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Abstract

:

Energy-efficient buildings, sustainable buildings, smart buildings, nearly zero-energy buildings, passive and active buildings are construction concepts widely recognised as setting the latest trends. The purpose of their design is to create an optimal thermal microclimate by means of heat flows that are either formed within it or enter into it. This research paper presents an analysis of the measurements of the density of heat flows, their spread in building constructions, all of which is examined in laboratory conditions and confronted with calculation models. The hypothesis of this research is to confirm or refute whether the computational models match the laboratory simulations in terms of thermal-technical parameters. The research uses a methodology designed for examining building constructions under virtually stable conditions. Two variants of external sandwich walls based on prefab cross laminated timber panels (variant A) and structural insulated panel (variant B) were proposed as the subject of the study. Both variants were subjected to research in laboratory conditions and computational simulations. For the sake of comparison, the calculation simulations that manufacturers of wood construction systems typically declare were also performed. The results of the analyses show significant differences between the theoretical or declared parameters and the values measured in laboratory conditions (7.5–32.6%). The deviations of the experimental measurements from the calculated or declared parameters were not as significant for variant A as they were for variant B. These findings show that for these analysed sandwich structures based on wood, it is not always possible to reliably declare calculated values of thermal-technical parameters. The publication is also a contribution to the current needs in the field of heating technology in terms of sustainability and the quality of internal environments.
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1. Introduction


Modern methods of construction based on wood are highly diverse and can be individually customised and combined [1]. Modern residential wood constructions can be divided, according to the character of their vertical supporting structure, into solid-wood constructions, skeletal constructions and elemental constructions built from individual elements [2]. The individual categories differ from each other significantly in terms of their construction method, appearance and the manufacturing possibilities of the structural elements [3]. The most common solid-wood constructions are log constructions, which are still built today, although this category has now been expanded to include modern solid-wood constructions [4]. The categories of skeletal and elemental constructions are developed from half-timbered constructions and represent a construction method using wattle [5]. In addition to traditional wood construction methods, there are also hybrid methods developed in recent years, which combine wood as a construction material with other construction materials [6].



Hybrid constructions include systems from layered solid wood and constructions from skeletal structures [7]. Solid wood structures usually take the form of large-size sheet elements. Depending on the manufacturer or the product, solid wood structures can be single-layered or multi-layered—in the latter type the multiple layers are either glued together or joined with pins or nails [8]. Construction elements joined with pins do not require an adhesive and use the effect of lower moisture content. Wooden pins with a moisture content of 6% are inserted into drilled holes with a moisture content of 12%. The moisture content in the pins and the moisture content in the structure will soon equalise, causing the inserted pins to expand, which ensures a firm joining. Other systems use pressure-inserted aluminium pins. The layers are typically glued together with PVAc (polyvinyl acetate) adhesives or PUR (polyurethane) adhesives [9].



The interior side of sheet elements from solid wood can be lined, left as a finished interior surface, or fitted with a slatted frame to house the building’s utility connections. As is the case with any external wall composition, it is necessary to align the diffusion resistance of the interior layers with the diffusion resistance of the exterior layers [10]. The advantage of leaving the interior solid wood surface as a finished interior surface is that it can bind excessive interior air moisture and release it again, helping to create the optimal humidity of the interior. External wall layers do not normally require plastic layers with diffusion resistance. Cross laminated timber systems are air-tight by their very nature [11]. Other systems, such as skeletal structures or structures with layers joined with pins, usually require the installation of additional layers by lining the walls with boards based on wood (e.g., oriented strand board, OSB) or other air-tight layers to prevent air ingress [8].



Coniferous wood is used as the material (spruce wood, fir wood). Alternatively, certain less-common materials (particle boards, OSB boards) are also used [12]. Wall elements are manufactured with CNC-milled (computer numerical control-CNC) holes and grooves for utility connections [13]. Ceilings and roof elements can either be manufactured in the same way as wall elements, or wall elements are combined with other structures. The degree of prefabrication or readiness for assembly can vary. Individual sheet elements are assembled in the superstructure at the construction site according to the assembly procedure of the specific manufacturer.



