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Abstract: This study investigates the use of T-shaped thermal blocks composed 

of fine-grained concrete and basalt slabs to enhance the energy efficiency of 

frame buildings. Although frame structures are widely used in modern 

construction for their economic and structural advantages, improving the 

thermal performance of their external walls remains a critical challenge. This 

research addresses the knowledge gap by analyzing the structural composition, 

thermal resistance, and condensation prevention properties of multilayer 

thermal blocks. A combination of experimental assessment and numerical heat 

transfer modeling was conducted under the climatic conditions of Samarkand 

using SmartCalc ThermoCalc. The results demonstrate that the use of basalt 

insulation and thin adhesive joints significantly reduces thermal bridges and 

enhances heat retention. The calculated heat transfer resistance of the wall 

sections exceeded the required norm (Ro ≥ 2.2 m²·°C/W), and simulations 

showed no condensation on the inner surface even at -15°C, ensuring indoor 

comfort. These findings imply that T-shaped thermal blocks are an effective, 

locally sourced solution for sustainable and thermally resilient construction. This 

has practical implications for reducing energy consumption, operational costs, 

and environmental impact in cold climates. 

Keywords: Energy Efficiency, Thermal Block, Frame Building, Heat Transfer 

Resistance, Basalt Insulation, Condensation, Thermal Bridge 

 

Introduction 

Modern trends in construction dictate the necessity of using materials that 

simultaneously provide high strength, energy efficiency and environmental safety. One 

such innovative solution could be T-shaped thermal blocks made from fine-grained concrete 

and basalt slabs. Thanks to their unique design and materials, thermal blocks represent a 

promising solution for the construction of energy-efficient buildings with high thermal 

protection qualities. 

T-shaped thermal blocks are highly functional, allowing for the creation of durable 

enclosing structures with improved thermal insulation properties. The basalt component in 

their composition serves as an effective thermal insulator, reducing heat losses, while the 

fine-grained concrete ensures the necessary rigidity and resistance to loads. This 

combination makes these blocks a practical material for use as wall fillings in the 
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construction of multi-story and high-rise frame residential and other buildings, meeting 

modern thermal protection requirements. 

The article examines the structural features of T-shaped thermal blocks, their 

composition, advantages and areas of application. Particular attention is paid to their 

contribution to increasing the resistance of infill wall structures to external influences and 

reducing energy consumption costs. 

Under the conditions of global growth in energy resource prices and tightening 

environmental standards, improving the energy efficiency of buildings is becoming one of 

the key objectives of modern construction. Frame buildings, due to their versatility and cost-

effectiveness, are widely used in residential and commercial construction. However, their 

energy efficiency largely depends on the characteristics of external enclosing structures, 

such as walls and facades. 

The use of thermal blocks based on fine-grained concrete and basalt slabs opens up 

new opportunities for creating structures with improved thermal insulation properties. 

Such materials make it possible to reduce heat losses, ensure a comfortable indoor 

microclimate and significantly reduce heating and air conditioning costs. 

Improving energy efficiency also contributes to the reduction of carbon dioxide and 

other harmful emissions into the atmosphere, which is relevant in the context of the global 

fight against climate change. The topic becomes particularly important not only for 

Uzbekistan, but also for many countries where energy saving is an important requirement 

during the construction and operation of heated buildings. 

 

Literature Review 

In recent years, the issue of enhancing the energy efficiency and thermal performance 

of building envelope structures has gained significant attention in construction science. 

Numerous researchers have investigated various materials and technologies aimed at 

improving the thermal insulation properties of external walls, particularly in the context of 

residential buildings. 

Makhmudov and Rustamova conducted an experimental study to assess the 

uniformity of the thermal conductivity coefficients of brick and plaster materials used in 

experimental wall fragments. Their research highlighted the importance of precise material 

selection and uniformity control in the construction of energy-efficient walls. In a related 

study, Makhmudov, Rustamova, and Nosirova established empirical dependencies 

between the sorption humidity of keramzite concrete and the relative air humidity, 

providing valuable insights for optimizing wall material performance in varying climatic 

conditions. 

The innovative application of aerated concrete blocks in residential construction was 

explored by Shukurov et al. Their work introduced effective solutions for incorporating 

lightweight concrete blocks to improve thermal efficiency and reduce overall structural 

loads. Similarly, Bolikulovichanalyzed the thermal conditions at the junctions of window 

frames and walls, underlining the necessity of careful detailing in thermal bridge reduction. 
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Khaitov provided a comprehensive overview of modern thermal insulation 

materials, discussing their advantages, production methods, and potential applications in 

sustainable construction. Complementary to this, a 2024 study utilized the finite difference 

method for calculating temperature fields in external enclosing structures, demonstrating 

the effectiveness of numerical methods in thermal performance analysis.  

