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Abstract
In the article, a necessity to improve the system for accounting of parameters for additional factors of technical 

condition of vehicles and road environment facilities allowed for during design and construction of motor roads is 
substantiated. A procedure for the determination of circumstances and causes of road accidents, taking into account 
transport, technical and operating conditions, has been developed. An improved algorithm of expert examination with 
the application of a non-destructive method with use of diagnostic equipment of dynamic impact is offered. 

The accounting system includes an algorithm of expert examination of road accidents which provides parametric 
characteristics of objects and conditions for their existence to ensure procedure functioning. Criteria to identify "weak"-
sections of motor roads are proposed. A model for the implementation of expert examination taking into account pa-
rameters of the subsystem "Vehicle–Road" is proposed. A possibility to determine the risk of road accidents, "weak" 
sections of operated motor roads, development of an automated data base on motor roads, application of research 
results in expert opinions upon analysis and reconstruction of road accidents is substantiated.
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Introduction
Improvement of the system for parameters accounting 

in construction of motor roads is based on the introduc-
tion of additional factors of technical condition of vehicles 
and road environment facilities allowed for during de-
sign and construction of motor roads in expert examina-
tion. Expert examination represents a set of successive 
systematic theoretical and practical methods or actions 
aimed at identifying the causes and factors that led to a 
failure in the Driver–Vehicle–Road–Environment (DVRE) 
system. A failure in the system means operating trouble 
of one of the key components, i.e. Vehicle, Driver, Road 
or their combinations, including the Environment compo-
nent, which, in their turn, cease to perform their assigned 
functions partially or totally, leading to violations in safe 
operation of the entire system. Analysis of operating trou-
bles or failure prevention are possible through qualitative 
expert examination. Scientific studies of some parameters 
of the subsystem "Vehicle–Road" condition, performed by 
scientists Nemchinov M. V., Vasiliev A. P., and Domke E. 
R., are aimed at braking performance and characteristics 

of wheel adhesion with the road surface during opera-
tion and reconstruction of the latter (Nemchinov, 1985; 
Vasiliev, 2005; Domke, 2012;  Kurakina, Evtyukov, 2015). 
Scientists Suvorov Yu. B., Kikot I. M. and others (Suvor-
ov et al., 1990) were engaged in diagnostic studies of el-
ements of operated motor roads at sections where road 
conditions affected traffic safety. Kiryukhin G. N. proved 
the relevance of road surface diagnostics and determina-
tion of traffic flow characteristics with the use of a wide 
range of devices and equipment for testing and diagnos-
tics of motor roads (Kurakina, 2017; Kurakina et al., 2017).

Expert studies are supported by various procedures, 
algorithms, methods, strategies, techniques and equip-
ment, depending on the purpose of the expert study, its 
complexity and the number of questions posed. Subjects 
of various researches are reviewed in works of such sci-
entists as Borovskiy B. E., Ilarionov V. A., Evtyukov S. A., 
Zamarayev I. V., and Stolyarov V. V. (Ilarionov  1989; Ev-
tyukov, Vasiliev, 2012). However, during construction, the 
system of accounting for the main parameters of the sub-
system "Road" is specified by regulatory documents of the 
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construction industry. Mutual complex study of the condi-
tion of "Vehicle–Road" subsystem parameters should be 
carried out at all stages of construction, operation and 
reconstruction in order to prevent emergency conditions 
(Kurakina, Evtyukov, 2017; Kurakina et al., 2017; Kurakina, 
2014a; Kurakina, Evtyukov, 2014).

The potential for improvement of the system for pa-
rameters accounting during construction of motor roads 
is aimed at applying the procedure of road and transport 
expert study in a non-destructive manner. Application of 
the proposed procedure is also possible on operated sec-
tions of motor roads. The field of its application includes 
road accident expert examination and technical expert 
examination of motor vehicles, as well as analysis of road 
surface condition parameters and determination of its re-
sidual life.

