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Summary. The article considers the question of determining the functioning of the motorway during
the life cycle from the beginning of construction to its reconstruction. The life cycle is to ensure the safe and
economical use of road transport on the road or in its area, characterized by maximum traffic intensity without
changing the speed of traffic in these road conditions. The paper proposes the determination of the bandwidth
of the lane, the throughput of the highway, the practical bandwidth of the lane, the throughput of crossings and
adjacencies, the maximum intensity of the lane and the maximum intensity of traffic by the section of the
highway. At the maximum values of the traffic intensity of the road section, the necessity of partial or complete
reconstruction of the road is determined. Partial reconstruction involves increasing the maximum intensity of
the race on the course of changing the parameters of intersections and adjacencies.

In case changing the parameters of crossings and adjoining does not increase the maximum intensity
of traffic on races - the issue of transfer to the higher category of road or increase in the number of lanes is
considered.

Keywords: bandwidth, reconstruction, maximum intensity, lane, racing.

Introduction. As a result of an increase in traffic intensity on Ukrainian highways, there was a need
for an analysis of the traffic conditions, the development of measures for their improvement and the definition
of the functioning of the motorway during the life cycle from the beginning of construction to its
reconstruction.

The most perfect method for solving these problems is to assess the conditions of movement and ensure
maximum traffic intensity on the sections of the highway. Since the traffic of cars takes place in different road
conditions, the maximum intensity of traffic is used for estimation in the current road conditions. The
maximum intensity of movement is characterized by a practical throughput ability of the lane and the
throughput of crossings and adjacencies. On the basis of this data, the issue of partial or complete
reconstruction of the road is solved. Existing methods for determining the practical bandwidth of the lane, the
maximum intensity of traffic on the section of the highway give ambiguous results that need improvement.

When justifying the need for road reconstruction, the development of a project or the scheme of traffic
organization, the calculation of traffic flow control, automated systems for traffic management, analysis of the
condition of highways, the value of maximum intensity of motion is used. The maximum intensity of the
motorway should be considered in conjunction with the practical bandwidth of the traffic lanes and the
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throughput of crossings and adjacencies. This approach will help to decide on the full or partial reconstruction
of the highway, including and changing the parameters of crossings and adjacencies.

Purpose and methods. The main purpose of the work is to determine the maximum intensity of traffic
by road. The road is divided into fields. The road section is chosen between major intersections and
adjacencies. Large crossings and adjacencies are those where traffic flows are redistributed.

To accomplish the task, the theoretical substantiation of the method of calculating the practical
bandwidth of the lane, the maximum intensity of traffic on the section of the highway and the throughput of
interconnections and adjacencies in one level of different types must be provided.

On the basis of the maximum traffic intensity of the road section, measures are being developed to
increase it and the period of effective functioning of the highway is determined.

The period of effective functioning of the road is the period of the life cycle of the road from
construction to reconstruction, for which the intensity of traffic on the highway reaches the value of maximum
intensity of movement.

Results and explanation. The traffic flow on the motorway can vary from free to column-type at any
speed, that is, for each value of the speed of movement, different modes of motion of the cars may correspond.
With increasing intensity and constant speed of motion, the motion mode can vary from free to column.

N, aBt./ron

2

>

a

[¥a]

=) 4

Sé N,

m

S

Q

5

E N S

0 >
VA Vé Ve V, kMm/ron.

[IBuAKicTh pyxy

Figure 1 — Dependence "intensity - speed" [1]
Pucynox 1 — 3anmexHicTh "IHTEHCUBHICTH - IBUAKICTE" [1]

Out of schedule (fig. 1) It can be seen that each value of the velocity corresponds to a certain value of
maximum intensity of motion. For example, at the point A, the maximum intensity of the motion of the Nu
corresponds to the velocity V4, and at the point C, the maximum intensity of the motion N., which will be less
than Na.

The maximum intensity of traffic on the road is calculated on the basis of the maximum intensity of
the traffic lane of the highway, which is reduced due to crossings and adjacencies on the same level that are
on this road.

