with a unique code such as

"*Corresponding Author, M.Sc Student, Civil Engineering
Department, Ferdowsi University of Mashhad
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3-Test Result

A. Theinfluence of the mid-layer

According to the results obtained as shown in Table
4, in samples in which galvanized sheets are used as
the mid-layer, the load and final deformation as well
as energy absorption increase more than samples
without galvanized sheets. Samples of group one that
are used for evaluating the performance of
galvanized sheets, indicate a 12% increase for load
and 79% for energy absorption than samples without
the mid-layer. In addition, the final strain of this
sample also shows a significant increase. Overall, the
influence of the galvanized sheet with primer on load
is 9% to 24 % for different reinforcing methods. The
samples with galvanized sheets also indicate an
increase of 53-226% in their rate of energy
absorbtion. In order to be sure about the
discontinuity between the FRP and the galvanized
sheet as well as non-confining columns by the mid-
layer, a plastic thin layer being 0.02 mm thick has
been used in C4"-S.P-50.1, which is located between
the FRP and the galvanized sheet. This thin layer
dismisses any adhesion between the FRP and the
galvanized sheet. Comparing the load-bearing
capacity of C4"-S.P-50.I and C2-S.P-50.1 columns in
Table 4 shows that these samples are similar in
strength, even though energy absorption of C4"-S.P-
50.I is more than C2-S.P-50.I owing to greater
decrease of shear stresses transferring to the
reinforcing sheet. In other words, it seems that the
methods which minimize the reduction of
transferring stresses from the concrete to reinforcing
confining sheets have more influence on increase of
ductility. It must be noted that suitable confinement
entails no free distance between concrete and the
confining agent. Since the dilatation in compressive
samples is usually about 80% of the final load, it
seems that the performance of primer as a filling
material is limited to this region. Before dilatation, a
filling material in free distance between concrete and
mid-layer sheet can transfer low radial stresses
created in the loading sample, to the reinforcing sheet
as a cylinder stress. Considering the lack of any
structural role of the primer when increasing the
load-bearing capacity, it can be stated that the effect
of the primer is just filling the free distance between
the mid-layer and the concrete. Hence, when there is
no free space, the primer does not play any role to
improve the column’s behavioral performance. On
the other hand, the presence of a free space can lead
to weak performance of the reinforcing sheet. Since
it is impossible to predict the presence or absence of
this free space between the mid-layer and the
concrete when reinforcing the practical columns, it
seems that it is necessary to make use of the primer
under the mid-layer as a filling material in all modes
in order to make sure of the validity of reinforcing

system’s performance as well as decreasing the level
of risk level.

B. Theinfluence of reinforcing strip width

In order to investigate the effect of the strip's width,
one can refer to groups two and four for samples,
reinforced with carbon fibers, along with groups five
and seven for those reinforced with glass fibers in
Table 4. In groups two and five the width of the
reinforcing strips are 50 mm, while in groups four
and seven similar FRPs, 25 mm wide strips have
been used. As it can be seen in this Table, the rate of
increased strength in confined columns with 50 mm
one-layer strips are 44% for C2-S.P-50.1., whereas
for confined strip with 25 mm one-layer strips this
rate is 52% for sample C4-S.P-25. Therefore, the
performance of galvanized sheet in samples with
lower sheet widths can somehow justify that more
strips with lower widths cause more monotonous
energy distribution in the whole column’s height,
causing a better confining situation due to their better
extensiveness. Also, lower sheet width provides an
opportunity for central regions of the column (strips
rupture zone) to undergo greater confinement,
leading to more load-bearing capacity. For bilayer
samples, by comparing the C4-S.P-25.1I and C3-S.P-
50.01 columns, it can be observed that the strip’s
width has no significant influence on energy
absorption and strength. Therefore, it could be
claimed that in order to achieve more monotonous
energy distribution in their height, columns with
higher confinement (bilayer) need strips with a width
below 25 mm because of their axial rigidity

4- Conclusions
The most important results achieved from experiments on
samples are the following:

®Using galvanized sheet as the mid-layer inhibits stress
concentration transfer as well as multi-axial stress to
reinforcement sheet. This will increase the maximum
load by 16% and energy absorption by 53% in the
samples reinforced with carbon fiber.

