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Abstract
Increase in the number of two-wheeled motor vehicles (motorcycles, vehicles of category L3) is observed in the traf-

fic of almost all countries in the world. That is why the number of victims and people seriously injured in the road traffic 
accidents (RTA) has considerably increased. The majority of RTA is the result of many factors which form together sets 
of different causes and effects. Identification of actual reasons having led to a traffic accident, as well as their attendant 
circumstances, is one of the most important tasks in ensuring traffic safety. On the one hand, configurations of two-
wheeled motor vehicles have been significantly improved over the last decades, so it is necessary to align the analytical 
apparatus of estimating parameters of the braking process with these configurations. On the other hand, the current 
practice of expert analysis and settlement of accidents still involves estimation of increase in braking time and steady 
deceleration of motorcycles manufactured domestically during the past years, which hardly participate in the modern 
traffic due to their age. Both of these circumstances require review and adjustment, as well as formation of an updated 
basis of estimate for assessment of braking processes of two-wheeled motor vehicles in order to increase the reliability 
of RTA examination and determine compliance or non-compliance of driver’s actions with the requirements of traffic 
rules, establish the causes of accidents, evaluate a technical capability of a driver of the two-wheeled motor vehicle to 
prevent the accident. Settlement of all these issues can be provided by effective methods of calculation (quantitative) 
assessment, which are not available at the present moment.
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Introduction
The common method of braking speed calculation 

for two-wheeled motor vehicles (TWMV) established in 
the 1960s of the previous century that is still applied in 
the Russian Federation has some drawbacks involving 
among others the issue of calculation of braking speed of 
the TWMV according to tire burns which underestimates 
the rated speed.

The expert evidence revealed that the actual speed 
of the TWMV at the beginning of braking is higher than 
the calculated rate, as a rule, because experts obviously 

use underestimated and averaged values of steady decel-
eration and the time of braking rise up to a steady-state 
deceleration.

The current procedure of calculation of speed and 
braking rates, stopping distance, braking time, distance 
from the impact point at the hazardous moment of move-
ment does not allow for optional antilock brake system 
(ABS), the type of braking system and variable load rates 
of the motorcycle that impact obtained assessment values 
of steady-state deceleration of the TWMV and the time of 
deceleration rise.
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Taking into account the above said, the expert’s ex-
perience suggests that the method of estimation of brak-
ing parameters during RTA reconstruction considers the 
above-mentioned configuration features of TWMV and 
traffic conditions during braking (during the closest cus-
tomizing to the investigated RTA in whole) which makes 
it possible to bring this method in line with the modern 
configuration of TWMV allowing improving considerably 
the accuracy of braking estimates and objectivity of these 
estimates (Brylev, 2014, 2015; Evtyukov, Brylev, 2013a, 
2015; Guo et al., 2008; Obenski, 1994).

Scope, Objectives and Methodology
During the braking tests and analysis of their results, 

the authors revealed that the following factors affect to a 
greater extent the value of steady-state deceleration of 
the TWMV and the time of deceleration rise: availability 
of ABS, type of braking (manual, foot control or simulta-
neous action of foot and manual braking), load rates of 
the TWMV, type of the brake system and conditions of the 
road surface.

A pictorial diagram of the braking process of the mo-
torcycle Yamaha XVS 1100 Drag Star Classic on dry as-
phalt pavement performed with the help of decelerometer 
software LWS-2MC is shown on Figure 1 (taken adhesion 
coefficient was about 0.8 under combined braking and un-
laden weight).

Figure 1. Braking diagram of the motorcycle Yamaha 
XVS 1100 Drag Star Classic under a combined type of 
braking, unladen weight and adhesion coefficient equaling 
0.8

Results and Discussion
According to results of analyzing the values of steady-

state braking of the vehicle of category L3 and the time of 
its rise, which are the main characteristics of motorcycle 
braking impacting the result of the RTA reconstruction (i.e. 
calculation estimation of technical possibility to prevent a 
road traffic accident), it can be stated that expert organiza-
tions have information on motorcycle deceleration values 
calculated by the All-Union Scientific Research Institute 

of Judicial Investigation of the Soviet Union (AUSRIJI 
USSR) more than 35 years ago (Arabuli, 1990; Brylev, 
2014, 2015; Evtyukov, Brulev, 2013a, 2014, 2015, 2016; 
Krinitsyn, 1987).

A lot of factors influence the value of steady-state de-
celeration (j) and the time of deceleration rise up to steady-
state (t3), such as technical state of the TWMV (condition 
of the brake system, condition of tires, availability of ABS 
or auxiliary braking systems, etc.), conditions of the road 
surface (wheel tracking, roughness, temperature and type 
of roadbed, etc.).

The analysis of drawbacks of the current procedure of 
braking estimation considered such parameters tradition-
ally applied during reconstruction of RTA as stopping dis-
tance (So), speed before braking (Va), distance from the 
impact point (Sy), time of stopping (To) and permissible 
speed according to visibility conditions (Vdv). The analy-
sis revealed that standard values of steady-state deceler-
ation and time of its rise do not allow for the type of brake 
system of the TWMV, intermediate load of the motorcycle 
and availability of ABS, impacting the values of braking 
parameters (Brylev, 2014; Evtyukov, Brulev, 2013a, 2014, 
2015).

