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Abstract  The known theory and experience of 

energy-saving architecture allow solving the article’s task 

and ensuring sufficient insolation, passive solar heating, 

and occupants contact with nature through semi-basement 

windows. The goal is a full-fledged use of the 

semi-basement space achieved for seismically active 

regions with a moderate, cold, and hot climate by ensuring 

the normative seismic-resistance, energy-efficiency, and 

microclimate of the building and preventing influence of 

thermal bridges and mold growth. The set of 

recommendations also covers the provision of the required 

sanitary-hygienic conditions in the semi-basement rooms. 

The multidisciplinary problem is solved by integrating the 

methodologies of various fields of science. By means of 

numerical investigations, it established that the soil 

adjacent to the semi-basement foundation wall increases 

the thermal mass and building envelope heat-protection 

capacity. The isotherms and the intensity of heat fluxes 

made it possible to eliminate the effect of thermal bridges 

that interact with the soil and outside air. The expedient 

thickness and width of the additional layer of thermal 

insulation of thermal bridge zones in excess of the 

normative layer of the enclosure’s thermal insulation were 

established. The graphical dependence of the wall's inner 

corner temperature from this width allows selecting the 

microclimate level. A multilateral contribution to building 

improvement is derived from a single-family home 

example: comfortable microclimate conditions have been 

created in the semi-basement for placing main rooms there; 

energy savings for heating this space is 16-20%; saving of 

monolithic frame and foundation concrete is 10-12% 

ensuring the higher than normative building 

seismic-resistance.  

Keywords  Semi-Basement Rooms, 

Seismic-Resistance, Energy-Efficiency, Microclimate, 

External Enclosures, Thermal Bridges, Isotherms, Mold 

Growth 
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1. Introduction 

In all regions with cold, hot climates and high 

seismicity, the building enclosure constructions must have 

reliable thermal protection and high strength. The 

basement and semi-basement spaces of such buildings are 

often created using monolithic concrete foundation 

structures. In practice, such basement spaces are used only 

as ancillary rooms due to the low heat protection 

capabilities of the external enclosures. Accordingly, the 

year-round thermal microclimate in these rooms does not 

meet the normative requirements for the main premises of 

the building. 

The authors found that heating the basement rooms is 

inadvisable, on the one hand, because of the high 

consumption of thermal energy, and on the other hand, it 

is difficult to achieve the standard microclimate 

parameters due to low temperatures on the inner surfaces 

of the enclosures. This state of affairs is because there are 

no scientifically substantiated solutions for these 

problems. 

In work [1] it is noted that improving the energy 

efficiency of buildings can be achieved by multifactorial 

consideration and creation of its energy saving 

architecture. The year-round thermal "behavior" of the 

building is considered depending on the daily and 

long-term interaction of the building with the dynamic 

renewable energy of the environment and incoming solar 

radiation. At the same time, the choice of an appropriate 

location, volume, shape, size, orientation, and level of 

thermal protection of both the building as a whole and its 

individual rooms and enclosures is achieved. 

Decisions should be made on the basis of a 

multidisciplinary approach, an imitative mathematical 

model of the building [1] and the results of field studies 

[2,3] carried out in the existing building by means of 

non-contact hourly and daily temperature measurements 

on the internal and external surfaces of external walls and 

windows. In particular, the author [1] notes the energy 

advantage of joining individual external enclosures and 

premises of the building to the foundation soil. 

It has been established [4] that the level of energy 

efficiency and the internal microclimate of a building 

significantly increase with the implementation of 

scientifically based measures to reduce the negative effect 

of thermal bridges in external enclosures. In a residential 

building, it is beneficial to use the semi-basement space to 

accommodate the main rooms when creating regulatory 

parameters of the thermal inner microclimate. 

The authors of work [5] came to a similar conclusion 

that the use of the underground space of hospitals has 

significant advantages. Accommodation of rooms in the 

basement for patients and staff allows for the reduction of 

land area for the construction of the building. It is noted 

that a stable temperature and a low level of external noise 

input are observed inside of such rooms.  