The intensity of the movement may vary from a minimum to a maximum value with a defined
composition of the traffic flow. The minimum value of the traffic intensity corresponds to the column traffic
of vehicles at an average free-speed. The maximum value of the intensity of the movement corresponds to the
intensity of motion at a minimum interval (optimal speed). Fig. 2 shows a graph of changes in maximum traffic
intensity, depending on the speed of traffic flow.

The ABC line and the A1BI1CI line describe the change in the maximum intensity of traffic for cars
of the minimum and maximum lengths and the change in the maximum traffic intensity from the minimum to
the maximum value for a given composition of the traffic flow. The dependencies for the different composition
of the traffic flow will be located between the lines ABC and A1B1C1 in the zone, which is limited by these
lines and the values of the minimum and maximum values.

23



ABTOMOBUJIBHI JOPOI'M I IOPOXXHE BYIBHULITBO. BuIl. 108. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 108. 2020

N, aBT/TOn
N A . ..
max A JlerxoBi aBTOMOO1Ti
>
&
N,
A " B Apronorsirn
2 NnaxA, /
o 4,
M
S|
2
o NV;;. B,
= NVm:yC // C
6110, 1
= >
1 Vs v V, km/ron
[IBuIKICTD PyXY

V, —average speed corresponding to bandwidth;

V. —average free-movement speed;
v, — average speed at the point B & Bi;

Nmaxs — maximum traffic intensity corresponding to passenger car capacity;

Nmaxa1 — maximum traffic intensity corresponding to the capacity for motor trains;

N veixc— maximum traffic intensity at passenger speed for passenger cars;

N veinc; — maximum intensity of movement at the speed of free movement for car trains.

Figure 2 — Chart of the maximum intensity variation depending on the speed of the traffic and the
composition of the traffic flow
Pucynok 2 — /liarpama 3MiHH MakCHUManbHOI IHTEHCUBHOCTI 3aJIe’KHO BiJI IIBUAKOCTI PyXYy Ta CKJIaJy TpaH-
CIIOPTHOTO TIOTOKY
To study the influence of the dynamic size on the maximum intensity of motion, one can consider

different variants of the movement of cars in the group band of the highway.
1. To study the effect of the dynamic dimension on the maximum intensity of motion, one can consider

different variants of car movement on the highway. (Fig. 3 a)
In the first case, there is no free space between the dynamic dimensions (A4L;=0):
AL, =(d,+1,)-D, =0, (D
where d;— distance between cars;
l; — length of the i-th car, m

D; — dynamic factor of the i-th car
In the second case, there is free space between two adjacent dynamic dimensions (4L; >0):

ALi:(di+li)_Di' (2)

In the third case there is an overlay of dynamic dimensions, when the rear car reduces the distance (4L;
<0):

AL, =D,-(d, +1,)- (3)

The variation of the intensity of motion at different values of dynamic dimensions is shown in the Fig. 4.
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2. The driver, at the same speed, can withstand a greater distance. As a result, the intensity of the
movement decreases (Fig. 3 b).
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3. The driver, at the same speed, can withstand a smaller distance. As a result, the traffic intensity
increases, but the danger of the car's movement increases and the movement is carried out in the risk zone.
(Fig.3 ¢).

ANL;
Lo Lo
[, ! d; lin 4‘ d i+
D

]

Figure 3 — Possible variants of dynamic dimensions in the traffic flow at the column movement of cars.
Pucynox 3 — MoxuBi BapiaHTH THHAMIYHHX BiJICTAHEH B TPAHCIIOPTHOMY ITOTOIIi IPH KOJIOHHOMY PyCi
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Figure 4 — Dependence of the intensity of movement on dynamic dimensions at a given speed
Pucynok 4 — 3anexHicTh IHTEHCUBHOCTI PyXy BiJl AWHAMIYHMX BiJICTaHEH MpH 3aaHiil IBUIKOCTI
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As can be seen from the graph, at a speed of 60 km / h, the intensity can be 600, 850 or 1100 car / h,
depending on the size of the dynamic size. Accordingly, the interval between cars moving at a speed of 60 km
/hcanbe 6, 4.2 or 3.3 s. At maximum interval between cars it is possible to increase the intensity of traffic to
the intensity of motion, which corresponds to the average interval. And with a minimum interval of traffic
between cars, the flow of traffic occurs in the risk zone. Consequently, in studies it is necessary to determine
the average value of the interval between cars, which characterizes the safe traffic flow and corresponds to the
maximum intensity of the traffic lane of the highway.

