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1. Introduction

Th e success of car collision research is determined by 
the reliability of the initial data from the place of traffi  c ac-
cident. In the place of traffi  c accident the traces of braking 
distance and skidding are oft en found, though in some 
cases they are not seen very clearly or are too blind. How-
ever, the traces can soon vanish and become useless if un-
recorded in time. In any case of collision incontrovertible 
evidence always can be found, which let unfold the course 
of accident and estimate its parameters. Th ese evidentiary 
facts are the deformations of the fore of vehicles.

Th e analysis of the deformations of the fore can pro-
vide information about:

the kind of collision, the angle of collision;
the force to the fore of the vehicles and their di-
rections;
the speed of the vehicles before the collision, etc.

Th e method of estimating the parameters of traffi  c 
accident based on the deformations of vehicle surface af-
ter collision is presented in this paper. 

2. Cases of car collision with immovable obstacle

Most common of car collision cases were analyzed 
in the article: collision with immovable obstacle which 
deformed only a part of the fore of vehicle (collision 
with a tree, a bollard, etc.). Such collisions can be central 
(Fig. 1) and non-central (Fig. 2).

Fig. 1 shows that in the case of central collision the 

contact of a car with an obstacle happens in the same 

axis, which goes through the centre of the car.  Aft er the 

contact a car usually moves in the same direction and 

does not turn around. In the case of non-central collision 

the axes of a car and an obstacle are not the same and 

•
•

•

aft er the contact a car usually turns. 

In the case of collision with a fl at surface (for 

example, wall) the deformations of a car spread along all 

the area of car contact. Th ere are direct collisions (Fig. 3) 

and angular collisions (Fig. 4).

3. Method for calculation of car collision parameters

Vehicles are usually deformed aft er hit. Analysis 

of car deformation can defi ne much information about: 

collision type, collision angle, forces on the transport 

means, their direction, car speed before hit, etc.
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Fig. 1. Central collision with a tree

Fig. 2. Non-central collision with a tree
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Th is article introduces the method of defi ning the pa-

rameters of the car accident based on car deformation aft er 

hit. One of the parameters is speed of the car aft er collision. 

Firstly, as shown in Fig. 5, car deformation is defi ned.

Aft er assessing car deformation aft er hit and its 

stiff ness rate, which is defi ned experimentally for each 

model, it is possible to defi ne the energy of car deforma-

tion [1]: 

3 31
2 1

1 1

(1 )
6

n
i i

i
i i i

C CB
E k tg

C C

1( ) ( 1)
2

i i

A
C C n G ,  (1)

where ki = L/n – 1; Ei – the energy used for the car de-

formation; Ci – deformation depth at any point, mm; 

i – number of points measured; Li – the width of the area 

deformed, mm; Ai – stiff ness coeffi  cient, defi ning the size 

of contact force according to the area of the surface de-

formed; Bi – stiff ness coeffi  cient of the car in trial, defi n-

ing the size of the contact force according to the defor-

mation depth; Gi – stiff ness coeffi  cient [2–4]. 

2

2
i

i

i

A
G

B
,  (2)

Aft er having defi ned the surface of deformation Ci, 

and evaluated the energy needed for the car deformation 

Ei, it is possible to defi ne the equivalent speed of the car 

at the moment of hit. Th is speed can be calculated ac-

cording to the equation:
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where m – the weight of the car.

Th e energy of two cars used for the car deforma-

tions during the collision process spreads through both 

of them. With the help of linear momentum equations 

it is possible to design the general equation of energy 

spreading [5]:
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where m1, m2 – the weight of the fi rst and the second car; 

V1, V2 – the speed of the fi rst and the second car at the mo-

ment of hit; V3, V4 – the speed of the fi rst and the second 

car aft er hit; I1 – the momentum of inertia of the fi rst car 

aft er hit; I2 – the momentum of inertia of the second car af-

ter hit; ω1 – the angular acceleration of the fi rst car aft er hit; 

ω2 – the angular acceleration of the second car aft er hit.

Value of 2 2

1 1 2 2I I  equation is oft en omissible, be-

cause it has only inconsiderable infl uence on the evalu-

ated results. 

According to the equation of energy spreading (4), 

it is possible to evaluate the car speed at the moment of 

contact.

Calculations performed with the help of soft ware 

WINCRASH 2.0 [6] based on this model can evaluate 

the car speed before hit according to the car deformation 

depth aft er hit. 

Fig. 3. Direct collision with a wall

Fig. 4. Angular collision with a wall

Fig. 5. Scheme of car deformation measurement points aft er 

collision with a tree, a bollard, etc.
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4. Calculation and investigation of car collision 
parameters 

4.1. Central collision with a tree, bollard, etc.

One of the most important parameters is speed of 
the vehicle before hit. Such kind of collision always caus-
es car deformation. So it is possible to estimate the speed 
according to it. 

