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h This paper deals with formulating and solving the Multi-
Period Network Design Problem (MPNDP). MPNDP is
a variation of the Network Design Problem (NDP) which
inserts timing into the problem. The model's outputs are
the optimum set of projects and the optimal scheduling
of the projects simultaneously.
MPNDPs are complex problems, not only due to their
large sizes, but also due to interdependency of costs and
bene�ts among projects. In terms of di�culty of solving,
they fall within the category of NP-hard problems. In
this paper, two heuristic methods, which are based on
steepest descent and Tabu search, are o�ered to solve
the problem.
In the solution procedures of both methods, three inter-
dependent matrices track the annual projects progress,
the annual projects' budget assignments, and the avail-
able projects.
The results of our study show that while the steep-
est descent method provides more robust solutions than
the Tabu based search method for smaller-sized prob-
lems, it fails to �nd solutions to large-sized problems.
The Tabu search's relative performance increases as the
size of the problem increases; Therefore, it is recom-
mended for solving large networks. The performance of
the model and the solution techniques are tested on the
Sioux Falls City network which is a mid-sized network.

Key Words: Network design, multi-period network de-
sign, heuristic methods, tabu search, steepest descent.
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Abstract
Response modi�cation and de
ection ampli�cation fac-
tors are used in the current seismic design codes to ac-

count for the inelastic behaviour of structural systems
without the need for complicated nonlinear analyses.
A de
ection ampli�cation factor, cd, is used to com-
pute the expected maximum inelastic displacement from
the elastic displacement induced by the design seismic
forces. The response modi�cation factor, R, expressed
as either a force reduction factor or a behavior factor,
is used to reduce the linear elastic design response spec-
tra. It is generally expressed as the product of three
factors: overstrength factor, ductility factor, and redun-
dancy factor.

This paper tries to evaluate these factors for steel inter-
mediate moment-resisting frames. For this purpose, two-
dimensional steel building models with di�erent number
of stories have been designed and analyzed. After ob-
taining pushover curves of the models, two di�erent ap-
proaches have been adopted to calculate the e�ective
parameters of the response modi�cation and de
ection
ampli�cation factors from pushover curves; the �rst ap-
proach that is suggested by seismic code provisions, like
ATC-19, FEMA-356 and Iranian Standard No. 2800,
uses the idealized pushover curve to specify the e�ec-
tive parameters, and the other approach that is rec-
ommended by FEMA-P695 gets the parameters directly
from pushover curves. The obtained results from these
two approaches for the above-mentioned factors have
then been compared with each other and with the recom-
mended values of these factors in the Iranian Standard
No. 2800. In this evaluation, ductility factor of the re-
sponse modi�cation factor has been calculated based on
the relations proposed by Newmark and Hall, Lai and
Biggs, and Nassar and Krawinkler.

According to the obtained numerical results, the average
response modi�cation factor resulted from the FEMA-
P695 approach is 5.26, while this factor was obtained
3.98 based on the Iranian Standard No. 2800 approach.
Considering the recommended R factor of the Iranian
Standard No. 2800 for the ultimate limit state design
of steel intermediate moment-resisting systems equaling
5, it is obvious that the results from the FEMA-P695
approach are more compatible with the code recommen-
dation. In addition, the average overstrength factors,
according to the FEMA-P695 and Iranian Standard No.
2800 approaches, are 2.37 and 1.80, respectively, when
the recommended value of this factor in the Iranian Stan-
dard No. 2800 is 3. The average de
ection ampli�ca-
tion factor obtained from both approaches is 3.67 that
is slightly less than the recommended value of 4 for this
factor in the Iranian Standard No. 2800.

