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Abstract – At the moment the human is trying to 

make the construction as efficient as possible, 

accelerate and facilitate the introduction of different 

types of innovations. Therefore, to the fore a new 

concept of prefabrication, which we call modern 

methods of construction MMC is coming. In this 

article, 3 prefabricated construction systems were 

chosen for the analysis of the construction of the family 

house. It is a system of Europanel SIP technology, CLT 

panels and ceramic panels. These are systems of euro 

panels’ technology SIP, CLT panels and ceramic 

panels. The choice of construction systems has taken 

into account that all three systems fall under the MMC 

philosophy.  Subsequently, selected parameters of 

individual structural systems were analysed, such as 

wall thickness, ceiling thickness, bulk density, 

compressive strength of walls, heat transfer coefficient, 

reaction to fire, fire resistance, usable area and price 

on a particular family house project.  

Keywords – prefabrication, MMC, SIP technology, 

CLT panels, ceramic panels, family houses. 

1. Introduction

Nowadays, as well as in other sectors of the 

economy, the emphasis in the construction industry is 

on its industrialization - introducing intelligence in 

the spirit of Industry 4 theory.  
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Generally speaking, today's builders require the 

individually produced products and services – 

construction work, building objects and entire 

buildings ("Made-for-Me"). Construction industry is 

trying to incorporate smart objects, products and 

machines in its production. These smart objects allow 

manufacturers to produce a piece production of 

various prefabricated panels and at the same time to 

produce the original part of the building structures, 

without increasing costs, with different variability. 

This philosophy pushes to the forefront a new 

understanding of prefabrication, compared to the 

understanding of prefabrication, which was 

established in the centrally controlled economy 

before 1989. Understood in this way, prefabrication 

belongs under the philosophy of Modern methods of 

construction – MMC. Modern methods of 

construction (MMC) are a long-term concept, which 

includes a number of manufacturing processes and 

techniques in the construction that provide 

alternatives to traditional methods of construction.  

The study that involves 18 organizations has been 

recently implemented in the United Kingdom, which 

had to express opinions regarding the experience and 

the use of technology MMC, shown in Figure 1 and 

Figure 2. In the framework of the survey in 2018 [1], 

61% of builders said they  were using or  were 

prepared to use an offsite volumetric modules, 61% 

of builders said they  were using or  were prepared to 

use an offsite  panelized systems, 28% were using an 

offsite hybrid systems and 39% used Onsite MMC 

methods.  

Figure 1.  Proportion of developers using or planning to 

use different types of MMC [1]   

https://doi.org/10.18421/TEM93-17
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Figure 2. Modern methods of constructioon:views from 

the industry. NHBC Foundation. NF70, 2016 [1]   

 

Since it is not possible to forget that the 

introduction of new innovation both in the world and 

also in Slovakia, may carry a whole series of 

problems, such as high input costs machinery lines 

and the existing demand for traditional building 

systems. Within the use of MMC, various studies 

describe the advantages and disadvantages of these 

technologies.  These advantages and disadvantages 

vary from country to country [2], [3]. The use of 

MMC methods is intended to ensure the speed and 

efficiency of construction. The question remains for 

which target groups the given type of construction is 

intended [4]. Modern methods of wood-based 

construction ensure that the conditions of 

sustainability are observed within the life cycle of the 

construction [5], [6]. Sustainability in construction 

contributes to the decision-making process for future 

construction [7], [8]. Scientists also deal with the 

evaluation of the life cycle in wooden buildings [9], 

[10], [11]. There are various studies of wooden 

buildings around the world that confirm their 

sustainability [12], [13]. The wood-based material is 

renewable and its use reduces the carbon footprint of 

the built-in material [14]. The construction of 

wooden houses meets the conditions of off-site 

construction and can be modeled in the factory [15]. 

Wood-based modular construction is strongly 

supported by legislation in the United Kingdom, 

Canada, the USA and the Scandinavian countries 

[16]. For wooden buildings, their energy 

consumption and economic efficiency are also 

monitored [17], [18]. The construction of wooden 

houses should contribute to the protection of the 

environment with regard to the entire life cycle of the 

construction [19], [20]. MMC offers safer and faster 

manufacturing, quality and environmentally friendly 

solution [21], [22]. The article deals with the cost 

analysis of the selected MMC in Slovakia, in the 

segment of family house. 
 

