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This research is to shed more light on the secondary flow
parameter and its accurate estimation effect on the re-
sults. As the first step, the exact experimental values
for I were calculated based on SERC-FCF data, Series
No. 2. Then the distribution of I' across the channel
was extracted for each sub-section. In opposition to cur-
rent procedure of SKM calculation, the exact values of
I' showed that this parameter is not really constant and
follows a distribution of almost third order of the lateral
channel coordinate. In the next step, the best function of
I" for each experiment was calculated and the results of
Shiono and Knight’s analytical solution for velocity and
shear stress, with and without using the suggested model
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for secondary flow effect, were compared with the obser-
vation data. The comparison certified a good agreement
between the results of new model and the experimen-
tal data, especially in the border region between main
channel and floodplain, where the current procedure on
calculation of SKM does not work correctly. Comparison
of relative errors between calculated and observed veloc-
ities showed that the suggested model was competent to
reduce the average of errors from 9.1% to 2.3%.

Key Words:  Compound channel, shiono and knight
method, secondary flow, depth averaged velocity, bed shear
stress.



based on the SPO method, is about 8 percent more than
the corresponding curve obtained from the IDA method.
Generally, for all structural models and all damage states
the probability of exceedance obtained from the SPO
method is about 12 percent more than that obtained
from the IDA method.

Key Words: Fragility curve, static pushover analysis,
precast reinforced concrete frames, incremental dynamic
analysis.
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Since the construction industry is one of the industries
that consumes lot of resources, reducing the time and
cost in this industry is very noticeable. In recent years,
several methods have been proposed to control the time
and cost of projects, which has led to the emergence
of new technologies in this field. Building information
modeling (BIM) is one of these new technologies in the
construction industry. Important features of BIM tech-
nology are the elimination of conflicts in information re-
lated to structures, architectures and facilities, which
provides good bases for accurate project cost estimation
that are not possible in the traditional estimation. In
this paper, using the BIM technology capacity through
programming and linking the List Price to it, a dynamic
and intelligent model is presented to estimate the project
cost (Autodesk Revit software used for modeling and
using Autodesk Dynamo software for programming and

obtaining project cost estimation, which ultimately en-
ters the outputs in Microsoft Excel software.). To vali-
date it by modeling a building and measuring the results,
the superiority of the proposed model Compared to the
usual methods of project cost estimates are approved.
According to results, the developed model has some ca-
pabilities such as increasing the speed and precision of
estimation, reducing the deviation from the initial esti-
mation at the end of the project, estimating online with
regard to changes (volumes And price).

Key Words:  Building information modeling (BIM),
building quantity take-off, project cost estimation, intel-
ligent model.
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The analytical solution of the lateral distribution of depth
averaged velocity in compound channels is known as the
Shiono and Knight method (SKM). In comparison with
1-D methods (such as “Divided Channel Method”, “Co-
herence Method” and “Exchange Discharge Model”),
SKM as a 2-D method enjoys the advantage of comput-
ing the distribution of local velocity across the channel.
SKM uses three coefficients f, A and I' as the represen-
tatives of bed resistance, lateral viscosity and secondary
currents, respectively. Obviously, accurate estimation of
these parameters plays an important role on approach-
ing to exact values. The estimation of f, A and T has
been the subject of numerous researches, but all of them
have assumed constant values for I' in width of channel.
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Depreciation of kinetic energy of flow in the stilling basin
is one of the most important topics considered by hy-
draulic engineers. Since hydraulic jump has known as
one of the important factors to energy loss in the stilling
basin, it is important to form and control it in the bagin.
The use of expanding section can be one of the ways to
ensure the formation of a jump in the basin. This way in
comparison to the prismatic channels, increased energy
loss of current and reduced the secondary depth and the
length of the hydraulic jump. On the other hand, given
that the rough bed decreases the secondary depth and
the jump length, in the present study, S-jump character-
istics on non-continuous trapezoidal roughness elements
at two relative roughness height of 1.15<H/y1<1.68 and
2.3<H/y1<3.37 in the non-prismatic channels were ana-
lyzed. The experiments were performed in a in the hor-
izontal rectangular channel which is 30 cm wide, 45 cm
deep and 5 m long. A total of 99 experiments were car-
ried out in prismatic channels and non-prismatic chan-
nels with expanding ratios of 0.67, 0.5 and 0.33 and
range of Froude numbers from 4 to 12. The results of
present study show that the shear stress of rough non-
prismatic channels in relative height of roughness ele-
ments of 1.15<H/y1<1.68 was about 11.12 times that on
the smooth prismatic channels. Also, rough bed caused
a 12 to 17 percent reduction in the conjugated depth and
a 7 percent decrease in jump length in comparison to the
smooth bed. For the relative height of 2.3<H/y1<3.37,
the shear stress of a rough non-prismatic channels was
13.2 times that on smooth prismatic channel. The conju-
gated depth and length of jump in the rough expanding
section decreased by 20-30% and 13% respectively. The
rough non-prismatic channel at an expanding ratio of
0.33 in comparison to smooth prismatic channel caused
59.5% reduction in the secondary depth and increased
jump efficiency about 29%.

