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Abstract: 

The object of research is the module of deformation of a composite material during bending under 
force and medium load. Method. Mathematical modeling of the rheological model. Results. The 
relationship between the determination of the long-term strength of a compressed wood bar and the 
deformation of structures with the simultaneous manifestation of power and environmental resistance is 
established. Equations are written for determining the long-term modulus of deformation of wood, 
considering the influence of importance based on processing the results of the experiment. Using 
different values measured in bending tests, deflections and deformations associated with the deformation 
characteristics of the structure material under various stress-strain states, analytical dependencies were 
obtained that can be used in the calculations of timber structures. 

1 Introduction 

Various rheological models are used to analyze the long-term strength and stability of wooden 
structures when assessing their strength resistance. They differ in the degree of accuracy, the number 
of various factors considered, the level of efficiency when applied for practical purposes, etc. At the same 
time, there are no design models and experimental data that allow analyzing the deformation of wood 
structures with the simultaneous manifestation of force and environmental resistance. 

Considering a certain difficulty in solving such a problem, it is necessary to create the simplest 
rheological models of the change in the deformation and strength parameters of wood in time, which 
make it possible to obtain simple analytical expressions for the criteria of the long-term strength of 
structural elements made of wood. 

The relative deficit of the current value of the studied coefficient of non-equilibrium strength 
resistance of a tree is described by a certain function that is invariant with respect to all physical and 
mechanical characteristics of this material: R, E, 1/s, etc. 

The aim of the work is to formulate an equation for nonlinear creep of tree species at various values 
of moisture content. 
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2 Materials and Methods 

To construct a criterion for the strength of wood, we use a rheological model of material 
deformation, consisting of two series-connected elements. The first element (element 0) is described by 
the used physical deformation model (Fig. 1), the second corresponds to the Kelvin-Voigt model [1, 2]. 
In accordance with this model, the limiting value of the principal linear deformation wood (or the intensity 
of shear deformation G*) it’s limiting value εult: 

0 1ult  = +  (1) 

Where ε0 is deformations corresponding to element 0 of the used physical deformation model [3] 
(see Fig. 1), characterizing the process of short-term (“instant”) loading, ε1 is deformations corresponding 
to the Kelvin-Voigt model [4-9] connected in series with element 0. 

When using the presented criterion of wood strength, the determining equation of its long-term 
strength at σ = const is written in the form: 

(1 1 ) (1 exp( )) ultt
R E

 
   − − +  − −  =  (2) 

Where the first term corresponds to the approximation of the timber work diagram under short-term 
loading by a square parabola. Equation (2) makes it possible to find either the long-term strength of wood 
σ at a given critical time t=t short-term, or directly define t short-term, otherwise t short-term at a given value σ. 

In the event that, under active loading, the stress increases according to an arbitrary law with time 
σ = σ (t), the value ε1 depending on Equation (1) is determined by the expression: 

1

1
0

t
t tK e e dt  − −=     (3) 

In (2) and (3) Е1 and К are respectively, the linear modulus of deformation and the modulus of 
viscous resistance of the Kelvin-Voigt model, ω=E1/K. Using the above analytical dependences, it is 
possible to determine the long-term strength of a compressed wood rod. For this, at σ = const from 
equation (3) we find the value ε1: 

1

1

(1 )te
E


 −=  −  (4) 

Since the problem under consideration deals with the long-term strength of wood, instead of 
stresses σ it is necessary to take σult. When approximating the nonlinear dependence of the 
instantaneous (short-term) deformation by a square parabola, the stress σ is determined from the 
expression [10]: 

0 (1 1 )ult

ult
R


 =  − −  (5) 

Where: 

0

2
ult

R

E



=   

E0 is initial modulus of elasticity of wood, corresponding point σ=0. Calculations accepted 
Е1=0.75∙Е0 is the ratio was adopted in the formation of a mathematical model considering the 
experimental data of E.A. Kvasnikov [11, 12]. 

Value ω can be found from the analysis of the experimental data of E.A. Kvasnikov, using the 
following ratio: 

* 10 *
( )nE n t

K n n
 −= =   (6) 

Where n is relaxation time; n* is coefficient characterizing the nonlinearity of viscous resistance. 
Meaning n and n* accepted according to experimental data. 