Consequently, the maximum intensity of the traffic in the road strip varies from the minimum to the
maximum value depending on the composition of the traffic flow, which in turn depends on the average length
of the car in the group. And also, the maximum traffic intensity of the road changes from the minimum to the
maximum for a certain composition of the traffic flow. Consequently, the "intensity-speed" dependencies will
be in the defined zone and will have limitations on the speed and average length of the car.

The main factors that are taken into account in determining the intensity of traffic are the average speed
of the traffic flow and the average length of the car in it.

The "intensity-speed" dependence will have the form:

P=fW.d,1,)=f(V.,D)- “4)

where V — average speed of traffic flow;

d — distance between cars;

I, — average length of the car in the traffic flow;

D — dynamic size.

On the basis of the processing of experimental data, the "intensity-speed" dependence is obtained as a
polynomial line of the second degree. The equation describing the dependence of "intensity-speed" has the
form:

N=Ax>+Bx+C, (%)

where 4, B, C — coefficients depending on the average length of the car.
Coefficients 4, B, C characterize the average length of the car in the traffic flow and are represented
by the following dependencies:

A4=-0,0026-1>+0,0538-1,—0,4678 (6)
B=0,0277-1>-0,1752-1, +10,182, (7)
C=18,362-1> —438,84-1, +3069 . (8)

As a result of data processing observations, the dependence of "intensity-speed" was obtained taking
into account the composition of the transport stream in the form:

N=( 0,002d,° +0,0538, -0,46789V7 +(0,0277, -0,1 752, +10,182)V’ +

2 ©)
+(18362,> -438841. +3069)

where [, — car length, m;
V' — average speed, km/hour.

Crossing and adjoining in one level determine the maximum intensity of movement as a separate
section of the road, as well as the whole road in general. The capacity of crossings and interconnections in one
level depends on the category of intersecting or adjacent roads, the composition of traffic flows, average
speeds, car maneuvers, weather conditions and the percentage of left-turning vehicles.

The basic element of calculating the practical capacity of crossings and adjacencies is the time required
to perform a maneuver with a car considering the safety of motion.

Analysing the maneuvers of cars at simple intersections and couplings:

- turn right from the secondary road to the main road;
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- turn left from the secondary road to the main one;
- turn to the right of the main road to the secondary;
- turn to the left of the main road to the secondary;
- crossing the main road.
The mathematical dependences for calculating the interval on the main road and the time to perform
maneuvers in determining the throughput of crossings and adjoints are given in Table. 1.1.

The example of calculating the capacity of crossing the highways Kyiv - Sumy and Ichnia - Priluki
and maximum traffic intensity on the road section

Jicosi
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Figure 5 — The general scheme of maximum intensity of the section of the highway Kiev - Sumy taking
into account crossings and adjacencies
Pucynok 5 — 3arajipHa cxeMa MaKCHUMaJIbHOI IHTCHCMBHOCTI PyXy JUISHKH aBTOMOO1IBHOT moporu KuiB -
CyMu 3 ypaxyBaHHSM IepeciueHb Ta IPUMUKaHb

Table 1 — Distance on the main road and time to perform maneuvers in determining the maximum
intensity of traffic at crossings and adjacencies

Tabmurst 1 — Biacranb Ha IOJIOBHIM 10pO3i Ta YaC BUKOHAHHS MaHEBPIB IIPH BU3HAYECHHI MaKCHMa-
JIbHOT IHTEHCUBHOCTI pyXy Ha MePeCideHHAX Ta MPUMUKAHHSIX