Key Words: Trapezoidal elements, hydraulic jump, ex-
panding section, depth ratio, energy loss.
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Fragility curves provide damage probability as a func-
tion of ground motion characteristics and design pa-
rameters. In this study, we developed fragility curves
for the precast reinforced concrete system, used in the
construction of buildings in some high earthquake-prone
zones in Iran. For accurate seismic demand estimation,
we developed a numerical model for the precast beam-
to-column connection based on the experimental results
presented in the relative research. Incremental Dynamic
Analysis (IDA) of the 3 and 5-story {rames was con-
ducted under the appropriate ground motion records set.
The records database includes 10 far-fault records and10
near-fault records in which 5 records have pulses and
5 records do not have pulses. In IDA, multiple non-
linear dynamic analyses of the frames were performed
using the OpenSees software under the ground motion
records, each record scaled to several levels of seismic
intensity from 0.1g up to the level at which structural
collapse occurred. Based on the IDA results, the me-
dian and standard deviation values for the construction
of the fragility curves were proposed at the four damage
states of slight, moderate, extensive and complete. Re-
sults demonstrate that for a given seismic intensity level,
the precast frames are more seismic vulnerable than the
cast-in-place moment resisting frames. At a given level
of seismic intensity, seismic vulnerability at four damage
sates increases with increasing the height of the frames.
The probability of exceeding the complete damage state
at the design earthquake level was obtained to be 0.56
and 0.63 for the 3 and 5-story precast concrete frames,
respectively.

Considering that incremental dynamic analysis requires
large computation efforts, we evaluated the possibility of
using the static pushover analysis (SPO) in the develop-
ment of fragility curves. For this purpose, the fragility
curves were derived based on the pushover curves us-
ing the SPO2IDA algorithm. The results show that for
all considered models at four damage states, the SPO
method provides an acceptable approximation of the
fragility curves. The accuracy of the SPO method in
the development of fragility curves is improved at higher
levels of response. The fragility curve of the 3 and 5-
story frames for the complete damage state, developed



25% recycled aggregates and 5% microsilica have closer
properties to the control mixture and can be a proper
alternative to the control mixture.

Key Words: Self-Compacting concrete, recycled aggre-
gates, microsilica, mechanical properties, rheological prop-
erties.
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In this paper, an enhanced finite element method is pro-
posed for two-dimensional linear viscoelastic problems
using new Gaussian-Fourier elements, and the results
are compared with those obtained by classical Lagrange
quadrilateral elements. Shape functions in Gaussian-
Fourier elements are obtained by the enrichment of the
proposed Gaussian-Fourier Radial Basis Functions with
polynomial function fields. The idea for Gaussian-Fourier
Radial Basis Functions came from the integrating Gaus-
sian Radial Basis Functions with Complex Fourier Ra-
dial Basis Functions to be more efficient than each in-
dividually. In these proposed shape functions, there is
a shape parameter, which is a constant unknown pa-
rameter that is selected to increase approximation’s ac-
curacy. It is shown that Gaussian-Fourier shape func-
tions over an element satisfy all the requirements nec-
essary for the assurance of convergence to the actual
solution as the number of elements is increased, and
their size is decreased. The Patch test is performed
by utilizing Gaussian-Fourier elements in advance. In
this study, based on the experience of the authors, it

