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Summary. Dependence between radiuses of The existing assessment of planning solu-
curves of off-ramps and transport energy contions of crossings is defined by transport and
sumption within left- and right-turning directionsyggg expenses. Their value, substantially, is
of traffic of flyunder crossings with the engineeryefined by radiuses of off-ramps curves

ing and planning solution of “cloverleaf’ typep, _ ; : )
with the help of software system PTV VIS-SIMReSSfm(;/ﬁ)t' g}t trgilijsénse ;;mfdrsgslrgﬂagnﬁ'
is investigated. Optimum values, from the poin% i ft £ TE ?y
of view of minimization of energy consumptionCOnSump ion of transport flow (TF) as one o

of a transport flow, of their radiuses of curves arth€ indices of operation of transport is not
defined. considered. As within different types of

Key words: traffic flow, prediction model, Crossings impact o¥, on transport energy
transport energy costs, radiuses of curves, flyusonsumption is shown unequally, and on the
der crossings. same type of crossing energy consumption of

TF changes depending on geometrical pa-

rameters of crossing and value of intensity
INTRODUCTION and density of traffic of forward and turning

flows, for reasonable acceptancevgfwithin

Street and road flyunder crossings witlflyunder crossings (both on forward and turn-
complete and incomplete traffic junctionsng directions) it is necessary to conduct de-
depending on management of traffic and peail research. Energy consumption of TF
destrians’ motion and recommended refewhich values can be determined by means of
ence speedsVf) at left-turning off-ramps special computer programs shall be one of
divided into 5 classes [12]. Irrespective ofhe criteria for assessment of a choicevpf
junction class elements of left- and rightindeed in the conditions of considerable for-
turning off-ramps shall be calculated angign economic dependence of Ukraine on
assigned on the basis of recommendgdn suppliers of energy carriers (the import share
off-ramps [12]. Choice o¥, within flyunder in structure of deliveries of primary types of
crossings in each case shall be executed energy carriers in different years was equal
the basis of detail technical and economifom 53 % to 72% [10] energy saving in
calculations taking into account perspectivgansport branch acquires special relevance
intensity of traffic in all directions [7]. for general increase of economic efficiency

of national economy.
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MATERIALS AND METHODS widespread of which are AIMSUN, PA-
RAMICS, IHSDM, Emme/4, MITSIM Tran-
Optimization of radiuses of curves of off-scad, VISSIM, PLANSIM-T, AUTOBAHN,
ramps crossings with engineering and plafFRANSIMS, DRACULA, SISTM, INTE-
ning solution (EPS) of “cloverleaf” type from GRATION, FLEXSYT-II, SimTraffic 6 [1,
the point of view of minimization of trans-6, 17].
port energy consumption in their limits. In the articles of A.V. Kochetkov, M.M.
In the world of modern information tech-Bekmahambetov, A.V. Yatskiv, E.A. Yur-
nologies in planning and analysis of transpoghchevich., N.V. Kolmakova [1, 19] it is
systems of cities, implementation of differengiven a comparative assessment of the most
technical and economic calculations, improwvidespread software products for simulation
ing of traffic management and optimizatiormodeling on the major criteria for the analy-
of system of routes of public transport, etc. is of transport situations. If to enter indexes
IS impossible to do without instrument offor simulation objects and phenomena:
simulation (simulation modeling) by meansveather conditions (1); inspection for park-
of special computer programs. Their use img spaces (2); parked cars (3); specification
simulation modeling of TF dynamics considof engines models (4); commercial cars (5);
erably simplifies process of its study andbicycles and motorcycles (6); pedestrians (7);
control. Instruments allow us to visualizeoad traffic accidents (8); public transport
motion of each motor vehicle in the flow, to(9); measures for stabilizing of flows (10);
evaluate the effectiveness of decisions aimeliffusions of bunching (11); weaving of
at improving traffic management. flows (12); out-of-straight (13), possibilities
Recently, TF modeling in the transporbf software as for their accounting will be
network of the city is paid much attentionmarked in the Tab. 1 with symbol X. If to
Thus theoretical ideas of TF dynamics deenter the indicators designating the whole
velop generally in two directions. On the onsimulations according to Tab. 2, possibilities
hand, micromodels which describe certaiof software as for the accounting of these
specific situations of motion of motor vehi-purposes will be provided similarly in Tab. 3.
cles (MV) in the areas of transport network As a result, due to ease of use, polyfunc-
but which at the same time can't characterizmnality, high adaptability, ability to build
status of TF [4, 9] are considered. On ththe most detailed models which are closest to
other hand, there are many macromodels fogal for further research it is chosen the Ger-
description of TF dynamics which howeveman model of software family PTV VISION
aren't intended for analysis of motion of MMwhich combines full software package for
on certain specific areas of transport netwonlanning, analysis and traffic management
[3; 5; 8]. Today in the world there are aboufl14].
30 software products for simulation the most