®Using a mid-layer changes the columns' behavior from
strain-softening to strain-hardening. In fact, when we use
this innovative technique, it can be said that the weak
confinement of the column changes into effective
confinement.

® The presence of a free distance between the concrete and
mid-layer  affects the mid-layer’s performance
significantly.

®Reducing the width of the reinforcing strips from 50 mm
to 25 mm, leads to an 8% increase in maximum load-
bearing as well as 140% energy absorption in samples
reinforced with carbon fiber due to more monotonous
energy distribution in column’s height.
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Investigation of Mid-Layer Effectson
Reinfor ced-Concrete Column
Confinements Strengthened with
Composite (CFRP) Sheets

H. Karimzadeh' M. R. Eftekhar’
1-Introduction

Nowadays, the use of Polymer Composite Material
(FRP) has extended widely as a reinforcing material to
repair and strengthen important elements of concrete
structures, especially columns. Despite extensive
research on increasing the rate of ductility and strength
of concrete columns confined with FRP composites,
there are scarce comprehensive studies concerning the
failure strain of wrapping sheets. Some experimental
studies showed that FRP failure strain, achieved in
standard experiments of determining strain in flat
sample was unattainable and the failure strain of
wrapping strengthened plates would be less than the
above-mentioned amount at column failure. Therefore,
most tensile capacity of the composite would remain
useless.

2-The Aim of the Study

In the present study, we try to prevent stress
concentration's transfer due to concrete cracking in
reinforcing sheet as much as possible by placing a
mid-layer between the concrete surface and the FRP
sheet. This is done in order to increase load-bearing
capacity, improve ductility behavior of cylindrical
columns, and make optimal use of FRP’s tensile
capacity. The material used for the mid-layer is a thin
galvanized sheet layer cut approximately equal in in
size to the sheets and located under the reinforcing
sheet. The presence of this layer causes the cracks due
to concrete failure to be absorbed by the additional
mid-layer instead of FRP jacket. In addition, this mid-
layer inhibits the adherence of the jacket to the
concrete which in turn causes the reduction of shear
force transfer from the concrete to the jacket (leading
to the creation of biaxial stress in the jacket as well as
the reduction of its performance compared with a flat
sample).

3-Equipment and Material Testing

In this paper, 14 RC columns with circular sections
that are 150 mm in diameter and 500 mm in height, are
created and used in experiments. In order to reinforce
the columns internally, six longitude reinforcements of
8 mm diameter (=p1.7%) and six simple stirrups that
are 6 mm in diameter have been used in column length
with distances of 85 mm. All the specimens have been
removed from the mold a day after casting and cured

” Corresponding Author, Graduate Student, Dept. of
Civil Engineering, Isfahan Univ. of Technology;
E-mail Address: a.karimizadeh@cv.iut.ac.ir

% Assistant Prof, Dept. of Civil Engineering, Isfahan Univ.
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in water bath up to 28 days under standard conditions.
After the curing stage, the probable anlages are
removed from the samples by a grinder since the
concrete sap permeates through the cracks of the cast.
The dusts produced in the holes are then removed by
an air compressor. After that, the area for locating FRP
strips on the samples' height is marked and finally, the
end surfaces of the samples are capped to prevent the
exertion of external loads from the center.

The strength of the experimented columns for each
group is obtained from the mean of final strength of
four standard cylindrical samples that are 150 mm in
diameter and 300 mm in height. This is done based on
the obtained mixture plan 28 Mpa. The cement that is
used in the mixture is Portland cement Type 1 and the
maximum aggregate size is 12 mm. Commercial
Carbon fibers called Sika Wrap Hex 230C have been
used to reinforce the samples externally. The features
of these carbon fibers are presented in Table 3. In
addition, the resin used is called Sika Dur-330. Its
mechanical features are included in Table 2.

