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Abstract. Thermal protection providing of frame buildings in the extreme conditions of the Far North 
depends on air infiltration. Elements of buildings frame on light steel thin-walled structures (LSTS below) 
technology – lightweight, thin-walled steel profiles make up multiple thermal bridges. The basic principles 
of designing the exterior walling of low-rise buildings from LSTS in the Far North are developed with taking 
into account the increased air infiltration and the heat transfer components and assemblies. The 
construction with double insulation layer and the intermediate airtight barrier of particleboard, the indicative 
panels (OSB below) are proposed as the exterior walls. The concrete ground slab and thermofiller using of 
lightweight concrete blocks are recommended in buildings with pile foundation. The two-stage disposition 
of blocks between the steel frame elements and the basement ceiling allow to overlap joints of thermal 
insulation materials with other structural elements which reduces the impact of air infiltration. The specific 
heat loss values for a multilayer wall construction and assembly of its coupling with a ground overlap, 
depending on various parameters are obtained with the calculating program application of three-
dimensional temperature fields. 

Аннотация. Обеспечение тепловой защиты каркасных зданий в экстремальных условиях 
Крайнего Севера во многом зависит от инфильтрации воздуха. Элементы каркаса зданий по 
технологии ЛСТК – легкие стальные тонкостенные профили создают многочисленные мостики 
холода. Разработаны основные принципы проектирования наружных ограждающих конструкций 
малоэтажных зданий из ЛСТК в условиях Крайнего Севера, учитывающие повышенную 
инфильтрацию воздуха и наличие теплопроводных элементов и узлов. В качестве наружных стен 
предложены конструкции с двухслойным теплоизоляционным слоем и промежуточным 
воздухонепроницаемым барьером из стружечно-ориентировочных плит (OSB). В зданиях со 
свайными фундаментами рекомендовано устройство железобетонного цокольного перекрытия и 
применение термовкладышей из легких бетонных блоков. Двухступенчатое расположение блоков 
между стальными элементами каркаса и цокольным перекрытием позволяет перекрывать стыки 
теплоизоляционных материалов с другими конструктивными элементами, что снижает влияние 
инфильтрации воздуха. С применением программы расчета трехмерных температурных полей 
получены значения удельных потерь теплоты для многослойной стеновой конструкции и узла ее 
сопряжения с цокольным перекрытием в зависимости от различных параметров. 

1. Introduction 
The Sakha (Yakutia) Republic is the largest federal subject of Russia located in the North-East of 

the country. Almost half of the region is located in the Arctic Circle. The territory of the Yakutia is 
characterized by extreme climate conditions for the construction of buildings and structures. Almost the 
entire territory located in the permafrost zone, which is the most powerful in the world. Subarctic climate of 
Yakutia is sharply continental. The period with negative daily temperatures has no analogues in the world 
and varies from 312 days in the distant Arctic islands to 202 days in South Yakutia. In winter, the outdoor 
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temperature in the central part of Yakutia during 50–60 days, and in the Arctic regions 60–80 days is below 
–40 °C. The calculated air parameters for regions of Yakutia include: outdoor temperature in the coldest 
period from –40 °C to –59 °C; during the heating period average temperature is from –13.6 °C to –25.0 °C; 
duration of the heating period from 239 to 308 days. In such climate, the energy efficiency of buildings has 
special urgency. 

In recent years construction of low-rise buildings in the Yakutia actively applied frame housing 
technology of light steel thin-walled structures. The main advantage of this technology is simplicity and 
convenience of assembly elements, combining functions of bearing and protecting thin-walled profiles. In 
permafrost conditions, lightweight buildings of such structures allows using surface foundations or screw 
piles. LSTS technology is an important advantage for isolated locations and remote regions by 
prefabricated buildings and high transportability, thereby decreasing the cost of transportation materials [1]. 
At the same time, this constructing technology is based on using cold carcass profiles from thin sheet 
galvanized steel with high thermal conductivity and accordingly it creates “cold bridges”, which is very 
confusing the provision of thermal protection buildings in the extreme conditions of the Far North. 

