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Abstract. In recent years in Yakutsk began to build residential buildings 12-16 floors high 

with a reinforced concrete framework. Thermovision examinations of these buildings are 

conducted and the analysis of thermograms of a surface of the protecting designs is made. Sites 

of violation of thermal protection of buildings are established and calculations of the main 

clusters of the external protecting designs with application of programs of a three-dimensional 

temperature profile are carried out. The comparative analysis of calculation datas with natural 

data on thermovision inspection is made. The main reasons for violation of thermal protection 

of the protecting structures of multystoried buildings are established. In a basement storey of 

buildings low temperature on an internal surface of designs is bound to existence of thermal 

bypass in places of an adjunction of a laying of external and internal walls to basement floor 

slabs, reinforced concrete columns to basement floor slabs with a foundation framework. 

During the winter period at especially low temperature of fresh air penetration of cold air in 

multystoried buildings is promoted by the increased air infiltration. 

 

 

1. Introduction 

According to the Federal Law No. 261 of November 23, 2009. "About energy saving and about 

increase in energy efficiency about introduction of amendments to separate acts of the Russian 

Federation" the energy consumption of GDP of Russia has to be reduced by 40% by 2020 and by 2,5 - 

3 times by 2030 concerning the level of 2007. The housing sector in Russia takes the second place 

after manufacturing industry in size of final consumption of energy: 25% of the current volume of 

energy consumption in general and 45% of consumption of heat energy. Therefore, increase in energy 

efficiency of buildings is important strategic task in Russia. 

Results of numerous researches show that losses of heat energy through the outside protecting 

designs are the main and are more than 50% in structure of costs of heat energy of the building of 

heating during the heating period [1,2]. Taking into account it, requirements to thermal shielding of 

the protecting designs have significantly been increased, since 80th years, in the European countries, 

and in Russia since 2000. In the set of rules 50.13330.2012 Revised edition office Construction Norms 

and Regulations 23-02-2003 "Thermal shielding of buildings" real toughening of step-by-step 

requirements consist in rationing of the specified resistance to heat transfer of the protecting designs 

reflecting influence of flat, linear and pointed heat-conducting inclusions. As the annex the 

modernized method of calculation of the specified resistance to heat transfer of the protecting designs 

is provided much. At the same time rated heat conductivity of all construction materials applied in the 

protecting designs is accepted taking into account their operational humidity [3]. Heat-conducting 
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inclusions considerably reduce heat-shielding of buildings and demand application of different 

constructive actions at design of buildings. It should be noted that in the European countries heat-

conducting inclusions are normalized separately and in most cases accounting of their influence at 

design of the protecting designs is made not fully [4]. For accurate accounting of heat-conducting 

inclusions different method of calculation of the specified resistance to heat transfer of the protecting 

designs are offered [5-6].  

In foreign experience at research of buildings on the defects worsening thermal efficiency of the 

building any thermovision devices in the time-lapse mode at which all subtleties of change of 

temperature condition of the building after change of temperature of the outside environment are 

noticeable [7-8] are used. In work [9] ways and methods of integration of power-intensive materials in 

building constructions are described. The fact of use of such materials has the good potential for 

buildings at energy consumption reduction, but demands some investments into construction time. 

Investment and costs of increase in thermal efficiency of the building are favorable on ecological and 

almost by all economic criteria [10]. In this case costs of consumption of 1 kWh in the building at 

which at the building with weak thermal shielding costs of consumption of energy resources raise are 

described. In the European countries any buildings with the increased energy efficiency and the 

lowered energy consumption directed to the Zero Energy Building level [11] are developed. 

In modern construction by the most widespread frame housing construction using monolithic 

reinforced concrete constructions is. In many respects it is connected with development of 

construction technologies, possibility of construction of buildings of the increased number of storeys 

with different architectural expressiveness and flexible design. In outside wall designs of such 

structures the laying from blocks with outside heat insulation, the ventilated or "wet" facade is used. 

Accounting of heat-conducting inclusions and the ventilated layer, longitudinal filtering of air when 

calculating resistance to wall heat transfer with hinged front system is considered in work [12-14]. 

