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This paper addresses the issue related to fore­
casting the durability indicators of public trans­
port buses under operational conditions. It has 
been established that when buses are operated to 
transport passengers the bus bodies wear at dif­
ferent intensities. During operation, the strength 
of the body frame weakens under the influence 
of corrosion in combination with sites of fatigue 
destruction. As it was established, the intensity 
of corrosion of the bus body depends on the num­
ber of residents in the city where the bus is ope­
rated. The earlier established dependences were 
taken into consideration; the current study has 
identified two conditional variants of corrosion 
evolution based on the number of inhabitants: up 
to 1 million and exceeding 1 million. The expe­
diency of repairs and their impact on the bus pas­
sive safety has been analyzed. It was found that 
the elements of the body frame, without external 
characteristic damage, no longer meet the speci­
fied conditions of strength as a result of sign-al­
ternating loads and during long-term operation.

Determining the durability of the bus body 
was made possible through the construction of 
a  mathematical model. The model’s adequacy 
was confirmed by road tests of the bus. The 
devised model describes the movement of the bus 
over a road surface with different micro profiles, 
with different corrosion penetration, different 
loading by passengers, and bus speeds.

It was established that the reason for the evo­
lution of structural corrosion is the influence of 
salt mixtures preventing the icing of roads, as well 
as ignoring the washing of buses after such trips.

It is recommended to use new software for 
the in-depth study into this issue addressing the 
combination of various factors of destruction: 
cyclic loads at variable bus speeds and the cor­
rosion progress. The study results could make it 
possible to predict a life cycle of the body frame 
under factors that correspond to actual operat­
ing conditions
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1. Introduction

The bus is designed in accordance with the technical 
specifications. Accordingly, the specified passenger capacity, 
overall dimensions, maximum speed, type, engine power, etc. 
are provided. In addition, one of the important parameters is 
passive bus safety. Passive safety control in line with UNECE 
Rules No. 66 [1] is tested by overturning the bus and deter-
mining the geometric dimensions of the deformation of the 
formed sloping body plane. After carrying out all measures to 
check the bus for compliance with the Rules, requirements, 
and other standards, certificates for compliance are obtained. 

That gives grounds for the serial production of buses and sale 
to consumers through a dealer network. Thus, the new model 
begins operation. At the same time, the durability of the bus 
is unknown. In the case when engine assemblies from other 
buses or trucks are installed on buses, the resource of these 
units can still be predicted. However, the body resource can-
not be determined since full-time pre-series resource tests are 
not carried out in this country due to significant costs. When 
operating the bus for ten years (the mileage averages about 
1 million km), one can acquire statistics on the resource of 
both individual units and the bus in general. However, the task 
to obtain the bus’s resource indicators before commissioning  
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remains relevant. Thus, there is a need to devise methods and 
tools for predicting the durability of the body frame, as well 
as checking its compliance with passive safety in line with the 
UNECE Regulations No. 66.

2. Literature review and problem statement

When overturning a bus, the UNECE Regulations 
No. 66 [1] define if the bus complies with passive safety re-
quirements. However, at the design stage, it is advisable to car-
ry out simulations, which is much cheaper than the destruction 
of a new bus. Work [2] shows that proper maintenance of the 
bus body ensures long-term and reliable operation of the bus in 
general. However, the cited work does not indicate that timely 
detection of corrosion and fatigue destruction sites could also 
improve the durability of the bus body. Paper [3] notes that 
during operation, as a result of corrosion and sign-alternating 
loads, the strength of the body frame elements deteriorates, 
which is confirmed by the experimental studies of cut samples 
from body frame elements at a breaking machine [3]. After 
5–9 years of bus operation, structural corrosion makes it im-
possible to further operate it, so such buses need restoration 
repairs. It has been proven in [4] that losses from corrosion 
damage significantly reduce the efficiency of bus transporta-
tion. Therefore, during the simulation of the durability of bus 
bodies, it is necessary to take into consideration the intensity 
of corrosion of body frame elements. The authors of [5] pro-
posed the use of stainless steel in bus structures, which could 
significantly improve durability. However, the application of 
stainless steel increases the weight of buses and their cost.