 

 

 

 

 

 

 

 

2. Methodology 
 

Time for the analysis regarding the construction of 

the family house, from prefabricated elements 

(Figure 3), selected 3 structural designs of 

prefabricated systems. These are systems of euro 

panels’ technology such as SIP, CLT panels and 

ceramic panels. In the selection of construction 

systems, we took into account that all three systems 

fall under the MMC philosophy. The following 

parameters were mainly monitored: 
 

 Technical and physical parameters of 

prefabricated systems 

o Thermal insulation properties 

o Fire safety 

 Room area for each prefabricated system 

o Living area and area of family house 

accessories 

 Price of construction material, labor and 

transport to the construction site of the 

implementation companies 
 

Analyzed building is classified as new building of 

family house. The ground plan of the house is 

rectangular in shape (Figure 4, Figure 5). The built-

up area of the building is 89,06sqm. The slope of the 

roof is 35 degrees. 
 

 
 

Figure 3. Architecture of family house, made of 

prefabricated elements [24]  

  

Family house will be located in the village Plaveč 

in the district of Stará Ľubovňa in Slovakia. The 

place will be demarcated as a piece of land which 

does not fall between the protected areas. The land is 

flat with access to a local communication from the 

western side.  Engineering networks are made out on 

the plot.  
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Figure 4. First floor rooms (1st floor) [24]   
 

 
 

Figure 5. Second floor rooms (2st floor) [24] 

 

Technology of ceramic composite panels implies 
(Figure 6): the prefabricated walls will be 
constructed continuous of the ceramic fiber 
composite (siopor, liapor) with thermal insulation 
added in production. The thickness of the perimeter 
wall panels is 150mm + 30mm insulation, which is 
delivered at the factory. The thickness of the bearing 
walls is 120mm, and the thickness of the non-load 
bearing partitions is 100mm. By combining the four 
major components siopor, liapor, cement and special 
ingredients, a unique building material is created. 
From the unique materials such as ceramic 
composite, prefabricated ceramic parts are mounted 
so-called ceramic houses. These materials stand out 
due to interesting properties. They are firm, non-
combustible, and lightweight, and they have good 
thermal insulation properties.  

 

 
 

Figure 6. ceramic composite and ceramic composite 

panels [23]   

 

By mixing concrete with these materials, the 

concrete will have different properties than common 

concrete. Mixed concrete takes properties of the 

added materials – siopor and liapor. 

Technology of construction of CLT panels (Figure 

7): the walls of the prefabricated panels CLT will be 

made by gluing at least   three layers slats with the 

indication of 90C3s from spruce wood. The thickness 

of the wall panels (load-bearing external and 

internal) is 90mm. Thanks to the high degree of 

prefabrication of construction parts – the panels are 

from the production of indoor structure with 

millimeter precision, are energy efficient with a fast 

time of construction (up to 150 sqm per day) even 

during the winter months. For the realization of the 

family house there is no need for special projects and 

use all the available projects on the market, which 

were originally intended for another structural 

system. Advantages of the system are as follows: 
 

 No special projects required; 

 All available projects on the market are 

applicable; 

  One gets approx. 10% of the floorage more than 

in the classic materials; 

  One can also build in winter; 

 The implementation is also possible by us; 
 

 
 

Figure 7. CLT panels and construction of the family house 

from the CLT panels [23]   

 

Technology of construction from SIP panels 

(Figure 8): The construction of the house is made 

from prefabricated euro panels with technology of 

SIP (structural insulating panel).  
 

 
 

Figure 8.  SIP panels and construction of the family house 

from the SIP panels [23]   
 

This technology consists of sandwiched panels 

made of wood-based material and filled with 

expanded polystyrene, which serves as both a 
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thermal and sound insulator. It is a modern system of 

production for low-energy buildings. Prefabricated 

euro panel consists of two outer OSB boards whose 

thickness is 15mm and the core of the extruded 

polystyrene EPS, the thickness of 140mm. The total 

thickness of the external cladding is 170mm. The 

inner bearing walls are 120mm thick.  SIP panels are 

versatile; they are used for making floors, ceilings, 

walls, partitions and roofs.  They can be used for the 

construction of residential, commercial, educational, 

health care institutions and homes, guaranteeing 

environmental security and modern energy 

efficiency. 
 