Key Words: Response modi�cation factor, de
ec-
tion ampli�cation factor, pushover analysis, steel moment-
resisting frame.
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Abstract
Today, several methods are available for improving the
physical and mechanical behaviour of the soils unsuit-
able for construction projects. These methods include
compaction, consolidation, preloading, grouting, stabi-
lization by adding chemical materials, etc. Addition of
waste crumb rubber to reinforcing the soils is an appro-
priate method for improvement the strength and bearing
capacity of the soils. In addition to the improvement of
soil engineering properties, the addition of waste crumb
rubber is a measure for the protection of environment.
In this study, the shear strength parameters of the kaoli-
nite clay, as the control material, and kaolinite clay re-
inforced by di�erent percentage of two di�erent types of
crumb rubber content have been evaluated. The consoli-
dated drained (CD) and unconsolidated undrained (UU)
tri-axial and California Bearing Ratio (C.B.R) tests have
been conducted on the control and crumb rubber rein-
forced soils. Results show that the addition of crumb
rubber to the soil results in the improvement of shear
strength parameters the ductility f soils. An optimum
crumb rubber content is found, which results in the max-
imum bearing capacity of the soil.
The name kaolin is derived from the kao-ling, a village
in Jiangxi province, China. Kaolin is composed of white
colour china clay. The mineralogical name of Kaolin is
Kaolinite, with chemical formula of Al4 (Si4O10)(OH)8
in triclinic system, and the sti�ness of 1-2.5 and melt-
ing point of 1785 C. Its colour is white tending toward
yellow, sometimes- green or blue, tasting soil and in-
tensely smelling soil in wet condition. This mineral is
mostly plastic and solouble in water, diluted cold acid,
warm and strong choloridric and sulphuric acid and in-
soluble hydroxide base. Di�erent types of this clay, in-
cluding ball clay, Halozite, Dikite, and Nakrite can be
found in nature. The reasons for the wide applications of

this soil in construction materials, ceramics, etc. are be-
ing a good �ller and coater, softner of surface, resistant
against wear, having low conductivity of electricity and
heat and katalizator property. On the other hand, due
to the industrialization of societies, generation of waste
rubber has been greatly increased in recent years. De-
composition of rubber lasts a very long time, and their
deposition without appropriate control leads to many
environmental problems associated with the rubber are
the leaching of harmful materials of buried wastes, and
the generation of heat and poisonous gases due their in-
cineration.

Key Words: Base clay soil, reinforced clay, waste crumb
rubber, tri-axial test, CBR test.

PROJECT SELECTION AND
SCHEDULING OPTIMIZATION FOR
THE MULTI-PERIOD NETWORK
DESIGN PROBLEM
Y. Shafahi(corresponding author)
shafahi@sharif.ir
Dept. of Civil Engineering
Sharif University of Technology
M. Ameri
ameri@moe.gov.ir
Institute for management and planning studies

Sharif Civil Engineering Journal
Volume 33, Issue 2.2, Page 111-118, Research Note

c
 Sharif University of Technology

� Received 23 May 2015; received in revised form 22 November
2015; accepted 5 December 2015.

Abstract
The traditional network design problem tries to increase
surplus bene�ts of users over long-term period or in-
crease the reliability of the system in short-term pe-
riod. An implied assumption of most these studies is
that all projects are selected and implemented in a short
period of time and budget limitations are only consid-
ered within that short time. This assumption is not a
valid assumption for some real transportation projects.
It is more appropriate to consider the 
uctuations in
demand over long-term period. Demand for transporta-
tion infrastructures does not only change with time, but
is also in
uenced by variations in supply. Transporta-
tion projects usually consist of several components that
are continually implemented and operated during the
projects' life cycle. The bene�ts and costs of operation
of di�erent parts of the projects at di�erent times should
be considered in project evaluation.
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Abstract
The settlement of a soil layer beneath structures has an
important role in the designing procedure. Consolida-
tion is a major mechanism of settlement in the cohesive
soils. In some area, sand lenses may be existed in soil
layers which facilitate the dissipation of the excess of
the pore water pressure. Since they may possess any
arbitrary shapes, the numerical simulation of the phe-
nomena, may face with some di�culties in domain dis-
cretization when a conventional mesh based method are
used. Meshfree methods are rather new approaches in
the numerical solution of the engineering problems which
gives a 
exible tool in the discretization of domains with
complex geometry. In this paper a least squares based
and integral free meshless method, named Collocated
Discrete Least Squares (CDLS), is used to solve two di-
mensional consolidation problems in the present of sand
lenses with di�erent kinds of shapes and positions in
a cohesive soil. In this paper, a bench mark problem
is solved to validate the proposed scheme. Then more
complicated problems are dealt with to investigate the
e�ect of existence of sand lenses and the location of them
into the settlement process of the cohesive soils. Also the
results show the proposed approach, can obtain reliable
solution for even complicated problems. It is shown that
sand lenses have considerable e�ect in the settlement a
soil depending on its shape and orientation. It can be
predictable since the excess pore water pressure dissi-
pates from all lateral surfaces of the sand lenses and the
external loading will put on the soil aggregate sooner.
In type of orientation for the sand lenses, the pore wa-
ter pressure dissipates more slowly than the lenses with
a plane look. The results show that the e�ect of sand
lenses can be more noticeable if they have a plane and
horizontal shapes.

