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Abstract. The paper presents results of numerical research oriented to the influence of heat 
conducting inclusions on thermo-technical properties of vertical and horizontal sandwich panels. 
Sandwich panels consist of flat steel sheets and thermal insulation core (from foam polystyrene, foam 
polyurethane and rock wool). Thread forming screws, which cross the sandwich panel through its depth, 
and connect the sandwich panel to frame, creates the heat conducting inclusions. The numerical analysis 
is carried out using software ANSYS. Based on the numerical analysis results, the regression equations 
for calculation of minimal values of temperature on an internal surface of a vertical sandwich panel are 
easy to obtain. The analysis of thermal field of the “sandwich panel – metal frame” system shown that the 
hygiene requirements are not complied. Proposed solution allows the reduction of the influence of heat 
conducting inclusions on thermo-technical properties. 

Аннотация. Представлены результаты численного исследования влияния теплопроводных 
включений, на теплотехнические свойства стеновых сэндвич-панелей вертикальной и 
горизонтальной разрезки с плоскими металлическими обшивками и эффективным утеплителем 
(пенополистирольным, пенополиуретановыми, минераловатным). В качестве теплопроводных 
включений рассматриваются самонарезающие винты, прорезающие тело панели, с помощью 
которых панель крепится к каркасу здания – ветровым ригелями или колоннам. Исследование 
выполняется в программном комплексе ANSYS путем моделирования сэндвич-панели с 
теплопроводными включениями и, действующего на нее теплового поля, вызванного разностями 
температур внутреннего и наружного воздуха. По результатам проведения многофакторного 
численного эксперимента решены уравнения регрессии для вычисления минимального значения 
температуры на внутренней поверхности ограждающей конструкции, состоящей из панелей 
вертикальной и горизонтальной разрезки. На основе данных численного эксперимента проводится 
анализ температурного поля системы «сэндвич-панель – каркас здания». Показано, что при 
существующей системе крепления сэндвич-панели к каркасу здания не соблюдаются 
гигиенические требования, регламентирующие температурный перепад между внутренней 
поверхностью ограждающей конструкции и температурой внутреннего воздуха в помещении. 
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Сделаны выводы о возможности выпадения конденсата водяного пара на внутренней поверхности 
ограждающих конструкций общественных зданий и промышленных зданий с сухим и нормальным 
влажностным режимом и внутри сэндвич-панели. Предложен вариант утепления мест крепления 
сэндвич-панели к каркасу здания. 

1. Introduction 
Energy saving is the most important task for all industries, including the construction sector. 

Energy saving in the construction sector is a complex of measures aimed at reducing heat losses during 
a building life cycle. Design of energy efficient and energy saving structures is the priority area of modern 
science and technology. It is general knowledge, that the building loses most quantity of heat energy 
through windows and a ventilation system. However, the building loses more heat energy through a solid 
wall and roof than considered in the thermo-technical calculation. 

Energy efficiency of buildings is a very topical task, so many researches and studies focus on this 
issue. Some authors compared the different types of external wall insulation in the context of their 
influence on energy saving and environmental pollution [1]. Other authors describe the tools used to 
analyze economic life cycle and different facade systems of the building model with the point of energy 
efficiently and life cycle optimization [2]. 

The improvement of building economic efficiency is possible by reducing the cost of heating and 
ventilation process by increasing resistance to heat transfer of building enclosing structures. Reducing 
the influence of possible “thermal bridges” on the overall resistance to heat transfer achieves these goals. 
Analysis and studies for the improvement of enclosing structures of buildings are presented in many 
researches and papers. The possibility of wetting the core of the sandwich panels due to the “thermal 
bridges” existing is shown in paper [3, 4]. “Thermal bridges” influence can be estimated through the 
thermotechnical uniformity coefficient. In paper [5] the method of thermotechnical uniformity coefficient 
evaluation by analyzing thermo grams are accounted. In other way this influence can be estimated 
through the reduced total thermal resistance [6, 7]. Evaluation of thermal performance of building 
envelope using the thermo vision control was carried out in papers [8–10]. In [11] non-stationary heat 
transfer through exterior building envelope was described. Evaluation of efficient of an energy-saving 
measures complex was carried out in [12–14]. 

Generally, the cause of heat loss and humidification of wall elements is due to the presence of heat 
conducting inclusions, which are inevitable for some types of wall. Sandwich panels are in active use as 
enclosing constructions for different types of buildings [15]. The sandwich panel is a multi-layer structural 
element consisting of thermal insulation located between flat or profiled metal sheets and fixed to the 
buildings bearing structure by means of threaded screws. These screws often create “thermal bridges” 
cross the sandwich panel system. 

