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Summary. The main types of maneuvers on crossings and adjoints of highways in one level are studied. The
probability of an unobstructed injection of a vehicle from a secondary to the main road and vice versa, taking
into account the average length of the free interval between the vehicles of the main stream, is determined. The
dependence of the duration of free intervals, and their number, on the intensity of traffic, the composition of
the traffic flow, and the speed of vehicles, was found. A series of equations was obtained for determining the
total transport delay in the performance of various types of maneuvers, depending on the type of intersection
or adjacency. Vehicle delays at crossings and adjacent roads are used to economically justify changing their
parameters. Therefore, the work is designed to minimize the delays of vehicles at crossings and interconnec-
tions both in one and at different levels.
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Introduction. The economic justification for the reconstruction of the highway is based on the time of
unhindered passage of the road section. The study takes into account vehicle delays not only along the main
road, but also on secondary roads, which makes it possible to more accurately describe the flow of traffic. In
determining the delays at crossings and adjacencies, a reduction in the speed, stop, waiting time and travel
without delay during vehicle maneuvers are taken into account, and these data are subsequently used to eco-
nomically substantiate the change of cross-linking and adjacent parameters.
Existing methods only consider the reduction of the speed of the entrance to the intersection or the adjoining,
with its subsequent increase when you go to the main road. They do not take into account the travel of vehicles
with a stop and expectations for maneuvering. In order to more accurately determine the time of car delay,
intersections and adjoints, it is necessary to take into account not only the intensity and change of speed, but
also precisely understand the pattern which vehicle makes and take into account the time spent as a change in
speed when performing maneuvers, and on expectations Possibility of filling the injection into the main
transport stream. To calculate the average delay in transport on the adjacency or intersection of roads it is very
important to take into account time intervals between cars and groups of cars moving by the main stream.
Since the availability of free intervals depends on the vehicle’s ability to perform the maneuver, that is ex-
pected.

Objectives and Methods. For a more precise definition of the delay time of vehicles at the intersections
and adjacencies of highways, one must investigate: the traffic flow, both on the main road and on the secondary
one; the average length of movement of groups of cars along the main road and the time intervals with which
vehicles proceeding on a secondary road. Record the number of cars waiting to be maneuvered and the number
of cars passing without delay. The task is to get a dependency to calculate the waiting time of the car before
maneuvering, taking into account the type of adjoining or intersection and the type of maneuver.
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Results and Explication. Delay arises when performing maneuvers by vehicles at adjacency and in-
tersections as a result of insufficient length of the free interval. The main condition for a free travel without
delay is the availability of free intervals between groups of cars moving along the main road. The free intervals
should be sufficient for maneuvering.
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Figure 1 — The scheme of infusion of vehicles from the secondary road into the main stream of the main
road: (tg) travel time of a group of vehicles, seconds. (t.g) time required for maneuvering, seconds. (tvirn) du-
ration of the free interval, seconds. (tocn1) Waiting time for the vehicle’s maneuver Ne2, seconds. (toch2) wait-
ing time for maneuver of vehicle number 3 (1) vehicle number 1 (2) vehicle number 2 (3) vehicle number 3

Pucynok 1 — CxeMa BIuBaHHS TPAHCIIOPTHUX 3aCO0IB 13 IPYTOPSTHOI JOPOTH B OCHOBHUH TTOTIK TOJIOBHOL
JOporH: (tgr) Yac y I0PO3i TPYNH TPAHCIIOPTHHX 3aC00iB, CEKYH/. (tzag) Yac, HCOOXITHUH JIsi MAHEBPYBaHHS,
CeKYHAH. (tyirn) TPUBAIICT BUIBHOTO iHTEPBAIY, CEKYHI. (toch1) YAC OUIKYBaHHS AJIsI MAHEBPY TPAHCIIOPT-
HOTO 3ac00y Ne2, cexyH. (toch2) YaC OUIKYBaHHS JJI MaHEBPY TpaHCTIOPTHOTO 3aco0y Ne 3 (1) Tpancmopt-
HorO 3ac00y Ne 1 (2) TpancioptHOTO 3ac00y Ne 2 (3) TpaHcmopTHOTO 3ac00y Ne3

In Figure 1, there are three cases of injection of cars from the secondary road into the main stream of
the main road. In the first case, car number 1 has enough time to perform maneuvers and travels without delay.
In the second case, the time to carry out the maneuver by car number 2 is not enough, so the waiting time of
the car will be toni. In the third case for car number 3, waiting time for a car for maneuver is tocho.
The waiting time for the car is partly from the t,,, and the driving time of the car group tgr. In option 3, waiting
time will be a part of the time from the tg.

The car that drives to the adjacency is waiting for the time interval on the main road to be sufficient to
perform the maneuver (freeman (t,ag + ter)). In the event that the condition (tvirn™> (tzag + ter)) 1S not executed,
there is a delay of vehicles and a queue is formed. The ratio (tz.g + te) / ton shows the share of fate on the
number of cars on the secondary road (N2), which can wait until the maneuver.
The total delay includes both time for maneuver and time spent on braking before maneuvering. While the
timing of the maneuver in turn consists directly from the very maneuver and subsequent acceleration of the
car to the required speed of movement:

tzag = tkr T Lrozg (D
where ti - time spent by the car, to travel through the curve of the area of adjoining.

trore - time of acceleration of the «car to speed on the main road.
There is a condition: the greater the intensity of the movement, the less free intervals.
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toivm = f(N, ¢, V) (2)

where N - intensity of movement;
¢ - the structure of the traffic flow;
V - average speed on the main road.

