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Abstract. One of the main issues in block design is the prediction of 
possible areas of crack formation and their further spread. In structural 
elements, one of the possible places of crack formation is stress 
concentrators, because, under an external load, significant local stresses 
arise in the cross-sections of such parts, which can lead to their destruction. 
This article discusses possible ways to refine the section to reduce the 
stress concentration in places of a sharp change in the section of the block. 
After modeling the distribution of the main stresses in the section in the 

Abaqus program, it was revealed that with a radius of rounding at the inner 
corners of the block cells, the maximum values of the main tensile stresses 
decrease significantly, as does their distribution zone. At the same time, the 
maximum values of the main compressive stresses increase slightly, and 
their distribution area increases significantly. 

1 Introduction 

One of the stages in the modern design of structures for various purposes is the forecast of 

their strength, endurance and reliability, taking into accounts the hydrogeological 

conditions and hydrophysical soil properties of the construction territory [1, 2]. In 

particular, during this process, potential places of formation and further growth of cracks 

are analyzed, since they lead to the destruction of the designed objects. 

In the general case, many structural elements have sharp transitions and cutouts that 

disrupt their smooth geometry and create a significant concentration of stresses. Under the 
action of an external load, significant local stresses arise in the cross-sections of such parts, 

which can lead to their destruction. In [3-15], various methods for modeling crack 

formation are considered, both using manual calculations and using software systems using 

the finite element method. 
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In [4], a theoretical study of a crack by the Vickers index is carried out and two finite 

element models are developed, one of which is based on fracture mechanics, and the second 

on tensile stress criteria. Article [5] is devoted to the mechanism of cracking in blocks in 

asphalt pavements. It presents the results of identifying the causes of cracking of a three-

dimensional model of a block subjected to thermal stress. In [6], a new Python-based 

numerical tool is described and tested that implements the Sequential Linear Analysis 

(SLA) procedure, which can call Abaqus FEM software. The adaptability of crack detection 

models was considered in [7]. The authors of the article test the neural network on two 

separate sets of image data of cracks in concrete and asphalt and offer three methods of 

adapting the network to increase the accuracy of detection of cracks. In [8], the stages of 

developing an effective numerical method based on a model of a fiber-optic column for 
predicting the nonlinear development of crack widths in composite beams are presented. In 

[9], a new approach is proposed for modeling the mechanism of crack formation based on 

the study of the cohesive zone model (CZM). The authors of [10] develop a model of crack 

growth for calculating the fatigue characteristics of samples. The article [11] describes the 

reasons for the inaccuracy of the structural state control (SHM) method, such as damage 

geometry, location of sensors, and boundary conditions that allow the authors to solve this 

problem by using the updated Gaussian process (GP) measurement model in the framework 

of fracture prediction Based PF. The study [12] is devoted to the method of large-scale 

mechanical crack growth based on the parametric finite element submodel. The authors of 

[13] devoted an article to the experimental and numerical study of masonry beams 

reinforced externally using fiberglass reinforced strips (GFRP). For this study, finite 

element analysis (FE) was used taking into account the Drucker-Prager criterion, which was 
carried out using ABAQUS to predict the ultimate bearing capacity and the failure mode of 

masonry beams. In [14], an experimental program was conducted to study the mechanical 

behavior of masonry elements made of concrete and natural sisal fibers using the ABAQUS 

software package. The study [15] presented a numerical study of composite walls made of 

reinforced concrete structures using the ABAQUS universal finite element program (FE). 

The authors of articles [16-18] give a calculation of the construction work by the finite 

element method. In [16], bending plates are calculated using the Reisner theory using the 

finite element method. The method is based on the fundamental principles of minimum 

additional energy and possible displacements. The study [17] presented a mixed variation 

formulation of static and dynamic problems for thin-walled beams, as well as a comparison 

of the numerical results of mixed and classical finite element methods. In [18], the finite-
element method was used to study the behavior of crack propagation in a sandwich-foam 

plate and to obtain the corresponding crack growth paths from the criterion of fracture 

mechanics. 

Articles [19-20] present methods for optimizing stress concentrators in sections of 

structural parts. So, the authors of [19] achieved a reduction in weight and stress 

concentration without the need to repeat the generation of the numerical model by rounding 

the corners of the structural bracket. In the article [20], using the example of a cantilever 

beam and a structural bracket, the role of shape optimization in optimizing section stress 

concentrators is considered. 

