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Abstract: Nowadays, wooden constructions should occupy an important place in the construction
industry, mainly because they eliminate negative effects on the environment. Eco-friendly and sus-
tainable buildings include, for example, buildings made of timber column structures and buildings
made of cross-laminated timber (CLT) panels. Eco-friendly buildings based on wood are in the mi-
nority in Slovakia. The research question is what advantages and disadvantages can the construction
of an administrative building from CLT panels include, not only for the construction investor, com-
pared to a construction from a timber column structure? The main research method is the analysis
of time and cost parameters of the construction of wooden buildings, with the aim of drawing at-
tention to the characteristics of construction in the segment of administrative buildings in Slovakia.
The synthesis of the resulting knowledge has proven the advantage of construction from CLT panels
compared to timber column structures. The task of designers is to offer knowledge about the ad-
vantages and disadvantages of different types of constructions, to which the results of our study
contribute. This study is based on a thorough time—cost analysis of the parameters of the CLT con-
struction system and timber column structures, and it definitely fills the publishing gap in the given
topic.

Keywords: cross-laminated timber; timber column structure; administrative building; time-cost
analysis

1. Introduction

In general, wooden structures are environmentally friendly constructions that are
mainly beneficial because they are ecological, sustainable, and belong to dry construction
techniques. Compared to traditional brick buildings, the implementation of wooden
buildings is characterized by a shorter construction time. In the past, various types of
wooden family houses were built in Slovakia to a considerable extent. However, at pre-
sent, buildings made of traditional building materials hold their leading position. Modern
types of wooden construction are not currently widespread enough to ensure sustainabil-
ity in the construction industry. Considering the achievement of carbon neutrality, it
would be desirable to switch from traditional materials to sustainable materials, to which
wood clearly belongs. Currently, the range of construction systems for wooden buildings
is much richer compared to the recent past. A rationally chosen composition of construc-
tions and materials usually allows the implementation of wooden buildings in a low-en-
ergy, passive, or even zero-energy way. Cross-laminated timber (CLT) panels made of
massive wooden elements represent the latest trend in the development of construction
components for the construction of wooden buildings. They are characterized by high
strength, stability, and precisely executed details. Cross-laminated timber is a massive
timber product that is becoming increasingly popular as a viable structural option for tall
and large structures [1]. Internationally, its use is growing rapidly [2]. To make it more
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attractive in Slovakia, it is therefore important to analyze this construction method and
strengthen its presentation with an emphasis on its sustainability. In order to compare the
construction of CLT panels with another possible system for wooden construction, timber
column construction was chosen. It is a similarly sustainable construction system for
wooden buildings. These comparative analysis results, containing the advantages and dis-
advantages of the compared structural systems, can be used, for example, by investors
when making decisions on the construction system of their buildings.

Many authors have dealt with various properties of CLT panels in their research,
where, for example, they investigated the suitable types of wood [3-8], individual thick-
nesses of the glued layers, the method of gluing, and their properties (physical properties
such as water absorption, thickness swelling, and delamination, and mechanical proper-
ties such as bond shear strength, flexural modulus, bending strength, and rolling shear
strength) [9,10], use in high-seismicity areas [11], etc. The fire resistance of various types
of wood used in CLT panels was also tested in several studies [2]. It has been proven that
salvaged wood from natural disasters can also be used for the production of CLT panels,
which shows a high degree of sustainability [12]. On the contrary, the researchers in [13]
did not demonstrate the ability to ensure the air leakage of the CLT structure using a self-
adhesive membrane to meet the stricter threshold values for air barrier assemblies.

Buildings contribute more than 40 percent to the total amount of global carbon emis-
sions. In order to address both operational and embedded carbon, certain CLT panels have
been developed with embedded insulating materials. These panels have great thermal re-
sistance because of the embedded insulating portions, and they do away with the need
for high-carbon materials such as steel and concrete [14].

Some studies dealt with innovative panels that combine nail-laminated timber (NLT)
and CLT, creating a final product called nail-cross-laminated timber (NCLT) [15]. Some
authors concluded in their studies that for structures with little static stress, such as floors,
it is more economically advantageous to use lower-quality wood for gluing panels [16].

The development and use of CLT panels, especially abroad, partially replaced rein-
forced concrete and brick-in-concrete structures [17]. The CLT system is widely used in
the construction of low-, medium-, and even high-rise residential and public buildings
[18-20]. One of the aims of our study is to point out the need to expand the sustainable
construction of wooden buildings in countries that include Slovakia, where monolithic
concrete construction clearly dominates. This topic has been scarcely researched and pub-
lished in Slovakia. The role of designers is to offer potential customers an analysis of the
advantages and disadvantages of different designs and different types of constructions.
The results of our study are a good resource for timber construction designers who con-
sider such a task important. Our study is based on a rigorous time—cost analysis of the
parameters of both the CLT structure and the timber column structure; thus, it fills a gap
in the publications on the given topic.

