CiviL ENGINEERING

Available online atvww.ClivileJournal.org

Civil Engineering Journal

Vol.2, No.3, March, 2016

Technical andconomicEvaluation of Pinavidnterchangen
Comparison witrRoundaboutntersection by AIMSUN

KamranRahimov*, Alireza Motamadni, SadegtSamadf

#AssistanProfessor, TehraPayannoor University, Tehan, Iran.
°PhD Student in Trap®rtation Engneering Faculty Member of Islamic Azad University.
“MSc inRoad andTransportationEngineering, TehrafPayamnoorUniversity.

Receivedl2 March2016; Accepted April 2016

Abstract

Interchanges that are investigated in this research areajoouidinterchange arfinavia interchange that are simulated

in AIMSUN software using traffic data. The parameters that are considered for each interchange are traffic volume,
pollutant emissions, fuel consumption, travel time, delay time ,construd8inrepair and matenance cost, travel time

cost fuel consumption cost and safetyo that in technical evaluation traffic volume, pollutant emissions, fuel
consumption, travel time, delay time are compared by using two independent sargsiettat are used for comparing

of two group of data and It is assedthat the wdances are equarhen In economic evaluation construction cost, repair

and maintenance cost, travel timest,fuel consumption cost and safety are converted into cost by agis produce

way that based on this supposal that storage in exchange for an hour of travel time, increase an hour of production
opportunities and construction cost, repair and maintenance cost calculated by executive plans and Related Regulations
and finally each parameter is weighted by AHP and obtain the universal (total) cost. Finally due to the total cost of the
resulting it can be seen that for twetyar periodPinavia interchange in compare with roundabout interchange has 49%
more efficient.

Keywords PinavialnterchangeRoundaboutntersectionSquare Technical andconomicEvaluation.

1. Introduction

With the increase in population and Consequently, Growing travel demand the transportation directors encountered
with safe and efficient transport diiman and goods due to budget and land acquisition limitatiespecially, in
highways and crowdediays ¢oad$ locatedat urban and suburban areas that there is no way to capacity increasing.
Crowded cause increasing travel time, and reduced safegismdnbearable conditions for driver. In 2004, the study
performed for intersections of Louisiana in America by Brian velshon in order to find ways to connect better with
intersections design and safety. In this research indicated that four main eleshemisnan factors, traffic
considerations, physical elements and economic factors as profit, and energy consumption considered to
intersections desigrizalhorty (1990) performed research about intersections desidromuon; he found that the
required traffic data for intersection design included peak hour transit wglumtator movementspublic
transportation plan, history of accidents and parking plagésndizadeh and his collegg®008) results that
modification of intersection geometry design afésl directly on accidents number and indirectly on speed, traffic
volume and queue length but in recent years, converting level crossings to interchanges as a promising and undeniable
solution considered to intersections effective management due to tcsutestructures that use of this conversion
provided potential sources such as safety increasing, travel time improvement, environmental pollutants reduction,
saving capital longime, reduced fuel consumption, and reduced accidents and fafdljties

2. New typeRoad Interchangei Pinavia

Pinavia interchange of four roads (kig 1) is a twelevel intersection with high capacity and igersecting
traffic flows. Due to a unique placement (braiding) of roadways the traffic flows pass eachviattieur small
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overpasses (or tunneld)raffic goes in a circular motion, and no lanes need to be chamgésipassing the junction.
Radiusof all curves in the junction can be set equal or larger than the smmatlast of the curves of the intersecting
roads,so the driving speed in the junction can be equal to the spedte intersecting emls. A large (several
hectaresontinuous plot of land in the center of the junctioeasily accessible without crossing other traffic flows
(Figure 2.

Figure 1. Two-level Pinavia interchange of four roads

Due to an easy access and good strategic position of the territheyé¢erter of the junction it gossible to use it as a
large attraction point for passengers by buildintels sales outlets, centerslogisticsetc.[2].

Figure 2. Pinavia interchange (urbanization)

2.1.Modeling the Pinavia Interchange

When new interchanges are designed it is imperative to optimizepiugimeters in order to decredsalding
costs and area of occupied land. The pdace is quite strghtforward in case of the usual interchandescause
parameters of one road do not strgngffect parameters of anothdie Pinavia interchange is quite simple from the
first look; however, srious complications arise whelesigning 1. Braiding of roadways creates strong dependencies
between themand there are several junctiorariables making essential and roivial influence to its final
constructim parameters (such as its silemgth or width of overpasses, size of the lantable for urbanization etc).