is proposed that a suitable shape parameter for each
problem is adopted based on an acceptable approxima-
tion of the problem’s geometry by a Gaussian-Fourier
element. The Finite element formulation proposed by
Zocher for linear viscoelasticity is adopted in this article.
In this numerical algorithm, the constitutive equations,
expressed in an integral form involving the relaxation
moduli, are transformed into an incremental algebraic
form prior to the development of the finite element for-
mulation. In order to illustrate the validity and accuracy
of the present approach two numerical examples, with
available analytical solutions, are examined. The Re-
sults showed that Finite element solutions obtained by
the proposed approach were in great agreement with an-
alytical solutions even though noticeable fewer elements
are required in comparison to the classic Finite Element
method; therefore, the computational costs are reduced
effectively. This fact may be attributed to the robust-
ness of the proposed shape functions and their efficiency
in viscoelasticity.

Key Words: Finite element method, viscoelasticity,
gaussian-fourier radial basis functions, gaussian-fourier shape
functions, shape parameters.
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Rockfill dams that are made by dumping and compact-
ing rockfill materials are known as one of the most eco-
nomical and safe dams. The main mechanical charac-
teristics of rockfill depend on particle breakage. Particle
breakage occurs when the stress levels are high enough
or when the size of the particles is high enough as the
rockfill particles. Particle breakage causes a change in
grain size distribution of the media and causes a change
in the mechanical properties of the granular media. Par-
ticle breakage is widely studied experimentally by clas-
sical laboratory tests, which need large and expensive
equipment that is rarely available. Although numerical
methods that are based on the continuum mechanics,
such as finite element method, have been developed to
be able to account for discontinuities; nevertheless, the
internal discrete structure of the rockfill cannot be con-
sidered and physically modeled in this way. In addition,
the fact is that these methods are not capable to simulate
particle breakage to predict the mechanical properties of
the rockfill materials. Discrete Element Method (DEM)
can overcome these problems. In this research, discrete
tri-dimensional modeling of rockfill behavior consider-
ing the particle breakage using DEM is studied. Par-
ticle breakage is modeled by a bonded particle model
and, to consider particle breakage, a mechanical thresh-
old criterion combined with a contact density of parti-
cles and a probabilistic criterion is used. PFC3D code
and programming in FISH language were performed by
investigating the resistance and deformation behavior.
In addition, the effects of particle breakage during the
tests were considered by providing a failure criterion.
The model is compared with the experimental tests on
Purulia rockfill dam materials, and the obtained results
show good concordance with the obtained experimen-
tal results. Finally, the model and the presented failure
criteria, whilst it has a simple computational procedure
and high accuracy, were validated.

Key Words: Discrete element method, particle break-
age, three-dimensional modeling, rockfill.
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Self-compacting concrete (SCC) is highly flowable con-
crete that can fill formwork without any mechanical vi-
brationis and able to flow under its own weight. In
recent years, use of SCC has increased for placement
in congested reinforced concrete structures with diffi-
cult casting conditions. On the other hand, environ-
mental protection and waste recycling have become hot
issues of common concern in the international commu-
nity. The generated construction waste due to the global
building (structure) removal and demolition, war, earth-
quakes etc. is becoming huge. In addition, the concrete
with recycled aggregate is economically justifiable. In
this study, the effect of replacing different percentages
of fine and coarse recycled aggregates on the mechanical
and rheological properties of SCC is evaluated. For this
purpose a self-compacting concrete control mixture with
natural aggregates is prepared in the first step. Then in
the second step, recycled fine and recycled coarse ag-
gregates with levels of 25, 50, 75 and 100 percent, re-
placing natural fine and natural coarse aggregates, in
two distinct phases, and fresh and hardened concrete
tests are done. Fresh concrete tests include: diameter
of the slump, slump T50, funnel V, Box U, L-box tests
and hardened concrete tests include: compressive, ten-
sile and flexural strength tests. In each phase, a mixture
that has the least negative changes in terms of mechani-
cal and rheological properties compared with the control
mixture, is selected for the next step of the research. Re-
sults showed that the mixture with 25% replacement of
fine recycled aggregates and the mixture with 25% re-
placement of coarse recycled aggregates have the least
negative changes compared with the control mixture. In
the next step, to improve the weakened properties of the
mixtures with 25% replacement of coarse or fine recycled
aggregates, cement is replaced by microsilica with levels
of 5, 7.5 and 10 percent. Results show the mixtures with