Despite favorable production conditions, the low share of wooden buildings in the
Slovak market remains. The main reasons include low consumer demand and several leg-
islative restrictions [21-23]. The presented paper focuses on providing a comprehensive
view of the construction of buildings from CLT panels. After collecting and studying
knowledge from the literature in the field of CLT panels, it was possible to model and
describe the implementation process of an administrative building designed and built us-
ing this construction system in our research. The main part of this research consists of a
time and cost analysis of building implementation in two different variants of construc-
tion systems: (i) from CLT panels and (ii) the timber column structure.

The novelty of our study starts with the fact that Slovakia lacks several indicators for
estimating the construction costs of wood-based administrative buildings. Our study of-
fers these missing indicators. Moreover, we offer a proposal for a methodology to deter-
mine such indicators. The more indicators that become available (including from other
countries), the more cost analyses will be possible among countries similar to Slovakia
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under the same boundary conditions. We also consider this to be a continuation and ex-
tension of our research.

2. Materials and Methods

The cost and time analysis of both proposed variants, the construction from CLT pan-
els as well as the timber column structure, was carried out using the design documents of
an administrative building with a total built-up area of 312.2 m? (Figure 1). The virtual
model of this building, processed in the Archicad 25 software, was part of these docu-
ments (Figure 2). The location of the building is proposed in the cadastral territory of one
of the villages in Slovakia. The village of Jasenova in the region of Dolny Kubin is the
actual location where the wooden-based office building is designed. The building, which
is the subject of this study, consists of two above-ground floors. It is based on piles and is
partly underground. Since the building is located on a sloping terrain, the perimeter load-
bearing structures of the first underground floor and the first above-ground floor, located
below ground level, are made of ceramic bricks. The ceiling structure between the under-
ground floor and the first floor is designed as a 200 mm thick reinforced concrete slab. In
the part of the building that does not have an underground floor, the floor structure of the
first above-ground floor is designed as a 250 mm thick reinforced concrete slab. The struc-
tural parts of the object described above are identical for both variants of the structural
system that are the subject of our analysis, i.e., both for the construction of CLT panels and
for the timber column structure. The structural systems that are the subject of our time
and cost analysis are presented in the following sections of this article.

Figure 1. The ground plan of the building.
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(c) (d)
Figure 2. The virtual model of the building (a-d).

2.1. The Cross-Laminated Timber Construction System— Variant 1

In this variant, the perimeter load-bearing walls above ground level, the internal
load-bearing walls, the ceiling structure, and the partitions are from wooden CLT panels.
The roof structure is made of NOVATOP OPEN panels. The facade of the building is
wooden with a lining of Siberian larch 27 mm thick, made on a wooding grating (Figure
3). On the CLT wall, the panels are vertical KVH prisms with a dimension of 50/140 mm;
they are anchored at an axial distance of 620 mm. A 140 mm thick basalt thermal insulation
is inserted between the prisms. The wall structure has additional thermal insulation using
wood fiber boards of Steico Protect boards with a thickness of 60 mm. They are covered
with a Delta Fassade facade sheet. In order to ensure the ventilation of the gap under the
cladding and the possibility of fixing the wooden cladding, a wooden grate is designed.
It consists of vertical slats and horizontal slats on top of the vertical slats. The dimension
of the slats is 45/70 mm, and they are attached at an axial distance of 800 mm. Partitions
are made of one-sided fair-face CLT panels (StoraEnso, Helsinki, Finland) 60 mm thick.
From the side that is not fair-face, a grate made of CW 100 structural profiles is designed.
A 100 mm thick mineral insulation is inserted into the grate. This space is primarily used
for installations. On the top of the partitions, two layers of plasterboard are installed. The
load-bearing ceiling consists of five-layer StoraEnso L-type CLT panels with a thickness
of 140 mm (Figure 4). The floor is designed on the ceiling panels, the composition of which
is as follows: thermal insulation 60 mm thick, separation PE sheet, cement screed 75 mm
thick, and a footing layer of the floor in the form of gress tiles, a cast epoxy floor, or carpet.
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/)l 1—Wood wall panel StoraEnso CLT 100 C3s—thickness 100 mm
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2 * 2— Thermal basalt insulation— thickness 140
i S —Thermal basalt insulation — thickness mm,
3 — B! inserted between vertical KVH prisms 50/140 mm
| I =
4 _— 3 —Insulating wood fiber board Steico Therm — thickness 60 mm
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B — 4 —Delta Fassade sheet
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B ) Z 5—Wooden grate made of slats 45/70 mm — vertical
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’ — = ® 7—Vertical wooden cladding—Siberian larch
Figure 3. The composition of the perimeter walls made of CLT panels.
ye /Q / 1—Ceiling panel StoraEnso L5s, thickness 140 mm
2—Themal insulation ISOVER EPS NEOFLOOR 100, thickness 60 mm
e . 3—Separating PE foil
| | 4—Cement screed, thickness 75 mm
1 2 3 4 5 5—Footing

Figure 4. The composition of ceiling structures made of CLT panels.