Basic design and construction principles of energy efficient buildings are in using the external enclosing 
structures with a high level of thermal protection, the rational choice of architectural and planning decisions, 
the application of modern heating and ventilation systems, renewable energy [2–3]. The most important 
question in the design of buildings thermal protection is calculation of the filler structures transfer resistance 
considering heat-conducting inclusions [4–5]. In the frame structure buildings from LSTS in terms of thermal 
protection, the most vulnerable point are “cold bridges” – thin-walled steel profiles and their connections [6–
8]. Thermal perfomance of lightweight steel-framed walls of various constructions and insulation materials 
considered in [9–14]. In the result of thermal calculations P. Santos [9] found, that the position of thermal 
insulation in LSF facade walls plays a major role in its thermal performance effectiveness. Most manufacturers 
offer for use thermo-profiles with special perforation on a wall. In [15, 17] presented the results of researches 
about effect of the thin steel profiles perforation on the thermal characteristics of filler structures. The results 
of researches about heat keeping properties various filler structures with application of steel profiles are in 
[18–21]. In [22] based on theoretical and experimental researches are expediency to use polystyrene-
concrete as a filler for walling of steel profiles. In [23] presented the results of a natural experiment in the 
Leningrad region about determination of thermal characteristics of light frame structures using steel thermo-
profiles and thermal insulation material efficiency. A review of work showed that in the previous researches 
were considered a filler structures by thin-walled steel profiles with a single insulating layer of mineral wool or 
other effective materials in temperate climates. 

Experience in the construction and operation of buildings in the Far North shows that the one of the 
main reasons for decreasing of buildings thermal protection is a high air infiltration. Specific for the Yakutia 
outdoor temperature is for –40 °C to –59 °C the difference of indoor and outdoor air pressure on the first 
floor of a two-storey house with a wind speed about 1 m/s is from 5.9 Pa to 10.5 Pa, which is ten times 
higher than if outdoor temperature is –10 °C. For the Arctic regions, the average wind speed in the coldest 
months reaches up to 5–6 m/s. Consequently, the air infiltration in these areas even higher and reaches 
23–26 Pa. In such climatic conditions and the presence of ventilated underground using pile foundation the 
negative impact of air infiltration is particularly evident in low-rise frame houses using LSTS. Any violation 
of the outer shell of buildings, for example, the poor performance of joints different structural elements or 
junction leakage of thermal insulation materials, produces in winter to cold air infiltration and to disruption 
of the buildings thermal protection. By V.G. Gagarin etc. [24–26] carried out the researches of air infiltration 
impact on heat-shielding properties enclosing structures and showed the reduce of heat-shielding 
properties of external fences. 

The purpose of research is to increase the thermal protection of low-rise LSTS houses, taking into 
account the climatic conditions of the Far North. To achieve that purpose were delivered the following tasks: 

– development of the basic design principles of LSTS buildings taking into account high air infiltration 
and the presence of numerous heat transfer elements; 

– calculation and analysis of thermal fields of wall fences and nodes and their contiguity to the ground 
overlap. 

2. Methods 
With the aim of identifying the reasons for the breach of the thermal protection carried out on-site 

inspections of low-rise LSTS buildings of, built on the territory of the Republic of Sakha (Yakutia) in  
2012–2016. The objects are two-storey buildings with an area of 120–1350 m2: kindergartens and schools, 
apartment buildings. The outer walls of buildings were a frame of thin-walled steel profiles 150 mm wide, usually, 
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arranged in increments of 600 mm and filled with mineral wool plates with a density of 50–75 kg/m3. The inner 
and outer sides of the outer walls are provided with additional thermal insulation layers each 50 mm thick 
and the covering. The frame of the LSTS house is established on bearing rolling steel beams on screw 
piles. 

On-site surveys of objects included instrumental monitoring of the temperature and humidity 
conditions of the interior of buildings and thermal imaging of the surface of the external enclosing structures. 
In the beginning, for the formation of the пeneral characteristics of the object, an overview thermography 
of the external and internal surfaces of the enclosing structures was carried out, then on the identified 
problem areas – detailed thermography of the internal surfaces with the preservation of thermograms. To 
measure temperature, humidity and speed of movement of interior air in buildings used instrument 
Testo 435-4 with the trifunctional probe, to conduct thermal imaging – a thermographic camera SATG-90. 
Thermal imaging measurements are made at an ambient temperature below –30 °C, i.e. at a temperature 
difference between outside and inside air exceeding the minimum permissible difference. On each object 
the report on thermal imaging inspection is made. 