Exploring alternative resources, Mamadaliyev et al. evaluated the prospects of using 

coal ash in construction, identifying it as a sustainable and thermally efficient material 

option for building components. Furthermore, Bolikulovich and Rustamova proposed a 

methodology for the calculation of temperature fields within external building structures, 

contributing to the development of accurate heat transfer prediction models. 

Energy-efficient design strategies were also addressed by Turakulovna and 

Pulatovich, who focused on improving the thermal performance of external walls in newly 

built residential projects. Their research emphasized model-based design optimizations to 

enhance overall building energy efficiency. Additionally, Pulatovich investigated the 

physical and thermal properties of energy-saving building materials for external walls, 

offering practical recommendations for selecting appropriate materials based on their heat-

insulating capabilities. 

Collectively, these studies provide a strong scientific foundation for advancing 

energy-efficient technologies in building envelope design. They underline the importance 

of material selection, innovative design approaches, and precise thermal performance 

calculations in achieving sustainable and high-performance construction solutions. 

Enclosing structures play a key role in ensuring the energy efficiency of buildings. In 

frame buildings, where load-bearing functions are performed by a reinforced concrete 

frame, external walls mainly serve for thermal insulation and protection against external 

influences. The quality and characteristics of these structures directly affect the level of heat 

loss and, consequently, the energy costs for heating and cooling premises. 

The thermal blocks we propose are a multilayer wall material (Fig. 1), consisting of 

an outer shell of durable fine-grained concrete and a thermal insulation layer made of low 

thermal conductivity materials, such as expanded polystyrene, polyurethane foam, or basalt 

wool. 

 
Figure 1. View of a T-shaped thermal block: a – thermal block shell made of fine-grained concrete; b 

– thermal block with basalt slab insulation. 
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The use of T-shaped thermal blocks allows: 

• Reducing the number of "thermal bridges" in the external wall; 

• Decreasing heat losses through walls due to high thermal insulation; 

• Reducing heating and air conditioning costs; 

• Increasing the durability and resistance of structures to external influences. 

The use of innovative thermal insulation materials, such as basalt slabs, makes it 

possible to improve thermal insulation characteristics while maintaining strength. The 

production of basalt slabs in Uzbekistan, used as a thermal insulation material, is one of the 

promising areas for the development of the construction industry and materials science. The 

presence of local basalt deposits reduces production costs and allows for stable raw material 

supplies. The introduction of innovative methods for melting and forming basalt fibers 

contributes to the production of high-quality products that meet international standards. 

Basalt fiber is an environmentally friendly material, which meets modern requirements of 

the construction industry. 

Methodology 

To assess the thermal performance and condensation resistance of T-shaped thermal 

blocks used in frame buildings, the research employed a combined approach of 

experimental observation and computational modeling. The structural composition of the 

thermal blocks—consisting of fine-grained concrete shells and basalt slab insulation—was 

first examined to determine the relevant physical parameters, including density, thickness, 

and thermal conductivity. Then, heat engineering calculations were conducted in 

accordance with national building standards (ShNQ 2.01.01-22 and ShNQ 2.01.04-18), 

focusing on evaluating the total heat transfer resistance across different wall sections. The 

SmartCalc ThermoCalc software was used to simulate temperature distributions along four 

typical wall profiles, with each section comprising multilayer materials varying in 

composition and thickness. Input parameters included a design outdoor temperature of -

15°C, indoor temperature of +20°C, average heating period duration of 153 days, and a dew 

point calculation based on 55% relative humidity. The model computed the internal 

temperature gradients and corresponding heat transfer resistance (Ro) values, enabling a 

precise analysis of heat loss dynamics and condensation risk. Joint configurations were also 

evaluated for their impact on thermal bridging, emphasizing the use of thin adhesive layers 

to minimize energy loss. This methodology ensured a comprehensive understanding of the 

thermal efficiency and condensation behavior of the proposed wall system under real-world 

climatic conditions, particularly in the context of Samarkand’s environment. The results 

guided the interpretation of the blocks’ effectiveness in maintaining indoor comfort and 

supporting energy-efficient design strategies. 
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Result and Discussion 

Results of Heat Engineering Calculation 

Particular attention is paid to the technology of laying thermal blocks with the 

minimization of joint thickness by using adhesive materials, which prevents the formation 

of large "thermal bridges" (Fig. 2). 

To assess the effectiveness of thermal blocks, experimental studies and numerical 

modeling of heat transfer through enclosing structures are carried out. The use of computer 

modeling methods makes it possible to predict heat losses and optimize structural solutions 

even at the design stage. 

 
Figure 2. Characteristic sections of an external wall made of T-shaped thermal blocks. 

 

Below are the results of a heat engineering calculation of temperature changes at 

sections 1-1, 2-2, 3-3, 4-4 of the wall for the climatic conditions of the city of Samarkand, 

performed using computer modeling from the website www.smartcalc.ru/thermocalc. 