By means of displacement control method, samples
undergo axial pressures via a hydraulic press device
with 200 KN capacity and loading rate of 1 mm/min.
Once the maximum load-bearing capacity is obtained,
the samples' loading continues to reach 50% of the
maximum load in the softening region. Results of the
load and lateral and axial displacements in
corresponding loading points have been registered by a
data logger device. To achieve the axial displacement
based on Figure 3-a, two LVDTSs have been used and
installed in the middle and the two sides of the samples
in a distance of 240 mm. The average results obtained
from these two LVDTs have been used in order to
calculate the axial strain. Furthermore, a horizontal
LVDT has been used in the middle of the samples to
obtain lateral strains of the samples as illustrated by
Figure 3-b. The accuracy of the displacement
recording equipment used is 0.005 mm and their
maximum measurable displacement is 25mm.

Table 1. Steel Properties

Steel
Yield Strength (MPa) Ultimate Strength (MPa)
#6 354 398
#3 550 775
Table 2. Resin Properties
Tensile Elastic Ultimate Tensile
Resin Strength Modulus Strain (%)
(MPa) (GPa)
Sikadur-330 30 4.5 0.9
Table 3. Fiber Properties
Tensile Elastic Ultimate Thickn
Fiber Strength Modulus Tensile ess
(MPa) ( GPa) Strain (mm)
()
Sika Wrap- 4300 238 1.8 0.131
230 C
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ordinary domes have an indistinctive situation. They
have close failure load for spans of 12 m and 15 m,
whereas the failure load of the ordinary ones is
considerably more than that of the drop one.

Similar diagrams for load applied to the one-third of
the dome's height have been shown in Fig. 4. The
value of failure load for the raised four-centred dome
is larger than that of drop and ordinary domes, which
is contrary to the load applied to the two-thirds height
case. The minimum failure load belongs to the drop

type.
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Fig. 3 Diagrams of the var ations of the failure load against
FRP strip pattern for loads applied to the two-thirds of a four-
centred dome height for spansof: a) 12m, b) 15m, c) 18 m

5- Conclusions

1. The use of FRP strips increases the failure load of
the dome. The failure load increases by
decreasing the distance between the FRP strip
and the steel plate under the concentrated load.
The best dimensions for FRP strips is a width
equal to the stedl plate width and a length three
times the steel plate length.
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Fig. 4 Diagrams of the varations of failure load against FRP
strip pattern for load applied to the one-third of the four-
centred dome height for spansof: a) 12m, b) 15m, c) 18 m

2. The best pattern of the FRP strip is when it is all
around the steel plate without a distance. In most
cases, the failure load for horizontal FRP stripsis more
than that of the vertical ones.

3. In semi-circular and drop four-centred domes the
failure load increases with the decrease of the span.
For other domes, there is no distinctive rules. When
the load is applied to the two-thirds of the dome's
height and FRP strip is all around the steel plate, the
maximum and minimum failure loads belong to a
semi-circular dome of 12 m span (125 MN) and a
drop pointed dome of 18 m span (2.35 MN),
respectively. These values, when the load is applied to
the one-third of the dome’s height, belong to a raised
pointed dome of 12 m span (27.5 MN) and a semi-
circular dome of 18 m span (5.4 MN), respectively.

4. When applied to the one-third of the dome's
height, the failure load in al domes except semi-
circular and drop four-centred domes is larger than
when the load is applied to the two-thirds of the
dome's height.
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Parametric Study of Failure Load of Persian element method using the ANSY S code has been used.

Brick Masonry Domes Stiffened by FRP
Stripsunder Concentrated Monotonic
L cads

M. Hejazi® Mehrdad Ghamari®
Hamid Beheshti®

1-Introduction

Architecture in Iran has a history of thousands of
years. The dome is an element of Persian architecture
that is important from the viewpoint of its structural
performance. Persian domes have various shapes and
are built in different buildings such as palaces,
mosgues and bazaars. Despite the importance of the
dome, adequate studies about the structural behavior of
Persian domes have not been done to date.

