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h behavior, which considered as brittle structures. There-
fore, this paper focuses on contemplating nonlinear be-
havior with 
exible members with limitation states on
damage states that are not considered in former stud-
ies. In order to investigate the e�ciency of negative
sti�ness device on seismic performance of two moment-
resisting frames, 5- and 8- story structures with nonlin-
ear behavior on frame elements with the distribution of
NSD within the several 
oors have been considered as
the case study con�guration in this study. Therefore, in-
cremental dynamic analysis is conducted to identify the

e�ect of NSD system on nonlinear behavior and collapse
levels of structural models according to FEMA p 695 ap-
proach. The results presented in this paper demonstrate
that by placing an NSD within several 
oors, the struc-
ture above that story undergoes less deformation and,
consequently, will be reduced to be su�ering from the
e�ects of ground motion.

Key Words: Negative sti�ness device (NSD), incre-
mental dynamic analysis (IDA), fragility curve, nonlinear
behavior.

149



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

hV. Ghiasi(corresponding author)
v.ghiasi@malayeru.ac.ir
F. Mohammadi Dehshal
faranakmohamadi.ce@gmail.com
Dept. of Civil Engineering
Malayer University, Hamedan
DOI:10.24200/J30.2018.1419

Sharif Civil Engineering Journal
Volume 34, Issue 3.2, Page 125-133, Research Note

c
 Sharif University of Technology

� Received 27 September 2016; received in revised form 12 De-
cember 2016; accepted 25 December 2016.

Abstract
Complexity forces in deep foundations, such as piles
and micro-piles to dynamic analysis, are most impor-
tant parts of analyzing. Low e�ect seismic destruction
is considered to run this type of foundations. In the
present article, Micro-piles modeling have been inves-
tigated for double groups by applying di�erent angles,
including 150, 200, 250, 300, 900 using ABAQUS soft-
ware. Soil environment has been modeled in both Single-
layer and that which is layered with consider making
two types of elastic and plastic behaviors with Drucker-
Prager model. In both cases, is investigated the e�ects
of soil with soil and micro-pile interaction have been in-
vestigated, on micro-piles behavior. Dynamic analysis
was carried out with the vertical load to cap the micro-
piles and by entering acceleration onto the model 
oor
with assuming linear attenuation by El-Centro earth-
quake record and sinusoidal harmonic acceleration. At
the end, evaluation of these changes in stress distribution
in the soil, the relative displacement, change of bending
moments, and axial forces for homogeneous and non-
homogeneous soils has been carried out. Dynamic anal-
yses have shown that angel of micro-piles from vertical
to25�02da is the cause of the reduction of the stress level
in the soil. The maximum bending moments and axial
forces occur near the cap of the micro-pile and continue
the depth of micro-piles; this change is minimal. This
subject states proposes micro-pile importance in reduc-
ing displacement, especially in cases of the soil with lay-
ers. Due to damping within the upper layers of soil and
micro-pile's cap, soil stress distribution has increased;
moreover, due to the e�ect of gravity in more depth of
micro- pile, tensions have been reduced in the surround-
ing soil.
In homogeneous soil, 20- degree angle is suitable for
micro-pile angle and the angle of the non-homogeneous
soil is 15 degrees for a better distribution of stress. Com-
paring the relative displacement values and uplift values
of homogeneous and heterogeneous soils surrounding the
micro-pile 20- degree angle to the right angle is placed
in the soil.