It is mainly prefab products and products from solid wood, which include cross laminated wood products [14], that make a modern wood construction an interesting and sustainable construction technology [15]. Statistical data on the market share of wood constructions show that the construction of wood buildings is becoming increasingly important [16]. The methods of manufacturing and building wood constructions vary [17]. At the beginning of the planning process, the primary concern for the investor is the choice of a construction technology and materials for its construction [18]. When making this investment decision, it is not sufficient to consider economic criteria such as construction, operation and maintenance costs, or the cost of financing [19]. The success of a construction is also determined by construction—physical, technical and ecological criteria [20].



Cross laminated timber (CLT) panels are a construction material with properties suitable for modern wood constructions, made from layers of solid wood oriented perpendicular to adjacent layers and glued together. This reduces deformations in the wood to a negligible level [14]. The material makes it easy to build virtually all types of residential and non-residential buildings. CLT constructions are eco-friendly, precise, dimensionally stable, air-tight and diffusely open, but can also be diffusely closed [21]. They have excellent statics-related properties. The construction system is very simple and easy to manufacture, with a minimal number of layers. Owing to their properties, CLT panels offer virtually unlimited possibilities in construction and architecture [22]. They can be combined with other construction materials without complications. They are also a suitable construction element for passive houses. They are primarily used as internal and external walls, ceilings and roofs in new family houses and apartment buildings. They are suitable for reconstructions, extensions and indoor constructions [23]. CLT panels form the supporting structure of a construction, whose external side requires thermal insulation. All common thermal insulation materials are suitable for insulating CLT panels, including polystyrene, mineral wool and other environmentally more suitable alternatives, for example those based on wood fibre or other natural materials.



Structural insulated panels (SIPS) technology was invented in the United States. It is a sandwich panel consisting usually of two OSB boards, which is filled with expanded polystyrene as an insulating core serving as a sound and thermal insulator. It is a building system that is used to make low-energy and passive buildings [24]. At present, this system has developed to such an extent that it can compete with frame structures and prefabricated timber structures, as it exhibits good thermal insulation properties, high strength and minimal material costs in relation to those available in the market. The panels are used in the construction of perimeter walls, partitions, ceilings and roofs when the thickness of the insulation determines the required thermal insulation properties. SIPS panels can be manufactured as large-area elements with prepared openings for windows and doors. These large-area elements are transported to the construction site by special semi-trailers and handled by crane. The advantage of this system is the quick assembly of the house on the construction site [25]. The disadvantage of large-area panels is the more complex production technology, storage, transport and handling of parts in production and on the construction site [26]. Another problem can occur if the base plate does not meet the prescribed dimensions or if the investor requests additional changes to the project.



Wood constructions are well-suited to provide excellent thermal comfort for users even with wooden walls [27] that are relatively thin compared to masonry constructions [28]. This is due to the use of highly efficient thermal insulation in all layers of wood structures (external walls and ceilings). As there is a great deal of prejudice regarding the quality of the internal environment in such constructions due to their low accumulation capacity of thermal energy, and regarding the build quality and the quality of the materials used, it is necessary to perform analyses and measurements on actual structural parts of constructions based on wood that use wood as the supporting construction material [29].



A reduction in energy demand in buildings is usually achieved by improving the thermal insulation properties of building structures [30], through a more efficient design, and by choosing materials that are efficient in terms of thermal insulation parameters. It is necessary for building designs to rely on theoretical knowledge that accommodates energy efficiency [31] and the environmental principles of creating the optimal state of the internal environment of buildings that allow achieving more sustainable buildings [32,33]. For a solution for a specific thermal state of the environment that meets the expectations [34] and requirements of the given user, it is necessary to analyse the relations between the parameters of the thermal state of the environment [35] and energy demand for heating [36]. In an effort to analyse the problem of the range of the actual parameters of air temperature, it is important to consider their connection with the thermal insulation properties of external structures and thus with energy demand [37]. It is widely accepted that energy demand for heating decreases with improved thermal-technical properties of external structures [38]. In analysing thermal comfort parameters, attention is focused on the effect of the average coefficient of thermal transmittance as a coefficient acting in the monitored interaction, on energy demand and on the anticipated range of temperatures with the most frequent occurrence [39]. The economic consequences in terms of efficient use of energy as well as financial resources are undoubtedly also a very important part of sustainable solutions as such [40].



This research was a response to the need to verify the actual values of selected thermal-technical parameters of construction solutions based on wood by confronting them with the calculated or declared values stated by manufacturers and providers of construction systems based on prefab cross laminated timber panels and structural insulated panels. The hypothesis of this research was to confirm or refute whether the computational models match the laboratory simulations in terms of thermal-technical parameters.