It is confirmed in [6] that the operation of buses is accom-
panied by constant overloads, leading to premature damage 
to body frame elements and suspension elements, especially 
when transporting passengers in low-entry public transport 
buses. Despite the above-specified shortcomings of low-floor 
structures, buses of this type have become widespread and 
convenient for the transportation of public transport passen-
gers [7, 8]. Therefore, the issue of determining the durability 
of public transport bus bodies is relevant for a significant 
proportion of carriers and manufacturers. Quite often, there 
are damages to the body frame, which cannot be detected 
without special equipment. As shown by laboratory tests [9], 
conducted according to the methodology reported in [10], 
the following was established. Elements of the body frame, 
which are not externally damaged, when viewed under an 
electron microscope, have a significant number of fatigue 
cracks and a violation of the structure of the material [11]. 
Therefore, study [9] confirms the feasibility of devising new 
procedures for assessing the durability of bus bodies that best 
meet actual operating conditions. To predict the durability 
of the body frame, a methodology for assessing the durability 
of body frame elements under operational conditions [11] 
was developed. The devised procedure implies taking into 
consideration the speed of the bus, the quality of the road 
surface (a road’s micro profile), loading by passengers, and 
corrosion intensity [11]. There is also a methodology for 
predicting the loading of buses by passengers [12] but it does 
not make it possible to determine the durability of buses as 
close as possible to the actual operation. Based on the proce-
dure reported in [11], a mathematical model was built, which 
describes the transfer of effort from the micro profile of a road 
to the examined element of the body frame [13]. The model 
given in [13] takes into consideration, similarly to the model 

reported in [14], the forces transmitted from the road micro 
profile but the model from [13] also takes into consideration 
the corrosion of the bus body frame, which corresponds to ac-
tual operating conditions. The corrosion processes of the bus 
body are described in [15], considering [16], and according 
to dependences [8], derived from treating the statistics on 
bus operation in cities with different numbers of inhabitants. 
Combining works [8, 15, 16] has made it possible to mathe-
matically describe the corrosion processes of bus bodies, tak-
ing into consideration the evolution of atmospheric corrosion 
and corrosion under the influence of aggressive chemicals 
preventing the icing of roads, especially in large cities.

Salt-sand mixtures are used to combat icing, including 
highly effective magnesium chloride-based products that 
create favorable conditions for the development of corro-
sion [17]. Given such operation, the timely regular washing 
of buses reduces the aggressive effect of salt-sand mixtures on 
the body [18]. Paper [19] describes measures to reduce the 
impact of aggressive environments on car bodies. These mea-
sures are also relevant for public transport buses. Work [20] 
proves the effectiveness of corrosion protection using school 
buses as an example. Thus, in determining the durability of 
bus bodies, the simulation would make it possible to assess 
the impact of maintenance quality on corrosion.

The devised model also considers loading with passengers 
from the rated values to one-and-a-half-time overload. The 
built model is implemented in the MATLAB Simulink 2017 b  
programming environment [21]. To confirm the adequacy 
of the model, road tests of the Ukrainian-made bus A09216, 
based on the Japanese assembly units, were carried out [22], 
which confirmed the obtained values of deformations in the 
examined body frame element [13]. The adequacy of a given 
model was also confirmed when predicting the resource of 
the most loaded elements of the body frame. The results 
were compared with statistics for constant bus overload 
when driving on low-quality roads, at an average speed of 
40 km/h [13]. That makes it possible to conduct further re-
search on determining the durability of bus bodies.