Considerable decrease in heat-protective properties of external wall with the ventilated facade on the 

site of interwindow piers is shown at application of thermal insulation materials with high air 

permeability due to longitudinal filtering of air, availability of errors of mounting of heat-insulating 

plates: leaky adjunction of plates to wall or not bringing to the window block it is shown in works 

[13,14]. Complex heatphysical researches for the purpose of assessment of heat-protective properties 

of node of interface of balcony slab to external wall are conducted in NIISPh [15-17]. As a result of 

pilot researches values of coefficients of heat exchange and their distribution to surfaces of balcony 

slab are received, comparison of heattechnical characteristics in the presence of perforation with heat-

insulating inserts and installation is carried out to node of the bearing heat-insulating Schöck Isokorb® 

element [18]. For warming of external multilayer wall in exit points of end face of inserted floors 

outside heat insulation with protective device is offered [19]. 

Now with development of construction technologies there was opportunity to build buildings with 

the number of 12-16 floors using monolithic reinforced concrete constructions in the conditions of 

permafrost soil. At the same time, the heat-shielding of multi-storey buildings in northern climatic 

zone is complicated by number of the factors connected with severe operating conditions. It first of all, 

long winter period, especially low outside temperature -45° C and below within 50-60 days, 

availability of the aired underground at the pile bases, the increased air infiltration. One of 

shortcomings of frame and monolithic buildings are availability of different constructive bridges of 

cold, especially in socle part of buildings [20-22]. Main objective of work is identification of basic 

reasons of violation of thermal shielding of multi-storey buildings with concrete formwork in extreme 

conditions of the North. 

 

2. Methods 

Object of research are multi-storey frame and monolithic buildings in extreme conditions of the North. 

For identification of basic reasons of violation of thermal shielding of multi-storey buildings with 

concrete formwork in extreme conditions of the North on-site thermovision investigations of multi-

storey buildings in Yakutsk are conducted and the numerical analysis of temperature fields of nodes of 
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the outside protecting designs is made. As example 16 floor building in Yakutsk are considered. The 

building has in the plan rectangular shape of 16,7*61,4 m in size at the level of the second floor and 

the acting part of 3,5 m from the main facade of the first floor. The building is located in the open area 

on the bank of the lake. Load-carrying structures of the building represent concrete formwork with flat 

slab floors. Columns have the section of 600*400 mm with 1st on the 4th floors, with 5th on the 16th 

floors - 400*400 mm.  

Constructive decisions of outside barriers for the considered building are made traditional, as well 

as in other frame and monolithic buildings designed for Yakutsk. External wall represents sandwich 

construction from laying using small concrete blocks between columns, outside heat insulation from 

mineral wool boards with a density of 125 kg/m
3
 200 mm thick, ventilated facades. Polystyrene foam 

plates with a density of 35 kg/m
3
 are applied to heat insulation of socle overlapping 300 mm thick. 

Resistance to heat transfer of external wall and socle overlapping on smooth surface is according to 

5,27 and 7,45 (m
2
 ºС) / W. 

In December-January outside temperature in Yakutsk is -36 …-45°C without special differences. 

Therefore, on-site investigations of the considered multifamily residential building were conducted in 

December, 2017 at outside temperature of -39,4°C. Thermovision inspection of the building was made 

according to requirements of GOST P 54852-2011 "Buildings and constructions. Method of 

thermovision quality control of heat insulation of the protecting designs". In this case thermovision 

examination was conducted from the inside of the building that is dictated by weather patterns and 

availability of the ventilated facade. For carrying out thermovision shooting the SAT G-90 thermal 

imager, for temperature measurement of internal air in rooms - the Testo 435-4 device is used. At the 

beginning of natural works survey shootings of the protecting designs, and then comprehensive survey 

of separate fragments of designs where violations of thermal shielding of the building have been 

established were carried out. 

For carrying out the numerical analysis and comparison with actual data payment of temperature 

fields of nodes of the protecting designs and their heattechnical characteristics under the certified 

Shaddan 3D ST program is executed at outside temperature of tout = -39,4°C, temperature 

corresponding to value in day of carrying out natural measurements. This program allows to define 

space temperature fields of the structures of any difficult configuration adjoining with environments 

on different parameters. The problem is solved by method of grids by means of the differential scheme 

of the second order of accuracy on space variables on uneven rectangular grid. Testing of the program 

is carried out using earlier developed programs of calculation of two-dimensional and three-

dimensional temperature fields [23,24 18, 19]. When carrying out heattechnical calculations of nodes 

of the building of the characteristic of materials are accepted by the following: reinforced concrete 

slabs of overlapping - coefficient of thermal conductivity λ = 1,92 W / (m ºС); expanded polystyrene 

of PSB-S 35 – λ = 0,042 W / (m ºС); cement and sand tie – λ = 0,76 W / (m ºС); steel concrete column 

– λ = 1,92 W / (m ºС); laying from wall stone on cement and sand solution – λ = 0,64 W / (m ºС); 

mineral wool boards – λ = 0,042 W / (m ºС). 

