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Abstract. Natural and synthetic rubber (elastomeric materials) are used for fabrication of vibration dampers, shock 

absorbers, seismic isolation, bearing seals, compensation devices. These elements are applied both in machine 

manufacturing and in civil engineering. Elastomers absorb input energy much better than other construction 

materials and this fact gives them many engineering advantages. The disadvantages of elastomeric materials are 

ageing, accumulation of damage, i.e. changing the mechanical properties over time and lowering their operational 

capability. The durability of rubber elements under cyclic loading is determined according to various criteria: 

thermodynamic process of damage, energy damage criterion, entropic damage criterion, engineering damage 

criterion, dissipative damage criterion. Experiments show that the nature of the destruction process is 

unidirectional and irreversible. Deformation is accompanied by dissipative heating, which is also facilitated by 

low thermal conductivity of rubber. To calculate the durability of rubber parts, a large amount of experimental 

data is required, which is currently insufficient. In this paper, the dissipative damage criterion is considered, which 

allows determining the limiting number of loading cycles at a given operating temperature and damage parameter. 

The destruction occurs when the concentration of broken molecular bonds reaches a certain critical level, the 

numerical value of which is constant of the material. This value is called the damage parameter, which is a constant 

value for a given material, empirically determined. In addition, it is necessary to know the dynamic shear modulus 

of the material and the relative deformation of the element. Such approach allows to correctly appoint the grade 

of rubber for anti-vibration devices at the design stage.  

Keywords: rubber, cyclic loading, heating, ageing, damage parameter, durability. 

1. Introduction 

Natural and synthetic rubber is widely used in machine manufacturing, shipbuilding, civil 

engineering for fabrication of different parts, such as compensating devices, vibration dampers, shock 

absorbers, bearings, joint hinges etc. [1; 2]. 

Rubbers, as elastomeric materials, are hereditary-elastic media, i.e. such media, which are 

characterized by the presence of a significant part of the viscous component, memory of previous 

actions, instability of physical and mechanical properties over time (aging effects), dependence on the 

loading mode, influence of the external environment, presence of large dissipation, temperature of 

dissipative heating, etc. Such features of the mechanics of deformation and fracture of hereditary-elastic 

media determine the choice of their fracture criteria [2-5].  

Since rubber parts of machines usually work under impulsive load, alternating-sign load, periodical 

and non-periodical high-frequency load, usual fracture criteria (first of all, permissible stresses (σ) and 

permissible deformations (ε)) turned out to be acceptable for particular cases and mainly under static 

loading. With long-term cyclic loads, they actually turned out to be unusable. In this paper we consider 

calculation of hereditary-elastic media using the durability criteria. To determine the durability of rubber 

elements during their cyclic loading, it is necessary to have experimental information. Durability is 

determined by various criteria: thermodynamic process of destruction, energy criterion of destruction, 

entropy criterion of destruction, criterion of destruction by damage, engineering criterions of 

destruction, dissipative fracture criterion [6-10].  

The carried out experimental studies of the phenomenon of destruction of materials made it possible 

to establish a number of its general laws. First of all, attention is drawn to the unidirectional and 

irreversible nature of the destruction process, according to which it should be characterized not only by 

the current values of the defining parameters, but also by the entire previous history of these parameters 

changes. The initial defects in the material, structural failure are distributed over the volume of the body 

in a random way, determining the statistical character of the phenomenon. The dispersion of the 

experimental data when testing “identical” samples confirms the statistical nature of fracture. 

Experimental information on the process of destruction of various materials indicates the existence of 

two stages in it.  

At the first stage, called local destruction, there is accumulation of all kinds of structural 

disturbance, defects in the material. This stage ends when a macroscopic crack is formed in the body by 
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fusion of a part of micro-damages. The second stage of destruction, called global destruction or macro-

destruction, consists in propagation of the formed macrocrack and ends with breaking of the body into 

parts [7]. 

The destruction of rubbers also has a number of specific laws inherent only to these materials. First 

of all, it is significant dissipative heating accompanying the deformation of the samples. The temperature 

in the samples can reach critical values, at which intense thermal destruction of the material occurs 

[9; 11]. 

To a certain extent, the low thermal conductivity of rubbers also contributes to significant heating 

of the samples. As a result, the need to take into account the thermal effects in the destruction of rubbers 

is obvious [10-12].  

