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The object of this study is the processes and 
permissible limits of aging of bus bodies on the 
frame chassis during operation.

As a result of research by simulation method,  
the durability of the bus on the frame chassis, was 
determined, which is in the range from 5 to 11 years 
depending on the operating conditions. The study 
took into account the following factors: passen-
ger occupancy, microprofile of the road, bus speed, 
corrosion. The durability of the bus depends pri-
marily on the durability of the frame and body 
frame. Since the frame is made of alloy steels and 
heat-treated, it is not repaired but replaced with  
a new one when cracks in the frame are formed.

When determining the durability of the bus 
on the frame chassis, it was found that the frame 
has 1.5–1.8 times greater durability than the body 
frame itself. This is because the frame is made of 
alloyed materials and has an open structure. The 
body frame has closed cavities, which provoke the 
development of corrosion with the accumulation of 
moisture in them.

A feature of the results is that previous studies 
considered buses only with a load-bearing body 
structure.

The issue of durability of bodies on the frame 
chassis has been considered. As experience shows, 
the durability of bus bodies on a frame chassis 
depends on many operational factors. For operat-
ing organizations and manufacturing plants, it is 
important to provide for the durability of the bus 
depending on the operating conditions. 

The results of this study will allow operating 
organizations to provide for scheduled repairs, as 
well as take measures to increase the service life of 
buses during operation. For manufacturing plants, 
the findings will make it possible to apply rational 
technologies and materials to form the service life 
of the bus body
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1. Introduction

In design practice, it is accepted that buses are rationally 
manufactured on the assembly base of truck chassis, the cha-
racteristics of which are as close as possible to the operating 
conditions of buses [1]. That is, buses are made on the basis 
of existing machine assembly kits. The larger the unification 
of a designed bus with a machine assembly kit of the freight 
chassis, the simpler the manufacturing technology. Therefore, 
buses are equipped with the maximum number of units from 
trucks: engine, transmission, front, rear axle, etc. And all 
these units are attached to the frame of the truck. Accord-
ingly, the frame is borrowed from the truck. This is how 
the bus on the frame chassis is designed. Despite a number 
of shortcomings (the larger cost of a machine assembly kit, 

an increased center of mass, the impossibility of restoring 
a hardened frame made of alloyed materials), buses on the 
frame chassis have become very popular when transporting 
passengers. A feature of the design of such buses is the use 
of the installed body frame on the frame as a superstructure. 
As a result of the operation of such a bus, the durability of  
a hardened open-type frame made of alloy steel and a frame  
of the body of a welded structure made of steel pipes of  
a closed type will inevitably differ. 

With the development of computer modeling applica-
tions [2], the calculation of the durability of bus bodies became 
possible [1]. In particular, the software package Matlab Simu-
link (USA) [2] makes it possible to generate perturbations 
from the microprofile of the road through tyres and suspen-
sion transmitted to the bus body. This became possible when  
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combined with the speed of the bus, passenger loading, corro-
sion, etc. Such applications make it possible to bring computer 
modeling as close as possible to the realities of operation.

The results of such studies are necessary in practice be-
cause operating organizations need to know the durability of 
the bus body on the frame chassis. Such research results will 
allow operating organizations to rationally and timely carry 
out restoration repairs of bus bodies. Also, such results will 
provide for the feasibility of carrying out restoration repairs 
depending on the service life. For manufacturing plants, in-
formation on the resource of the bus body on the frame chassis 
will make it possible to change the structure and use mate-
rials at the design stage. A rational option would be to equa-
lize the durability of the frame and the frame of the bus body.  
Such structural solutions will make it possible to form the 
resource of the bus at the stage of design and production.

Thus, taking into account modern methods of computer 
simulation [2] and the feasibility of conducting research, it 
becomes possible to calculate the durability of the bus on the 
frame chassis. 

