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ANALYSIS OF CRACK RESISTANCE OF SOME MATERIALS UNDER 

THREE-POINT FLEXURAL TEST CONDITIONS 

 

Abstract: The three-point flexural test process was simulated to analyze the crack resistance of plastic mineral 

mixture (brick), concrete, gray cast iron and S7 tool steel. Damage to deformed samples from plastic mineral mixture 

and concrete is almost the same in intensity and volume and is observed in the direction of the bend line. Metallic 

samples are characterized by the greatest deflection at the site of the load and a lower intensity of damage, which 

does not lead to complete destruction of material. S7 tool steel has the greatest crack resistance. 
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Introduction 

The three-point flexural test is a procedure for 

loading a prepared sample on special equipment to 

determine the value of elastic modulus during 

bending, bending stress, bending deformation, the 

reaction of material to bending stress and fracture 

toughness [1]. Concrete, gray cast iron, ceramics, tool 

steel and other materials are subjected to three-point 

flexural test. The mechanics of destruction of these 

materials after the three-point flexural test was 

investigated experimentally in the works [2-10]. 

In laboratory conditions, the three-point flexural 

test is carried out on the universal testing machine 

when a variable load is applied to the surface of the 

sample which free from fixation. Deformation 

(bending) of material is possible by basing the sample 

on two supporting pins located at a given distance 

from each other. The study of fracture toughness 

occurs during cyclic loading of the sample with a 

notch with measurement of the length of resulting 

crack. 

However, real three-point flexural tests cannot 

always be implemented due to limitations in the 

preparation of the technological process (production 

and quality of samples, duration of the process, etc.). 

In this case, the use of software products for 

engineering analysis makes it possible to eliminate 

these shortcomings of laboratory tests. By specifying 

various functions in the dialog boxes of specialized 

Comsol Multiphysics software modules, it is possible 

to simulate the three-point flexural test process of 

samples made of various materials presented in the 

material library or to create a material with the 

necessary properties. Thus, it is possible to carry out 

the three-point flexural test without the use of 

laboratory equipment and physical samples in a short 

time. The tools of post-processor visualization of the 

results allow us to make a full-fledged analysis of the 

mechanical properties and mechanics of fracture 

(crack formation) of deformed samples. 

Thus, in this article, the mechanics of destruction 

of four materials under the conditions of the simulated 

three-point flexural test will be demonstrated for the 

comparative analysis. 

 

Materials and methods 

The three-point flexural test of rectangular 

shaped samples was carried out in the Comsol 

Multiphysics software. The rectangle model on the 

plane was mounted on supporting pins and a variable 

load was applied to the opposite face by an indenter. 

The load was applied until cracks formed, leading to 

the subsequent destruction of the sample model. The 

following metallic and non-metallic materials were 

examined: plastic mineral mixture, concrete, gray cast 

iron and S7 tool steel. The material properties of the 

sample models are presented in the Table 1. 

 

Table 1. Material properties. 

 

Parameter 
Material 

Plastic mineral mixture Concrete Grey cast iron S7 tool steel 

Density, kg/m³ 2000 2300 7000 7833 

Young's modulus, Pa 17×109 25×109 140×109 207×109 

Poisson's ratio 0.2 0.2 0.25 0.29 

Tensile strength, Pa 3500000 3500000 300000000 670000000 

 

The volume of the sample model, which is most 

subject to deformation, had a fine grid of finite 

elements to obtain more accurate calculation results. 

The loading time of all models of samples was 2 s. 

 

Results and discussion 

The simulation results are presented in the Fig. 

1. The figure on the left shows deformed samples after 

loading. The color contours indicate the volumes of 

material that have been damaged during bending. The 

color of the contour characterizes the intensity of 

damage: blue is the minimum and red is the 

maximum. The figure on the right shows the 

dependencies of deflections of samples on the applied 

load. 

The nature of deformation and damage of 

samples from plastic mineral mixture and concrete is 

almost the same. Intense damage to materials is 

observed along the bending line of the sample. The 

volume of material indicated in red is the volume 

damaged by 100%. It is assumed that these samples 

will be destroyed along the line of action of the load. 

The greatest strain is 0.06. Differences in the applied 

loads and deflection values of samples were also 

noted. The calculated values of the applied load on the 

sample obtained by the implicit gradient are greater by 

1.0 kN than by the crack band. The process of 

applying the load when calculating the implicit 

gradient lasted 0.5 s less, so the deflection values of 

samples differ. The von Mises stress of these materials 

has both positive and negative values. 

The intensity of deformation and damage of 

metal samples is almost the same. The distribution of 

damage in the sample made of gray cast iron occurs 

by about 25% of the total volume. This is twice as 

much as that of the sample made of S7 tool steel. 

Damage to materials after application of the load is 

27%. There are practically no discrepancies in the 

calculated values of deflection of metallic samples. 

The formation of cracks in samples made of gray cast 
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iron and S7 tool steel occurs at 525-740 kN and 730-

1000 kN, respectively. 

 

A 

 
Damage 

 

B 

 
Damage 

 

C 

 
Damage 

 

D 

 
Damage 

 

Figure 1 – Contours of damage to samples during bending and the dependencies of deflection of the sample 

on the applied load: plastic mineral mixture (A); concrete (B); grey cast iron (C); S7 tool steel (D). 

 

Conclusion 

The three-point flexural test and the comparison 

of the destruction nature of the sample in the deformed 

state were performed for four materials. Under 

bending load conditions, samples made of plastic 

mineral mixture and concrete have lower strength and 

are subject to fracture along the action line of the load. 

Negative values of the von Mises stress calculated for 

these materials indicate cyclic loading of studied 

samples. Samples made of metallic materials may be 

subjected to higher loads. The deflection value of 

metallic samples before destruction is 2.5 times 

greater than the deflection value of samples made of 

plastic mineral mixture and concrete. However, such 

a deformed state of metallic samples does not lead to 

complete destruction of material in the loaded zone. 

S7 tool steel has the greatest crack resistance. 
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