According to the methodology for the estimation 
of car surface deformation described in the third chap-
ter, the scheme of its estimation is shown in Fig. 5 using 
computer program ‘WINCRASH 2.0’. While designing 
the central collision with a tree, nine points in the fore of 
the car were chosen. Such estimation guarantees the ac-
curacy of the counted results. Th e accident was modelled 
with some diff erent deformations of the car and diff erent 
coordination in the place of the accident.  Its scheme is 
shown in Fig. 6.  

Car deformation depth aft er hit with an immovable 
obstacle depends on car stiff ness. Car stiff ness is defi ned 
by rates, which are set experimentally for each car model.

For investigation of collision with an immovable 
obstacle, diff erent car models of diff erent classes were se-
lected: 1 – Honda Civic, 2 – WW Golf, 3 – BMW 318, 
4 – Volvo S 70, 5 – Audi 100. Th eir coeffi  cients of stiff -
ness are following: 1 – A = 65.5 kN/m, B = 500 kN/m2; 
2 – A = 63.8 kN/m, B = 400 kN/m2; 3 – A = 95.2 kN/m, 
B = 760 kN/m2; 4 – A = 74.5 kN/m, B = 480 kN/m2; 5 – 
A = 63.9 kN/m, B = 358 kN/m2 [1–4].

According to the scheme of calculation the depen-
dence of car speed and car deformation has been defi ned.

As shown in Fig. 7 the car surface deformation 
depends on car stiff ness and the speed V1 at the mo-
ment of contact. Th e bigger deformation, the higher 
speed has been rated. When coeffi  cients of stiff ness are 
the following: A = 65.5 kN/m, B = 500 kN/m2 (Hon-
da Civic), the highest speed has been observed (Fig. 7, 
curve 1), when – A = 63.9 kN/m, B=358 kN/m2 (Audi 
100), the slowest speed has been observed (Fig. 7, 

curve 5). In these cases the speed diff ers twice.  In case 

of the biggest deformation of car surface the coeffi  -

cients of stiff ness are the following: A = 65.5 kN/m, B = 

500 kN/m2, speed V1 is 39.7 km/h (Fig. 7, curve 1), and 

when A = 63.9 kN/m, B = 358 kN/m2 – V1 is 21.9 km/h 

(Fig. 7, curve 5). In other cases, when A = 63.8 kN/m, B = 

400 kN/m2 – V1 is 32 km/h (Fig. 7, curve 2), A = 

95.2 kN/m, B = 760 kN/m2 – V1 = 29.9 km/h (Fig. 7, curve 

3), A = 74.5 kN/m, B = 480 kN/m2, V1 = 26.9 km/h.

Aft er having analyzed these results, it is obvious 

that in estimating the speed of vehicle in case of collision 

with a tree, it is very important to estimate deformation 

place of vehicle and to measure linear deformation rates. 

Also, it is necessary to know coeffi  cients of stiff ness of 

the selected car model. 

4.2. Parameters of calculation in case of non-central 

collision with a tree

In contrast to collision with a tree, in case of non-

central collision a vehicle is not only deformed, but usu-

ally acquires revolving movement and complicated tra-

jectory aft er contact. 

Fig. 7. Dependence of car speed before hit and car deformation aft er hit Ci and car stiff ness in case of central collision with a tree, 

when coeffi  cients of stiff ness are the following: 1 – A = 65.5 kN/m, B = 500 kN/m2; 2 – A = 63.8 kN/m, B = 400 kN/m2; 

3 – A = 95.2 kN/m, B = 760 kN/m2; 4 – A = 74.5 kN/m, B = 480 kN/m2; 5 – A = 63.9 kN/m, B = 358 kN/m2

Fig. 6. Scheme of central car collision  with a tree, 

a bollard, etc.
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Th e scheme of non-central collision with a tree, a 
bollard, etc. is shown in Fig. 8. Th ere the coordination of 
xi1 and xi2, yi1 and yi2 defi ne the place of hit and coordina-
tion of xf1 and xf2, yf1 and yf2 – the position of the vehicle 
aft er the accident.  

While modelling a case of non-central collision 
with a tree, 6 diff erent points of car surface deformation 
were chosen. Th e modeling was performed with the help 
of soft ware WINCRASH 2.0 [6].

Modelling the non-central collision with a round 
obstacle, the same conditions of the central collision were 
chosen, i.e. diff erent kinds and classes of vehicles, diff erent 
stiff ness of their basket surface were used for this experi-
ment [2]. Th e dependence of car surface deformation on 
car speed at the moment of the hit is shown in Fig. 9.