2. Literature review and problem statement

In [1], the procedure was described and the durability of 
the bus body of the load-bearing structure was determined. 
However, in paper [1], no calculation of the durability of the 
bus on the frame chassis was carried out. Part of the metho-
dology of the cited work [1] is suitable for determining the 
durability of the bus body on the frame chassis since the 
main force structure of the body, described in [1], is concen-
trated in the lower part of the body but needs to be improved 
taking into account the features of the frame operation [1]. 
In [3], simulation of the bus on the frame chassis was car-
ried out when tipping to the side, which made it possible to 
determine the compliance of the bus with Rules No. 66 of 
the UNECE [4]. In [3], the bus was inspected during ope-
ration, where the deformation of the body frame racks was 
de termined. However, the degradation of the frame material 
in work [3] was not taken into account and the comparative 
calculation of the bus frame and frame was not carried out. 
In [5], the authors report a procedure of simulation for the 
compliance of the bus with Rules No. 66 of UNECE at the 
stage of certification before mass production. However, they 
do not take into account the aging of the body material and 
the bus frame during operation. In [6], the durability of 
polyurethane adhesive joints for aluminum assembly of bus 
structures is assessed. The use of such materials will increase 
the durability of bus bodies, with an increase in the cost of 
production. In paper [6], there is no information on deter-
mining the durability of buses on the frame chassis. In [7], 
the determination of the fatigue life of the structure of a low- 
floor bus during normal operation and with accelerated 
testing was carried out. In the paper, no study of the bus 
on the frame chassis was carried out since low-floor buses 
have a load-bearing and frameless body structure. In [8], the 
practical principles for assessing the fatigue resource of buses 
and trolleybuses are given. In [8], it is proposed to conduct 
laboratory tests of welded elements only of the load-bearing 
body frame. This approach [8] could subsequently be used in 
full-scale tests of the bus frame for durability. Paper [9] de-
scribes the methodology of accelerated testing of buses only 
with a load-bearing body on roads with a special coating. 
This procedure [9] involves the implementation of a number 

of full-scale experiments, which is quite expensive. The me-
thodology presented in [9] is not fully suitable for determin-
ing the resource of the bus on the frame chassis since it pro-
vides for the study of low-floor buses of load-bearing design. 
The main force structure of such a body [9] is concentrated 
in its upper part (reinforced roof). For buses on the frame 
chassis, the main force loads are perceived by the frame in 
the lower part of the bus body, which should be emphasized 
in further studies.

As a result of the review of literary data [1, 6–9] it was 
found that there are several options for determining the du-
rability of bus bodies with a load-bearing structure. However, 
no studies have been found to determine the durability of bus 
bodies on the frame chassis. Therefore, it suggests that it is 
advisable to conduct a study on assessing the durability of 
the bus body on the frame chassis.

3. The aim and objectives of the study

The aim of this study is to develop an approach to as-
sessing the durability of the bus body on the frame chassis. 
This will make it possible to assess the durability of the bus 
body not only with a load-bearing structure (a solid body 
of the «monocoque» type) but also of a bus whose body is 
built up on the frame chassis, making changes to the body 
structure at the design stage and influence durability even 
before operation. 

To accomplish the aim, the following tasks have been set:
– to improve the methodology reported in [1] to deter-

mine the durability of the bus body with a load-bearing 
structure for the possibility of conducting research of buses 
on the frame chassis; 

– to assess the durability of the bus body on the frame 
chassis using computer simulation. 

4. The study materials and methods 

The object of our study is the processes and permissible li-
mits of aging of bus bodies on the frame chassis during operation.

The main hypothesis of the study assumes that during 
the operation of the bus, the mechanical characteristics of 
its body on the frame chassis constantly deteriorate. Such  
a deterioration is associated with the accumulation of sites of 
fatigue destruction. Fatigue destruction is provoked by the 
impact of irregularities in the microprofile of the road surface 
on the body, combined with passenger loading, traffic speed, 
and corrosion. 

The body of the bus, as a dynamic system, in addition to 
disturbing and potential forces, is also exposed to resistance 
forces realized on the basis of the Lagrange equation of the 
second order [10]:

d
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T
q

T
q

P
q

F
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where k = 1, 2, ..., n; n – the number of degrees of freedom 
of a dynamical system; T – kinetic energy of the system; 
P – potential energy of the system; F – scattering func-
tion (Rayleigh function); qk is the k-th generalized coordinate.