Key Words: Sand lenses, collocated discrete least
squares, consolidation, pore water pressure.
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Abstract
The existence of crack and notch is a signi�cant and crit-
ical subject in the analysis and design of solids and struc-
tures. As most of cracked domain problems do not have
closed-form solutions, numerical methods are the current
approaches dealing with fracture mechanics problems.
This study presents a novel application of the decoupled
equations method (DEM) to model crack issues. Based
on linear elastic fracture mechanics (LEFM), the �rst
four coe�cients of the Williams' series for the crack tip's
asymptotic elastic �eld are computed using the DEM.
In this method, only the boundaries of problems are dis-
cretized using speci�c higher-order sub-parametric ele-
ments and higher-order Chebyshev mapping functions.
Implementing the weighted residual method and using
Clenshaw-Curtis quadrature result in diagonal Euler's
di�erential equations. In the present method, the so-
called local coordinate's origin (LCO) is selected at a
point, from which the entire domain boundary may be
observed. For the bounded domains, the LCO may be
chosen on the boundary or inside the domain. Fur-
thermore, only the boundaries which are visible from
the LCO need to be discretized, while other remaining
boundaries passing through the LCO are not required to
be discretized. Consequently, when the local coordinates
origin (LCO) is located at the crack tip, the geometry of
crack problems is directly implemented without further
processing. In fracture mechanics problems, the stress
at the crack tip approaches to in�nity, and hence the
original DEM is not able to represent in�nite stress at
the crack tip, basically. To overcome this problem, a new
form of force function is constructed to represent in�nite
stress at the crack tip, and the �rst four coe�cients of
the Williams' series are then computed. Validity and
accuracy of this method is fully demonstrated through
two benchmark problems. The results show that stress
and displacement �elds agree very well with the results
of other methods. In addition, the coe�cients of the
Williams' series show good agreement with the results
of existing methods available in the literature.

Key Words: Decoupled equations method, linear elas-
tic fracture mechanics (LEFM), williams' series, two-
dimensional problems.
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hon the construction of structures in near-fault, structures
can survive this destructive feature. In most standards
of seismic design of structures, this characteristic was
denied; in some other standards, fault avoidance zones
have been considered in order to deal with surface rup-
ture, but these zones are not adequate for this purpose
due to di�erent reasons.
In this investigation, this characteristic of near-fault
earthquake was investigated by studying the e�ect of
foundation sti�ness on the surface fault rupture. In or-
der to study the e�ects of this characteristic on design-
ing structure in near-fault �eld, 2D models of soil layer
with the mat foundation on it were modelled in �nite
element software ABAQUS considering soil-foundation
interaction. The sti�ness of foundation was varied with
2 parameters, the thickness of foundation and the length
of it.
Results demonstrate that the foundation sti�ness has an
obvious e�ect on the surface rupture path and increasing
sti�ness of the foundation by increasing the thickness
of it or decreasing the length of it changes the path of
surface fault rupture.

