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Evaluation of Coupled- Shear Walls Subjected to Near-Field Earthquakes
S. M. Razzaz H. Shariatmadar

Abstract Coupled -shear wallsare one of lateral load resisting systemsin high and mediumrise reinforced
concrete buildings. The lateral structural response is exactly dependents on the shear walls behavior;
therefore these elements must response well whenunder godifferent load conditions. The structureslocated
in near-source region behave differently compared to those in near-source sites when subjected to
earthquake. Therefore, it is very important to study the behavior of these walls under near-field seismic
loads. To do this, after validation of the finite element model with experimental sample; coupled-shear

wallsin 10 and 20 story buildi ngsvvith'F ratio (I=span length and h =beamheight) of 2, %,%and were

modeled in Abaqus computer software. The nonlinear time history analysis were carried out using two
coupled near and far fault records and then the performance of walls were studied under near-field
earthquake. The results show that the structural demands are higher for structuresin near-field area in
comparison to those for far-field. Besides, the effects of near- fault earthquake decrease when the coupled
beam height and structural natural period increase.

Keywords Coupled- Shear Walls, Near-Field Earthquake, Nonlinear Time History Analysis,
Displacement.
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Fire Risk Assessment of Gas I nfrastructure on Different Urban land Uses after
Earthquake (Case Study: District No. 20 of Tehran Metropolitan)

A. Sadeghian B. Omidvar

Abstract In this research an algorithm based on Monte Carlo simulation is introduced to assess the risk
of fire following earthquake in residential, industrial, educational, and governmental land-usesin district
No. 20 of Tehran. The proposed algorithm consist of different modules including hazard analysis,
vulnerability assessment, leak and break analysis of damaged pipeline, ignition probability analysis of
the damaged pipeline, gas flow analysis of pipeline, ignition and consequence analysis. Based on the
results of this research in the extreme state, four leaks, one break, and two ignitions were estimated. In
addition, the total affected area of the four mentioned occupancies includes 25233 square meters and the
total affected population of 146 people was acquired. By applying proposed mitigation measure, the
mentioned results in the case of leak could be reduced by 75%, in the case of break reduced by 100%,
and in the case of ignition it was reduced by 100%.

Keywords Risk Assessment, Fire, Gas Network, Electricity Network, Urban land uses, Monte Carlo
Simulation, Tehran.
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Seismic Analysis of Persian Historical Brick Masonry Minarets
M. Hejazi S.M. Moayedian M. Daei

Abstract According to high height and weak tensile strength of materialsin minarets, it is necessary to
study the structural behaviour of minarets under earthquake loading. Therefore nine historical brick
masonry minarets in Isfahan have been modelled and analysed by applying the nonlinear finite element
method for two cases: 1) the whole minaret, and 2) only the outer shell. Results show that all minarets
fail due to inclined tensile cracks in bricks and bearing of materials under scaled ground motion records
based on the 2800 code. Parametric study has been done to find situations in which the minarets do not
undergo failure. Parameters have been the height of minarets, tensile and compressive strengths of
materials, failure criterion, and damping ratio. Conventional variation of the parameters does not
prevent the failure of minarets due to earthquakes.

K eywords Minaret, Brick Masonry Materials, Historical, Iran, Earthquake, Time History Analysis, Non-
Linear Behaviour.
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A New Approach on Unit Flood Response Method for Spatial Prioritization of Flood
Control Activities

A. Naddafy S.M. Hosseini

Abstract Dueto increasing rate of flood risk throughout the world, including Iran, it is necessary to identify
and prioritize flood-contributing areas for flood control activities. In this study, a new approach on Unit
Flood Response method called “ Flood Reduction method” was introduced which is applicable to
prioritization of sub-basins for flood control activities. It was used to prioritize upstream sub-basins of
Kardeh damin Khorasan Razavi province. To conduct the study, the entire basin was divided into 24 sub-
basins and physical characteristics of the basin and sub-basins were extracted using HEC-GeoHMS
extension in ArcGIS. HEC-HMSmodel was calibrated using a rainfall-runoff event data and then, the 50-
year design storm was simulated by this calibrated model. Prioritization of flood source areas was
performed using the Unit Flood Response method and the Flood Reduction method was used to prioritize
flood control activities. For the basin under study, the results showed that the sub-basin which has higher
flood contribution is not necessarily the most appropriate sub-basinsfor flood control activities. In general,
the prioritization results of the Flood Reduction method and those of the Unit Flood Response method were
significantly different. The effect of rainfall duration on sub-basins prioritization was also studied. The
results showed that rainfall duration has a significant effect on the sub-basins prioritization.

Keywords Flood Control, Flood Reduction Method, HEC-HMS Model, Rainfall Duration, Unit Flood
Response Method.
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Experimental Investigation of the Effect of Air Entrained on the
Vertical Jet Scour Hole

B. Lashkar-Ara A. Lashkar-Ara M. Fathi Moghadam

Abstract Many experimental studies have been conducted on development of the scour hole as a result
of vertical jet impaction. Research has shown that aeration of the nappe flow in the model is much
weaker than that in the prototype. Therefore, the influence of aeration on scour holes needs further study.
Experimental investigation of the effects of air entrainment and tail water depth on the scour hole
developed by a vertical submerged jet impaction is carried out in this study. The scour holes with and
without air entraining conditions were investigated while hydraulic parameters like jet velocity and tail-
water depth were kept constant. The results showed that air entrainment effectively reduces the scour
depth and dimension. Variation of maximum relative depth and length of scouring i.e. ds/hw and Lg/hyw
versus tail-water Froude number parameter, i.e. Fr,, were analyzed. By increasing the air

concentration, maximum relative depth and length of scour hole reduced. The changes in scour hole
dimension has a threshold. Results indicated that for Fr, more than 8.78, no meaningful effect on

maximum scour hole depth (d/hw) and length (L¢/hyw) was seen for air concentration of less than 3.25
percent.

K eywords pre-air entrained jet, nozzle, scour, tail-water Froude number.
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Comparison of RSM and LES Turbulence M odels on Sharp Bend

J. Mozaffari A. Samadi S. A. Mohseni Movahhed D. Davoud-Maghami

Abstract Recognizing of river flow pattern, deposition and erosion areasin meandersis highly important.
Despite the limitations of the physical models in laboratory investigation of flow pattern in meanders,
mathematical models can be helpful. In this research, RSM and LES turbulence models have been
compared on sharp river bend of a laboratory flume using Fluent Software. The Laboratory flume is a
sharp river bend established in hydraulic laboratory of EPFL. In order to investigate turbulence models,
depth-averaged parameters were used. Moreover, to quantitatively examine those models, some
longitudinal velocity profiles were selected and compared with measured ones. Results of longitudinal
depth averaged velocities showed that RSV model is not able to precisely determine the important flow
points. This model shows flow separation region within 85 degree and maximum width of 40 percent,
though measurements indicated it was located in the region with maximum width of 60 percent of total
width and approximately 75 degree. Onthe contrary, LESmodel suitably shows separation region. Besides,
it better determines maximum measured depth averaged velocity situations rather than RSM model.
Investigation of transversal depth-averaged vel ocity distinguished LESmodel from RSM asthe better model
and finally quantitative comparison of velocity profiles showed LES model is more accurate and presents
more valid authentic results.

K eywor ds Depth-Averaged Velocity, Fluent, Sharp Bend, Turbulence Model.
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Study of the Effect of Length Variations of Triangular-Shaped Vanes on Erosion and
Sedimentation Pattern in a 90° Mild Bend

M. Bahrami Yarahmadi M. Shafai Bejestan

Abstract Application of structures of flow pattern modification is one of the erosion control methodsin
bends. Triangular vanes (triangular weirs) are among these structures which provide less scour depth
compared to the other techniques such as spur dike. Snce little information on erosion and sedimentation
pattern around triangular vanes are available, this study was conducted to study the effect of structure
effective length variations on erosion and sedimentation pattern. Therefore a triangular vane with different
effective lengths (23.3, 17.5, 14 and 10 cm) was tested under different hydraulic conditions (Froude
numbers 0.194, 0.214, 0.233 and 0.253). For all experiments, single triangular vane was installed with an
angle of 30° relative to the upper bank and outside bend of flume in the 72° location which maximum scour
depth is usually occurs. For all tests, flow depth was kept constant equal to 13 cm. At the end of each test
bed topography was measured and from that the geometry of scour hole and point bar was measured. The
results showed that maximum scour depth has been reduced by reducing of vane effective length. Variations
of scour depth for low Froude numbers (0.194 and 0.214) was found to be more than high Froude numbers
(0.233 and 0.253). Eroded sediments wer e transported downstream of vane and accumulated closed to the
outer bank. The results showed that, in effective length 10 cm point bar distance fromthe beginning of vane
was almost 0.8 times the effective length of vane for Froude number 0.233 and in effective lengths 14 and
10 cm was respectively, 1 and 2 times the effective length of vane for Froude number 0.253. In addition,
minimum point bar distance from the outer bank has been reduced by reducing of vane effective length.
For effective lengths of 14 and 10cm the point bar distance from the outer bank was almost 1.5-2 percent
width of the flume.

Keywords Triangular-Shaped Vanes, Triangular Weirs, Vane Effective Length, 90° Mild Bend, Scour and

Sedimentation.
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Elevation Range
-9.00 - -8.50
-8.50 - -7.50
-7.50 - -6.00
-6.00 - -4.50
-4.50 - -2.50
-2.50 - -0.50
-0.50 - -0.20
-0.20 - 0.00
0.00 - 0.20
0.20 - 0.50
0.50 - 2.40
2.40 - 3.60
3.60 - 4.80
4.80 - 5.50
5.50 - 6.70

Le=233 cm (&l

Elevation Range
-7.10 - -6.80
-6.80 - -6.20
-6.20 - -5.50
-5.50 - -4.40
-4.40 - -2.50
-2.50 - -0.50
-0.50 - -0.20
=0.20 - 0.00

0.00 - 0.20
0.20 - 0.60
0.60 - 2.50
2.50 - 4.30
4,30 - 5.30
5.30 - 5.90
5.90 - 6.40

Le=17.5cm (o

Elevation Range
-5.70 - -5.40
-5.40 - -5.00
-5.00 - -4.30
-4,30 - -3.50
-3.50 - -2.20
-2.20 - -0.60
-0.60 - -0.20

-0.20 - 0.00
0.00 - 0.20
0.20 - 0.50
0.50 - 1.50
1.50 - 2.30
2.30 - 3.00
3.00 - 3.40
3.40-3.70

Le=14cm ( z
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An Efficient Meta-heuristic Algorithm for Project Scheduling With Multiple M odes

M. H. Seb M. R. Afshar Y. Alipouri

Abstract In this paper, a Fully Informed Particle Svarm (FIPS) algorithm is proposed for solving the
Multi-mode Resource-Constrained Project Scheduling Problem (MRCPSP) with minimization of project
makespan as the objective subject to resource and precedence constraints. In the proposed FIPS A
random key and the related mode list (ML) representation scheme are used as encoding schemes and the
multi-mode serial schedule generation scheme (MSSGS) is considered as the decoding procedure. In
particular, a new fitness function which reduces the average deviation from optimality and CPU-time is
presented. Comparing the results of the proposed FIPS with other approaches using the well-known
benchmark sets in PSPLIB validate the effectiveness of the proposed algorithm to solve the MRCPSP.

