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Abstract. The use of novel thermal-efficient building materials and 
technologies that allow increasing the level of thermal protection of 
external envelope structures and reducing the time for construction are of 
practical interest and represent a relevant task in the conditions of rapidly 
changing and increasing requirements to energy efficiency of buildings. 
This research aims at simulating the process of spatial heat transfer in a 
multilayer non-uniform structure of an external cast-in-place framed wall 
produced from polystyrene concrete with a stay-in-place formwork. Based 
on the physico-mathematical model developed with the use of ANSYS and 
COMSOL software complexes, parametric analysis of the impact of 
various factors on thermal behavior of the external wall was performed 
with the account of heat-stressed frame elements. The nature of 
temperature fields distribution in a polystyrene concrete structure was 
defined, and its thermal protection properties were investigated. The 
impact of a metal frame on thermal protection properties of a wall was 
found to be insignificant. 

Introduction  
The issue of energy efficiency improvement in buildings under construction with regard to 
the price-quality ratio and reduction of the negative effect of energy-related technologies on 
the environment is the high-priority task all over the world. Low-rise buildings in Russia 
have high energy saving potential, for its share in the country exceeds 50% of the total 
number of newly built constructions 1. Since heat loss in buildings through external walls 
can reach up to 45% 2, search for novel thermal-efficient building materials and 
technologies that provide high level of thermal protection of external envelope structures is 
a relevant task. 

One of the techniques of constructing main building frame that is gaining popularity is 
construction of cast-in-place polystyrene concrete walls. This composite material consists 
of cement, mineral and porous filler, water and several admixtures to provide such 
properties as strength, decay resistance, water resistance, etc. 1.  
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Due to low thermal conductivity of polystyrene concrete a conclusion can be made that 
thermal protection of buildings with such walls will be high enough and will allow 
constructing buildings in Siberia without additional insulation. However, metal frame put 
inside the wall structure may have negative impact on thermal protection properties of 
external walls 3, 4-8.  

In this regard, the purpose of this paper is evaluation of metal frame elements’ impact 
on thermal protection properties of cast-in-place external walls, which is a relevant task 
with high practical importance. 

Numerical experiment 

Polystyrene concrete is one of prospective building materials, 9, 10 so is the cast-in-place 
construction technology with a stay-in-place formwork 11, 12. In 3, the technique is 
suggested for construction of quickly erected frame buildings from polystyrene concrete, 
structural scheme of which is presented in Figure 1. External wall of a building contains 
internal load-bearing frame consisting of columns 2 joint by cross-beams 3, with fixed 
formed studs 5, and a foundation 1 (Fig.1). For low-rise buildings (1-3 floors) load-bearing 
structures, columns, cross-beams and flooring beams can be produced, for example, from 
steel tubes with the cross-section of 50×100 mm and the wall thickness of 4 mm joint by 
welding. If necessary, in order to increase the bearing capacity, fire resistance and seismic 
resistance steel tubes can be filled with heavyweight and/or lightweight concrete. The 
complete technology of the building construction is presented in 3.  

The subject of the study described in this paper is a cast-in-place wall produced from 
D200 polystyrene concrete with the thickness of δ1 (Fig. 2), operating in extreme 
conditions. The wall structure includes a stay-in-place formwork from magnesium oxide 
boards with the thickness of δ2 = 10 mm, fixed to U-shaped studs with the size of 5050 
mm and thickness of δ3 = 0.4 mm. The load-bearing frame is produced from tubes with 
rectangular cross-section, the size of 50100 mm, and thickness of δ4 = 4 mm.  

Numerical experiments were performed with the use of ANSYS Mechanical APDL 
17.0. and COMSOL Multiphysics 5.2  software complexes and were aimed at defining the 
impact of studs and location of internal metal frame inside the wall on the common thermal 
state of the structure. 
Thermal state is investigated for three types of wall thickness: variant 1 – δ1 = 0.6 m; 
variant 2 – δ2 = 0.45 m; variant 3 – δ1 = 0.3 m. The location of metal frame inside the wall 
is different for each variant:  variant А – at the distance of 100 mm from the internal 
surface of the wall; variant B – in the center of the wall; variant C – 100 mm from the 
external surface of the wall. 

Physico-mathematical statement of a problem 
For mathematical problem statement, geometrical parameters of envelope structure 
elements and their thermophysical characteristics presented in Table 1 are considered 
given, generally they may depend on the temperature. 
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Fig. 1. Cross-sectional view of the building: 1 – foundation; 2 – column of internal frame; 3 – cross-
beam of internal frame; 4 – flooring beam; 5 – formed stud; 6 – formwork board; 7 – external frame; 
8 – lightweight concrete; 9 – temporary spacer. 