Key Words: Dynamic analysis, micro-pile, single-layer
and layered soil, layers of soil dynamic interaction.
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Abstract
Despite the progress in advancing the �eld of structural
control, there is still a vital need to develop new devices
to overcome the limitations of the existing approaches
to avoiding damages and carrying out attempts to both
structural systems and bridge models. Negative Sti�ness
Device (NSD) is an adaptive system that is purely me-
chanical and induces negative sti�ness behavior in struc-
tural systems and bridge models with a pre-compressed
spring that pushes the structure away from its equilib-
rium position. This device produces negative sti�ness in
a completely in passive manner via a mechanical mech-
anism without any external power resources for mea-
suring feedback of response of structures with signals of
excitation. By engaging the negative sti�ness device,
composite structure behaves like a yielding structure.
The basic advantage of NSD is to distribution manner
of the device in several levels of structures or applying it
only in ground level of the structures. This novel device
resulted in the applicable weakening and softening con-
cept without any weakening and disconnecting frames,
and joints and walls in structures so as to decrease lat-
eral strength and increase displacements, and thus a de-
crease in base shear and acceleration. Studies in negative
sti�ness device have been limited to speci�c experimen-
tal structure models with linear and limited nonlinear
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Abstract
With proper investigation of project delays, they can be
made as lesson learning. So, in this research, a method
has been presented to o�er network- based pattern for
identifying the reasons of delays. For this purpose, rea-
sons of delay in Tehran-Shomal highway are indicated in
a table for each group involved in the mentioned project
and the main source of delays of the four factors involved
in the project: employer, contractor (delay of materi-
als and equipment and human resource, supplier delays,
delay in transportation and warehouse that is the pre-
rogative of contractor), consultant, and external factors
were identi�ed and categorized. Then, according to the
experts' opinions and interviews conducted with agents
working in projects, all items of delays have been scored
from 0 to 10 since 1994 to 2015 in two cases:, the possi-
bility of delays in the project of Tehran-Shomal and the
intensity rate and the impact of delays. In the last sec-
tion, for the �rst time, delays in Kohonen self-organizing
neural network have been evaluated using MATLAB in
the program of SOFM. Delays in research �ndings that
are not distinguished in two ways are not distinct, and
overlapp each other.

Key Words: Tehran-Shomal highway delays, Kohonen
self-organizing neural network, lesson learning.
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Abstract
One of the methods for stability of structures under seis-
mic loads is the use of steel braces. One of the brac-
ing systems with appropriate performance is Buckling
Restrained Braces (BRBs.). This kind of braces does
not have weakness such as the conventional concentrated
braces under cyclic loading and provides signi�cant ca-
pacity of energy dissipation with members restrained
from buckling and has symmetrical and stable hysteresis
curves.
This system serves as replaceable structural fuses, min-
imizing the amount of damage to the other members.
These studies have been conducted to the restrained
buckling braces systems. Most of the cases have been
surrounded by the concrete or mortar and the metal
sheath. Since the construction of the bracing surrounded
with �ller material has di�culties, it was necessary to
study another type of braces on wich few studies have
been conducted. In this research, 11 models of BRB have
been studied. selected for the investigation of Buckling
Restrained bracing members, including 
at plates, cross,
double, and circular studs which are without �ller, have
been surrounded by metal sheath in ABAQUS software.
Modeling parameters and lack of enforcement of mortar
�ller, shape of the core,thickness of sheath are speci�ed
by examining the ratio of buckling load of sheath (Pe)
to yield load of core (Py) under cyclic loading. The re-
sults have shown that the capacity of energy dissipation
of BRB is about 12 times more than the capacity of
conventional concentrated braces. The increase of tol-
erance has been brought about by increasing the ability
of the energy dissipation. In addition energy dissipa-
tion capability and the maximum capacity of section in
the state without �ller materials decrease, and the core
of circular section is more resistant than the cross and
studs sections. Energy dissipation capacity with circular
cross-section is compared with the channel and cross sec-
tion. By increasing the tolerance limit, load model has
decreased; however, energy dissipation capability has in-
creased.

Key Words: Buckling braces swing, behavioral curve,
capability of energy dissipation, ABAQUS �nite element
software, Non-Linear cyclic loading.

DYNAMIC RESPONSE OF INCLINED
MICRO-PILES IN LAYERED SOILS
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hthe ANN model is more capable with a higher prediction
performance compared to the MR model.

Key Words: Arti�cial neural networks; fuzzy logic; mul-
tiple regression; compressive strength.
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Abstract
In sustainable management of solid waste, decreasing
construction waste generation is an important step. In
developing countries, modern construction techniques
are not adopted as in developed countries and contrac-
tors follow wasteful manners when utilizing building ma-
terials. The result is building material waste which un-
favorably a�ects environment. At the same time, it is
considered an earnest concern and a solemn environ-
mental problem all over the world requiring a reliable
database to be managed, whereas investigations done
by the authors imply that no o�cial organization main-
tains any related authenticated data, making thriving
construction waste management policies too di�cult to
be de�ned and implemented in Tehran, Iran.
In this article, variables a�ecting materials waste were
derived from accessible reviewed literature, then using
the �rst questionnaire survey quantities of variables were
collected for thirty two representative residential build-
ings in Tehran. Primary analysis showed that cement is

