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Introduction

This article presents a comparison of modular construction technology with traditional construction 
based on the results of the survey. The aim of the survey was to find out experts opinion about modular 
construction, the innovative way of building and its advantages and disadvantages compared to 
traditional building method. The results of the survey showed that modular construction has more pros 
than cons compared with the traditional construction method and is more economical and saves more 
time and materials. The most important criteria that demonstrates the clear advantage of modular 
construction technology is the duration of construction, the quality of work performed, and the safety of 
work. This research is based on master thesis topic.

Keywords: modular construction, metal frame module, wooden frame module, traditional construction. 

Modern building technologies are so advanced that simply just by choosing the structure of a 
building it will be built in a few days or weeks. The construction time has been significantly short-
ened, construction has become more sustainable. Modular construction technology (3D Volumet-
ric Construction) is one such construction technology. Every year, both investors and ordinary 
consumers are showing increasing interest in modular homes and it is quickly becoming the 
new way in home building comparing to the traditional construction. This type of construction 
has a lot of advantages against traditional construction, such as shorter construction time, higher 
quality and possibly saving some money. More and more clients want a multi-storey health care 
or educational institutions made out of modules. In the Lithuanian market, the main companies 
involved in the production of modules are JSC „Scandi House“, JSC „Ryterna“, JSC „Kagesa“, JSC 
„Wilbergs Group“.

Modular construction is a process in which several modules of the same house are manufactured 
at the factory, and at the same time construction site and foundation work is being carried out. The 
publication (Modular Building Institute, 2010) present the factors that have the greatest impact 
on the productivity of the construction industry. One of these factors is the modular construction, 
which reduces the cost of the project, shortens the work schedules, improves the quality of the 
building and reduces the need for workers and material cost on the construction site. The authors 
(Jellen and Memari 2013) describe the types of modular homes, their construction advantages, 
applications and challenges in the modular home sector. Smith (2016) describes non-site gen-
erated modules, their benefits, and when it‘s best to use them instead of traditional construc-
tion. Generalova et al (2016) discusses the temporary use of modular elements in construction. 
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It is emphasized that modular structures can shorten the duration of a project, reduce costs and 
improve construction productivity. It is written about Russia‘s extensive experience in the devel-
opment of reinforced concrete modules. It also describes perspectives and relevance not only at 
low elevations, but also in the construction of multi-storey and high-rise modular constructions. 
The authors (Shafari et al 2017) describes innovative, integrity-enhancing multi-storey building 
modular systems. Zhang et al (2016) looks at the history of industrialization in the Chinese con-
struction industry and discusses the prospects for using BIM (Building Information Modelling) in 
modular and industrial construction. It discusses the use of advanced tools, including a 3D laser 
scanner to collect real-world information and to use robotized all-station (tacheometer) for quick 
installation. The authors (Lopez and Froese 2016) provide a detailed analysis of the cost of the 
two main categories of prefabricated houses – panel and modular. The main goal of the study is 
to provide information on the implications and compromises of both construction methods for 
construction of a single family home, as well as to determine which option is more cost-effective. 
Ding et al (2017) describes the quasi-static CSPSW (Corrugated Steel Plate Shear Wall) method for 
walls with and without openings to assess seismic influences on walls. Two different cases of side 
force countermeasures are discussed. Several design recommendations are also provided, which 
will be useful for using the CSPSW method in the seismic zone. The authors (Mohsen et al 2008) 
discuss in their work with the Simphony.NET application‘s ability to analyze design and construc-
tion work. The analysis was carried out both before and after project implementation, in order 
to predict the construction efficiency and duration, and to give access to alternative construction 
scenarios. The authors (Lee et al 2016) suggest optimizing the construction process at the factory 
stage using matrix of dependency structure, which takes into account the process approach based 
on construction information flow at work. Kamali and Hewage (2016) discusses the methodology 
used to identify and select appropriate Life Cycle Indicators (SPIs) that value sustainability in the 
construction of modular and traditional homes. The authors identified SPI indicators for assessing 
the life cycle of buildings. It also conducted a survey in its study to assess the application of sus-
tainability indicators for comparing modular and traditional construction.