Keywords Multi-mode Resource Constrained Project Scheduling Problem, Precedence Constraints,
Resource Constraints, Fully Informed Particle Swarm (FIPS) Algorithm, Random Key
Representation.
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Numerical Investigation of Formation of Bed Topography in a U Shape Channel Bend
with Lateral Intakewith SSIITM2

H. Asiaei H. Montaseri

Abstract The mechanism of flow and sediment transport in channel bend is much complex. Because of
secondary current, the sediment moves away from outer bank toward inner bank and therefore outer bank
of the bend is one of best positions for lateral diversion. In this paper, the mechanism of sediment transport
was simulated with SSIIM software in the U shape channel with lateral intake. In order to verify the
numerical model results used in Montaseri’s lab studies, The position of injection was upstream of bend
and sediment injection rate was approximately is equal to 250 gr/min and Frude number is equal to 0.32.
The SSIIM numerical model solves the Navier-Stokes equations with the k-¢ model on a three-dimensional.
The bed load can be calculated Van Rijn’ formula. The numerical model has been implemented at various
times to see how the formation and development of bed forms in the U shape channel with lateral intake.
The numerical results show that the prediction of development of bed forms, mechanism of sediment entry
to intake, location of intermittent dune and location of sediment accumulation are in fairly good agreement
with experimental data and the maximum error occurred in front of intake.

K eywords Sediment Transport, U Shape Channel, lateral Intake, Injection of Sediment, Bed Form.
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Analytical Investigation of Interaction between Flexible Circular Plate with Transversely
I sotropic Half-space

G. Gorji-Bandpay M. Eskandari-Ghadi  A. Ardeshir-Behrestaghi

Abstract A transversely isotropic half-space with axis of material symmetry perpendicular to the free
surface supports a flexible circular plate. The contact area of the plate and the half-space is considered
to be both frictionless and unbonded (tensionless). The foundation is affected by a vertical static
axisymmetric load. Detailed analysis of the interaction of these two systems is the target of this paper.
With the use of ring load Green’s functions for both the plate and the continuum half-space, dual integral
equations accompanied with some inequalities are obtained to model the complex boundary value
problem. With the incorporation of the ring-shape finite element method, where its size gradually varies,
we are capable of capturing both regular and singular solution smoothly. The validity of the combination
of the analytical and numerical method is proved with comparing the results of this paper with a number
of benchmark cases of both linear and nonlinear interaction of circular plate and half-space. Some new
illustrations are presented to portray the aspect of the anisotropy of the half-space.

Keyword Transversely Isotropic Half-Space, Flexible Circular Plate, Axial Axisymmetric, Dual Integral
Equations, Ring-Element Method.
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Experimental Study of Steel Plate Shear Wallswith Composite Steel Infill Platesunder
Cyclic Loading

F. Nateghi- Alahi M.Khazaei-Poul

Abstract Inthispaper, nonlinear behavior of composite steel plate shear wall systems, in which steel infill
plate is strengthened by fiber reinforced polymer (FRP) layers, are experimentally investigated. Tests are
designed to eval uate the effect of glass-FRP layers, layers number of GFRP and orientation of GFRP layers
onthe stiffness, shear strength, cumulative dissipated energy and other seismic parametersin the composite
steel plate shear wall. Experimental models are scaled one-story steel shear panel model, with hinge type
connections of boundary elements at four corners. In the first test, unstiffened steel infill plate is used for
test. In the next four tests, strengthened steel infill plates are being used with different humber and
orientation of GFRP layers. Each test was performed under fully reversed cyclic quasi-static loading in the
elastic and inelastic response zones of the specimens, in compliance with ATC-24 (1992) test protocol. The
experimental results indicate that by strengthening infill stedl plate yield strength, ultimate shear strength
and cumulative dissipated energy can be significantly increased.

K eywords Composite, Steel plate Shear Wall, GFRP, Fiber Orientation, Stiffness, Failure Modes.
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Numerical Analysisof Geosynthetic Reinforced Walls

A. Shahandashti F. Moghadas nejad E. Aflaki

Abstract In this study, stability of geosynthetic reinforced soil retaining walls investigated using PLAXIS
code that is based on finite element method. The effects of axial stiffness, length and vertical space
between geosynthetic layers, internal friction angle of soil wall and cohesion of foundation on
deformations of wall and maximum axial force of geosynthetic have been investigated. Results of analyses
indicated that horizontal displacements and settlements of wall reduce with increase in axial stiffness,
length and decrease of vertical space between reinforcement layers but there is a critical value for axial
stiffness, length and number of geosynthetic layers which increase more than this certain value has not
significant effect on reduction of settlements and horizontal displacements of wall. Also vertical and
horizontal deformations of wall reduce with increase in internal friction angle of soil wall and cohesion
of foundation but effect of these two factors on reduction of deformations for values more than a critical

value are almost constant.

K eywordsreinforced wall, geosynthetic, finite element, horizontal deformation, settlement, maximum
axial force of geosynthetic
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Estimating the Probable Maximum Precipitation in the Bakhtiari Dam Basin
Using the Statistical and Synoptical M ethods

M.H. Noori Gheidari A.RTelvari

Abstract The two main approaches for estimating PMP are the synoptic and statistical techniques that
their results are often different and selection of the appropriate option is difficult. In the most previous
researches the frequency factor in the statistical method has been considered equal to 15 which thisis
the ultimate limit of frequency factor and the corresponding PMP is became too large. In the present
research the PMP for 1 to 7 days durations in the Bakhtiari Dam basin was calculated using statistical
and synoptic techniques, and the frequency factors in Satistical technique were properly determined.
Results showed that the appropriate factor frequency in statistical technique for this area is about 6.1
which in this case, its results are almost the same as synoptic techniques. Based on the results of
synoptical PMP and statistical PMP with factor frequency 6.1 at different durations, about 55 percent of
the PMP have been observed, while for factor frequency 15, less than 30% of statistical PMP has been
observed.

Keywords Probable Maximum Precipitation, Synoptic Techniques, Statistical Techniques, Freguency
Factor, Bakhtiari Dam Basin.
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Analytical Investigation of I nteractions
between a Flexible Circular Plate with
Transversely I sotropic Half-space

Ghasem Gorji-Bandpey! Morteza Eskandari-Ghadi?
Azizollah Ardeshir-Behrestaghi®

1- Introduction

Because of both engineering applications and
mathematical complexities, contact problems are of
interest to both engineers and mathematicians.
Applications range from foundation design,
pavement engineering, deflectometer tests and soil-
structure interaction to electronic  components
technology, mechanics of adhesives and thin films.
Depending on the relative stiffness of the materials
in contact, geometry of contact area, and load
configurations, many of the underlying mixed
boundary value problems are nonlinear. From rigid-
elastic contact to elastic-elastic contact we may pass
from singular to regular contact stress distributions.
A central boundary value problem on this subject is
the tensionless contact problem of a loaded flexible
plate rested on elastic materials.

In this paper, aflexible circular plate as foundation
attached to the surface of a vertically symmetric
transversely isotropic homogenous linear elastic
half-space are considered to be under the effect of an
arbitrary axisymmetric force. The contact area of the
foundation and the half-space is considered to be
both frictionless and tensionless. Since the contact
area is tensionless and may transfer only pressure,
the boundary value problem is a nonlinear one, and
the contact region is determined with the use of a
trial and error procedure. To do so, ring load Green's
functions for both the plate and the half-space are
determined and the continuity condition of
displacements at the contact areais satisfied with the
use of an integral equation that has to be solved by
satisfying severa inequalities. The inequalities are
defined to model the tensionless contact at the
contact region. The set of integral equations and the
inequalities are solved with the use of ring-shape
finite element method with different sizes, which lets
us capture the singularity at the edge of some
relative rigid plates and the regularity at any other
cases. The validity of the hybrid form of anaytical
and numerical methods is illustrated by comparing
the results of this paper with a number of different
cases of both linear and nonlinear interactions of a
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circular plate and half-space, which have been
previoudly reported. The results are beneficial for a
better understanding of the mechanics of similar
boundary value problems and to have optimum
design of foundations.

2- Mathematical Formulation

A half-space containing linear elastic transversely
isotropic materials is considered to be under the
effect of a flexible surface annular plate with inner
radius a, and outer radius a (Fig 1.). If one
setsa, =0, then the plate will be of a disc shape,
which may be called a solid plate. The annulus is
assumed to be under an axisymmetric vertical load
distribution g,(r) , which makes a contact pressure

p,(r) in between the annulus and the half-space

(see Fig 2.). The contact area is assumed to be
tensionless, and thus the contact region may transfer
only pressure. The radius « is used to show the
upper limit of the contact region. We also assume
that the plate is governed by the classical Kirchhoff

theory, with E, as Young's modulus, and v, as

Possion’s ratio. A continuum theory is considered
for the half-space containing transversely isotropic
materials.

i 8.2)

LE]
Fig 1. A flexible annular plate on atransver sely isotropic
half-space.
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Fig 2. A transver sely isotropic half-space under
the contact pressure.