Results of comparative assessment of values of 
steady-state deceleration and time of steady-state de-
celeration rise received during experimental studies and 
those established and approved by the Scientific and 
Methodological Board for judicial technical expertise of 
vehicles by the All-Union Scientific Research Institute of 
Judicial Investigation of the Soviet Union and enacted as 
of January 1st, 1991, also established by GOST 41.78-
2001, revealed that the values of steady-state decelera-
tion of the TWMV and time of steady-state deceleration 
rise are significantly underrated (Brylev, 2015; Evtyukov, 
Brulev, 2014, 2015; Guo et al., 2008; Obenski, 1994). 
This is due to the fact that applied reference values were 
established without consideration of significant changes 
in configuration of TWMV, its reliability and other perfor-
mance properties. The Russian expertise practice does 
not allow for new configurations of TWMV in calculations 
recommended for use during investigations and recon-
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Figure 1. Braking diagram of the motorcycle Yamaha XVS 1100 Drag Star Classic under a com-
bined type of braking, unladen weight and adhesion coefficient equaling 0.8
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struction of RTA and identification of stopping distances, 
distance of the TWMV from the impact point, speed rate 
at the beginning of braking, stopping time and speed limits 
according to visibility conditions.

During experimental studies, they assessed the impact 
of the above stated factors on values of steady-state de-
celeration (j) and the time of deceleration rise up to the 
steady-state value (t3). Besides, they justified the neces-
sity to take into account the availability of ABS in the con-
figuration, the type of braking system, variable loads of the 
TWMV, braking mode in dependence to the road surface 
at the time of the RTA. In this regard, it is reasonable to 
introduce test coefficients Kj and Ki when selecting the 
value of steady-state deceleration and the time of its rise 
in order to correct these values taking into account pa-
rameters of braking mode, type of the braking system of 
the TWMV, conditions and type of the road surface, avail-
ability of the ABS and variable value of the TWMV load-
ing. Taking into account the mentioned factors, calculation 
constraints of braking process parameters during the RTA 
reconstruction would be as follows (Brylev, 2014, 2015; 
Evtyukov, Brulev, 2013a, 2014, 2015):

–  stopping distance of the TWMV, m:
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–  speed of the TWMV at the beginning of breaking 

with recorded tire burns, km/h:
–  distance of the TWMV from the impact point, m:
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–  stopping time of the TWMV, sec:
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–  permitted speed of the TWMV according to visibility 
conditions, km/h:
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where Kj is an adjustment coefficient for the TWMV 
deceleration; Ki is an adjustment coefficient for the time 
of deceleration rise of up to steady-state value; t1 is the 
time of driver’s reaction, sec; t2 is the braking response 
time, sec; t3 is deceleration speed rising up to steady-
state value, sec; j is steady deceleration, m/sec2; ST is 

tire burns of the TWMV from their beginning to the impact 
point, m; Va is speed at the moment of the driver’s deci-
sion to brake; Sю is braking burns, m; SB is visibility from 
the driver's seat.

Results of experimental studies of steady deceleration 
(j) and the time of its rise (t3) revealed that their actual 
values for the majority of recent TWMV are much high-
er than the standard values recommended for use during 
technical studies of vehicles. When calculating technical 
ability of the driver to prevent an RTA, it is reasonable to 
use actual value of steady deceleration and the time of its 
rise established in the course of field studies instead of 
standard values.

The expert experience does not allow in most cases 
to determine the actual value of steady deceleration and 
the time of its rise (yфj) and (yфi) at the moment of the 
RTA. In such cases, it is advisable to compare reference 
values of deceleration (yнj) and the time of its rise (yнi) 
with the prescribed ones (yрj) and (yрi) in order to settle 
boundary value problems. If (yн) ≥ (yр), then the meas-
ured value cannot affect the value of steady deceleration 
or the time of deceleration speed rising, and if (yн)<(yр), 
then the measured value influences the value of steady 
deceleration or the time of its rise (Brylev, 2015; Evtyukov, 
Brulev, 2015).

If there is a possibility to calculate the actual value of 

steady-state deceleration of a vehicle of category L3 and 
the time of deceleration value rising immediately after the 
accident, then coefficient Ki,j can be calculated according 
to the following equation: 

If there is no possibility to estimate the actual value of 

steady-state deceleration of a vehicle of category L3 and 
the time of deceleration value rising immediately after the 
accident, then the coefficient Ki,j can be calculated ac-
cording to the following equation: 

Conclusion. According to the above said, actual values 
of steady-state deceleration determined during test stud-
ies for the TWMV on road surfaces with different adhesion 
coefficients turned out to be higher as compared to the 
reference values by an average of 20–25%; actual values 
of the time of deceleration rising up to a steady-state value 
turned out to be higher, than the existing reference values 
by 2-3 times on average.

Standard averaged values of steady deceleration and 
the time of its rise were adjusted, which allowed updating 
the procedure of reconstruction of the RTA depending on 
the type of brake system of the TWMV, the weight of the 
TWMV, type and condition of the road surface, availability 
of ABS and the braking mode.
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