Modeling a case of non-central collision with a 
tree, it was noticed that the speed of vehicle at the mo-
ment of contact, like in a case of central hitting, im-
pacts on deformation size and car stiff ness (Fig. 7). Th e 

higher car speed, the bigger deformation size has been 
rated. Th e highest speed V1 = 63 km/h with the big-
gest deformation C2 = 900 mm has been observed of a 
car, when coeffi  cients of stiff ness are the following: A = 
65.5 kN/m, B = 500 kN/m2 (Honda Civic), the smallest 
V1 = 52 km/h – A = 74.5 kN/m, B = 480 kN/m2 (Volvo 
S70). When deformation size is the smallest C2 = 400 mm, 
the speed is 50 % slower – V1 = 33.5 km/h, when A = 
65.5 kN/m, B = 500 kN/m2 (Honda Civic) and 
V1 = 28.6 km/h, when A = 74.5 kN/m, B = 480 kN/m2 
(Volvo S70). 

4.3. Analysis of parameters in case of collision with 
immovable fl at obstacle 

In case of oncoming collision with an immovable 
obstacle (a wall) the car surface deformation has the even 
distribution. While modelling such a case, the car front 
deformation was increased from 50 mm to 450 mm. 

Th e case of collision with a fl at surface is shown in 
Fig. 10.

Aft er having calculated the results, it was noticed 
that in case of collision with a wall, when the whole car 
surface is deformed, the number of deformation points 

Fig. 9. Dependence of car speed before hit and car deformation aft er hit Ci and car stiff ness in case of non-central collision with a 

tree, when coeffi  cients of stiff ness are following: 1 – A = 65.5 kN/m, B = 500 kN/m2; 2 – A = 63.8 kN/m, B = 400 kN/m2; 

3 – A = 95.2 kN/m, B = 760 kN/m2; 4 – A = 74.5 kN/m, B = 480 kN/m2; 5 – A = 63.9 kN/m, B = 358 kN/m2

Fig. 8. Scheme of non-central car collision with a tree, a 

bollard, etc.

Fig. 10. Scheme of collision with an immovable fl at obstacle
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do not have infl uence on parameters of car accident. 
Th erefore 6 points are enough to assess the deformation 
of vehicles aft er contact. Fig. 11 shows dependence of car 
speed and deformation size and car stiff ness in case of 
collision with a wall.

As shown in Fig. 11, the dependence evaluation lets 
estimate relation between the car speed V1 at the mo-
ment of contact and the car deformation size in case of 
collision with a tree.

Th e bigger car deformation Ci, the higher car speed 
has been observed (Fig. 11, curves 1–5). Car speed V1 is 
not the same for vehicles having diff erent stiff ness pa-
rameters and the same deformation size Ci. Aft er having 
calculated the results, the highest speed at the moment 
of contact has been observed for vehicles, whose coef-
fi cients of stiff ness are the following: A = 95.2 kN/m, B = 
760 kN/m2 (BMW 318) (Fig. 11, curve 1), the small-
est – A = 74.5 kN/m, B = 480 kN/m2 (Volvo S 70) (Fig. 8, 
curve 5).

5. Conclusions

1.  Th e model has been created, which lets evaluate 
the speed of vehicles at the moment of hit as well 
as estimate the deformations of vehicle surface 
Ci aft er hit. Th is model is especially indispensable 
to estimate the speed of vehicle at the moment of 
collision with an immovable obstacle. 

2.  Computer modelling of collision with an immovable 
round obstacle (tree, bollard, etc.) and with a fl at 
obstacle (wall, fence, etc.) has been done.  Collisions 
were modelled with diff erent car models and 
diff erent stiff ness of their basket surface: Honda 
Civic, 2 – WW Golf, 3 – BMW 318, 4 – Volvo S 70, 
5 – Audi 100, when the coeffi  cient of stiff ness 
is: 1 – A = 95.2 kN/m, B = 760 kN/m2; 2 – A = 
65.5 kN/m, B = 500 kN/m2; 3 – A = 63.8 kN/m, B = 
400 kN/m2; 4 – A = 63.9 kN/m, B = 358 kN/m2; 5 – 
A = 74.5 kN/m, B = 480 kN/m2. Th e model and 
the dependence results show the relation between 
the speed of vehicle at the moment of hit and the 
deformation of its basket surface aft er hit. 

3.  Aft er having done the modelling of collisions it can 
be claimed that the size and weight of vehicle do not 

always have infl uence on the parameters of collision. 
It was estimated that the stiff ness of basket surface 
has the biggest infl uence on them (it was defi ned as 
stiff ness coeffi  cients A and B). 

4.  Th e bigger deformation of car surface, the higher 
car speed was defi ned at the moment of the 
accident. While comparing the deformations it was 
estimated that the highest speed was reached by 
Honda Civic, and the lowest by Audi 100 with the 
same deformation level. Th e speed diff ered twice. 
When the deformations Ci are small (50–100 mm), 
the speed diff ered up to 1, 2 times with diff erent car 
basket stiff ness.

5.  Aft er having done the research it can be concluded 
that in estimating the car speed at the moment of 
collision with an immovable obstacle it is very 
important to estimate the deformation place of car 
surface and measure its linear size. 
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