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Statement of the problem. The problem of ensuring the safety of vehicles on a multi-lane roadway of the required width of coverage is considered based on the risk-oriented approach, in accordance with the Federal law of the Russian Federation No. 184 –– FZ "on technical regulation".
Results. The authors presented the applicability of the algorithm to assess the risk of interaction of
vehicles on six-lane highways for determining regulatory performance; identify the required values of coating thickness for the design; decision-making on the improvement of the transverse
profile when major repairs and reconstruction, as well as to develop recommendations for ODD.
Conclusions. It was found that in normative documents for design of six-lane roads, the design
vehicle should provide the change of normalized coating thickness, increasing it to values at which
the risk of collision of vehicles does not exceed the permissible value.
Keywords: risk theory, technical regulation, six-lane highway, roadway width, permissible risk, provided speed,
traffic safety.

Introduction. What makes the study at hand particularly relevant is the compulsory application of a risk-oriented approach for all areas of road management, including recommendations
for development, design, construction and operation (maintenance, repair and reconstruction)
of roads. In an earlier published [9], the influence of the parameters of the width of the surfacing on the safety of vehicles was shown and a method for identifying the permissible speed
on narrow sections of the highway based on the amount of allowable risk was developed.
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On top of the issues discussed in this article, it is necessary to establish the required and acceptable parameters of the width of the surfacing of multi-lane roads on the basis of risk assessments. Previously, in view of the risk analysis, the joint solution of a number of problems
was not considered, including: normalization of the width of lanes and edge lanes; design of a
cross section of a multilane road and quality of construction of road elements. The aim of the
study is to assign the width of the surfacing of multi-lane roads in compliance with the riskoriented approach, in accordance with the Federal Law of the Russian Federation № 184 ––
Federal Law "On Technical Regulation".
1. Algorithm for calculating the risk of overtaking lane changes on a six-lane highway.
From the viewpoint of traffic safety, the major element of the cross profile of the road is the
width of the roadway and the edge of the fortified lanes. The value of these elements is accepted depending on the category of the road and should remain constant on straight sections
of the route and on curves in terms of large radius since on the curves of small radius surfacing becomes wider [1––4].
The surfacing width and that of the sidewalks of the highway directly impacts the likelihood
of an accident. E.g., in the case of a local narrowing of the surfacing on a multi-lane road, the
likelihood of a collision of vehicles while overtaking with a change of lane goes up considerably compared to the overtaking with no maneuver.
The lane width is set depending on the speed and dimensions of vehicles. Insufficient lane
width does not provide safe traffic with design speeds and a permissible level of risk, excessive width increases the cost of one of the most costly elements of the road, i.e., surfacing
when the risk level is less than acceptable.
Lane change schemes for overtaking a slow-moving car can vary considerably, both in the
direction of the maneuver (left, right) and in the composition of the vehicles involved in the
reconstruction. Note that in the suggested mathematical models of risk theory, any schemes of
interaction of cars are applicable, but as the major scheme of movement of vehicles should
rely on the most dangerous scheme of reconstruction of cars. One of the most dangerous scenario is when traffic schemes on the six-lane highway will the scheme of changing the lane by
a large class bus from the right extreme lane to the middle one (Fig. 1). At the same time, the
change of lane with a maneuver to the left corresponds to the bus ahead of the train (see
Fig. 1), when a car with the calculated speed for this category of road moves along the extreme left lane in the same line. Maneuvering a bus on a six-lane highway is acceptable as the
bus is carrying people, has large dimensions and can develop high speeds making accidents
involving the bus classed as severe. The most dangerous scenario is when the bus is near the
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road train (in the middle lane) as a result of a lane change and all vehicles, including a car, are
in one line along the width of the roadway (Fig. 1) [11, 12, 14––20].

Fig. 1. Scheme for identifying the risk of overtaking on a six-lane highway:

р

− is the design speed of a vehicle

The above scheme corresponds to the actual and most dangerous reconstruction on the sixlane highway. Note that the most dangerous scenario is when the train feels the reconstruction, but such a scheme is less realistic and can be seen as an exception. Note that while using
this mathematical model created by designers, it is necessary to apply the composition of the
movement of vehicles, which is justified in the design of the highway. Types of vehicles
(Fig. 2), located in one line and their main dimensions are taken according to Table 1 [13].
Table 1
Dimensional characteristics of vehicles

Width, m
Rut, m
Length, m

Vehicle

Intercity bus

GAZ 3110 «Volga»)

Setra S411

= 1.80

= 2.55

= 2.04

с = 1.80

с = 2.15

с = 1.5
= 4.921

= 10.465

Road train

= 16.50

Therefore in this article the risk [5––10] of interaction of vehicles on the six-lane highway
with the central dividing strip where the likelihood of a road accident during overtaking with
a change of a lane is predicted is given by the formula:

Д.У.