  

3. Results and Discussion 
 

The results of the comparisons of all three panel 

systems are shown in Table 1. The thinnest thickness 

of the external walls is in the constructional solutions 

from the CLT panels, where the thickness is only 

90mm, but assuming that all internally walls will be 

90mm thick for ensuring the static requirements. The 

thickness of the external walls of the ceramic panels 

is in turn the thickest with thickness of 180 mm, and 

that of which 30mm is the thermal insulation supplied 

in the factory. When looking at the volume weight, 

the lowest has euro panel technology SIP 125 kg/m3, 

but it also has the lowest strength in the pressure - 

1MPa. The ceramic panel variant provides us with the 

highest volume weight of 720 kg/m3, but also the 

highest compressive strength of 6MPa. CLT panels 

have the volume weight of 470kg/m3 and a 

compressive strength of 2,7 MPa. In the comparison 

of these two parameters is a variant of the CLT 

panels, the middle path. 
 

Table 1. Properties of panel systems 
 

 
 

In selecting a suitable design solution, the thermal 

insulation properties play an important role in the 

decision-making process. The basic parameters for 

determining these properties are mainly the heat 

transfer coefficient (U) or the thermal resistance (R). 

Since 2013, for buildings classified as low-energy for 

external walls, the construction-technical standard 

(STN 73 0540-2, 2012) prescribes a value of the heat 

transfer coefficient U = 0.22W / (m2.K) and less,  a 

value of thermal resistance R = 4, 4 (m2.K / W) and 

more. From 1 January 2021, these requirements are 

expected to be tightened for low-energy buildings. 

The heat transfer value will be equal or less than U = 

0.15W / (m2.K), or a thermal resistance greater or 

equal to R = 6.5 (m2.K / W).  Among the compared 

structures, the best results were achieved by the euro 

panel SIP, which has the lowest value of heat transfer 

U = 0.25W / (m2.K) and the highest value of thermal 

resistance R = 3.73 (m2.K / W). A slightly worse 

value has the ceramic panel, which has a heat transfer 

U = 0.26W / (m2.K) and a thermal resistance R = 3.6 

(m2.K / W). The worst result of the comparison has a 

CLT panel, which has a heat transfer value of U = 

1.01W / (m2.K) and a thermal resistance of R = 0.82 

(m2.K / W). 
 

 
 

Figure 9.  Heat transfer coefficients with and without 

thermal insulation 
 

Of all three constructional solutions compared at a 

given thickness, no solution meets the requirements 

of the construction-technical standard valid from 

2013. In order to meet the prescribed standard, 

thermal insulation of the external wall is necessary. 

The thermal insulation design shall be determined so 

that it also complies with the construction and 

technical standard, which will be applied after 2020. 

All three construction solutions are insulated with 

100 mm EPS expanded polystyrene, thermal 

conductivity λ=0,031 w(m/k) and thermal resistance 

R = 3.2 (m2.K/W). In Figure 9 we can see a graph of 

heat transfer coefficient for three construction 

solutions without thermal insulation and also with 

thermal insulation. 

When insulated with expanded polystyrene EPS 

thickness 100 mm, constructions made of ceramic 

panel and euro panel, meet the values prescribed by 

the standard for the current state until 2021 [U = 

0.22W / (m2.K) and R = 4.4 (m2.K / W)), but also 
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for the stricter standard that will apply after 1.1.2021 

(U = 0.15W / (m2.K) and R = 6.5 (m2.K / W)]. In 

both construction solutions is the heat transfer 

coefficient U = 0.14W / (m2.K), which is less than 

the normal value. The thermal resistance for the 

ceramic panel is R = 6.83 (m2.K / W) and for the 

euro panel is R = 6, 96 (m2.K / W) which is greater 

than the normal value. Constructional solution from 

CLT panels, even with polystyrene insulation EPS 

with thickness of 100mm, does not comply with the 

design values for the standard valid from 1 January 

2021. The heat transfer coefficient is U = 0.24W / 

(m2.K) and the thermal resistance R = 4.05 (m2.K / 

W). In order to ensure a condition for the standard 

valid after 2021, it is necessary to insulate the CLT 

panels with expanded polystyrene EPS with 

thickness of 180 mm. It is the same type of 

polystyrene but with a greater thickness. With such 

thermal insulation the CLT panels complies with the 

stricter standard valid after 2020. The heat transfer 

coefficient is U = 0.15W / (m2.K) and the thermal 

resistance is R = 6.6 (m2.K / W).  