 
Fig. 2. Geometrical parameters of the structure: 1 – U-shaped stud; 2 – steel tube with rectangular 
cross-section; 3 – polystyrene concrete; 4 – magnesium oxide formwork. 
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Table 1. Values of thermal conductivity coefficients of wall materials. 

No. Material Thermal conductivity coefficient λ, W/(m∙ºС), 
1 Metal profile 57 
2 Steel tube 50 
3 Polystyrene concrete 0.07 
4 Magnesium oxide 0.24 

Established parameters are temperatures of outdoor otdt  and indoor indt  air, as well as 
thermal conductivity coefficients for external and internal surfaces. The indoor and outdoor 
temperature values are +20 and -39 С, and heat transfer coefficients for external and internal 
surfaces, respectively, are αotd= 23 W/(m2∙ºС) and αind  = 8.7 W/(m2∙ºС).  

Stable spatial heat transfer in the studied wall fragment is described in Cartesian 
coordinate system as a system of nonlinear three-dimensional equations for thermal 
conductivity with corresponding boundary conditions for all structural elements' surfaces 
[8]. 

Calculation results 
As the result of numerical study, the influence of studs and location of metal frame inside 
the wall on the common thermal state of the studied structure was determined. 

Figure 3 illustrates temperature fields in the wall section for variant 1A in the raster 
image without (a) and with the account of studs (b).  

 
Fig. 3. Temperature field in the analyzed wall fragment: a – without studs; b – with studs 

Comparative analysis of temperature fields in the considered variants of the wall structure 
demonstrates that presence of studs does not cause any remarkable variation in temperature 
field and their impact can be referred to as inconsiderable. 

b) 

а) 
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Fig. 4. Temperature distribution in the wall cross-section: a – without studs; b – with studs 

This is supported by the calculation results given in Figure 4. It is visible from the Figure 
that the temperature difference of about 1 С is observed in regions located around 10-15 cm 
away from the internal and external wall surfaces. 

Based on such result a conclusion can be made that the impact of studs can be neglected 
when analyzing more geometrically complex spatial structures. This will enable to build a 
more uniform grid and simplify the task solution without considerable increase of error while 
dividing the analyzed area into finite elements. 

Figures 5 and 6 demonstrate distribution of temperature in the wall thickness with 
different bearing frame locations for variants 1 and 2. According to the analysis of the 
presented results, the visible temperature variation is observed around the frame tubes. The 
maximum temperature difference in the studied cases is 5 С. Such behavior of temperature 
distribution in the wall indicates the fact that location of the load-bearing frame also has no 
significant effect on thermal state of the structural fragment under study. However, if we 
consider the obtained data on temperature distribution from the point of creation of favorable 
microclimate in premises, location of the bearing frame in proximity to the internal wall is 
preferable, since half of the wall is in a higher temperature. 

Figures 7 and 8 illustrate respectively the temperature field in a raster image and a vector 
image of the heat flow rate for a wall with the thickness of 0.6 m and a bearing frame located 
in the center. 

The values of temperature and heat flow rates showed in these Figures visualize the 
thermal state of an envelope structure in different points of the studied wall fragment and 
enables to evaluate the impact of size and location of bearing frame elements. 

The temperature of the internal surface of the wall for the considered case is higher than 
19С; it remarkably increases the dew point temperature which equals 15.2 C even with 
quite high relative humidity φ = 75 %. 
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Since relative humidity of indoor air does not normally exceed 60%, this confirms 
operation efficiency of the analyzed types of envelope structures from the point of 
condensate formation on the internal surface of the studied types of walls in the given 
climate conditions. Similar situation is observed for other studied structures of walls with 
the thickness of 0.45 and 0.3 m. Due to performed analysis it was found that for a cast-in-
place wall made of polystyrene concrete even with the thickness of δ = 0.3 m in the most 
heat-stressed region of a structure the temperature on the internal surface of the wall is 
higher than 16С. 

For the climate conditions of Tomsk city the standard value of thermal resistance of 
external walls currently is  3.75 m2∙С/W, whereas for the studied structured from 
polystyrene concrete such values are 4.08, 6.23 and 8.37 m2∙С/W for walls with the 
thickness of δ = 0.3, 0.45 and 0.6 m respectively. 

