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Abstract. The article analyzes the role of microcracks in fractures and evaluates the strength of solids 
in the framework of continuum mechanics concepts. It is shown that although the assessment of the 
role of microcracks in the fracture and strength of solids proposed by Griffiths was an important step, 
this approach does not take into account the dynamic role of the occurrence of microcracks and the 
relaxation nature of the absorption of the released elastic deformation energy. The involvement of the 
concepts and achievements of micromechanics of destruction in teaching the relevant topics of the 
course of physics makes it possible to acquaint pupils and students with the real problems of modern 
science and thereby increase the efficiency of the educational process. 
Key words: theoretical and real strength, microcrack, elastic deformation energy, absorption energy, 
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 The properties of resisting a solid to an external load are called strength. Strength is the most important 
physical and mechanical characteristic of solids. Despite the enormous achievements in crystal 
physics, the strength of crystalline bodies is still determined experimentally by laboratory methods.    
The calculation of the strength of crystals by means of the interaction potential of atoms (theoretical 
strength), which was made by a number of scientists, showed that it significantly (100-1000 times!) 
exceeds the real strength [1, p.13]. It was necessary to find out the reason for this discrepancy.    
Griffiths, an English scientist, attributed the reason for the decrease in real strength to the presence of 
microscopic cracks, which are present in almost all real solids [2]. It is clear that the mechanical stress 
at the tip of the microcrack is significantly higher than the average. Academician A.F.Ioffe, in 
experiments with salt crystals, showed that when etching the crystal surface (with water), the strength 
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of the crystal increases 5-7 times [3]. S.N.Zhurkov and A.P.Alexandrov experimentally showed that, 
as the diameter of the glass filaments decreases, their strength increases sharply [4].   
Thus, the calculation of the theoretical strength and its strong difference from the real strength became 
the reason for scientific research in order to find out the reason for such a discrepancy and to find ways 
to increase the strength of solids. Since the margin of safety up to the theoretical strength was quite a 
lot. These studies in the physics and technology of solid bodies have yielded two important results. 
Firstly, various methods have been developed for the production of filamentous crystals, the strength 
of which is close to theoretical. [5]. Secondly, a new theory on the strength of solids was developed, 
the thermofluctuation (kinetic) theory of the destruction of solids [6].   
Nevertheless, the kinetic theory does not deny the role of microcracks in the process of destruction of 
solids. On the contrary, in the Zhurkov-Regel scientific school, the occurrence of submicrocracks in a 
loaded body is considered as a consequence of thermal fluctuations. 
Professor Lexovsky and his students, based on an in-depth study of the origin and development of 
microcracks in polymers and polycrystalline metals in an electron microscope chamber, showed that, 
firstly, microcracks appear explosively, and secondly, their interactions have a relaxation nature almost 
until the end of the sample's life [7, 8].  
In a direct experiment using an electron microscope and statistical analysis of acoustic signals that 
occur during deformation of a fibrous composite, it is shown that: the transition from accumulation of 
dispersed defects (microcracks) to catastrophic (uncontrollable) destruction occurs where and when 
the released elastic deformation energy (when a defect occurs) cannot be absorbed by the surrounding 
volume. Such a state occurs as deformation occurs, when all channels of energy dissipation of elastic 
deformation are exhausted.    
That is, the ratio of the energy of elastic deformation, which is released in a unit of time during the 
explosive appearance of microscopic defects in a loaded body, and the ability of a solid body to absorb 
this energy determines the further fate of the loaded body. If a loaded solid is able to absorb the released 
elastic deformation energies, then the body can maintain its integrity. However, if the energy of elastic 
deformation released in a unit of time cannot be absorbed by the surrounding volume, then the body 
collapses – the destruction becomes catastrophic [9, 10].    
Due to the importance of the task of predicting the transition from dispersed to catastrophic destruction, 
the article (report) provides detailed information on the calculation of real strength and the role of 
microcracks in the process of destruction of solid bodies.   
Consider Griffiths' approach. Suppose a tensile stress σ is applied to a thin plate of a brittle solid (Fig. 
1). According to the law of conservation of energy, the work of external forces during deformation 
accumulates in the volume of the body in the form of elastic deformation energy. Let's try to calculate 
the elastic deformation energies. 
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 When deformed by Δl in a cross-sectional sample S and the modulus of elasticity Е an external force 
does the work:    

𝐴 = 𝐹∆𝑙   (1) 

Where is it 𝐹- average strength. It is clear that at the beginning 
of the deformation F=0. When deformed by Δl the external force 
will reach the maximum value of the modulus, which is equal to 
the elastic force 𝐹 = 𝐹ч . Therefore, the average force is equal 
to   

 𝐹 = 𝐹    (2) . 

Taking into account (2), we get: 𝐴 = 𝐹∆𝑙 = 𝐹∆𝑙      (3).   

On the other hand:   𝐹 = 𝜎 ∙ 𝑆     (4)  .   
 