2. Materials and Methods


Two variants of the structural parts of external walls using prefab cross laminated timber panels and structural insulated panels were proposed as the subject of the study. The examined variants were analysed in laboratory conditions in simulations of the surrounding environment and in a theoretical study of selected thermal-technical. The individual methodologies are presented in the following sub-chapters.



2.1. Characterisation of the Examined Design Variants


The examined structures or the examined solution variants were proposed so as to reflect the construction solutions used in actual construction practice. Both investigated variants were designed to be comparable in terms of energy standard.



The difference between the compared variants lay mainly in the material basis of thermal insulation and the main structural panel. In the first variant, the thermal insulation consisted of the commonly used thermal insulation system based on EPS polystyrene and CLT prefab panel. The second variant used thermal insulation based on EPS polystyrene and SIPS prefab panel. The size of the examined samples was 2.5 m × 2 m, with the corresponding material compositions of the compared variants. The detailed composition of the examined variants is presented in Table 1 and Table 2.




2.2. Method of Measuring Heat Flows in Determining the Thermal Transmittance Coefficient


This chapter presents the procedure for measuring the actual value of the thermal transmittance coefficient in building constructions (U) in laboratory conditions. A non-destructive method of measuring a heat flow is used, from which the U value is calculated.



For the determination of selected thermal-technical parameters of building materials, each country has its own standard recommendations, which are in most countries of the European Union taken from European standards. For laboratory as well as computational simulations, standards were taken into account as a basis, which provide the most accurate springboard for valid examination and derivation of valid conclusions. The works of Buday [41] and Jochim [42] followed a similar approach. The mentioned works, similarly to this presented research work, examined the properties of building materials and structural parts of wood-based buildings on the basis of simulations.



The examination of the design variants used a method of measuring the density of a heat flow passing through the structure (sample) and of measuring surface temperatures in stabilised thermal conditions, i.e., under virtually stable conditions. The data obtained from the experimental measurements in laboratory conditions were added to Formula (1) according to the STN 73 0540 standard [43].


  U =  q  (  θ  ai   −  θ  ae   )     ( W /  m 2  K )  



(1)




where:



q—heat flow density (W/m2)



 θ ai— θ ae—difference between the temperatures on the internal and external surface of the structure [°C].



The following material-technical equipment was used when applying the above method of determining the U value from the measured heat flow density: the ALMEMO 5690-2 (Ahlborn) measuring centre, surface temperature sensors, a plate for measuring heat flows and temperature and ambient humidity sensors (Figure 1). The examined design variants were placed in a climate chamber, where stable ambient conditions were simulated. The simulated temperatures were exterior and interior temperatures ranging from −13 °C to 20 °C [44]. The examined samples placed in the climate chamber THERMOTRON.



The analysed constructions were designed to meet the minimum dimensions for examination under laboratory conditions according to the standards mentioned above. The samples analysed by us were even larger than the recommended standard for such types of measurements. According to logical and standard recommendations, the arrangement of the measuring sensors was in the middle of the samples so that the so-called influence of the measuring points by the edge cooling of the samples did not occur. Thus, this main requirement has been met. Sensors for measuring surface temperatures are attached to the structure and secured against tearing and also covered so that they are not affected by the air flow in the climate chamber. The plate for measuring the heat flow was placed on the interior side of the structure by gluing so as to ensure the best possible touch from the structure. The locations of the individual measuring points collided with the data that were needed to fit into the appropriate formulas for the calculation of thermal technical parameters measured in the laboratory conditions.




2.3. Calculation Method of Determining the Thermal Transmittance Coefficient


For the purpose of confronting the experimental measurements of the thermal transmittance coefficient in laboratory conditions, the thermal transmittance coefficient value for the examined structures was also verified using a theoretical calculation according to the STN 73 0540 standard [43]. The theoretical calculation value was determined based on Formula (2). This calculation value is normally stated as the value declared by manufacturers and dealers of the individual construction systems.


  U =  1  (  R i  + R +  R e  )     ( W /  m 2  K )  



(2)




where:



Ri—resistance for the thermal transmittance on the interior side [m2K/W]



Re—resistance for the thermal transmittance on the exterior side (m2K/W)



R—thermal resistance of the construction (m2K/W).