wasted more than other studied materials (about 8.6%
by weight). Due to huge amounts of energy and raw
materials used in production of cement and pertained
destructive e�ects on environment such as air pollutants
emission, cement waste reduction leads to emission abate-
ment and cost saving. This is why cement waste was
targeted to be diminished in this paper.
After quantifying cement waste versus dependent vari-
ables of this study, it was resulted that \lump sum"
contract is preferable to \cost plus" contract in terms of
cement waste. Furthermore, designing smaller buildings
with more stories is suggested instead of bigger buildings
with fewer stories. Since no construction waste reduc-
tion policy is implemented in Iran so far, authors con-
ducted a subsequent questionnaire survey to evaluate
di�erent waste reduction policies. As a result, de�ning
a �nancial-based incentive plan ranked the �rst in order
of preference based on opinions of construction experts.
Therefore, a �nancial-based incentive plan was struc-
tured. This plan was proven to be both viable economi-
cally and justi�able environmentally. These suggestions
could be proposed to Tehran municipality to be imple-
mentable in sustainable residential building projects.

Key Words: Cement, cement waste management,
�nancial-based incentive, multiple linear regression, Tehran
sustainable residential buildings.
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Abstract
Recent studies have indicated that moisture environ-
ments can weaken the bond between �ber-reinforced
polymer (FRP) jackets, epoxy adhesive, and concrete.
Nearly in all of past researches, the specimens have been
examined under loading and moisture conditions only af-
ter strengthening the structural elements, while one of
the important applications of FRP jackets is in restora-
tion and reconstruction of the structures subjected to
loading and moisture condition. Additionally, there is
a high probability that the structural elements are ex-
posed to surface moisture before strengthening in these
conditions. The aim of this study is to investigate the

exural behavior of beams reinforced by FRP jackets
similar to the real conditions under which the structure
is subjected to two essential factors, including moisture
and preloading. For this purpose, 20 specimens of con-
crete beams with dimensions of 150 � 200 � 1150 mm
were constructed that falls into two groups with two
di�erent arrangements of tensile reinforcement. Other
variables were the amount of surface moisture and the
level of preloading of specimens. Before strengthening,
the specimens were subjected to preloading and moisture
conditions, and then ruptured under 
exural tests. The
results obtained from the tests were the load-midspan
displacement curves of the specimen. The results indi-
cated that the 
exural strength of the beam with CFRP
jackets without cracks and surface moisture increased up
to the 20% of its ultimate strength, while, in the beams
with premier cracks and surface moisture, only 13% and
9% increases in 
exural strength were reported, respec-
tively. Furthermore, in beams with premier cracks and
surface moisture, an increase of 13% in ultimate strength
was simultaneously seen. The results also suggest that
using reinforcing bars with a higher diameter and lower
number in comparison to using a lower diameter and
higher number of bars could decrease the e�ciency of
FRP jackets and cause brittle failure in the entire men-
tioned conditions.

Key Words: Preloading, surface moisture, concrete
structures, �ber-reinforce polymer.
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Abstract
In the present paper, arti�cial neural networks (ANN)
and regression analysis for predicting compressive
strength of cubes of concrete containing silica fume
(SF), 
y ash, and Copper slag are developed at the age
of 7 and 28 days. For building these models, training
and testing using the available experimental results for
66 specimens produced with 6 di�erent mixture propor-
tions are used. The data used in the multi-layer feed
forward neural networks models and linear regression
model are designed in the format of seven input param-
eters covering the age of specimen, cement, �ne aggre-
gate, coarse aggregate, 
y ash, silica fume, and copper
slag. According to these input parameters, in the multi-
layer feed forward neural networks, models are used to
predict the compressive strength and durability values of
concrete. It was shown that neural networks have high
potential for predicting the compressive strength and
durability values of the concretes containing silica fume
(SF), 
y ash and copper slag. Results show that the
values obtained from the training and testing in ANN-I
(LM Algorithm) model are very closer to the experi-
mental results. The results show that ANN has strong
potential as a feasible tool for estimating the ingredi-
ents of concrete to meet the design requirements. Also,
multiple regression (MR) is a statistical technique that
allows us to predict someone's score on one variable on
the basis of their scores on several other variables. MR is
employed to learn more about the relationship between
several independent or predictor variables and a depen-
dent or criterion variable. Therefore, MR analysis was
carried out using a MATLAB 2013 package to correlate
determined fc value to the seven concrete parameters.
The data used while developing the ANN model (i.e.,
66 data sets) were used in the development of the MR
model. However, the obtained indices make it clear that
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hcle and their new coordinates. Literature review shows
that DEM is a useful tool, particularly in soil mechanics.
To predict the shear strength of the soils, the Coulomb
theory revised by the e�ective stress theorem is used,
which is suitable for dry or saturated conditions. How-
ever, unsaturated condition is the main state of soils in
arid or semi-arid regions. From micromechanical point
of view, the main di�erence between the dry or saturated
condition and unsaturated condition is in the interparti-
cle force due to menisci formed by pore water and air. In
this paper, after formulating the geometry of the menisci
and attraction force, they are programmed in a DEM
code, PFC2D. The e�ect of saturation ratio on capillary
force and its e�ect on global behavior of the medium
is investigated. The simulations show that attraction
forces, due to capillarity, are re
ected as the cohesion
on macro scale, but the internal friction is not a�ected
by capillary e�ect.