2.1- Ring load Green'’ s functions for plates
Assuming smal elastic deformations for an

isotropic solid circular plate under an axisymmetric

distributed loading denoted as q,(r) and support

reaction p,(r), the response of classical governing
equation for the vertical deflection w,(r) in a
cylindrical coordinate systemis:

Wp(r):Wp(0)+TWp$"“(r;r')[qz(r ) - p,(r)]dr, O<r<a

Where
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2.2- Half-space ring-load Green'’s functions

A cylindrical coordinate system {(o:r,0,2),z> 0}
is attached to the surface of a transversely isotropic
linear elastic half-space whose material axis of
symmetry is taken to be parallel to the z-axis, which
itself is depth-wise. The displacements and stresses
at any point of the half-space under the load due to
the plate can be expressed by the integral equation

a

un(r,2) = [T,(r,Zr) p(r)ar
0

Wy (r,2) = _TV_Vh(er?r') p,(rdr’
0
am(r,z)szm(r,z;r') p,(rydr’
0

on(r,2) = [ G (1,20 ) Py ()
0

2.3- Tensionless plate governing equations

The axisymmetric tensionless and frictionless
contact problem for a solid plate may be formulated
by assuming a single continuous contact area of
radiusa < a. The vertical displacement
compatibility and tensionless conditions over the
contact area should be enforced in between the half-
space and the plate, which leads to the following
integral equation

a

([0 )+ W, (r;r) ] p, () dr - w, (0)

0

:J'\Tvp(r;r')qz(r')dr'. O<r<a
0

F, :Zﬁj'r‘qz(r‘)dr':Zfz'[r'pZ(r‘)dr'
0 0

3- Ring element method
With the use of this method, the displacement at each
point of the medium, say M(r,6,z), iswritten as

N
W(M) = > W (M)
i=1

Where W(M) is the displacement at point M due
to contact pressure p; affected on an annulus with
radius T, . With using the collocation method, the
pressure p isconstant on it element, and W (M) is

determined as follows:
n
W(M) = pW(M) = p [ F(r.zr

m
N N

m =ZLJ —Ly, 1y =ZLJ, (i=123..,N).
. =

j=1

4. Numerical results

In this part, some numerical evaluations are
presented to illustrate the displacements and stresses at
both the contact area and the half-space. The
calculations consist of numerical evauation of the
integrals given in the equations of part 2.3. Detailed
investigations of the integral show that some special
attention is needed, due to the existence of poles and
Bessel functions in the integrand. An adaptive
procedure is needed due to the improper upper limit
for the integrals.

For a flexible solid (full) plate under the
tensionless-frictionless contact conditions, however,
one must determine the radius « of the contact zone
in the first stage. « , which makes the boundary value
problem a nonlinear one, is determined by applying a
trial and error procedure (see Fig 3.).

30

p.(r) Mat3
E Pointload
z 20 3
) D/(G,a%) =0.01
Ala=10

] 0.2 0.4
\
N

Direction of iterétion
-20

Fig 3. Iteration of traction solution for tensionless contact
under acentral point load (Mat 3).

5- Conclusions

In this study, a transversely isotropic half-space
under the effect of aflexible circular foundation with
axisymmetric distributed load has been investigated
in detail. Proceeding to the main goa of this study,
both the ring load and point load displacement
Green’s functions have been determined for the solid
and annular plate where applicable. In addition, the
ring load vertical displacement Green’'s function has
been presented for the half-space. With the use of
continuity of tractions and displacements at the
contact area and with defining severa inequalities,
the governing equations for the tensionless-
frictionless contact have been given. The nonlinear
boundary value problem has been solved via a tria
and error procedure combined with an integra
equation and several inequalities. A ring-shape finite
element with constant pressure (collocation method)
has been implemented for numerical purposes. It has
been shown that both the relative plate-subgrade
stiffness and the degree of anisotropy of half-space
affect the stress and displacement at any point of the
plate and the half-space as well.
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Numerical Investigation of formation of
bed topography in a U Shaped Channel
Bendswith Lateral Intakewith SSIITM 2

Hossein Asiaei!”, Hossein Montaseri?

1-Introduction

Rivers are a major source of water for meeting
various demands. A lateral intake in a straight reach
of the river is the simplest method of flow withdrawal.
In spite of its simple layout, using this system leads to
complex flow patterns and sedimentation problems.
Due to the suction pressure at the end of the branch,
the flow in the main channel is divided into two
portions. A portion enters the intake channel and the
remainder continues downstream in the main channel.
Along the main channel, before the junction region,
there is a curved shear-layer surface known as the
dividing stream surface that separates these two
portions. Since the entering flow has considerable
momentum in the direction of the main channel flow,
a separation region forms along the branch channel.
A natural curved stream can be said to represent one
of the most complex fluid-flow situations encountered
in the environment. Hence in river bends, centrifugal
effects lead to secondary flow where the water in the
upper part of the river is driven outward.

Secondary flow advects the main flow, leading to a
high velocity at the outer side of the bend. Flow near
the bottom is directed towards the inside bank. The
interaction of the main flow with this secondary flow
forms the so-called three-dimensional helical flows.
Knowledge of the hydrodynamic process in such
curved flows is of significant practical importance
since such knowledge facilitates the prevention of silt-
ing, the positioning of navigable routes, the dynamic
stabilization of river topography and the choice of
location for intake structure.

Hydraulic engineers attempt to reduce the sediment
amount entering the intake and increase the discharge
capacity of the diversion system. One strategy for
sediment control is to mechanically separate the
sediment from the water and eject it from the intake.
Such an approach is expensive and may adversely
influence the river environment by disturbing the
local sediment regime. Other cost effective strategies
are based on approach-flow modification that alters
the bed-shear stress distribution, using e.g. ar-
rangement of guide walls and submerged vanes to al-
low the most bed load sediment to bypass the intake.

> Corresponding Author, Grad. M.Sc. Civil Engineering, Yasouj
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The design of such devices requires complete
understanding of the underlying flow physics and the
interaction between flow and sediment transport.

Due to the role of helical motion in driving the upper
part of the river bend flow outward and directing the
bottom currents toward the inside bank, the outer bank
is a suitable choice of location for lateral intake
structure. The helical motion causes the bed sediment
particles to move towards the inside bank and
consequently reduces the entering sediment to lateral
intake. In contrast, the intake structure withdraws
water from the upper layers of the main channel that
contain minimum amount of sediment. The helical
motion along the curved reach of the river together
with the lateral intake suction form a complex flow
along the main channel and through the lateral
diversion because of the complexity of the flow and
the large degree of variability in geometrical
configurations e.g. location and inclination angle of
the diversion channel and flow conditions. Laboratory
experiments alone cannot provide a deep insight of the
complex 3D flow pattern and the associated
phenomenon as bed and bank shear stress
distributions.

3D numerical modeling, on the other hand, provides
a powerful tool, which employed in conjunction with
laboratory experiments which can enhance greatly the
understanding of the mechanism of flow and sediment
transport in channel bend.

2-Experimental model
The studied field is a channel with a 180° bend

with intake used in Montaseri’s lab studies (2008)
that carries out at the hydraulic laboratory of
Tarbiat Modares University in Tehran.

The main channel consisted of 7.2 m long
upstream and 5.2 m long downstream straight
reaches.

A 180" bend channel was located between the
two straight reaches. The channel was of
rectangular cross-section 0.6 m width and 0.7 m
height with 2.6 m radius of bend to centerline.
The ratio of radius of bend to channel width was
equal to 4.34. Fig. 2 shows a schematic view of
the channel and experimental set up. The bed and
the side walls of the channel were made of
Plexiglas supported by a metal frame. The lateral
intake was 2.5 m long with 0.25 m width. Lateral
intake is located at position =115 of the channel
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bend. The diversion angle ([) was 45 degree.

i
7
I_. 2t Jh-w-% 716 __1

Fig 1. Geometrical specifications of 180" curved channel and
lateral intake (Montaseri et. al., 2008 )

3-Numerical model

SSIIM is abbreviation for Sediment Simulation In
Intakes with Multiblock option. This numerical model
was developed by Nils Reidar Olsen. The SSIIM
numerical model solves the Navier Stokes equations
with the k-& model on a three-dimensional space. A
control volume method is used for the discretization,
together with the power-law scheme or the second
order upwind scheme. The SIMPLE method is used
for pressure coupling [14].

The main strength of SSIIM compared to the other
CFD program is the capability of modeling sediment
transport with movable bed in a complex geometry.
This includes multiple sediment sizes, sorting, bed
load and suspended load, bed forms and effects of
sloping beds. The latest modules for wetting and
drying in the unstructured grid further enable complex
geomorphological modeling. Some limitations of the
program consist of the following: the program
neglects non-orthogonal diffusive terms; the grid lines
in the vertical direction have to be exactly vertical;
kinematic viscosity of the fluid is equivalent to water
at 20° C and the program is not made for marine
environments. So all effects of density gradient due to
salinity differences are not taken into account [19].

4- Result

The mechanisms of sediment transport and bed
topography are simulated with SSIIM software in the
U shaped channel with lateral intake using injection
of sediment on rigid bed. Lateral intake is located at
position 6=115° of the channel bend, the diversion
angle is 45 degrees and the discharge ratio is 30% of
total discharge. The numerical model is implemented
to see how bed forms in the U shaped channel with
lateral intake developed. The numerical results show
that the prediction of development of bed forms,
mechanism of sediment entry into the intake, location
of intermittent dunes and location of sediment
deposition are in fairly good agreement with
experimental data.

It is clear from Figure 2. that after about 60 minutes
the sediment diversion rate is almost constant.
Therefore, the time of experiments and numerical
model was considered to be equal to 60 minutes. It
was found that after the equilibrium time, there is a
continuous sediment entry from the downstream edge
of the intake and a periodic sediment entry from the
upstream edge of the intake (for Q=30%).

0.135
0.12 \
0.1
0.08
0.06
m) 0.04
0.02

0.01
0

Bed level

a)result of numerical

b)result of experimental

Fig 2. Mechanism of sediment entry to water intake
Numerical and experimental model
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An Efficient Meta-heuristic Algorithm for
Project Scheduling With Multiple M odes

M.H. Sebt'* M.R. Afshar? Y. Alipouri’

1-Introduction

The aims of MRCPSP are finding an execution
mode and a feasible start time for each activity, such
that makespan of the project is minimized under
resource and precedence constraints.

There are three methods for solving the MRCPSP:
the exact methods; heuristic approach and meta-
heuristic approaches [3, 4]. However, the meta-
heuristic approaches are the best existing methods
for solving the MRCPSP [6, 7].

So far, many heuristic approaches were applied for
solving the MRCPSP [7-12]. One of the new
optimization techniques is the simulation of the
swarm behavior of natural creatures and Particle
Swarm Optimization (PSO) is one of them.

In this paper, we propose a Fully Informed Particle
Swarm (FIPS) algorithm that is one of the best
variants of the PSO, for solving the non-preemptive
MRCPSP. In particular, a new fitness function is
suggested to reduce the average deviation and CPU
time.