Table 1.Possibility of objects and phenomena description

Software 1 2 3 4 5 6 7 8 9 10 11 12 13
AIMSUN2 - - - - - - - X X - X X X
CORSIM - X X - X - X X X - X X X
DRACULA X - - - X - - X X - X X X
FLEXSYT-II - - - - X X X X X X X X X
PARAMICS X X - - X - - X X X X X X
SYSTEM X - - - X - - X - - X X -
VISSIM - - X X X - X X X X X X X
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Table 2. Simulation purposes

Purpose Indicator Purpose Indicator
E1: modal division Sl: headways
E2: motion time 2: overtaking
E3: motion time changes S3: time of the incident
- E4: speed Safety SA: number of accidents
Efficiency ES5: bunching 5: speed / incident conse-
guence

—

E6: frequency of public transpor
E7: queue length

$6: interaction with pedestrian
F1: bodily comfort

[72)

Convenience

V1: emissions release F2: stress
, V2: level in case of trunk pollu- . T1: fuel consumption
Environment tion Technical
- features -
V3 noise level: T2: operation costs

Table 3.Target capability of models

Software |E1 E2 E3 EA E5 E6 ET V1 V2 V3 SIL ¥ S8 94 S S F1 F2 T1 T2
AIMSUN2 XX - X - - X X - - - - < - o oo X -
CORSIM - X X X X - X X - - - X - - < - - X -
DRACULA |- X X - - - - X - - - - < - - . - -x -
FLEXSYT-Il | - X X X X X X X X - X - - - - X - - X -
PARAMICS | - X X X X X X X - X X - - - - - X -
SYSTEM - X X X X - X - - - X X - - - - - oo«
VISSIM XX X X X X X X - - X X X - - X - - X -

Principal components of PTV VISIONthe one hand, create TF status, and on the
system are VISEVA module, VISUM andother hand shall conform to requirements of
VISSIM models [20]. VISSIM model which TF for support of the transport utilization
allows to model TF motion as on microproperties are considered [11].

(within separate crossings), and macro- (on TF prediction model considers psycho-
the scale of all city) level due to implementaphysiological model of passing after “vehicle
tion of traffic simulation model is applied toahead” according to Wiedemann by means of
support the solution of the tasks planned bynplementation of parameters, based on sto-
us on optimization of EPS choice of flyundechastic allocation of TF and considers motion
crossing from the point of view of minimiza-of all MV types: motor-cars, trucks and pas-
tion of expenditure of fuel and energy resenger cars. Allocation of their intensities is
sources (FER). established by means of percentage alloca-

Prediction model is constructed on the baion of each type of MV in the general TF.
sis of time intervals, microscopic model inThus further class division for trucks depend-
which unit “driver MV” is considered as theing on their loading capacity, for buses —
smallest unit. capacity, and for cars — engine displacement