The author of [1] found that the greater the thermal mass 

of the external and internal enclosures of the room, the 

lower the daily and seasonal parameter fluctuations of the 

internal microclimate. In an unheated basement, there are 

[6] also significant heat losses of from pipelines of water 

heating and hot water supply systems. Special studies have 

shown that a higher thermal mass of the enclosures allows 

the reduction of heat and cold consumption [7] when 

heating and cooling a building. These scientific 

conclusions serve as the basis for the practical use of the 

semi-basement. 

Its concrete walls also serve as a seismic-resistant 

foundation for the building. Some parts of these walls are 

adjacent to the surrounding ground, which greatly 

enhances the overall effect of the thermal mass of the 

premises. It is fairly noted [7] that in the "underground" 

space people experience an uncomfortable feeling. 

However, using techniques of energy-saving architecture 

[1], these and other obstacles can be solved. In particular, 

in semi-basement rooms, a sufficient level of insolation, 

passive solar heating, and daylight is easily ensured, as 

well as a pleasant visual contact of people with the natural 

environment.  

The article [8] presents the results of energy retrofitting 

of a typical residential building in different climatic zones 

in order to reduce the level of energy consumption and 

discomfort in the premises. For these purposes, the 

building's thermal protection has been improved by means 

of feasible and optimized modernization. Optimization of 

thermal behavior and energy efficiency of buildings has 

been achieved for each climatic zone. The overall potential 

for improved thermal comfort and energy savings is 

determined relative to reference conditions. 

It should be noted that reducing building energy 

consumption due to energy-saving architecture [1], 

managing buildings thermal comfort [9], and increasing 

their energy efficiency [4] can reduce greenhouse gas 

emissions into the atmosphere in order to slow down the 

rate of planetary climate change. The solution to this 

problem is relevant and important for individual low-rise 

residential buildings. This is also due to the fact that the 

number of such buildings is large, since most of the 

population lives in similar houses, both in the two 

countries under consideration, and in many other countries 

with similar seismic, climatic and other conditions.  

Numerous such buildings in mountainous areas are in 

dire need of improving their energy efficiency, indoor 

microclimate and seismic resistance. The solution to this 

multidisciplinary problem is further complicated by the 

fact that imperfect structures of external enclosures cause a 

violation of sanitary-hygienic conditions in buildings due 

to the appearance of mold on internal surfaces covered with 

hygroscopic materials. 

In articles [1, 4, 10], various practical recommendations 

are proposed to prevent the growth of mold caused by the 
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negative effect of architectural and structural thermal 

bridges. The work [4] for the first time provides a 

theoretically substantiated definition of thermal bridges 

and their classification that is presented as architectural, 

structural, and exploitative thermal bridges. 

The authors of [11] considered the calculation methods 

of determining the period of appearance or absence of mold 

and condensation of air moisture on the inner surface of the 

enclosures. The features of the specific rooms, enclosures, 

and outdoor climatic conditions are taken into account. 

The authors of work [12] have developed practical 

recommendations for improving the energy efficiency of 

individual external enclosures. In article [13], additional 

thermal insulation of the zone of thermal bridges in the 

brick external walls of individual residential buildings is 

proposed. Such a constructive solution is recommended to 

be used [13] for buildings in 28 settlements of Kyrgyzstan 

and 21 in Tajikistan, covering a wide range of climate and 

seismicity indicators in construction areas: Degree-days 

from 1282 C°·day of the normative heating period (Yavan 

station, Tajikistan) to 7834C°·day (Taragai station, 

Kyrgyzstan) with seismicity of the area of 7, 8, and 9 points 

on the MSK-64 scale. 

2. Materials and Methods 

This article discusses the multidisciplinary task of 

ensuring the normative levels of energy efficiency and 

microclimate of the semi-basement of a seismic-resistant 

residential building while preventing the effect of thermal 

bridges in external enclosures and mold growth on their 

internal surfaces. The materials of the building as an 

object of study are ordinary concrete, reinforced concrete, 

cement-sand mortar, burnt brick, and typical materials for 

waterproofing and thermal insulation. 