 

3. Results 

In this article five constructive nodes of the building in which characteristic low-temperature sites are 

observed are considered and allocated and normative values of thermal shielding of buildings are not 

provided. Experience of construction and operation of multi-storey frame and monolithic buildings in 

Yakutsk shows that the most problem sites are nodes of interface of structural components of the first 

floor to socle steel concrete overlapping. These nodes in the made design decisions are characterized 

by availability of several heat-conducting inclusions. Besides, in the conditions of especially low 

outside temperature and the aired underground at application of the pile bases considerable influence 

on heat-shielding of first floors of buildings is rendered by air infiltration. During the coldest months 

(tout =  

-40°C …-55° C) on the first floor of 9 floor buildings pressure difference between outside and internal 



International Multi-Conference on Industrial Engineering and Modern technologies

IOP Conf. Series: Materials Science and Engineering 463 (2018) 032004

IOP Publishing

doi:10.1088/1757-899X/463/3/032004

4

air makes 80-100 Pas, and for 16 floor - 180-200 Pas. In such conditions any defect in the outside 

protecting designs leads to penetration of cold air in the building and respectively to heat loss. 
As a result of the analysis of materials of thermovision inspections of buildings heat loss, 

characteristic of all buildings, through nodes of adjunction of columns to socle steel concrete 

overlapping are established. On these sites it is impossible by constructive methods to exclude "cold 

bridges": steel concrete columns of the first floor - socle steel concrete overlapping - grillages of pile 

groups. On the given example from fig. 1 influence of the specified heat-conducting inclusions is well 

visible. On perimeter of columns zones with temperatures on surface of designs which on value below 

of the normalized parameters are revealed. For example, on the R1 line minimum temperature is tmin = 

+6,9ºC, on the R2 line - tmin = +2,8ºC (fig. 1, b).  
By results of calculation of temperature fields of design of node of socle floor slab with steel concrete 

column minimum temperature on inside face of designs of tmin= +6,9ºС is established, the specified 

resistance to heat transfer was Rred = 4,05 (m
2
 ºС) / W. Temperature isolines in fig. 1, with visually 

reflect negative influence of the bridge of cold. Discrepancy of calculated values of temperature on 

inside face with data of natural measurements can be explained with poor quality of mounting of heat-

insulating plates of socle overlapping. In places of leaky adhering of end faces of polystyrene foam 

plates to side face of columns because of the increased infiltration of air cold air gets into the winter 

period and temperature condition of the building is broken. During installation works gaps between 

column and heat-insulating plates, as a rule, try to fill with polyurethane foam or tow. During initial 

stage of operation this method gives some effect, however over time appear gap in the considered site 

because of shrinkage of polystyrene foam plates and temperature deformations of elements of designs. 

In the considered building the first floor on the one hand acts concerning the second floor. On this 

site in corner of the building there is cold bridge: reinforced concrete slab of overlapping - laying from 

wall stone (fig. 2, a). By results of calculation of temperature fields of this node minimum 

temperature on inside face of the protecting designs was tmin = +8,07ºС, the specified resistance to 

heat transfer was Rred = 2,44 (m
2
 ºС) / W (fig. 2, c). In fact, actual temperature was much lower than 

a. 

 
 

b. 

 
 

c. 

 

Figure 1. Node of socle floor slab with steel 

concrete column: a - node design; b - thermogram; 

c - isolines of distribution of temperature 

1 - socle floor slab 2 - expanded polystyrene of 

PSB-S 35; 3 - cement and sand tie; 4 - steel 

concrete column 
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calculated values. For example, on the allocated R2 area in fig. 2, b minimum temperature in corner 

from the inside of the outside protecting designs in day of carrying out inspection was all tmin = -2,1°C. 

