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Abstract. For example, a typical brick building is considered in the process of modeling and 
calculation of loaded deformed condition of the space system building-base-ground. The 
numerical implementation of the nonlinear problem in view of the structural destruction of 
materials by finite element method is in accordance with the developed algorithm. Crack 
propagation is presented in pattern and contour plots of stress and displacement, resulting from 
the calculation. 
Keywords: building deformation, structural collapse, stress analysis, finite elements. 

1. Introduction 

The process of modeling and calculation of loaded strained state (LSS) building-base-ground 
spatial system (BBG) consider a typical five-story brick building. The building consists of four 
sections with a total length of 60m, 12m wide, 16 m high. The material of exterior and interior 
walls is brick of grade 100 and grade 50. The thickness of the exterior walls of 0.65 m, of interior 
– 0.45 m for illustration in Fig. 1 and 2 shows the results of calculating displacements (pellet) and 
a stress intensity BBG system. 

 
Fig. 1. Movement ݑ௭ in BBG system (m) 

 
Fig. 2. Stress intensity ߪ௜ in BBG system (kg/m2) 

2. Computational experiments 

After an analysis of the results of numerical experiments using the method of sub-models [1], 
it was found that in order to achieve practical convergence, a rather coarse grid can be used for 
both movements, and stresses on the full model, specifying the decision only in the zone of 
sub-models [2]. Conducted testing program calculations using the Petch-test showed that the 
values of displacements and stresses obtained on a regular and chaotic designed grids differ 
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slightly, i.e. it is possible to trust the software system used during these calculations. 

Fig. 3. Diagram of load-bearing wall of building façade 
 
 

 
Fig. 4. Graph of relatively normal stress on 

left side wall building height  
for different sizes finite element mesh 

It is much easier to simulate load-bearing wall of the building than to model the whole building, 
so if you do not need to take into account the torsion of the object, and are interested only in a 
bend in the plane of the building, the designers usually consider only the bearing wall or wall 
fragments [1, 3]. A geometrical model of the bearing wall of 5-storey brick building in conjunction 
with the foundation is shown in Fig. 3. It takes into account all the window openings. Wall 
modeled volume is eight-node end of Solid elements [4]. Mesh nodes elements are arranged 
randomly, with concentration in the areas of its expected gradient of the unknown quantities. 

Fig. 4 shows the results of stress analysis ߪℎ as a ratio to the maximum value max ߪℎ on the 
left side wall of the building height to four meshes of finite elements: with maximum dimensions 
of finite elements 4 m, 2 m, 1 m and 0.5 m (designation FE-4, FE-2, FE-1 and FE-05), which show 
that the grid FE-1 and less natural boundary conditions are practically fulfilled, indicating the 
accuracy of the obtained numerical solutions [1, 5]. 

3. Crack propagation 

Numerical realization of a nonlinear problem in view of the structural destruction of materials 
by finite element method [6] was carried out in accordance with the developed algorithm. Painting 
crack propagation and contour plots stress and displacement resulting from the calculation are 
shown in Fig. 5. 

 
Fig. 5. Picture of crack propagation 

Nonlinear analysis taking into account the structural damage masonry material showed a 
significant difference of stress distribution in nature ߪℎ bearing wall of the building and their 
numerical values (in 1.3-2 times) from the linear analysis results and no significant differences 
(~2.5 %) in displacements kinematic exposure. 
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The inclusion of openings in the building calculation model, when calculating the spatial 
systems using the finite element method (FEM) and modern software, does not cause much 
difficulty, but it leads to a constructional complication geometric models and, consequently, high 
costs and time necessary to monitor the presence of “bad” finite elements [7]. So, naturally it is 
desirable to explore the possibility not to include windows and doors in the design scheme and 
consider their influence decline in the elastic properties of the material [8, 9]. 

Fig. 6. Move ݑ௭ in building with windows  
and doorways 

Fig. 7. ݑ௭ movements in a building with no window 
openings with given modulus of elasticity 

To analyze the spatial BBG, a system, in which buildings were considered in two versions: 
with window openings (see Figure 6), and without openings (Figure 7), was modeled. These 
figures show the results of the settlement calculation for two variants of buildings. Uniform and 
thus investigated different stiffness characteristics of the ground were primarily accepted. 

As shown by numerical experiments for a hard ground account opening has less effect on the 
building rainfall, but the difference precipitate buildings with no more than 5 %. 

These results allow the calculation of spatial settlement structures are not included in the 
calculation window and door openings, and if the calculation is carried out without the inclusion 
of the soil mass - their impact given modulus of elasticity should be taken into account. 

Fig. 8 shows the system BBG fragments isolated from the bulk problems. They show that an 
increase in the stiffness of the walls, the most loaded section down from the top floors down to 
the foundation. The maximum vertical displacement of the walls with a decrease in stiffness is 10 
times of about 2 times the value of the displacement tighter the building, but on the foundation 
base level, these movements (buildings rainfall) are aligned. Thus, this calculation also confirms 
that for the calculation of settlement superstructure cannot be included in the calculation model. 

 
Fig. 8. Distribution ݑ௭ movements in construction  

for different values of modulus of elasticity of wall material 
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Traditionally, in practice, the calculation is made on the tape base scheme of plane deformation 
of the transverse stripes on the elastic foundation [10]. To assess the possibility of using such a 
model, boundary value problems in linear formulation were solved where the simulated cross 
section of strip foundation was in the inhomogeneous elastic foundation, fixed at the lower end 
[14, 15]. The load is the weight of building. The results obtained with this task, compared with 
the results of solution volume targets and get close enough outside the influence of the edge effect 
[16]. 