In a previous model [1, 10], the longitudinal-angular 
vibrations Θ of the body were taken into account, which 
was necessary in determining the durability of the body with  
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a load-bearing structure. In addition, the model from [1, 10] 
provided for the calculation of the bus body with different 
loads by passengers, which led to a shift in the center of 
gravity of the bus. That caused some difficulties in accurately 
determining the center of gravity of the bus when loading the 
bus above the norm (82 passengers instead of the maximum 
allowable 52 passengers) [1]. In addition, the rear suspension 
of the bus with a body with a load-bearing structure [1] 
consists of sheet and pneumatic springs, which is required 
to compensate for the loading of the bus with a long rear 
overhang. For this type of body [1, 10] there was a need to 
take into account the longitudinal-angular vibrations of the 
bus. Unlike a bus with a load-bearing structure [1, 10], the 
bus with a frame structure has a larger rigidity and all sus-
pensions made of sheet springs. In addition, to determine the 
durability of the body on the frame chassis and compare with 
the durability of its frame, it is enough to predict durability 
with the maximum allowable load (40 passengers – without 
overload) at an average speed of 40 km/h. Given the above, 
there is no need to take into account longitudinal-angular 
vibrations when calculating the durability of the body on the 
frame chassis, which will make it possible to reduce the num-
ber of degrees of freedom and achieve more stable indicators 
of the body relative to the durability of the frame.

The proposed dynamic system has three degrees of freedom. 
Its position in space is determined by three generalized coor-
dinates q x1 = , q y2 = , q z3 = .

Vertical oscillations of sprung masses of the bus of the 
frame structure МS and unsprung masses m1 and m2 relative 
to static equilibrium without taking into account longitudi-
nal-angular oscillations are considered:

T M z m x m x

P
c x z c x z

c

S

S S

W

= ⋅ + ⋅ + ⋅( )

=
−( ) + −( ) +

+

1
2

1
2

2
1 1

2
2 2

2

1 1

2

2 2

2

   ;

11 1 1

2

2 2 2

2

1 1

2

2 21
2

y x c y x

F
k x z k x z

W

a a

−( ) + −( )












=
−( ) + −(

;

   )) +

+ −( ) + −( )




























2

1 1 1

2

2 2 2

2
k y x k y xW W

   

,

 (2)

where x, y, z – height of irregularities of the microprofile of 
the road, coordinates of movement in the vertical plane of 
unsprung and sprung masses; ka1, ka2, cS1, cS2 – coefficients of 
damping and stiffness of the elastic elements of the front and 
rear suspensions; kW1, kW2, cW1, cW2 – coefficients of damp-
ing and stiffness of the wheels of the front and rear axles;  
МS – sprung mass of the bus; m1, m2 – unsprung masses of the 
bus, respectively, front and rear axles.

Fig. 1 shows the scheme according to which the research 
was conducted.

Differentiating equation (2) yields the following:
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The obtained values of derivatives (3) to (9) are substi-
tuted into equations (1):
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Fig.	1.	Scheme	for	assessing	the	durability	of	the	bus	body	on	the	frame	chassis
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The result is:
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The system of equations (11) is reduced to the following 
form that can be implemented in Matlab Simulink (USA):
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The following parameters of the bus are the input to 
the system of equations (12): coefficients of damping and 
stiffness of the elastic elements of the front and rear suspen-
sions (ka1 = 12000 N·s/m, ka2 = 24000 N·s/m, cS1 = 450000 N/m,  
cS2 = 372000 N/m); coefficients of damping and stiffness of 
the wheels of the front and rear axles (kW1 = 27000 N·s/m, 
kW2 = 54000 N·s/m, cW1 = 470000 N/m, cW2 = 940000 N/m); 
sprung mass of the bus in the equipped state (МS = 5518 kg); 
unsprung masses of the bus, respectively, front and rear ax-
les (m1 = 328 kg, m2 = 554 kg).

Also, the necessary input to the system of equations (12) 
is to submit specific values of deviations of the microprofile 
of the road xi depending on time t. Under the front wheels are 
the road microprofile values х1(t), and under the rear wheels 
– a microprofile of the road x2(t).

The rear wheels will repeat the microprofile that the front 
wheels will have passed over time τ [10]:

τ =
+l l

Va

1 2 ,  (13)

where Va – speed of the bus movement; (Va = 40 km/h);  
l1, l2 – distance from the vertical axis of the center of mass 
of the bus to the vertical axis of the front and rear wheels; 
L = l1+l2; (l1 = 2.879 m; l2 = 1.421 m).