The authors (Molavi and Barral 2016) provide a simple explanation of modular and panel systems 
and propose construction project design methods based on project type to avoid various disad-
vantages in sustainable modular construction. The authors (Kamali and Hewage 2016) discuss 
the production of different types of modules for production at the plant and for their assembly on 
the construction site. It also describes the benefits of modules such as time, life expectancy, price 
and nature conservation. Matei (2017) writes about the next generation of “Ten fold” modules that 
do not need to install a foundation or hire a crane. Eagle (2014) writes about building a hospital us-
ing modules. The article also mentions the benefits of modular construction such as lower costs 
and time. Sevenson (2015) writes about a 3D-printed and built modular house that can withstand 
a magnitude 9.0 earthquake, based on the Richter scale. The authors (Ngo et al 2009) describe 
the work done by the metal frame modular house in order to determine whether this construction 
method is more environmentally friendly. The results are compared with the usual construction 
method. The authors (Larsson et al 2012) present a logical outline for an innovative architectur-
al stacking methodology based on three Swedish timber construction systems and how much 
stories each system is capable of producing which is up to 20 stories. Aaron Morby (2017) writes 
that Tide Construction, with funding from investor Greystar, is planning to build modular building 
containing of two towers 44 and 38 storeys on former Essex House site near to East Croydon 
station, Greater London.

This work seeks to find out why in foreign countries the popular way of building is not promoted in 
the Lithuania, to review the advantages and disadvantages of modular construction and the main 
criteria that determine the choice of modular construction technology.
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In the website https://docs.google.com/forms a survey was prepared with questions that help 
to uncover expert opinions about modular construction technology in comparison to traditional 
construction. 

Three types of building construction were selected for the study as alternatives (Fig. 1):

 _ Calcium silicate bricks masonry building – A1. This is the most widespread construction 
method in Lithuania and other neighboring countries. All walls (load bearing and not load 
bearing) of this building are masonry of ceramic or calcium silicate bricks. Example of resi-
dential building is given in Fig. 1a.

 _ Wooden frame module – A2. These modules are made of wooden frame and are intended 
for the construction of one or multiple storeys. The module is made using high quality wood 
that meets the requirements of the standards used in the country. Example of wooden frame 
module is given in Fig. 1b (https://inhabitat.com).

Methods
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During the study, the wall and roof 
parts of each of the 3 possible vari-
ants were designed to meet the re-
quirements of thermal resistance A ++  
(Fig. 2). Following the design of the 
wall, using the Autodesk Revit soft-
ware, 3 versions of the same 5 floor 
residential building were designed 
(modular wooden frame, modular 
metal frame and masonry building). 

Outside dimensions of the building are 
30.6x13.5x16.2m. All three versions 
of the residential building use Paroc 
mineral wool as a thermal insula-
tion. The only difference between ver-
sions is that modular buildings have 
thermal insulation between framing  
(Fig. 3). Both modular versions of a 
building contain 24 units in one floor 
(120 units in total for a building). By de-
signing all three options, the Autodesk 
Revit program counted the cost of ma-
terials for each option, and the SISTE-
LA program counted the construction 
cost of each option construction.
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After calculating the estimate of each possibility, it was possible to see the price of 1m2 living 
space, the duration of work, the need of human resources and mechanisms. The following evalua-
tion criteria were selected for measuring the comparison of selected type of building construction: 

 _ K1 – 1m2 installation cost, Eur/m2;

 _ K2 – construction time (work carried out consistently), work days;

 _ K3 – work safety during construction work, points;

 _ K4 – environmental protection, points;

 _ K5 – man-hours, h/m2, h/m2;

 _ K6 – quality of work performed, points;

 _ K7 – machine-hours, h/m2.

Evaluation criteria for each type of building construction are different (Table 1).

The following multi-criteria evaluations were used to conduct the study:

 _ Expert multi-criteria assessment – this research method has allowed to identify the most 
important criteria using the survey;

 _ Theoretical multi-criteria assessment – this evaluation method has allowed to identify the 
most important criteria from the collected data;

 _ Complex multi-criteria assessment – this assessment method has allowed to identify the 
most important criteria using the results of expert and theoretical evaluation;

 _ Multi-criterion utility method – this evaluation method has made it possible to determine 
which alternative is the rational option from the three analysed options.
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Figure 3. Examples of structure system details of 3 versions of the same residential building 

After calculating the estimate of each possibility, it was possible to see the price of 1m2 living space, the 
duration of work, the need of human resources and mechanisms. The following evaluation criteria were 
selected for measuring the comparison of selected type of building construction:  

 K1 – 1m2 installation cost, Eur/m2; 
 K2 – construction time (work carried out consistently), work days; 
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Evaluation criteria for each type of building construction are different (Table 1). 
 