= 0,5 − Ф ⎛
⎝

ВПР − ВКР
доп
ВПР

+

⎞,

(1)

ВКР ⎠

where ВПР − is the design surfacing width (a reinforced surface) in one direction of movement, including the width of a three-lane carriageway and that of the reinforced lanes on the
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right sidewalk and the central dividing lane. (At separate designing of counter directions of
movement the parameter ВПР includes the width of the reinforced lanes on both roadways), m;
ВКР − is the critical width of the coating corresponding to the 50 % risk of an accident (where
the bus maneuvers, and the car and train travel in the extreme left and right lanes, respectively).
At the same time the bus maneuvers from the extreme right lane to the middle one overtaking
the road train;
facing, m;

ВКР

доп
ВПР

− is the permissible descending standard deviation of the width of the sur-

− is the standard deviation of the critical width of the surfacing, m.

Fig. 2. Dimensional characteristics of vehicles taken into consideration

This approach enables one to address the following problems:
 to identify the risk of the width parameters of the six-lane road normalized in the current GOST (ГОСТ) and SP (CП);
 to design the surfacing width with the permissible value of the risk of collision of vehicles
ahead of the change of lanes (for any parameters of vehicles on the multi-lane roadway);
 to improve the cross-sections of existing multi-lane roads based on assessing and reducing the risk of accidents to a permissible value in the process of maneuvering
ahead of high-speed vehicles of low-speed vehicles on the multi-lane roadway;
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 to develop guidelines for changing the organization of traffic on existing roads (with
a justification of the permissible speeds indicated on signs 3.24, at which the risk of
collision of vehicles will be permissible).
2. Method of normalization of parameters of width of the surfacing of a six-lane road.
Input parameters. Vehicle speeds:
 a car (GAZ 3110 "Volga"), as already noted, is moving at a design speed for this cat=

egory of six-lane road (

р

⁄ℎ = 33,33

= 120

⁄

⁄ℎ = 22,22

 the Setra S411 intercity bus maneuvers at the speed 80
⁄ℎ = 19,44

 road train, moving at the speed 70

⁄

);
⁄

;

;

 lane width 3.75 m.
While driving on the inner lane of the car with the calculated speed, the risk of overtaking a
large vehicle Setra S411 intercity bus on the normalized width of the surfacing according to
the following procedure.
1. The critical width of the surfacing where 50 % of road accidents occur is given by the dependence
×
+
200

ВКР =
where

+
2

+

(

+ 3,6) ×
200

+

+

×
+
200

+
2

(2)

,

–– is the speed of the car (GAZ 3110 "Volga" equalling the calculated speed for the

projected road, m/s;
m/sec;

–– is the speed of the lane-shifting maneuver intercity bus Setra S411,

–– is the movement of the road train being overtaken , m/sec;
.

lengths of the corresponding vehicles, m;

.

.

.

− are the

–– is the width of the vehicles, m;

.

––

are ruts of the vehicles in the edge lanes, m.
ВКР =

4.921 × 33.33 1.8 + 1.5 (10.465 + 3.6) × 22.22
+
+
+ 2.55 +
200
2
200
16.5 × 19.44 2.04 + 2.15
+
= 10.28( )
+
2
200

2. The standard deviation of the critical width of the surfacing is given by the expression
(
КР

×

=

) +(

+ 3.6) ×

+(

×

=

600
=

)

(4.921 × 33.33) + (10.465 + 3.6) × 27.7 + (16.5 × 19.44)
=
600
= 0.79 ( ) .
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доп
ВПР )

3. Permissible standard deviation (

of the width of the surfacing in one direction of

movement is given by the formula [5]:
доп

доп

=

ПР

Н

ПР

= 2.45 × ∆доп ×

(4)