2- Methodology

In this research study, three types of semi-circular,
four-centred and pointed domes have been studied in
order to investigate the structural behaviour of Persian
brick masonry domes. For four-centred and pointed
domes, the three types of drop, ordinary and raised
domes have been considered (Fig. 1). The dimensional
characteristics of the studied domes including the span
and thickness at the base have been selected based on
the dimensions of existing domes in Iran. The spans
are 12 m, 15 m and 18 m. In order to determine the
thickness at the apex, the optimum apex thickness to
base thickness ratios reported in the literature has been
used. Domes have been subjected to monotonic
concentrated loads up to local failure. Vulnerable
zones have been dtiffened by FRP strips and the
stiffened domes have been again subjected to
monotonic loads. FRP strips with different dimensions
and patterns have been studied. The location of FRP
strips has been once at the one-third and once at the
two-third of the dome's height. The value of failure
load, the effect of dimensions and patters of FRP
strips, and the effect of the shape and span of the dome
on the failure load have been studied. The Willam-
Warnke failure criterion and the Tsai-Wu stress theory
have been used for brick masonry and FRP,
respectively. The non-linear three-dimensional finite
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For patterns, FRP strips have been categorised into
three groups of FRP strips: 1) at the bottom and top of
the steel plate (horizontaly), 2) at the left and right of
the stedl plate (vertically), and 3) al around the steel
plate. In Fig. 2 only the first group is shown.

Semi-Circular Ordinary Pointed  Drop Four-Centred

Fig. 1 Sections of three types of studied domes

Rectangular Plate 1

= IZE El= =
T_.x Lx Lx

Rectangular Plate 2

Square Plate

Fig. 2 Top view of thefirst pattern of FRP strips at the bottom
and top of the steel platewith a distance of : @) 0 cm, b) 10 cm,
¢) 20 cm from the steel plate

3- Finite Element Analysis

Because of the vast application of four-centred
domes in Persian architecture, the diagrams of the
variations of the failure load against FRP strip pattern
for three types of drop, ordinary and raised domes for
load applied to the two-third of the dome's height have
been depicted in Fig. 3. P, H, V and A stand for
without FRP strips, with horizontal, vertical and all
around FRP strips, respectively. The value of the
failure load for araised four-centred dome is less than
that of a drop or an ordinary one. The drop and
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The possibility of exceeding CP level is almost zero
for these frames. This is due to the low height and low
story drifts of these frames. Also, by increasing span
width and gravity loads of these frames, probability of
damage increases. But the performance of these
frames against increasing seismic design loads is vice
versa.
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Fig 1. Fragility curves of 3 story frames

Fig 2 shows the effect of increasing the number of
stories on the damage probability of the frames. It can
be seen that the performance of taller frames are worse
than shorter ones. It can be concluded that more
attention should be paid to vulnerability of taller
frames.
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Fig 2. Fragility curves of frameswith different stories

Fig 3 shows interstory drift ratios of 5 story frame at
different IMs. In this frame, latera displacements of
the third and fourth floors at lower intensity are larger
than other floors. By increasing the intensity of the
earthquakes, interstory drift ratios of the mentioned
floorsincrease, drasticaly.
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Fig 3. Interstory drift ratios of 5 story frame at different IMs

Story level

5- Conclusions
Based on the incremental dynamic analyses of the
frames, the following conclusions are drawn:

1. By increasing the number of stories of the frames,
probability of the frames damage increases. The
worst caseisfor the 12 - story frame.

2. Moment resisting frames designed based on the
tenth code of the Iranian nationa building
regulations are more reliable for buildings having
8 storiesand less.

3. Frame designed based on LS performance level
advised for design base earthquake of 2800
standard would also be appropriate for other
performance levels recommended by seismic
codes.

4. PGA is not aways a good IM because it is not
related to the structural response.
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Study of the Seismic Vulnerability of Steel
Moment-Resisting Frames Designed Based
on the Tenth Code of the Iranian National
Building Regulations Using Fragility Curves

H. Tgmir Riahi®  S. M. Omizadeh?
1-Introduction

Severe earthquakes occurred in recent years have
caused intensive financial loss for government and
people. Therefore, lots of researches are needed in the
field of earthquake engineering to reduce the risk of
seismic hazards. So far, on the acceptable level of
seismic risk, no comprehensive study has been donein
Iran and this is a challenge and a prerequisite for the
study of vulnerability.