Therefore, traffic on the main road will be characterized by the presence of free intervals and driving
group of vehicles
The intensity will be:
Ni=ngMcars 3)

where ng - number of groups of vehicles moving along the main road per unit time, pcs .;

Nears - the number of vehicles in the group, vehicle.

Average travel time for 1 group of vehicles:

fgr = fcars "MNears 4)
where t.,s - average interval of 1 vehicle, ¢ .;

Nears - NUmMber of vehicles in a group, pcs.

Average free time interval:

tyiim = —— —tgr (1.5)

where tg - average length of movement of 1 group of vehicles, s .;
Ngroup - the number of groups of vehicles going through the lane per unit time, pc.

To determine the transport delay, when performing any maneuver on the intersection or adjacency, the number
of vehicles waiting for the maneuver is determined:

N. _ tzag+fgr ‘N, = tzag+fgr . _ nngZ(tzag+Egr) 6
zatr — i 2 — 3600 — 2 3600—F...- ( )
villn ngr —tgr gritgr

where N - intensity of traffic on a secondary road, vehicles / year;

N - intensity of movement on the extreme right lane of the main road, vehicles / hour;
t,ag - time required for maneuvering, sec.

ter - average time of the group of vehicles, sec.

The vehicle can drive to the adjacency at any time interval within 0-(tgeneral + tg). The maximum
delay of the transport will be when, at the time of arrival to the adjacency, the value of the free time interval
on the main road will be approximated to 0. The minimum delay of the transport will be when the value of the
free interval will be close to (tzag + tar).

The total delay in transport, when performing any maneuver, will be equal to:

tzagttgr nngZ(tzag‘l'Egr) . tzag+fgr _ nngz(tzag‘l'Egr)z

t =n . = = = = 7
zatr = Tzatr 2 3600~ gr gy 2 7200~ Egrngr )
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zag+tgr

t .
where - the average duration of delay, sec .;

Nzqer- NUMber of vehicles waiting for the maneuver, pcs;

N - intensity of movement on the extreme right lane of the main road, vehicles / hour;
N: - intensity of traffic on a secondary road, vehicles / hour;

t,ag - time required for the maneuver, sec;

tgr - average length of the journey of a group of vehicles, sec.

The general delay of transport, when performing the maneuver of the vehicles from the secondary to
the main road, will be equal to:

¢ __ NgrN> (tza‘g‘l'fgr)2 (8)
Zatr = 7200-2-Egrngr

where ng,.is the number of groups of vehicles going through the lane per unit time, pcs .;
Nz - intensity of traffic on a secondary road, vehicles / hour;

t,ag - time required for maneuvering, sec.;

trpynu- average length of driving of a group of vehicles, sec.

Let's consider three cases of a maneuver of the right turn from the secondary road to the main one.
Figure 2 shows the scheme of the vehicle when performing the maneuver of the right turn from the secondary
road to the main without delay.
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Figure 2 — Scheme of vehicle movement when performing the maneuver of the right turn from the secondary
road to the main without delay: t, - average length of movement of 1 group of vehicles, s
Pucynok 2 — Cxema pyxy TpaHCIIOPTHOTO 3ac00y IPH BUKOHAHHI MaHEBPY MPABOTO MOBOPOTY BiJI APyropsi-
JTHO1 JOPOTH JI0 TOJIOBHOT 0€3 3aTPUMOK: ter - CEPEIHS NOBXKHUHA PyXy | Tpyny TPaHCTIOPTHHX 3ac00iB, C

Figure 3 shows the scheme of movement of the vehicle when performing the maneuver of the right
turn from the secondary road to the main with a minimum loss of time:
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Figure 3 — Scheme of vehicle movement when performing the right turn maneuver from the secondary road
to the main with a minimum loss of time
Pucynok 3 — Cxema pyxy TPaHCIIOPTHOTO 3aC00Y MPH BUKOHAHHI MaHEBPY MPABOTO MOBOPOTY BiJl APYTOPS-
HOT JIOPOTH JI0 OCHOBHOI 3 MiHIMAJILHUMH BTpaTaMHU 9acy

Figure 4 shows the scheme of the vehicle movement when performing the right turn maneuver from
the secondary road to the main with the maximum delay value:
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Figure 4 — Scheme of car movement when performing the right turn maneuver from the secondary road to
the main with the maximum value of delay
Pucynok 4 — Cxema pyxy aBTOMOOLIS IPY BUKOHAHHI MaHEBPY MIPAaBOTO MIOBOPOTY BiJI APYTOPSIHOI TOPOTH
JI0 TOJIOBHOT 3 MAaKCUMAaITbHUM 3HAYCHHSIM 3aTPHUMKH
General delay of transport, when performing the maneuver of the right turn from the secondary road
to the main, is determined with the formula:

NngrNz (tzagl"'t_gr)z
Lzatr = z )
7200~ Tgrngy

where ng - number of groups of cars going through the lane per unit time, pcs .;

N; - intensity of traffic on a secondary road, vehicles / hour;

t,ag1 - total time required for maneuvering the right turn from the secondary road to the main, sec .;
tgr - average length of driving of a group of vehicles, sec.
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Figure 5 shows the scheme of the vehicle movement when performing the right turn maneuver from
the main road to the secondary without a delay:
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Figure 5 — Scheme of the vehicle movement when performing the right turn maneuver from the main road to
the secondary without delay
Pucynok 5 — Cxema pyxy TpaHCIIOPTHOTO 3ac00y NpH BUKOHAHHI MaHEBPY IPABOTO ITOBOPOTY 3 FOJIOBHOL
JOpPOTH Ha BTOPHHHY 0€3 3aTPUMOK

General delay of transport, when performing the right turn maneuver from the main road to the sec-
ondary, is determined by the formula:

n Nz (t 2+E )2
toatr = = (10)
7200-2Eg, gy

where ng - number of groups of vehicles going through the lane per unit time, pcs.;
Nz - intensity of traffic on a secondary road, vehicles / hour;

tan - total time required to perform the right turn maneuver from the main road, sec.
te- average length of driving of a group of vehicles, sec.

The delay of the transport on the intersection, when performing the maneuver of the direct intersection
of the main road flow is presented in Fig. 6.
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Figure 6 — The scheme of movement of the vehicle when performing the maneuver of the direct intersection
of the main road flow without delay

Pucynok 6 — Cxema pyxy TpaHCIIOPTHOTO 3aC00Y MPU BUKOHAHHI MAHEBPY MPSIMOTO MEPEXPECTS OCHOBHOTO
JOPOXHBOTO TIOTOKY 0€3 3aTPUMOK

The general delay of transport, when performing the maneuver of the direct intersection of the main
road flow, is determined by the formula:

n Nz(t 3+E )2
toatr = =t (In
7200~ tgrngy

where ng - number of groups of vehicles going through the lane per unit time, pcs .;

Nz - intensity of traffic on a secondary road, vehicles / hour;

t,ag3 - total time required to perform the maneuver of the direct intersection of the main road flow, sec.
tgr - average length of driving of a group of vehicles, sec.

The number of vehicles traveling without stopping is calculated by the formula:

Ngs = NZ — Naarp (12)

where N; - intensity of traffic on a secondary road, vehicles / year;
Nz - NUmMber of vehicles that are waiting for maneuver, pcs.

Conclusions and recommendations: The results of the research presented in the article are theoreti-
cally and practically substantiated, tested in real conditions. When solving the problems of reducing the over-
load of crossings and adjacencies of highways in one or more levels, it would be reasonable to use the resulting
research formulas to calculate the delay.
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AnoTtanis: J[ocniaKeHo OCHOBHI BUAY MaHEBPIiB HA NEPECIUCHHAX Ta NPUMHUKAHHSIX aBTOMOOLTBHUX
JIOpIr B OTHOMY piBHi. Bu3HadeHO iMOBipHICTh 0€3MepenTKOAHOTO BIMBAHHS aBTOMOOUTSI 3 IPYTOPSIHOT 110-
pOTH Ha TOJIOBHY 1 HaBIAKH, 3 YPaxXyBaHHAM CEpEIHLOT TPUBAJIOCTI BIILHOTO IHTEPBAIY MK aBTOMOOUISIMH
OCHOBHOTO TIOTOKY. 3HalJICHO 3aJICKHICTh TPUBAJIOCTI BUILHUX 1HTEPBAJIiB, Ta X KUIbKICTb, B1Jl IHTEHCUBHOCTI
PyXy, CKIaay TPAaHCIIOPTHOTO MMOTOKY, MBUIKOCTI pyXy aBTOMOO1TiB. OTpUMaHO PsiT piBHIHB ISl BU3HAYCHHS
3arajbHOl 3aTPUMKH TPAHCIIOPTY NPH BUKOHAHHI PI3HUX BUIB MAHEBPIB B 3aJISKHOCTI BiJ] TUILY EpECideHHs
Y IPUMHUKaHHA. 3aTPUMKH TPaHCTIOPTHHUX 3ac00iB Ha MEPEXPEIICHHAX Ta MPUMHUKAaHHIX aBTOMOOUTBHHX J10-
pIT BUKOPUCTOBYIOTHCS TSI €EKOHOMITHOTO OOTPYHTYBaHHS 3MiHHM iX mapameTpi. OTke poOoTa po3paxoBaHa
Ha MiHIMi3alii0 3aTPUMOK TPAaHCIIOPTHHUX 3ac00iB Ha MEPEXPEUICHHAX i MPUMUKaHHIX SIK B OHOMY TaK i B
pI3HHUX PiBHSX.

Kuaro4dosi ciioBa: nopora, MaHeBp, BiUTbHHIA iHTEpBaJl, aBTOMOO1LIb, 3aTPUMKA.
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