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Abstract: In the present research the authors propose a graph-analytic approach to determine
the position of the initial impact in the event of pedestrian accidents. When investigating the
velocity of movement of the vehicle (participating in the accident), mechanics theorems and
parameters are used, which are reported in a scheme and are consistent with the data, gathered
from the scene of the accident. The present study uses case law data from a real road traffic
accident. The proposed approach can find wide application in the practice of pedestrian accident
reconstruction in the absence of specific data that uniquely identify the exact location in the lane
in which the initial impact between the vehicle and the pedestrian had happened.

1. Introduction

The vast automobilization in the recent years meets the ever-growing need of the society of vehicles,
but it also causes a number of negative consequences, affecting traffic safety. This demands systematic
research and analysing the main causes of road traffic accidents. The choice of means to limit the causes
of road traffic accidents is necessarily based on extensive research and analysis. An essential step is
selecting the right approach to recreate the mechanism of the road traffic accident, which is based on
research, analysis and drawing conclusions, we take them into account to determine the causes and
events that led to their occurrence [1, 2, 3]. Determining the objective circumstances for the occurrence
of road accidents is a key element in establishing the culpability of participants and, accordingly, on a
more global scale, to take appropriate preventive measures so as to improve road safety in the future.

In the current research, object of study are accidents involving pedestrians. Most of them occur in
settlements and the main pedestrian groups in risk are children under 14 and elderly people [6]. Expert
analysis in this group of road traffic accidents is carried out according to certain methodologies, tailored
to the specific conditions of the accident [1, 5, 6, 9, 10, 11]. The pedestrian may be injured as a result of
the initial impact with the vehicle or during a subsequent collision with the front cover, the front window,
the front column, the front part of the ceiling, the fall on the ground, the subsequent overtaking by the
vehicle itself or another vehicle. Familiarity with traumatism is required to describe the complete
physical process from initial contact to the fall of the victim on the road surface [6,7, 8].

2. Exhibition:

When conducting an expert analysis of a road traffic accident, based on the data provided from the pre-
trial proceedings, the mechanism of the investigated incident is restored by assessing the particular road
situation and the actions of the individual road users [1, 5, 8]. For this purpose, it is necessary to
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determine the location of the individual participants at the time of the initial impact, their position
relative to the lane, their initial velocity and their velocity at the moment of impact. The key to ensuring
accuracy of the analysis is correct determination of the place of initial contact between the participants
by fixing it with two coordinates - longitudinally and transversely to the lane. Defining it accurately is
essential to carry out the subsequent expert analysis and to adequately address the legal case regarding
the technical feasibility of preventing a road accident.

The main output data, while determining the location of the initial impact are the documents, gathered
during the investigation: incident inspection control, photographic materials, conclusion of forensic
expertise, protocol for conducted investigative experiment, the protocols from the interrogation of the
driver, the victim and the witnesses. In determining the location of impact, it is necessary to take into
account the trajectory of movement of the vehicle and the position of the detected deformations on it.

Case-law data from a real road traffic accident were used to present the graph-analytic approach
developed by the authors in determining the place of initial contact in a pedestrian accident.

The investigated road traffic accident occurred during daylight hours, with good visibility between
bus brand "Iveco" model "Mago" and a pedestrian. The roadway in the area of the road traffic accident
was open to traffic in both directions with one lane in each direction. The pavement was smooth with
clean asphalt. The road section where the traffic accident occurred is straight, no incline. The width of
the roadway is 7.50 m, the two lanes are separated by a continuous dividing line — type M1, which near
the turnout on the left at RP1, turns into a broken dividing line — type M3. The lane in which the bus
was moving is 3.50 m wide, and the lane in the opposite direction is 4.00 m wide. To the right of the
right boundary line there is asphalt banquet with unformed edges and a width of 3.75 m. To the left of
the left boundary line there is a 2.30 m wide pavement and a curb. There are no walkways in the accident
area.