Seismic fragility curves are the essentia tools for
vulnerability assessment of the structural damages and
can correlate probability of damage with different
intensity measures of probable earthquakes. These
curves can be used as indices for comparison of
different structural systems performance and also can
show the increase or decrease of the probability of
damage to structures excited by earthquakes. Also,
priority of structures for retrofitting actions can be
managed by these curves.

Until now, a comprehensive study on seismic risk
assessment of steel frames designed based on Iranian
codes has not been done. In this study, the seismic
performance of steel moment-resisting frames
designed based on the tenth code of the Iranian
national building regulations is investigated.

2- Modeling of the structures

Design and modeling of the frames should cover al
possible cases of the structures. Therefore, in this
study frames with 3, 5, 8 and 12 stories are designed
based on the third edition of 2800 standard, the sixth
and the tenth code of the Iranian national building
regulations. Story height is 3.2 meters and the number
of spans are 3 for each frame.

In order to consider the different levels of seismicity
in the design of frames, moderate seismicity (A=0.25)
and high seismicity (A=0.35) are used. Also, in order
to determine the effects of span dimension, frames are
designed based on 4 and 6 meters spans. Gravity loads
of the frames can also be different. Therefore, two
cases for gravity loads are considered: moderate and
severe. For moderate gravity load, dead load and live
load are 500 and 200 kg per square meter, respectively
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and for severe gravity load, these two are respectively
700 and 500 kg per square meter. Therefore, 16
models are used for incremental dynamic analysis of
the frames and generating fragility curves. In this
study, the frame with 4 meters span which designed
for moderate gravity and seismic loads is considered
as the basis model.

Incremental dynamic analyses are done for each
frame modeled nonlinearly by Perform 3D software.
For nonlinear time history analyses, 14 accelerograms
are used (Table 1).

Table 1. Ground motionsused in this study

Earthquake Magnitude PGA
Date Na?ne %Ms) (cm/s?)
06/28/92 Landers 75 167.8
10/17/89 Loma Prieta 71 494.5
10/17/89 Loma Prieta 7.1 349.1
10/17/89 Loma Prieta 7.1 433.1
10/17/89 Loma Prieta 7.1 239.4
04/24/84 Morgan Hill 6.1 280.4
01/17/94 Northridge 6.8 504.2
10/15/79 Imperia Valey 6.8 200.2
02/09/71 San Fernando 6.5 107.9
10/17/89 Loma Prieta 7.1 153.0
10/17/89 Loma Prieta 71 166.9

04/24/84 Morgan Hill 6.1 95.0
07/08/86 Palmsprings 6 129.0

01/17/94 Northridge 6.8 84.9

3- Generating fragility curves

Fragility curves are generated based on damage
probability of engineering demand parameters.
Usually a proper probability distribution function such
as norma distribution is used for this purpose.
Equation 1 is used for generating fragility curves in
this study.

Fragility = P[ EDP> AC|IM | 1)

In the above equation, EDP is engineering demand
parameter which isinterstory drift ratio in this study,
IM is intensity measure which is pesk ground
acceleration (PGA) in this study and AC is the
acceptable limit for EDP. ACs are considered to be
0.007, 0.025 and 0.05 for Immediate occupancy
(10), Life safety (LS) and Collapse Prevention (CP)
performance levels, respectively.

Assuming a normal distribution for fragility
curves, Equation 2 can be derived:

Fragility = 1- P EDP < AC|IM |
2
:1_¢[AC—/JJ )

(o2

In this equation, u and ¢ are average and standard
deviation of EDP and ¢ stands for normal
distribution.

4- Comparison of fragility curves
Fig 1 shows fragility curves of the 3 - story frames.
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completely dissipate the excess pore water pressure
at the particular stress level, and the void ratio (egop)
at the end of primary consolidation.