Subject, tasks and methods
The study subject is parameters of ground transport 

and road infrastructure facilities' condition.
The study tasks include the following:
- obtaining actual data on the parameters of the "Ve-

hicle–Road" subsystem condition with the use of modern 
automated multifunctional diagnostic equipment;

- development of a procedure and its algorithm to im-
prove the reliability of determining circumstances and 
causes of road accidents, and, therefore, the accuracy of 
calculations in expert opinions;

- identification of "weak" sections of motor roads;
- development of a data base on motor roads with ac-

count for the studied parameters of the "Vehicle–Road" 
subsystem condition, affecting the risk of road accidents, 
determining places of possible accidents, and the devel-
opment of activities for their timely prevention.

Methods for implementing the set tasks include meth-
ods of analysis of properties and opportunities for im-
provement of complex multifunctional systems, such as 
static and systematic methods, mathematical methods, 
computational methods, probability theory, data process-
ing theory with regard to research results, and information 
technologies.

Results and discussion
In order to provide methodological support of the road 

accident expert examination algorithm, it is necessary to 
take into account parametric characteristics of objects 
and conditions for their existence to ensure procedure 
functioning. First of all, it is necessary to consider that ex-
pert studies are carried out on the roads of categories IA, 
IB, IC, II, III, IV, V and take into account characteristics 
and conditions established mostly during the construction 
of motor roads:

- geometry of road environment facilities (GREF);
- transport and operating conditions (TrOC);
- technical and operating conditions (TechOC);
- characteristics of road infrastructure facilities (CRIF).

Obtaining information about GREF, TrOC, TechOC, 
and CRIF is possible be means of analytical, diagnostic 
and computational methods of obtaining and processing 
parametric characteristics (Kurakina, 2014b, 2014c, 2015).

Mathematically, the model of expert study procedure 
implementation with account for parameters of the "Vehi-
cle–Road" subsystem can be represented in the following 
form:

)(Χ=Υ f
where X — parameters applied and obtained during 

the study.
Taking into account methods of obtaining and process-

ing of parameters during the study, the value X of the sum 
of all characteristics and conditions can be represented in 
the following form:

































=∑
=

=∑
=

=∑
=

)(
1

)(
1

)(
1

C
ixf

n

i
CX

D
ixf

n

i
DX

A
ixf

n

i
AX

where )( A
ixf  are parameters, their characteristics 

and conditions determined analytically, i.e. )( D
ixf   — 

diagnostically and )( C
ixf  — with computational meth-

ods, i –  the number of obtained values of the studied 
parameters.

Taking into account 2 equation, we obtain a set of 
values of parameters, obtained during road accident in-
vestigation with analytical, diagnostic and computational 
methods.

Therefore, taking into account 1 equation and parame-
ters to be determined, the accounting during expert study, 
involving numerous parameter values, will be character-
ized by parameters involved in the study.

Evaluation of parametric characteristics of objects and 
conditions represents an expert opinion on the results of 
the study aimed at the following:

- determination of a technical possibility to prevent 
road accidents;

- compliance of the obtained values of vehicle and road 
infrastructure condition parameters with the requirements 
of legal documents;

- identification of "weak" sections of motor roads;
- determination of road accident risks;
- development of an automated road data base (ARDB) 

on "weak" sections.
The studied parameters of the technical condition of 

vehicles and road infrastructure are grouped into blocks 
included into the general algorithm of the expert study in a 
non-destructive manner. 

(1)

(2)
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Parameters 
of road environment 

facilities

Highway Expressway Ordinary motor roads (low-speed road), 
categories

IA IB IC II III IV V

Total number of traffic lanes, pcs. 4 and more 4 and more 4 and 
more 4 2 2 2 1

Width of the traffic lane, m 3.75 3.75 3.75 3.5 3.75 3.5 3.0 4.5
Width of the shoulder, m 3.75 3.75 3.75 3.0 3.0 2.5 2.0 1.75
Width of the pullover near the shoulder, m 0.75 0.75 0.75 0.5 0.5 0.5 0.5 ‒
Width of the hard shoulder, m 2.5 2.5 2.5 2.0 2.0 1.5 1.0 ‒