2- The FIPS algorithm for solving the MRCPSP
2.1- Representation scheme

In the FIPS, a random key and the related mode list
(ML) representation scheme are used as encoding
schemes. Accordingly, the encoding procedure in the
FIPS is as follows:

Two independent positions are considered for each
particle in two different n-dimensional search spaces.
The first space is employed for finding the optimal
priority combination and the second one is employed
for finding the optimal mode combination with one
goal, which is the minimization of project makespan.
Both of them must be updated simultaneously, based
on formulas (1) and (2) from iteration to iteration.

\
VELvi T Ut eb X Y

pmeNi

Xt+1i:Xti +Vit+l (Y)

2.2. Generation of initial conditions (initial positions
and velocities)

In this paper, the initial positions of each particle i
corresponding to RK and ML are randomly generated
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by the ranges [0, 1] and [1, Mi] (Mi is the number of
modes to be considered for activity i), respectively.

2.3. Fitnessfunction

Determination of an appropriate fitness function is
necessary for the correct operation of evolutionary
algorithms.

In the MRCPSP literature, several fitness functions
have been proposed of which the fitness function of
Lova et al. [7] (Eq.3) is the last one. In this last fitness
function (Eq.3), infeasible solutions are penalized by
ERR (p), which presents the non-renewable infeasible
degree of ML (Eq. 4). Obviously, when ERR(p) is 0,
the individual i is a feasible solution.

.. max_mak(P)-mak(i) if ERR()=0 @
. max_mak(P)
4 mak(@-min CP  ppR@w.  otherwise
mak(i)
J
N Z“ jml N,
ERR(u)=Y max {0, = @
=1 N

Where mak(i) is the makepan of the individual i and
max_mak(P) gives the maximal makepan of feasible
solutions related to individuals of the current
generation. Min CP gives the minimal critical path of
the project using the minimal duration of activities.
Lova et al. [7] demonstrated that their fitness function
gives better results than the other ones and removes
their faults. However, calculation of CPM term in their
fitness function can increase the computational effort
of the algorithm. Hence, the following fitness function
(Eq. 5) is proposed for the elimination of this
shortcoming.

. Temak(® if ERR()=0
f(1)= T
mak(I) . 5
1+T+ERR(H), otherwise (5

where T is the upper bound on the project’s makespan
given by the sum of the maximal durations of
activities and mak(i) gives the makespan of the
individual i.

After performing a few tests, the results showed that
the proposed fitness function has the better
performance.

2.4 Schedule generation scheme (decoding procedure)
Schedule generation scheme (SGS), as an efficient
method, transforms a representation solution of the
RCPSP to a schedule [12]. There are two types of
SGS: serial SGS and parallel SGS. Since the parallel
SGS cannot sometimes find the optimal solution [22],
we make use of the serial SGS. In the MRCPSP,
because of the existence of non-renewable resources,
the serial SGS must be modified. Therefore, the
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following two processes should be performed.

2.4.1 Infeasible tackling procedure

In this research, after the generation of the initial
population, the infeasible tackling procedure begins to
transform some of the infeasible solutions into a
feasible ones. In this procedure, an activity is selected
randomly and its mode is changed to a new mode. If
the resultant ERR (u) is less than the previous
ERR(p), the previous mode is replaced with the new
one.

2.5.2  Multi- mode forward-backward iteration (MM-
FBI) method

Using the mode improvement procedure, MM-
FBI method reduces the finishing time of the activity
one by one at every decision point of the partial
schedule by changing its mode without changing the
modes and delaying the finishing times of any other
activities [11].

3- Computational experiments

In this section, using some computational
experiments, the performance of the proposed FIPS
for solving the MRCPSP is investigated. The
proposed FIPS was programmed with Matlab
R2012a, and the tests were accomplished on a laptop
with an Intel® core 2 T9300 2.5 GHz processor.

3.1 Comparison with existing algorithms

The average deviation from the optimal
makespans, percentage of optimally solved
instances, and the average CPU time in seconds are
used for comparison. Optimal values for sets J10-20
are considered as the base for calculating the average
deviations. Based on the mentioned considerations,
our results are compared with the existing state-of-
the-art methods for solving the MRCPSP such as the
GA and AIS presented by Peteghem and Vanhoucke
[9], [8] denoted respectively as VPVGA and
VPVALIS, EDA and SFLA presented by Wang and
Fang [12], [11] denoted respectively as LCEDA and
LCSFLA, the hybrid genetic algorithm developed by
Lova et al. [7] denoted as LHGA, the hybrid rank-
based evolutionary algorithm proposed by Elloumi
and Fortemps [10] denoted as EFEA, the hybrid
scatter search developed by Ranjbar et al. [19]
denoted as RSS, the genetic algorithm developed by
Alcaraz et al. [20] denoted as AGA and the
simulated annealing proposed by Jo'zefowska et al.
[5] denoted as JSA.

In Table 4, the mentioned algorithms are sorted
according to the descending performance with
respect to their average deviations. As it can be
observed from this Table, the FIPS is the third best
for sets J10 and j14 and the fourth best for set J12.
However, in sets J16-J20, our algorithm gives the
best performance after the VPVGA. Thus, it can be
stated that as the number of activities increases, the

FIPS performance improves.

Table 4. Average deviations (%) from optimal makespans
(5000 gener ated schedules as the stopping condition)

Algorithm J10 J12 J14 J16 J18 J20

VPVGA 0.01 | 0.09 | 0.22 | 0.32 | 0.42 0.57

Proposed FIPS | 0.06 | 0.17 | 0.30 | 0.38 | 0.48 0.66

VPVAIS 0.02 | 0.07 | 0.20 | 0.39 | 0.52 0.70

LHGA 0.06 | 0.17 | 032 | 0.44 | 0.63 0.87
LCEDA 0.12 | 0.14 | 0.43 | 0.59 | 0.90 1.28
LCSFLA 0.10 | 0.21 | 0.46 | 0.58 | 0.94 1.40

EFEA 0.14 | 024 | 0.77 ] 091 | 1.30 1.62

RSS 0.18 | 0.65 | 0.89 | 095 | 1.21 1.64

AGA 024 | 0.73 | 1.00 | 1.12 | 143 1.91

JSA 1.16 | 1.73 | 2.60 | 4.07 | 5.52 6.74

Table 5 presents the comparison of CPU-times for
different algorithms. As it can be seen from this Table,
for set J10, our proposed FIPS together with LCSFLA
have the best CPU-time and for other sets, our
proposed FIPS is the best algorithm after the LHGA
(except for J12 and J14). Since the tests of LHGA
have been carried out on the computer with a faster
processor, it is faster than the proposed FIPS
algorithm. Thus, it can be concluded that the FIPS
speed is acceptable.

Table 5. Comparison with other proposed algorithms
considering aver age CPU time (5000 gener ated schedules
as the stopping condition)
Algorithm J10 J12 J14 J16 J18 J20
LHGA? 0.08 | 0.10 | 0.11 | 0.12 | 0.13 | 0.15
Proposed
FIPS® 0.07 | 0.11 0.14 | 0.15 | 0.16 | 0.17
VPVGA® 0.12 | 0.13 | 0.14 | 0.15 | 0.16 | 0.17
LCSFLA! 0.07 | 0.09 | 0.13 | 0.15 | 0.19 | 0.27
*Pentium 3GHz. ¢Pentium 2.80 GHz.
°T9300 2.5 GHz. 4T7500 2.2 GHz.
Finally, with respect to the previous experimental
analyses, it can be concluded that the proposed FIPS
algorithm is an effective algorithm for solving the

MRCPSP.

4-Conclusion

In this paper, an efficient FIPS was proposed for
solving the MRCPSP. In the proposed FIPS, two
positions were considered for each particle (candidate
the potential solution): the first position presented the
priority of activities for scheduling and the second one
presented the related mode list. The multi-mode serial
schedule generation scheme (MSSGS) was also
adopted as the decoding procedure. In particular, for
further improvement of the project makespan, the
mode improvement procedure of Lova et al. was
modified by defining a new criterion. Besides, a new
fitness function was defined, which was effective in
reducing the average deviations and CPU times. The
well-known benchmark sets J10, J12, J14, J16, J18,
J20 and J30 in PSPLIB were used for testing the
performance of the proposed FIPS. Performed
comparisons indicated that the proposed FIPS
algorithm is among the most competitive algorithms
for solving the MRCPSP.
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Study of the Effect of Effective Length
Variationsof Triangular Vaneson
Erosion and Deposition Patternsin a 90°
Mild Bend

Mohammad Bahrami Y arahmadi*
Mahmood Shafai Bejestan 2

1-Introduction

A lateral pressure gradient distribution is developed
within the cross section in the river bends due to
centrifugal forces. As the flow becomes closer to the
bend apex, the upper surface layer of the flow moves
towards the outer bank and the lower layer near the
bed moves towards the inner bank forming a
circulation flow that is called secondary flow. As
results of the interference of longitudinal and
secondary flows, a spiral form of flow is developed
aong the bend. When the down flow of the secondary
flow near the outer bank reaches the bed, it will
suspend the bed material at the outer bank toe. These
particles are transported to the downstream or the
inner bank. These flow patterns alter the topography
of the river's bed by scouring the outer bank toe and
depositing the eroded sedimentsin the inner bank. The
maximum scour depth takes place when high
secondary flows and spiral flows occur, making the
banks unstable and resulting in significant erosion
(Biedenharn et al. 1997; Julien 2002). Therefore, it has
been of interest to hydraulic engineers to develop
some measures to minimize the scouring process by
modifying the flow pattern within the river bends.
Spurs are expensive flow-altering structures used for
riverbank protection. Developing scour at the toe of
the spurs which may result in failure of the structure
has also been a main concern for engineers. Therefore,
many attempts have been made to modify the shape
and geometry of the spurs. In this regard, severa
studies have been carried out on triangular vanes (or
triangular spurs) by Johnson et al. (2001); Bhuiyan et
al. (2010); Bahrami Yarahmadi and Shafai Bejestan
(2014, 2015). Bhuiyan et al. (2010) studied the effect
of triangular vanes on banks erosion control in a
sinusoidal channel with moving bed. They used both
single and multiple vanes with an effective length of
one-third of the channel’s width. Their results showed
that when a single or a group of vanes are installed on
the outer bank, the scour hole formed into the outer
bank is filled and the thalweg is shifted towards the
center of the river. They aso found that vanes
installed with a 30-degree angle would produce better
results than those installed with a 20-degree angle.
Bahrami Yarahmadi and Shafai Bejestan (2014, 2015)
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studied the effects of angle and spacing of the
triangular vanes on scour and deposition patterns
around the vanes at a mild 90-degree bend. Their
results showed that the best performance, minimum
scour around the structure and the sediment deposition
in between the vanes, is observed when the vanes are
installed with the space of 5 times the effective length
of the structure and angle of 23 or 30 degrees to the
upstream bank.