Thermo-technical properties of sandwich panels are a subject of researches carried out by many 
authors [13, 16–19]. Mentioned researches focus on the thermo-technical bending analysis of sandwich 
panels, their non-linear thermal behavior and temperature-bending dependence, using various methods 
and mathematical equations. 

Action of external load together with temperature changes of the surrounding environment affect 
the global bearing capacity of the structure, so the thermo-technical properties of individual structural 
elements, including enclosing constructions, can also influence this bearing capacity. The research of 
some authors was oriented to polymer foam core exposed to elevated temperature and possible changes 
of sandwich structures behavior, other authors dealt with sandwich panels subjected to compression 
and/or bending load from the stability and serviceability point of view [20–23]. Therefore, loads and 
temperature changes are essential in the analysis of sandwich panels’ behavior. 

The development of computer technologies and software environments allow the researchers for 
more sophisticated and effective approaches for the solving of challenge tasks and simulations using 
different FEM based mathematical models and numerical analysis. Researchers, using the mentioned 
possibilities, can create 3D models of composite structures consisting of materials with different 
properties in various directions and investigate the behavior of individual layers and elements from the 
thermal, deflection, stiffness point of view and so on [24–31]. 

The purpose of this research is the numerical study of thermo-technical behavior of sandwich 
panels consisting of two flat steel sheets and core from different materials, such as polystyrene foam, 
polyurethane foam and rock wool and the investigation of the sandwich panels and frame elements 
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humidity due to the external and internal temperature differences. The thermo-technical behavior is 
undergoing investigation using CAE-software with thermal field simulation. 

The objective of this study is to investigate the influence of fasteners on the thermal behavior of the 
wall of the sandwich panels. 

2. Methods 

2.1. Types of sandwich panels 

The numerical analysis of this study covered two types of sandwich panels: the first type named 
vertical sandwich panel has vertical size more than horizontal size (Figure 1) and the second type named 
horizontal sandwich panel has vertical size less than horizontal size (Figure 2). 

The two types of sandwich panels mounting are existed: with use of vapor and vibration barrier 
films and without it. For this research we considered the variant without vapor and vibration barrier films. 

 
 

Figure 1. Vertical sandwich panels Figure 2. Horizontal sandwich panels 

 

2.2. The determination of the temperature values and humidity near fastening 
elements 

Sandwich panels were: width 1.2 m; length 6.0 m; steel sheet’s thickness 0.5 mm; core thickness 
100 mm. Next analysis covers a part of sandwich wall structure at the connection of the four sandwich 
panels. Dimensions of considered part were 1.2 x 6.0 m (Figure 3). 

 

Figure 3. Part of sandwich wall structure: 1 – steel sheets, 2 – core, 3 – threaded screws,  
4 – considered part of the wall 
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The transverse spacing of the screws (
1B ) was 350 mm for both types of the sandwich panels 

(vertical and horizontal sandwich panels). The longitudinal spacing of the screws (
2B ) for vertical 

sandwich panels was 1475 mm, for horizontal sandwich panels as 6000 mm. 

The joint profile between panels wasn’t included in this numerical model because its thermal losses 
are less then thermal losses through screws. 

Presented values of different coefficients in this paper are actual for the time of numerical analysis 
and modeling realization. The model of sandwich panel core was isotropic material. This materials’ 

characteristics are: heat transfer coefficient ( c ); 0.05 W/(m·°С); specific heat 0.84 J/(kg∙°С); density 110 

kg/m3. For the purpose of finite element mesh simplification, the connecting screws had square cross-
sections without threads. This solution does not affect the target or expected results of the thermo-
technical analysis. Screws had dimension 6.3 mm and density 7871 kg/m3 for steel [32] in the model. The 
heat transfer coefficient of the screws was 44.5 W/(m·°С). Material of steel sheets had the following 
characteristics: heat transfer coefficient 58 W/(m·°С); specific heat 482 J/(kg∙°С); density 7871 kg/m3. 

ANSYS 3D finite elements model consisted of 8-nodes thermal solid elements (SOLID 70). 
Temperature was the only element’s degree of freedom in each node. The Boolean operations had 
allowed creating the correct model. The model’s finite hexagon sweep-elements mesh size was 0.014 m. 