For determination of energy consumptioms accepted according to standard North
of TF within the projected versions of planAAmerican fleet of motor vehicles.
ning solutions of crossings in the program Vissim prediction model enables simula-
system PTV Vissim TF motion in their limitstion of TF motion in the most common op-
is modelled. Thus road conditions which, oeration modes of automobile engines in the
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conditions of city traffic: idling and partial steps (Minimum— Maximum). Data for ac-
loads [2]. Depending on MV type nature oteleration away were compared to the results
their motion within the given area of a wayf MV testings, received in 2004 within the
will differ. Indeed for each type of MV in European research project RoTraNoMo. For
Vissim in case of different specific transportrucks curves for acceleration and braking
situations nature of change of acceleratiowere optimized taking into account data of
and braking will be different. In all caseshe European research project CHAUFFEUR
acceleration or braking is a function of actua?, 1999. For buses curves correspond to the
speed. data provided by transport enterprise of the
One of the factors of transport energyity of Karlsruhe, 1995. At the same time
consumption formation is MV loading capacrated value of acceleration (irrespective of
ity. As the loading capacity of motor andVV type) is optimized depending on value of
passenger MV is largely determined by tha gradient on the given area [18]:
number of passengers, in case of TF energy- on 0,1 m/sq.s on a gradient percent
consumption assessment within crossings wfith a sign “+”;
city trunks (CCT) it is necessary to consider - on -0,1 m/sq.s on a gradient percent
their fullness. Indeed transport energy CORgijth a sign “”.
sumption of the same MV under the same Frequency distribution function of in-

initial conditions, depending on its fullnesstended speeds within CCT is especially im-
will differ. Vissim prediction model allows portant parameter influencing throughput of
us to establish average fIIIIng coefficient OErossing and transport energy Consumption in
motor and passenger MV. According to th@s |imits. As intended speed the reference
opinion poll conducted for development okpeed regulated by norms (depending on the
transport model by Kyiv International Insti-category of trunk and class of junction) is
tute of Sociology from December, 2014 tillaccepted. Frequency distribution of intended
March, 2015, by the specialists of JSC “A+(gpeeds is defined irrespective of MV type.
Ukraine” it was found that average fllllng Entering TFs in prediction model are dis-
coefficient of motor-cars for the city of Kyiv triputed by the principle of distribution of
is 1,51 which will be accepted for furtherpoisson. Thus transport energy consumption
research. According to own on-site investigayithin all elementary areas of crossings
tions filling coefficient of buses is acceptedright- left-turning, swing and forward direc-
as 25,0. Thus within prediction model thergons) needs to be calculated separately,
are no stops of public transport. changing, thus, priority of passage of a con-
Formation of transport energy consumpfiict zone (textures and branch rouds) for
tion of trucks doesn't consider their fullnessorward and turning TF. Indeed nature of
but it is defined by ratio capacity / weight. Inchange of TF energy consumption for each of
metric units minimum is 7 kW/ton, and maxthe given intersection elements the different.
imum is 30kW/ton. Weight of trucks is de-at the same time calculation is performed for
fined with the help of mass distribution. FOlTF of different intensity, indeed energy con-
each truck Vissim in a random manner s&ymption of a single MV on a certain area
lects the appropriate value from the assigneg|| differ from energy consumption by the
mass distribution and power distributiorsgme MV as a part of TF in case of a certain
[18]. mode of motion on the same area. Thus re-
Functions offered in Vissim for motor-search is carried out in strictly fixed limits of
cars for maximum acceleration approxicrossing on a dry asphalt concrete covering.
mately correspond to functions in MV model within turning traffic directions on CCT
Wiedemann 74. For motor-cars results of th@]ere are areas of a way (Zone of |0W_Speed
measurements taken before 1974 in Germagrgffic) where MV driving speed will be low-
were a little optimized due to the restrictiorgr, than the set reference speed. Within these
set by the user in the field of short temporg{reas corresponding speed which is valid for
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this area of a way is set. Herewith MVs, al*cloverleaf” type in the city of Kyiv for dif-
ready before the zone of low-speed traffiderent groups of crossings are given (Tab. 4).
automatically reduce the speed and drive For each of the given groups of crossings
with the lower speed in this zone. After itdull-scale survey are conducted to determine
overcoming MVs recover the set referencthe parameters of TF within its limits. Be-
speed and automatically accelerate. cause combined groups of crossings have

Calculation of expenditures of FER forsimilar, to some major groups of crossings,
any TF is performed by means of standarstructure of TF, for implementation of further
formulas for values of MV expenditure withresearch we will integrate them:

TRANSYT 7-CB, program for optimization « On the approaches to the citywith
of temporal signals, as well as data on thailway lines— on approaches to the city;
value of emission OakRidge National Labo- « |n the central zone of the city with
ratory US Department of Energy. railway lines— in the central zone of the city
» Bridge-crossings- with railway lines
— bridge-crossings.
RESULTS So, typical for specific group of crossings
structure of TF is given in Tab. 5.