In [21-26], methods for calculating structures in work processes using software systems, 

including Abaqus, and estimation of calculations of software systems are presented. The 

article [21] presents the function of predicting fatigue for Abaqus, which allows predicting 
fatigue based on the results of the analysis of Abaqus FE. The authors of [22] provide 

detailed data on numerical models that were used to predict the performance of two well-

equipped walls with wrapped surfaces 3.6 m high, provide physical test data that can be 

used to compare other numerical models, and highlight lessons learned during development 

models, and determine reasonable expectations of the accuracy of numerical models for 
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models of similar complexity. In the study [23], the behavior of concrete beams after 

tension is studied using finite element analysis using the ABAQUS software. Article [24] is 

devoted to the analysis of transient thermal stresses to simulate the general shrinkage 

deformation of high-strength concrete (HSC) and high-strength concrete reinforced with 

steel fiber (SFRHSC) by. In [25], nonlinear finite element analysis and integral modeling 

were carried out based on tests of the horizontal cyclic load of four hollow stone walls with 

various built-in structural schemes. The authors of [26], using a new tensile test for 

separation, established a correlation between the functional signatures of the formwork 

surface and its tendency to adhere to the concrete. In the sources cited, various cases of 

crack formation and stress concentration processes are considered, however, so far, the 

topic of crack formation in cellular blocks of non-removable formwork of this kind is 
unsolved. 

This article discusses possible ways to refine the section to reduce the stress 

concentration in places of a sharp change in the section of the block. 

2 Materials and methods 

In this article, the simulation of the occurrence and distribution of main stresses in a section 

of an expanded clay cell block of fixed formwork when a load of 15 MPa is applied to it is 

conducted in the Abaqus software package using the finite element method (μ = 0.2; E = 

23·109 Pa). In a previous study [3], it was revealed that, due to smoother geometry, the 

stress concentration in the places of a sharp change in the section of the block decreased. 

Based on this, as one of the possible options for enhancing the section, it was proposed to 
round the inner corners of the block cells. However, the issue of identifying the smallest 

rounding radius of the internal corners, which can significantly reduce both the stress 

concentration and material consumption, is still relevant. Therefore, stress distributions 

were simulated in 5 sections of the block with rounding radius of the internal corners 15, 

20, 25, 30, 35 mm, respectively (Fig. 1). 

 
 

Fig. 1. The original version of the sectional block of fixed formwork. Top view and possible rounding 
radius of the internal corners of the block cells. 

In the simulation, sections of the concentration of dangerous stresses were analyzed, and 
the nature of their propagation and their magnitude were examined. Then, based on these 

parameters, it was predicted whether the modified block would collapse or not. 

3 Results and discussion 

To compare the results, all data is summarized in one table (Table 1). For clarity, the 

resulting stress values are compared by the absolute deviation from the initial value of the 

unfinished section of the block (Fig. 2). 
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Table 1. Maximum main compressive and tensile stresses in the section of the block 

 

Fig. 2. Absolute deviation of the values of the maximum main compressive and tensile stresses from 
the initial values. 

Thus, because of the appearance of the rounding radius, the values of the maximum 

main tensile stresses decreased by 85% with a radius of 15 mm and then decreased with an 

increasing radius. At the same time, the values of compressive stresses increased by 8% 

with a radius of 15 mm and then decreased with an increasing radius of rounding. Also, a 

comparison should be made of the distribution regions of the main tensile stresses in the 

section of the block. All cases are collected in Fig. 3. Thus, as the rounding radius 

increases, the distribution areas of the main tensile stresses and their values decrease. 

 
 

Maximum main stresses 

The radius of 

rounding, mm 
Tensile, МПа 

Absolute 

deviation from 

the initial value, 

% 

Compressive, 

МPa 

Absolute 

deviation from 

the initial value, 

% 

15 0.04118 85% 1.925 -8% 

20 0.03417 87% 1.891 -6% 

25 0.03219 88% 1.857 -4% 

30 0.02842 89% 1.826 -3% 

35 0.02224 92% 1.797 -1% 

Without 
rounding [3] 

0.27 - 1.78 - 
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Fig. 3. The distribution of main tensile stresses over the cross-section of the block with different 
rounding radiuses. 

4 Conclusions 

With an increasing radius of rounding, areas of the main tensile stresses and their values in 

these areas decrease. The values of the maximum main tensile stresses decrease 

significantly with an increasing radius of rounding. So, with a minimum radius, their values 

decreased by 85% compared with the unfinished block. However, with a further increase in 
the radius of rounding, the stress values decrease slightly and with an increase in the radius 

from 15 to 35 mm, their values decrease by only 7%. 

The values of the maximum main compressive stresses increased. So, with a minimum 

rounding radius of 15 mm, the values increased by 8%. However, with a further increase in 

the radius, the absolute deviation from the initial value decreases and with a radius of 35 

  
The distribution of tensile stresses over the 

cross-section of the block with R=15 mm 

The distribution of tensile stresses over the 

cross-section of the block with R=20 mm 

  
The distribution of tensile stresses over the 

cross-section of the block with R=25 mm 

The distribution of tensile stresses over the 

cross-section of the block with R=30 mm 

 
The distribution of tensile stresses over the cross-section of the block with R=35 mm 
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mm it reaches only 1%. The optimal rounding radius is 15 mm because it allows you to get 

the lowest values of the maximum main tensile stresses with the lowest material cost. A 

new unit with a modified cross-section with a radius of rounding of 15 mm, will withstand 

the applied load. 
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