2.2. The Timber Column Structure— Variant 2

In this variant, the perimeter walls are formed by a timber column structure made of
60/160 mm profiles made of C24 spruce wood. They are designed at a maximum axial
distance of 625 mm (Figure 5). Nobasil MPS mineral wool thermal insulation (160 mm
thick) is inserted between the columns. From the exterior side, the same composition of
the facade as in the previous variant of the structural system is proposed. It therefore con-
sists of insulation from a 60 mm thick fiberboard, a facade sheet, a wooden grid made of
45/70 mm slats installed at an axial distance of 800 mm, and a wooden lining made of
Siberian larch, 27 mm thick. From the interior side, the structure is lined with oriented
strand boards (OSBs). A grate made of CD profiles is installed on the boards. On the grate,
plasterboards with a thickness of 12.5 mm are attached. They form the surface of the struc-
ture from the interior side. The partitions are formed by a column structure made of 50/100
mm wooden profiles anchored at a maximum axial distance of 625 mm. The filling be-
tween the columns is made of 100 mm thick mineral wool. On both sides of the partition,
there is a lining made of OSBs, on which plasterboards forming the top of the partition
are further installed. The load-bearing structure of the ceiling consists of a 200 mm thick
reinforced concrete slab. The surface treatment of the lower side of the ceiling structure is
designed as 10 mm thick gypsum plaster. The composition of the floor is the same as in
variant 1. In this variant, the load-bearing structure of the lean-to roof is proposed from
wooden truss girders installed on the load-bearing walls of the building (Figure 6). The
thermal insulation of the roof is in the form of a 400 mm thick blown cellulose layer. The
other composition of the roof deck is the same as in the CLT variant. The following layers
of the roof deck are gradually installed on the wooden trusses: Delta Vent S safety high-
diffusion foil, 60 x 40 mm contra-lats, double wooden cladding with 24 mm thick boards,
and a roof covering made of colored aluminum folded sheet metal.
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Figure 5. The composition of the perimeter walls made of a timber column structure.

1—Suspended ceiling made of plasterboards—thickness 12.5 mm

2—Air gap of the lower ceiling—thickness 176 mm

3—Base grate 60/40 mm

4 —Delta Reflex vapor barrier

5—Fireproof plasterboard —thickness 12.5 mm

6—Wooden truss—thermal insulation made of blown cellulose —thickness 400
mm

7—Delta Vent S insurance high-diffusion sheet

8 —Contra-laths 60/40 mm

9—Double wooden casing made of boards—thickness 24 mm

10—Colored aluminum folded sheet—thickness 2 mm

Figure 6. The composition of the roof structure.

2.3. The Cost Analysis

For the analysis of the building construction costs implemented in two variants of the
construction system, two different construction budgets were individually estimated for
both construction systems. The national budgeting software Cenkros 4 was used to esti-
mate the construction budgets. This budgeting software is the most widely used budget-
ing software in Slovakia.

2.3.1. The Analysis of Construction Costs in the Variant of the Building Made of CLT
Panels

When estimating the budget of the building in question in the variant from the CLT
system, we were guided by the methodology of pricing panels in production, which in-
cludes a certain standardization. It is possible to design and manufacture panels in various
shapes and sizes not exceeding 16 m in length and 2.95 m in width, but if the standard
dimensions are not observed, the cut-off material, as waste, is included in the price of the
panel. The standard widths of the panels in the factory are 2450 mm, 2750 mm, and 2950
mm, and for an additional fee, they can be 3250 mm and 3450 mm. The minimum length
of the panels is 8 m and this is graduated in 10 cm increments up to 16 m. In the case of
non-compliance with the standard production dimensions, the next larger standard panel
dimension is charged. It is necessary to check the optimal selection of panels from which
individual structural parts are cut, so that waste is not produced and costs are not in-
creased.
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3,288

Individual elements in the structural system of the building are laid out into panels
of standard dimensions, so-called master panels, so that the smallest amount of waste is
generated. Since the panels are cut with a milling machine with a diameter of 50 mm, it
was necessary to add a cutting gap of 50 mm to the dimensions of the panels. As standard,
cutouts larger than 1.2 m? are delivered to the building together with the panels. Smaller
cutouts are counted as waste that is not supplied to the building. Figure 7 visualizes the
cutting of the perimeter elements of the building structure: First Floor 08, First Floor 10,
First Floor 15, and First Floor 17 from a panel of standard dimensions—2.45 x 15.5 m.