Analysis of influence of radiuses of curves In case of identical characteristics of en-
of off-ramps on transport energy consumprance TF the change of percentage distribu-
tion was checked on flyunder crossings Withon of TF by the directions causes the
engineering and planning solution “cloverchange of index of transport energy con-
leaf” type. They should be used on junctionsumption within crossing. However in this
of classedl, 1l andIV with intensity of left- research for all prediction cases we accept

turning TF less than 15% [12]. In this regarcthe following percentage distribution of TF:
according to the Tab. 3.3 [12}/, at left- e 67% — forwardl'F;

turning off-ramps is accepted within 15...60 , 1504 _ |eft- and fight-turning TFs:
km/h., and on forward directions (according , 3q — swing TF. ’

to Tab. 7.1 [13] - 60...80 km/h. Thus, accords,iys of curvature and gradient are set as
Ing to th_e category of trunk, on forward d'_'key parameters of impact on TF energy con-
rections it is accepted from 4 to 8 lanes IQumption on the turning directions. Thus the

both directions_ [13]. . ..Speed of the curvilinear motion of a car is
On the basis of earlier developed Class'f'ccepted as constant throughout the whole
cation of flyunder crossings dependingon T

. : . rn. When reviewing all path of motion of
composition, location and assignments [15
data on number of crossings with EPS of

Table 4.Distribution of crossings with EPS of “cloverleafpe on groups

Group of crossings Number, pcs.
On the approaches to the city 5
with railway lines 2
In the central zone of the city 3
Bridge-crossings 1
Other crossings 7
Integrated

On the approaches to the cityith railway lines 1
In the central zone of the citywith railway lines 3
Bridge-crossings with railway lines 2

Total 24
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Table 5. Structure of TF

Intensity, %
Group of crossings Motor-cars Trucks Passenger
vehicle
On the approaches to the city 73,2 23,0 3,8
With railway lines 78,6 9,3 12,1
In the central zone of the city 84,0 3,0 13,0
Bridge-crossings 75,0 15,8 9,2
Other crossings 77,0 12,4 10,6

MV on the given direction it is necessary t@and long stops in case of the given structure
consider transport energy consumption botbf TF. In this regard some variants of cross-
on entry point, and pulling-out from off-ings with EPS of “cloverleaf’ type with,
ramps. At the same time change of a gradieah turning and forward directions which con-
on the turning directions in case of adjusform to requirements of State Construction
ment of radiuses of off-ramps wasn't considstandards B.2.3-5-2001 are designed and
ered. analysed for this purpose.

During the research of flyunder crossings Nature of change of transport energy con-
with EPS of “cloverleaf’ type it was definedsumption for the left-turning motion direc-
transport energy consumption within crossions whenNs,m. = 6000 cars/hour, intensities
ings depending on radiuses of left-turningf incoming flow (Ninc) 1500 cars/hour and
off-ramps R = f(Vy)). Radiuses of horizontal variable structure of TRy, = 60 km/h and 4
curves R), depending on the accept¥d at lanes in a forward direction (by provision of
off-ramps, are accepted in compliance witpriority of motion to forward TF), is pro-
Tab. 6 [12]. vided on Fig. 1.