The impact of the road microprofile on the wheels of 
the front and rear axles is linked via the following depen-
dence [10]:

x t x t1 2( ) = +( )τ .  (14)

To transfer the bumps of the irregularities created by the 
microprofile of the road, known dependences of autocorrela-
tion functions of the road microprofile for the following types 
of road surface were used: asphalt pavement, evenly paved 
pavement, low-quality paving stones [1]. The coefficients of 
approximation of the autocorrelation functions of the micro-
profile of roads were obtained from measuring the micropro-
file of roads of the above type [1] (Table 1).

Table	1

Coefficients	of	approximation	of	autocorrelation	functions		
of	the	microprofile	of	roads	used	in	the	simulation	[1]

Road microprofile σх А1 А2 α1 α2 β2

Asphalt concrete coating 1.03 0.85 0.15 –0.2 –0.05 0.6

Paved paving stones 2.32 1 0 0.45 – –

Cobblestone of low quality 2.32 0.85 0.15 –0.5 –0.2 1

Dependences [1] are converted into the specific values of 
the microprofile x(t) using the following formula [1]:
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where ζ(t) is a discrete white noise; h – integration step; 
s – differentiation operator; А1, А2, α1, α2, β2, σх are the coef-
ficients of approximation of the autocorrelation functions of 
highways.

The corrosion cycle during the operation of the bus is de-
scribed by dependences, based on the results of the process-
ing of statistical data obtained on the basis of the operation 
of buses on real routes when transporting passengers in cities 
with different numbers of inhabitants [10]. The obtained 
dependences show the dynamics of decrease in the wall 
thickness of the pipes of the body frame ΔP> (in cities with 
more than 1 million inhabitants) and ΔP< (in cities with the 
number of inhabitants lless than 1 million) for buses depend-
ing on the mileage L. Operation shows that with a service 
life of up to two years, the body frame and frame do not rust, 
and their thickness does not change. This is due to the pre-
sence of a factory anti-corrosion coating, which is enough for  
2 years without updating. Corrosion of the frame and body 
frame begins to develop intensively. In cities with more than 
1 million inhabitants, corrosion will occur more intensively 
depending on the mileage L according to the dependence of 
the thickness change: ΔP> = 6.662·10–6⋅L+4.33. With up to 
1 million inhabitants, the thickness of the metal will vary 
according to the dependence: ΔP< = 2.856·10–6⋅L+3.57. More 
intensity of corrosion of the elements of the bus body frame 
in cities with more than 1 million inhabitants is explained by 
the amount of use of salt-sand agents against icing of roads. 
Also, with a high intensity of passenger traffic in million-plus 
cities, there is less time for washing buses and eliminating 
defects in anti-corrosion protection. As the actual operation 
shows, sometimes buses operated in million-plus cities are 
not washed for several days.

As a result of solving a system of equations (12) during 
simulation in Matlab Simulink, the values of movements z of 
the center of the sprung masses of the bus MS were obtained. 

After finding the second-order derivative from expres-
sion (12) in Matlab Simulink, the acceleration of the studied 
section zΣ  was determined. 

To determine the forces F caused by vertical movements 
of the body in the section under study, we use Newton’s 
second law:

F M zi Si
= ⋅ Σ .  (16)
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An important parameter in the study of the accumulation 
of fatigue strength of the elements of the body frame is the 
stress σі, determined from the following formula:

σi
i

CS

F
S

i

= ,  (17)

where SCSi
 – cross-sectional area of the elements of the body 

frame or frame in the section under study, m2.
Based on the obtained values of stresses σі in the stu-

died cross-section, the values of spectral density S0(ω) were 
calculated, which are used to determine the durability of the 
bus on the frame chassis in units of mileage according to the 
Rice formula [10]:

S V

A

G
m

S

a

m
m

N m

m

N
N

N

N

= ×

×
⋅ ⋅

⋅( ) ⋅ +





⋅ ( )⋅








∫

2

2
2

2 0

2 2

π

ω ω ω
ω

Δ d

,  (18)

where Va is the average speed of the bus; Δ = D  – standard 
deviation of the current values of stresses σі; D – variance; 
S S D0 ω ω( ) = ( )  – the reduced spectral density of the ac-

tion of stresses σі; G
mN +





2
2

 – gamma function; A and 

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

To assess the durability of the bus body with the help of 
simulation, a modern bus was selected on the frame chassis 
«Etalon» BAZ-A079, the necessary parameters of which 
were entered into the developed mathematical model (ente-
red into the Script file, the data of which are entered into 
the Matlab Simulink working area before starting the sim-
ulation), implemented in the software environment Matlab 
Simulink. The calculation of durability was carried out when 
simulating traffic in a million-plus city with the maximum 
technically permissible workload of passengers (40 passen-
gers), the average speed of 40 km/h, on different micropro-
files of the road surface: asphalt pavement, evenly paved 
pavement, low-quality paving stones.