4768 3
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/__.I'I_ L,_fl, I"ﬁ 4 26 "

1%FLOOR08 | 1"FLOOR10 * ;
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Figure 7. The cutting plan of CLT panels to minimize cost and waste.
2.3.2. The Analysis of Construction Costs in the Variant of the Building Made of a Tim-

ber Column Structure
When estimating the budget of the construction in question in the variant of the tim-

ber column structure, we followed the traditional budgeting methodology according to
database items and the measurement units of individual structures. Database items con-
sist of items of the basic costing formula. The formula contains the following items: direct
materials, direct wages, direct machinery, manufacturing overhead, general expenses,
and profit. This is how we estimated the construction costs of the building construction in

the variant of the timber column structure.

2.4. The Analysis of Construction Time
For the construction time analysis, construction schedules in the form of Gantt Charts

were made for both structural system variants. MS Project is a software tool for planning,
managing, and tracking projects. In our study, the MS Project Professional 2021 software
was used for the development of construction schedules for the construction of the ad-
ministrative building in question, in both variants of the structural system —the CLT con-

struction system and the timber column structure.

3. Results
Below are the results of the construction time and construction cost analysis of the

implementation of the building in question in both variant solutions in terms of the con-
struction system used.

3.1. Results of the Cost Analysis—The CLT Construction System
In the case of the CLT panel construction variant, a significant item is the construction
of the building’s framework and partitions, with a resulting budget of EUR 94,555.90. Alt-
hough the construction costs of the framework made of CLT panels are high, since the
surfaces of all wall panels are finished on one side, as well as the lower surface of the
ceiling and roof panels, the costs of making plasterboard ceilings and dry linings are re-
duced. Drywalls for the installation of media pipes and electrical distribution are con-
structed from only one side, which reduces their quantity by half. Construction costs for
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the drywalls for pipes and distribution installations are EUR 9922.48, excluding the insu-
lating material. The assembly costs of wall panels, including dry linings for pipes and
distribution installation, are EUR 68,009.21. The cost of suspended ceilings with one-sided
surface treatment, including assembly, is EUR 13,711.55. Construction costs related to the
construction of the roof from NOVATOP OPEN panels represent the amount of EUR
22,755.98 in the budget (Figure 8). The panels have a final surface treatment on one side.
In this variant, the staircase is designed as a saddle staircase made of CLT panels and is
assembled directly on the construction site. The load-bearing system of the staircase will
be cut from the waste material generated when cutting the 100 mm thick CLT panel for
the internal load-bearing walls.

The breakdown of construction costs in the variant 1 -
CLT construction system

4% W Material: 206,211.00 €

8%

1%

Wages: 28,703.00 €
4%
Employee contributions:

10,104.00 €
Equipments: 3,914.00 €

10%

M Overheads: 23,141.00 €

M Profit: 9,937.00 €

Figure 8. The breakdown of the construction costs of the building in variant 1, the “CLT construction
system”, based on the calculation formula.

The construction costs of the staircase, including materials, amount to EUR 1813.83.

3.2. Results of the Cost Analysis—The Timber Column Structure

Compared to the variant made of the CLT construction system, the construction costs
of the framework and partitions in the case of the timber column structure are significantly
lower. The construction costs of the perimeter wall in the case of the timber column struc-
ture are EUR 16,694.49, and the construction costs of the partitions in this variant are EUR
10,613.46. The cost of the building material is included. The construction costs of the clad-
ding of the perimeter walls from the interior side and the cladding of the partitions on
both sides made of OSBs and plasterboards are EUR 19,940.35. Thus, the total construction
costs of the timber column structure of the walls and partitions, including linings made of
OSBs and plasterboards, are EUR 47,248.30. As for the assembly of the roof trusses, the
construction costs are calculated to be EUR 6692.44, including the cost of materials. On the
interior side, the suspended ceiling made of plasterboards is proposed. The construction
costs of the plasterboard lower ceiling are EUR 14,046.31. The total construction costs for
the construction of the roof structure from trusses and the plasterboard suspended ceiling
are EUR 20,738.75. Compared to the construction of the roof made of NOVATOP OPEN
panels, proposed in the variant “CLT construction system”, the construction of timber
trusses and the plasterboard suspended ceiling is cheaper by EUR 2017.23. In this variant,
the load-bearing ceiling structure is designed as a reinforced concrete ceiling slab, and the
construction costs are EUR 8608.87. The construction costs of the ceiling coating made of
gypsum plaster are EUR 1447.31. Thus, the total construction costs of the ceiling, including
the plaster coating, are EUR 10,056.18. Compared to the ceiling made of CLT panels, where
the construction costs of the ceiling are EUR 13,711.55, the construction costs of the ceiling
in the variant of the timber column structure are lower (Figure 9). In the variant of the
timber column structure, a staircase made of spruce wood is proposed. It is manufactured
as a whole prefabricated component in the factory and is only placed on the construction
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site. The construction cost of the staircase, including its installation on the construction
site, is EUR 1830.52, which is very similar to the previous “CLT building system” variant.