by cracking along the interface of cold-joint are higher.
This paper presents a model to simulate the cold-joint in
concrete elements in the ABAQUS finite element pack-
age. Simply supported beams under three-point bend-
ing with the same compressive strengths of concrete on
both sides of the cold-joint are considered, and three
different sizes of geometrically similar cold jointed inter-
face specimens are evaluated to consider the size effect
using the Bazant’s size effect model of concrete. The
Mode-I of fracture mechanics is working in the three-
point bending tests by notched beams in plain concrete.
In order to achieve the best results of numerical mod-
eling on the concrete beam, a number of stress-strain
relations of concrete for compression and tension in dif-
ferent combinations were evaluated on the beam with
monolithic concrete and, among them, the pair had the
best results, compared to the experimental result, which
was used for the modeling of concrete beam with a cold-
joint. In addition, negligibly small thickness of the co-
hesive element with a linear softening relationship in the
traction-separation law was used for modeling the cold-
joint. The comparisons are made for load-deflection and
load-crack mouth opening displacement (CMOD) plots.
The finite element analysis results are in good agreement
with the observations and data in experimental testing.

Key Words: Cold-Joint, numerical modeling, concrete
fracture mechanics, stress-strain curves of concrete for com-
pression and tension, three-point bending concrete beam
model.
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By growing of urban life and increasing demand for con-
struction, as well as requirement of appropriate space

for parking and facilities, excavation has become an in-
tegral part of most construction projects. One of the
new and effective methods for stabilizing excavation is
nailing method. One of the important parameters of
the design in this method is bond strength, which is
significantly influenced by the grouting process. The
grouting process depends on various parameters such as
grouting pressure, grouting algorithm and mortar com-
ponents, but due to the lack of studies on the effect of
mortar components on bond strength, the effect of an
expansive additive in the grout on the bond strength
investigated by a pullout box in the laboratory. The
pullout box has different parts such as overburden pres-
sure unit, grouting unit, loading unit and monitoring
unit. First the soil strength parameters obtained by di-
rect shear test. Also grout’s compressive strength ob-
tained by grout compressive strength test with UTM. In
the pullout test, first the soil with optimum moisture,
compacted layer by layer while a steel casing embedded
in the middle of the box. After applying overburden
pressure with an airbag for 24 hours and setting equilib-
rium in the soil, the steel casing removed and the steel
bar placed in the hole, then grouting process started.
Finally, after 5 days, the loading process started, by
pulling out the grouted nail using speed of 1 mm/min.
Also the grout compression strength tests have done to
investigate how expansive additive influences on mortar.
The results showed that the use of expansive additive to
a certain and optimum extent, despite of reduction in
mortar compression strength, causes increase in bond
strength in the laboratory sample. Also by increasing
the grouting pressure, the pullout resistance increases
to high extent, which is recommended in projects.