 

Figure 1.  The exterior of a seismic-resistant brick residential building (2, 

Bakhoriston St., Khujand, Tajikistan) 

Preferably the case of the construction of a building, 

where a seismic-resistant reinforced concrete frame is 

constructed first, followed by masonry brick infill, which 

allows free deformation of the frame during an earthquake. 

In practice, there is a second, less technologically 

advanced construction method of a building (Figure 1), 

where the erected brick walls are used for the sequential 

pouring of a monolithic seismic-resistant reinforced 

concrete frame.  

In this case, the desired free deformation of the 

monolithic reinforced concrete frame is limited due to the 

rigid connection of the brick walls to it. Considering these 

circumstances, the article adopted for research the more 

acceptable first case for a building's construction, with the 

main geometric indicators, including dimensions 12 m x 8 

m in the plan, of the example of a building in Figure 1.  

The building has a brick-filled monolithic reinforced 

concrete frame and a concrete foundation serving as the 

external wall of the semi-basement rooms. For 

consideration, data taken were the seismicity of the 

construction area at 7, 8 and 9 points on the MSK 64 scale, 

various climatic conditions, 4 types of soil with standard 

structural properties and moisture content at a low 

groundwater level.  

Numerical investigation methods are taken as the basis 

for studying the tasks with the usage of software packages. 

Software package «LiraSAPR 2016» was used to 

calculate the seismic resistance of the building. The 

software package «ArchiCAD 23» allowed providing the 

required parameters of a comfortable microclimate in the 

semi-basement rooms. 

Calculations and graphical representations of 

two-dimensional temperature distribution as isotherms on 

the cross-sections of enclosures and building frame 

elements have been carried out. The temperature values 

on the interior surfaces of the enclosures, especially on the 

corner zones, formed the basis for the development of 

practical recommendations for ensuring the normative 

microclimate level. 

Practical measures are proposed to prevent the negative 

thermal effect of thermal bridges, which causes low 

temperatures and mold growth on the inner surfaces of 

enclosures. Figure 2 shows a photo of mold on the inner 

surface of the corner floor area of semi-basement rooms 

with concrete external walls. 

 

Figure 2.  Photo of mold on the inner surfaces of the corner zone of the 

semi-basement floor 

As can be seen, mold growth is observed even on 



134 Full-Fledged Use of Semi-Basement Space by Building Seismic-Resistance, Energy-Efficiency, Microclimate and   

Preventing Influences of Thermal Bridges and Mold Growth 

 

surfaces remote from the corner, since in this building the 

concrete walls had insufficient thermal protection. The 

consumption of heat energy for space heating the rooms 

was calculated using the «VALTEC» calculation program. 

It allows finding the local values of heat losses through 

the elements of external enclosures. Based on such 

calculations, the level of energy efficiency of the 

developed design solutions was determined.  

It is known that at an air temperature in a room of about 

20 °C, the heat losses of the human body occur by 

convection, radiation, evaporation of moisture and thermal 

conductivity. When a person is in a calm state, about half 

of the total heat losses are losses by radiation depending 

mainly on the average temperature of surfaces facing the 

interior. Accordingly, in order to improve the conditions 

of the thermal microclimate of the room, it is efficient to 

increase this temperature. For this reason, the difference 

Δt between the temperature on the external wall’s inner 

surfaces and the air temperature in the room must be 

lower than 4 °C by norms SNiP KR 23-01-2013 "Thermal 

protection of buildings" of Kyrgyzstan (The authors E. 

Boronbaev and A. Abdyldaeva are members of the 

development team of this national code). 

On the mentioned fundamental scientific and practical 

basis, it has been established that one of the main tasks of 

this article is to increase the temperatures on the inner 

surfaces of the external enclosures of the semi-basement 

space 

3. Results 

3.1. Results on Seismic Resistance 

The stress-strain state of the building under the 

simultaneous action of static and dynamic loads is 

considered. 