The breakdown of construction costs in the variant 2 -
5% timber column structure

B Material: 147,468.00 €

1% = Wages: 35,659.00 €

5% Employee contributions:

12,553.00 €
Equipments: 2,153.00 €
W Overheads: 29,193.00 €

M Profit: 12,043.00 €

Figure 9. The breakdown of the construction costs of the building in variant 2, the “timber column
structure”, based on the calculation formula.

3.3. Estimation of Unit Cost Indicator

One of the aims of our study is to estimate the values of the unit cost indicator (UCI)
for buildings made of CLT panels. The unit cost indicators for the CLT construction system
are not yet available in the existing register of UClIs. The register of UCIs contains a list of
average unit costs for different types of construction. The UCIs are used for estimating the
construction costs in the phase of design study creation. In the construction procurement
process, designers are able to determine and present to investors an approximate cost es-
timate for various types of construction.

Below are the resulting values of UCI for both variants of the wooden construction
system. The UCI represents either construction costs per 1 m? of the built-up area of the
building (Table 1) or construction costs per 1 m? of the built-up volume of the building
(Table 2). For comparison, the UCI was also calculated for the variant of the timber column
structure with a roof made of trusses. However, it is important to note that the values of
TEI are estimated for the condition of the above-described constructions, while VAT is not
included.

Table 1. The unit cost indicator per built-up area.

Unit Cost

Construction  Built-Up Indicator per 1 m?

Variant of the Construction System of

Administrative Building [(]ZE(I)JsIt{s] ?:lez]a of Build-Up Area
[EUR/m?]
Variant no. 1 —CLT construction system 282,010 171.68 1642.65
Variant no. 2—Timber column structure 239, 069 171.68 1392.53
Table 2. The unit cost indicator per built-up volume.
. . Unit Cost
Variant of the Construction System of Constructio  Built-Up Indicator per 1 m?
. . o qs n Costs Volume .
Administrative Building [EUR] (0] of Build-Up
Volume [EUR/m?]
Variant no. 1 —CLT construction system 282, 010 1072.97 262.83

Variant no. 2—Timber column structure 239, 069 1072.97 222.81
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3.4. The Results of the Time Analysis

The proposed variants of the administrative building can be compared from several
points of view. In the first case, the variants of structural systems are compared on the
basis of construction time demands. The results are shown in Table 3, where the construc-
tion time of individual construction stages is listed. The construction time includes week-
end days when no work is done. In addition, the corresponding time differences between
the two construction systems are listed.

Table 3. The construction time of the CLT construction system and the timber column structure.

Construction Stage

Construction Time: Construction
CLT Construction Time: Timber Difference

System Column Structure [day]
[day] [day]

Total construction time (entire building) 73 88 -15
Waterproofing 9 9 0
Wooden load-bearing structures and partitions 13 26 -13
Roof construction 9 14 -5
Window and door installation 6 6 0
External thermal insulation composite system and wooden 20 16 4
facade assembly
Plastering, wall layer construction, and floor screeding 7 11 -4
Plasterboard suspended ceilings and partitions, ceramic tiling, 23 31 g
and footings
Paintings and coatings, cleaning of the building 4 4 0

Based on the graphic representation of the construction time of individual construc-
tion stages, it can be clearly stated that the time differences in the compared variants are
the biggest during the construction of the load-bearing structure of the building and the
finishes of ceilings, walls, and floors (Figure 10). In total, the construction of the adminis-
trative building may be shortened by 15 days if the CLT construction variant is selected.
However, the difference in the construction time of both variants is not significant. The
reason for the smaller difference is the size of the administrative building. If it were the
construction of a larger area and with more floors, effective planning and the division of
the construction into different work units would lead to the difference in the construction
time being greater.
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Paintings and coatings, cleaning of the building

|
S

Plasterboard suspended ceilings and partitions, ceramic tiling = 31
and footings 23
Plastering, layers of wall construction and floor screeding r7 1
External thermal insulation composite system and a wooden -16
facade assembly 20
Windows and doors installation = g
Roof construction m 14
Wooden load-bearing structures and partitions “ 26
Waterproofing = g
0 10 20 30 40 50 60 70 80 90 100
B Construction time Timber column structure [day] B Construction time CLT construction system [day]

Figure 10. Comparison of CLT construction and timber column structure in terms of construction
time.