Based on the review of studies on determining the life cycle 
of buses, it was found that there is practically no information in 
the field of automotive engineering on determining the dura-
bility of bus bodies. Determining the durability of railroad cars, 
and water and air transport vehicles [23], is mainly considered. 
Our review of scientific studies reported in [24–28] has es-
tablished that the bus durability modeling was indeed carried 
out but no corrosion and actual road conditions were taken 
into consideration. Modeling was performed under conditions 
corresponding to the modes of accelerated durability tests at 
the laboratory bench. However, such accelerated tests do not 
take into consideration the simultaneous impact of corrosion 
and fatigue destruction of body frame elements. Work [29] de-
scribes the forecasting of the durability of the suspension lever 
of a passenger car, which may also be relevant in predicting 
the durability of the bus body frame elements. However, that 
model [29] also does not take into consideration the corrosion 
destruction of the part under study. Full-time tests of buses for 
strength and durability are indeed carried out [30–32] but this 
method requires significant material costs.

3. The aim and objectives of the study

The purpose of this work is to determine the durability of 
the elements of the body frame under operational conditions.
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To accomplish the aim, the following tasks have been set:
– to conduct experiments using a simulation model by 

changing the predefined parameters of bus durability under 
the selected conditions; 

– to derive mathematical dependences of the estimated 
mileage of the bus before the onset of the limit condition of 
its body operation, based on the research planning matrix.

4. The study materials and methods

To study the impact of operational factors on the dura-
bility of the body frame, the MATLAB 2017 b programming 
environment was selected, which makes it possible to carry 
out simulation modeling. The Simulink application (USA) 
enables solving a system of equations describing a bus as 
a  dynamic system.

4. 1. Selecting the range of change in the examined 
factors

The input parameters are a micro profile of three types of 
road: asphalt pavement, flat paving stones, low quality paving 
stones. At the same time, the empirical dependences derived 
by NAMI specialists during the research on roads with the 
corresponding micro profiles [33] are used. The values of spec-
tral density ρ(l) [34], which are applied to simulate the effect 
of the road micro profile on the suspension of the car, passen-
gers [35], and the vehicle in general [34, 36, 37], were used in 
modeling the durability of bus bodies; they are given in Table 1.

Table 1

Values of spectral density for roads’ micro profiles [34]

Road surface type Estimation equation

Asphalt pavement micro 
profile

ρ l e e ll l( ) = + ⋅− −0 85 0 15 0 60 2 0 05. . cos .. .

Flat paving stones micro 
profile

ρ l e l( ) = −0 45.

Low-quality paving stones 
micro profile

ρ l e e ll l( ) = + ⋅− −0 85 0 15 20 5 0 2. . cos. .

Spectral density ρ(l) describes the type of a road surface 
and makes it possible to determine specific values for the 
micro profiles of the selected road types.

When modeling in MATLAB Simulink, specific values 
for a micro profile time variable must be submitted to the 
input system of equations. To this end, we use a procedure 
from [38], which implies deriving the specific values for 
a road’s micro profile from the time function.

The numerical specific values for the road’s micro pro-
file Х1, according to [38], are determined from the following 
dependence:
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where ζ(t) is the discrete white noise; h is the integra-
tion  step; s is the differentiation operator.

Based on dependence (2), the MATLAB Simulink imple-
mented the following subsystem [38] (Fig. 1).

 

Fig. 1. Subsystem for calculating the values of a road’s micro 
profile by the time function

The coefficients corresponding to a particular road micro 
profile are entered in the MATLAB workspace.

In addition, the devised model involves the processing 
of specific numerical data acquired during the study of the 
road surface. Such values can be entered into the workspace 
as a  matrix, by using the call function and submit specific 
values of the road’s micro profile to the system.

In addition, the input parameters are the number of 
passengers: seated passengers only; the maximum number of 
passengers; 1.5 times the number of passengers exceeding the 
permissible number. For the Ataman bus A092N6, made in 
Ukraine based on the Japanese assembly units, those num-
bers are 21, 52, and 83 passengers. The corrosion of the base 
frame would be affected by the service life and, accordingly, 
mileage, as well as the city where the bus is operated. In a city 
with a population of up to 1 million, there would be a lower 
corrosion intensity [13] than that where there are more than 
1 million people, by about 2 times.