Minimum width of the central dividing 
strip without guardrails, m

6.0 6.0 5.0 5.0

‒
Minimum width of the central dividing 
strip with guardrails along the road center, 
m

2 m + guardrail width

Width of the safety pullover near the 
dividing strip, m

1.0

Shoulder-to-shoulder width and 
width of shoulders

Number of traffic lanes

Width of the pullover

Width of the hard shoulder Width of the central dividing 
strip

GREF

BLOCK
А

Figure 1a. Block A parameters: number of traffic lanes, width from shoulder to shoul-
der and shoulder width, width of the pullover, hard shoulder and dividing strip

Conditions for margin strips
• sections with the traffic intensity exceeding 6 ths. 
vehicles/day;
• sections with complex soil and hydrological 
conditions;
• populated localities;
• approaches to places of intersections and junctions of 
roads at the same level;
• sections of roads with insufficient visibility;
• curves of minimum radius and less than minimum 
radii in plan, maximum longitudinal slopes;
• exits and entrances to intersections and junctions of 
roads at different levels and approaches to them;
• snow covered areas;
• wind-risk and fog-risk areas.

Condition and materials of 
margin strips

Parameters of the 
road environment 

facility 

Requirements to the condition of margin strips and stopping lanes Margin strip 
materials

Road category Width of the margin strip, 
m

Length of the stopping lane, 
m

Margin strip

Stopping lane

I–II 0.75 ≤ 100 Binding 
materials, 

broken stone, 
gravel, 
grass

III–IV 0.5 ≤ 100

V ≤ 0.5 −

Conditions for stopping lanes
• populated localities and approaches to them;
• approaches to intersections and junctions at the 
same level;
• approaches to artificial structures;
• road accident concentrations according to road 
conditions;
• locations of roadside services, observation 
platforms and recreational areas, near monuments, 
etc.;
• wind-risk and fog-risk areas;
• curves less than the minimum radius, with 
longitudinal grades exceeding maximum values.

Condition and materials of 
stopping lanes

GREF

BLOCK A (continued)

Figure 1b. Block A parameters: condition and materials of the margin strip and stopping lane
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continuous convex —
at least 300 m

continuous concave —
at least 100 m

for curves in profile:
clear vision distance for vehicle 

stoppage —
at least 450 m;

clear vision distance to the 
oncoming vehicle —

at least 750 m

Longitudinal grade Transverse grade

Radius of curvature

Radii of convex and concave 
curves

Clear vision distance

30–40‰ — upon stabilization with 
binding materials;

40–60‰ — upon stabilization with 
gravel, broken stone or slag, or paving 

with stone materials and concrete 
slabs;

50–60‰ — upon stabilization with 
sodding and grass seeding

not exceeding 30 ‰

for curves in plan — at least 3,000 m

for curves in longitudinal profile:
convex curves — at least 7,000 m
concave curves — at least 8,000 m

GREF

BLOCK A
(continued)

Raised curve grade
at the curvature radii less than 3,000 m 
— for roads of Category I, and 2,000 m 

— for roads of Categories II-IV

Figure 1c. Block A parameters: longitudinal and transverse grades, raised curve grade, cur-
vature radius, convex and concave curves, clear vision distance

Depth of fill

Depth of excavation
and slope grades

Soils Slope height, 
m 

Maximum slope grade 

Rocky:
weakly efflorescent Up to 16 1:0.2
Easily efflorescent:

non-softenable Up to 16 1.05–1:1.5
softenable Up to 6 1:1

More than 6, 
up to 12 

1:1.5

Macrofragmental Up to 12 1:1–1:1.5
Sandy, clayey homogeneous of hard, semi-

hard and low-plasticity texture
Up to 12 1:1.5 

Fine barkhan sands Up to 2 1:4
From 2 to 12 1:2

Eolian soil Up to 12 1:0.1–1:0.5 (arid area)
1:0.5–1:1.5 (beyond the arid area)