The listed features of the phenomenon of destruction of rubbers require an integrated approach for 

its satisfactory description. However, this approach has not yet been developed. The approach based on 

the synthesis of the thermodynamics of irreversible processes and the continuous media mechanics is 

also quite conform to a satisfactory description of this phenomenon and an understanding of its essence. 

Taking into account that the first and second laws of thermodynamics lead to a number of general 

relations, it may be concluded that the process of destruction must obey them [7]. 

The simplest and at the same time quite reliable method for determining the rubber service life at 

alternating stress is estimation of the self-heating temperature, that is, each certain self-heating 

temperature corresponds to a certain service life. For some brands of elastomers such dependencies have 

been experimentally established and tabulated [10]. Such experiments take a long time. 

In research works of recent years, mainly experimental methods for determining the durability of 

cutting of new samples of standard shape are presented, the results of which are difficult to use, since 

the shape of the part and the methods of its fastening sharply affect the operation of rubber [11-14]. 

Therefore, testing of specific work pieces is also necessary. 

A lot of works pay attention to calculation of the durability of rubber elements by the finite element 

method using computer programs. The difficulty lies in creating a material model, so when using 

programs, such as ANSYS, CATTIA, Endurca, the error is from 20%. to 40% [15; 16]. 

In this paper calculation of the fatigue life based on experiments for some types of rubbers and 

calculation of the fatigue life based on the dissipative criterion are considered, the theoretical 

background of the calculation and the results of experiments are shown. 

2. Materials and methods 

2.1. Fatique lifetime calculation based on experimental data 

For the fatigue durability of natural and synthetic rubbers estimation of their testing has been carried 

out at the Scientific Research Institute VNIIMASHRAN in Moscow during many years [10]. Based on 

numerous experiments on the effect of cyclic loads on rubber vibration isolators, the following 

dependence was established for a number of cycles N * until destruction: 
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where Wp– specific work of destruction of the material, MNm·m-3; 

 W – specific potential energy, MNm·m-3; 

 n – design coefficient. 

The specific work of destruction of the material is determined as 
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where W1 and W2 – tabular data, presented below in Table 1 [10]; 

 T – operating temperature, ºC. 
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Table 1 

Table of design parameters 

Rubber brand  8157 8164 8470 8508 8871 10429 1008 

W1, MNm·m-3 33.2 34.3 46.1 37.7 46.4 58.9 92.8 

W2, deg-1 0.0128 0.0128 0.0180 0.0227 0.0261 0.0260 0.0890 

n 2.890. 3.22 2.76 3.41 2.94 3.64 3.62 

2.2. Dissipative damage criterion for lifetime evaluation 

Within the framework of the thermodynamic approach to describing the destruction of rubber, it is 

possible to create a different criterion of destruction. As a complete set of thermodynamic parameters 

we choose {ε; T; p(t)}, where εij is the strain tensor, i,j = 1,2,3; p(t) is the function of material damage. 

In thermodynamics of continuous media, the functions of the internal energy U and entropy S are used. 

Besides them, it is convenient to introduce more functions of the state of the system: the function of 

density of the free energy f and the function of internal dissipation [1; 7]: 

 ,TSUf −=   (3) 

and the internal dissipation function D defined by the expression: 

 .TSfD ijij
 −−=     (4) 

Using the local form of the first law of thermodynamics for the case under consideration, we have: 

 ,qdivrU ijij


 −+=     (5) 

where  r – power of internal heat sources J·s-1; 

 q


 
– vector of the heat flux, J. 

The relation representing the equation of conservation of energy in terms of entropy and internal 

dissipation may be obtained taking into account (3) and (4):  

 .qdivrDST
 −+=   (6) 

On the other hand, since S = S (εij, T, p) it may be written: 
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Combining it with (6), we come to equality: 
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in which we set the following approximations: 
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where  1 and 
1

ij  – established constants. 

Let us consider the case of an isothermal destruction process, which is common in practice. In this 

case, the amount of heat produced by internal sources is completely dissipated into the environment, 

and the body temperature remains stationary. The equation (8) for the isothermal process may be 

simplified and written in the form: 

 .
1 1

1 ijijpD
T
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Averaging it over the deformation cycle, we get: 
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 if the rubber element deformed by the law  

 .sin0 tijij  =   

The equation (11) is a kinetic equation for the damage parameter, which may be used to construct 

the damage criterion. We assume that destruction of the system occurs, when the concentration of broken 

molecular bonds of rubber reaches a certain critical level ∆pkr, the numerical value of which is constant 

of the material: 
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Substituting the expression (12) into (13), we obtain the destruction condition: 
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Based on definition (4), the internal dissipation function may be concretized as follows: 

 ,
1

1

ijijD 


=    (15) 

where  γ1 = const.  

