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The spatial resolution of Global Climate Models (GCMs)
is too coarse to resolve regional scale effect and to be
used directly in local impact studies. Statistical down-
scaling techniques offer an alternative to improve re-
gional or local estimates of variables from GCM outputs.
In this study, an Adaptive Neuro-Fuzzy Inference Sys-
tem (ANFIS) using fuzzy c-means (FCM) clustering is
presented and assessed to reconstruct the observed cli-
mate in Iran.

Outputs from the third generation Canadian Coupled
Global Climate Model(CGCM3) are used to test this
approach over the current period (i.e. 1961e1990), and
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compare results with observed temperature and precipi-
tation from two meteorological stations located in Tehran
and Tabriz.

Both ASD and ANFIS models, as these two models
are evaluated and inter-compared, are calibrated using
NCEP (National Center for Environmental Prediction)
reanalysis data before the use of CGCMS3 predictors.
The comparison is performed over the period of ASD
and ANFIS calibration (1961-1975) and over validation
period (1976-1990), using NCEP predictors. The crite-
ria for results comparison are computing the amount of
model explained variance (R2) and Root Mean Squared
Error (RMSE) for the estimated statistics and climatic
indices.

For stability and robustness of the downscaling results
for each application of ASD and ANFIS models, 100 sim-
ulations were performed to produce 100 synthetic series
of daily precipitation and maximum temperature.
Daily precipitation and maximum temperature are gen-
erated for the periods of 2011-2040, 2041-2070 and 2071-
2100 and compared to 1961-1990 period. Average max-
imum temperature for Tehran is 22.48, 23.52, 25.05,
26.27°C and average precipitation is 0.63, 1, 1.1 and
1.17 millimeter per day for the periods of 1961-1990,
2011-2040, 2041-2070 and 2071-2100 respectively. For
the other station, Tabriz, average maximum temper-
ature is 17,18.31,19.81,21.30°C and average precipita-
tion is 0.84, .60, 0.47 and 0.33 millimeter per day for
thirty years periods respectively. Results comparison
indicates the increase of temperature for both stations
but precipitation behavior is totally different in Tabriz
and Tehran stations.

Key Words: Climate Change, Global Climate Models,
Statistical Downscaling, ANFIS, CGCM3.



ings. Wall segments formed by openings also have the
same behavior as squat shear walls. Usually walls with
aspect ratio less than 1.5 are known as low-rise or squat
shear walls. Shear stresses have significant effect in lat-
eral strength and ductility of such walls. Concrete struc-
tures with shear dominant behavior are more complex
for Analyzing and their seismic behavior may be poor.
Also squat shear walls have various failure modes un-
der lateral loading. Few researches can be found re-
lated to the effect of boundary elements characteristics
on the behavior of squat shear walls. Accordingly, in
this paper, the effect of some variables such as wall as-
pect ratio, amount of axial force, and specially effect of
boundary elements and some of their characteristics such
as longitudinal reinforcement and horizontal reinforce-
ment (concrete confinement) on the behavior of squat
shear walls are investigated, and this is done by ana-
lyzing 30 models of such walls. Response parameters
include maximum lateral strength, lateral displacement
in maximum strength and failure mode of walls. Results
suggest that the effect of boundary elements character-
istics on the response parameters will differ depending
on wall aspect ratio and details of design. In walls with
aspect ratio of 0.5, displacement in maximum strength
found to increase with increasing longitudinal reinforce-
ments of boundary elements and in walls with aspect
ratio of 1.0 and 1.5 found to decrease. Lateral strength
increase with increasing longitudinal reinforcements of
boundary elements and its increase has rising rate with
increasing wall aspect ratio. Accordingly, the conclusion
here is that with increasing longitudinal reinforcement of
boundary elements, ductility increases in models with di-
agonal tension failure mode and decreases in models with
flexural failure mode. In some cases change in boundary
element characteristics result in change in failure mode
of models.