In order to use compett optimization a mathematical mddef the interchange is needddsually straight lines and
circular arcs are used to model geometryoafds. A spiral arc is used smooth the change in centripetal @lecation
experienced by a vehicle approachingrauar curve. Omailroads during the 19th century, as speeds increased, the
need for a trackurve with gradually increasingurvature became apparent. Then equations of tualkd clothoid
curve,where the curvature is exactlynear in arclength, were derived by several civil engineers independehtly. T
clothoid curve is also knownnder different names as Euler or Cornu spiral, and most likely wasluced by
Leonard Euler in 1744 he clothoid cave (x(t), y(t)) can be parametrized using Fresnel inted2h§].
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_it ¢U2 _it ] ¢U2
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WhereA is called a clothoid parameter aledigth of this curve igl):

L:j'«/xz(u)+ V(Y du= Alg (2)

The curvature k(t) of the dboid can be computed as a dative of the angle of rotaticsi ( t ) 2/ 2 by the length

parameter L:

de_deédt g ©
dL dtdL A

Since a curvature radius is R = 1/k, we get the formuld&B=The clothoid arc defined on the interval [0, t] blends a
horizontal line (xaxis) with an osculating circlat the poini(x(t), y(t)), seeFig.3 Her e t he angl e d an:q
rectangle can be directly calculated:

K(t) =

€= ¢/2, = x(t) T RRKecodsd hi1F y(t) 4)

We can apply rotation and/or reflection in order to create a transition cetwedn a line and a circle arbitrary
position. This construction can be used twice in case when two consequent turns shpmufdrbeed (Figre 4). To
model the driving through the Pinavia interchange it is necessary to make a sequence ofs@eavals: e.g. turn
right, then left and finally once more right to drive straight (cfukéd). Any of thesepaths depend only on the center
position and radius of the big circular arc. Given the radius (it correspontde tdesigned driving speed) and
corsidering a symmetric case where all other directions are obtained dgdg8e rotations, this becomes a two
parameter optimization problem. In practice, minimization of a fewsttion (a sunof land, road andverpasgpricey
is performed. The area @nd is estimated by a rifgpunded by the minimal and the maximal circles; the road price is
calculated using the total length of roadsd the overpass prices are derived from their approximated area. Also,
several other constraints should dggplied: nads may not collide on the same level, and sufficient distance between
the overpasses should fmintained (depending on the allowed slope of roads).

ik“‘». 0
w
Figure 3. Clothoid curve[3] Figure 4. Clothoids of two consegent turns [3]

3. Define theProblem and ResearchPurposes

One of the solutions to improving the situation of the intersections that is considered by Engineers is geometric
design modificationtraffic restrictions,and schedule with trafficdht that is one of the low cost solutions. If these
solutions can nosolve intersection traffic problente convert level crossing to interchange is considebedk to
much variety in interchanges and their operational area and also their different mconstnthere are fferent
options to select interchanges kiriekisting model can represent economic and technical factors as a total frame to
optimize selection of interchange kind one of the main requirements of engifibass.itis necessary to cage
uniformity,codify uniform ways and designing,executive and managing criteria of this model due to can use as a
expert judgement and guide.Suitable action of interchanges in increasing safety arty aafpacads cause
extensively applying them in urbaand suburban network&egarding to vaety of shape and pattern of these
intersectionspptimize selecting of intersection kind that is satisfied the environmental and traffic conditions and also
include economic considerations is importabue to extens/e dfecting factors in intersections design and
management can not be represented any final and necessary instruction for it. However, it is necessary to create much
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uniformity, is codified series of design and management methods and criteria and idthoexpert judgment be used

as a guide.the purpose of this research is recognition affecting factors in performance of each of the intersections kind
such as traffiocvolume, airpollutantrate, fuelconsumption rateraveltime, delaytime, costof acddents, production

cost, maintenancand safety cost and representing a instruction to help engineers in order to optimize selection of
interchange kind in a special plagg, [8].

4. Methodologyof Research

The parameters that are investigated in this studyeatd in equationss follows tréfic volume,air pollutant rate,
fuel consumption rate,travel time,cost of constructionnteaance and accidents cost. in the first step ,pfagaring
traffic information from Tabriz traffic organization arsélecting simlator sofware (AIMSUN) Pinavia interchange
and roundabout intersectigAzerbaijansquare Tabriz Iran) aremodelledaccording to certain case. In the following ,
Modelled intersections were setting under traffic volume of 10000 vehielath6 different scendos included:1)
Turn left and righequally, assumind0% heavy vehicle) Heavy turn left and light turn right assuming 10% heavy
vehicles;3) light turn left and heavy turn right assumib@% heavy vehiclet) Turn left and rightqudly, assuming
20% heay vehicles;5) Heavy turn left and light turright, assumin@0% heavy vehicle®) light turn left and heavy
turn right,assuming 20% heavy vehiclasd the software totally was run 90 times for eanbdel and the after
software calibration according to sqe datahat had been prepareautputs of software extracted. In the faliag
and using outputs of AIMSUN software for mentioned parameters an equation based on traffic volume rate,air
pollutant rate,fuel consumption rate,travel time,delay time,cbsbustruction,and accidents reduction cost that are
playing determinant role to select bpized plan as interchanges andiotersections in the last stepll of the
parameters turn tRial priceby using ofProductionoriented methodnd finally, theinterchange and intsection total
cost is obtained by enterimghysical weight of each parameter that by using AHP and expert experenaeesult,
theintersection with low cost and high technical advantages is introduced as a setecsedtion[4].