5. Results of assessing the durability of the bus body  
on a frame chassis using an improved procedure

5. 1. Conceptual solutions for improving the procedure 
for determining the durability of bus bodies on a frame chassis

To improve the procedure reported in [1], which involves 
determining the durability of the body with a load-bearing 
structure, the design features of the bus on the frame chassi-
saare were taken into account. It is also important to deter-
mine the durability of both the frame and the body attached 
to the frame. For the study, one of the sections of the frame at 
the place of attachment of the body is selected, which will be 
destroyed first. As shown by many years of experience in the 
operation and repair practice of buses, such sections are lo-
cated in places that are as close as possible to the fastening of 
the bus springs and in places where the body frame fits to the 
frame. which is also confirmed by road tests [10]. Fig. 1 shows 
the distance li from the vertical axis of the center of mass of 
the bus z to the studied section, which is shown in Fig. 2.

In contrast to the methodology developed earlier [1], 
where the cross-section of the homogeneous material of the 
base frame was investigated, this study involves testing the 
cross-section of two materials with different properties (Fig. 2). 

1

2

 
Fig.	2.	The	studied	cross-section	of	the	bus	body		

on	the	frame	chassis:	1	–	frame;	2	–	body	frame	element

The studied cross-section consists of frame 1, which is 
made of alloy steel and has an open structure. As the expe-
rience of operating buses shows, unlike closed-type pipes, 
the open-type frame has a higher corrosion resistance, by 
1.5–1.7 times (1.6 is taken into account). This is due to the 
use of alloy steel and an open frame structure that is better 
ventilated and does not allow condensate to accumulate. 
Thus, the studied cross-section during simulation is divided 
into 2 elements: frame section 1 and frame section 2. As the 
real operation shows, the element of the body frame must be 
destroyed first, and then, after a certain period of operation, 
the frame is destroyed. 

Existing procedure [1] is improved by the fact that the 
calculation of durability instead of a homogeneous material 
of the studied cross-section with the same-sign corrosion 
flow according to the dependence that describes the corro-
sion process depending on the number of inhabitants in the 
city, is replaced by two different processes that occur differ-
ently for the body frame (p. 2, Fig. 2) and frame (p. 1, Fig. 2). 
In the beginning of simulation, it is assumed that elements 1 
and 2 (Fig. 2) work as a whole only with different changes in 
the cross-sectional area under the action of corrosion. After 
the destruction of element 2 of the body frame, the study 
will continue only with element 1. Procedure [1] involves 
simulation when transferring bumps from the microprofile of 
the road to the body through the front spring suspension and 
rear spring-pneuma tic suspension. The considered bus on the 
frame chassis has all the spring suspensions. Methodology [1] 
has been improved in such a way that it becomes universal 
for different types of suspensions and, with the help of simu-
lation, could be used to conduct research on buses with dif-
ferent types of suspensions. 

5. 2. Results of assessing the durability of a bus body 
on the frame chassis using computer simulation

Fig. 3 shows a simulation model in Matlab Simulink, 
based on the developed approach to assessing the durability 
of a bus body on the frame chassis, which makes it possible 
to implement the solution of a system of equations (12) in 
determining the stresses in the studied section of the frame 
and body frame. Here, at the input, equation (15) is imple-
mented using the subroutine «Subsystem 1» [1], according 
to which the coefficients of autocorrelation functions of 
highways are recalculated (Table 1) into specific values of 
deviation of inequalities according to the integration step. 
Using the subroutine «Sybsystem 2», the cross-sectional 
area of the frame and body frame is calculated, which will 
vary depending on corrosion, which depends on the mileage 
and the number of residents of the city in which the bus  
is operated.
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At the output, stress values are obtained in the 
studied section of the frame and/or frame of the «sig-
ma» body, which are displayed in the Matlab Simulink 
working area using the «To Workspace» block in the 
form of an array. Based on the data of the array, the 
reduced spectral density S0(ω) is calculated, which 
makes it possible to determine the durability of the 
body and frame using formula (18) already using the 
previously developed part of the model in Matlab 
Simulink [1, 10]. 