Calculations of temperature fields and thermal characteristics according to the certified program 
“Shaddan 3D ST” were performed for the numerical analysis of external walling structures and units of 
LSTS buildings. This program allows you to determine the spatial temperature fields of structures of any 
complex configuration, bordering environments with different parameters. The problem is solved by the 
method of grids with the help of a difference scheme of the second order of accuracy on spatial variables 
on an uneven rectangular grid. Testing of the program is carried out with application of earlier developed 
programs of calculation of two-dimensional and three-dimensional temperature fields [27, 28]. 

3. Results and Discussion  
Thermal imaging survey of low-rise houses, built for the first time on the territory of Yakutia by LSTS 

technology, revealed the presence of numerous sites with heat leakage. From thermograms presented on 
Figure 1, you can clearly see the impact of heat-conducting inclusions in the form of steel profiles, joints of 
separate wall panels and insulating materials. The most problematic areas of low-rise LSTS houses is the 
connection of the outer wall fence with a basement ceiling. In most cases, the heat losses occur in abutting 
the steel rack profiles for horizontal track.  

The main causes of violations of the thermal protection LSTS houses more thoroughly analyzed in 
[29] and are as follows: 

– designing covering constructions performed without taking into account the increased air infiltration 
in the northern conditions and the presence of numerous thermal bridges in the form of light steel profiles 
and rolled steel beams on screw piles; 

– allowance on the construction of buildings low quality insulation work and thermal insulation 
materials are used having a low elasticity; 

– thermofiller and sealing tape between steel elements do not perform their functions; 

– violated the integrity of the building airtight envelope in the joints, in areas abutting the wall 
fencing in the basement and attic floors, in the areas around the perimeter of window and door openings. 

  

Figure 1. Thermograms wall surfaces of LSTS at an air temperature of to = –42 °C and ti = +25 °C. 

In traditional solutions of buildings from LSTS is a single-layer wall construction with a frame made of 
thin-walled steel profiles (Figure 2). To fill the wall fencing used fiberglass material density of 10–20 kg/m3 or 
mineral wool density of 50–75 kg/m3. These materials are breathable materials. When performing installation 
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work on the construction site it is difficult to provide high-quality thermal insulation materials laying between the 
profiles due to the presence of bends rack shelves profiles, projections self-tapping screws. 

 
Figure 2. Typical design solution for low-rise home of LSTS for temperate climate. 

The main provisions of the design heat protection of external covering constructions are regulated 
by the updated Construction norms and regulations SNIP 23-02-2003 “Thermal protection of buildings” – 
Code of Practice SP 50.13330.2012. According to the regulations, in the first place need to comply with 
thermal performance of external walling normalized values based thermally conductive inclusions 
depending on the area of building industry. In addition to these requirements, taking into account the 
increased air infiltration and the presence of numerous thermal bridges are offered to consider the following 
basic principles for the design of low-rise buildings walling from LSTS in the Far North: 

– multilayer external walling airtight; 

– in the compounds of the wall fence with a ground location of the overlap frame of steel profiles in 
a warm area of the building; 

– use in conjunction with a ground wall protections overlapping multi thermofiller of materials with 
low thermal conductivity. 

When the multi-layer wall structures decision with LSTS decreases influence of thermal bridges and 
improves the heat-shielding properties of the fence. The joints between the insulation boards and rack-mount 
profiles overlap the separate layers. Unlike traditional solutions offered below constructive decisions of walls 
from LSTS to decrease the impact of air infiltration in the northern regions should be placed OSB boards with 
mandatory sizing joints airtight tape between the separate layers of thermal insulation wall. The outer insulating 
layer framing walls are encouraged to take out at least 100 kg/m3 density mineral wool slabs, which will also 
help reduce the impact of air infiltration. In the inner layers of the insulating panels must have a certain elasticity 
in order to facilitate the installation of the material in the construction of a metal frame. 