5. Simulation I ntersections in AIMSUN Software

Two types of intersections were simulated due to regulatiotigs stug. Figure 1 is shown simulation roundabout
intersection andigure 2 is shown simulation Pinaviaterchange.

7

Figure 6. Siulation Pinavia interchange inAIMSUN '

Due to there is no possible to direct study about pinavia interchanges in Iran, liestdsch to compare the
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performance between Pinavia and roundabout usinglaion method in smaliscale (microscopic simulation) by
AIMSUN software.Different traffic scemios considered in software to obtain the performance of each intersection in
terms of epacity,delay time,travel time and also,feasibility of Pinavia intercheargd roundabout due to technical
and economic conditions isvestgated[5].

6. Evaluation Method andCompare Parameters with Each Other

To perform acomprehensiveomparison between two types of intersections under similar condition,it is necessary
to investigate different types of traffic volume.For thisgen,inteneded intersection is simulated with traffic volumn
of 10000 vehicles/h under 6fflirent scenarios included) Turn left and right equally,assuming 10% heavy vehicles;
2) Heavy turn left ad light turn right assuming 10% heavy vehicBslight turn left and heavy turn right
assuming10% heavy vehicle$) Turn left and rightequdly, assuming20% heavy vehicless) Heavy turn left and
light turnright, assumin@0% heavy vehicles) light turn left and heavy turn right,assuming 20% heavy vehiates
the software totally was run 90 times for eawbdel Finally, After obtaining the software outputs and calculate the
average of mean value of six considered scenarios for each parameters anid@lablBamethod and transportation
and traffic experts expienent and opinion, these values compared to 2 intended intersections and finally due to the
value of each parameter each of them were prioritized and scored and better plan was selected lessedconeth
and consideredcenariog6].

7. Software Outputs

The results of simulation based on defined scenarios for two considered intersections are shown ifh&blel.
simulation results have different values based on vehicle typetrioek, etc), the values of them are shown In tablel.

Tablel. AIMSUN outputs parameters for 2 intended intersections

Scenl Scen Seend Seen.d Scens Scen6
Parameters Pinavia Roundabout Pinavia Roundabout Pinavia Roundabout Pinavia Roundabout Pinavia Roundabout Pinavia Roundabout
Intersection Imtersection | Intersection Intersection : Intersection Intersection . Imtersection Intersection | Intersection Intersection | Imtersection  Imtersection
Density 842 10.78 923 19.36 784 6.86 8.68 19.532 833 2402 784 13.04
Flow 9486 7231 0383 3922 0359 7497 9399 6310 8333 3077 8331 016
Speed 7232 3484 70.86 38.73 7336 60.63 7107 4364 69.64 37.88 73.18 34.66
Travel Time 5008 8236 3107 14033 4944 71.06 5097 12077 5198 156.41 302 90.59
Total Travel Time 4084 52113 4489 7388 3811 4347 4214 7488 4527 7481 386.4 3236
Travel Distance 20173 22098 31490 19300 27363 21082 29377 18934 31245 16393 27330 19647
Delay Time 293 3436 236 0127 1.94 2323 237 30.0 292 106.98 214 4222
Fuel Consumption Rate 23628 22469 25447 23523 22366 21092 23959 2734 25221 2267 22621 22806
Co pollutant Rate 243504 30729 26934 45328 22866 26082 25284 44928 27162 44886 23184 31418

Also, theseoutputs described by below graph9.1
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Figure 1. Density changes
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Figure 7. Delay time changes
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Figure 8. Fuel consumption rate changes

Figure 9. Co pollutant rate changes

With observe table 1 anfigures 19 resulting that by corerting roundabout to Pinaviaterchange,the flow
density deaases for all definedcenariosSpeed and flow rate increased by intersections replaceBaséd on
increasing flow rate and speed addnsity decreased observed that travel and total Ittawe decreased by
replacement of proposed intersection.This replacement causednthernof conflict points decreased 8 to 0 and also
delay time decrease for all Scenaribsit according to this point that proposed intersection be interchange and
diamete of each direction is high rather than current directions in squata distance in proposed interchange
increased rather than roundabout &en thafor scenarios 1,4 that number of idirning and righturning be equal,
fuel consumption rate iproposed intersection is less thanreat intersection but this value for scenarieé for
proposed intersection is more than value of current intersection,and in about of Co pollutant rate value, according to
this point that value of this parameetdepend on time observed that Co pollutant rate value decrease By total travel
time decreasinge6].

8. Parameters cost estimation

In the following represent costs of manufacturintaintenancand accidents and also discuss how the pollution
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