When designing the building structures, completely rigid stand on the base is usually 
considered, and derived from the reaction of this calculation, used to calculate the foundation and 
the base in the form of load, which is applied on the elastic or elasto-plastic medium [10-12]. In 
order to determine how it is reasonable, weather this approach makes possible to obtain reliable 
results – nor not, two design schemes and accordingly resolved two-dimensional boundary value 
problems: the “base-soil” system under the influence of the weight load of building and BBG 
system, were considered [13]. 

Fig. 9. Settlement in the solution  
of building linear problem 

 
Fig. 10. Settlement of building, taking  

into account nonlinear behavior of subgrade 

The calculation results of movements (settlement) obtained in the linear and nonlinear 
problems, are shown in Fig. 9 and 10, respectively. Considering the complexity of subgrade 
structure and mechanical behavior, variability of the properties of real soils, in each particular case 
it is required to assess the non-project impact on the construction of analysis, which includes a 
thorough study of the physical and mechanical properties of concrete grounds [17]. 

As a result of numerical analysis of the effect of soil mass, the size of LSS on the building, the 
following ratios of the building size (ܮ௕) and the base (ܮ), at which it is possible to use different 
boundary conditions: when ܮ 0.12 < ܮ௕ and provided that the lateral surface of the soil can be 
fixed only to define movement (draft); for the analysis of the stress state of the building at ܮ < 
 ;௕ is not recommended to use the model without taking into account the lateral grouting arrayܮ 0.25
when ܮ 0.3 ≤ ܮ௕ model BBG array of soil cannot be fixed on the side surfaces. 

4. Structure reinforcement 

Consider a real hands-on experience in the application of numerical simulation methods and 
in the design of real construction projects. This should help to assess the impact of the designed 
building on the neighboring buildings, to ensure their safety, and to prevent from damage. 

In solving this problem, a computer technology has been developed, which included three tasks: 
a numerical analysis of a foundation slab project for a new building; an impact study of a new 
building on the existing one; a numerical reinforcement study of the foundations of adjacent 
buildings [20]. 
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Fig. 11. Diagram of foundation plate with elastic foundation 

In solving the first problem, the configuration of reinforced concrete foundation slab was 
specified in terms of new construction (Fig. 11) and defined load circuit acting on the plate, 
including the building weight, a layer weight of the ground height of 2 m, which lies on the field 
of fundamental plates located outside the contour of the external walls of the building and 
foundation of its own weight. 

We considered four different base layer thickness-averaged properties obtained as a result of 
a geological engineering survey. In addition to the boundary conditions in stresses, we asked the 
boundary conditions in displacements. 

According to preliminary results of the calculation scheme, concrete slab reinforcement was 
selected. The result was obtained by calculating the elastic stress distribution throughout the 
volume of the plate as well as the voltage in the armature. The maximum tensile stress on the 
lower surface of the foundation exceeded the normative strength of concrete stretching. Therefore, 
a nonlinear analysis was performed, which showed the presence of cracks in the most hazardous 
areas. The presence of cracks in reinforced concrete foundation is allowed but it is regulated by 
the width of their disclosure. The maximum calculated value of the crack opening width turned 
8 times less than the limit. The investigations led to the recommendation as a foundation for the 
new building of a monolithic reinforced concrete slab of 300 mm thick. When calculating the 
recommendations SNIP, the slab thickness was obtained as ~700 mm. 

To study the effect of the designed neighboring building according to engineering-geological 
researches mathematical dependencies, 5 layers of soil and exciting array of base dimensions of 
150×150×12.4 m were modeled. A base plate was modeled by surface elements and a uniformly 
distributed load was applied to it, which includes the building weight, foundation slab weight and 
soil layer weight of overlying areas of the foundation slab outside the contour of outer building 
walls. 

 
Fig. 12. Draft foundation of building on the right 

(in meters) 

 
Fig. 13. Effect of new building on three-story 

building 
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Fig. 14. Draft base in left upper corner of building 

(in meters) 

 
Fig. 15. Effect of new building on five-story 

building 

The results of calculation of displacements at the base of the lower edge of the foundation plate 
under the hob and in the neighboring regions, shown in Fig. 12 and 14, showed that the sediment 
base "died" at a distance of about 1.5-2.5 m from the edge of the plate and had an impact on 
neighboring buildings: three-story building, directly adjacent to the designed building and five-
story building. 

Process solutions in connection with a large volume (the system of the order of 100 thousand 
equations) were divided into two parts, i.e. impact of the expected settlement of a new building 
was considered separately in the three-story building (Fig. 13) and a five-story building (Fig. 15). 

Existing buildings, together with the foundation, were modeled with spatial 8-node finite 
elements, excluding window and door openings. 

5. Conclusions 

An analysis of the calculation results showed the need to strengthen the foundation of a three-
story building (according to the results of numerical studies, summing plate amplification was 
suggested) and the near corner of the five-story building (it was proposed to strengthen concrete 
clip of the corner). 

The results of numerical experiments in the project and the training materials were handed 
over to the construction industry and implemented in the project development at home, thus 
reducing the consumption of materials and building structures to ensure the safety of existing 
buildings. 

A numerical model of holistic structure was diacoptically dismembered on the ground part of 
the structure, foundation. Mathematical models were constructed, and software and tools were 
developed for an objective computer simulation state of stress of all parts and components 
facilities. This powerful device simulation of the dynamic state of the whole structure of the 
building under the influence of various external disturbances allows with the sufficient accuracy 
predicting the structure of the viability and ensuring the safety of the building residents. 
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