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The purpose of the work was to investigate and compare the properties of wood products
as well as development and processing as a building material as a substitute for traditional
building materials such as concrete and steel. The work also takes a stand on the effects of
increasing wood construction on biorefineries in general in Finland.

In the experimental part of the work, the realization of an example building with lower
carbon building materials was investigated, where wood product was a possible building
material and where the properties required of the building product required the use of a
material other than wood.

Wood and its products could be used in construction more versatilely and more than is still
used today. Wood products can be processed in different ways to improve and modify its
properties to the required properties. The study showed that even as wood construction
continues to increase, it still has limitations in terms of its properties. For example. the
foundation or civil protection structures of the buildings cannot be implemented as wooden
structures and in certain building parts, such as building parts requiring a high fire rating,
the use of wood product as a building material can cause technical and functional
challenges for feasibility.

The increase in wood construction can have positive effects on biorefining in Finland, but
since the sectors use the same raw materials, the growth of both sectors must take place
sustainably. The increase in wood construction can have positive effects, for example, on
the utilization of side streams from the wood product industry and their processing.



TIIVISTELMA

Lappeenrannan—Lahden teknillinen yliopisto LUT
LUTin insindoritieteiden tiedekunta

Biorefineries
Susanna Hiltunen
Puu tuotteen ominaisuuksien vertailu ja kehittiminen rakennusmateriaalina

Kemiantekniikan maisterity®

2025

71 sivua, 18 kuvaa, 1 taulukko ja 0 liitettd

Tarkastaja(t): Apulaisprofessori Kristian Melin ja Diplomi-insin66ri Matti Alonen

Avainsanat: Puun muokkaus, puurakentaminen, puun kemiallinen kaisittely, puun
ominaisuudet, puurakentamisen ympéristovaikutukset, puu vs. vaihtoehtoiset materiaalit
(betoni, terés)

Tyon tarkoituksena oli tutkia ja vertailla puun ominaisuuksia sekd niiden kehittdmisté- ja
muokkausta rakennusmateriaalina perinteisten rakennusmateriaalien, kuten betonin ja
terdksen korvaajana. Tyd ottaa kantaa my0s lisddntyvdn puurakentaminen vaikutuksista
biojalostamoihin yleisesti Suomessa.

Tyon kokeellisessa osuudessa tutkittiin esimerkkikohteen toteuttamista vihéhiilisemmisti
rakennusmateriaaleista, missd puu oli mahdollinen rakennusmateriaali ja missd
rakennustuotteelta vaaditut ominaisuudet edellyttivit muun kuin puupohjaisen materiaalin
kéyttoa.

Puuta- ja sen jalosteita voitaisiin hyddyntdd rakentamisessa monipuolisemmin ja enemmén
kuin tdnd pdivdnd vield hyodynnetddn. Puuta voidaan jalostaa eri keinoin, jotta sen
ominaisuuksia saadaan parannettua ja modifioitua vaadittuihin ominaisuuksiin.
Tutkimuksessa ilmeni, ettdi edelleen puurakentamisen lisdéntyessd on silld edelleenkin
rajoitteita  ominaisuuksiensa  puolesta. Esimerkiksi. rakennusten perustus- tai
vdestonsuojarakenteita ei voida toteuttaa puurakenteisena ja tietyissd rakennusosissa, kuten
korkean paloluokan vaativissa rakennusosissa puunkdyttd rakennusmateriaalina voi
aiheuttaa teknisid- ja toiminnallisia haasteita toteutettavuudelle.

Puurakentumisen lisdéntymiselld voi olla positiivisia vaikutuksia biojalostamiseen
Suomessa, mutta koska sektorit kdyttdvidt samoja raaka-aineita on molempien sektoreiden
kasvu tapahduttava kestdvisti. Puurakentamisen lisddntymiselld voi olla positiivisia
vaikutuksia esimerkiksi puutuoteteollisuudesta saatavien sivuvirtojen hyddyntdmiselle ja
niiden jalostamiselle.
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Abbreviations

CO2 Carbon dioxide

CLT Cross laminated Timber

LVL Laminated veneer Lumber

hEN The Harmonised European Standard
DoP Declaration of Performance

MUF Melamine-urea-formaldehyde adhesives
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1 Introduction

Development of wooden structures for construction needs as a substitute for concrete and
steel not been extensively researched in Finland. Further research is needed to support the
increasing use of timber construction, ensuring the construction of safe, healthy, and
functional buildings while considering the best properties of wood products, concrete, and

steel in terms of material characteristics, construction carbon footprint, and life cycle costs.

Concrete is a traditional building material widely used in Finland and globally. The Finnish
government has set a goal at the beginning of its term to increase the use of wood products
in public construction, aiming for timber construction to represent 45% of public
construction by 2025. This goal is driven by the lower carbon emissions of timber structures
during construction compared to traditional solutions and the ability of wood materials to
act as carbon sinks during their life cycle. (Ministry of the Environment, goals of timber con-

struction, 2020.)

Wood product possesses both favourable and unfavourable properties as a building material.
Timber structures may encounter challenges in terms of sound insulation and fire resistance
properties. The advantage of hybrid structures lies in the ability to leverage the best
properties of different materials through effective design. Foundations of buildings are
almost always made of concrete, which offers excellent properties for load-bearing
structures. However, wood structures often have poorer thermal insulation properties

compared to concrete, especially when used in exterior walls. (Valkama Arttu, 2017.)