Comparable limit ambient conditions for both variants were used for calculating thermal-technical properties. The limit conditions for calculating U for thermal transmittance were chosen as follows: Rsi = 0.13 (m2·K)/W a Rse = 0.04 (m2·K)/W, internal and external temperature  θ i = 20.00 °C a  θ e = −12.00 °C, relative internal and external air humidity  θ i = 50.00% a  θ e = 84%. The choice of boundary conditions was in accordance with the valid standards for our country so that these values conflict with the simulated laboratory boundary conditions. From this point of view, comparable boundary conditions were maintained so that the conclusions were as gentle as possible.





3. Results and Discussion


The simulation of laboratory limit conditions was performed for a period of 24 h, as the monitoring showed that this period was sufficient for the thermal condition of the sample to stabilise. The development of the measured parameters during the simulations for both variants are shown in Figure 2 and Figure 3. Figure 2 and Figure 3 show the essential parameter heat flow through which various thermal parameters can be derived. In this case, we were mainly interested in the heat flux through the structure and the surface temperatures of the material we examined. By means of the mentioned parameters, it is possible to evaluate the construction in terms of selected thermal technical parameters and compare them with the calculation model. Through experimental simulations and computational models, we verified the established hypothesis.



In Figure 2 and Figure 3, it is possible to observe a certain jump at about 12 h, which was caused by the fact that at this point the chamber was stopped for a short time and thermal imaging images of the structure were taken. This imaging lasted only a moment and then the simulation continued. Thermal images were taken to verify the correctness of the location of the measuring points.



Description of the measured values of U after stabilisation of the temperature state of the sample are shown in Table 3. The average thermal transmittance coefficient values that were recorded in the experimental measurements in laboratory conditions were 0.148 ± 0.005 W/m2K for variant A and 0.199 ± 0.007 W/m2K (Table 3) for variant B. The difference between the compared variants was 25, 62%.



For the purpose of confronting the experimental measurements of the thermal transmittance coefficient in laboratory conditions, the thermal transmittance coefficient value for the examined structures was also verified using a theoretical calculation. The theoretical calculation value was determined based on Formula (2). The U value calculated for variant A was 0.16 W/(m2·K) and U 0.15 W/(m2·K) for variant B. For variant A, the final surface temperature Ѳsi of the structure was: 19.33 °C, the thermal transmittance coefficient U was: 0.16 W/(m2·K), the diffusion resistance of the structure was: 0.23 × 109 m/s and the thermal resistance R of the structure was: 6.043 m2·K/W. For variant B, the final surface temperature Ѳsi of the structure was: 19.37 °C, the thermal transmittance coefficient U was: 0.15 W/(m2·K), the diffusion resistance of the structure was: 0.23 × 109 m/s and the thermal resistance R of the structure was: 6.431 m2·K/W.



Certain differences were observed by comparing the theoretical measurement and the theoretical calculation of the thermal transmittance coefficient for both variants. For variant A, the difference between the measured and calculated value was 7.5%. For variant B, the difference between the measured and calculated value was 32.6%. These comparisons showed significant deviations from the calculated or declared values. It is also necessary to take into account certain limitations of the research and possible deviations caused by the measurements in laboratory conditions. However, the deviation of the measured values from the calculated ones was significantly greater for variant B than for variant A.



The comparison of the calculated thermal transmittance coefficient values for variant A and variant B showed a difference of 6.25%, which was not as significant as in the case of the comparison in laboratory conditions. The results reveal significant differences between the so-called theoretical or declared parameters and the values measured in laboratory conditions, which highlights the need to constantly check and verify the properties of design solutions.



The research limitations of this research are mainly in the accuracy of the measurement as the samples were examined under laboratory conditions. In laboratory measurements, it is necessary to take into account the inconsistency of the examined samples and the location of the measuring sensors. The measuring sensors may show some standard deviations in the measurement, which may ultimately skew the result. It is therefore important to carefully consider the laboratory technique used and the correct design of the measuring points and their location and attachment to the structure. As for the sample size, it was adapted to the size of the hole in the climatic chamber, but the sample size was larger than recommended by the standard for testing under such conditions. If the sample is smaller than recommended, data distortion could occur. In our case, this factor was minimised, so it did not happen. Another momentum is mathematical and computational models that need to be adapted to the boundary conditions that we simulated in the laboratory. Both in laboratory simulations and in computational simulations, it is necessary to set the boundary conditions so that they are comparable. It follows that if comparable boundary conditions are maintained, it is possible to eliminate inaccuracies and deviations of the resulting simulations.