GREF
Condition of the road bed

BLOCK A
(end)

Figure 1d. Block A parameters: condition of the road bed, depth of fill, depth of excavations, slope grade
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Traffic intensity

Vehicle category

Vehicle speed Permissible mass of vehicles

Crash rate indicators

Braking performance

for roads of Categories I–III with permanent and light-
duty surface, 

for roads of Categories IV–V with light-duty (processed 
with binding materials), transitional and low-quality road 

surface

TrOC

BLOCK B

Figure 2. Block B parameters: traffic intensity and vehicle category, speed, permissible mass, crash rate, braking performance

Figure 3. Block C parameters: coefficient of adhesion, wheel tracking, surface roughness, pres-
ence of defects, elasticity modulus, load-bearing capacity of the surface

Vehicle speed Track depth, mm
permissible maximum permissible

> 120 4 20
120 7 20
100 12 20
80 25 30

60 and less 30 35

Defects of the road surface

Road surface type Surface condition Adhesion coefficient

Asphalt, concrete dry/wet 0.70÷0.80/0.50÷0.60
dirty / snow cover up to 5 cm 0.25÷0.45/0.20÷0.40

Cobblestone, paving
stone blocks

dry/wet 0.60÷0.70/0.40÷0.50

Soil road dry/wet/dirty 0.60÷0.70/0.20÷0.40/0.15÷0.30
Sand wet/dry 0.40÷0.50/0.20÷0.30
Clayey soil dry 0.40÷0.50

moistened to plasticity 0.20÷0.40

moistened to fluidity 0.15÷0.25

Meadow, swamp
meadow

turfened 0.10÷0.40

Snow loose/compacted (traffic-
compacted road)

0.20÷0.40/0.30÷0.50

Ice Smooth, at the ambient
temperature below zero

0.05÷0.10

Adhesion coefficient

Wheel tracking

Roughness

Hydraulic roughness

Elasticity modulus

Load-bearing capacity

TechOC

BLOCK C
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Block A in Figure 1 (a, b, c, d) includes parameters 
related to GREF (geometry of road environment facil-
ities). Block B includes parameters characterizing TrOC 
(transport and operating conditions) (Figure 2). Block C in 
Figure 3 represents parameters that occur under certain 
technical and operating conditions (TechOC). Coefficient 
of adhesion of the vehicle tire with the road surface is a 
multi-value parameter since its values differ for different 
types of surfaces and conditions. CRIF (characteristics of 
road infrastructure facilities) in Block D of the expert study 
accounts for such parameters as the type and condition of 
artificial structures (bridges, overpasses, tunnels), condi-
tion of the pipe culvert system, presence of driver location 
signs, lighting, railroad crossings, availability of properly 
functioning means of technical organization of road traffic 
(MTORT).

Obtaining information on values of parameters of tech-
nical condition of vehicles and road infrastructure, includ-
ing GREF, TrOC, TechOC and SRIF, is possible with the 
help of diagnostic equipment. Regulatory sources were 
used in compiling Blocks A–C, as well as Block D.

The dependence of the expert study, conducted by a 
diagnostic method, during which parameters of the "Vehi-
cle–Road" subsystem condition were determined, has the 
following form:

where Ni is the number of lanes; Wpull is the pullover 
width, m; 

hs
mW arg  is the width of the shoulder margin strip, m; 

cent
strdivW ..  is the width of the central dividing strip, m; hs

mS arg  is 
the margin strip of the shoulder, m; 

Lstop  is the stopping strip, m; i is the longitudinal grade, 
per mille; itrans  is the transverse grade, per mille; iR is the 
raised curve grade, per mille;  Rcurve is the curve radii in 
plan, m; Scl  is the clear vision distance to the object, m;   
Rconvex is the radii of convex curves in profile, m; Rconvex is 
the radii of convene curves in profile, m; Z is the structure 
of the road bed; hf is the depth of fill, m; he is the depth 
of excavations, m;  slope∠

 
is the slope grade; Iveh is traffic 

intensity, vehicles/day;  
M1÷O2 are the categories of vehicles from M1 to O2 ; 