This fact is explained by availability of cavities or slots in solution seam between the upper edge of 

laying from small concrete blocks and lower face of inserted floor. In actual practice construction 

site, it is rather difficult to fill with cement and sand solution gap on this site. Besides, mineral -

cotton plates not always densely adjoin to laying surface because of availability of roughness’s of 

laying or flows of solution that also in the conditions of the increased infiltration of air during the 

winter period leads to heat loss.   

On this site heat leakage is also observed on site laying joint with column. For example, on the 

allocated R1 area in fig. 2, b minimum temperature is tmin = -1,6°C that is much lower than value of 

temperature of loss of condensate. One of basic reasons of such state is availability of cavities or 

slots in solution seam between end face of laying and surface of column that depends on quality of 

construction jobs on blockwork from small blocks. Besides, in the period of upkeep of buildings 

there are vertical cracks between laying and column owing to temperature deformations. 

 

a. 

 

 

 

 

 

 

 

 

b. 

 

c. 

 

 

 

Figure 2. Node of covering of the first floor 

from the outside protecting design and steel 

concrete column: a - node design; b - 

thermogram; c - isolines of distribution of 

temperature 
1 - slab roof of 1 floor; 2 - expanded polystyrene 

of PSB-S 35; 3 - cement and sand tie; 4 - steel 

concrete column; 5 - laying from wall stone on 

cement and sand solution; 6 - mineral wool 

boards 
 

One of problem sites in frame and monolithic buildings is the angle of socle overlapping with the 

outside protecting design. In design decisions taking into account arrangement of non-residential 

premises on the first floor thickness of heat-insulation layer of socle overlapping of buildings in 

weather conditions of Yakutsk is accepted usually by 300 mm. At the same time, according to 

heattechnical calculation temperature on inside face of node of socle overlapping with external wall 

does not meet the normative requirements and values of temperature of loss of condensate are lower. 

For the considered building by results of calculation of temperature fields of constructive node at 

outside temperature of -39,4°C minimum temperature on surface of the protecting designs, equal tmin= 

+4,9ºС is received (fig. 3, b). Results of thermovision shootings confirm low temperature on inside 

face of angular part of node of the protecting design. For example, on the allocated Pol1 area of the 

site of the protecting designs minimum temperature is all tmin= +3,5°C. On other similar nodes have 

been established even negative temperature. From the point of view of heat-shielding this node is 

the most vulnerable as the cold zone is located from three parties and there is cold bridge: socle 

reinforced concrete slab - laying from small concrete blocks. Besides, availability of gaps between 
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end faces of polystyrene foam plates and laying owing to low-quality carrying out heat-insulating 

works and shrinkage of plates is cause of infringement of temperature condition over time. All this in 

the conditions of the increased infiltration of air at low outside temperature of tout ≤ -35°C leads to 

intensive penetration of cold air and heat loss.  

In the presence of column on the considered site of socle overlapping the situation becomes more 

adverse from the point of view of heat-shielding. In this case there is additional bridge of cold: steel 

concrete column - grillage of pile groups. Besides, at work on heat insulation of socle overlapping the 

angular zone leads to complication of these works. Emergence of additional bridges of cold leads to 

change of temperature condition in the adverse part and respectively temperature condition changes 

for the worse. The actual minimum temperature on the allocated R1 area in fig. 4, b was -0,1°C in day 

of carrying out thermovision inspection. As a result of heattechnical calculation of this node very low 

temperature on inside face of the protecting designs is established. Minimum temperature on surface is 

equal to -1.7°C and the specified resistance to heat transfer of the considered site of the outside 

protecting designs has very low Rred = 2,22 (m
2
 ºС) / W. Violation of thermal shielding of this site is 

explained by the above-stated reasons for similar node only without column. 

 

a. 

 

b. 

 

c. 

 

 

Figure 3. Node of angle of socle overlapping 

from the outside protecting design: a - node 

design; b - thermogram; c - isolines of 

distribution of temperature 
1 - socle floor slab; 2 - laying from wall stone on 

cement and sand solution; 3 - mineral wool 

boards 
 

 

At design and construction of frame and monolithic buildings in the conditions of Yakutsk 

movement joints in socle overlapping are located with step, not exceeding 15 m. This structural 

component is especially important for northern areas with big temperature drop of outside air during 

the winter and summer periods. Quite often because of errors of design and construction there are 

cracks in grillages of piles because of temperature deformations. Movement joints have to be filled 

with elastic thermal insulation material and from outer side to be pressurized by weatherproof sealants. 