The article [30] various options multilayer walls of houses from LSTS were considered for the averaged 
calculated parameters to ensure the heat protection of buildings in the Arctic: the design outdoor air 
temperature to = –54 °C; rated value reduced thermal resistance of the wall at least Ro = 5.25 (m2•°C)/W; 
indoor air temperature ti = +21 °C. The analysis of temperature fields and thermal performance, the unit cost 
for the installation of wall structures found that the best solution is two-layered fencing wall (Figure 3). The 
two-layer construction of the walls LSTS line with zero temperature in place of steel profiles rack arrangement 
is located in the outer insulating layer, and on the wall portion between the steel profiles placed in the middle 
of the inner layer. This fact is particularly important to ensure that the rated values of the temperature on the 
inner wall surface. It should be noted that the first facility built on the territory of Yakutia, were applied three-
layer wall construction with mineral wool insulation thickness of 50 mm on the inside, which led to a breach 
of the temperature regime of buildings. One of the reasons for such a breach is offset line with the zero point 
at the inner side in the locations of rack profiles [30]. 

The specific heat loss, which can be widely used by designers is determined to unify the calculations 
reduced heat transfer resistance of double-layer wall fencing with LSTS. In the design of low-rise buildings of 
LSTS step rack mountable steel profiles take in most cases mineral wool slabs with the width of 600 mm. 
Therefore, to determine the specific heat losses, taking into account the characteristic step rack mountable 
profiles examined the wall fencing portion of width 0.6 m and height 0.6 m in the space scheme (Figure 3). 
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a)  
b)  

Figure 3. The proposed designs of external walls of buildings from LSTS:  
(a) double-layer wall fence, (b) double-layer wall fence with an air gap. 

On the heat loss through the double-layer wall fencing with LSTS following parameters affect: the 
thermal conductivity of applied materials; the thickness of the outer and inner layers; the thickness and size 
of steel profiles; the presence of plate dowels; the presence of a steel bracket. As a hate-insulating material 
considered mineral wool slabs having a density of 40 kg/m3 in the inner layer (λ = 0.041 W/(m•°C) and 
density of 125 kg/m3 in the outer layer with (λ = 0.042 W/(m•°C). Thermal characteristics of other materials 
are given in Table 1. The thickness of the steel profiles, plate dowels and bracket are not taken into account 
in the calculations of specific losses wall fences. 

Specific heat loss calculation results are shown in Table 1. 

Table 1. Specific heat losses Ψ, W/(m2•°C) for a double-layer wall fencing with thin-walled 
steel profiles. 

Sketch of wall fencing and thermal characteristics δ1 
(mm) 

δ2 
(mm) 

Specific heat 
losses Ψ 

(W/(m2•°C)) 

 
(1) mineral wool P125 mark slabs (λ = 0.042 W/(m•°C), (2) rack mountable steel 

profile thickness of 1.8 mm and step of 600 mm (λ = 58 W/(m•°C), (3) mineral wool 
P40 mark slabs (λ = 0.041 W/(m•°C), (4) gypsum plasterboard (λ = 0.21 W/(m•°C),  

(5) roughly strand slabs OSB (λ = 0.34 W/(m\•°C), (6) wind-hydroprotective 
membrane, (7) vapor barrier membrane. 

 
150 

 

100 0.22 

150 0.175 

200 0.146 

 
200 

50 0.272 

100 0.203 

150 0.164 

 
250 

50 0.251 

100 0.191 

150 0.156 

 
(1) mineral wool P125 mark slabs (λ = 0.042 W/(m•°C), (2) rack mountable steel 

profile thickness of 1.8 mm and step of 600 mm (λ = 58 W/(m•°C), (3) mineral wool 
P40 mark slabs (λ = 0.041 W/(m•°C), (4) gypsum plasterboard (λ = 0.21 W/(m•°C),  

(5) roughly strand slabs OSB (λ = 0.34 W/(m•°C), (6) layer of air (λ = 0.357 W/(m•°C), 
(7) hatter steel profile thickness of 1.8 mm and step of 600 mm (λ = 58 W/(m•°C),  

(8) wind-hydroprotective membrane, (9) vapor barrier membrane. 