Fig. 4 shows the implementation of the model in 
the subroutine «Subsystem 2», which is created on 
the basis of the developed approach to assessing the 
durability of a bus body on the frame chassis and 
makes it possible to calculate the areas of the stu- 
died sections.

Fig. 4 demonstrates that the model used eear-
lier [1] is highlighted and has the name: «Calculation 
of the cross-section of body 1 frame». This model is 
supplemented with the corresponding blocks of the 
model, which made it possible to calculate the cross 
section of the frame («Calculation of the section of 
the frame») and the calculation of the cross-section 
of the body frame («Calculation of the cross-section 
of body 2 frame») both separately and the total 
cross-section of the frame with the frame. If the values 
«0» or «1» are fed to the control inputs of the model 
blocks: «Switch 3», «Switch 5» in different combina-
tions, the desired cross-section will be calculated. The 
RAMAKUZOW = 0 value and any RAMA value at 
the output «1» of the subroutine «Subsystem 2» will 
calculate the studied cross-section of the body frame. 
After the input of value RAMAKUZOW = 1 and the 
RAMA = 1 value, the output «1» of the subroutine 
«Subsystem 2» will calculate the studied section of 
the frame. The RAMAKUZOW = 1 value and the 
RAMA = 0 value at the output «1» of the subrou-
tine «Sybsystem 2» will calculate the studied total 
cross-section of the frame and body.

Thus, Fig. 3, 4 show those components of the mo-
del that have undergone changes in the development 
of an approach to assessing the durability of the bus 
body on the frame chassis.

 
Fig.	3.	Simulation	model	in	Matlab	Simulink,	based	on	the	developed	

approach	to	assessing	the	durability	of	A	bus	body		
on	the	frame	chassis

 
Fig.	4.	Implementation	of	the	subroutine	«Subsystem	2»	in	Matlab	Simulink
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At the time of simulation, the results were obtained, 
which are given in Table 2.

Table	2

Results	of	assessing	the	durability	of	the	body		
of	the	bus	«Etalon»	BAZ-A079	on	the	frame	chassis

Road microprofile
Durability of the 
body frame, km

Durability of the 
frame, km

Asphalt concrete coating 1376970 2478532

Paved paving stones 907653 1452406

Cobblestone of low quality 493452 838870

Table 1 gives the results with an average speed of 40 km/h 
and a maximum allowable load by passengers (40 passengers).

On the basis of the obtained data on the results of simula-
tion, the dependence of the durability of the body frame (on 
the frame chassis) and frame on the type of road surface (mi-
croprofile of the road) was established (Fig. 5).

Graphic dependences shown Fig. 5 confirm the dura-
bility of the bus frame in real operation, which exceeds the 
body life by about 1.5–1.8 times. When comparing with 
the actual operating conditions while buses are operated on 
roads of different quality (asphalt pavement, evenly paved 
pavement, low-quality paving stones), the durability of the 
frame does not exceed 1.5 million km, and the body under 
such conditions of operation has a durability in the range of 
750–800 thousand km. The results allow us to predict the 
durability of the bus body on the frame chassis both during 
operation (depending on operating conditions) and at the 
design stage. Therefore, it becomes possible to lay a potential 
resource by changing materials, their cross sections and anti- 
corrosion protection technologies.

6. Discussion of results of assessing the durability  
of a bus body on the frame chassis

Conceptual solutions to improve the methodology for 
determining the durability of bus bodies on the frame chassis 
allow for the study of buses not only with a load-bearing 
structure but also on the frame chassis.