There is no comprehensive study about the effect
of effective length of triangular vanes on the scour-
deposition pattern around them. Therefore, the
present study was conducted to study the effect of
structure’ s effective length variations on erosion and
deposition patterns.

2- Experimental setup

The tests were conducted in a single-bend flume at
the Hydraulics Laboratory, Water Science Engineering
Faculty, Shahid Chamran University, Ahvaz - IRAN.
The flume was rectangular in cross section with a
constant width (B) of 70 cm and a central angle of 90
degrees. The ratio of the bend radius to the flume
width (R/B) was 4, and the lengths of the straight
reaches at upstream and downstream of the bend were
5 and 3 meters, respectively. A dlide gate was installed
at the end of the flume to control the flow depth. The
flow discharge was measured by an ultrasonic
flowmeter - Digi Sonic E+ model (accuracy of +0.01
I/s). The flume bed was covered with uniform sand
with a mean diameter of ds;=1.5 mm and a geometric
standard deviation ( :m) equal to 1.22 in all

the experiments.

To investigate the effect of the effective length (Le)
of triangular vanes on bed topography, several vanes
with effective length of one third, one fourth, one
fifth, and one seventh of the flume width (23.3, 17.5,
14 and 10 cm) were tested. In all the tests, the single
triangular vane was installed at an angle of 30° to the
upstream bank and at section 72° from the beginning
of the bend on the outer bank, where the maximum
scour depth usually occurs. The triangular vanes were
made of Plexiglas with athickness of 5 mm. The tests
were conducted under different flow conditions
(Froude numbers 0.194, 0.214, 0.233 and 0.253). The
flow depth was kept constant at 13 cm in al the tests.
The flow depth was chosen such that the vane crest
level at the outer bank and the water surface were the
same. All the tests were carried out under clear water
conditions. A total of 16 tests were carried out. Each
test lasted for 3 hours. Once the bed was drained at
the end of each test, the bed topography was measured
using alaser meter (with an accuracy of 1 mm).

3- Resultsand discussion

Figl shows the bed topography in the vicinity of the
triangular vane. This Figure demonstrates the fact that
by installing the triangular vane at the outer bank, the
scour hole is developed around the tip of the structure.
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The eroded sediments are transported downstream of
the vane and are deposited near the outer bank,
forming a longitudinal shape of point bar near the
outer bank. Such scour and deposition patterns prove
that a triangular vane can effectively modify the flow
patterns.

. Fig. 1 Bed topograp ter atest

By reducing the vane's effective length, the scour
hole was formed closer to the outer bank. In effective
lengths of one fifth and one seventh of the flume
width for Froude numbers 0.233 and 0.253, the scour
hole between the tip of the vane and the outer bank
was developed to the outer bank. For an effective
length of one seventh of the flume width for Froude
number 0.233 and 0.253, the scour hole behind the
vane's axis (towards the inner bank) was attached to
the outer bank.

The most important parameter which has to be
considered is the maximum scour depth. In al the
tests, the maximum scour depth was located behind
the vane's axis (towards the inner bank). In Fig 2
variations of maximum scour depth versus effective
length of the vane for different tests are illustrated. As
seen from the Figure, the maximum scour depth
decreases as the effective length of the vane decreases.
On the average, the maximum scour depths for the
effective lengths of one third, one fourth, one fifth,
and one seventh of the flume width were 0.4, 0.5, 0.55
and 0.8 times the effective length of the structure,
respectively. Moreover, on the average the maximum
scour depths for the effective lengths of one fourth,
one fifth, and one seventh of the flume width were
87%, 74% and 82% compared to the maximum scour
depth at the effective length of one third of the flume
width.

Fig. 3 presents the distance of the maximum scour
depth from the outer bank for al the tests. The results
show that by reducing the vane's effective length, the
distance of the maximum scour depth from the outer
bank decreases. On the average, the distances of the
maximum scour depth from the outer bank for the
effective lengths of one third, one fourth, one fifth,
and one seventh of the flume width were 1.3 to 1.5
times the effective length of the structure.

The eroded sediments were transported by the near-
bed flow towards the outer bank and were deposited at
the outer bank toe. The minimum point bar distance
from the outer bank decreased by reducing the vane's
effective length. On the average, the minimum point
bar distances from the outer bank for the effective

lengths of one third, one fourth, one fifth, and one
seventh of the flume width were 8, 5, 2 and 1.4
percent of the flume width, respectively.
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Fig 2. Variations of the maximum scour depth versusthe
vane's effective length for different tests
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Fig 3. Distance of the maximum scour depth from the outer
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4- Conclusions

The results showed that a triangular vane attached to
the outer bank can effectively alter the flow patterns
in such a way that the scour hole is shifted towards
the flume midway from the outer bank and the
eroded sediments are deposited near the outer bank.
The maximum scour depth decreased by reducing
the vane's effective length. Variations of the
maximum scour depth for low Froude numbers
(0.194 and 0.214) was found to be more than that of
high Froude numbers (0.233 and 0.253). The eroded
sediments were transported by the near-bed flow
towards the outer bank and were deposited at the
outer bank toe. In effective length of one seventh of
the flume width for Froude number 0.233, the point
bar distance from the beginning of the vane was
amost 0.8 times the effective length of the vane. In
effective lengths of one fifth and one seventh of the
flume width for Froude number 0.253, the point bar
distance from the beginning of the vane was 1 and 2
times that of the effective length of the vane,
respectively. In addition, the minimum point bar
distance from the outer bank decreased by reducing
the vane's effective length. For effective lengths of
one fifth and one seventh of the flume width, the
point bar distance from the outer bank was almost
1.5-2 percent of the flume width.
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Comparison of RSM and LES
Turbulence Models on Sharp Bend

Javad Mozaffari !, Amir Samadi’
Seyed Asadollah Mohseni Movahhed", Davoud Davoud-
Maghami®

1-Introduction

In nature, many rivers follow a sinuous course and
are classified as meandering rivers. They have a strong
secondary flow, which causes bed scour at the outer
banks and deposition takes place along the inner
banks. In addition, the water intake should be sited
where there is the maximum strength of the secondary
flow which causes sediment movement from the inner
bank towards the outer bank and the lowest levels of
sediment enter into the intake. Moreover, changes in
the meanders and their bed and bank erosion, cause
the river bend to move and result in the destruction of
the surrounding structures, agricultural farms and
adjacent pumping stations indicating that there is a
need to understand the flow patterns, maximum
secondary flow position and shear stress in river bend
using mathematical models.

2- Materialsand Methods

The experiments were performed in a 1.3 m wide
laboratory plexiglass flume consisting of a 193° bend
with a constant centerline radius of curvature of R =
1.7 m, preceded and followed by straight reaches 9 m
and 5 m long, respectively. The flume has been
located in the hydraulic laboratory of EPFL in
Lausanne, Switzerland. The bed was covered by a
quasi-uniform sand with a diameter d = 0.002m.
Although the curvature ratio R/B = 13 s
representative of sharp natural meander bends the bed
has been frozen for future examinations after sediment
injection for three weeks and forms a developed
topography.

In this paper, the Fluent software is used for three-
dimensional simulation of flow pattern. The Reynolds
Stress Model (RSM) of the Reynolds-Averaged
Navier-Stokes (RANS) equations has been applied in
the current study. The Large-Eddy Simulation (LES)
technique of large vortices modeling also determines
the flow pattern and hence has lower operating
expenses than DNS and a higher operating cost than
RANS models. The LES model assumes a filtering
model to represent the behavior of submeanders and
then calculates the three-dimensional time-dependent
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structure of turbulent flow in large meanders.

Before performing a calculation using Fluent, a
computational domain must be generated to define the
geometry of the problem. The Gambit software was
used for mesh generation. This study comprised of
910,000 computing nodes in Gambit. This
computational grid was obtained finally after size
reduction was done as much as possible and testing
several networks in Gambit and then the Fluent
software. Figure 1 shows the laboratory channel with
the computational grid.

0.6

0.4

0.2

Fig 2. Experimental results: (a) Longitudinal depth-averaged
velocity (Us/U), (b) Transversal depth-averaged velocity (Un/U)

3- Results and Discussion

Depth-averaged quantities are usually used to
describe the general features of the flow field and
velocity distribution in complex three-dimensional
flows. Figure 2(a) shows the longitudinal depth-
averaged velocity (Us) normalized by the average
velocity (Us/S). The flow shows no separation at the
inner bank of the cross section at about 30 degrees in
the bend. Flow separation zone is between 30 and 120
degrees and has the maximum width of 75 degrees
which is about 60 percent of the total width.

Figure 2(b) shows the transversal depth-averaged
velocity (Un) normalized by the average velocity
(Un/S). The normalized transversal depth-averaged
velocity was positive between 15 and 75 degrees and
toward the outer bank. Conversely, it was mainly
negative and toward the inner bank between 75 and
135 degrees. Finally it was positive again after 135
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degrees till the end of the bend.

Figure 3 shows the normalized longitudinal depth-
averaged velocity (Us/U) predicted by (a) the RSM
model and (b) the LES model.

Fig 3. Predicted results of longitudinal depth-averaged velocity
(UgV): (a) RSM model, (b) LES model

Figure 4 shows the normalized transversal depth-
averaged velocity (Un/U) predicted by (a) the RSM
model and (b) the LES model. Table 1 shows the
average error values for selected cross sections. In this
Table, the amount of error of four longitudinal
velocity profiles selected for each cross-section is
determined, and then the average error is identified.

Fig 4. Predicted results of transver sal depth-aver aged velocity
(Un/U): (a) RSM modeél, (b) LES model

For example, error of the LES model was about 2.1
percent for zero degree cross section and position
nl.35 (n is indicative of the radial direction).
Besides, the average error of longitudinal velocity at

the input cross section was 4.5 percent by the LES
model, which is less than that of the RSM model.