Key Words:  Squat Shear Wall, Nonlinear Finite El-
ement Analysis, Failure mode, Maximum Strength, Dis-
placement in Maximum Strength.
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The use of concrete tunnel form system offers significant
advantages in mass- housing construction, despite the
use of modern material and equipments in mass- hous-
ing construction and fundamental problems with tradi-
tional method, mass- housing construction are still gen-
erally traditional. Then, it is being determined that;
the criteria for selecting system in construction have
been incomplete and general. Holistic criteria are needed
to assist with the selection of an appropriate construc-
tion system in concrete buildings during early project
stages. Because of this reason, the purpose of this re-
search is to identify the criteria for selecting between the
traditional and concrete tunnel form systems for mass-
housing projects. Methodology selected for this research
comprised of literature and field studies, questionnaire
was designed; interviews were conducted with experi-
enced practitioners in the field of mass- housing projects
in Tehran province, and finally a statistical analysis of
the survey was done. Following a literature and field
studies a comprehensive comparison between two sys-
tems of construction, 23 criteria were identified based on
time, cost and quality. To evaluate identified criteria a
survey was conducted from the experienced practitioners
in the field of mass- housing construction including own-
ers, engineers, and contractors. For ranking the iden-
tified criteria a Liker scale of “High”, “High-Medium?”,
“Medium”, and “Medium-low” was selected. The anal-
ysis by using SPSS 18.0 revealed that the criteria are
classified in five categories: initial costs, constructabil-
ity, long-term costs, and the influence of architecture
and structures. Three of these factors are under the
economic category, and two other factors belong to the
quality category. In evaluating the criteria using descrip-
tive and inferential statistics, concrete tunnel form sys-
tem in terms of time, cost and quality, were there is high
demand and shortage crisis in housing is more accept-
able. Results of research will help the main beneficiaries,
including governments, owners and consultants in mak-
ing appropriate decision for selecting the construction
system.

Key Words: Concrete tunnel form system, traditional
structures, time, cost and quality.
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In this paper a novel approach, called Endurance Wave
Analysis (EWA), is established to non-linear dynamic
analysis and assessment of offshore structures subjected
to irregular wave loads. This is, in fact, an extension of
the Endurance Time Analysis (ETA) that already pre-
sented by previous researchers for the seismic assessment
of the onshore structures. With the EWA method, the
offshore structure is simulated under a predefined In-
tensifying Wave Train Functions (IWTF's), correspond-
ing to deteriorating sea states at a specific site. The
functions are designed so that the roughness of the sea
state represented by them increases over the time and
even goes well beyond the design sea state. Using EWA,
damage indices such as base shear, drift and allowable
stress, or any other desirable parameters, from the linear
elastic range of material behavior to permanent deforma-
tion or complete collapse level, can be studied directly
in terms of the sea state roughness. Structural integrity
can then be evaluated based on the EWA results. By
definition, Endurance Wave Heights (EWHs) of a struc-
ture refers to waves that the structure would be stable
against IWTFs according to any arbitrary damage in-
dex. Considering spectral features of the sea state, to
incorporate waves of different heights and frequencies
in a single dynamic analysis, to take into account the
irregularity and randomness of the sea waves and re-
quiring relatively short simulation times are among the
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advantages offered by EWA. Tt has been demonstrated
that EWA, while utilizing a relatively simple methodol-
ogy, provides a comprehensive insight into the behavior
of complicated structural systems against wave actions
which themselves are inherently random and complex.
It produces detailed and valuable information which can
be used for the assessment and design of structures sub-
jected to wave loads. It has been also shown that the
EWA approach can be integrated into a performance-
based design procedure. For implementing a perfor-
mance based assessment, it will be necessary to pro-
vide appropriate acceptance criteria for offshore struc-
tures in different performance levels such as 10, LS and
CP. In this paper, the simple concept of the EWA is
presented and the method is examined on offshore plat-
form. Different irregular IWTF are generated and em-
ployed to evaluate the integrity of the two hypothetical
two-dimensional steel jacket type platforms. The results
clearly show that the proposed method is very effective
for the dynamic non-linear analysis and assessment of
offshore structures subjected to sea loads.