For the investigation of building components, 

regarding on how they will react or resist in the event 

of fire, we can classify the elements into the area 

according to fire safety. In the case of fire, it is 

examined how long the building structure can 

withstand fire and meet the requirements for load-

bearing capacity, integrity and insulation (REI). Fire 

resistance is classified into classes according to 

resistance time (15, 20, 30, 45, 60, 90, 180, 240 

min.). Another area of fire safety is a reaction to fire. 

It is investigated that a given building element 

contributes to the origin and development of fire. 

This is a stage before a fully developed fire. In this 

assessment, the building element is classified into 

classes (A1, A2, B, C, D, E, and F) and evaluated as 

a whole (e.g. sandwich wall). At the degree of 

flammability, the element is evaluated separately 

according to the material of which the element 

consists. For example, a building element classified 

in class A1 does not contribute to the spread of fire 

and is non-flammable. [51] The best in terms of fire 

safety was the ceramic panel variant, which is 

classified according to the reaction to fire in class 

A1, thus non-flammable and according to fire 

resistance rated as REI 180. The class of reaction to 

fire is the same for the SIP and CLT euro panel 

variants, and these design solutions are classified in 

class D, which means they are moderately 

flammable. They differ in fire resistance, where the 

CLT panel is rated REI 90 and the SIP euro panel 

with REI 20 (Table 1). 

The graph (Fig.10) shows that the largest usable 

area provides a construction solution of CLT panels 

with 163.66 m2 of which the living area is 121.03 m2 

and 42.63 m2 house accessories. As a second 

structural solution we provide a useful area of 157.81 

m2, it is a variant of ceramic panels, with a living 

area of 116.98 m2 and a floor area of accessories of 

40.83 m2. The design of the SIP euro panels with a 

usable area of 155.51 m2 ended with less distance, 

where the living space of the room is 115.47 m2 and 

the accessory area is 40.04 m2. The original design 

has a usable floor area of 139.82 square meters, of 

which 92.95 square meters is living space and 46.87 

square meters of accessories.  The original design 

does not include the kitchen floor area (1.08-Fig.4) to 

the living area because the kitchen area is less than 

12m2. Figure 9 shows a graph of the total usable area 

together with the residential and family accessory 

areas for the four construction systems. 
 

 
 

Figure 10. Graph of useful areas (habitable rooms + 

family house accessories)  
 

The design of CLT panels has the largest increase 

in useful area compared to the original design. The 

useful area is 17.05% larger, which is 23.84 m2. The 

structural solution of ceramic panels provides an 

increase of 12.87%, which is 17.99 m2. The design 

variant of SIP euro panels has 11.22% increase 

useful area from the original design of 15.69 m2. 
 

Table 2. Estimation of prices established by firms 
 

 
 

 
 

Figure 11. Graph of final price of panel systems with and 

without VAT 
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In order to obtain an estimate of the price of 

individual prefabricated systems, the companies that 

are dealing with individual types of prefabrication 

were directly addressed. Prices are shown in Table 2, 

Figure 11. 

According to Table 2, we can see that the cheapest 

variant is from the SIP euro panels with the price of 

33 875 € and the most expensive variant is from CLT 

panels with the price of 47 517 €. The variant of 

ceramic panels can be called the middle way, as the 

price for this variant is 41 517 €. Other items do not 

differ significantly from one variant to another or do 

not differ at all, such as for a staircase which is € 

2,420 and a roof for which is 12,460. The thermal 

insulation of the CLT panel variant is more 

expensive with € 830 compared to the other two 

variants, due to use the greater thickness of the EPS 

polystyrene facade. The price of the slab foundation 

is different for all three construction variants, but the 

prices do not differ significantly and the difference 

between the cheapest and the most expensive slab 

foundation is only 670 Euros. 

 
4. Conclusion 

 

Prefabricated MMC-based systems manufactured 

in the plant eliminate the occurrence of possible 

assembly errors when assembling individual systems 

on site. The aim of prefabrication is to simplify 

construction activity. Therefore, companies and their 

production lines offer integrated systems on different 

material bases with a view to ensuring sustainability. 

The article performed a cost and technological 

analysis of prefabricated building systems made of 

ceramic panels, wooden CLT panels and SIP euro 

panels, which are suitable for the construction of 

houses. 
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