Table 1. Difference between predicted and measur ed values of
longitudinal velocity profile (%)

Central
angle Model nl.35 |nl.7 | n2.05 | n2.2 | Mean
(deg)
0 LES 2.1 8.2 7.3 0.4 4.5
RSM 0.4 112] 114 | 6.2 7.3
30 LES 12.6 5.6 5.1 4.1 6.9
RSM 12.2 12 9.8 5.8 10
60 LES - 13 0.4 9.6 7.7
RSM — 13 11 17 13.7
90 LES - 9.7 8.7 19 12.5
RSM - 10 2.9 9.6 7.5
120 LES 8.4 19 1.7 1.8 7.7
RSM 20 6 10 4.7 | 102
150 LES 12 8 13 4.8 9.5
RSM 16 19 12 82 | 13.8
180 LES 4.4 11.5 5 6.5 6.9
RSM 25 7.5 5.7 3.7 | 105

4- Conclusions

For investigation of the numerical models of flow
turbulence and comparing their results with real data,
the data obtained from a laboratory flume with sharp
bend and developed topography were used. The
experiments were performed in a 1.3 m wide
laboratory flume consisting of a 193 degrees bend
with a constant centerline radius of curvature of R =
1.7 m.

To determine the flow pattern using turbulence
models, the Fluent and Gambit software programs
were used, and the RSM and LES turbulence models
were examined. Our results showed that both models
had somewhat predicted the overall pattern, but some
important parts of the flow had not been predicted
well predicted by the RSM model.

Although the RSM model had not been able to
properly predict the flow separation zone and the
angle of 85 degrees was predicted as the separation
region instead of the 75 degrees angle position, the
LES model predicted it properly. Besides, the LES
model has been the best model in predicting the core
position of the maximum longitudinal velocity. It also
better predicted the cross-flow direction and its
position in transversal depth-averaged transverse
velocity. Finally, the average error of the difference
between predicted and measured velocity profiles for
the LES model was less than 8 percent, hence it has
been the lowest prediction error.
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Experimental Study of Aerated Vertical Jets
on Scour Hole Development

Babak Lashkar-Ara' Ali Lashkar-Ara®
Manoochehr Fathi-Moghadam®

1-Introduction

Generally energy dissipation process in plunge
pools take place by turbulence. The magnitude of the
water jet energy entering the plunge pool from a
large dam depends on its falling height, jet thickness
and environmental conditions. Normally in a large
dam, free falling water jet mixes with the air and
vertically impacts water surface in the pool.
Literature review showed that the volume of air
entering the jets in experimental models is less than
the corresponding value in prototype. Therefore, the
effect of an aerated jet on scour holegeometry needs
more study. The purpose of the present study is to
introduce a relation for estimating dimensions of
scour hole caused by pre-aerated vertical jets.

2- Research M ethodology

A tank of 2 m length, 1 m width and 1m depth has
been used to simulate the plunge pool. A 4 inch
circular pipe supplied the water for a 25mm nozzle.
The injected air was mixed with water before jet left
the nozzle. An alluvial river with uniform sediment of
6 = 1.26 and Dsp = 11.1 mm has been used for
modelling. Sediment density was considered to be
2650 kg/m>. Three downstream water depths of 0.325,
0.385, 0.435m were used in this study. Water
discharge varied from 3.95 to 6.12 lit/sec and air
discharge varied from 0 to 1.91 lit/sec so that the air
concentration varied from 0 to 26 percent. The nozzle
mouth was kept submerged about lcm below the
water surface to prevent the air entering it due to
falling and impacting of the jet. Duration of each
experiment was 5 hours. Figure 1 illustrates hydraulic
and geometric parameters. Using the Buckingham pi
theorem gives the governing equations of hole
geometry in the form of equations 1 and 2.

dg/hyy = f(Fru.Co) M

Ls/htw = f(Frtw’Ca) (2)

in which Fryy is downstream Froude number and C,
is air concentration.
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Original Bed Level

Fig.1 Hydraulic and geometric parameters

3- Discussion and Conclusion

Coefficients of equations 1 and 2 have been
determined using experimental data and statistical
methods. The resulting equations are as follows:

dg/hy, =0.0719 (1-C,/100)**" Fr,, 54 3)

L/hy, =0.2934 (1-C,/100)*'11? Fr,, 45 “

Which are valid when Froude number varies
from 4 to 9 and volumetric air concentration are
from 0 to 26 percent.

To assess the accuracy of equations (3) and (4)
using the functions of mean absolute error (MAE),
root mean square error (RMSE), the remaining
weight coefficient (CRM) and correlation coefficient
(R?) were calculated. The results are summarized in
Table 1.

Table 1- Statistical analysis uses equations (3) and (4)

Parameter do/haw Ld/haw
MAE 0.0078 0.0111
RMSE 0.0211 0.0236
CRM -0.0029 -0.0002
R? 0.861 0.869

The results obtained by equations (3) and (4) as
predicted values are depicted in the Figs. 2 and 3,
compared to that of the observed values.
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Fig. 2- Observed versus predicted relative scour depths dshw
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The behavior of equations (3) and (4) is depicted in
graphical form in Figures (2) and (3), respectively.
Analysis of results show that the proposed equations
can estimate (d,/dg, ) and ( Ly/Lg, ) with mean error of

-0.02% and +0.011%, respectively.
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Fig2. Variation of maximum scouring depth against
Froude number for different air concentrations
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A New Approach for Unit Flood
Response M ethod for Spatial
Prioritization of Flood Control Activities

Ali Naddafy! Seyed Mahmood Hosseini?*

1-Introduction

Floods have always been a great cause of loss of life
and resources throughout the world. Due to the high
rate of population growth and deterioration of natural
resources, risk of flooding is increasing day by day.
Therefore, watershed management and protective
operations are critical issues to control floods in high
flood hazard areas. It is not possible to control the
floods for the entire basin considering the large extent
of the basins. Therefore, in flood control studies, flood
contributing areas should be identified and prioritized
in order to control the floods with minimum price and
maximum performance. In other words, nowadays,
instead of focusing on downstream areas under
flooding threat, controlling flood generation in
upstream flood contributing areas (source areas) using
effective flood control activities, is an accepted
practice.

One of the proper methods to identify and rank flood
contributing areas in the sub-basin scale is Unit Flood
Response method (UFRM). In this method, firstly the
basin is divided into smaller study units (sub-basins),
and by using flood routing module of a rainfall-runoff
model (such as HEC-HMS model used in this study),
contribution of each unit to the peak flood discharge at
the basin outlet is determined using an organized one
at a time sub-basin elimination procedure. Then, the
areas which have the most contribution to the peak
outflow of the basin are identified as the flood
contributing areas or flood sources. Although UFRM
can be used for identifying and ranking flood
contributing areas, it faces challenges when it is used
in practice for prioritizing the sub-basins in terms of
conducting flood control activities. In this study, a
new method called Flood Reduction method (FRM) is
introduced for spatial prioritization of flood control
activities.

In order to compare the performance of UFRM with
that of the proposed FRM for spatial prioritization of
flood control activities, Kardeh basin (located
upstream of the Kardeh dam) in the Khorasan Razavi
province, Iran was selected as the study area, and the
results of prioritizing the sub-basins by the two
methods were analyzed and compared. The effect of
the design rainfall duration on the prioritization of the
sub-basins was a so investigated in this study.

2- Flood Reduction Method
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In the UFRM, the overall peak discharge at the basin
is determined first. Then, in order to determine the
contribution of a sub-basin to the overall flood peak
discharge at the basin outlet, the hydrograph of that
particular sub-basin is totally eliminated in the flood
routing procedure. The difference between the
resulting peak discharge at the basin outlet under non-
sub-basin conditions with the basin overal peak
discharge is used to determine a flood contributing
index for that particular sub-basin. Such indices,
determined for all sub-basins, are used to rank flood
contributing areas. If the UFRM is used for spatial
prioritization of flood control activities, the
elimination of flood hydrograph for a sub-basin would
indicate that the activities are 100% efficient in the
removal of al flow from that sub-basin. However, in
rea flood control projects, although the peak flood
discharge and flood volume decrease as a result of
flood control activities, the total elimination of sub-
basin flood hydrograph is far from reality. The FRM
proposed in this study basically follows the same
procedure used in UFRM, but instead of totally
eliminating the flow hydrograph of a sub-basin, the
CN (curve number) of that sub-basin is reduced by
some reasonable percentage in agreement with the
flood control activities.

In this study, HEC-HM S model was used to simulate
the rainfall-runoff process and thereby determine the
flood hydrographs and discharges under different
conditions.

3- Simulation of rainfall-runoff using HEC-HM S
The HEC-HMS mode is composed of three

components. Basin model, Meteorologic model and
Control specifications. In order to prepare the basin
model, the digital elevation model (DEM) layer of the
study area was produced in ArcGIS. By using the
prepared DEM, the entire basin was divided into 24
sub-basins and the physical characteristics of the basin
and sub-basins were extracted using HEC-GeoHM S
extension in ArcGIS. The value of CN for each sub-
basin was also determined considering the hydrologic
soil group and land use. The developed basin model
was transferred to HEC-HMS model. In the modelling
process, SCS loss method, SCS Unit Hydrograph
method and Muskingum method were used to estimate
precipitation losses, to transform excess precipitation
to surface runoff and to conduct flood routing,
respectively. The Inverse Distance Weighting method
(IDW) was used for gpatiad distribution of
precipitation data. A calibrated HEC-HM S model for
the study area was developed by calibrating initial
abstraction, curve number and lag time parameters
using a rainfall-runoff event data. Fig. 1 shows the
observed versus simulated hydrographs for the single
event.
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For the purpose of this study, a 50-year return period
rainfall with 10 hours duration, corresponding to the
basin time of concentration, was considered. The
storm temporal pattern was assumed to follow the
pattern of a local rainfal gauging station. For the
selected design storm, runoff was simulated using
HEC-HMS model, and all of the required hydrographs
for URFM and FRM were generated.
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Figl. Observed outflow hydrograph (black) vs. smulated ones
(red before calibration, blue after calibration) in Kardeh basin

4- Results of prioritization of sub-basins

Under the design storm (10-hour rainfall with a 50-
year return period), prioritization of sub-basins was
performed for both UFRM and FRM. In order to
prioritize the sub-basins by the proposed FRM as
described in previous section, the 10% and 20%
reduction in the CN of the sub-basins were considered.
Table 1 refers to the results. The sub-basins names in
Table 1 are arbitrary names selected for different sub-
basins in this study. Table 2 shows the prioritization
results for FRM (for -10%CN condition) under 50-
year return period rainfalls with different durations.
The effect of rainfall duration on the prioritization
resultsis quite evident in Table 2.