Key Words: Near- fault, surface fault rupture, soil-
foundation interaction, foundation sti�ness, foundation
thickness and length.
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Abstract
The use of new lateral load resisting systems to improve
the seismic behaviour, optimal management of material
utilization and application of modern technologies is in-
dispensable and inevitable. Buckling Restrained Braces

(BRBs) as one of these systems have been considered
and used in the steel frame buildings. The disadvan-
tage of these systems is their relatively high cost, and
the researchers are always looking for methods to op-
timize the cost requirements to meet the seismic per-
formance levels of structures equipped with these sys-
tems. Therefore, in this study, the e�ect of yielding
segment on seismic performance of buckling restrained
braces has been investigated. For this purpose, twelve
models of steel frames with �ve and eight stories under
seismic loading have been evaluated and the sections of
BRB have been reduced up to 25%, 50% and 75% sepa-
rately and have been studied. The results show that the
studied mid-rise buildings have acceptable performance
compared with low-rise buildings. Also 50% reduction
of BRB section brought about a change in a way that
the seismic demand in the studied models increases from
Life Safety (LS) to Collapse Presentation (CP). These
results will be applicable to the evaluation and design
of the building structures for di�erent expected perfor-
mance levels. Based on these results and importance
of structures, seismic risk and the expected performance
level can optimize the cost of the application of Buckling
Restrained Braces and extension of the BRBs' applica-
tions. In addition to, the performance level of BRBs,
energy dissipation in the BRBs is the proper criteria to
select the optimum of materials; this subject is being
investigated in this study. The results of the energy dis-
sipation show that the models with larger spans and the
25% section reduction have the larger dissipation strain
energy compared to other models of smaller spans, in-
dicating a greater absorption of energy in these models.
Similar results have also been obtained in various stud-
ied models about plastic energy dissipation.

Key Words: Buckling restrained brace, yielding seg-
ment, performance levels.
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transient and steady state responses, newmark's method.
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Abstract
In recent years, application of rubber-soil mixtures has
been widened in civil engineering problems. As a conse-
quence, a lot of studies are performed in order to under-
stand the mechanical behaviour of such mixtures. One
of the research tools for studying the behavior of such
mixtures is the utilization of numerical methods. Among
them, Discrete Element Method (DEM), which is specif-
ically denoted to the simulation of granular media, is
used in this paper by using DISC code. To this end,
several samples, including clean sand as well as sand-
rubber mixtures with di�erent portions of rubber (10%,
20%, 30%, and 50%), were considered. The samples were
loaded by two stages including isotropic compaction un-
der con�ning pressures of 50, 100, 200, and 400 kPa
as well as deviatoric compression loading. The second
stage was performed in such a way that the samples were
loaded in vertical direction by displacement-control pro-
cedure; at the same time, the lateral stress (in horizon-
tal direction) was kept constant. The simulations were
considered in two-dimensional space with circular par-
ticles for both sand and rubber. Numerical simulations
showed that the increase in rubber content of the sam-
ples caused a decrease in the sti�ness of the mixtures
continuously, while the shear strength raised up to rub-
ber content of 30%, and then it decreased slightly. By

comparing the results with those of experiments, it is un-
derstood that this occurrence is due to the assumption
by which, the geometry of particles was considered as
circular. The results show that the increase in the con-
�ning stress level causes an increase in the initial tangent
sti�ness of the samples. However, the increase in rubber
content still has decreasing e�ect on the initial tangent
modulus. In the present study, the comparison of sim-
ulation results with those of experiments reveals that
there is good agreement between the observed trends in
the mechanical behaviour in a qualitative manner.

