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EFFECT OF ORIENTATIONAL STRENGTHENING OF POLYMERIC MATERIAL ON 

MECHANICAL PROPERTIES OF PRODUCTS 

 

The research deals with the problem of mathematical modeling of bending of polymeric beams. 

Polymeric materials today play a leading role in the manufacture of various parts in all industries. In 

this connection it is important to determine the characteristics of such products and predict their 

behavior in various conditions.  Mechanical properties of the strengthened polymeric parts do not meet 

Hooke's law; therefore, the problem of the determination of their stress and strain state cannot be 

solved by classical methods of strength of materials and theory of elasticity. It is difficult to predict 

behavior of strengthened polymeric parts under loading, so it is important to evolve the method for 

calculation stress and deformation in most frequently occurring situation such as bending. Aim: The 

purpose of the research is to obtain a mathematical model that describes stress and strain in bending 

doubly-supported beams made of polymeric materials. Materials and Methods: Experimental research 

of bending doubly-supported beams was performed using samples of hardened high-density 

polyethylene according to the standard method of static bending test for plastics. Originality: The 

mathematical model of bending of polymeric beam under load force applied to its middle section is 

evolved.  The mathematical model describes the dependence of stress and strain on the loading force at 

bending of solid and hollow polymeric beams. The expressions for calculating stress occurring in the 

material of the beam and its deformation are obtained. Results: Experimental studies have confirmed 

the correctness of the developed mathematical model which allows offering the obtained analytical 

expressions for calculation plastic parts for strength and rigidity. The results can be used in the design 

of structural elements of machines and appliances, products of light industry. 
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Problem statement. Various parts manufactured from polymeric materials are being wieldy used in 

contemporary science and engineering. One of the most effective methods of increasing the strength of 

polymeric parts is to provide orientation of their structure in the direction of loading. In the process of injection 

molding a high degree of orientation of polymer structure can be provided by solidification of the melt during its 

flow. 

Analysis of recent research and publications. Mechanical properties of the strengthened polymeric parts 

do not meet Hooke's law; therefore, the problem of the determination of their stress and strain state cannot be 

solved by classical methods of strength of materials and theory of elasticity [1–7]. Thus, to predict behavior of 

strengthened polymeric parts under loading it is important to evolve the method for calculation stress and 

deformation in most frequently occurring situation such as bending. 

Aim of the research. The purpose of the research is to obtain a mathematical model that describes stress 

and strain in bending doubly-supported beams made of polymeric materials. Experimental research of bending 

doubly-supported beams was performed using samples of hardened high-density polyethylene according to the 

standard method of static bending test for plastics. 

Statement of the material. Let us make use of the known connection function between deformation and 

stress in polymeric materials [8]: 

 

 E
m
 , (1) 

 

where   – normal tension in cross-section; 

m  – exponent which varies from 0.6 to 1 (when 1m  the body has the elastic properties); 

Е  – modulus of elasticity of the material sample; 

  – relative elongation of a sample. 

Consider pure bending of a beam for which the bending moment is [9]: 

 

MzdA

A

 , (2) 

 

where M  – the bending moment; 

z  – the distance from the neutral axis; 

dA  – an element of cross-sectional area. 

Relative elongation of a beam’s fiber is [9]: 
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where r  – the radius of the bend. 

From (1) follows: 
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Substituting (3) into (4) we obtain: 
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Substituting (5) into (2) we get: 
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Let us rewrite (6) as: 
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Let us denote the integral in (7) as: 
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In view of (7) and (8), we have: 
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To determine the stress transform (5) to the form: 
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Substituting (10) into (9) we get: 
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or 



m

m

Mz
I

1

 . 

(12) 

Integral (8) for beams of rectangular cross-section can be represented as: 
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(13) 

 

To determine the deformation transform (9) to the form: 
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For small deformations of the beam it can be considered that [6]: 
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Substituting (15) into (14) we get: 
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Consider deformation of a beam which is loaded according to the scheme discussed in [10] (Fig. 1). 
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Fig. 1. Scheme of the beam’s deformation 

 

In this case, we can write two equations for the bending moment [10]: 
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Integrating equation (17), we get: 
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If the force is applied in the middle of the beam at 
2

l
x   the angle of rotation beam’s axis will be 0

dx

dy
. 

From this condition, according to (19) we define the constant of integration C : 
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Substituting (20) into (19), we get: 
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From (21) the angle of rotation of beam’s axis is determined as: 
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Integrating (21), we get: 
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Deflection of the beam at 0x  will be 0y . From this condition, according to (23) we find the value of 

the constant 
1C : 

01 C . (24) 

After substituting (24) into (23), we get: 
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From (25) we define the beam’s deflection: 
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If the force is applied in the middle of the beam, at 
2
lbax   the maximum deflection will also be in 

this place and can be determined from (26): 
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(27) 

The maximum angle of rotation of beam’s axis will be at 0x  and can be determined from (22): 
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To verify the analytical dependences the experiments on stretching and bending of beams from strengthened 

polyethylene of low density were performed. 

To determine the parameters of equation (1), let us logarithm its left and right parts: 

  )lg(lg  E
m

 . (29) 

Let us transform (29) to the form: 

)lg()log()lg(  mE  . (30) 

The values of parameters E  and m  can be determined from the dependence (30). 

As a result of the conducted experiments on stretching the regression equation was obtained in the form: 

7679,9)lg(0768,1)lg(   . (31) 

From the equation (31) the values of the parameters E  and m  were determined: 4,8
10E N / m2; 1,1m . 

Based on experimental data registered at bending samples with a length of 70 mm and a square cross-

section 6 by 6 mm the regression equation was obtained: 
28-4

max 107.099101,329 PPy  . (32) 

Figure 2 shows graphs calculated by analytical formula (27) and the experimental regression equation (32). 

The discrepancy between analytical (27) and experimental (32) dependencies does not exceed 10 %. 

 
Fig. 2. Dependence of beam’s maximum deflection on load: 

1 – analytical; 2 – experimental 

 

Results and recommendations for further research. The mathematical model of bending of polymeric 

beam under load force applied to its middle section is evolved. The expressions for calculating stress occurring 

in the material of the beam and its deformation are obtained. Experimental studies have confirmed the 

correctness of the developed mathematical model which allows offering the obtained analytical expressions for 

calculation plastic parts for strength and rigidity. 
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