The calculation was carried out by the finite element 

method using the "LiraSAPR 2016" software package. 

The calculation takes into account the masses of the 

building elements and live loads as well as the horizontal 

and vertical ground pressure on the basement walls. For 

dynamic loads, seismic forces Sik are taken into account. 

The seismicity of the construction area is 9 points on the 

MSK-64 scale with the sand soil category. A general view 

of the design model of the building is shown in Figure 3. 

 

Figure 3.  The design model of the residential building shown in Figure 

1 

For the wall, concrete of class B15 was adopted with an 

elastic modulus of E = 2.350.000 t/m2, and for columns 

and crossbars, concrete of class B 25 with E = 3.060.000 

t/m2. The loads from self-supporting walls in the form of 

brickwork with a width of 380 mm are taken into account. 

As option I the existing building (according to Figure 1) is 

considered with a concrete wall thickness of 400 mm and 

a cross-section size of columns and crossbars of 380 mm 

x380 mm. The calculation of the seismic resistance of this 

option I showed that these geometrical indicators are 

much higher than the required ones. This leads not only to 

overconsumption of concrete, but also enhances the 

negative thermal effect of thermal bridges. On the basis of 

calculations of the seismic resistance of the building, 

option II was proposed for further consideration. The 

recommended thickness of the concrete wall is 360 mm 

and the cross-sectional dimensions of the columns and 

girders of 340 mm x 340 mm. For this option, Figure 4 

shows the results of calculating the deformations δx, and δy 

in the X and Y directions. 

It can be seen that the lower zones of the wall have a 

slight displacement due to the pressure of the mass of the 

adjacent soil. The estimated maximum displacement of 

the top points of the concrete wall in the X-direction is 

about 0.74 mm and in the Y-direction is about 0.96 mm. 
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Figure 4.  Displacements of concrete semi-basement walls and a reinforced concrete building frame by static and seismic loads: (A) displacements 

along the "X" axis; (B) displacements along the "Y" axis. 

Table 1.  The calculations results of seismic resistance of a concrete wall and frame of the existing and proposed building 

Indicators 
Displacements, δх and δy, mm 

Of the semi-basement walls 

top point 

Of the reinforced concrete frame 

top point 

Options 
Wall thickness,  

mm 

Dimensions of frame 

elements, mm δх δy δх δy 

I 0,69 0,82 0,69 0,82 23 (fu=33) 27 (fu =33) 

II 0,74 0,96 0,74 0,96 27 (fu=33) 30 (fu =33) 

 

The largest span of internal crossbars is L = 6 m. 

According to code SP 20.13330.2011 [14], the vertical 

deflection of such crossbars under the influence of 

constant and long-term loads should not exceed the limit 

value fu = (1/200)·L = 0.03 m. Corresponding calculations 

have established that with an assumed cross-section of 

340 mm x 340 mm of these crossbars, their vertical 

deflection, firstly, under the influence of total static loads 

is only 16.7 mm; secondly, under the influence of the 

reference vertical seismic loads Sik, determined according 
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to code SP 14.13330.2018 [15], is – 5.59 mm. Therefore, 

the accepted contraction of the crossbars satisfies the 

second limit state (serviceability) condition. 

3.2. Results on Energy Efficiency and Microclimate 

To solve the provided research problem, the 

two-dimensional temperature fields of the cross-sections 

of the elements of external enclosures and the adjacent 

isotropic soil mass were considered using the «ArchiCAD 

23» software package. The isotherms and the intensity of 

heat fluxes results made it possible to eliminate the effect 

of thermal bridges that interact with the soil and outside 

air. 

A construction site was accepted for the Khujand city 

(Tajikistan) with a seismicity of 9 points, with dry sand 

(with a thermal conductivity coefficient λ = 0.06 W/m·K), 

with a groundwater level below the base of the foundation, 

the design temperature of the outside air –13.3 °C. 