Key Words: Discrete element method, capillary force,
degree of saturation, liquid bridge, shear strength parame-
ter.
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Abstract
Soil-structure interaction is an emerging issue in seis-
mic design of structures. According to the history of
the �eld, this phenomenon is usually studied in two se-
quential parts, i.e., kinematic and inertial interactions.
Kinematic interaction causes the di�erence of free �eld

motion and foundation input motion in the absence of
masses of super structure and its foundation. Filtering
the system input motions is the most crucial charac-
teristic of this part of the problem. In the literature
on Kinematic interaction, however, most of researchers
have focused on single foundation. In addition, few stud-
ies can be found on adjacent foundations with semi-
cylinder cross- section under plane SH wave. While ev-
ery building, located in urban area, is commonly sur-
rounded by various structures. It causes the adjacency
of foundations inevitable. Hence, it would be impor-
tant to investigate the ways to include the e�ects of
nearby foundations on input motions. The existence
of neighbor foundations may physically be interpreted
as constraints in mathematical equations. In this work,
the proximity e�ect of two strip foundations on foun-
dation input motion is investigated. The free �eld mo-
tion is considered as vertical propagating SV waves with
just translational movement at the surface. Various em-
bedment depths and di�erent proximity distances be-
tween foundations are studied. The simulation is done
by ABAQUS software and the analysis is performed in
three stages. First, the changes in time history of a sam-
ple record through a class of adjacency conditions were
explored. Then, frequency domain aspects of proximity
e�ect were investigated. In the third and �nal steps,
spectral aspects of this phenomenon were examined for
the same class of adjacency conditions. The results are
presented in non-dimensional format. The main deduc-
tion is that for a surface foundation, adjacency to an
embedded foundation causes rocking and vertical input
motions. Meanwhile, the translational movement is ad-
justed too. This adjustment would intensify or diminish
the free �eld translational motion in di�erent frequency
ranges.

Key Words: Kinematic interaction, strip foundation,
adjacency, input motion.
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Abstract
The behavior of reinforced soil structures is largely gov-
erned by interaction mechanisms that develop between
the reinforcement inclusions and �ll material. Because of
the variety of in
uential factors, the complex interaction
mechanisms between soil and reinforcements are still far
from clear. Di�erent experimental methods, including
direct shear and pullout tests, have been used to iden-
tify and improve the understanding of soil-reinforcement
interaction. In the current research, pullout tests were
used to evaluate soil-geogrid interaction through relative
soil-reinforcement movements during pulling out of the
reinforcement. In this regard, large-scale pullout tests
(i.e., 100 x 60 x 60 cm) were carried out on samples re-
inforced with an HDPE geogrid, while digital images of
deformed soil in close vicinity of the geogrid were cap-
tured and image processing was applied using particle
image velocimetry (PIV) methods. Employing GeoPIV
program, successive pairs of photographs were compared
to determine the incremental values of displacements
and strains at soil-reinforcement contact surfaces during
pullout test. Samples were subjected to normal pres-
sures of 25, 50 and 100 kPa. Two sandy and gravely
soils of di�erent particle sizes were used in the study
for the preparation of samples to assess the in
uence of
grain size on soil-geogrid interactions and the relative
displacements. According to Uni�ed Soil Classi�cation
System (USCS), sandy soils were classi�ed as SP and
SW and the gravely soil as GP. Results of the inves-
tigation showed that soil particles in close vicinity of
transvers ribs are displaced in a circular manner, and
the thickness of the shear band around the geogrid in-
creases with the increase in grain size. Punching shear
failure mechanism was found in SP soil, while general
shear failure mode was observed in SW and GP soils
during pulling out of the reinforcement. Also, with the

increase in grain size, asymmetrical shapes of shear band
change to symmetrical shapes.