Key Words: Sand-rubber mixture, mechanical behavior,
discrete element modeling (DEM), numerical simulation.
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Abstract
The occurrence of large earthquakes in cities placed near
active faults is an undeniable fact. Earthquakes which
occur in these cities have di�erent characteristics from
those occuring in cities placed in far-�eld. After de-
structive earthquakes, such as Landers-California(1992),
Kobe-Japan(1995), Chi-Chi-Taiwan(1999), Duzce and
Kocaeli-Turkey(1999), engineering societies and scien-
ti�c committees realized that these di�erent characteris-
tics should be considered in analysis and design of struc-
tures placed in near fault.
One of these characteristics is surface fault rupture which
is a very destructive feature of near-fault earthquakes
and has caused great loss of lives and severe damages
to lots of structures. But, past earthquakes showed that
there were also some structures that survived this sur-
face fault rupture and the rupture path was changed and
passed away from the structures instead of passing un-
der the foundation of structure; this fact shows that by
studying this characteristic and setting some limitations
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hAbstract
Failure criterion has long been known and used as a
useful criterion for evaluating the strength properties of
rocks. Failure criteria development process and increase
of their accuracy in predicting the lateral strength of
rocks under pressure indicate the high performance and
precision of modern standards in evaluating features of
rock strength. The development of failure criteria begins
with the initial theoretical criteria and leads to empirical
criteria based on curve �tting on tri-axial failure data.
Accurate theoretical criteria are not reliable in predict-
ing the rock strength regarding most natural stones, and
it is proved to be due to their nature.
Although theoretical criteria are critical and necessary
for better comprehension of rock behaviour, their ap-
plication are very limited in practice. Designs' experi-
mental criteria are more frequently used. In recent �ve
decades, in order to simulate tri-axial behaviour of rock
specimen, several experimental criteria have been pre-
sented which only a few of them have gained popular-
ity. Function forms in these criteria have been di�er-
ent: separate constants are introduced for estimation of
the strength of the rock type in every one of them. In
this study, the TABU Search (TS) with its considerable
features that can help us as a powerful tool in the op-
timization of di�cult problems is used to optimize the
mentioned criteria. To use TABU search techniques in
this study, the algorithm is written in MATLAB.
In this paper, Hoek|Brown, Fairhurst, Franklin and Bi-
eniawski criteria have been selected as empirical criteria.
Verifying the predictions of the four criteria concerning
the experimental data of di�erent rock samples will be
analyzed; moreover, their advantages will be compared.
In this study, constants for each criterion are obtained
using two methods; the curve �tting and the optimiza-
tion with TABU's algorithm. The results achieved in
this study indicate that the use of optimization algo-
rithms, compared with the curve �tting (regression), can
have considerably better envelope failure prediction for
di�erent rocks.

Key Words: Curve �tting, optimization, failure criteria,
empirical criteria, rock strength.
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Abstract
This paper deals with studying the speci�cations of com-
mon control system, known as tuned mass damper, i.e.,
TMD, and evaluating its e�ciency for controlling the
structural vibrations. For this purpose, a new method
is proposed for designing characteristics of tuned mass
damper, i.e. TMD. Here, the e�ects of both the tran-
sient and steady state responses of dynamic system are
utilized here for determining the speci�cations of tuned
mass damper, i.e. mass, sti�ness, and damping fac-
tors. The proposed formulation is presented for struc-
tures with natural damping. In other words, the tuned
mass damper is designed for damped vibrations. This
procedure utilizes a new approach in which the mean
of absolute values of the lateral structural displacement
ratio is minimized. For this purpose, the Newmark time
integration is modi�ed so that it is used for minimiz-
ing the mean of absolute values of the structural lateral
displacement ratio. It should be noted that the min-
imization process could not be performed analytically.
Therefore, a numerical technique, i.e., the modi�ed New-
mark time integration, is utilized here to minimize the
mean of absolute values of the lateral structural displace-
ment ratio. This procedure leads to new quantities for
mass ratio and TMD's frequency, which are obtained
numerically. Afterwards, the proposed technique for de-
signing the tuned mass damper is evaluated analytically
and numerically. The analytical evaluation of the sug-
gested technique shows that the proposed design method
has more e�ciency in comparison with other well-known
existing approaches, especially for the common mass ra-
tios. In other words, the developed procedure for deter-
mining the characteristics of the tuned mass damper has
suitable e�ciency to use as passive control mechanism.
From this point of view, the suggested method has excel-
lent performance in the resonance condition. Moreover,
numerical results show that the developed technique re-
duces the structural vibrations more e�ectively in com-
parison with other design schemes.
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h of the four groups of buildings with base isolators was
designed for �ve periods as: 1, 1.5, 2, 2.5, and 3 sec-
onds. For structural analysis of the supposed models,
the OpenSees software was used and P-� e�ects were
considered in the analysis. Each of the structures was
analyzed under multi-component non-linear time history
of earthquake.
According to the result, the results of the method of
equivalent static values and those of time history analy-
sis are di�erent; by increasing the period of structures,
the non-uniform distribution of story shear in elevation
is deformed to uniform distribution.