4. Discussion


Cross laminated timber (CLT) is gaining in popularity. This construction system owes its popularity to its advantages, the most significant of which is its ratio of weight to static load capacity [45,46,47]. It is for this reason that this system is becoming the main competitor of traditionally used construction systems based on concrete, steel and masonry. Other advantages include the fact that the system allows a dry method of construction and the fact that constructions based on wood have favourable environmental parameters compared to traditional construction methods [14]. Wood constructions and construction systems based on wood behave differently to traditional solutions in certain situations in terms of the way they spread energy [48]. This is due to the fact that constructions based on wood are not homogeneous and are often built from so-called sandwich structural parts. Better understanding is needed of how individual design solutions behave in real conditions, which was also the aim of the presented research.



Many studies in the field of construction systems based on wood focus on verifying their fire safety properties [49,50,51]. This is crucial for understanding construction systems based on wood. Verification of thermal-technical parameters in terms of efficient use of energy during the use of constructions is also an important area where knowledge needs to be expanded, which was also the aim of the presented research. In the area of efficient spending of resources, mainly environmental interests are leaning, but economic aspects as such are becoming more and more popular at all levels. Within the mentioned area, it is possible to apply various sensory, intelligent technological solutions [52] through which it is possible to obtain the necessary data for decision-making processes [53] leading to an intelligent society, sustainable behaviour leading to economic growth [54].



Research by Chang et al. [55] focused on studying thermal bridges in the context of construction systems based on CLT. The authors state that CLT construction elements are becoming popular in Europe because of their low levels of carbon emissions compared to traditional construction material solutions. Other advantages the authors mention are short construction periods and favourable statics-related properties. The results of the analysis of the CLT construction system in the presented research confirm these claims. The experiment measurements performed by Chang et al. [55] showed that wood constructions based on CLT have smaller thermal bridges than wood constructions based on frame structures, which ultimately contributes to lower energy losses and more energy efficiency during the use of constructions based on CLT. These findings match the findings in the presented research from the laboratory measurements of selected thermal-technical properties of design variants based on CLT.



A special field of study related to prefab CLT panels is the study of hygrothermal performance [56,57]. From the point of view of the presented research, there are certain gaps and limitations in this field of study. Future research should focus on filling these gaps to expand the knowledge related to prefab CLT structures. Research by Wang and Ge [58] focused on studying the hygrothermal performance of cross laminated timber wall assemblies: a stochastic approach. The authors point out that certain configurations of sandwich structures with a prefab CLT panel as their supporting element allow the creation of a diffusely closed structure. On the other hand, the authors found that diffusely closed structures may lead to problems with hygrothermal performance. The study of the properties of prefab CLT panels in the presented research confirms these findings. However, it should be noted that it is difficult for many construction systems designed for wood constructions to achieve a diffusely closed state. Achieving a diffusely closed state may appear to be easy in the case of CLT constructions, but the reality may be different. This calls for a deeper understanding in the field, which is what we wish to focus on in our future work.



Research by Dong et al. [59] focused on energy consumption in buildings based on prefab CLT panels. The authors state that constructions based on prefab CLT panels may, in certain circumstances, become highly efficient in terms of their contribution to the energy balance of buildings where they are used as one of the structural components. These claims are in line with the presented research, where favourable values of the examined external walls based on prefab CLT panels were recorded. On the other hand, it must be pointed out that the laboratory analyses in the presented research showed significant deviations from the declared thermal-technical parameters. More in-depth knowledge is required in the study of the materials used in the structural parts of wood constructions based on CLT.



Research by Guo et al. [60] focused on the energy saving and carbon reduction performance of construction systems based on prefab CLT panels. The results of the research show that buildings based on prefab CLT panels perform better than buildings based on reinforced concrete particularly in terms of energy saving and carbon reduction. Although the presented research examined different parameters, we agree with these authors’ conclusions, as construction systems based on wood are undoubtedly a more environmentally efficient solution compared to traditional solutions. Moreover, prefab CLT panels offer excellent statics-related properties. It should be noted, however, that it is not always desirable to prioritise construction solutions based on wood. The use of wood is still limited by certain properties compared to certain traditional solutions. It is therefore necessary to continue to expand the knowledge in the field of construction solutions based on wood.