,

where ∆доп –– is the the permissible deviation of the surfacing width relative to the design
surfacing width (∆доп = 0.06), m; (see SP (СП) 78.13330.2012 Highways. Enabled edition of
SNiP (СНиП) 3.06.03-85);ВПР = ВН is the normalized width of the surfacing in one direction
of the road, (m). The value of the parameter ВН (m) is identified dependeing on the structure
of a transverse profile. In a six-lane road, the cross-section consists of three lanes in one direction of 3.75 m, the edge lane of 0.75 m and the edge lane of the dividing lane of 1 m.
ВН = 3 × 3.75 + 0.75 + 1 = 13.00( );
− is the normalized (permissible) distance between the diameters (m), through which the
measured deviation while assigning the road into operation (∆ =

−

Н)

should not exceed

the permissible deviation (∆доп = 0.06), of the surfacing width. At smaller distances between
the diameters than the normalized one , the actual deviations of the surfacing width from the
design width must be less than 6 cm (0.06 m). The value of the parameter (m) is identified
depending on the calculated speed of movement depending on (4).
= 0.147 ×
where

р

р

× 3.6 = 0.147 × 120 × 3.6 = 17.64 (m),

(5)

− is the design speed in this road category, km/h.
доп
ПР

=

доп
Н

= 2.45 × 0.06 ×

13.00
17.64

= 0.08( ).

4. The risk of an accident on a six-lane highway when a low-speed vehicle is being overtaken
by a high-speed vehicle (intercity bus Setra S411) is given by formula (1).

Д.У.

= 0.5 − Ф ⎛
⎝

ВПР − ВКР
доп
ВПР

+

⎞ = 0.5 − Ф ⎛
ВКР ⎠

⎝

13.00 − 10.28
0.08 + 0.79

⎞ = 0.00033.
⎠

Conclusions:
1. According to the resulting risk, 3 cars from 10 000 on the six-lane highway in one
direction of movement will be involved in a road accident due to the insufficient width of the
surfacing.
2. Regulatory documents for the design of six-lane roads in the design composition of
vehicles should allow for a change in the standard width of the surfacing, increasing it to a
value where the risk of collision of cars does not exceed the permissible one 1 × 10 .
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This solution is in compliance with the requirements of the law №184 "On Technical Regulation" (risk management by reducing to a permissible value) and government decree № 806
from 17.08.2016 on the application of the risk-based approach [3].
3. Design of the surfacing width with a permissible value of risk of collision of vehicles
(at any parameters of vehicles on a multi-lane carriageway).
The algorithm for addressing this problem is the same as the one proposed for the first problem and is applied when the standard surfacing width does not allow for maneuvering of vehicles with an acceptable value of risk (1 × 10 ).
While designing the surfacing width, the iterative process of changing it should be employed
until the risk of a car collision is reduced to a permissible value. Iterations begin with an increase in the design surfacing width in one direction of the road causing a decrease in the
identified risk according to formula (1). The surfacing width where the risk of collision of
cars in front will be less than or equal to the allowable risk (1 × 10 ) is accepted as the required width provided that traffic on six-lane roads is safe.
We accept the increased surfacing width according to the following scheme:
ВПР − is design surfacing width in one direction of the six-lane road, (m). The value of the
parameter ВПР (m) is determined depending on the design of the cross section. On the six-lane
road, the transverse profile consists of three lanes in one direction of 3.75 m, the changed
width of the safety lane on the roadside –– 1.00 m, with the same value of the edge lane on
the central dividing lane –– 1.00 m.
ВПР = 3 × 3.75 + 1.00 + 1.00 = 13.25( ) ;
The permissible descending standard deviation (

доп
ВПР )

of the surfacing width in one direction

of movement is given by formula (4).
доп
ПР

= 2.45 × ∆доп ×

ПР

= 2.45 × 0.06 ×

13.25
17.64

= 0.083( ).

Then, the risk of an accident on a six-lane highway, when a low-speed vehicle is being
overtaken by a high-speed car (intercity bus Setra S411) according to formula (1) is equal to:

Д.У.