In practice seams in socle overlapping are in most cases closed up by tow and polyurethane foam or 

polystyrine plates. In the considered building the first approach is applied. The constructive solution of 

the site of socle overlapping with pair columns and expansion seam is provided on fig. 5. By results of 

calculation of temperature fields minimum temperature on inside face of the protecting designs is tmin = 

-2,89ºС. The specified rated resistance to heat transfer of this node is Rred = 1,126 (m
2
 ºС) / W. Results 

of thermovision shooting have shown low temperature on inside face of the protecting designs with 

the minimum value tmin = -8,4°C. On this site explicit impact is exerted by penetration of cold air 

through movement joint because of their insufficient seal. It should be noted that the above-stated 
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methods of seal of movement joints accepted in construction practice are ineffective and eventually 

lose the functions.  
 

a. 

 

b. 

 

 

 

c.  

Figure 4. Node of angle of socle overlapping 

from the outside protecting design in the 

presence of column: a - node design; b - 

thermogram; c - isolines of distribution of 

temperature 

1 - socle floor slab; 2 - laying from wall stone 

on cement and sand solution; 3 - mineral wool 

boards; 4 - column 
 

a. 

 

b. 

 

c. 

 

 

Figure 5. Node of socle floor slab with columns on 

movement joint of the building: a - node design; b - 

thermogram; c - isolines of distribution of temperature 
1 - socle floor slab; 2 - laying from wall stone on 

cement and sand solution; 3 - mineral wool boards; 4 - 

steel concrete column; 5 - movement joint 
 

 

During conducting on-site investigations violations of thermal shielding of the outside protecting 

designs and on upper floors are established. In fig. 6 the node of angle joint of the protecting design 

with constructional column is given in the 6th floor of the building. By results of calculation of 

temperature fields minimum temperature on inside face of the protecting design is tmin= +11,8ºС, the 

specified rated resistance to heat transfer of this node - Rred = 4,28 (m
2
 ºС) / W. On this site there is no 

direct access of cold air to heat-conducting inclusions: to column and laying. Nevertheless, from 
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picture of isolines of distribution of temperature it is visible that at outside air temperature of tout = -

39,4°C the most part of column section is in zone with negative temperature.  

As practice shows, in the conditions of the increased air infiltration the large role is played by 

quality of performance of laying from small concrete blocks and the laying adjunction density to 

column. From fig. 5, with it is visible that on the considered site there are cavities in seam between 

laying and column. Respectively actual temperature on inside face of the protecting design was tmin= 

+1,5ºС. Except the aforesaid, also leaky adjunction of mineral wool boards to laying is cause of 

infringement of temperature condition of the protecting design. 

 

a. 

 

b. 

 
 

c.  

 

 

 

Figure 6. Node of corner of the outside 

protecting design in the presence of column on 

the 6th floor: a - node design; b - thermogram; 

c - isolines of distribution of temperature 
1 - socle floor slab; 2 - laying from wall stone 

on cement and sand solution; 3 - mineral wool 

boards; 4 - column 
 

 

Conclusion 

1. As a result of the conducted on-site thermovision examinations multi-storey (12 and more 

floors) frame and monolithic buildings in Yakutsk characteristic sites of the outside protecting designs 

with the low temperature which is not meeting the normative requirements of thermal shielding of 

buildings are established. The most problem sites is nodes of socle overlapping with the outside 

protecting design. On these sites at outside temperature in day of carrying out inspections of tout = 

-39,4°C minimum temperature on inside face of the protecting designs places was below, than dew 

point temperature of air. Such picture is especially characteristic of angular sites of socle 

overlapping of the 1st floor of buildings in the presence of column. During inspections infiltration of 

air is established through movement joints in socle overlapping of multi-storey buildings. On upper 

floors of buildings heat leakage by places is observed through blockwork joints with columns. 