In local practice, many low-rise buildings are used 

without thermal insulation on the external walls. 

Sometimes the layers of thermal insulation are taken with 

a thickness that is much less than the required one, and 

even without calculations. Often, basements are not 

thermal insulated at all. This is also due to the local 

circumstance where technological experience and 

materials that are suitable for concrete external walls are 

not available, especially in those parts that are adjacent to 

the base soil. It is necessary to substantiate the expediency 

of placing the main premises of a residential building on a 

semi-basement at reference internal air temperature for a 

cold period of 20°C. 

The structural features of the external walls of the 

existing building (see Figure 1) are shown in Figure 5A. 

 

Temperatures on main surfaces: ts – of a floor; ta – of a concrete wall; ti – of a floor corner; 1 – floor slab; 2 – floor structure; 3 – brick wall; 4 – 
anti-seismic belt; 5 – concrete wall 

Figure 5.  Cross-section of the existing semi-basement wall without thermal insulation: (A) structure of the foundation wall and brick wall; (B) 

isotherms and heat flux density 
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As seen in Figure 5B, the temperature on the inner 

surfaces of the wall in the zone of its abutment to the 

warmer soil ta = 11.7°C and the floor ts = 14.3°C are 

higher than the temperature of 7.8°C in the zone of 

abutment to the cold outside air. For the same reason, the 

temperature at the corner of the floor ti = 9.8°C is 

relatively higher than the temperature at the corner at the 

ceiling of 5.8°C and at the floor of the upper floor 6.7°C. 

The latter values of the angular temperatures are lower 

than the temperatures on the main surface of the brick and 

concrete wall. This is due to the negative effect of 

architectural and structural thermal bridges [4] in the 

junction area of the external enclosures. 

The above temperature conditions show that even when 

the rooms are heated while maintaining them at 20°C, not 

only are the required microclimate conditions not 

provided, but also the condensation of air moisture is not 

prevented. 

For this reason, residents use the basement space only 

as ancillary space. 

For the climatic conditions of Khujand for an external 

brick wall with a thickness of 380 mm, a normative 

thickness of thermal insulation of a mineral wool slab of 

50 mm with a thermal conductivity coefficient λ = 0.06 

W/m·K is required. This thickness is determined in 

accordance with the current regulatory document SNiP 

KR 23-01-2013. 

The authors of works [10,13] proposed to eliminate the 

indicated negative effect of the thermal bridge using an 

additional layer of thermal insulation of the zone of its 

influence. Figure 6A shows the proposed constructive 

solution for the junction zone of the inter-floor overlap 

with the concrete wall of the basement and the brick wall 

of the upper floor. 

When the reference main layer of thermal insulation is 

50 mm thick and the additional layer is 40 mm thick, the 

temperature on the corner is 17.2°C (Figure 6B). The 

difference Δt between this temperature and the air 

temperature in the room (20°C) is 2.8°C, which is lower 

than 4°C allowable by norms SNiP KR 23-01-2013. 

 

Figure 6.  Constructive solution of the coupling inter-floor with the external concrete wall: (A) cross-section; (B) isotherms and heat flux density 
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Figure 7.  Isotherms and heat flux densities: (A) before thermal insulation; (B) after thermal insulation 

As seen in Figure 7A, with the specified main and 

additional layer of thermal insulation of the external wall, 

the temperature at the corner of the semi-basement floor is 

11.2°C. 

Therefore, the difference Δt between this temperature 

and the air temperature in the room is 8.8°C, which is 

higher than the allowable 4°C. Based on the nature of the 

isotherms and higher local heat fluxes in the corner zones 

(see Figure 7A), the authors concluded that thermal 

insulation of the basement base is required. Figure 7B 

shows the thermal insulation as a continuation of its 50 

mm thick base layer. At the same time, the temperature at 

the corner of the floor became 12.5°C. The specified 

difference Δt decreased to 7.5°C, but it is still more than 

the allowable 4.0°C. Accordingly, second additional 

thermal insulation of the thermal bridge zone of the 

foundation base is required. 