Table 1. Comparison of selected type of building construction 

                          Type of building construction 
 
 
Options 

Calcium 
silicate bricks 
masonry 
building 

Wooden 
frame 
module 

Metal frame 
module 

1m2 installation cost, Eur/m2 734.77 704.74 679.28 
Construction time, work days; 210 126 126 
Work safety during construction work, points 5 8 8 
Environmental protection, points 5 8 8 
Man-hours, h/m2, h/m2 9.8 5.2 5.4 
Quality of work performed, points 6 8 8 
Machine-hours, h/m2 1.49 0.89 0.79 
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5. OSB panel – d=10mm, λ=0.13W/mK;
6. PAROC eXtra plus – d=350mm, λ=0.036W/mK;
7. PAROC cortex – d=50mm, λ=0.033W/mK;
8. Fully ventilated air gap / T profile – 

d=30mm;
9. Fasadinė plokštė Tectiva
10. Insulation pins – d=450mm;

1. Gypsum plaster - d=20mm, 
λ=0.57W/mK;

2. Monolithic concrete – d=200mm, 
λ=2.5 W/mK;

3. Slope forming thermal insulation 
layer

4. Tyvek Airguard Reflective;
5. PAROC eXtra plus – d=500mm, 

λ=0,036W/mK;
6. PAROC cortex – d=50mm, 

λ=0.033W/mK;
7. MIDA BIPOL – d=8mm,  

λ=0.17W/mK;

1. Gypsum plaster - d=20mm, λ=0.57W/mK;
2. OSB panel – d=10mm, λ=0.13W/mK;
3. Cross laminated timber 30x50mm, every 

1200mm - λ=0.18W/mK;
4. PAROC eXtra plus – d=30mm, λ=0,036W/mK;
5. Tyvek Airguard Reflective;
6. Cross laminated timber 150x50mm, every 

1200mm - λ=0.18W/mK;
7. PAROC eXtra plus – d=150mm, λ=0,036W/mK;
8. Slope forming thermal insulation layer
9. Tyvek Housewrap
10. PAROC eXtra plus – d=350mm, λ=0.036W/mK;
11. MIDA BIPOL – d=8mm, λ=0.17W/mK;

a) wall system details

b) roof system details

Fig. 3. Examples of structure system details of 3 versions of the same residential building
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Table 1 
Comparison of 
selected type of 
building construction

                                 Type of building construction
Options

Calcium silicate bricks 
masonry building

Wooden frame 
module

Metal frame 
module

1m2 installation cost, Eur/m2 734.77 704.74 679.28

Construction time, work days; 210 126 126

Work safety during construction work, points 5 8 8

Environmental protection, points 5 8 8

Man-hours, h/m2, h/m2 9.8 5.2 5.4

Quality of work performed, points 6 8 8

Machine-hours, h/m2 1.49 0.89 0.79

The distribution of respondents who participat-
ed in the survey by work experience in the field 
of construction is presented in Fig. 4. In total 
20 respondents participated in the survey. 40% 
of the respondents belonged to a group of 1-5 
years of experience, 5% belonged to a group of 
6-10 years of experience, 45% belonged to a 
group of 11-20 years of experience, and 10% of 
the respondents belonged to a group of 21 and 
more years of experience. It can be seen that 
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the vast majority of respondents were 11-20 years old with experience in the field of construction.

The distribution of the respondents view on the survey question is presented in Fig. 5. 

The Fig. 5 shows opinion of 20 experts. 7 questions were given to the each of the experts where 
every question represented different criteria for the assessment. As the figure shows most of the 
respondents choose wooden frame module as more favorable survey answer.  

After an expert evaluation of the criteria, it was obtained that the construction time, the value of which 
is 20.5%, is the most important criterion, second most important is the value of the installation of 1m2, 
which is 19.8% (Fig. 6). The quality of performed works (18.4%), safety of work during construction 
(15.3%), and environmental protection (11.5%) are in the order of success. The smallest value is the 
human work of 1m2 installed (8.6%) and the working time of machinery for 1m2 installation (6.0%). 
After an expert evaluation, the coefficient of concordance is 0.843, which indicates that the expert 
opinion is evenly distributed and the survey is reliable.

After evaluation of the theoretical criteria, it was obtained that the main criteria is the human work 
for 1 m2 installed, the value of which is 26.68%, the importance of mechanisms for 1 m2 installed, 
having a value of 24.86%, is after it (Fig. 7). The construction time is 18.22%, the environmental 
protection and work safety is 12.5%, and the quality of work performed is 4.94%. The lowest value 
is 1m2 installation cost - 0.3%.

After completing the complex criterion evaluation, it was obtained that construction time, the 
significance of which is 31.63%, is the most important criteria, and the importance of the human 
work for 1 m2 installed is still important, with a value of 19.39% (Fig. 8). The following is in order 
of safety of works during construction work - 16.15%, the duration of machinery working on 1m2 
is 12.55%, and the environmental protection - 12.11%. The minimum value is the quality of work 
performed - 7.68% and 1m2 installation cost 0.5%.

Next, the significance was evaluated of all alternatives using performance-degree comparison. 
After an expert comparison of the alternatives, the most important alternative was the modular 
design of the building of wooden frame (A2) with a value of 99.68%, second is the modules with 
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metal frame (A3) of 98.48% by importance (Fig. 9). The least significant alternative is a traditional 
calcium silicate bricks masonry building (A1) with a value of 68.76%.