In the field of construction, specifically in the field of construction solutions, on the one hand, it is important to design such construction solutions that are not only energy efficient but also environmentally acceptable. On the other hand, it is possible to reduce the negative balance of construction solutions in other ways, such as the use of alternative energy sources [61] needed for the operation of buildings as such. Because the conventional energy sources used so far for the operation of buildings are often not environmentally friendly and in terms of global environmental impacts are not a sustainable alternative with the desired effect for modern design and engineering solutions [62]. Therefore, it is necessary to consider this level in the design of future efficient buildings.



There are several studies in the field of the energy balance of constructions based on prefab CLT panels [63,64,65]. These studies considered certain theoretical characteristics or properties affecting the energy balance of constructions. Energy balance plays a major role in the efficient use of energy and financial resources for heating and cooling during the use constructions. The analyses in the presented research showed that certain thermal-technical parameters may differ from the declared or calculated ones. In evaluating various models, it is necessary to be cautious and to verify the considered material variants with experimental measurements. This will allow models where certain deviations from declared parameters are accommodated to reflect the reality more closely. In light of this, the presented research is beneficial in that it expands the knowledge in the field of constructions systems based on cross laminated timber.



The authors Adekunle and Nikolopoulou [66] dealt with thermal comfort in the summer in buildings based on prefabricated SIPS panels. The mentioned authors state that SIPS constructions are a comparable alternative to conventional constructions in terms of thermal comfort. However, this study points to certain disadvantages of SIPS prefabricated panels that are used in construction. The conclusion of this work shows that the structures that are heavier in volume than SIPS panels are more efficient. However, this work also states that under certain conditions, the SIPS panel can also be effective depending on the thermal insulation used. Similar findings were found in our research, where we found that construct A was more efficient than construct B.



Examination of the thermal-technical properties of SIPS panels was discussed by Wyss et al. [67]. In this study, they investigated the properties of SIPS prefabricated panels in a steady state similar to that of ours in our research. The conclusions of this research show that SIPS prefabricated panels are in accordance with the thermal-technical parameters of efficient construction. Because they provide significantly better thermal-technical parameters while maintaining a small thickness of the structure compared to conventional buildings and structures of construction. Our ideas agree with these views.



Investigation of the properties of building materials and structural parts of buildings requires realistic input data [68]. Constantly evolving construction systems, not only based on wood, require attention because of the extent to which they can compete with previously used construction solutions. The work of the author Vala [68] is similar to ours, it determines the thermal-technical properties, but in non-stationary conditions. Non-stationary conditions are closer to reality, as stationary conditions in real use of buildings only affect constructions inside the buildings. However, if it is necessary to verify the properties of the peripheral structures of buildings, non-stationary conditions are more reliable for evaluating the properties and behaviour of structural parts of buildings. The work of Zach et al. [69] also focused on the evaluation of selected thermal-technical properties of alternative building materials. A certain parallel in the ideas is, in particular, that the mentioned authors state, on the basis of their analyses, that not all the declared properties of the producers are the real ones. Based on our analyses, we confirm these facts. The authors Janczarek and Bulyandra [70] also dealt with this issue, who in their research compared real constructions with constructions in laboratory conditions. Based on their findings, it follows that with the right choice of boundary conditions that can be simulated in laboratory conditions, it is possible to obtain some valid data in comparison with the monitoring of the real structure. There are various computational models for the computational determination of thermal-technical properties of building materials [71]. However, in our work, in our research and analysis, we followed the standard recommendations for the most accurate findings. The other Albatici et al. [72] also dealt with other methods by which it is possible to verify the thermal-technical properties of building materials. The mentioned authors, like us, focused on the study of materials in laboratory conditions but through a different methodology.



In general, wood-based constructions are experiencing some progress in their popularity. However, many investors and the professional public have some doubts about their properties. Therefore, it is constantly necessary to expand knowledge in this cloud. In this presented work, we focused on the investigation and comparison of selected structural systems and their individual wall components in terms of selected thermal parameters. The key moment is the comparison of laboratory and computational and declared values, respectively. In this sense, the benefit of the research is mainly in terms of saturating the view of how the declared parameters differ from those measured in the laboratory conditions. The findings show that these values differ at certain moments and therefore it is necessary to take this into account in the future design of wood-based buildings. This work expands the knowledge in the study of thermal-technical properties of wood-based buildings. At present, there are many construction systems for the implementation of wood-based constructions. In addition, the individual construction systems are not the same if they are manufactured and implemented by other companies. Each manufacturer adapts the technology according to their needs and the needs of end consumers. Therefore, it is necessary to examine the various options that are currently being implemented. This work also contributes in this sense to the knowledge in the field of wooden buildings as such.