5- Conclusions
The following conclusions can be drawn from the
study conducted on upstream Kardeh basin.

1- Generdly, there is a significant difference
between the sub-basins prioritization based
on FRM and UFRM (Table 1.).

2- Prioritization of sub-basins using FRM
depends on the percentage reduction
considered in CN (Table 1.).

3- Design rainfall duration can affect the sub-
basins prioritization results of FRM (Table
2) and UFRM. Therefore, determining the
proper duration of design storm is necessary
to conduct spatial prioritization of flood
control activities.

4- The findings in this study are in agreement
with the non-linearity which is present in
rainfall-runoff process.

Tablel. Comparison of sub-basin prioritization results based on
Unit Flood Response method and Flood Reduction method (for

two different percenta

es of CN reductions)

Flood Flood
Ranking in Reduction Reduction | UnitFlood
Prioritization Method Method Response
Method
-10%CN -20%CN
1 W340 W340 W410
2 W370 W370 W370
3 W280 W410 W340
4 W390 W390 W390
5 w310 W280 w420
6 W410 W420 W280
7 w420 w310 W310
8 W260 W360 w480
9 W360 W260 W260
10 W290 W480 W360
11 W480 W290 W290
12 W240 W270 W450
13 W270 W240 W250
14 W490 W250 W440
15 W250 W490 W270
16 w320 w320 W490
17 W300 W450 W240
18 w440 W440 w320
19 W450 W300 W300

Table2. Comparison of sub-basin prioritization resultsusing
Flood Reduction method (-10% CN case) under 50-year return

period rainfallswith different durations

Ranking in Rainfall Duration

Prioritization 6hr 10hr 18hr
1 W260 W340 W260
2 W280 W370 W280
3 W290 W280 W310
4 W310 W390 W290
5 W340 W310 W370
6 W370 W410 W340
7 W390 W420 W250
8 W360 W260 W240
9 W250 W360 W270
10 W420 W290 W390
11 W270 W480 W360
12 W480 W240 W420
13 W490 w270 W410
14 w410 W490 W490
15 W240 W250 W480
16 W320 W320 W450
17 W440 W300 w320
18 W300 w440 W440
19 W450 W450 W300
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Seismic Analysis of Persian Historical
Brick Masonry Minarets

Mehrdad Hejazi', Sayed Mohammad Moayedian?,
Maryam Dael

1-Introduction

Minarets play a key role in classical Persian
architecture. The art of minaret construction reached
its peak in the eleventh and twelfth centuries A.D.,
during which alarge number of minarets were built in
Isfahan, Central Iran, the capital of the country in that
era. Barsian, Chehel-Dukhtaran, Ghar, Sin, Ali,
Sariban, Ziar, Rahravan, and Bagh-i-Qush-Khana
minarets are the most famous ones in Isfahan (Fig 1.).
In this paper, the structural behavior of these nine
minarets, which are made of brick masonry materials,
is studied.

@ (b) © )

Fig.1 A number of studied minaretsin Isfahan: (a) Bagh-i-Qush-
Khana; (b) Sariban; (c) Ali; (d) Chehel-Dukhtaran

In general, a minaret comprises of the basement,
body and crown. The basement is constructed inside
the earth on arocky or firm soil layer. The body of the
minaret consists of the central column, the spiral
staircase and the outer shell. The outer shell may have
different shapes with a constant or varying thickness.
The crown is placed on the top of the body.

There are few works dedicated to the seismic
analysis of historical minarets. The work of Hejazi that
investigated Persian minarets from both architectural
and structural engineering viewpoints was the first
one. In his work, he gave comprehensive information

" Corresponding Author: Associate Professor, Department
of Civil Engineering, Faculty of Engineering, University
of Isfahan.

Email Address : m.hejazi @eng.ui.ac.ir

2 PhD Candidate, Department of Civil Engineering,
Faculty of Engineering, University of Isfahan.

3 Assistant Professor, Department of Civil Engineering,
Faculty of Engineering, University of Isfahan.

based on his broad literature review. He also presented
the results of structural analysis of a Persian historical
brick masonry minaret.

2- Loading and method of analysis

The non-linear three-dimensional finite element
method using the ANSYS code is used for analysis.
The eight-node brick element SOLID 65, which
incorporates both the William-Wranke and Drucker-
Prager criteria, is used for modelling.

All nine minarets are analyzed under weight and
seismic loads. In order to study the effect of structural
elements, i.e. the outer shell, the central column and
the spiral staircase, the analysis has been performed
for two cases: 1) the complete minaret (outer shell +
central column + staircase), and 2) only the outer
shell.

Non-linear time history dynamic analysis of the
minarets due to earthquakes has been performed based
on the lranian Seismic Code. Seven pairs of
appropriate horizontal ground motion time history
components, satisfying the characteristics mentioned
in the Iranian Seismic Code, have been selected.
Selected acceleration time histories representing the
ground motion effects reflect the expected earthquake
acceleration at the sites of the minarets.

Peak ground acceleration with a 10% probability of
occurrence in 50 years in Isfahan varies from 0.18g to
0.32g, and 0.259 is suggested by the Iranian Seismic
Code. Sail type in Isfahan may be compacted or semi-
compacted. In this study, the soil type is assumed
semi-compacted to be conservative.

Since the accelerogram data for the occurred
earthquakes in Isfahan is not available, accessible time
histories that belong to other sites with geologic,
tectonic, seismologic and in paticular soil
characteristics similar to Isfahan are considered. For
this reason, the strong motion database collected by
the University of California at Berkeley is used. Seven
earthquakes with magnitudes between 4 and 6.5
Richter, a distance less than 100 km, and soil shear
wave velocity between 180 m/s and 360 m/s are
chosen. The peak ground acceleration of the selected
earthquakes is between 0.18g and 0.32g. The
characteristics of the selected earthquakes are shown
in Table 1.

Non-linear time history analysis is performed for
each of the nine minarets under the seven selected
earthquake scenarios.

The analysis of the results obtained indicate that all
nine minarets in both cases of the complete model and
only the outer shell model collapse during the early
stages of the earthquake. It is due to the accumulation
of cracks at the junctions of the staircase and the
central column. Maximum tensile and compressive
stresses occur at these points.
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Table 6. The characteristics of selected earthquakes used in time history dynamic analysis

Maximum ground motion

No. Earthquake name date Magnitude (M) acceleration (g)
1 Coyote Lake 1979/6/8 5.7 0.248
2 Morgan Hill 1984/4/24 6.2 0.212
3 Northridge 1994/1/17 6.7 0.245
4 Parkfield 1966/6/28 6.1 0.246
5 San Fernando 1971/9/2 6.6 0.210
6 Supertition Hills 1987/11/24 6.7 0.247
7 Whittier Narrows 1987/1/10 6 0.243

3- Parametric study of seismic behavior

In order to find conditions which the minarets can
withstand, a parametric study of the imposed earthquakes
has been done. The parameters that were studied are the
height of the minaret, tensile and compressive strengths of
materials, failure criterion, and damping ratio.

In order to study the effect of height, in the finite
element model the height of each minaret was gradually
reduced from the top and non-linear time history analysis
was performed for different assumed heights. It can be
seen that the failure time is delayed by decreasing the
height and the minaret does not fail at all for a specific
height; i.e. 7 m or 25% of the real height for the Rahravan
minaret.

By increasing the strengths of materials up to 50 times,
the minarets still fail under the earthquake. An increase of
100 times, which is not possible in the real world makes
the minarets strong enough against earthquakes.
Therefore, it can be concluded that in practice increasing
the strength of the materials cannot resolve the seismic
vulnerability of minarets.

In addition to the William-Warnke failure criterion, the
Drucker-Prager yield criterion was applied to a number of
minarets to study the effect of failure criteria on seismic
behavior. Despite changing the failure criterion, the
minarets till collapse due to the earthquake during the
early stages of analysis.

A number of researchers have reported that changes in
damping ratio can have a significant effect on the seismic
behavior of masonry structures. To evaluate this effect,
damping ratio was increased from 5% to 20%, but the
minarets collapsed again during the early stages of
earthquakes, while they experienced more displacements.

4- Limited applicability of modern seismic codes for
historical minarets

The results obtained from seismic analysis indicate that
all of the minarets fail under imposed earthquakes even if
the strength of the materials increases by 50 times or the
height of the minarets is reduced by 50%. This is in
contrast with the actual fact that all of the minarets are
still standing intact after about a millennium. Similar
results have been reported by other researchers (Hejazi
1997; Hejazi and Mehdizadeh Saradj 2014; EU 2006). It
must be recognized that modern codes including seismic
ones based on which the present study has been

performed, are prepared for the design of modern
structures and they can lead to unredlistic conclusions
about the safety of historical structures. Only recently a
limited number of regulations and guidelines, such as
ltalian code OPCM. 3431 and |ISCARSAH
Recommendations, provide recommendations for
structural assessment of heritage structures.

5- Conclusions
The seismic behavior of nine Persian historical brick
masonry minarets has been studied in this paper.

Concluding remarks are as follows for the earthquake

load.

1. The analysis shows that al the studied minarets fail
during the early stages of earthquakes. Cracks are
distributed from the bottom to the 10% of the height
of the minaret for the complete minaret and for the
outer shell model. In some cases cracks extend to
30% and 50% of the height for the complete and
outer shell models, respectively. Sometimes the
complete minaret model fails earlier than the outer
shell model. This is due to the concentration of
stresses at the junctions of the spira staircase and
central column and outer shell.

2. Shorter minaretsfail later than taller ones.

3. Increasing tensile and compressive strengths, even up
to 50 times, does not prevent the failure; it only
postpones the failure.

4. The results obtained from the Drucker-Prager yield
criterion are close to those obtained from the
William-Warnke failure criterion. Only
displacements at failure obtained from the former
criterion are always less than those from the latter
one; for the Rahravan minaret there is a reduction of
91.54% in displacements. Therefore, the Drucker-
Prager yield criterion has led to a relatively good
approximation for the studied minarets.