Ne Car maneuver Time for maneuver (interval) | Interval on the main road
1 2 3 4
Crossing without transition-high-speed bands
. . v, -V,
1 Rotate to the right of the main road t,, = pf T=t,
a
| -,
2 Rotate to the left of the main road L, = pf T=t,
a
‘ v
3 Turn to the right of the secondary ) T=t +¢f.
road P = pooomm
a
v
4 Turn to the left of the secondary road t, = Tp T=t » Tl
a
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1 3
N2(B+
5 Intersection of the main road wep = (—l”)a T=t,,
a
Cross-speed transitions with high-speed bands
2+ Rb
1 Rotate to the right of the main road t,. = V— T=t,
P
2+ Rb
2 Rotate to the left of the main road t,. = V— T=t,
P
3 Turn to the right of the secondary ;= 2\/Rb T -2
road 3¢ v min
P
2+ Rb
4 Turn to the left of the secondary road t, = V— T =2t
p
5 Intersection of the main road vy = —Vz(B-H“)a T =t
a

Note: V, — the estimated speed of the traffic lane of the highway, m/sec; V; — speed at the congress during
maneuvering, m/sec; a — average acceleration value, m/sec’; B — width of the roadway, m; R — radius of the
congress, m; b — width of the road lane, m; fmin — average safe interval in the column movement of cars for this
average speed, sec; #, — time is necessary for acceleration to the calculated speed of movement V), on the road,

SCC.

Table 2 — Measures to increase the maximum intensity of traffic on the road

Tabmurs 2 — 3axoau mo10 30UTBIICHHST MAKCUMAIIEHOT IHTEHCUBHOCTI pyXy Ha JI0PO3i
[ >
5 _E =
R
Intensity of traffic on Measures to increase the maximum intensity of Load factor E %D £ Qé
. . . ofthesystem | =2 g §
the main road motion on the adjacency Qs 353
K. 3882
[P) 8 e g
S e~
= g °
1 2 3 4
Direct direction
3600-2
N <T No measures are foreseen <0,5 1,0
P min
1. Arrangement of the PSP for the turn to the
3600-2 3600 | right of the secondary road to the main;
———<N<—— 2. Arrangement of the PSP for the turn to the 0,5-09 1,2-14
£y lnin Linin right of the main road to the secondary (on
Condition, what Loon061e = tmin)
3600 _ .
N> ; Arrangement of solutions at different levels 0,9-0,95 1,4-1,6
min
3600 ,
> ; Transfer the road to the highest category >0,95 >1,6
min
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1 2 3 4
Reverse direction
3600-2
N<——— No measures are foreseen <0,5 1,0
t » T ! i
3600-2 < 3600 Arrangement of the PSP for the turn to the left
<N< 0,5-0,9 1,2-1,4
t,+t toio of the secondary road
3600 .
N=— Arrangement of the auxiliary belt to perform a 0,9 -0,95 1,4-1,6
L min turn to the left of the main road to the secondary
3600
N> ; Arrangement of solutions at different levels 0,95 1,4-1,6
3600
> ; Transfer the road to the highest category > 0,95 > 1,6

highway Kyiv — Sumy

noporu Kuis - Cymu

Table 3 — Measures to increase the maximum intensity of traffic of the considered section of the

Tabmurs 3 — 3axo0/u mo10 301IBIICHAS MAaKCHMATbHOI IHTEHCUBHOCTI PyXy JUISHKYA aBTOMOOLIEHOT