3.5. Multi-Criteria Analysis of Variant Proposals for the Construction of the Administrative
Building

In the final part of this study, a multi-criteria analysis of variant proposals for the
construction of the administrative building was carried out. Several technological, tech-
nical, economic, energy, and functional aspects were considered. The criteria shown in
Table 4 were included in the analysis. The purpose of this comparative analysis is to de-
termine which of the proposed building construction variants is comprehensively more
appropriate and efficient. The criteria were set based on the most frequent requests of
investors. They were obtained as a result of structured interviews with contractors of
wooden constructions. Two wooden construction suppliers participated in the structured
interviews. One deals with the implementation of timber constructions from CLT panels,
and the other is a supplier of timber column structures. Both have been operating in the
construction market in Slovakia for a long time, since 2005 and 2007, respectively. They
have more than 20 employees, and each has already implemented more than 100 timber
constructions.

Table 4. The list of criteria included in the multi-criteria analysis.

Signature Criterion Set Based on Investors’ Requirements

Construction time

Difficulty of construction implementation

Flexibility during construction

Auvailability of specific materials and specialized contractors on the market
Structural strength

Lifespan

Fire resistance

OTmMmHgnN= e
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Earthquake resistance

Energy efficiency

Total COzemissions

Environmental quality during construction use

WHHI

A short description of each criterion from Table 4:

A —Construction time—time needed to implement the construction.

B—Difficulty of construction implementation—this criterion reflects work with
large-format elements, easier joining of panels or wooden frames, handling, and high di-
mensional accuracy.

C—Flexibility during construction—this criterion reflects how quickly it is possible
to implement, for example, a structural change during construction, if such a requirement
arises.

D — Availability of specific materials and specialized contractors on the market—this
criterion reflects that assembly workers have more experience with the construction of
more conventional timber column structures than with CLT panels.

E—Structural strength—this criterion reflects the fact that CLT panel manufacturers
state higher strength values compared to timber column structures.

F—Lifespan—this criterion reflects the fact that CLT panel manufacturers state
longer lifespans compared to more conventional timber column structures.

G —Fire resistance—this criterion reflects the fact that CLT panel manufacturers state
higher values of fire resistance compared to more conventional timber column structures.

H—Earthquake resistance —this criterion reflects the fact that CLT panel manufac-
turers state higher values of earthquake resistance compared to more conventional timber
column structures.

I—Energy efficiency —this criterion reflects the amount of energy consumption dur-
ing the construction phase.

J—Total CO2 emissions—this criterion reflects the amount of CO: emissions during
construction.

K—Environmental quality during construction use—this criterion reflects, for exam-
ple, the difficulty of surface treatment during use, internal humidity, climate, joint design,
air tightness, etc.

Since the authors of this study are convinced, based on their own and others’ experi-
ences, that the criteria related to structural properties are more important for clients than
the criteria related to structural properties, the criterion weight of 60% was assigned to
this group of criteria.

The remaining weight from the total amount of criteria weight, i.e., 40%, was as-
signed to the group of criteria related to construction implementation. Similarly, 100% of
the criteria weight was also distributed at the next decomposition level of the significance
tree. The conjunction of the weight of the criterion and the weight of the respective de-
composition levels was the calculated weight of the criterion at the end of the branch of
the significance tree. The resulting weights of all criteria that are included in the analysis
are presented in red in the diagram in Figure 11. The criteria in the green rectangles are
perceived as the most significant when deciding on the optimal variant of the construction
system from a client’s point of view. These criteria are the construction time, the lifespan
of the building, and the quality of the environment during the use of the building.
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Figure 11. The significance tree for the criteria implied in this research.

The weights of the individual criteria, determined by the Tree of Significance method,
are shown in Table 5 together with the assigned grades. In both variants of the construc-
tion system, a grade of 1 or 2 was assigned to all comparative criteria. A grade of 1 means
that the variant is better from the point of view of the given criterion, and conversely, a
grade of 2 means that the variant is worse from the point of view of the given criterion.
From this method of evaluation, the more suitable variant is the one with the smallest
number in the sum. In the last column, for both variants, the relevant construction cost
resulting from the cost analysis is presented. It is also crucial in determining a more effec-
tive variant. The last line shows the basic variant, in which it is indicated which value is
more advantageous for each criterion. Since grades were added to the variants in the man-
ner of 1 = better and 2 = worse, concerning the compared criteria, the basic variant line has
a grade of 1 for each criterion. The evaluation of the criteria was carried out based on
values and data obtained from the manufacturers of both structural systems, as well as
based on estimated construction costs and estimated construction times.

Table 5. The determined criteria and grades awarded to both construction systems.