Calculation is performed for right- and Nature of change of transport energy con-
left-turning TF in case of different predictionsumption for the left-turning motion direc-
intensities within crossings, indeed the modigons when Ngyn,= 11000 cars/hourNine.=
of motion is one of the factors influencingd000 cars/hour and variable structure of TF,
transport energy consumption [16]. Researd¥, = 60 km/h and 4 lanes in a forward direc-
is carried out for cases, when summary intetion (by provision of priority of motion to
sity of TF (Nsum) within crossing exceeds forward TF), is provided on Fig. 2.
6000cars/hour that conforms to normative At right-turning off-ramps, proceeding
requirements necessarily for arrangement &fom conditions of motion safety/, shan't
flyunder crossings [12] and doesn't exceeelxceed 60 km/h and should be most ap-
maximum intensity of TF (11000 cars/hourproached to the speed on forward directions
that leads to formation of bunchingd12]. In this regard transport energy con-

sumption on the right-turning motion direc-

Table 6.Radiuses of curves tions in case of different radiuses of border
crossings and branch roads of right-turning

V,, km/h R m off-ramps which correspond to the range of
15 15 reference speeds within 30...60 km/h and

20 15 steady radius of left-turning off-ramps was

30 35 defined R = 35 m). Nature of change of

40 65 transport energy consumption for the right-

50 110 turning motion directions wheNgm= 6000
60 160 cars/hour,Ninc.= 1500cars/hour and variable

structure of TFV,= 60km/h and 4 lanes in a
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Fig. 2. Nature of change of TF energy consumption in éfieturning direction when
Nsum= 11000 cars/hour

forward direction (by provision of priority of reference speeds within 30...60 km/h and
motion to forward TF), is provided on Fig. 3.steady radius of left-turning off-ramps was
At right-turning off-ramps, proceedingdefined R =35 m).
from conditions of motion safetyy, shan't Nature of change of transport energy con-
exceed 60 km/h and should be most agumption for the right-turning motion direc-
proached to the speed on forward directiori®ons whenNg,,, = 6000 cars/hourNie. =
[12]. In this regard transport energy coni500cars/hour and variable structure of TF,
sumption on the right-turning motion direc-V, = 60 km/h and 4 lanes in a forward direc-
tions in case of different radiuses of bordeion (by provision of priority of motion to
crossings and branch roads of right-turninfprward TF), is provided on Fig. 4.
off-ramps which correspond to the range of
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Fig. 4. Nature of change of TF energy consumption in ijet+turning direction when
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CONCLUSIONS the turning directions is influenced by radi-
uses of curves of off-ramps. It is established
In the analysis of results of TF energyhat the smallest transport energy consump-

consumption research under the given mintion (for all groups of crossings) arises under

mum (Nsym. = 6000 cars/hour), maximumradiuses of left-turning off-ramps 15m avigl
(Nsum.= 11000 cars/hour), as well as interme= 20 km/h. Thus the structure of TF doesn't
diate (Nsum. = 7000 cars/hour,Nsym. = influence nature of distribution of TF energy

8000cars/hourNsym. = 9000 cars/hour, and consumption. At the same time, with growth

Nsum.= 10000 cars/hour) intensities of TF it iof Ngym.the range of change of indices of TF

established that TF energy consumption @&nergy consumption grows both in the left-
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turning, and in the right-turning directions(transport, road, given expenses, etc.). How-
Within right-turning off-ramps (with growth ever, today, among the existing evaluation
of Nsym) directly proportional linear depend-indices there is no transport energy consump-
ence of TF energy consumption reducingon. On the basis of the conducted research it
from increasing in radiuses of curves ois established that TF energy consumption in
right-turning off-ramps is seen, that is thehe left- and right-turning directions is de-
characteristic for all groups of crossings. Afined by radiuses of curves of off-ramps and
a result, optimum (on the index of transpoiy the extent of TF. As far as specified pa-
energy consumption) the radius of rightrameters, except for transport energy con-
turning crossings, depending dlg,n,, ranges sumption, influence the other technical and
within 65...160 m and doesn't depend oaconomic indices, for an objective assess-
structure of TF. ment of the planning solution of crossing by
One of selection criteria of the engineerthe separate evaluation criterion should ap-
ing and planning solution of flyunder crosspear TF energy consumption.
ing are technical and economic indices
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