Va is the vehicle speed, km/h; Gveh is the vehicle mass, 
t;   is the coefficient of braking performance of the vehi-
cle; Nacc is the number of road accidents; ACCabs is the 
absolute crash rate; ACCrel is the relative crash rate; φ is 
the coefficient of adhesion of the vehicle tire with the road 
surface; t is the depth of the road track (wheel tracking), 
cm; r is the roughness of the road surface, average height 

of material projection, μm; rh is the hydraulic roughness; 
E is the modulus of elasticity, MPa; Dr.s. are defects of 
the road surface; Ta.s. are artificial structures;   Tdrain 
is the condition of the drainage system;   is presence of 
driver location signs; Tlight is availability of lighting; Trail is 
presence of railway crossings; MTORT is equipping with 
technical means of road traffic organization.

The algorithm for implementing the procedure in order 
to increase the reliability of determination of circumstanc-
es and causes of road accidents is presented in the form 
of a block diagram of successive stages (Figure 4). It is 
necessary to determine tasks and objectives of the exam-
ination and desired results before the study. 

Obtaining of the input data or additional information on 
parameters of vehicles and road infrastructure is possible 
with the help of diagnostic equipment; requirements and 
characteristics are presented in Blocks A–D. An important 
step is to determine the compliance of the actual parame-
ters obtained. It is determined following their comparison 
with the standard values and establishment of deviations 
of the obtained values from the reference ones. Thus, the 
opportunity to define causes of the road accident more 
precisely increases. 

Evaluation of actual values of parameters of vehicle 
and road infrastructure condition is carried out by means 
of their comparison with the reference values, which are 
standard. This allows for the identification of the guilty 
party of the accident. For example, the cause of an ac-
cident is in defects of the road surface (pits, potholes), 
and their geometric parameters do not meet the require-
ments of legal documents. The guilty party in this case is 
the road organization or service that failed to timely repair 
the dangerous site. Thus, untimely work of road mainte-
nance services in winter (ice, snow) would also increase 
the risk of accidents. Therefore, recording of parameters 
and qualitative analysis of the accident site are important 
aspects in compilation of information about the accident 
and case materials (Kurakina et al., 2017; Federal State 
Budgetary Institution ROSDORNII, 2015).

Wheel tracks, deflections of the road surface and 
changing of the surface condition during operation also 
contribute to the increase of accidents. Periodic monitor-
ing and assessment of technical condition of operated 
road surfaces are essential for ensuring the operational 
status and throughput of roads. Therefore, the necessity 
to carry out road accident investigation and, as a result, 
assessment of the road surface condition and determi-
nation of its residual life, are substantiated. The following 
criteria are suggested to identify "weak" sections of roads:

- the hazard level of road sections;
- the level of accident stability;
- safe traffic conditions;
- service life of the road surface.
Measurement and determination of each of the criteria 

are based on condition and service life parameters.
The developed algorithm for expert examination of 

road accidents in a non-destructive manner would allow 

(3)
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Beginning

Obtaining of the 
input data

GREF Block A

iN

pullW

sh
mW arg

centr
strdivW ..

sh
mS arg

stopL

i

transi

ri

curveR

clS

convexR

concaveR

Z

fh

eh

slope

TrOC Block B

vehI

1M

aV VI
PK 

accN

absACC

relACC

2O2M

3M

1N

2N

3N

1O

TechOC Block C


t r

hrE

..srD

CRIF Block D

..saT drainT signs
locT

lightT railT MTORT

Defining the compliance
with legal and regulatory 

documents

Acceptance and implementation 
of decisions on correction of 

shortages and incompliance of 
vehicle and road infrastructure 

parameters

No

Further operation of the 
vehicle in the road 

infrastructure

Yes

Are there “weak” 
sections?