 
150 

 

100 0.216 

150 0.173 

200 0.145 

 
200 

50 0.267 

100 0.2 

150 0.162 

 
250 

50 0.248 

100 0.189 

150 0.154 
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Steel profiles used for the frame thickness generally of 0.8 to 1.8 mm. The analysis shows that 
changes in the thickness of the steel profiles within the specified limits has little effect on the values of 
specific heat loss through the wall fence considered. In this case, profiles adopted maximum thickness of 
1.8 mm, which will create some margin for evaluation thermal performance walling with using smaller 
thickness of steel profiles. As a result, thermal calculations that sets the plate dowel for fastening hate-
insulating slabs made of fiberglass plays a minor role in the formation of the temperature field for wall 
fencing and steel bracket has a local effect on the temperature distribution. The temperature is leveled at 
the area in the middle of the inner heat-insulating layer and does not differ from areas on the inner surface 
of the wall section in the bracket. This situation is due to the presence of an intermediate barrier OSB slabs 
with a lower thermal conductivity. Therefore, the presence of plate dowels and steel bracket do not 
considered when determining the specific heat loss wall fencing. 

From a comparison of the specific heat loss values with the same total thickness of the walls it is 
seen that the most effective to take a smaller thickness of the inner layer and vary the thickness of the 
outer layer to provide normalized values of the wall fencing reduced thermal resistance. For example, the 
specific heat loss through the building wall structure of the total thickness of 330 mm: 

– Ψ = 0.175 W/(m2•°C) if δ1 = 150 mm и δ2 = 150 mm; 

– Ψ = 0.203 W/(m2•°C) if δ1 = 200 mm и δ2 = 100 mm; 

– Ψ = 0.251 W/(m2•°C) if δ1 = 250 mm и δ2 = 50 mm. 

Heat loss through the wall fencing from LSTS in the presence of an air layer is somewhat reduced 
as compared to the first option (Table 1). Also previously [11], it was established that the inner surface 
temperature of steel profiles location areas is increased by 1.1°C in the presence of an air layer. 

In the previous works considered fundamentally different structural solution panels from LSTS, 
mainly intended for a temperate climate [6–23]. Comparison of the results obtained on proposed solutions 
panels with data of other authors obtained several incorrect. Double-layer wall fence with an intermediate 
layer of roughly strand slabs OSB effectively reduces the impact of thermal bridges and increased 
infiltration of air at very low outside temperature during winter. 

Under the conditions of permafrost lightweight buildings from LSTS allows the use of screw piles. As 
a rule, on steel screw piles installed rolled I-beams, in which is being built from LSTS frame house. With this 
solution (Figure 4) in this frame section there is a plurality cold bridges. As the experience of operation 
buildings, this design solution is not suitable for the construction of buildings in the northern climate zone. 
Therefore, based on the above design principles of the buildings from LSTS offered to create airtight layer 
from the lower side of the building by device of reinforced concrete basement ceiling. The thermofiller can be 
used in the form of masonry materials such as autoclaved aerated concrete blocks, with a lower coefficient 
thermal conductivity λ ≤ 0.16 W/(m·°C) (Table 2) to reduce the influence of cold bridges. The configuration of 
the masonry rater to take a stage that allows overlap the joints of lower heat-insulation layer by the upper 
heat-insulating layer. With such a design solution as the calculations of temperature fields, steel elements are 
located in a zone with a positive temperature (Figure 5). 

To evaluate the thermal performance and determine the specific heat loss calculated the three-
dimensional temperature field fragments nodes conjugation double-layer wall fencing from LSTS with a 
basement ceiling. Angle conjugation considered in three-dimensional variations with the following parameters: 
the height of the wall fencing of 1.2 m, the length and width of track of 0.6 m, taking the step profiles. 

On the heat loss through the node interface wall fencing with a basement ceiling influenced by the 
following parameters: the thermal conductivity of using materials; the thickness of the basement ceiling, 
heat insulating thickness of the basement ceiling, the thickness of the outer and inner layers. Thermal 
characteristics of the materials shown in Table 2. The thickness of the steel profiles taken closer to the 
maximum of 1.8 mm and a reinforced concrete slab – 200 mm. Components of the floor in the calculations 
not considered that will create some stock of heat-shielding properties for under conjugation. 