Key Words: Offshore structures, Irregular Random Waves,
Intensifying Wave Train Function (IWTF), Endurance Time
Analysis (ETA), Endurance Wave Analysis (EWA), Endurance
Wave Height (EWH).
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Squat shear walls are common in low-rise buildings, their
seismic rehabilitation and lower stories of high-rise build-



impose a considerable amount of money to the project.
Therefore, in this research, just a layer of coarse-grained
soil, surrounding the reinforcement layer is used and
the remained volume was filled with the fine-grained
soils or the soils that exist in the project site. This
experimental study is performed for the selected thick-
nesses of coarse-grained soil surrounding the reinforce-
ment. Furthermore, the numerical analysis for these
pull-out tests was conducted using the finite element
code, PLAXIS3D Tunnel. Finally, the experimental and
numerical analysis results for the variety of coarse soil
thicknesses were compared and the optimum thicknesses
for coarse-grained soil are presented. According to the
results, the pull-out resisting force increases with in-
creasing the coarse layer thickness; in addition, the Grid-
Anchor endures more pull-out resisting forces as com-
pared with the usual geogrid. According to the exper-
imental results, 10 centimeters coarse layer (i.e. the
thickness of 5 centimeters for the top and the thickness of
5 centimeters for the bottom layer of the reinforcements)
was found as optimum thickness of surrounding layer for
the 5 kPa surcharge. Other findings of this research can
be as follows: when the reinforcements begin to move
against the soil surrounding them, the pull-out resisting
force decreases due to the decrease in friction between
the soil and the reinforcements. On the other hand, as
the thickness of coarse layer around the reinforcements
increases, a hardening state in the force-displacement
curve of these reinforcements was observed. This situa-
tion is more visible for Grid-Anchor in comparison with
the usual geogrid. Having compared the numerical and
experimental results, there is a suitable conformance be-
tween them.

Key Words: Pull-Out Test, Geogrid, Grid-Anchor, Fine-
Grained Soil, Coarse-Grained Soil, Plaxis3D Tunnel.
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Based on significant role of concrete in construction in-
dustry, this material is known as one of the most com-
mon used substance for researchers, this special consid-
eration leads to invention of new generation concrete
and various admixtures with different applications. Self
compacting concrete (SCC) is one of these new com-
binations which was offered at 1986 due to nonquali-
fied conventional concrete (vibrated concrete) in 1980
decade. Self compacting concrete has well application
in construction procedure by passing freely around and
through reinforcement and covers all the spaces inside
the framework and can be compacted by its own weight
without need of any vibration. Lower time and lower
cost of construction, lower sound pollution and high ho-
mogeneous concrete are some advantages of SCC.

In more recent years the tendency to use high strength
self compacting concrete, HSSCC are increased rapidly
and also the use of nano particles in developing materials
has gained enormous attention due to their extreme fine
size. Nono technology has made an outstanding progress
in various fields and materials and its usage is going
on to increase. Materials smaller than 100 nanometer
are involved in this technology and their application in
HSSCC needs to be investigated. Mechanical properties
(compressive and tensile strength, modules of elastic-
ity, shrinkage and creeping) and durability (durability
against freezing and thawing cycles, sulfate attack and
carbonation) of concrete are seems to be dependent on
nano behavior rather tan the micro behavior, and im-
provement of nano may leads to progress in concrete
quality much more than before.

In this investigation, by trial and error procedure, dif-
ferent mix design of nano HSSCC were caste and tested
to reach a so called standard nano HSSCC in fresh ma-
trix phase (i.e., the rheology of fresh nano HSSCC such
as; values of slump flow diameter, T5q, L-box, V-funnel,
J-ring, and column segregation). Based on the results
obtained, the two best so-called standard mix designs
were selected for further investigations. The effect of two
types of fillers, lime stone powder and pozzolan on pa-
rameters like uni axial compressive strength of concrete,
ranged of absorbed water and concrete strength deter-
mination on confined situation which is performed by
the triaxial test. Failure analysis of triaxial test stresses
is performed and normal main stress and shear stress
along with Mohr’s circles are achieved. The results are
indicated that, natural and artificial using of pozzolan
materials in nano HSSCC causes increase in strength at
older ages and concrete durability.

Key Words: Nano particles, Self compacting concrete,
Pozzolan, Filler, Triaxial test, Mohr's circles.
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sand, it causes the soil moves away horizontally and as
a result, the efficiency of vertical reinforcement is in-
creased.