= 0.5 − Ф ⎛
⎝

ВПР − ВКР
доп
ВПР

+

⎞ = 0.5 − Ф ⎛
ВКР ⎠

⎝

13.25 − 10.288
0.083 + 0.806

⎞ = 0.000102.
⎠

Conclusion:
1. This iteration has generated a permissible value of the risk of collision of cars during
overtaking with a change of lane. The surfacing width increased by 0.25 m.
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2. In compliance with the risk-oriented approach to the production of safe products, based on
the requirements of the law №184 "On Technical Regulation", this solution should be made as
justified in relation to the required surfacing width.
4. Improving the cross-section of the existing six-lane road (based on the assessment and
reduction of the risk of accidents to a permissible value in the process of maneuvering ahead
of high-speed vehicles on low-speed vehicles on the multi-lane carriageway). The risk of interaction of vehicles on the existing six-lane highway where there might be an accident ahead
of the change of lane is given by formula (1). In this case, its designations are as follows:
ВПР = ВСР is the average actual surfacing width (reinforced surface) in one direction of
movement, including the width of the three-lane carriageway and the width of the reinforced
lanes on the right sidewalk and the central dividing strip. (At independent tracing of counter
lanes the parameter ВСР includes the width of the strengthened lanes on both roadsides), m;
The value ВСР is determined in the process of surveying the surfacing width by means of the
formulas of statistical analysis.
In this case ВСР = 12.71( );
доп
ПР

=

СР

which is the actual standard deviation (

Ф

) of the surfacing width in one direc-

tion of movement is identified during the in-house processing of the measured surfacing
width by means of the statistical analysis methods. In our example, let

Ф

= 0.37( );

Input parameters:
Vehicle speeds:
–– car (GAZ 3110 "Volga"), as already noted, is moving at a calculated speed for this category of six-lane road (V1 = Vp = 120 km/h = 33.33 m/sec);
–– intercity bus Setra S411 maneuvres at the speed 80 km/h = 22.22 m/sec;
–– road train moving at the speed 70 km/h = 19.44 m/sec along the width of the traffic lane of
3.75 m.
While driving on the inner lane of the car with the calculated speed, the risk of the large vehicle Setra S411 overtaking the intercity bus on the actual (operated) surfacing width according
to the following procedure.
1. The critical surfacing width where 50 % of road accident occur is given by dependence (2)
ВКР =

4.921 × 33.33 1.8 + 1.5 (10.465 + 3.6) × 22.22
+
+
+ 2.55 +
200
200
2
16.5 × 19.44 2.04 + 2.15
+
+
= 10.28 ( ).
200
2
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2.The standard deviation of the critical width of the coating is given by the expression (3)
(4.921 × 33.33) + (10.465 + 3.6) × 27.7 + (16.5 × 19.44)
= 0.79( ).
600
3. The risk of an accident on an existing six-lane motorway while a low-speed vehicle is beКР

=

ing overtaken by a high-speed vehicle (Setra S411 intercity bus) is given by formula (1).

Д.У.

= 0.5 − Ф ⎛
⎝

ВПР − ВКР
доп
ВПР

+

⎞ = 0.5 − Ф ⎛
ВКР ⎠

⎝

12.71 − 10.28
0.37 + 0.79

⎞ = 0.00281.
⎠

Conclusions:
1. According to the resulting risk, 28 cars out of 10.000 (or 3 cars out of 1.000) in a six-lane
highway in one direction will be involved in the collision due to the insufficient width of the
surfacing and the low quality of its construction.
2. The permissible risk on the existing roads built before the application of Federal Law
№ 184 "On Technical Regulation" is 1 × 10 .
3. Let us look at the increase in the surfacing width in one direction of movement to 12.81 m,
and reducing the standard deviation of this width to 0.20 m. Based on this solution according
to formula (1), the risk of an accident for the above composition of traffic importance on the
existing roads is 1 × 10 :

Д.У.

= 0.5 − Ф ⎛
⎝

ВПР − ВКР
доп
ВПР

+

⎞ = 0.5 − Ф ⎛
ВКР ⎠

⎝

12.81 − 10.28
0.20 + 0.79

⎞ = 0.00102.
⎠

Thus while improving the cross-section of the existing multi-lane road, the average surfacing
width should be at least 12.81 m, and the standard deviation of the surfacing width should not
exceed 0.20 m.
Conclusions:
1. The technique of normalizing the surfacing width of a multilane road (for the development
of GOST (ГОСТ) and SP (СП) or for checking the conformity of the normalized parameters
to the required ones) based on calculating and reducing the risk of collision of vehicles on a
six-lane road to an admissible level of risk is shown;
2. Mathematical models and methods of design of the surfacing width based on the compliance with an acceptable or admissible risk of collision of vehicles during overtaking with a
change of lanes (at any parameters of vehicles on a multilane carriageway) have been developed;
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3. The algorithm is presented for improving the parameters of cross profiles of the existing
multilane roads based on the estimation and reduction of risks of road accidents to a permissible value in the course of maneuvering when slow-moving vehicles are being overtaken by
high-speed cars on a multilane carriageway.
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