Criterion

A B C D E F G H I J K Cost [EUR]

Criterion weight

020 0.04 0.08 0.08 0.09 012 0.06 0.06 0.09 0.06 0.12

Grade
CLT construction system 1 1 2 2 1 1 1 1 1 1 1 282,010.00
Timber column structure 2 2 1 1 2 2 2 2 2 2 2 239,069.00

Type of criteria
Basic variant

Smaller number = better option
1 1 1 1 1 1 1 1 1 1 1

Then, the value of the base variant (value = 1) for each criterion was divided by the
corresponding grade assigned to the given variant. This is how the index coefficient was
calculated, which is listed in Table 6 instead of the grade. Thereafter, the total utility for
each variant was calculated. The total utility value was calculated by adding the products
of the relevant index coefficient of the criterion and the weight of the given criterion. The
calculation example is as follows (Table 5). The weight of Criterion A (construction time)
is 0.20. The grade for CLT construction is 1.00 (because the construction time is shorter, it
is more beneficial). The grade for the timber column structure is 2.00 (because the con-
struction time is longer, it is more disadvantageous).
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The value of the basic variant (value = 1) for each criterion was divided by the corre-
sponding grade assigned to the given variant, thus calculating the index coefficient (Table
6). The weight of Criterion A (construction cost) is 0.20. The basic variant (value = 1): the
grade (for CLT construction, it is 1.00) = 1:1=1 index coefficient. The basic variant (value =
1): the grade (for the timber column structure, it is 2.00) = 1:2= 0.5 index coefficient. First,
the product of the criterion weight and the index coefficient is calculated. Then, the total
utility is obtained as the sum of these two products.

Table 6. The total utility.

Criterion A B C D E F G H I J K Total
Criterion weight 0.20 0.04 0.08 0.08 0.09 0.12 006 0.06 0.09 0.06 0.12 Utility
Index coefficient

CLT construction system 1 1 05 05 1 1 1 1 1 1 1.00 0.92
Timber column structure 0.5 05 1 1 0.5 05 05 0.5 05 05 0.50 0.58

In order to obtain a definitive result of the comparison of the proposed variants for
the construction of a wooden administrative building, the efficiency rate was calculated
(Table 7). The efficiency rate is obtained by dividing the total utility value by the construc-
tion cost of the respective variants. As a result, a higher value means a more efficient var-
iant. In our study, this is the CLT construction system.

Table 7. The efficiency rates.

Cost
Type of Construction Total Utility 0% Efficiency Rate
[EUR]
CLT construction system 0.92 282,010.00 3.262 x 106
Timber column structure 0.58 239,069.00 2.426 x 10

4. Discussion

In addition to in Slovakia, wood-based constructions still face many prejudices glob-
ally, with masonry and concrete construction methods still being preferred [24,25]. This
makes the goal of increasing sustainability in the construction sector impossible. In addi-
tion to our study, many other studies have argued that it is inevitable to constantly publish
justifications for construction systems based on wood so that they can come to the fore
[26]. In the next phase of our research, we want to focus on the driving forces that can help
increase the share of wood-based constructions, as presented for example by Lindblad et
al. [26].

The type of research that we offer in our study is intended to encourage designers
and investors to consider the alternative of wood-based building construction, which will
ultimately ensure a greener and more sustainable construction industry. Like our re-
search, many other researchers claim that it is necessary to improve the ecological aspect
of construction [25-27].

Industrial prefabrication of structural wood products, such as cross-laminated timber
panels, enabled the use of wood in large-scale constructions, including, e.g., the construc-
tion of administrative buildings, the construction of which we have dealt with in our other
studies [28-30].

The infrequent occurrence of the construction of wood-based administrative build-
ings causes dependence on concrete, as well as reliance on customary methods of con-
structing administrative buildings [31-33].

Efforts to prevent unwanted climate changes force the construction industry to re-
duce greenhouse gas emissions. Due to the use of renewable resources, the construction
of wood-based office buildings might be an interesting alternative for the construction
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industry to promote sustainable development, combined with the aesthetic benefits and
advantages of wood that are perceived by many customers [25].

In various comparisons, Slovakia ranks last in the number of wooden buildings im-
plemented. When we look at EU countries, the share of wood-based buildings is signifi-
cantly higher than in Slovakia (Scandinavia—70%, Germany —50%, Austria—45%, Czech
Republic—20%, and Slovakia—10%). While the height of a wooden building is limited to
12 m in Slovakia, the situation is different in other countries of the world. A lot depends
on the building regulations of individual countries. For example, in Australia, the maxi-
mum permitted height of a wooden building is 25 m. Tall wooden buildings are also found
in northern Europe. In Norway, the Mjostarnet wooden building was built in 2020, which
has eighteen floors and a height of 81 m. In Sweden, the wooden skyscraper Sara Kulturhu
is 75 m high and has 20 floors. In the Netherlands, a 21-storey timber building called Haut
Amsterdam has been built, achieving the highest sustainability rating of BREEAM Out-
standing. The HoHo Wien building was built in Austria in 2019. It has 24 floors and is 84
m high. The development and use of CLT panels, especially abroad, partially replaced
reinforced concrete and brick-in-concrete structures [17]. The CLT system is widely used
in the construction of low-, medium-, and even high-rise residential and public buildings
[18-20].