Key Words: reinforcement geometry, bearing capacity,
loose sand(dune sand), strip foundation.
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Ground-borne vibrations due to passing trains are a com-
plex dynamic problem. Different types of vibrations can
be produced due to passing trains on the track and exist-
ing irregularity of wheel and rail surface. Due to the con-
struction of subway and railway lines in the most urban
areas in the world, they have been encountered with ad-
jacency problem of railroads lines to some sensitive areas
such as buildings, laboratories, hospitals, research cen-
ters with the precise instruments or monuments. Four
major steps exist for transferring train induced vibra-
tions to infrastructures that follow: (A) Generation of
vibrations due to repeated train loads (B) Transmission
of vibrations in the surrounding medium (C) the effects
of vibrations on adjacent reception structures (D) Inter-
ception of vibrations. Waves transfer through structure
of track including rail, traverse, ballast, sub ballast and
soil so with arriving to the buildings, their effects cause
discomfort of residents. Studies of Researchers indicate
that the various methods are presented for controlling
the train induced vibrations in the path of wave propaga-
tion (e.g. trench and wave obstacle), source of vibration
(e.g. Rail grinding, resilient wheels and Floating slabs)
and reception structure of the vibrations (e.g. elastic
support systems). Among proposed methods for reduc-
tion of train induced vibrations, the use of open and
in-filled trenches can be pointed out. In all presented
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researches for reduction of train induced vibrations with
using trenches, the rectangular shape of trenches is con-
sidered. Because of the shape effect of trenches hasn’t
been investigated in reduction of train induced vibra-
tions, therefore firstly the numerical model of present
study has been verified with accomplished work by Ni
et al (1994) with using two techniques for simulating
boundary elements(infinite elements and dashpot ele-
ments) for common rectangular shaped trench. Finally
the three shape effects of rectangular, triangular and
step shaped trenches for both open and in-filled con-
crete ones have been investigated. In this regard, the
effect of train induced vibration has been investigated
with finite/infinite element method (or energy-absorbing
damper elements). Amplitude reduction ratio (Ar) has
been used for estimating and comparing the efficiency
of the rectangular, triangular and step shaped trenches.
The obtained results for three shapes of rectangular, tri-
angular and step trenches indicate that Triangular and
step shaped trenches have better efficiency than the com-
mon rectangular trench with considering equal areas and
harmonic train load applied for both open and in-filled
trenches.

Key Words: Ground-borne vibrations, Train induced vi-
bration, methods of vibration reduction, open and in-filled
trenches, harmonic load, finite/infinite element method.
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In order to increase the efficiency of reinforcements in
a reinforced soil structure, the granular soils are usu-
ally used. However, in the most situations, we have
to transfer granular soils from the borrow area, usu-
ally far from the site of the soil structures. This will



Construction of the railway embankments on loose foun-
dations without using reinforcing elements leads to re-
duction of the embankments’ slope, which significantly
increases the volume of soil operation. Hence improv-
ing such loose foundations is an essential part for the
aim of increasing bearing capacity of the embankments.
One of the solutions for static - dynamic stabilization
and the axial load enhancement of the rail lines con-
structed on high embankments (with the height more
than 5m) is use of micropiles in embankments slope
to transmit the applied loads to the tenacious layers
of subgrade. Generally, micropile, as a supporting el-
ement in the soil with the main characteristic of im-
proving the mechanical-experimental properties of the
soil, is a proper methodology for the purpose of im-
proving such loose earth with low load capacity and
intensive settlement characteristics. It should be men-
tioned that micropile is a pile with less than 30 cm di-
ameter, light reinforcement and impacted grout injec-
tion. Review of the literature indicates that there are
no comprehensive studies on micropiles performance to
reinforce the high railway embankments. So, this pa-
per presents a model of high embankment in labora-
tory scale of 1 to 20 in order to setup some experi-
mental tests on non-reinforce and reinforced embank-
ments. It should be mentioned that the experimental
tests are based on a non-reinforced embankment and two
reinforced ones strengthened with two different arrange-
ments of micropiles. Moreover, by the use of instru-
mentation tools during the experimental tests, the data
such as load-bearing capacity of embankments, displace-
ments of different points and axial strain of micropiles
have been measured. In the next step, a 3D numerical
model was developed based on the finite element method
and the load-deformation behavior was simulated in the
two mentioned experimental states with two different
micropiles arrangements; then, the numerical model was
calibrated. In the numerical analysis procedure, the be-
havior of embankment materials and elasto-plastic bed
were considered with the Mohr-Coulomb failure crite-
rion and other structural components of rail line and
micropiles were regarded as linearly elastic. At the end,
the numerical model was developed by improving it with
different arrangements of micropiles in order to verify
their effects on magnitude of providing safety factor of
slope stability and find the optimum arrangements to
reinforce the high railway embankments on loose foun-
dation. By using this methodology can determine the
efficiency factor of each geometrical parameters of mi-
cropiles group, too.