A given model makes it possible to treat the experimen-
tally derived relative deformations of any element in the 
body frame according to the devised procedure [22]. Relative 
deformations ε are converted into stresses σ in line with the 
Hook’s law:

σ ε= ⋅E , 	 (2)

where E is the Young modulus (for steel 20: E = 2.12× 
×105 MPa [22]); ε is the relative deformation, derived during 
the research.

Thus, values for stresses σ can be obtained in two ways: 
estimated and experimental. The estimation method for 
determining stresses in the studied element should be used 
at the bus design stage while the experimental one can be 
recommended to operator organizations for a more accurate 
determination of durability corresponding to actual routes. 
With the experimental method, it is possible to conduct road 
tests of the bus along a specific route with actual passenger 
traffic during the daily (weekly, annual) cycle of passenger 
transportation. Based on the acquired data, it is possible to 
model the durability of body frame elements under detailed 
conditions. Spectral density is determined from the derived 
values of σ stresses during modeling.

The durability of the bus body frame (s) is calculated 
using the Reicher formula [39]:
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where D = D  is the standard deviation of current stress 
values; D – variance; S S D0 ω ω( ) = ( )  – reduced spectral 
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density; Γ
m +



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2
2

 – gamma-function; A and mN are the 

characteristics of the durability curve A N a
mN= ⋅( )σ .

Next, we determine the mileage (in km) until the de-
struction of a body frame element, which corresponds to the 
life cycle limit:

L V t= ⋅ ,	 (4)

where V is the mean bus movement speed.
As statistics on bus traffic show, the average speed V in 

the city is 40 km/h.
The mathematical model is described in detail in pa-

per [13]. A given model works as follows. Input parameters 
form the value of accelerations of the examined cross-section.  
Newton’s second law determines the magnitude of the effort 
in the cross-section. Then, according to the known effort 
and size of the cross-section area, the stress in the studied 
cross-section is determined. Corrosion is taken into consi
deration, which leads to a decrease in the thickness of the 
walls of the frame tubes, and, as a result, the area of the 
cross-section is reduced. In this way, stress would increase 
with other unchanging parameters. The model also took into 
consideration possible suspension breakdowns caused by 
overloads and bus traffic over low-quality roads. In the model, 
a road of low quality denotes paving stones with depressions 
and hills. The modeling took into consideration the move-
ment of the bus at increased speeds (40 km/h is enough for 
overload). Suspension breakdown occurs when the product 
of acceleration Xi of non-sprung mass on this mass mnpі plus 
the distributed value of the weight of the sprung mass MPі is 
greater than the product of the elasticity coefficient kі of the 
suspension by the run of the breakdown suspension Xmaxi:

m X M k Xnpi i Pi i i⋅ + ⋅�� � max . 	 (5)

Thus, during the breakdown, the non-sprung masses 
move with the sprung masses as one unit while the rigidity of 
the suspension tends to infinity.

4. 2. Substantiating and building a matrix of the simu-
lation modeling

To build an empirical dependence of the impact of 
a  road’s micro profile (Х1) and loading with passengers (Х2) 
on durability (Yі), a full factor experiment (FFE 22) was 
carried out [40]. Table 2 gives the selected factors and their 
levels  (upper: +1; lower: –1; basic: 0).

Table 2

The value of the factors and their levels, respectively

Factor Basic level
Lower level 

(–1)
Upper level 

(+1)

Road’s micro 
profile, mm

Х1

Flat paving 
stones micro 

profile 

Asphalt 
pavement 

micro profile

Low-quality 
paving stones 
micro profile

30 10 50

Passenger 
load, people

Х2 52 21 83

The number of experiments is determined from the fol-
lowing formula: N = 22 = 4. The planning matrix of the experi-
ment is summarized in Table 3.

Table 3

Experiment planning matrix

Experiment number Х1 Х2 Yі

1 –1 –1 Y1

2 +1 –1 Y2

3 –1 +1 Y3

4 +1 +1 Y4

10 0 0 Y01

20 0 0 Y02

30 0 0 Y03

Yі – the durability of a body frame is the mileage L (de-
termined from formula (4) during modeling in km) until the 
destruction of a body frame element, which corresponds to 
the life cycle limit.