The procurement of wooden buildings is the subject of green public procurement.
According to the Commission of the European Parliament (year 2008), green public pro-
curement (GPP) is “a process in which public authorities seek to procure goods with a
reduced environmental impact throughout their life cycle compared to goods with the
same primary function that would otherwise be procured.” [34]. Some authors have con-
ducted a systematic review of life cycle assessment (LCA) in the building procurement
phase. In construction, GPP is more than LCA and the evaluation of tenders. In the topic
of GPP, it is necessary to include the Conceptual Framework, which includes: LCA—Life
Cycle Assessment, CBA —Cost/Benefit Analysis, MEAT—Most economically advanta-
geous tender, and the EMS—Environmental Management System [35].

Limited awareness of green public procurement among decision-makers in the pub-
lic sector can hinder their implementation. This situation is prevalent in the construction
industry. Developing clear and consistent GPP criteria across product categories is an on-
going effort. There is a growing body of literature evaluating the concept of green public
procurement [36-39]. In the area of wooden buildings, Slovakia lags behind in terms of
the number of wooden buildings. Our paper contributes to the spread of the need to im-
plement wooden constructions of administrative buildings in Slovakia, thus contributing
to the assigning of green public procurement.

Previous studies have found that wood-based constructions struggle with insuffi-
cient awareness; our contribution offers an opportunity to overcome this struggle. The
results of our research are useful to industry professionals, society, and building owners
in adopting wood as a major construction material. This study may also increase the ac-
ceptance of the construction of taller buildings using wooden structures in the Slovak con-
struction industry.

The results of our research can be used for comparison with the results of cost anal-
yses of wooden buildings in other countries, especially when it comes to countries similar
to Slovakia, with similar research conditions such as a similar population, GDP, and land
area, or post-communist countries and countries with a green state policy, etc.

5. Conclusions

The growing interest in sustainable construction methods brings various wood-based
construction techniques to the fore. This requires an analysis of these techniques from dif-
ferent perspectives. In Slovakia, however, the trend of traditional construction from con-
crete and from piece masonry elements still prevails, which is not entirely satisfactory.
This has resulted from the traditional beliefs of small investors in Slovakia and little trust
in wood-based construction methods. This paper has examined the construction cost and
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construction time parameters of an office building constructed using two wood-based
construction methods: CLT panels and a timber column structural system. The goal was
to analyze the parameters of two sustainable construction methods and evaluate their
benefits and challenges. In addition, the goal is to demonstrate to potential investors the
need to redirect to the given type of construction. The analysis found that construction
costs could be what discourages potential investors from building with CLT panels, for
example. The growing number of constructions based on wood including, those from CLT
panels, can significantly contribute to the sustainability of the construction industry,
which the Slovak construction industry requires. The synthesis of the acquired
knowledge, as well as the determined efficiency rate, proved the advantage of building
with CLT panels compared to the timber column structure. In our study dealing with var-
ying structural proposals for the construction of an administrative building, the efficiency
rate of different structural solutions was determined. As a result, it was found that the
CLT construction has an efficiency rate of 3.262 x 10-¢ and represents a more efficient var-
iant than the timber column structure with a value of 2.426 x 10-¢.

The task of designers is to offer an analysis of the advantages and disadvantages of
various types of constructions; the results of our study can be useful for some of these
analyses.

There are various myths and prejudices and it is difficult to break them down. Our
study will help to explain the facts and how to answer these prejudices. Similarly, our
study can be used by other countries similar to Slovakia, where these prejudices also per-
sist, as we have mentioned in the comments above. The cost of the material for wooden
buildings is comparable to the cost of conventional construction. Based on the results of
our multi-criteria comparison, constructions made of CLT panels are more advantageous
than a timber column structure.

In an exemplary way, future research and the promotion of construction from CLT
panels in Slovakia, both in the segment of family houses and in the segment of adminis-
trative buildings, can force the introduction of budgeting items of the CLT panel construc-
tion technique into the national construction budgeting software Cenkros 4. This will con-
tribute to a simpler calculation of costs for this construction system. Even in this way, it is
possible to contribute to the simplification of the process of construction process prepara-
tion.

Even nowadays, there is a lack of available cost and time analyses of various con-
struction methods that would make it easier for investors to decide on a specific construc-
tion technique or construction system in the decision-making process. This lack will
mostly cause the investor to eventually be forced to opt for traditional construction tech-
niques, as he does not have enough time and resources to carry out these analyses by
himself. Our research complements the missing time—cost analysis of two wood-based
sustainable construction systems.

Moreover, our research study on construction methods that apply wood as the main
structural material contributes to sustainability in the construction industry. The findings
of our study guide investors who can then improve their choice of construction technique
in the phase of construction intention.

Through a case study of an administrative building, factors that can influence the
choice of a wood-based construction method for the construction of taller buildings in
Slovakia were investigated in this research.
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