Key Words:
grout pressure.
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Nowadays, design/rehabilitation of urban stormwa-
ter drainage systems has become a challenging issue
due to more frequent severe floods in urbanized areas.
These severe floods may cause significantly crucial so-
cial problems as well as financial damages. Also, re-
garding considerable advance in soft computing, opti-
mization frameworks can provide a valuable compu-
tational tool for storm management. In the present
study, using NSDE (Non-dominated Sorting Differen-
tial Evolution) algorithm and EPA-SWMM (Environ-
mental Protection Agency - Stormwater Management
Model) software, a coupled numerical and multi objec-
tive optimization model was developed to rehabilitate
eastern part of Tehran metropolis drainage system. Not
only is this part of Tehran Stormwater Drainage System
(TSDS) the biggest drainage network of TSDS, but also
its eastern part is dealing with a significant lack of ca-
pacity. In this direction, different mitigating strategies
including combinations of relief tunnels and/or storage
units were evaluated and optimal rehabilitation strate-
gies were suggested according to minimizing conflicting
objective functions of costs and flooding. For this pur-
pose, formerly suggested rehabilitation solutions intro-
duced by Mahab Ghodss consulting engineering com-
pany have been evaluated and extra relief tunnels con-
sidered to enhance their performance in relation to re-
duce volume of flooding in the network. Therefore, the
total number of four different layouts of rehabilitation
strategies have been assumed in order to rehabilitate
eastern part of TSDS. Results have revealed considerable
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reduction of costs with respect to previous rehabilitation
proposals for the study area stating the desirable perfor-
mance of proposed coupled numerical and optimization
framework of the present study. Moreover, regarding
application of storage units in upstream of the network,
although these units reduced rehabilitation costs signif-
icantly compared to other strategy by reducing length
of required relief tunnels, relief tunnels slightly outper-
formed than upstream storage units in relation to the
flood volume reduction. It seems possible to enhance
the performance of storage units by relocating them.

Key Words: Urban stormwater drainage systems, nu-
merical, optimization, relief tunnels, storage units.
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A cold joint is a plane of weakness in concrete caused by
an interruption or delay in the concreting operations. It
occurs when the first batch of concrete has begun to set
before the next batch is added so that the two batches
do not intermix. Sometimes, cold joints occur because of
emergency interruptions and delays and sometimes be-
cause of the work stoppage at the end of the day; how-
ever, they can occur due to poor consolidation. Usually,
the latter condition can be seen at the top and bottom
of columns in concrete frames because of the traditional
construction method. Basically, the interface of the cold-
joint is relatively weaker than both sides of materials.
For this reason, the performance of concrete elements
with the cold-joint is under the influence of that behav-
ior. In a system with a cold-joint, the chances of failure



these structures, numerical methods are required due to
the fact that the governing equations are complicated.
The meshless method was well implied for many struc-
tural problems in recent decades. In this method, the
scattered nodes with regular or irregular distributions
are used to discretize the field functions in local sub-
domains. Because of using the nodes rather than the
elements, the application of meshless method in some
problems yields to more accurate results. To interpo-
late the fields’ variables in terms of its nodal values, the
radial point interpolation method (RPIM) with radial
basis function (RBF) is used. The radial point interpola-
tion method (RPIM) is employed to construct the shape
functions. Because of the fact the interpolation function
type affects the results of meshless approach, various in-
terpolation functions are investigated. Then, the most
proper one is selected for analyzing the porous material
structure. To verify the presented method, the result
of cylinders made of saturated porous materials using
MLPG method under dynamic loading is compared to
the analytical results. A good agreement between the
presented method and analytical result is achieved. It is
worthwhile to mention that damping should be included
in dynamic analysis. Hence, the modeling of damping
effect on the behavior of porous material is conducted.
According to the obtained results, for the usual damping
ratios of the porous materials, increasing the damping
ratio leads to reduction in the displacement amplitude
and stress. Also, it is observed that the period of the
porous material are independent from its damping ratio.

Key Words: Radial basis functions, porous materials,
rayleigh damping, MLPG method, dynamic loads.
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One of the most common energy dissipator structures
is the hydraulic jump-type stilling basins, in which the
flow excess kinetic energy is dissipated by the genera-
tion of a hydraulic jump, changing the flow regime from
super- to sub-critical flow. Due to the extensive use of
stilling basins in hydraulic systems and irrigation and
drainage networks, their study was the focus of sev-
eral investigations. For the hydraulic design of stilling
basins, three parameters including the length, sequent
depth, and head loss of the jump are the major parame-
ters having great effects on designing economical stilling
basins.