Convection on areas is the boundary condition. The external sheet had following parameters: film 
coefficient 23 W/(m3∙°С), bulk temperature -35 °С. The internal sheet parameters were: film coefficient 
8.7 W/(m3∙°С), bulk temperature 20 °С. 

The ANSYS temperature field calculation gave node temperature volumes on the external surface 

( ext ) and internal surface ( int ) of the structure and gave possibility do determine the average value of 

the temperatures for both of them. 

In addition, temperature data processing included comparison of the: 

 minimal values of temperatures on the internal surface of sandwich panel (
min

int ) and the dew 

point temperatures for two types of buildings: industrial buildings and public places; 

 the indoor temperature and temperature of the internal surface of enclosing structure with the 
temperature gradient, given by Russian national standard [33]. 

The temperature field near the lengthwise connecting screws also underwent investigation. 

2.3. The numerical complete multivariable analysis 

Complete multivariable analysis resulted in the equations for calculation of minimal values of 
temperature on the internal surface of vertical and horizontal sandwich panels. Sandwich panels had: flat 
steel sheets of thickness 0.5 mm; varied core thickness from 50 mm to 150 mm; heat transfer coefficient 

from 0.03 W/(m·°С) to 0.05 W/(m·°С). The transverse spacing between screws (
1B ) varied from 300 to 

500 mm and the longitudinal spacing between screws (
2B ) varied from 1500 to 6000 mm. Because the 

diameter of screws (d) may be also varied according to environment conditions, their diameters in the 
analysis varied from 5 to 8 mm. 

3. Results and Discussion 
The numerical analysis results gave the regression equations for the calculation of minimal values 

of temperature on the internal surfaces of vertical and horizontal sandwich panels: 

сvert d   812.24527.1372.21min

int,  (1) 

сhor d   125.25522.136.21min

int,  (2) 

Differences between calculation results according to equations 1 and 2 are minimal from the 
accuracy point of view, so the both equations are applicable.  

Figures 4, 5 illustrate the area near fitting location of the sandwich panel to metal frame for 
analysis of the temperature values on the internal surface of panel (Figures 4, 5). 
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Figure 4. The cross sections of the horizontal sandwich panels with the area for analysis 

 

Figure 5. The cross sections of the vertical sandwich panels adopted for analysis 

The diagrams (Figures 6–9) show temperature distribution (t, C) by panel length direction (L, 
meters). The diagrams demonstrate that the thermal gradient exceeds the requirements values for some 
types of buildings: 

 the green lines (Δtn(1)) in the diagrams show the lower limit of standard temperature gradient 
between internal surface of enclosing structure and indoor temperature for public buildings; 

 the red lines (Δtn(2)) show the lower limit of standard temperature gradient between internal 
surface of enclosing and indoor temperature for industrial buildings of dry and normal humidity 
conditions; 

 the violet lines represent the dew point temperature ( dt ) for values of relative humidity () 

60 %; 

 the blue lines represent the dew point temperature ( dt ) for values of relative humidity () 55 %; 

 the orange lines represent the dew point temperature ( dt ) for values of relative humidity () 

50 %. 
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Figure 6. Diagram of temperature distribution along the internal surface of the horizontal 
sandwich panel. The cross section passes through the screws (section 1-1 Figure 4) 

 

Figure 7. Diagram of temperature distribution along the internal surface of the horizontal 
sandwich panel. The cross section is at the junction of sandwich panels (section 2-2 Figure 4) 
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Figure 8. Diagram of temperature distribution along the internal surface of the vertical sandwich 
panel. The cross section passes through the screws (section 3-3 Figure 5) 

 

Figure 9. Diagram of temperature distribution along the internal surface of the vertical sandwich 
panel. The cross section is at the junction of sandwich panels (section 4-4 Figure 5) 
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The analysis of the thermal field on the internal surface of sandwich panels showed that the 
thermal gradient between internal surface of enclosing structure, in the case of both horizontal and 
vertical sandwich panels, and indoor temperatures exceed the nominal values [33] at the bonding 
locations of panels to frame for public buildings and for industrial buildings of dry and normal humidity 
conditions. 

Obtained results show that temperature on an internal surface of an enclosure structure is less 
than the dew point temperature for considered parameters – the indoor temperature (tint = 20 °С) and for 
the relative humidity is φ = 50 %, φ = 55 % and φ = 60 %. If the value of element temperature less than 
dew point temperature on the surface of the element than condensation of water vapor is possible. So, 
condensate formation is possible on an internal surface of enclosure structures. 