In under consideration conjugations of the walls with a basement ceiling the line of zero temperature 
is located below the placement areas of steel profiles in sections of both steel rack mountable profile and 
section heat-insulation, i.e., all steel profiles are in the warm zone. The lowest temperature of the inner 
surface (ts,min) is observed in the corner zones of location rack mountable profiles. For example, for the 
variant δ1 = 150 mm, δ2 = 130 mm and δ3 = 300 mm is ts,min = +14.4 °С at the design outdoor air 
temperature to = –54 °С and indoor air temperature ti = +21 °С. The average temperature on the inner 
surface of the conjugation under consideration is ts,a = +18.3 °C. 
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Figure 4. Typical solution of the conjugation 

of the outer wall with a basement ceiling;  
(1) foundation I-beam, (2) profiled decking,  

(3) thin-walled steel profile, (4) rock wool density 
75 kg/m3, (5) block of wood, (6) rack mountable 

steel profile, (7) gypsum plasterboard, (8)  
glass-magnesium sheets, (9) vapor barrier 

membrane, (10) wind-water-proof membrane,  
(11) thin-walled steel guide profile and sealing 
tape Knauf- Dihntungsband, (12) front sheet. 

Figure 5. The distribution of temperature 
in the corner joints in the vertical section  
at the location of the rack mountable steel 
profile with an air temperature to = –54 °C  

and ti = +21 °C. 

Table 2. Specific heat losses Ψ, W/(m2• °C) for a double-layer wall fencing conjugation with a 
basement ceiling. 

Sketch of wall fencing and thermal characteristics δo 
(mm) 

δ1 
(mm) 

δ2 
(mm) 

Specific heat 
losses Ψ 

(W/(m2•°C)) 

 
(1) mineral wool P125 mark slabs (λ = 0.042 W/(m•°C), (2) roughly strand 

slab OSB (λ = 0.34 W/(m•°C), (3) mineral wool P40 mark slabs 
(λ = 0.041 W/(m•°C) between the rack mountable steel profiles thickness of 
1.8 mm and a step of 600 mm (λ = 58 W/(m•°C), (4) gypsum plasterboard 
(λ = 0.21 W/(m•°C), (5) vapor barrier membrane, (6) cement-sand screed 

M150 (λ = 0.76 W/(m•°C), (7) polystyrene slab PSB-S-35 (λ = 0.04 W/(m•°C), 
(8) thermal break of lightweight concrete (λ = 0.16 W/(m•°C), (9) monolithic 

reinforced concrete slab (λ = 1.92 W/(m•°C),  
(10) wind-hydroprotective membrane. 

 
 
 
 

300 

 
150 

 

100 0.341 
150 0.304 
200 0.282 

 
200 

50 0.423 
100 0.353 
150 0.32 

 
250 

50 0.426 
100 0.365 
150 0.335 

 
 
 
 
 
 

400 

 
150 

 

100 0.315 

150 0.275 
200 0.252 

 
200 

50 0.399 
100 0.324 
150 0.287 

 
250 

50 0.399 
100 0.332 
150 0.299 
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As a result of analysis of the specific heat loss values through the conjugation wall fencing with a 
basement ceiling found less heat loss with a smaller thickness of the internal layer of hate insulating wall fencing 
is installed of LSTS. By increasing the thickness of the heat insulation layer basement ceiling from 300 mm to 
400 mm, the specific heat loss through the considered conjugation is reduced from 5.6 to 10.7 %. 

4. Conclusion 
The basic principles proposed for the design of wall fencing from thin-walled steel profiles in the Far 

North. Designed for low-rise buildings of LSTS multi-layer wall fencing and node conjugations with a 
basement ceiling consider for increased air infiltration in the northern climatic zone with a stable very low 
temperature of the outside air in the winter and the presence plentifully cold bridges in the form of thin-
walled steel profiles. The values of specific heat loss depending on various parameters are calculated for 
the double-layer wall fencing and node conjugation with a basement ceiling. From the analysis of the 
specific heat loss values determined that the proposed solutions for wall fencing of LSTS most efficient to 
take a smaller thickness of the inner layer and vary the thickness of the outer heat-insulating layer. 
Proposed solutions for node conjugation of wall fencing with a basement ceiling allow dispose positioning 
steel profiles in the area with positive temperature by thermofiller and their echelon allow overlap joints of 
the lower insulation layer by a top layer. 
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