Figure 8A and Figure 8B show structural elements with 

stronger thermal insulation of the thermal bridge zones. 

Based on consideration of the features of isotherms and 

local heat flux (see Figure 8C), firstly, a second layer of 

additional thermal insulation made of mineral wool slabs 

40 mm thick, and secondly, with its upper width h = 400 

mm, were installed.  

As seen in Figure 8C, temperatures 17.2°C (and 17.8°C) 

on the corners of the concrete wall at the ceiling and floor 

are significantly higher than the normative permissible 

16°C. It also seen that the temperatures on the main 

surface of the concrete wall (17.8°C) and the floor 

(18.1°C) of the semi-basement room are equal to those on 

the corresponding enclosures of the upper floor. 
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1 – additional thermal insulation layer; 2 – glue; 3 – main thermal insulation layer; 4 – glass mesh; 5 – dowel; 6, 7 and 8 – base, ground and decorative 
layers; 9 – plaster; 10 – two-layer waterproofing; 11 – protective membrane; 12 – foundation base; 13 – concrete screed; 14 and 15 – thermal insulation 
and waterproofing layers; 16 – cement-sand screed; 17 – parquet floor 

Figure 8.  The recommended constructive solutions: (A) the coupling between the floor and external wall; (B) the coupling between the semi-basement 

floor and monolithic foundation wall. (C) isotherms and heat flux densities. 

 

Figure 9.  Graph of temperature ti versus the additional thermal insulation layer width – (1); the standard room air temperature – (2); the permissible 

temperature on the inner surface of the external wall – (3) 
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3.3. Key Results for Dissemination 

Based on the research results presented in Section 3.2, a 

scientifically substantiated and practically important 

conclusion was obtained: By meaning multivariate 

numerical studies, it was created such microclimate 

conditions in the semi-basement that are almost the same 

as the microclimate conditions in the usual room of the 

upper floor. Therefore, the proposed constructive 

solutions allow placing the main rooms of the house, for 

example, bedrooms and living rooms, in a semi-basement 

space. An important result of the study will be also that 

these rooms will provide more stable daily, seasonal and 

year-round thermal comfort conditions. 

It should be noted that the proposed solutions were 

taken into consideration of the convenient technology for 

applying layers of glue, thermal insulation, waterproofing, 

and protective membrane. 

Naturally, it is possible to use other options for 

technologies and materials with acceptable properties and 

dimensions. 

The Figure 9 shows a graph of the dependence of the 

temperature ti on the upper width h of the additional layer 

of thermal insulation (see Figure 8B). 

As can be seen from Table 2, with a decrease in the 

thermal conductivity coefficient λ of the considered types 

of soil, the temperatures on the considered surfaces 

increase. 

This means that at the same time the intensity of the 

heat flow of the room towards the sides of the soil layer 

decreases. Taking into account such a theoretical basis for 

heat transfer processes, we planned and carried out 

research for the most unfavorable conditions of thermal 

interaction of semi-basements with adjacent soil, namely 

with sand (see the last line of the Table 2). 

With an increase in h to 400 mm and higher, the 

temperature at the corner of the floor reaches a maximum 

value of 17.8°C. It is equal to the temperature on the main 

surfaces of the concrete and brick walls. This means that 

under conditions when h = 400 mm, the negative effect of 

the thermal bridge in the zone of the foundation base is 

excluded. 

On the basis of numerical investigations, we have 

established that the proposed constructive solutions (see 

Figure 8) can be successfully used with other types of 

building foundation soil. 

The results of these investigations are presented in 

Table 2. 

In other words, with other types of soil – clay, loam, 

sandy loam and sand – the feasibility of the proposed 

design solutions is higher, namely, the energy efficiency 

and microclimate levels in semi-basements become 

higher. 