Taking into account (15), the destruction condition (14) will be written as: 
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After integration we finally get 
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where  k1 = α1γ1. 

Here the new empirical constant k1 is introduced, which is a characteristic of rubber as a material 

and does not depend on the type of the element structure and on the type of deformation. 

Hence, the limiting number of cycles to destruction is equal: 
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The loss factor (energy absorption coefficient) Ψ is the ratio of the energy irreversibly absorbed by 

the body during one deformation cycle to the body’s potential energy corresponding to the deformation 

amplitude during the same cycle. This value is determined for each brand of rubber and is tabulated 

along with other physical and mechanical properties of elastomeric materials.  

 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 26.-28.05.2021. 

 

1180 

3. Results and discussion 

3.1. Fatigue lifetime calculation based on experimental data 

To illustrate based on the experimental data method for determining the fatigue durability with 

accordance to equations (1) and (2), plots of dependence of cycle numbers on the specific energy till 

50 kNm·m-3 for several rubber brands are presented in Fig.1 for the working temperature + 25 ºC. If the 

environment temperature changes, the number of cycles before failure is also changed.  

Plots of dependence of cycle numbers on the working temperature for specific potential energy 

15 kNm·m-3 are shown in Fig.2. Such diagrams are visual and convenient for preliminary selection of a 

rubber grade for a given number of cycles.  

 

Fig. 1. Plot of dependence of number of cycles on specific potential energy  

of vibro-absorber under working temperature 25 ºC 

   

Fig. 2. Plot of dependence of cycle number of vibro-absorber on working  

temperature for specific potential energy W = 0.015 MJ·m-3  

3.2. Dissipative damage criterion for lifetime evaluation 

The examples of application of the method, based on this criterion, are given below. The considered 

anti - vibration damper is a rubber – metal block (BRM), consisting of rubber solid in the form of a 

rectangular prism and connected with two metal plates. The drawing of the block is shown in Fig. 3, the 

dimensions of the considered blocks BRM102 and BRM103 are given in Table 2. Rubber brand 51-

1562 is applied for block fabrication. Such rubber-metal blocks are used as the main elastic link in 

vibrating conveyors, screening conveyors, vibrating mills, vibrating feeders and so on. These blocks can 

take periodic load with a frequency up to 500 Hz.  

Uniaxial compression in the normal to metal plate direction is considered; the relative strain does 

not exceed 20%, i.e. the stress = strain relationship remains linear. In order to calculate the number of 

cycles in accordance with equation (18), it is necessary to calculate the selfheating temperature of the 

element under the action of a cyclic compressive load. For this purpose, the heat balance equation may 
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be simplified for the case of vibration motion, as it is shown in [10], and may be solved approximately, 

assuming that almost 80 - 90% of the dissipated energy is converted into heat.  

 

 

Fig. 3. Testing sample of BRM rubber vibro-absorber:  

1 – metal plate; 2 – rubber prism 

Table 2 

Dimensions of testing vibro-absorbers 

 L, m B, m H, m l, m l1, m b, m h, m Δ, m 

BRM102 0.28 0.10 0.06 0.20 0.24 0.05 0.05 0.005 

BRM103 0.40 0.10. 0.06 0.32 0.36 0.05 0.05 0.005 

BRM104 0.48 0.12 0.06 0.40 0.44 0.05 0.05 0.005 

The energy dissipation function in unit volume per unit time irreversibly transforming into heat may 

be calculated as average energy over the entire volume: 
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where Wav – energy dissipation function, W·m-3; 

 ω – angular velocity, s-1. n = ω/2π, Hz;  

 P – amplitude of the compression force, N; 

 Δ0 – initial compressive deformation, m;  

 ε0 – initial relative compressive deformation; 

 V – rubber element volume, V = Blh, m3. 

 kst – stiffness factor of the rubber block depending on its dimensions. 