An equation of the mathematical model in a natural scale 
takes the following form:

Y b b X b X b X X= + ⋅ + ⋅ + ⋅ ⋅0 1 1 2 2 12 1 2. 	 (6)

To proceed from the natural to normalized scale, we en-
code the X1, X2 values using the following formulas:

X
X X

Xi
i i

i

=
− 



0

D
,	 (7)

where X1 is the encoded value of the factor (normalized); 
i – factor number; Xi  is the current value of the factor (on  
a natural scale); Xi0  is the value of the factor at the basic le
vel (in natural scale); D Xi  is the factor variation interval  (on 
a natural scale), calculated from the following formula:

D
D D



 

X
X X

i
i i=

−max min ,
2

	 (8)

where D Ximax is the value of the upper level of the factor; 
D Ximin is the lower level value of the factor. 

The equation of the mathematical model at a normal scale 
takes the following form:

Y bo b X b X b X X
∧

= + + + 1 2 121 2 1 2. 	 (9)

At the same time, the factors are dimensionless; their 
values are taken as follows: (+1) – the upper level, (–1) – the 
lower level, and (0) – the average (basic) level. 

To calculate the regression coefficients, a least-square me
thod (LSM) was used. The LSM condition is written as follows:

U i
i

N

= =
=
∑x2

1

min. 	 (10)

Formulas for calculating regression coefficients can be 
written in the following form:

b
N

yi
i

N

0
1

1
=

=
∑ ;  b

N
y Xj i ji

i

N

=
=
∑1

1

;  b
N

y X Xuj i ui ji
i

N

=
=
∑1

1

, 	 (11)

where N is the total number of experiments; yі is the response 
parameter at the i-th point; X is the encoded value of the factor;  
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i – the number of the experiment (a line in the planning  
matrix); j = u = 0, 1 ,2, …, k are the factor numbers. 

The variance of the repeatability of experiments is deter-
mined from the following formula:

S
n

y yq
q

n

0
2 2

1

1
1

=
−

−( )
=

∑ , 	 (12)

where n is the number of repeated experiments; yq is the re-
sponse parameter; y  is the arithmetic mean deviation of the 
response parameter:

y
n

yq
q

n

=
=

∑1

1

, 	 (13)

where q = 1, 2, …, n is the number of the parallel experiment.
The regression coefficients were checked by pre-defining 

the confidence interval of the coefficients. For all regression 
coefficients, confidence intervals are equal; they are deter-
mined from the following formula:

Db t
S
Nj = ± 0

2

,	 (14)

where t is the tabular value of the Student criterion at the 
assigned level of significance a and the corresponding num-
ber of degrees of freedom. The level of significance was taken  
as a = 5 % [40]. 

The number of degrees of freedom for repeatability va
riance is determined from the following formula:

f n1 1= − , 	 (15)

where n is the number of repeated experiments; 1 is the num-
ber of degrees of freedom used in calculating the arithmetic 
mean for the response parameter. 

The regression coefficient is significant if its absolute 
value is greater than the confidence interval. 

The model adequacy check was carried out according to 
Fisher’s F-criterion:

F
S
S

ad=
2

0
2 , 	 (16)

where Sad
2  is the adequacy variance,

S
y y

fad

ii

N

2

2

1

2

=
−( )=∑

, 	 (17)

where f2 is the number of degrees of freedom for the adequacy 
variance, equal to the number of different experiments whose 
results are used in calculating regression coefficients, minus 
the number of coefficients determined;

f N k2 1= − +( ), 	 (18)

where N is the total number of experiments; k – the number 
of factors in the experiment. 

The level of significance, similar to the previous case, is 
adopted a = 5 %. The model can be considered adequate if the 
estimated value of the Fisher’s F criterion does not exceed  
a tabular value.