3 Results and Discussion 

For a quantitative analysis of the long-term strength of a wooden compressed rod, we transform 
dependence (4) as follows. Let's substitute into this dependence the value t=∞ and value Е1=0.75∙Е0. 
Then, denoting: 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


This publication is licensed under a CC BY-NC 4.0 
 

 

Bulgakov A., Dubrakova K., Kvasnikova A., Antoshkin V., Kotlyarskaya I.  
The module of deformation of a composite material during bending under force and medium load;  
2022; AlfaBuild; 25 Article No 2506. doi: 10.57728/ALF.25.6 

0

2
ult

R

E



=   

And 

ult
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Then the expression (4) takes the form: 

1
1.5

ult ult 



=  (7) 

Substituting (5) and (7) into expression (1), a quadratic equation for φult is obtained, and then σult 

will be determined (8,9): 
2

1
2.25

ult

ult

R 
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 −
 (9) 

where σult is long-term ultimate strength of wood, R is design compression re-sistance of wood, t is 
load application time. 

The direct use of the equation of the mechanical state of a material in solving problems of loading 
and environmental impact is usually not realized due to its cum-bersomeness. For practical use, it is 
convenient to take the expressions for the long-term deformation modulus [13]: 

0

0

( )
( , )

( , )
long

t
E t t

t t




=  (10) 

where σ(t) is stresses acting at time t; ε(t0,t) is relative deformation at the time of observation t, set 
taking into account the effect of the age of the material, its aging properties, the mode and duration of 
loading. 

Assuming that the value of deformations in the area of linear creep of wood at σ = const can be 
determined in accordance with the proposal of Yu.M. Ivanova [14]: 

0,21

0( ) ( ) (1 )t t b t =  +   (11) 

where the parameter b depends on the moisture content of the wood (w) and is defined as: 
210

0.735 0.02086
b

w

−

=
− 

 (12) 

The formula for determining the long-term modulus of deformation of wood (10), taking into account 
the influence of importance, can be written as: 
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(13) 

Calculation of the structure for the second group of limiting states requires knowledge of the value 
of the elastic modulus (deformation modulus) of the material [15]. The value of the modulus of elasticity 
can be determined for different types of deformations. 

The deflections and deformations measured during bending tests are related to the deformation 
characteristics of the structure material (elastic and shear modulus – Ех and Gxy) by analytical 
dependences, the accuracy of which is determined by the underlying hypotheses. 

The modulus of elasticity of wood can be determined by the value of the deflec-tion from the load 
during bending tests with a loading scheme with two concentrated loads in the span [16]. The advantages 
of this method include a close to homogeneous stress state in the area between concentrated forces. 
Shear deformations occurring in the area of action of the shearing force increase the deflection of the 
structure, which leads to errors in determining the value of the modulus of elasticity [17]. The influence 
of shear deformations can be eliminated by measuring the deflection only in the areabetween the 
concentrated forces (Fig. 1). 
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a 

 
b 

Fig. 1 - The design of the beam (a) and the design scheme (b) of its testing  

In the general case of loading a bending element with two concentrated loads, the maximum 
deflection can be determined using the dependence [18-20]: 

* (1 )f f S= +  (14) 

where f* is deflection without regard to shear [17]; S is a function that considers the effect of shear 
on the deflection of the structure [21]. 

Deflection f* is determined according to the rules of structural mechanics, which is allowed, 
considering the linear work of the material of the structure up to destruction. 

Function S, considering the effect of shifts, can be determined by Mohr's method, built on the 
principle of virtual work [22-25]. Its value is equal to: 

2

0 28

x
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Ek h
S

G l
=     (15) 

where k is coefficient considering the scheme of application of loads; μ0 is section shape factor (for 
rectangular section μ0=1.2). 

When loading a beam at two points, the deflection, considering the effect of shear and 
environmental loading, is determined: 

– in the middle of the span: 
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 (16) 

– at the place of load application: 
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4 Conclusions 

As a result of scientific research, equations of nonlinear creep of wood species at various values 
of moisture were derived. These equations can be used in further calculations of timber structures. 
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