Test results indicated that with increasing the stress
level, Samples became denser and smaller, and so the
soil structures become stable and creep rate
decreases. The values of C, in the overloaded-
unloaded and single stage tests are approximately
equal, but the required time for a specific porous in
the overloaded-unloaded test is lower than that
single-stage tests, and this test accelerates the creep.
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1- Introduction

Clay particles are characterized by the fine
particle sizes, less than 2 um and having negative
charges on their surfaces. Due to this nature of clay
particles, they are susceptible to physical, mechanical
and physico-chemical processes. In dry condition,
clay particles adsorb cations and keep them with the
help of negatively charged clay surfaces. When clay
is exposed to water, the cations diffuse away to
balance the concentration through the system
(Mitchell and Soga, 2005). The negatively charged
clay surfaces and the distributed charges in the
adjacent phase are called as diffuse double layer
(DDL).

The history of the creep behavior of clay soil
extends back to the nineteenth century. The
investigations into secondary compression were
published about a decade after Terzaghi
consolidation theory (Terzaghi, 1925) which
described the compression of clay due to dissipation
of pore water pressure. Laboratory tests reported on
the effect of time on compressibility of clays were
indicated by Buisman (1936) and Taylor (1942).The
mechanisms involved during the creep behavior of
clay due to the sliding of clay particles at particle
contacts, deformation of clay particle itself and
compression of poresare discussed by several
researches.When soil is subjected to a load, effective
stress increases with time as a result of dissipation of
induced excess pore water pressure, which is known
as primary consolidation. Significant amount of
settlement occurs during primary consolidation. After
the complete dissipation of the excess pore water
pressure, if the load is continuously maintained on
the soil, deformation can be observed over a long
period of time, which is known as the secondary
compression or creep. Secondary compression is
represented by an index called the coefficient of
secondary compression (C,). Fig 1 shows a typical
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of Civil Engineering, University of Mohaghegh Ardebili.
Email: A_negahdar@yahoo.com

2 MS.c. University of Mohaghegh Ardebili.

* Ph. D Student University of Mohaghegh Ardebili

void ratio-log time relation of saturated soil in the 1D
compression test at a sustained total stress. This
Figure clearly shows elastic, primary consolidation
and secondary compression regions.

Instantaneous Primary ’ . ]
deformation consolidation  Secondary compression/ Creep
: t » logt

End of primary consolidation
(EOP)

1 log cycle

Tume 1o end of primary
& consolidation

Fig 1. Typical void Ratio-Log Time Relation of Saturated Soil
in the 1D Compression Test.

2- Test program

Creep tests are performed on samples in three states
as follows: in single stage test, soil sample is loaded
to specified stress level and is allowed to creep at this
stress level. In stepwise test, the soil sample is loaded
at different stress levels and then is allowed to creep.
In overloaded-unloaded test, soil sample is loaded to
Goverloads and after the end of primary consolidation,
the sample is unloaded to Gy and is allowed to
creep at the same stress level (Gereep)-

Single stage tests at the stresses of 200 and 500kPa
are carried out on the dried in air and water-saturated
clay samples. Stepwise compression creep tests are
carried out on dry and water-saturated clay samples,
and samples are subjected to stepwise loads at
different Greep 0f 50, 200, 500 and 800kPa.

Overloaded-unloaded compression creep tests are
carried out on water-saturated clay samples to
understand the effect of stress history on creep
behavior of the clay. The samples are overloaded to
225, and 525kPa, respectively. Then, they are
allowed to complete primary consolidation.
Immediately after the end of primary consolidation,
the samples are unloaded to Grep 0f 200 and 500kPa
respectively and are allowed to creep. After the creep
stage, the samples are again overloaded to 250 and
550kPa, respectively and after the end of primary
consolidation at these stress levels, the samples are
unloaded to Gcreep, 0f 200 and 500 kPa, respectively.

3- Resultsand Conclusion

In this study, the creep behavior of clay soil is
explained and analyzed using the coefficient of
secondary compression. Casagrande curve fitting
method is used to determine the time (t;o) taken to
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