Key Words: high railway embankments, loose foun-
dations, 3D numerical model, finite element method, re-
inforced embankment, experimental tests, micropiles ar-
rangements.
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Based on experimental results, application of reinforced
sand layer is an appropriate strengthening method in
foundations on problematic soils such as loose sands. In
this article results from the laboratory model studies on
a number of strip foundation models laid on loose sand
subgrade strengthened with reinforced sand layer using
different reinforcement geometry are presented. For this
purpose a series of tests were conducted on laboratory
models to examine the effect of soil reinforcement on
foundation bearing capacity. In the experiments, the
soft soil that was selected was part of Yazd (a city in
the center of Iran) dune sand that passed from sieve no.
40 (0.425 mm) and its friction angle was 29°. This type
of sand moves away from loading area when a direct
load is applied. The model scale effect was considered
on maximum size of soil grain and the strength of re-
inforcement elements. Additionally, various geometrical
profiles used for the reinforcement elements (e.g. hyper-
bolic shape), positioned vertically, horizontally flat or
both. The results show that the efficiency of reinforce-
ment was decreased by increasing the number of hori-
zontal reinforcement layers and by increasing the depth
of reinforcement. Based on the laboratory model test re-
sults, the bearing capacity of strip foundations were im-
proved significantly in comparison to conventional hor-
izontal reinforcement in the following conditions: 1.
When reinforcement elements were used both vertically
and horizontally in a specific configuration, the bearing
capacity ratio (BCR) and the reinforcement influence
factor (RIF) were resulted 16.6 and1.8 respectively.

2 When horizontal reinforcement element in the form
of concaved hyperbolic shape was used, BCR and RIF
were resulted 11.4 and 1.3 respectively. Applying ver-
tical reinforcement under horizontal reinforcement pro-
duced more effective results when compared with the
vertical reinforcement alone. This behavior can be at-
tributed to the fact that as loading increase on the loose
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lyzing the results of the tests the various failure mecha-
nisms with this type of wall ,shear modulus and damping
values are obtained at different frequencies. AS results
of visual inspection of the models, during the applying
all of input motions especially in the worst case, none
of the failure modes didn’t observed in any MSE walls
components but the walls movements were appeared in
the form of partial sliding and minor bulging. Finally
Using the regression , relationships presented for shear
modulus and damping in terms of Reinforced lengths
.The final article compares the maximum and average
values of the force in strip with Design factor of safety
offer the real values and compared with the values of the
regulations.

Key Words: Damping ratio, Failure mode , Shear mod-
ulus , Seismic stability ,MSE wall ,Steel strip.
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A number of experimental tests were conducted to better
understand of the mechanical performance of a special
class of high performance fiber reinforced cementitious
composites, namely engineered cementitious composites
(ECC) which is reinforced with high modulus polymeric
fibers. The design approach of the ECC materials is
based on fracture mechanics principles, which will be
described in the first part of the paper. Unlike con-
crete or regular fiber reinforced concrete (FRC), ECC
materials are characterized by their ability to sustain
higher level of loading after first cracking undergoing ad-
ditional straining. This strain hardening gives ECCs a
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significant advantage under flexural loading. The appli-
cation of ECC materials and other strain hardening ce-
mentitious composites require adequate information on
their basic material properties for structural purpose.
The ECC examined in this investigation is a Portland-
cement based mortar matrix with a low volume fraction
(typically 2%) of high modulus PVA fibers. The ECC
properties measured by use of accurate experimental test
setups include uniaxial tensile, compressive, and flexu-
ral behaviors as well as multiple cracking development.
The experimental results showed that the ECC material
exhibits a unique strain hardening behavior with high
tensile strain capacity due to multiple cracking. The re-
sults of uniaxial tensile tests presented in terms of first
crack strength, ultimate strength and ultimate strain at
the peak stress. The average first crack strength was
found to be 3.25 MPa and all ECC dogbone specimens
showed strain hardening behavior with strain capacity
from 3 to nearly 3.7%. The compressive behavior of ECC
cylinders exhibited an average of ECC beams compres-
sive strength of 47 MPa at a strain level of 0.55%. The
flexural characteristics tested under four-point bending
revealed high deformability and strain hardening be-
havior in comparison to low deformation capacity and
strain softening behavior of steel fiber reinforced con-
crete beams. The significant enhancement of energy ab-
sorption capacity and tight crack width control in ECC
beams under bending indicate that ECCs can serve as a
basic structural material or use in repair works.