Key Words: Pullout, geogrid, PIV, shear band, grain
size.
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Abstract
Soils consist of solid particles, pores, and pore 
uids (air,
water, other 
uids), sometimes with interparticle bond-
ing, to form a complex fabric. The behavior of natural
soils is complex and di�cult to model adequately by
conventional non-linear elastic models or elasto-plastic
ones. Micromechanics may prove helpful as an alterna-
tive method to overcome this complexity and physically
describe its behavior. Micromechanics is used in this
aim by two approaches.
The �rst is an experimental approach, which tries to un-
derstand the granular behavior by the laboratory exper-
iments on sands, glass spheres and rods to observe the
fabric changes, contact distribution, and shear bands.
The second approach uses Discrete Element Method
(DEM) to numerically simulate the soil behavior. DEM
considers a granular medium as an assemblage of parti-
cles interacting with each other in contact points. DEM
is able to monitor the evolution of micro variables as
force in contacts and their orientations. In DEM, the
contact between the particles is detected and then con-
tact force is calculated. These contact forces are used to
calculate the displacements and rotations of each parti-
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Abstract
Traditional bridge design approaches are commonly
based on su�ciently large safety margin to compen-
sate the uncertainties of the design parameters and the
unknowns of the related phenomena. This may lead to
the conservative designs. Excessive local scour around
bridge piers and abutments induced by hydraulic de�-
ciencies is known as a major cause of the bridges failure.
Complexity of the scouring phenomenon and high de-
gree of uncertainties of the governing parameters lead to
unavoidable risks in bridge pier and abutment designs.
Thus, to obtain an appropriate level of security and re-
liability of the bridge structures, their risk of failure due
to the scouring phenomenon needs to be evaluated.
In the present study, a generalized reliability model based
on the static resistance-loading interference is developed
for the assessment of reliability of the available formu-
las in the literature, to estimate local scour around the
bridge abutments. By examining a comprehensive set of
data, a two-parameter bivariate normal distribution is
found to represent the joint probability density function
of the resistance and loading. To obtain relevant infor-
mation for the decision-making in design purposes, the
model was applied to obtain a relationship between the
reliability and safety factors. Thus, di�erent probability
distribution functions were tried on the e�ective depen-
dent parameters, used in the derived equations of the
former investigations. These parameters include chan-
nel width, abutment shape, sediment median size, and
the 
ow discharge. To evaluate the reliability of each
equation, Monte Carlo simulation method was applied
and the reliability index of the considered equations was
computed. Accordingly, among di�erent available equa-
tions presented in the literature, the most reliable equa-
tion with the least probability of failure as well as the
highest index of reliability was chosen as an appropriate
equation to estimate the local scour around the bridge
abutments. To obtain highly accurate results, the un-
certainty of the dependent parameters on the scouring
phenomenon at bridge abutment was examined. Among
those, uncertainty of the 
ow depth and the 
ow velocity
are the most signi�cant factors in in
uencing the local
scour around the bridge abutments.

Key Words: Bridge abutment, monte carlo simulation,
risk analysis, scouring, uncertainty.

AN EXPERIMENTAL AND
ANALYTICAL STUDY OF NEGATIVE
HEAT TRANSFER IN LAKES

A. Heshmatifar(corresponding author)
amir heshmaty69@yahoo.com
M. Jamali
jamali@sharif.edu
Dept. of Civil Engineering
Sharif University of Technology
DOI:10.24200/J30.2018.1418

Sharif Civil Engineering Journal
Volume 34, Issue 3.2, Page 33-38, Original Article

c
 Sharif University of Technology

� Received 9 April 2016; received in revised form 4 January
2017; accepted 17 January 2017.

Abstract
Negative heat 
ux is a special type of heat transfer that
is generated by wind or ice on the water surface and
takes place during the day in lakes. The negative heat

ux produces horizontal and vertical density strati�ca-
tions that can generate exchange 
ow between open wa-
ter and covered areas. We conducted an investigation of
the negative heat transfer generated in the laboratory
by a surface cooling method. We examined the e�ec-
tive parameters of the heat 
ux in surface cooling. We
used mixture of ice and water in a galvanized reservoir
to model the cold source producing the negative heat

ux. Over time, the negative heat 
ux through the bot-
tom of galvanized reservoir was transferred to the water
surface.
Temperature was measured by thermometer probes con-
nected to a computer and was recorded continuously.
The negative 
ux was then calculated from the tem-
perature measurements at two close depths. We found
that mass of ice and mass of water, distance between
surface of water and the galvanized reservoir, and wa-
ter area are the important parameters in the negative
heat 
ux. We also developed an analytical model of the
heat transfer in which the tank is assumed to be cooled
from the surface and has adiabatic conditions at other
boundaries. We used the magnitude of the negative heat