5. By increasing the damping ratio from 5% to 20% the
minarets still fail during the early stages of the
earthquake, but they  experience larger
displacements. For example, the Rahravan minaret
(only the outer shell model), which fails at 1.06 s in
both cases, experiences displacements of 0.065 m
and 0.152 m for damping ratios of 5% and 20%,
respectively.
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Fire Risk Assessment of Gas Infrastructure
for Different Urban Land Use after
Earthquakes (Case Study: District No. 20 of
Tehran Metropolitan)

Alireza Sadeghian?, Babak Omidvar®*

1. Introduction

An analysis of the consequences of previous
earthquakes shows that the most important issue
following an earthquake is fire and explosion caused by
gas network leaks, and, consequently natura gas
networks have a high importance among the various
different lifelines. Because of the old age of gas
pipelines in district No. 20 of Tehran, and, in some
cases, the passage of gas pipes across existing faults or
in close proximity to them. T, these municipal districts
have a high risk potential at times of probable incidents
such as earthquakes and subsequent fires. Therefore, in
this research an analytical method for calculating the
probability of ignition due to problems in gas pipelines
and the adjacent power distribution network following
an earthquake and its consequences on different forms
of land-usein district No. 20 of Tehran are presented.

2. Methodology

This research process includes five stages: 1-The
analysis of seismic hazards, 2- The estimation of failure
vulnerability against an earthquake, 3- The hazard
analysis of fire following an earthquake, 4- The analysis
of gas network flows, 5- The analysis of ignition and its
consequence following an earthquake.

Ihe first stage for analysis of seismic hazard, electricity
and gas network components characteristics of the study
area, and existing land uses were identified. Moreover,
the relevant information in segregated information
layers were entered into the geographic information
system using “ARC GIS’ software. Then three probable
earthquake scenarios (North of Ray fault, South of Ray
fault, and North of Tehran fault) for the study area were
considered. Then, after choosing appropriate attenuation
relationships, the seismic parameters (Peak Ground
acceleration and Velocity) for each of the segments of
gas pipelines were calculated, which had previously
been donein GIS.

In the second stage, the following were calculated for
each of the three earthquake scenarios for estimating
earthquake vulnerability, repair rate, probability of
damage following an earthquake on the basis of Peak

1 M.Sc. Natural Disaster Management, University of
Tehran. E-mail: sadeghian0105@ut.ac.ir

2" Corresponding Author, Associate Professor,
University of Tehran. E-mail: bomidvar@ut.ac.ir

Ground velocity, its repair rate, and the probability of
damage from Permanent Ground deformation (by using
HAZUS methodology) in the center of each considered
segment . In this stage, the damage probability of the
considered segment in each repetition of the Monte
Carlo simulation was compared with a random number
in order to determine the kind of damage in the segment
that was broken or had leaked,. Then the damage
probability of the aerial power distribution lines in
different damage states in the district was calculated.

In the third stage, for estimation of the ignition
probability of each of the gas pipeline segments, the
Fault Tree method was used. In this stage, in the
considered fault tree method, two integral factors for fire
following an earthquake — the source of spark, and the
damage of the gas network — were considered. For this
aim, the probability of existence of a flammable fuel
was considered to be equal to the probability of the
failure or leak of a gas pipeline. The probability of
existence of the source of spark was assumed to be equal
to the probability of a spark from the power distribution
network due to damage. Finally, with the combination of
ignition probability from leaking and failure in different
damage states of the power distribution network, the
ignition probability for each of the segments was
obtained. In this stage, in order to determine whether or
not the considered segment would be ignited, the
ignition probability of the considered segment in each
repetition of the Monte Carlo simulation was compared
with a random number, and a decison was made
accordingly.

In the fourth stage, with the specified break and leak
points in the pipelines, the output gas rate from the
damaged places was calculated using flow analysis. To
this end, the times of an earthquake for two periods
being morning and night were considered for a given
consumption scenario. Then, flow anaysis was done,
and the gas pressure and volume inside the pipe
segments and the leak rate for completion of the
necessary information for ignition and explosion
analysis were caculated using the Panhandle B
equation.

In the fifth stage an analysis of ignition and its
consequences after an earthquake was done. To this end,
the necessary information for calculation of the fire
radius of the ignited segments was collected using
PHAST software and the radius of seven types of fire of
different intensities was calculated (Witlox and Holt
2007). In this regard, the residential, industrid,
educational and governmental sectors were chosen for
analysis due to their proximity to pipelines and high
exposure. Then, seven kinds of fire anaysis were
performed using GIS software in an oval shape on the
ignited segments of the gas pipelines and the following
cases were calculated:

1) The land-use areas affected by fire following an
earthquake.
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2) The total area affected by fire following an
earthquake.

3) The total population affected by fire following an
earthquake.

In this research, the mentioned procedure (from stage
2 to the end) were repeated for each earthquake scenario
using the Monte Carlo model for simulation of
probabilities with a large number of iterations. In this
way, the uncertainties about a break or leak and ignition
for each segment for each earthquake scenario were
modeled. Finaly, the output results for the considered
scenarios were analyzed statistically, and the probability
distribution function of the output variables and their
uncertainty were determined.

3. Resultsand discussion

Based on the results of this research in the extreme
state which is related to the second scenario (South of
Ray fault), on the average, the occurrence of four leaks,
one break, and two ignitions due to damage of the 20-
and 30-inch pipelines, the total area affected by the four
mentioned occupancies was 25233 m?, the affected

number of people was 146 and the area of the affected
district was 41210 n? due to a fire with a heat intensity
of 4 kw/m? for the period of 18:00-23:00 hours. By
applying the solution based on the replacement of the
brittle pipes with flexible pipes, the mentioned results in
the leak state were reduced by 75%, in the break state
they were reduced by 100%, and in the ignition state
they were reduced by 100%, the total area affected by
the four mentioned occupancies was reduced by 82%,
the affected population was reduced by 83%, and the
area of the affected district was reduced by 83%.

4. Conclusion

The proposed model including different modules of
system identification, seismic hazard analysis,
vulnerability assessment of gas and power networks,
probability analysis of fire following earthquake of the
damaged gas network, flow analysis of the damaged
natural gas pipelines, ignition and consequence analysis
including Monte Carlo simulations may be used as
powerful tools in fire risk analysis of urban areas after
earthquakes.
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Evaluation of Coupled- Shear Walls
Subjected to Near-Field Earthquakes

H. Shariatmadar’, S. M. Razzaz?

1-Introduction

Resistance, high latera <tiffness and energy
dissipation capabilities of shear walls makesthem the
most widely lateral resistant system in the high and
medium rise reinforced concrete buildings. The need
to provide large spaces in tall buildings for different
applications and architectural considerations such as
the location of doors, windows and doorways causes
problems in locating walls with suitable dimensions
in favorable positions. One of the structural forms to
overcome this problem is the use of coupled shear
walls.

The lateral structural response exactly depends on
the shear walls behavior. Therefore, these elements
should respond well when subjected to different load
conditions. The structures located in near-source
region behave differently compared to those in near-
source sites when subjected to earthquake. Therefore,
it is very important to study the behavior of these
walls under near-field seismic loads.

2- Finite Element Analysis

Three 10 and three 20-story concrete buildings have
been used as medium and high rise buildings. In al
these buildings the concrete shear wall and coupled
shear walls have been utilized as lateral resistant
systemsin X and Y directions, respectively.

& o Y

fn

Sm
S Sm | S
Fig.1 plan of buildings

The building has been designed for areas with a high
seismic risk. The length of the coupled shear walls is

assumed to be 2 meters and% ratio (I=span length and h
=beam height) is assumed to be %75 , % and 02—7 .To
evauate and compare the effects of near field and far

field earthquakes, two coupled records have been
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selected.

The ABAQUS software has been used for analytical
investigation of the coupled shear walls. Due to cyclic
properties of loading, the damaged plasticity model was
used in this software for modeling concrete. The
concrete damaged plasticity model assumes that two
main faillure mechanisms of concrete are tensile
cracking and compressive crushing of the concrete
material. In the analysis, the stress-strain relationship
for concrete is assumed by Eq. 1 asfollows:

fo_sc  n @

m ' K
fo & € "
n-1+| —
¢

The stress-strain diagram of steel assumed to consist
of alinear elastic zone and alinear plastic zone and
steel has the same behavior in tension and
compression. The analytical four node elements
CPS4R and two nodal truss elements T2D2 were used
to model concrete and rebar’s of the walls.

Fig2. Coupled shear walls simulated in ABAQUS

To verify the modeling method, a laboratory
specimen that was tested by previous researchers has
been used and the results are compared in Fig 3.
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Tablel. Maximum acceler ation of roof (m/s?)

Wall Tabas Northridge

Near far near Far

D-H10-12-n0.7-t0.35 2.76 2.70 321 3.05
D-H10-12-h1-t0.35 2.75 2,77 3.62 3.52
D-H10-12-h1.75t0.35 3.20 2.46 4.24 4.38
D-H20-12-h0.7-t0.5 1.49 0.769 241 2.15
D-H20-12-h1-t0.5 175 0.94 254 2.36
D-H20-12-h1.75t0.5 1.95 1.35 2.70 2.65

Table2. Maximum base shear (KN)

Wall Tabas Northridge
near far near/far = near far near/far
D-H10-12-h0.7-t0.35 2300 | 1472 1.56 3215 = 2086 154
D-H10-12-h1-t0.35 2348 | 1597 147 3344 2595 1.29
D-H10-12-h1.75-t0.35 2986 @ 2220 1.35 3681 @ 2922 1.26
D-H20-12-h0.7-t0.5 3314 | 2593 1.28 5367 @ 4845 111
D-H20-12-h1-t0.5 3553 | 3063 1.16 5531 @ 5140 11
D-H20-12-h1.75-t0.5 3555 | 3125 1.14 5571 @ 5478 1.02
3- Numerical results 4- Hysteresis loops according to near-field
Twenty-four non-linear time history analyses were records show that energy is higher in
performed and seismic behavior, structural demands, comparison with the far-field records.
the maximum base shear, the maximum relative 5 Wider area of reinforcement in the beams

displacement of wall, maximum acceleration of roofs
and stress distribution in the beams were compared.
For example Fig. 4 shows maximum displacement of
a10 story coupled shear wall and Tables 1 and 2 show
the maximum base shear and accel eration of roof.

4- Conclusions

The results of this research illustrate that due to the
specific characteristics of near-fault records, coupled
shear walls show different behavior under near-field
seismic loads. According to the analysis the most
important results are as follows:

1- The maximum relative displacement of
coupled shear walls under near-fault records
occurred in the middle stories for 10- story
walls and in the upper story for 20- story
walls.

The base shear for near-fault recordsis more
than that of far-fault records.

The amplification factor of base shear
increases with the increase in the period of
the structure.

and walls are yielding under near field
records.
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