5. The results of studying the durability of public 
transport bus bodies during operation 

5. 1. The results of modeling the parameters of bus 
durability under the selected conditions

Based on the designed plan of the experiment, we simu-
lated the durability of the bus body and derived the values for 
durability given in Table 4.

Table 4

Results of durability simulation based on the planning matrix 
of the experiment

Experiment 
number

Х1 Х2 Yі

1
Asphalt concrete pave-

ment micro profile
21 pas-
sengers

1,289,315 km

2
Low-quality paving 
stones micro profile

21 pas-
sengers

457,232 km

3
Asphalt concrete pave-

ment micro profile
83 pas-
sengers

756,321 km

4
Low-quality paving 
stones micro profile

83 pas-
sengers

57,523 km

5
Flat paving stones 

micro profile
52 pas-
sengers

640,635 km

6
Flat paving stones 

micro profile
52 pas-
sengers

670,738 km

7
Flat paving stones 

micro profile
52 pas-
sengers

680,737 km

Based on the data in Table 4, we calculated the mathe-
matical dependences of bus durability.

5. 2. The results of calculating the mathematical depen
dences of bus durability

Based on the above algorithm, a program was developed 
to calculate the regression coefficients for the built mathe-
matical models on a normal and natural scale, as well as to 
perform a check on the adequacy of the mathematical mo
dels obtained. The general view of the software interface is 
shown in Fig. 2. The program was developed using Microsoft  
Excel software.

The result of our calculations is the following approxi-
mating polynomial:

Y X

X X X

∧
= − −

− +
640 097 8 382 720 25

233 175 75 33 321 25
1

2 1 2

, . , .

, . , . . 	 (19)

The significance of regression coefficients is calculated  
taking into consideration the value of the confidence inter
val  Dbj. According to the calculation results, we can con-
clude that at Dbj = 40,165.8 all calculated regression coeffi-
cients, except b12, are significant.

The resulting mathematical models are adequate because, 
according to the calculation of the value of the F-criterion 
by Fisher, they equal Fc = 5.096, which is much less than the 
tabular value Ft = 19 [40].
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6. Discussion of results of studying the durability  
of public transport bus bodies during operation

The result of our experiments involving a simulation 
model is the derived ultimate mileage of the bus body, 
which is limited to the destruction of body frame elements 
and predetermines its durability. As the simulation results 
show (Table 4), the minimum value of durability would be 
reached at one and a half times overload (83 passengers) 
and when driving on a low-quality road (low-quality paving 
stones micro profile); it is only 57,523 km of mileage. Such  
a small resource of the bus (durability) is explained by exces-
sive loads on the body frame elements from the low-quality 
road, on the one hand, and from overload with passengers, 
on the other hand. Such results are commensurate with the 
operation of buses on actual routes on low-quality roads. The 
maximum closeness of our results to actual operation can be 
explained by the fact that the mathematical model of bus 
movement takes into consideration suspension breakdowns. 
Table 4 demonstrates that with one and a half times the bus 
capacity (83 passengers) and movement on the road of high 
quality, the durability of the bus body is 756,321 km. And 
such an indicator of durability almost corresponds to the life 
cycle of the power unit (the manufacturer of the assembly 
units declares a resource of about 1 million km). This value 
of durability (756,321 km) with one and a half times overload 
is explained by a structurally predefined coefficient of body 
strength, which is 1.75.

Simulation results make it possible to estimate the 
durability of a bus body as close as possible. Unlike [23], 
which considers the assessment of the durability of railroad 
cars, where the sign-alternating loads from the micro pro-
file of the road were not taken into consideration since the 

wheels of cars move over steel tracks for which taking into 
consideration the micro profile of the road is impractical.  
In works [24–28], which modeled the durability of buses, and 
which did not take into consideration body corrosion, the 
results were somewhat idealized. Therefore, unlike [24–28],  
the approximation of modeling results became possible by 
taking into consideration corrosion processes in combination 
with traffic on roads of different quality and different load-
ing with passengers. Unlike the full-time tests for durability 
reported in [30–32], the proposed and implemented metho
dology makes it possible to determine the durability of the 
bus body at minimal cost in the shortest possible time.