The participants in the investigated road traffic accident are:

- Iveco bus, Mago model, with the following technical characteristics: overall dimensions (I x b)
7,555 x 1,950 m; longitudinal base 4,250 m; width of front track 1,900 m; front overhang 1,20 m; front
tires with size 205/75 R16; rear tire size 225/75 R16; own table 4200 kg; maximum mass 6500 kg.
During the inspection by the investigating authorities, after the road traffic accident, the following
damage was ascertained on the bus: lateral cracks on the lower right side of the front bumper with broken
pieces of paint measuring 1 x 2 cm, the first crack being at a height of 0.25 m, the second at 0.37 m and
the third at 0.42 m. All are from the front bumper length from 0.30 m to 0.40 m. Exactly, at the right
corner of the bumper, at altitudes from 0.48 m to 1.10 m, a layer of old scratches was detected;

- The victim — a 83-year-old pedestrian at the time of the road traffic accident.

During the inspection by the investigating authorities of the accident, the direction of the inspection
was chosen to be the direction of the Iveco bus, the landmark was chosen to be a concrete lighting pole,
standing on the left walkway in the direction of the inspection and for baseline was used the imaginary
line that goes through the landmark perpendicular to the roadway. The following measurements were
made relative to this line: in the right lane, in the direction of the bus, two traces of tires are found with
trace width - 0.42 m, it starts at a distance of 6.70 m before RP1 and 1 m to the right of the dividing line.
The trace ends longitudinally at a distance of 7.20 m after RP1 and 0.62 m to the right of the dividing
line. The total length of the trace is 13.90 m. The width of each trace is 0.17 m; rear left outside tire of
bus Iveco is found outside the roadway, 0.55 m from the boundary line and 6.41 m from RP1; the front
left tire of bus Iveco is found outside of the roadway, 0.55 m to the left of the boundary line and 10.65
from RP1; just before the Iveco bus a blood stain was found and documented in the attached photo
material. During the inspection, the bus was oriented with its front in the direction of its original
movement. To the inspection protocol photo material is attached.

Based on the data from the inspection protocol a detailed scale scheme of the road traffic accident
was drawn up (figure 1).
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KEY:

1. Position of the bus at the end of the brake traces;

2. Position of the bus at the beginning of the brake traces;
3. Brake traces;

4. Position of the bus, described in the inspection protocol;
5. Blood stain;

6. Reference point — RP1

Figure 1. Scale diagram of the accident.

In order to restore the mechanism of the investigated road traffic accident, it is necessary to determine
the location of the impact and the velocity of the bus at the initial moment and at the moment of impact
[1, 5]

- The velocity of the bus at the initial moment in which the driver reacted to the hazardous situation
can be calculated technically using the length of the brake trace, described in the inspection of the
accident left by the rear left wheels and is 13.90 m long. For this purpose, the following formula is used:

Vyoo =0.5.j1 ++/25..], (1)

where: V| .., o - the initial velocity of the Iveco bus;

1= 10,6 - coefficient of adhesion;

j=1,2.4.g =7,06 m/s? - maximum braking delay according to the specific conditions for a bus equipped
with ABS;

ta = 0,8 s — time for increasement of the brake delay of a bus in a loaded condition;

Sg = 13,90 m — length of the brake trace.
Vivecoo. = 0,5.0,8.7,06 +/2.7,06.13,90 =16,83m/s = 60,60 km/h 2

The velocity of movement of the Iveco bus in the moment, in which the driver actuated the brake
system, was approximately 60,60 km/h.

- The velocity of movement of the bus in the moment of the impact can be defined with the help of
different analytical methods. In this particular case two of them have been used.

Method 1 (Appel) — the velocity of movement of the bus in the moment of the impact is defined by
the distance in which the pedestrian’s body is thrown.

IS,
Vlvekcry: m’ m/s (3)



TechSys 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 878 (2020) 012042 doi:10.1088/1757-899X/878/1/012042

where V y is the velocity of the bus at the moment of the impact, m/s;

lveco—

S, - the distance in which the pedestrian’s body is thrown, m.