2. Are basic reasons of violation of temperature condition on the first floor of multi-storey 

buildings availability of bridges of cold: steel concrete socle overlapping - laying from small 

concrete blocks. On some sites in addition to them there is one more heat-conducting inclusion in 

the form of column with grillage of piles. The made design decisions of nodes of socle overlapping 

initially assume low temperature on inside face of designs. By heattechnical calculation it is 

established that at calculated temperature of outside air tout = -52.0°C minimum temperature on 

inside face in ordinary connection of wall barrier with socle overlapping is tmin = 8,81°C, in T-joint 

of wall barrier with socle overlapping - tmin = 1,64°C, and in the presence of column in T-joint - tmin = 

-5,54°C.  
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3. In the conditions of especially low outside temperature (tout =-40°C …-55°C) on temperature 

condition of the protecting structures of the first floor considerable impact is exerted by air infiltration. 

At pressure difference between outside and internal air of 180-200 Pas on the first floor of 16 floor 

houses any defect in the outside protecting designs leads to intensive penetration of cold air in the 

building. The main defects of nodes of the protecting designs are: in socle overlapping gaps between 

end faces of polystyrene foam plates and laying or colons owing to low-quality carrying out heat-

insulating works and shrinkage of plates over time, leaky seal of movement joints; on upper floors 

availability of cavities in seams between laying and lower face of inserted floors, in seams between 

laying and columns, leaky adjunction of mineral wool boards to laying surface from small concrete 

blocks. 

 

References 

[1] Vatin N.I., Nemova D.V., Rymkevich P.P., Gorshkov A.S., 2012 Vliyanie urovnya teplovoi 

zashchity ograzhdayushchikh konstruktsii na velichinu poter' teplovoi energii v zdanii. 

Inzhenerno-stroitel'nyi zhurnal. № 8 (34) pp. 21-27. 

[2] Gorshkov A.S. 2010 Energoeffektivnost' v stroitel'stve: voprosy normirovaniya i mery po 

snizheniyu energopotrebleniya zdanii. Inzhenerno-stroitel'nyi zhurnal. № 1 pp. 9–13. 

[3] Gagarin V.G., Kozlov V.V. 2013 O normirovanii teplozashchity i trebovaniya raskhoda energii 

na otoplenie i ventilyatsiyu v proekte aktualizirovannoi redaktsii SNiP «Teplovaya zashchita 

zdanii. Vestnik Volgogradskogo gosudarstvennogo arkhitekturno-stroitel'nogo universiteta. 

Seriya: Stroitel'stvo i arkhitektura. №31-2 (50) pp. 468-474. 

[4] M. Citterio, M. Cocco, H.Erhorn-Kluttig, 2008 Thermal bridges in the EBPD context: overview 

on MS approaches in regulations. EBPD Buildings Platform. P64, 28-4-2008. 

[5] Gagarin V.G., Kozlov V.V. 2010 Teoreticheskie predposylki rascheta privedennogo 

soprotivleniya teploperedache ograzhdayushchikh konstruktsii. Stroitel'nye materialy. №12. pp. 

4-12. 

[6] Krivoshein A. D., Fedorov S. V. 2010 K voprosu o raschete privedennogo soprotivleniya 

teploperedache. Inzhenerno-stroitel'nyi zhurnal. № 8 (18) pp. 21-27. 

[7] Matthew Fox, David Coley, Steve Goodhew, Pieter De Wilde 2015 Time-lapse thermography 

for building defect detection. Energy and Buildings. Vol. 92, pp. 95-106 

[8] Matthew Fox, Steve Goodhew, Pieter De Wilde 2016 Building defect detection: External versus 

internal thermography. Building and Environment, Vol. 105, pp. 317-331 

[9] Shazim Ali Memon 2014 «Phase change materials integrated in building walls: A state of the art 

review». Renewable and Sustainable Energy Reviews, Vol. 31, pp. 870-906 

[10] Janusz Adamczyk, Robert Dylewski 2017 The impact of thermal insulation investments on 

sustainability in the construction sector. Renewable and Sustainable Energy Reviews, Vol. 80, 

pp. 421-429 

[11] Ove Christen Mørck 2017 Energy saving concept development for the MORE-CONNECT pilot 

energy renovation of apartment blocks in Denmark. Energy Procedia, Vol. 140, pp. 240-251 

[12] Gagarin V.G., Kozlov V.V., Lushin K.I. 2016 Uchet teploprovodnykh vklyuchenii i 

ventiliruemoi prosloiki pri raschetakh soprotivleniya teploperedache steny s navesnoi fasadnoi 

sistemoi // Stroitel'nye materialy. №6 pp. 32-35. 