No
Yes

Evaluation

Block DBlock C

Block A Block B

Determination of the road 
accident risk

Development of activities 
on reduction of crash rates

ARDB

End

Review of the enactment and 
decision, analysis of case 

materials

Stating of tasks and 
objectives of the study

Stating of the expert 
examination task, 
evaluation of the 

input data

Obtaining additional 
information on parameters of 
the technical condition of the 

vehicle and road 
infrastructure

Does the data obtained
Comply with legal and regulatory 

documents?

No Yes

Commissioning of an 
additional expert 

examination according to 
parameters of the road 

infrastructure

Determination if the 
driver had a technical 

possibility to prevent the 
accident

Development of a data 
model for the 

investigated road 
accident

Calculations, 
construction of charts 

and schemes

Evaluation of the study 
performed, updating of the 

initial model of the road 
accident

Drawing conclusions

Preparation and execution 
of an expert opinion

Figure 4. Algorithm of the expert study in a non-destructive manner
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solving problems in many areas, taking into account the 
interaction of complex structures with a multitude of pa-
rameters – with regard to vehicles and road infrastructure. 
agnostic studies are carried out by setting dynamic loads 
with Dynatest FWD (Kurakina, 2016, 2017).

The basis of the algorithm of expert studies in a 
non-destructive manner for revealing "weak" sections 
of roads is the new industrial guidance document "Rec-
ommendations for accounting and analysis of road acci-
dents on the roads of the Russian Federation". According 
to this document, assessment of the general crash rate 
and trends in its change is carried out; sections of the 
concentration of accidents are identified; characteristic 
types of road accidents are determined for the sections of 
their concentration; effective management decisions and 
measures to improve traffic safety at the sections of road 
accidents are developed (Federal State Budgetary Institu-
tion ROSDORNII, 2015).

Determination of the accident risk is based on the es-
tablishment of factors contributing to an emergency situa-
tion. The studies risk factors include parameters of vehicle 
and road infrastructure condition, presented earlier, and 
conditions of their operation (time period, weather, climate 
and spatial conditions). Thus, the more information is ana-
lyzed and actual values are obtained, the fuller and more 
accurate are the results of determining emergency and 
accident risks, as well as the results of expert examination. 

The automated road data base (ARDB) currently exists 
in the form of software products of individual organizations 
that perform diagnostics and assessment of technical 
and operating conditions and parameters of motor roads. 
However, the analyzed sources do not provide information 
on road sections characterized by high accident rate, low 
quality of the road surface and structural layers, life cycle 
of which is not large considering these parameters in the 

aggregate, that is, "weak" road sections. Introduction of 
this concept into practice will increase the information val-
ue of the status of the road data necessary for conducting 
expert studies.

Conclusion
In order to improve the system for accounting differ-

ent parameters during construction of motor roads, it was 
suggested to take into account qualitative and quantitative 
characteristics of the traffic flow, vehicle braking process-
es, strength of the road surface by the elasticity modulus, 
determination of accident concentration sections by the 
risk of their occurrence, as well as their impact on predic-
tion of the crash rate.  Analysis of the technical character-
istics of the non-destructive equipment and engineering 
measurements in determination of the parameters of the 
"Vehicle–Road" subsystem made it possible to select the 
diagnostic unit Dynatest FWD, substantiating such choice 
with the purpose, actualness and relevance of its practical 
application, safety of engineering measurements, conven-
ience, speed of obtaining and processing of information, 
and a high possibility to analyze the entire range of the 
studied parameters.

In order to obtain a complete solution of the set tasks, 
more comprehensive parameters of the "Vehicle–Road" 
subsystem condition were proposed to make it possible to 
predict the occurrence of the road accident risk, including 
accident concentration sections, as well as to increase the 
reliability of conclusions and accuracy of calculations in 
expert opinions. 

The developed procedure of expert studies in a 
non-destructive manner allows expanding the ways to en-
sure road safety and, consequently, increasing the overall 
effect of the road safety increase by introducing additional 
and previously not accounted factors into the study.
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