5. Conclusions


The problem of substance and temperature transfer in building constructions is significant particularly in terms of their energy consumption. Optimised material composition and architecture of wood constructions can achieve high levels of energy saving related to heating. Material research for modelling purposes was carried out with the aim to determine the material properties that are significant for thermal transmittance in structures. The thermal transmittance coefficient was determined using laboratory measurements of the examined variants. To confront the experimental measurements with the calculated parameters, the thermal transmittance coefficient was determined by calculation from basic material characteristics, while taking into account limit conditions comparable with the conditions simulated in laboratory conditions. The result of the experimental measurements was that variant B exhibited better thermal transmittance values than variant A, which was also true of the calculated values. The results also showed significant differences between the theoretical or declared parameters and the parameters measured in laboratory conditions, particularly in the case of variant B. The deviations of the experimental measurements from the calculated or declared parameters were not as significant for variant A as they were for variant B. These findings show that for these analysed sandwich structures based on wood, it is not always possible to reliably declare the calculated values of thermal-technical parameters.
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Figure 1. Test samples under laboratory conditions and location of measuring points. Note: (a) Prefab cross laminated timber structure, locations of measuring points—variant A; (b) prefab structural insulated panels, locations of measuring points—variant B. (Note: the compositions of the layers of individual structures are given in Table 1 and Table 2). 
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Figure 2. Development of the measured parameters during simulations—variant A. 
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Figure 3. Development of the measured parameters during simulations—variant B. 
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Table 1. Structure of layers from the interior to the exterior—variant A.
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Layer Name

	
Mass Density

ρ (kg/m3)

	
Layer Thickness

d (mm)

	
Thermal Resistance

Rd (m2.K/W)

	
Thermal Conductivity Coefficient

λd (W/(.m.K))

	
Diffusion Resistance Factor μ (-)






	
Cross laminated timber

	
470

	
100

	
0.909

	
0.11

	
40–70




	
PUR adhesive for thermal insulation boards

	
15–25

	
-

	
-

	
0.035

	
28




	
Thermal insulation—EPS

	
13.5–18

	
200

	
5.128

	
0.038

	
20–40




	
Construction adhesive

	
1400

	
2.5

	
0.005

	
0.45

	
25




	
Plastering

	
1200

	
2.5

	
0.005

	
0.5

	
25




	
Additional material (glass textile mesh, fixing elements for thermal insulation)
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Table 2. Structure of layers from the interior to the exterior—variant B.
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Layer Name

	
Mass Density

ρ (kg/m3)

	
Layer Thickness

d (mm)

	
Thermal Resistance

Rd (m2.K/W)

	
Thermal Conductivity Coefficient

λd (W/(.m.K))

	
Diffusion Resistance Factor μ (-)






	
Drywall

	
750

	
12.5

	
0.057

	
0.15

	
9




	
OSB boards

	
650

	
15

	
0.107

	
0.13

	
50




	
Thermal insulation—EPS

	
13.5–18

	
140

	
3.59

	
0.038

	
20–40




	
OSB boards

	
650

	
15

	
0.107

	
0.13

	
50




	
PUR adhesive for thermal insulation boards

	
15–25

	
-

	
-

	
0.035

	
28




	
Thermal insulation—EPS

	
13.5–18

	
100

	
2.564

	
0.038

	
20–40




	
Construction adhesive

	
1400

	
2.5

	
0.005

	
0.45

	
25




	
Plastering

	
1200

	
2.5

	
0.005

	
0.5

	
25




	
Additional material (glass textile mesh, fixing elements for thermal insulation)
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Table 3. Description of measured U values after the stabilisation of the thermal condition of the sample.
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U Value (W/m2K) *

	
U Value (W/m2K) *




	

	
Variant A

	
Variant B






	
average

	
0.148

	
0.199




	
± std

	
0.005

	
0.007




	
Min

	
0.136

	
0.180




	
Max

	
0.157

	
0.217




	
median

	
0.151

	
0.198




	
25th perc.

	
0.148

	
0.195




	
75th perc.

	
0.151

	
0.202








Note: * the sample is temperature stable.
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