ux from the experiment in the model and predicted
the temperature at di�erent times and depths. The re-
sults of experimental modeling and analytical solution
are fairly in agreement. The reasons for the di�erence
between the experimental results and the analytical so-
lution are oscillation of the negative heat 
ux from the
ice reservoir and the instability 
ow generated in the ex-
periment tank below the ice reservoir. The instability
appears in the form of instability �ngers and plunges to
the bottom of the tank due to a lower temperature of
the cooled surface water relative to the tank tempera-
ture.

Key Words: Negative heat 
ux, wind cooling, surface
cooling, experimental modeling, analytical solution.
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h tions. These errors in this study have been de�ned as
the di�erences between the computed response from the
proposed method in the nodal points and their corre-
sponding exact responses within the domain and on the
boundaries. Based on the concept of the cohesive crack,
the crack initiation is modeled by controlling the existed
applied vertical stresses on the crack faces. When these
stresses reach a certain value, speci�cally in this study,
the tensile strength of the concrete, the crack initiation
is assumed to be occurred. After cracking, depending
on the value of the opening crack displacement, (COD),
applied stresses are enforced to reduce to zero for com-
pletely opened crack. For incorporating the disconti-
nuity arising from the crack into the continuum shape
function formulations of the proposed meshless method,
the di�raction technique has been used.

Key Words: Crack, collocation discrete least squares
meshless method, cohesive crack theory, di�raction method.
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Abstract
Water distribution networks are one of the main infras-
tructures of a country. Because of high costs of design
and construction, minimizing the cost as a matter of
scienti�c research is important. Minimizing the cost
should be associated with achieving the required pres-
sure at any point and reliability of the network. So,
the integrated urban water management can be consid-
ered as a multi-objective problem. This research pro-
posed a new method for the optimal design by compar-
ing di�erent algorithms to optimize water distribution
networks as a multi-objective problem using Analytic

Hierarchy Process (AHP) and Fuzzy Analytical Hier-
archy Process (FAHP) in order to minimize the costs
and maximize the three indicators of reliability index
includes resiliency index (In), total surplus head index
(It) and the minimum surplus head index (Im). These
algorithms include genetic algorithm (GA), Honeybee
mating optimization (HBMO), ant colony optimization
(ACO), combinatorial optimization algorithm (AOC),
Tabu search (TS), genetic algorithm linked with lin-
ear programming (GA-ILP), particle swarm optimiza-
tion (PSO), state transition algorithm (STA), and mock
open tree topology.
AHP is the multi attribute decision method, which uses
pairwise comparisons with numerical judgments. When
comparing two elements, the uncertain numerical ratio
is expressed in a fuzzy manner rather than an exact one.
Fuzzy AHP was introduced to capture the `fuzziness' or
the vagueness and uncertainty in the evaluation of al-
ternatives. So the factor's weights were calculated using
both AHP and FAHP methods.
To evaluate the performance and e�ciency of the pro-
posed model, Hanoi water distribution network was cho-
sen as a case study. Results show that Genetic algorithm
(!= 10.9031) satis�es cost and the three indicators of
reliability criteria with both compared methods of AHP
and FAHP are better than other algorithms and the last
ranks belong to algorithms in which at least one node
with pressure is less than that with the minimum allow-
able pressure.

Key Words: Water distribution networks, optimization,
fuzzy analytic hierarchy process, cost and reliability.
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Abstract
During recent years, many researches have been con-
ducted on the numerical methods for solving the govern-
ing di�erential equations. FEM is one of the strongest
and most useful of these methods. However, this method
encounters some di�culties when deals with the prob-
lems involving moving boundaries, crack propagation or
extremely large deformation due to the need of renew-
ing the mesh of the elements. One of the solutions
is the elimination of the need for the mesh. There-
fore, the meshfree methods have been developed. In the
present study, Collocation Discrete Least Squares Mesh-
less method (CDLSM) is formulated for predicting the
crack growth phenomenon in the two-dimensional elas-
tic solid problems. For simulating the crack initiation
and growth, the cohesive crack concept has been imple-
mented. CDLSM is a true meshless method which is
developed based on the minimization of the sum of the
squares of the errors in the nodal points in the domain
and on the boundaries and does not use any kinds of
background mesh for approximating the response func-
tion or for discretizing the developed system of equa-
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