Crossing and adjoin- Measures with increasing traffic intensity
ing on the section of
No . . )
the Kyiv-Sumy high- to 3100 cars/day 3100-6000 cars/day Bix 6000 cars/day
way
Junction with higway | The activities are not | Arrangement of an addi- Arrangement of solu-
1 . . . . tions at different lev-
Nizhyn - Pryluky overlooked tional strip on the ring els
Adjoining the road The activities are not The activities are not Ar're'inger.nent of
2 from the village transition high-speed
\ overlooked overlooked
Strel'nyky bands
Jupctlgn with hlgw.ay The activities are not The activities are not Ar.re.ingerpent of
3 Lisovi Sorochyntsi - transition high-speed
overlooked overlooked
Sukhopolova bands
Adjoining tl}e road The activities are not The activities are not Ar.re.ingerpent of
4 from the village transition high-speed
overlooked overlooked
Sukhopolova bands
Junction with higway | The activities are not The activities are not Arrangement of solu-
5 tions at different lev-
Ichnya-Pryluky overlooked overlooked els
Conclusion

1. The method of determining the effective functioning of the motorway or its area on the basis of

determining the maximum intensity of traffic, taking into account the composition of the traffic flow and the
throughput of crossings and adjacencies is presented in the work.
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2. On the basis of the calculated data, measures are being developed to increase the maximum intensity
of traffic and to determine the period of effective functioning of the highway or its area.
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AHoTanisi. B po6oTi po3risHyTO MUTaHHS BU3HAYCHHS () YHKITIOHYBaHHS aBTOMOOUIBHOI TOPOTH TIPO-
TSATOM KMTTEBOTO LUKJIY BiJl MOYaTKy OyIIBHUIITBA 0 i peKOHCTPYKIIii. ITi/1 5)KUTTEBUM LIUKJIOM PO3YMIETHCS
3a0e3MneyeHHs] OE3MEYHOro Ta eKOHOMIYHO BUT1THOTO PyXy aBTOMOOUIBHOTO TPAHCIIOPTY MO A0po3i abo ii ai-
JISTHI, 10 XapaKTEePU3YEThCs MAKCUMAaJIbHOIO iIHTEHCHBHICTIO PyXy 0€3 3MiHM IIBUAKOCTI PyXY y JAaHUX J0-
POKHIX yMOBaX. Y poOOTi 3aIpOTIOHOBAHO BU3HAYCHHS MTPOITYCKHOI 3IATHOCTI CMYTH PyXY, IPOIYCKHOI 371a-
THOCTI aBTOMOOIJIBHOT TOPOTH, TPAKTHYHOIT IIPOITYCKHOI 31aTHOCTI CMYTH PYXY, IPOITYCKHOI 37JaTHOCTI mepe-
XpelleHb Ta MPUMUKaHb, MAKCUMAaJIbHOI IHTEHCHUBHOCTI CMYTH PYXY Ta MakCHMAIbHOI iHTEHCUBHOCTI PyXy
TJISTHKOIO aBTOMOOUTEHOT Aopory. [1pu MakcCuManbHUX 3HAYCHHAX 1IHTEHCUBHOCTI pyXy AUISTHKOIO aBTOMOOI-
JILHOT TOPOTH BU3HAYAETHCS HEOOXIMHICTh MPOBEIACHHS YaCTKOBOI a00 TIOBHOI peKOHCTPYKIIil moporu. YacT-
KOBa PEKOHCTPYKILis nependavae 301bIICHHS] MAKCUMaIBbHOT IHTEHCUBHOCTI PyXy Ha IeperoHax 3a paxyHOK
3MIiHU TTapaMeTpPiB MepexpericHh Ta MPUMUKaHb. Y BUIAIKY KOJW 3MIHEHHS IapaMeTpiB MepexperieHb Ta
NPUMHKaHb HE MiIBUIYE€ MAKCUMAIbHY IHTEHCHBHICTh PyXy Ha IEPEroHax — pO3IIIAAA€ThCS IUTaHHS Tepe-
BEJICHHS Y BHILY KaTeropito 1oporu abo 301IbIIEHHS KiJTbKOCTI CMYT PYXY.

Kuaro4oBi ciioBa: npormyckHa 34aTHICTh, PEKOHCTPYKILiSl, MAKCUMallbHa iIHTCHCUBHICTB, CMYTa PYyXY,
HepPEeTOHM.
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