Initial data and results of heat engineering calculation for wall section 1-1: 

- Design winter outdoor air temperature    - -15 ˚С  [1]; 

- Design indoor air temperature      - +20 ˚С  [2]; 

- Duration of the heating period      - 153 days  [1]; 

- Average air temperature during the heating period   - 4.05 ˚С  [1]; 

- Operating conditions of the room      - A 

- Number of degree-days of the heating period   - 2440 °C·days [2]; 

(DDHP) 

- Required heat transfer resistance of external walls for the second degree of thermal 

protection [𝑅О
тр

]             - 2.2 (m²·˚C)/W  [2]. 
Table 1. Wall layer materials 

№ Wall layer materials Thickness, mm 

1 Complex mortar γₒ=1700 kg/m³ 10 

2 Fine-grained concrete γₒ=1800 kg/m³ 25 

3 Basalt slab γₒ=120 kg/m³ 250 

4 Fine-grained concrete γₒ=1800 kg/m³ 25 

5 Complex mortar γₒ=1700 kg/m³ 10 

https://journal.pubmedia.id/index.php/civilengineering
http://www.smartcalc.ru/thermocalc


Sustainable Civil Building Management and Engineering Journal Vol: 2, No 3, 2025 6 of 10 

 

 

https://journal.pubmedia.id/index.php/civilengineering 

 
Figure 3. Temperature change graph along section 1-1. 

 

The overall heat transfer resistance of the wall for section 1-1, determined by formula 

(4) [2], is Ro= 6.83 (m²·˚C)/W. 

A graph of temperature changes along the section 2-2 of the wall is presented in Fig.4. 

 
Figure 4. Temperature change graph along section 2-2. 

 

Table 2. Wall layer materials 

№ Wall layer materials Thickness, mm 

1 Complex mortar γₒ=1700 kg/m³ 10 

2 Fine-grained concrete γₒ=1800 kg/m³ 25 

3 Basalt slab γₒ=120 kg/m³ 100 

4, 5 Fine-grained concrete γₒ=1800 kg/m³ 25+25 

6 Basalt slab γₒ=120 kg/m³ 100 

7 Fine-grained concrete γₒ=1800 kg/m³ 25 

8 Complex mortar γₒ=1700 kg/m³ 10 

 

The overall heat transfer resistance of the wall for section 2-2, determined by formula 

(4) [2], is Ro= 5,58 (m²·˚C)/W. 

A graph of temperature changes along the section 3-3 of the wall is presented in Fig.5. 
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Figure 5. Temperature change graph along section 3-3. 

 

Table 3. Wall layer materials 

№ Wall layer materials Thickness, mm 

1 Complex mortar γₒ=1700 kg/m³ 10 

2, 3 Fine-grained concrete γₒ=1800 kg/m³ 150+25 

4 Basalt slab γₒ=120 kg/m³ 100 

5 Fine-grained concrete γₒ=1800 kg/m³ 25 

6 Complex mortar γₒ=1700 kg/m³ 10 

 

The overall heat transfer resistance of the wall for section 3-3, determined by formula 

(4) [2], is Ro= 3,08 (m²·˚C)/W. 

A graph of temperature changes along the section 4-4 of the wall is presented in Fig.6. 

 
Figure 6. Temperature change graph along section 4-4. 

 

Table 4. Wall layer materials 

№ Wall layer materials Thickness, mm 

1 Complex mortar γₒ=1700 kg/m³ 10 

2 Fine-grained concrete γₒ=1800 kg/m³ 25 

3 Basalt slab γₒ=120 kg/m³ 100 

4, 5 Fine-grained concrete γₒ=1800 kg/m³ 175 

7 Complex mortar γₒ=1700 kg/m³ 10 
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The overall heat transfer resistance of the wall for section 4-4, determined by formula 

(4) [2], is Ro= 3,08 (m²·°C)/W. 

Conclusion 

- The total heat transfer resistance of the wall in sections 3-3 and 4-4, where the largest 

part of the thickness is occupied by fine-grained concrete with a high thermal 

conductivity coefficient, is RО = 3.08 (m²·°C)/W, significantly greater than the required 

heat transfer resistance of external walls for the second degree of thermal protection, 

equal to 2.2 (m²·˚С)/W. 

- At the calculated indoor air temperature tВ=+20°C and relative humidity φВ = 55%, the 

dew point temperature is tр=+9.7°C. 

- The results of the heat engineering calculation of the temperature change in various 

sections of the wall made of T-shaped thermal blocks show that when the outside air 

temperature drops to -15 °C, the temperature on the inner surface of the wall does not 

drop to the dew point temperature in any of the sections under consideration. 

Consequently, it can be guaranteed that in the climatic conditions of Samarkand, when 

the outside air temperature drops to -15 °C, condensation does not form on the inner 

surface of such a wall. 

- Thus, the construction of external walls of frame buildings from T-shaped thermal blocks 

is an effective solution for increasing their energy efficiency. 
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