Key Words: Engineered cementitious composites (ECC),
Fiber reinforced concrete (FRC), Strain hardening behav-
ior, Multiple cracking.
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The supremacy of reinforced soil walls in easy instal-
lation, flexibility and economical aspects in compari-
son with other stabilization technics has caused the
widespread use of these structures. Observation of these
walls during the earthquakes and also the experimental
studies have shown their appropriate behavior and flex-
ibility. Since these walls have adaptable flexibility, us-
ing them in seismic areas has widely developed. There-
fore recognition of the seismic behavior of these struc-
tures is mandatory. The high costs and needed time
of dynamic analysis based on Time-History analysis has
caused that pseudo static method become more desir-
able in spite of lacking suitable accuracy. Independency
of pseudo static analysis to effective parameters on seis-
mic behavior of structures, and ignoring dynamic load-
ing characteristics, are some of the deficiencies of this
method.

The current study, by finite difference numerical mod-
eling, tries to suggest a design method based on dis-
placement. In this case, loading characteristics, such as
magnitude, frequency, peak ground acceleration and ge-
ometrical characteristics of reinforced soil structure are
considered to correct the pseudo static method and fi-
nally introduce the pseudo static coefficient as a function
of seismic performance level and peak ground accelera-
tion.

In addition, the authors have tried to simply suggest
the equivalent harmonic load of selected acceleration
records. Considering the loading parameters, mechan-
ically stabilized earth wall parameters and type of the
site have caused that the used method in this study leads
to most efficient design in comparison with other current
methods suggested in regulations that are usually based
on limit-equilibrium concept. The outputs shows the

over-estimation of current design method in comparison
with displacement based method.

Key Words: Reinforced Soil Wall, Performance based
design, Pseudo Static coefficient, Seismic Performance.
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Due to developing the construction of mechanically sta-
bilized earth walls (MSEW) near to the main transporta-
tion lines as well as inter-city routes, investigating the
seismic stability of these structures has considerable im-
portance. Reinforced soil walls can be considered of the
flexible wall the characteristics aforementioned in earth-
quake condition cause to a significant depreciation of
seismic energy. Flexibility of the structures is Affected
by interaction between metal strip, soil and concrete wall
facing. Technical literature in this field indicates This
structure has not been studied about stiffness and damp-
ing. For this purpose in this research with building six
1g laboratory models, Reinforced soil wall to a scale of 1
to 10 consist of two types of soil, sand and composition
of sand and clay with different lengths of steel strip and
segmental concrete facing seismic behavior of these walls
studied. To simulate the seismic acceleration we use the
sinus wave with acceleration range of 0.1 g to 0.8g and
Frequency of 5 and 8 Hz for the model. In these mod-
els studied strain values on the strip ,and acceleration
the layers of soil, acceleration the concrete facing. Ana-
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the risk consequences, the qualitative model of different
risks are similarly constructed. Then, the relationships
existed between different factors are determined and the
quantitative model of different risks are built. The mag-
nitude of risks is determined using a fuzzy logic based
"risk magnitude perdition system” which implements a
Mamdani style fuzzy inference mechanism. Finally, the
project model is simulated in two different cases, i.e.,
considering the risks and disregarding the risks. The
consequences of different risk are determined by the com-
parison of simulated results achieved from the project
model. The proposed approach determine the negative
impacts of risks on the project cost and time simultane-
ously by simulation of the project execution process and
considering the systemic nature of risks.