Method 2 - the velocity of movement of the bus in the moment of the impact is defined by the brake
traces after the impact. The following formula is used:

Vlveco—y = \V 2.Sy.j’ m/S (4)

S , - distance travelled from the point of impact till the bus finally stopped;

The velocity of the bus Iveco in the moment of the impact is defined by using the two methods and
a scheme (shown in figure 1). The results from the conducted analysis are presented in table 1.

Table 1. Results from the conducted analysis.

N(_l Sr Sy J Vlvecmy. Vlvecmy. Vlvecmy. Vlvecmy.
m " ms? mis mis km/h km/h A

(Appel) (Brake (Appel) (Brake km/h

traces) traces)

1 5,97 5 7,06 9.235026 8.402381 33.25 30.25 3

2 6,36 55 7,06 9.531901 8.812491 34.31 31.72 2.59
3 6,81 6 7,06 9.863352 9.204347 35.51 33.14 2.37
4 7,26 6,5 7,06 10.18402 9.580188 36.66 34.49 2.17
5 7,73 7 7,06 10.5085 9.941831 37.83 35.79 2.04
6 8,17 75 7,06 10.80344 10.29077 38.89 37.05 1.85
7 8,59 8 7,06 11.07765 10.62826 39.88 38.26 1.62
8 9.1 8.5 7,06 11.40175 10.95536 41.05 39.44 1.61
9 9.56 9 7,06 11.68638 11.27298 42.07 40.58 1.49
10 10.03 9.5 7,06 11.9702 11.58188 43.09 41.69 1.4
11 10.49 10 7,06 12.24162 11.88276 44.07 42.78 1.29
12 10.97 10.5 7,06 12.51856 12.17621 45.07 43.83 1.23
13 11.45 11 7,06 12.7895 12.46274 46.04 44.87 1.18
14 11.95 11.5 7,06 13.06577 12.74284 47.04 45.87 1.16
15 12.34 11.9 7,06 13.27726 12.96256 47.8 46.67 1.13
16 12.44 12 7,06 13.33095 13.01691 47.99 46.86 1.13
17 12.8 12.5 7,06 13.52247 13.28533 48.68 47.83 0.85
18 13.4 13 7,06 13.83577 13.54843 49.81 48.77 1.03
19 13.98 13.5 7,06 14.13203 13.80652 50.88 49.7 1.17
20 14.56 14 7,06 14.42221 14.05987 51.92 50.62 1.3

The values of the velocity at the moment of the accident, estimated with the help of the two
aforementioned methods, are closest to each other when the distance at which the pedestrian’s body is
thrownis S_ = 12,80 m and the length of the brake traces left after the accident is s, = 12,50 m.

Therefore, the velocity of the bus at the moment of the traffic accident is estimated to be
approximately V.  =48,26 km/h.

The place of the collision is determined when the evidence found and described in the written report
from the scene of the accident are taken into account: length and location of the brake trace, deformations
in the front part of the bus and location of the blood stain.
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Considering the established velocity at the moment of the accident it is determined that the scene of
the accident is located along the roadway in the right traffic lane (the lane in which the bus was
traveling), at a distance of 0,20 m before the accepted baseline, going perpendicular through RP 1 (figure
2) and along the width of the roadway at around 6,70 m to the right of the left end of the roadway.
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1. Place of the initial contact;
2. Pedestrian movement trajectory.

Figure 2. Scheme of the accident, indicating the location of the impact.

3. Conclusion

Every road traffic accident is characterized with its own specifics, which implies the need of choosing
an adequate approach when conducting an expert analysis. The current scientific article proposes a
graph-analytic approach for determining the place of the initial impact when analysing road traffic
accidents with a pedestrian. In the present research case-law data from a real traffic accident were used.
When investigating the velocity of motion of the vehicle that participated in the accident two methods
with wide application in the expert practice have been used. The suggested approach can successfully
help for the reconstruction of road traffic accidents with pedestrians in situations where there is no
specific data in order for the exact place of the initial collision between the vehicle and the pedestrian
to be determined.
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