After theoretical comparison of the alternatives the most important alternative is the modular 
building of the wooden modules (A2) with a value of 99.41%, followed by the metal frame mod-
ules (A3) with the value of 97.2% (Fig. 10). The least significant alternative is a traditional calcium 
silicate bricks masonry building (A1) with a value of 64.42%.

Fig. 5 
Distribution of 

respondents’ 
opinions according 

to the submitted 
questionnaire 

questions

a) b)

c) d)

e) f)

g)
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After an expert evaluation, the coefficient of concordance is 0.843, which indicates that the expert 
opinion is evenly distributed and the survey is reliable. 
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the environmental protection - 12.11%. The minimum value is the quality of work performed - 7.68% 
and 1m2 installation cost 0.5%. 
 

 
Figure 8. Results of complex multi-criteria assessment 

 
Next, the significance was evaluated of all alternatives using performance-degree comparison. After an 
expert comparison of the alternatives, the most important alternative was the modular design of the 
building of wooden frame (A2) with a value of 99.68%, second is the modules with metal frame (A3) of 
98.48% by importance (Figure 9). The least significant alternative is a traditional calcium silicate bricks 
masonry building (A1) with a value of 68.76%. 
 

 
Figure 9. Comparison of the degrees of utility of alternatives according to the experimental 

significance of the schedule 
 

0,50

31,63

16,15

12,11

19,39

7,68

12,55

0

5

10

15

20

25

30

35

K1, 1m2
installation cost

(Eur / m2)

K2, Construction
time, (work days)

K3, Work safety
during

construction
work (points)

K4,
Environmental

protection
(points)

K5, Man-
hours(h/m2)

K6, Quality of
work performed

(points)

K7, Machine-
hours (h/m2)

Pe
rc

en
ta

ge

Complex multi-criteria assessment

68,76

99,68 98,48

0

20

40

60

80

100

120

A1, Calcium silicate bricks
masonry building

A2, Wooden frame module A3, Metal frame module

Pe
rc

en
ta

ge

Experimental alternative significance

Fig. 6 
Results of expert 
multi-criteria 
assessment

Fig. 7 
Results of theoretical 
multi-criteria 
assessment

Fig. 8 
Results of complex 
multi-criteria 
assessment



Journal of Sustainable Architecture and Civil Engineering 2018/2/23
94

The complex alternative comparison has shown that the most important alternative is the mod-
ular building with the wooden frame (A2) with value of 99.63%, followed by the modules of the 
metal frame modular building (A3), which is 98.32%. The least significant alternative is a tradition-
al calcium silicate bricks masonry building (A1) with a value of 68.16%.

Fig. 9
Comparison of the 

degrees of utility 
of alternatives 

according to the 
experimental 

significance of the 
schedule

Fig. 10 
Comparison of 

degrees of utility of 
alternatives according 

to the complex 
significance

the environmental protection - 12.11%. The minimum value is the quality of work performed - 7.68% 
and 1m2 installation cost 0.5%. 
 

 
Figure 8. Results of complex multi-criteria assessment 
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98.48% by importance (Figure 9). The least significant alternative is a traditional calcium silicate bricks 
masonry building (A1) with a value of 68.76%. 
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After theoretical comparison of the alternatives the most important alternative is the modular building of 
the wooden modules (A2) with a value of 99.41%, followed by the metal frame modules (A3) with the 
value of 97.2% (Figure 10). The least significant alternative is a traditional calcium silicate bricks 
masonry building (A1) with a value of 64.42%. 
 

 
Figure 10. Comparison of degrees of utility of alternatives according to the complex significance 

 
The complex alternative comparison has shown that the most important alternative is the modular 
building with the wooden frame (A2) with value of 99.63%, followed by the modules of the metal frame 
modular building (A3), which is 98.32%. The least significant alternative is a traditional calcium silicate 
bricks masonry building (A1) with a value of 68.16%. 

Conclusions 
1. Coefficient of concordance of the survey is 0.843, which indicates that the expert opinion is 

evenly distributed and the survey is reliable. Most of the respondents choose wooden frame 
module as more favorable survey answer 

2. Using complex criteria evaluation, the most important criteria is construction time (K2), the 
significance of which is 31.63%, followed by the man-hours (K5) with a value of 19.39%. The 
following is in order of work safety during construction work (K3) - 16.15%, the machine-hours 
(K7) is 12.55%, and the environmental protection (K4) - 12.11%. The minimum value is the 
quality of work performed (K6) - 7.68% and 1m2 installation cost (K1) 0.5%. 

3. Using complex alternative comparison the most important alternative is the modular building 
with the wooden frame (A2) with value of 99.63%.  
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