In order to evaluate the capabilities of the proposed
model, it is implemented in a sample water pipeline
project. The consequences of ”construction errors risk”
are simulated on the project and time using the proposed
integrated fuzzy system dynamics approach. It is shown
that the proposed method has the ability to determine
the risk consequences at different confidence levels. It is
believed that the proposed risk analysis technique pro-
vides a new tool by which the risk consequences on the
project cost and time could be simulated efficiently.

Key Words: System dynamics, fuzzy logic, risk manage-
ment, simulation, construction industry.
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Steel reinforcing bars have not performed well in appli-
cations where members have been subjected to corrosive
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environments. To reduce the risk of reinforcement corro-
sion, several techniques have been employed. However,
none of these methods have proven to serve as long-term
solutions. Fiber-Reinforced Polymer (FRP) bars can be
used as a reinforcing material by nature corrosion re-
sistant. FRP reinforcing bars are available in different
grades of tensile strength and modulus of elasticity. The
behavior of concrete beams reinforced with FRP bars is
different from that of steel reinforced concrete beams.
FRP bars have high tensile strength and appropriate
durability but are not ductile. In addition, the bond be-
tween concrete and FRP bars is different from steel bars
because of the difference in their surface geometries and
mechanical characteristics.

In this experimental study, fifteen Lap-spliced concrete
beams reinforced with GFRP bars were manufactured
and tested. The parameters of concrete compressive
strength, amount of transverse reinforcement along the
splice length, the surface conditions and the diameter of
longitudinal bars were selected as the variables for the
beam specimens. There are ten specimens reinforced
with ribbed GFRP bars and five specimens reinforced
with sand coated GFRP bars. Laboratory specimens
were designed so that bond failure occurs. The cracks
of the specimens were mapped and test observation was
recorded during loading steps and at the time of failure.
Also, the relationships of force versus mid-span displace-
ment were obtained by means of a Load Cell, a LVDT
(Linear Variable Displacement Transducer), a Data Log-
ger and a computer system. Then the bond strength
and ductility of specimens were analyzed. Based on
the experimental results, the effects of transverse rein-
forcement along the splice length, concrete compressive
strength and bar diameter on bond strength are evalu-
ated. The experimental results show that the effect of
transverse reinforcement along the splice length on bond
strength of GFRP bars is largely dependent on the sur-
face conditions of the bars. Bond strength increases with
increase in the amount of transverse reinforcement. The
concrete beams reinforced with sand coated GFRP bars
are more ductile than ribbed GFRP reinforced concrete
beams.

The results of forty three beam specimens tested by
other researchers are used in the study. The exper-
imental bond strengths are compared with the values
obtained using CAN/CSA-S806-02 and ACI 440.1R-06
Code provisions. The comparison shows that the bond
strengths calculated with the code provisions are higher
than the experimental values especially in the specimens
with no transverse reinforcement along the splice length.
Therefore, the code provisions should be modified to
consider the effect of transverse reinforcement on bond
strength.

Key Words: FRP bars, Transverse reinforcement, Rein-
forced concrete beam, Ductility, Bond strength, splice.
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Construction projects risks have a systemic nature that
imposes difficulties to determine their consequences.
Moreover, it is impossible to determine the consequences
of risks on the project cost and time simultaneously us-
ing traditional risk analysis approaches taking account
of the interactions existed between the project cost
and time.

This research aims to present a new approach for the risk
analysis in construction projects that resolves the major
shortcomings of the traditional risk analysis techniques
by integrating system dynamics simulation scheme and
fuzzy logic. The proposed approach can determine the
risks consequences quantitatively. For this purpose, first
a qualitative model of the project execution process is
constructed using cause and effect feedback loops. The
relationships existed between different variables are then
determined and a quantitative model of the project is
built. The presented project model can simulate the
project objectives in terms of cost and time simultane-
ously since the interdependencies existed between
project cost and time are accounted by the governing
cause and effect feedback loops. In order to determine
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