Thus, the resulting solutions enable determining the 
durability of a body frame taking into consideration the 
micro profile of a road of different quality (also considering 
suspension breakdowns), taking into account the different 
loadings with passengers, in combination with the corrosion 
of the bus body, which were not previously used to determine 
the durability of buses.

The limitations of this study are as follows. A given ma
thematical model can be used without changes to study the 
durability of the buses A092N6 «Ataman» under different 
operating conditions. The methodology makes it possible 
to apply a given model to other public transport buses only 
when entering the parameters of buses to be investigated 
with a follow-up check of the adequacy of the model. A given  
model cannot be applied without significant changes for  
buses not involved in public transportation.

The caveat of the current study is that the simulation was 
carried out at a steady average speed of 40 km/h and on the 
specific fixed micro profiles of the road surface. In actual ope
ration, a bus running along one route can move over roads with 
sections of various types of micro profiles: asphalt concrete 

 
Fig. 2. General view of the software interface for calculating regression coefficients and checking 	

the resulting mathematical model for adequacy
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pavement, paving stones of satisfactory quality, paving stones 
with depressions and hills; our work investigated traffic only 
on the road with the same type of surface. In this case, it would 
be advisable, with further research, to take into consideration 
the percentage of bus traffic on roads of different quality.  
Modeling would be more exact if there is an issue with ope
rating organizations to determine the durability based on the 
results from measuring the characteristics of the micro profile 
of a road involving the acquisition of an array of data. Entering 
an array is already provided for in the developed model.

During further research, it is also possible to measure 
the strains in the most loaded elements of the body frame 
and determine their deformations on actual routes. That 
could make it possible to acquire an array of data that can be 
added to the model at the stage of calculating stresses in the 
elements of the body frame and take into consideration the 
actual micro profile of the road, loading with passengers, and 
changing the speed of movement.

7. Conclusions

1. We have simulated bus durability parameters under 
selected conditions and established that the durability of 
the bus body is significantly influenced by bus suspension 
breakdowns, with serviceable suspension, and when driving 
on low-quality roads, as well as constant overloads. Moreover, 
taking into consideration the breakdowns of bus suspensions 
has brought the modeling results as close as possible to actual 
operation. The minimum mileage until the destruction of the 
long-body frame of the bus base was 57,523 km, with one and 
a half times the overload with passengers, and the movement 

of the bus along the pavement of low quality. The maximum 
mileage until the destruction of the beam frame of the bus 
body base was 1,289.315 km when overloading with only  
seated passengers, and the movement of the bus on a  high- 
quality road with asphalt concrete pavement. Therefore, 
the durability of the bus body of public transport, with such 
a  structure, is within 57,523–1,289.315 km depending on the 
operating conditions. Thus, by changing the structure of the 
body, one can affect the durability at the design stage, thereby 
deriving specific values for the durability of the bus body.

2. The equation of the mathematical model on a normal 
scale has been built:

Y X

X X X

∧
= − −

− +
640 097 8 382 720 25

233 175 75 33 321 25
1

2 1 2

, . , .

, . , . ,

which makes it possible to predict the failure-free operation 
of the bus body frames, which were compared to actual ope
rating conditions. Our results would allow the scientists and 
design engineers to carry out an in-depth study of this issue 
by combining various factors of destruction such as the cyclic 
sign-alternating loads on the elements of the body frame at 
variable speeds of bus movement and the evolution of atmo-
spheric and salt corrosion. The adequacy has been confirmed 
by the Fisher criterion (Fc<Ft). The absolute maximum value 
is accepted by the coefficient b1, so the factor Х1 (road micro 
profile) has a greater impact on the durability of the bus 
body, which is confirmed by the increased durability of the 
body in the experiment involving an asphalt concrete pave-
ment when loading 83 passengers (durability, 756,321 km), 
compared to the experiment involving flat paving stones 
when loading 52 passengers (durability, 640,635 km).
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