In addition, at such relatively high values of ta, ti and ts 

the likelihood of moisture condensation and mold growth 

on vulnerable surfaces is significantly lower. 

Table 3 shows the results of calculating heat losses 

through the concrete walls of the semi-basement for the 

reference heating period using the VALTEC program for 

6 typical settlements in Kyrgyzstan and Tajikistan. 

It has been established that the proposed constructive 

solution of the semi-basement wall allows reducing the 

heat consumption of semi-basement rooms by 16-20%. 

The savings in concrete for the semi-basement wall 

were saved by 5.22 m3, which is 10-12%. 

Table 2.  Influence of soil properties on temperatures on the inner surface of the concrete wall, corner and floor of the semi-basement room  

Soil types 

The soil characteristics Surface temperatures, °С (see Figure 5A) 

Density, 

ρ, kg/m3 

Coefficient of thermal  

conductivity, λ, W/m·K 

On the concrete 

wall, ta 

On the floor 

corner, ti 

On the floor, 

ts 

Clay 1800 0.5 18.2 18.4 18.7 

Loam 1900 1.4 18.1 18.1 18.3 

Sandy loam 1800 1.8 18.0 18.0 18.2 

Sand 2200 2.3 17.9 17.8 18.1 

Table 3.  Annual heat losses and energy-savings for heating the semi-basement space for typical settlements of Kyrgyzstan and Tajikistan 

Typical 

settlements 

Degree days,  

°С·day 

Annual heat losses and energy-savings for heating the semi-basement space, kWh/year  

Existing option I  

(see Figure 7A) 

Proposed option II  

(see Figure 8C) 
Energy-savings 

The Kyrgyz Republic 

Bishkek 2970 26076.7 21644.1 4432.6 

Toktogul 3008 26410.3 21921.0 4489.3 

Naryn 4992 28098.5 22954.3 5144.2 

The Republic of Tajikistan 

Dushanbe 1584 24031.3 20158.7 3872.6 

Khujand 1984 25738.9 21102.0 4636.9 

Khorog 3370 25821.6 21483.0 4338.6 
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4. Discussions 

An analysis of the results of studies of the seismic 

resistance of buildings shows that many authors studied 

particular issues of the strength of a building and its 

individual enclosures. As in our research, the authors of 

work [16] point to the advisability of using numerical 

studies of the seismic resistance of brick buildings. The 

features of the destruction of building enclosures as a 

result of an earthquake showed that the structural units of 

the interface of the external enclosures with each other are 

the most vulnerable. 

The article [17] considers the problem of ensuring the 

required seismic resistance of low-rise buildings by means 

of a frame. In our case, we studied the features of the 

seismic resistance of a building with a reinforced concrete 

monolithic frame. The article [18] presents the features of 

the behavior of the semi-basement wall, which arise 

because of various seismic pressure fluctuations of the 

adjacent soil. Based on the research, the coefficient of 

wall shift due to seismic effects was determined [19]. The 

work [20] studies the features of seismic displacement of 

reinforced concrete walls taking into account the 

coefficient of elasticity of structures of low-rise buildings. 

The article [21] is devoted to the study of the linear and 

nonlinear seismic behavior of a building with various 

structures of a seismic-resistant frame. 

It should be noted that theoretical and practical results 

that were obtained in the above-mentioned works do not 

contradict our results described in Section 3.1. The 

analysis of studies on the problem of increasing the 

energy efficiency of buildings showed that many authors 

mainly sought to solve particular problems related only to 

the thermal protection properties of the enclosing 

structures without considering buildings seismic 

resistance and microclimate. 

In work [22], as in this article, it was noted that the heat 

losses of the basement of residential buildings occur more 

intensively through the walls than through the floor. At 

the same time, sanitary-hygienic conditions are often 

violated in the premises due to the formation of dampness 

on the walls. Such dampness not only reduces the thermal 

protection and load-bearing capacity of the wall structures, 

but will also lead to partial destruction even during weak 

earthquakes. This influence grows with the increasing of 

the wall material moisture [23], when the moisture content 

of the adjacent soil increases due to atmospheric 

precipitations, if reliable protection against them is not 

provided. 