In the present study, analytical and experimental inves-
tigations were performed to study the profile of circu-
lar hydraulic jumps on slopped beds with adverse slope.
The study mainly focused on the conjugate depth ratio,
relative head loss, and relative length. In the analytical
model, we applied a series of reasonable assumptions and
used integral equations governing the fluid dynamics to
derive relationships for the conjugate depth ratio and the
relative head loss, which are applicable to both classical
and circular hydraulic jumps. Experimental study was
carried out in a cubic reservoir, in which a circular bed
of 2 m in diameter was applied as the circular bed in its
center. In the experimental study, flow discharge, initial
and secondary depth, and length of the jump were mea-
sured. According to the results, by increasing the ratio
of the conjugate radius and the bed slope, the ratio of
the conjugate depth and jump length decrease and the
relative head loss increases. The accuracy of the ana-
Iytical relationships compared to the experimental was
checked, applying four error functions including; coeffi-
cient of determination, normalized root mean square,
weighted quadratic deviation, and efficiency function,
showing a relatively good correlation between the ex-
perimental and the analytical results. Furthermore, by
using the experimental data, the length of the circular
hydraulic jump was investigated. Results show that, in
this type of jump, the length of the hydraulic jump is
approximately half that of the classical hydraulic jump.

Key Words:  Stilling basin, circular hydraulic jump,
adverse slope, conjugate depth.
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nificant reduction in brittleness and showed better duc-
tility. The response of beams significantly depends on
the method of confinement by transverse reinforcement
and also the distribution of longitudinal reinforcement.

Key Words: Prestressed concrete beams, transverse
and longitudinal bars, ultimate strength, cracking, ductility.
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Steel shear wall is one of the relatively new resistant
systems that has been used in designing and reinforcing
high-rise buildings in the last four decades. Due to the
optimal performance of this type of lateral load system,
including high hardness, good ductility, and high en-
ergy dissipation, this system can also be used to rebuild
non-lethal structures. The composite steel shear wall
consists of a steel plate surrounded by slats by beams
and columns and concrete coverings on either side or
both sides of the steel plate. In this system, the rein-
forced concrete coating, by inhibiting the steel plate and
preventing its buckling, raises the shear capacity of the
steel shear wall to the extent that it is submitted to the
inside of the sheet plate instead of stretching along the
tensile field (which occurs in thin steel shear walls). In
this research, a new type of composite steel shear walls,
in which the concrete covers, instead of the complete

WA

bond with the sheet, is studied numerically. Accord-
ingly, the steel shear walls with concrete coatings of zero
and 15 mm between steel sheets and concrete coatings
have been studied parametrically after the verification.
In addition, these studies have been carried out between
concrete casing and perimeter frame in two cling-and-
seamed modes. The results of numerical studies of more
than 160 finite element models showed that increasing
the distance between concrete and steel sheet reduced
the strength and hardness of the system. Moreover, in
the case where there is a gap between the concrete and
the steel sheet, the coefficient of behavior is 11.21 on
average and 8.11lin the non-distant state. In addition,
concrete casting on both sides of the steel plate in a
non-distant area with boundary elements causes a 45%
increase in hardness.

Key Words: Bowhard steel shear wall, concrete cover
gap, hardness, resistance, coefficient of behavior.
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Porous materials are widely applied in different engineer-
ing fields such as chemical engineering, materials engi-
neering, environmental geomechanics, biomechanics, soil
structure interaction and geomechanics. For this rea-
son, dynamic and static analysis of the stress and strain
of structures and continuum made of these materials
have attracted the attention of researchers. To analyze
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The recent changes in urban communities and conse-
quently the need for thinner strong concrete structures
has caught researchers’ attention. Structural perfor-
mance characteristics such as ultimate loads, maximum
loads, and ductility along with formation and propaga-
tion of cracks in prestressed concrete beams have been
studied by many researchers. In this paper, an exper-
imental study was carried out to investigate the effect
of amount and arrangement of non-prestressed longitu-
dinal and transvers bars on improving the performance
of six prestressed concrete beams with identical geome-
try and concrete properties under static loads. Cracking
strength, formation and propagation, ultimate load car-
rying capacity and ductility of beams were determined.
Unbonded post-tensioning is applied to 7-wire strand
tendons with Grade 270 and diameter of 0.5in that are
positioned with constant eccentricity within the beam.
The test results indicate that adding non-prestressed re-
inforcement to concrete beams generally has a significant
effect on properties of prestressed concrete beams such
as ultimate load, maximum load, ductility and pattern
of crack formation and propagation and also have a sig-
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