Thus, cast-in-place structure of an external wall produced from polystyrene concrete 
meets modern standard thermal protection requirements. 
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Fig. 5. Temperature distribution in the wall 
cross-section with different frame locations for 
variant 1: 
1 – internal part of the wall; 2 – center; 3 – 
external part of the wall 

Fig. 6. Temperature distribution in the wall cross-
section with different frame locations for 
variant 2: 
1 – internal part of the wall; 2 – center; 3 – 
external part of the wall 

Fig. 7. Temperature field in the wall with the 
thickness of δ = 0.6 m 

Fig. 8. Vector image of heat flow rate in the 
wall with the thickness of δ = 0.6 m 
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Fig. 5. Temperature distribution in the wall 
cross-section with different frame locations for 
variant 1: 
1 – internal part of the wall; 2 – center; 3 – 
external part of the wall 

Fig. 6. Temperature distribution in the wall cross-
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variant 2: 
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external part of the wall 

Fig. 7. Temperature field in the wall with the 
thickness of δ = 0.6 m 

Fig. 8. Vector image of heat flow rate in the 
wall with the thickness of δ = 0.6 m 

Conclusion 

The obtained research results show that metal profile studs sized 5050 mm have no 
significant impact on thermal state of structures for all considered types of walls; this 
enables to simplify the task solution without considerable increase of error and neglect such 
impact in further research. 

It was found that location of load-bearing frame inside the wall also has insignificant 
effect on common thermal state of a structure. However, it is reasonable to install the 
bearing frame closer to the internal surface of the envelope structure for creation of a 
favorable microclimate in premises. 

Based on the obtained numerical study results a conclusion can be made that the impact of 
metal studs can be neglected while performing further research on unstable thermal 
processes and while analyzing more geometrically complex spatial structures, including 
various heat-stressed elements. This will enable to build a more uniform grid while dividing 
the analyzed area into finite elements, reduce the analysis time and simplify the task 
solution without considerable increase of error. 
 
The research was performed with the financial support of the Russian Foundation for Basic Research 
(project No. 16–48–700367 р_а). 

References 
1. Т. Fadeeva, Proceedings of International Scientific Conference “Innovative 

Development of Modern Science”, 4, 286-288 (2014) (in Russian) 
2. E. Malyavina, Teplopoteri zdanija. Spravochnoe posobie [Heat losses in buildings. 

Reference book], 144 (2011) (in Russian) 
3. Yu.V. Shefer, Bystrovozvodimoe jenergojeffektivnoe karkasnoe zdanie [Quickly 

erected energy efficient frame buildings patent], RF Patent 2503781 (2014) (in 
Russian) 

4. А. Kozlobrodov, D. Tsvetkov, Vestnik of TSUAB, 3, 298–307 (2013) (in Russian) 
5. AISI–S100. North American Specification for the Design of Cold-Formed Steel 

Structural Members, 149 (American Iron and Steel Institute, Washington, 2001) 
6. EN 1993–1–3:2006. Eurocode 3: Design of steel structures. Part 1-3: General rules. 

Supplementary rules for coldformed members and sheeting (Brussels, 2006) 
7. M.V. Leshhenko, V.A. Semko, Magazine of Civil Engineering, 8, 44-55 (2015) (in 

Russian) 
8. Y. Bazhenov, E. Korol, V. Erofeeva, E. Mitina, Ograzhdajushhie konstrukcii s 

ispol'zovaniem betonov nizkoj teploprovodnosti. Osnovy teorii, metody rascheta i 
tehnologicheskoe proektirovanie [Envelope structures produced from low thermal 
conductivity concrete. Fundamental theory, analysis methods and technological 
design] (2008) (in Russian) 

9. V. Sokolov, Konstruirovanie kompleksnyh paro-, teplo- i gidroizoljacionnyh 
polistirolbetonov [Design of complex insulating polystyrene concretes resistant to 
steam, heat and water], 200 (2015) (in Russian) 

10. A. Tsydypova, L. Urkhanova, Proceedings of the Conference “Knowledge intensive 
technologies and innovations”, 410-417 (2014) (in Russian) 

11. V. Yakubson, Magazine of Civil Engineering, 2, 7-8 (2009) (in Russian) 
12. А. Zolotkov, Magazine of Civil Engineering, 1, 14-21 (2012) (in Russian) 

7

MATEC Web of Conferences 143, 01005 (2018)	 https://doi.org/10.1051/matecconf/201814301005
YSSIP-2017