As a result of our study, the durability of the bus body 
on the frame chassis with different types of road surface 
was determined. Table 1 and Fig. 3 show that the maximum 

durabi lity values will be demonstrated by the bus frame; they 
exceed the durability of the body by 1.5–1.8 times. Given 
this, our results confirm the experience of actual operation 
of buses. Such results confirm the assumption that a frame 
made of alloy steel and an open structure with better ven-
tilation will have greater durability. Conversely, the body 
frame made of steel pipes of a closed structure will corrode 
more intensively due to moisture condensation in closed 
cavities. We also have logical confirmation of the durability 
of the body frame and frame while improving the quality of 
the road surface. The higher the quality of the road surface, 
the smaller deviations will be from its microprofile, and the 
smaller bumps will be transmitted through the sprung masses 
m1 and m2 to the frame and body frame. 

In contrast to [1], where the calculation of the durabi-
lity of buses only with a load-bearing structure was carried 
out, the improved procedure makes it possible to calculate 
the durability of the bus body with a frame structure. This 
becomes possible due to taking into account the design 

features of buses on frame chassis. This study 
takes into account the geometric dimensions of 
the frame sections, its physical and mechanical 
pro perties, and the peculiarities of corrosion 
during operation. It is confirmed that with 
corrosion and fatigue destruction of the body 
frame, the intensity of fatigue destruction of 
the frame increases.

The improved methodology and the repor-
ted studies allow us to determine the durability 
of the bus on a frame chassis that simulates 
the actual operating conditions. This makes it 
possible to assess the durability of the bus for  
operating organizations and carry out schedu-
led repairs. Also, at the design stage, it is 
possible to develop new technical solutions to 
improve corrosion resistance of the body frame, 
the durability of which is still 1.5–1.8 times 
less than the frame durability. 

A rational option would be such a design of the body 
frame, the durability of which would be equal to the du-
rability of the body. Thus, the improvement of methods of 
anti-corrosion protection of the body frame at the stage of 
ddesign and periodic additional protection of its closed ca-
vities will make it possible to bring the durability of the body 
frame to the durability of the frame.

The limitation of our study is that this procedure and 
results apply only to buses on a frame chassis. There may also 
be no characteristics on the corrosion intensity of the body 
pipe frame made of other materials and with other methods 
of corrosion protection.

The disadvantages of these studies may refer to the lack 
of information on the physical and mechanical properties of 
frames that can be supplied with new machine kits of foreign 
production. It is also possible that there are no statistical 
dependences on corrosion damage to the body frame when 
using new progressive corrosion protection products. 

The development of this study may involve laboratory 
tests of new materials in order to determine their physical, 
mechanical, and resource characteristics of samples. One also 
needs to accumulate statistics on the corrosion resistance 
of bus bodies with certain improvements in corrosion pro-
tection. It would also be advisable to conduct accelerated 
tests of samples in order to determine the intensity of cor-
rosion and obtain mathematical dependences for inclusion 
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Fig.	5.	Dependences	of	durability	of	the	body	frame	and	frame		

of	the	bus	«Etalon»	BAZ-A079	on	the	type	of	road	surface
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in the simulation model. It is also possible to study in which 
an array of data on the relative deformations of the studied 
section on a specific route is obtained using portable strain 
gauge stations.

7. Conclusions

1. The methodology for determining the durability of the 
bus body with a load-bearing structure has been improved 
for the possibility of conducting research on buses with  
a frame chassis. The proposed conceptual solutions take into 
account the operation of the body frame on a frame chassis 
during simulation, which was not possible before. It takes 
into account the physical and mechanical characteristics of 
the frame, its geometric dimensions, and the dependences 
of decrease in the thickness of the frame material. This pro-
cedure to determine the durability of bus bodies on frame 
chassis makes it possible to improve the design of buses and 
positively affect their durability without conducting high-
cost full-scale resource tests.

2. The assessment of the durability of the bus body on 
a frame chassis was performed using simulation computer 
modeling, which is in the range from 5 to 11 years depending 
on the operating conditions. The following factors were taken 
into account in the study: passenger occupancy, microprofile 
of the road, the speed of the bus movement, corrosion. The 
durability of the bus depends on the durability of the frame 
and body frame. Since the frame is made of alloy steels and 
heat-treated, when cracks in the frame are formed, it is not 
repaired but replaced with a new one. It was found that the 
frame has 1.5–1.8-time larger durability than the body frame 

itself. This is explained by the fact that the frame is made of al-
loyed materials and has an open structure that provides better 
ventilation. The results of our research indicate the primary 
improvement of the anti-corrosion protection of the body 
frame in order to bring its resource closer to that of the frame.
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