Fig. 1 
Putting expression (4) on (3) we get the following:  

                       𝐴 = 𝜎 ∙ 𝑆∆𝑙                                      (5) 

It is known that 𝜀 =
∆

      from here: ∆𝑙 = 𝜀 ∙ 𝑙  (6) meaning ∆𝑙 in expression (6) we put on (5) and 

get:  

𝐴 = 𝑊 = 𝜎 ∙ 𝑆 ∙ ∆𝑙 = 𝜎 ∙ 𝑆 ∙ 𝜀 ∙ 𝑙 = 𝜎 ∙ 𝜀 ∙ 𝑉    (7) 

From Hooke's Law 𝜀 =      (8)  

We set the value from (8) to (7) and get the formulas for the elastic 
deformation energy:  

            𝑊 = 𝜎 ∙ ∙ 𝑉 = ∙ 𝑉                         (9) 

       
Hence the energy density of elastic deformation (𝜔 ):   

                               𝜔 = =                             (10) 

Suppose, under the influence of external mechanical stress, a microcrack of length l occurs in the 
sample, which covers the entire thickness of the sample 𝛿 . As a result of the occurrence of a crack 
inside the sample,  
free surface  𝑆 ≈ 2𝑙 ∙ 𝛿           
This leads to an increase in the energy of the sample by ∆𝑊 = 2𝑙 ∙ 𝛿 ∙ 𝛼 (11)  . Where here α the 
energy of the free surface. On the other hand, as a result 
the occurrence of a crack in the volume of the sample 𝑉 = 𝑙 ∙ 𝛿 it is released from mechanical stress. 
As a result, the elastic deformation energy of the sample decreases in quantity   
                 ∆𝑊 = 𝑙 𝛿 ∙ 𝜎 /(2𝐸)    (12) 
Changing the energy of the sample ∆𝑊 as a result of the formation of a crack:          
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          ∆𝑊 = 2𝑙 ∙ 𝛿 ∙ 𝛼 − 𝑙 𝛿 ∙     (13) 

   
Figure 2 shows the dependence of energy on the crack length. This 
dependence has a maximum where the energy derivative of the length 
is zero.  

= 2𝛿 ∙ 𝛼 − 𝑙 ∙ 𝛿 ∙ = 0                            (14) 

    The length of the crack corresponding to the maximum is denoted by lk . From the last expression 
we get:      𝑙 = 2𝛼 ∙ 𝐸/𝜎       (15)   

Setting the values of the values α, Е and 𝜎 for a copper crystal (𝛼 ≈
, Љ

м
; 𝐸 = 1,2 ∙ 10 Па  и 𝜎р =

1,8 ∙ 10 Па ) in formula (15) we get:   𝑙 ≈ 10 · 10 м [11].  
Therefore, when a microcrack occurs, the value  ~10мкм, the destruction becomes irreversible.    

 
From Fig.2 at 𝑙 ≤ 𝑙  , an increase in the crack length leads to 
an increase in energy. By 𝑙 ≥ 𝑙   As the crack length increases, 
the energy of the sample decreases (the principle of minimum 
energy). This leads to a spontaneous increase in the crack, 
which leads to catastrophic destruction.  
 
Fig. 2 
Using (15), Griffiths obtained an expression for calculating the 
real strength of solids, assuming that solids almost always have 
microcracks: 

    𝜎њ = (2𝛼𝐸/𝑙) /    
 (16) 
Although Griffiths' theory was a serious step to explain the difference between the theoretical and real 
strength of solids, however, this theory does not take into account the role of thermal motion of atoms 
and the dynamic nature of the occurrence of microcracks in loaded bodies. Indeed, the energy of elastic 
deformation, which is released during the explosive occurrence of microcracks in a loaded body, is an 
important factor that can significantly affect the development of the fracture process.   
For filamentous crystals and glass fibers with high strength, the appearance of a single accidental 
microcrack leads to macro-destruction of the sample. In the case of plastic materials, this transition is 
quite slow. The creation of an adequate theory predicting the transition from dispersed microfractures 
to catastrophic destruction requires taking into account not only the size of microcracks appearing in 
the volume of the loaded body, but also the power ratio of the elastic deformation energy and energy 
absorption of the material.  Using the concepts of micromechanics of destruction in teaching the 
relevant topics of the physics course allows students to familiarize students with the real problems of 
solid state physics and thereby increase the effectiveness of the educational process. 
 



18 
 
 

 
 
 

References 
1. Kelly A. High-strength materials. –M.: Mir, 1976, - 262 p. 
2. Griffith A.A. The phenomena of rupture and flow in solids.//Phil.Trans. Roy.Soc. Ser.A, 1920, 
v.221, pp.163-198.  
3. Ioffe A.F. Physics of crystals. – M-L.: Gosizdat, 1929, -192 p. 
4. Aleksandrov A.P., Zhurkov S.N. The phenomenon of brittle rupture. 1933, -51 p. 
5. Monocrystalline fibers and materials reinforced with them. /translation from English edited by A.T. 
Tumanova. – M.: Mir, 1973, - 464 p. 
6. Regel V.R., Slutsker A.I., Tomashchevsky E.E. Kinetic nature of the strength of solids. – M.: Nauka, 
1974, - 560 p. 
7. Leksovsky A.M., Abdumanov A. et al. The influence of the released energy of elastic deformation 
of broken fibers and the energy intensity of the system on the development of destruction of composite 
materials. //Mechanics of composite materials, 1984, No. 6, pp. 1004-1010. 
8. Leksowskij A.M., Tishkin A.P., Abdumanonov A. Acoustic emission characterization of fracture 
of fiber reinforced materials. // Proc. 13-th Intern. Acoustic Emission Simposium. – Nara, Japan, 1996, 
pp. 34-40.  
9. Leksowskij A.M. Microcreck, damage and fracture of solids //Proc.Intern. conf. Mesomechanics. – 
Tel Aviv: 1998, p.78.  
10. Leksovsky A.M., Abdumanov A.A., Baskin B.L., Tishkin A.P. Acoustic emission analysis of the 
influence of temperature and strain rate on the process of correlated formation of cracks on the scale 
of a structural element. // Solid State Physics (RF), 2013, volume 55, issue 12, pp. 2392-2397. 
11. Epifanov G.I. Physics of Solid State. – M.: Higher School, 1977, -288 p. 
 