Key Words: Near �eld earthquakes; base isolator;
multi-component earthquakes; non-linear time history anal-
ysis.
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Abstract
Optimization methods are one of the strongest tools for
managing time and decreasing unnecessary costs in op-
erational issues. The purpose of optimization, regarding
constraints and requirements, is to �nd an appropriate
and acceptable solution to a problem. Since; most of the
combinatorial optimization problems, such as Travelling
Salesman Problem (TSP) and di�erent types of Vehicle
Routing Problem (VRP), are subcategories of NP-Hard
class, expert recommendations are toward solving these
kinds of problems by metaheuristic algorithms such as
Arti�cial Bee Colony (ABC) algorithm instead of exact
solving methodologies.
In this paper, a comprehensive study was conducted on
the background of Arti�cial Bee Colony algorithms and
the results of its application on various transportation

problems. The formulation of Vehicle Routing Prob-
lem and its constraints was also discussed. The results
show that the ABC algorithm has a signi�cant power
to improve solving various problems. As an intuitive
summary, one can refer to Szeto et al. (2010) who pro-
posed an ABC algorithm for solving the Capacitated
Vehicle Routing Problem in which the mean percentage
improvement of the average results of all test instances
was 4.16% and the best percentage improvement was
3.53%. Further, a Hybrid ABC algorithm was designed
by Zhang et al. (2014) for one of the latest Vehicle
Routing Problems. They implemented the algorithm for
Environmental Vehicle Routing Problem which outper-
forms the original ABC algorithm by 5% on average.
Therefore, it can be concluded that the Arti�cial Bee
Colony algorithm is very successful in improving the re-
sults of this kind of experiment.
In completion of the above-mentioned, the results of the
proposed ABC algorithm by this study for solving Trav-
elling Salesman Problem and Vehicle Routing Problem
with Simultaneous Pickup and Delivery con�rmed the
expressed idea. As a result, the assumed algorithm im-
proved instances of TSP about 1.03% and 8.88% which
were named gr120 and gr202, respectively. It also en-
hanced the CMT1X and CMT3X instances in VRP-SPD
about 0.41% and 1.31%, respectively. This certi�cates
the quality, high capacity and preference of the ABC
algorithm.

Key Words: Optimization, arti�cial bee colony (ABC),
travelling salesman problem (TSP), vehicle routing prob-
lem(VRP).
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Abstract
Nowadays, the uses of seismic isolators as earthquake
resistant systems are rapidly increasing. So, in recent

years, Iranian researchers have been doing a lot of re-
search on seismic isolators, and results have been pub-
lished as guidelines for seismic isolated buildings. But, in
these regulations, the e�ects of the near- �eld earthquake
seismic requirements are not mentioned. As earthquake
magnitude increases, e�ects owing to duration, long-
period ground motion and near source pulses become
more important; in these respects, the current practice
may be inadequate. For near-fault locations, the code
section on base-isolated buildings requires site-speci�c
analyses, which could produce satisfactory results if the
ground-motion consultant makes a realistic recommen-
dation.
Near-�eld earthquakes due to their severe destructive
e�ect are more important, such that extensive research
on the di�erent types of records and their impact on
structures are investigated. This paper discusses the
seismic requirements of buildings with seismic isolators
subjected to multicomponent earthquakes. Parameters,
such as the inter-story drift, distribution of earthquake
force, and displacement of seismic isolators, have been
studied, discussed, and compared the values proposed
by the guidelines. In order to evaluate the seismic be-
havior of buildings with seismic isolation subjected to
near-�eld earthquakes, the study included four groups
of structures: three- , �ve- , seven-, and ten-story; each
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