Based on the results obtained by numerical simulations, following facts became clear: condensate 
formation is possible on the internal surface of sandwich panels bonded to the frame due to existence of 
thermally conductive elements. Areas with temperatures less than the rated temperature tend to appear 
on sandwich panel surface. The width of these areas was 62 mm for industrial buildings of dry and 
normal humidity indoor conditions, and the width of these areas can achieve 200 mm for public buildings 
with indoor temperature less than the rated. 

In order to eliminate the negative influence of possible condensation on the internal surface of 
enclosure structure we should use the corrosion protection of fitting locations of sandwich panels to metal 
frame. 

Diagrams for analyzing the humidity conditions of the area near the screws, distribution of 
temperature values along the screw for places on the surface of screw and near it (Figures 10, 11). 

 

Figure 10. The distribution diagram of temperature values along the screw on surface of screw 

 

Figure 11. The distribution diagram of temperature values along the screw near screw 
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The diagrams show that the temperature values at areas located near the screw are less than the 
dew point temperatures. Therefore, the humidification process at areas located near the screws can be 
monitored. It follows that besides the internal surfaces, insulation cores of the sandwich panels can be 
exposed to humidification process. This process results in the reduction of thermal insulation and also in 
the reduction of sandwich panel life-cycle, because the insulation core is moisture-laden and the steel 
sheets are exposed to the corrosion process. In addition screws and frame are also exposed to the 
corrosion process. 

Therefore, reduction of thermal insulation properties of sandwich panels, corrosion process of 
screws, sandwich panel steel sheets and frame, as well as the exceeding of temperature gradient result 
in the reduction of the construction life-cycle and comfort of people living in the building. Usage of 
additional thermal insulation at connection locations of sandwich panels to frame by mounting of panel 
strips with an additional thermal insulation layer may solve the above-mentioned problem. The new type 
of joint thermal insulation is necessary. One possibility is that we can use a thermal insulation tube when 
we screw fasteners into sandwich panel (Figure 12). 

 

Figure 12. The alternative to thermal insulation at connection location of a sandwich panel to 
frame: 1 – screw, 2 – thermal insulation tube, 3 – sandwich panel core, 4 – sandwich panel,  

5 – frame element 

Nylon and plastic expansion bolt shield can work like a thermal insulation tube. According to 
thermo-technical analysis of sandwich panel with plastic expansion bolt shield thermal insulation tube the 
temperature gradient between the internal surface of the enclosing structure (the sandwich panel) and 
the indoor temperature does not exceed the standard temperature gradient near the bolt. In this case, the 
temperature values near the screw are less than the dew point temperature. This solution is useful to 
prevent condensate formation in the core near the screw. 

Influence of the influence of heat conducting inclusions on thermal properties of sandwich panels 
can estimate with use reduced total thermal resistance. Author of follow papers [7, 30] had simulated 
sandwich panel thermo behavior with use other software and obtained thermal fields of roof sandwich 
panels with screw connections. The results shown that thread forming screws reduce the overall thermal 
resistance of sandwich panel. Influence of heat conducting inclusions was estimate through the reduced 
total thermal resistance without temperature values on constructions. This method is useful for practical 
evaluation by designers and engineers. Both of these methods should be considered together for 
different engineers tasks. 

4. Conclusions 
Following the above presented results and analysis, gave possibility to make following conclusions: 

1. The equation for calculation of minimal values of temperature on an internal surface of a 
vertical sandwich panel was obtained. 
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2. The thermal field of a blank wall from vertical and horizontal sandwich panels was analyzed. 
3. For affixing sandwich panels to a frame with thread forming screws with diameter 6.3 mm, the 

Russian building code hygiene requirements are not complied: 
3.1. The temperature gradient between an internal surface of an enclosure structure on affixing 
locations of a sandwich panel to a frame and the indoor temperature are more than requirements 
for public buildings and for industrial buildings with dry and normal humidity conditions. 
3.2. The temperature on internal surfaces of an enclosure structure is less than the dew point 
temperature in the fastening points of the sandwich panel to the frame. 
4. Thermal insulating effectiveness of sandwich panels is less than designed and sandwich panel 

steel sheets and thread forming screws and frame elements are in danger of corrosion process. These 
facts reduce the life cycle of these constructions. 

5. Proposed to use nylon and plastic expansion bolt shield like a thermal insulation tube, which 
makes it possible to reduce the influence of heat conducting inclusions on thermal technical properties. 
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