Taking into account that heat removal through free side surfaces of the BRM block is insignificant 

in comparison with heat removal through metal surfaces due to the small heat transfer coefficient at the 

rubber – air interface, it may be neglected. Assuming that 80% of the dissipated energy transfers into 

heat, and also assuming that in the initial state the temperature inside the entire element is the same, self 

– heating temperature is the same during operation, we can obtain the following expression for 

determining the maximal temperature inside the element in its center:  
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where Ѳmax– maximal self-heating temperature, °C; 

 λ – coefficient of thermal conductivity, W·m-1·deg-1; 

 H2 – heat transfer coefficients at the rubber – metal interface, m-1. 

Substituting formulas (19) and (20) into equation (18), we obtain the cycle number dependence on 

the relative deformation during compression (until the local destruction):  
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For BRM103 the parameter values in this equation are as follows: instant shear modulus 

G0 = 0.85  Pa, loss factor ψ = 0.16, k1 = 2.7·10-16 N·m·K-1, ∆pkr = 3.64·1025 m-3, λ = 0.293W·m-1·deg-1, 
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H2 = 5240 m-1, kst = 6.6. Plots of dependence of the maximal self-heating temperature and the number 

of working cycles on relative deformation for frequencies 5, 25, 50 and 100 Hz are presented in Fig. 4.  

  

Fig. 4. Plots of dependence of maximal temperature and cycle numbers  

on relative deformation for frequencies 5, 25, 50 and 100 Hz 

It was experimentally established for a batch of BRM103 blocks, working under compression with 

frequency 25 Hz and ε0 = 0.12, that the limiting cycle number is 2.3·109. The analytical result for this 

condition is 2.85·109 cycles (see Fig. 4), the difference is 24%; the received analytical results may be 

considered as satisfactory. The difference may be explained by the fact that heating of rubber during 

operation leads to a change in the mechanical properties of the elastomeric material – the deformation 

modulus G0 and the absorption coefficient ψ: G0 may increase by 25% and ψ may decrease by 20% [17 

- 19]. These changes have not a large effect on the durability, but they influence the working efficiency 

of elastomers, that is, their damping ability. In the above example the changed characteristics are taken 

for calculation. Initial characteristics for rubber 51-1562 without fillers are G0 = 0.7 MPa and ψ = 0.17; 

the maximal self-heating temperature should not exceed 80 = 90 ºC; the total operating time should not 

exceed 27000 - 30000 hours, since approximately after this limit destruction of rubber 51-1562 begins 

[19]. Working time for the analytically received number of cycles is 31600 hours; the experimental 

working time is 25600 hours, for this time G0 = 0.84 MPa and ψ = 0.14 [19].  

In the next example we consider three elements BRM102, BRM103 and BRM104 working under 

compression with the frequency 25 Hz. The difference will be only in the stiffness factor of blocks, 

which is equal 6.1, 6.6 and 7.6, respectively. In Fig. 5 plots of dependence of the cycle numbers on 

relative deformation for elements BRM102, BRM103 and BRM104 are shown; for these blocks the 

same relative deformation is caused by different forces. 

   

Fig. 5. Plots of dependence of maximal temperature and cycle numbers  

on relative deformation for BRM102, BRM103  

and BRM104 for frequency 25 Hz 

It is seen from the equation (19) that the dissipation energy linearly depends on the vibration 

frequency, the maximal temperature linearly depends on the dissipation energy, and the cycle numbers 

linearly depend on the maximal temperature, hence, the number of cycles linearly depends on the 

vibration frequency. This fact was experimentally shown in [20] without a theoretical background. 

Using the same approach, the operation of the BRM block under uniaxial shear may be estimated.  
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Conclusions 

1. The work presents two approaches to determining the rubber durability - experimental and 

analytical. The analytical method, based on dissipative damage criteria, is very convenient for pre-

setting the size of the elastomeric element for an anti-vibration device; it allows to check all aspects 

of element’s operation. It is shown on the example of uniaxial cyclic compression of a rubber prism. 

2. The lifetime of the vibro-isolation rubber element depends not only on the elastomeric material 

properties, but also on the loading conditions and on the form and construction of the anti-vibration 

device. 

3. Work under cyclic loading causes heat generation in rubber and changing of its physical and 

mechanical properties: the modulus of elasticity increases, the absorption coefficient decreases. 

4. Frequency of deformation linearly influences the cycle numbers: they increase with increasing the 

frequency, but the total operation time should not exceed a certain value. 

5. The fatigue life estimation procedure, based on the dissipative damage criterion proposed in this 

work, may be successfully used for the fatigue design of rubber components at the early design 

stage. 
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