[13] Reich, E., Khayrutdinova F., Nemova, D., Subbotina, S. 2015 Comparison of Different Types of 

Transparent Structures for High-Rise Buildings with a Fully Glazed Facade Applied Mechanics 

and Materials, 725-726, pp. 26-33. 

[14] Petrichenko, M., Nemova, D., Reich, E., Khayrutdinova, F., Schilling, R., Olshevskyi, V. 2016 

Impact of Rustication Joints on Lightweight Insulation in Ventilated Facade Systems MATEC 

Web of Conferences, 73, art. no. 02007. 

[15] Umnyakova N.P., Egorova T.S., Cherkas V.E., Belogurov P.B., Andreitseva K.S., 2012 

Povyshenie energoeffektivnosti zdanii za schet povysheniya teplotekhnicheskoi odnorodnosti 



International Multi-Conference on Industrial Engineering and Modern technologies

IOP Conf. Series: Materials Science and Engineering 463 (2018) 032004

IOP Publishing

doi:10.1088/1757-899X/463/3/032004

10

naruzhnykh sten v zone sopryazheniya s balkonnymi plitami. Stroitel'nye materialy. №6 pp. 17-

19. 

[16] Umnyakova N.P., Egorova T.S., Andreitseva K.S., Smirnov V.A., Lobanov V.A., 2013 Novoe 

konstruktivnoe reshenie sopryazhennykh naruzhnykh sten s monolitnymi mezhduetazhnymi 

perekrytiyami i balkonnymi plitami. Stroitel'nye materialy №6 pp. 28-31. 

[17] Umnyakova N.P.,  Andreitseva K.S.,  Smirnov V.A. 2013 Inzhenernyi metod rascheta 

temperatury v uzle sopryazheniya naruzhnoi steny s monolitnymi mezhduetazhnymi i 

balkonnymi plitami pri ispol'zovanii nesushchego teploizolyatsionnogo elementa 

«shekkizokorb». Stroitel'stvo i rekonstruktsiya. №6 (50) pp. 53-63. 

[18] Umnyakova N.P., Andreitseva K.S., Smirnov V.A. 2016 Teploobmen na poverkhnosti 

vystupayushchikh elementov naruzhnykh ograzhdenii. Tekhnologiya tekstil'noi 

promyshlennosti. №4 (364). 

[19] Kuznetsov A.V., 2013 Uteplenie uzlov sopryazheniya sten s diskom perekrytiya v monolitnykh 

domakh. Zhilishchnoe stroitel'stvo. №8 pp. 32-35. 

[20] Danilov N.D., Fedotov P.A. 2014 Analiz vliyaniya uglovykh stykov na teplopoteri naruzhnykh 

sten. Zhilishchnoe stroitel'stvo. №6 pp. 3-7. 

[21] Danilov N.D., Sobakin A.A., Fedotov P.A. 2016 Optimal'noe uteplenie styka sten karkasno-

monolitnykh zdanii s provetrivaemymi podpol'yami. Zhilishchnoe stroitel'stvo. №6. pp. 28-31. 

[22] Kornilov T.A., Kychkin I.R., Ovchinnikova O.N. 2017 Povyshenie teplozashchity tsokol'nogo 

perekrytiya karkasno-monolitnykh zdanii s provetrivaemymi podpol'yami. Stroitel'stvo i 

rekonstruktsiya. №3(71) pp. 58-67. 

[23] Danilov N.D., Shadrin V.Yu., Pavlov N.N. 2010 Prognozirovanie temperaturnogo rezhima 

uglovykh soedinenii naruzhnykh ograzhdayushchikh konstruktsii. Promyshlennoe i 

grazhdanskoe stroitel'stvo. №4 pp. 20-22.  

[24] Danilov N.D., Sobakin A.A., Slobodchikov E.G., Fedotov P.A., Prokop'ev V.V. 2013 Analiz 

formirovaniya temperaturnogo polya naruzhnoi steny s fasadnoi zhelezobetonnoi panel'yu. 

Zhilishchnoe stroitel'stvo. №11 pp. 46 - 49.  

 