At low temperatures of basement enclosures, there is a 

risk of increasing of the humidity of the wall structure and 

the appearance of dampness on them [24, 25]. One of the 

reliable measures to reduce this risk and ensure the 

required level of thermal protection of external walls is 

their external thermal insulation [26]. 

As one of the results of our research, we proposed 

measures to prevent mold growth in wetter, colder corners 

of external enclosures. Based on the analysis of the 

temperature distribution inside of the enclosures using 

computer programs, it is possible to determine their 

required thermal protection capacity [27, 28]. 

The authors of the works [29, 30, 31] used computer 

calculations of the heat flow through the enclosures to 

ensure their normative level of thermal protection. 

As in the above-mentioned works, we also used 

software packages for research. The heat-shielding 

capacity of the basement walls was studied [27] taking 

into account the features of two-dimensional temperature 

fields in the soil mass adjacent to the foundation. In this 

article, we made decisions based on the analysis of the 

features of isotherms on the cross-sections of elements of 

external enclosures and in the mass of the adjacent soil. 

As in the article [32], in our case, the thermal insulation 

of the basement base allowed to reduce the heat losses of 

the semi-basement rooms of the building. In work [33], 

calculations of heat losses through enclosures adjacent to 

the ground were carried out when using a warm floor. The 

article [34] examines the heat losses of basement rooms 

depending on the soil properties and the features of the 

thermal insulation of enclosures. In work [35], the 

thickness of the thermal insulation of the external walls 

was calculated taking into account the duration of the 

heating period. 

Similar results of our investigations are presented in 

Table 3 for the considered building (see Figure 1) in 

typical cities of Kyrgyzstan and Tajikistan. 

The authors of works [36,37] present the results of field 

investigations of external enclosures on the various 

building facades. They also note that there are increasing 

heat losses through separate areas of the facade, caused by 

the negative effect of thermal bridges. 

The author of works [2,3] obtained interesting results of 

field investigations of the building by contactless 

measurement of daily changes of the temperatures on the 

inner and outer surfaces of the external walls and 

windows. A significant decrease of temperatures of inner 

surfaces on the enclosures may cause indoor air moisture 

condensation during cold hours of the day. 

These discussions confirm the correctness of the 

research tasks and the results of this article since they do 

not contradict the data of modern researchers. 

5. Conclusions 

1. The known theory and experience of energy-saving 

architecture allow establishing and solving 

multidisciplinary tasks for improving the structural 

and functional indicators of a building. It also allows 

ensuring sufficient insolation, passive solar heating, 

and occupant contact with environmental nature 

through appropriately developed semi-basement 
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windows. An important problem of the full-fledged 

use of the semi-basement space of buildings is solved 

based on investigations of the mutual influence of 

seismic resistance, energy efficiency, and 

microclimate with ensuring room sanitary-hygienic 

conditions. 

2. By means of numerical investigations, it was 

established that architectural and structural thermal 

bridges, which are in contact with the soil and outside 

air, reduce the thermal protection capacity of the 

building's thermal envelope. Visual isotherms and 

heat flux densities in the zone of such thermal bridges 

made it possible to determine and eliminate the 

causes of unacceptably low temperatures on the inner 

corners of external enclosures. 

3. The expedient thickness and width of the additional 

layer of the thermal bridge zone thermal insulation in 

excess of the normative main layer of enclosure 

thermal insulation were established. The proposed 

graph dependence of the target temperature on the 

wall's inner corner from this width allows choosing 

an appropriate microclimate level. 

4. A multilateral contribution to building improvement 

is derived from a single-family home example: 

comfortable microclimate conditions have been 

created in the semi-basement for placing main rooms; 

energy savings for heating this space is 16-20%; 

saving of concrete for a monolithic frame and 

foundation is 10-12%, ensuring higher than normative 

building seismic-resistance. 
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