Karjalainen and Ilgin (2021) examined Finnish citizens' attitudes towards multistory wooden
apartment buildings and changes in attitudes over time. Previously, when concrete structures
predominated, wooden houses were often perceived as prone to mold problems. With
increased awareness of emissions, the use of wood in construction has been promoted due
to its lower carbon footprint during construction and throughout its life cycle. Karjalainen
and Ilgin (2021) mentioned in their article that according to their research, wooden buildings
provide good indoor air quality and are healthy, although their sound insulation may be

weaker compared to traditional construction methods.



Amiri et al. (2021) mentioned in their article "Embodied emissions in buildings - a forgot-
ten factor in green certifications" that alongside other low-emission and carbon-sequestering
materials, timber construction can serve as a solution to mitigate climate change globally.
They also emphasized that harvesting and processing wood sustainably is essential;

otherwise, it can lead to depletion of forest resources and loss of biodiversity.

Numerous articles and studies have been conducted from the perspective of life cycle as-
assessment and emissions of building materials. The selection of construction materials is
significantly influenced by investment costs, including construction work and material costs.
This study aims to investigate the most important properties of materials in wood buildings
and when wood is suitable for use in terms of its properties. If wood is not suitable as a
material, what other low-emission solutions exist, and how wood can be processed and
modified to improve its properties. The study also takes a stand on how the increase in wood

construction would affect biorefineries in Finland.

1.1 Goals for the stud, methods and research questions

The main target of this study is to investigate what kind of material wood product is as a
building material, what properties are required from wood product as a construction material,
how wood product can be modified to achieve the desired properties, when is it better to use
other materials than wood due its limitations and what are the effects of increasing wood

construction on biorefineries in Finland in general.

To reach the goals of the diploma thesis, the research aims to answer the following for

research questions:
- Why should wood construction be increased?
- What properties are needed from wood product as a building material?

- How can wood product be processed for construction needs, for example as a

substitute for concrete and steel?

- What effects does increasing wood construction have, for example, from the point of

view of bioprocessing?

In addition, this study answers the following supporting research questions:



- What kind of legislation and quality control is there for wood products?
- What other wood-based products can be processed?
- What kind of wood material for construction products is available in Finland?

The research questions serve as the basis for the implementation of the experimental part of

this study based on theoretical research.

Artificial intelligence (ChatGPT) was utilized at work in language maintenance as an aid to
correct translation terms, text structuring and text background. Use is occasional throughout

work.

2 The Role of the Construction Industry in Climate Change

Construction industry haves’ significant impact in climate change and there are versatile
possibilities how we can build in a more carbon friendly way. Authorities will soon start to
point goals to the carbon footprint of buildings and calculation of the footprint will be part
of building permit process in Finland starting year 2025. New construction law becomes
legally binding at 01.01.2025 and after that buildings must be designed and constructed to
be low carbon. CO2 foot- and handprint of the building must be calculated and reported at
the end of the project to City building supervision.

2.1 Climate change

Climate change leads to long-term degradation of Earth's living conditions. It is caused by
increased greenhouse gases, resulting in a rise in global temperatures by approximately 3—6
degrees Celsius over the current century. Because of climate change, summers in Finland
are expected to become hotter, increasing the need for building cooling, while winters may
see reduced heating requirements. Intense rainfall is predicted to become more common,
potentially increasing snowfall initially in Northern Finland, while the amount of permanent
snow cover may decrease in Southern Finland. Frost heaving is expected to decrease in
Southern Finland, resulting in softer soil. Softening soil can cause problems for construction

machinery and affect the depth of building foundations. Particularly in Southern Finland,



winter rainfall may increase, with the possibility of heavy snowfall occurring
simultaneously. Wet and heavy snowfall requires adequate snow storage facilities. Oblique
rainfall is projected to increase in the future, necessitating consideration in building design.
Increased moisture can damage structures and increase the risk of mold. Climate change also
increases the risk of flooding in Finland. Increased rainfall can lead to urban flooding, while
earlier snowmelt can cause river flooding. Rising sea levels pose a future flood risk, and
future planning should consider the combined effect of rising sea levels and storms on sea
levels during floods. In the Gulf of Finland, sea levels may rise by 300 mm during the current
century and up to 900 mm according to the worst-case scenarios, considering post-glacial
land uplift. Globally, the largest sources of greenhouse gas emissions contributing to climate
change are: electricity and heat production (24%), land use changes, such as deforestation
for other purposes (18%), agriculture (14%), and transportation (14%). Cement production,
which serves as a raw material for concrete, accounts for approximately 5% of greenhouse
gas emissions. (RT 103170 Climate Change: Mitigation and Adaptation in the Built
Environment, 2020, 1-18.)

In Finland, the largest sources of greenhouse gas emissions are (RT 103170 Climate Change:
Mitigation and Adaptation in the Built Environment, 2020, 3):

- Building and property use, such as building heating and electricity (32%)

- Construction (6%)

- Industry (30%)

- Transportation (19%).

Greenhouse gas emissions from construction are divided according to the type of
construction. The most emissions are caused by commercial, service, and public buildings
(38% of construction). Residential multi-story and terraced housing, as well as detached
houses and other leisure buildings, account for the same proportion (31% of construction,
totalling 62%). (RT 103170 Climate Change: Mitigation and Adaptation in the Built
Environment, 2020, 3.)

According to the Building Information Foundation's guidelines on climate change mitigation
and adaptation in the built environment, greenhouse gas emissions from construction and

buildings in Finland can be mitigated in various ways. For example, low-carbon solutions



can be utilized in urban centres, such as solar energy and electricity, improving building
energy efficiency by monitoring the operation of building technical systems, optimizing the
evening use of public buildings, facilitating changes in the use of properties, promoting
electricity-based transport, etc. In rural areas, greenhouse gas emissions can be mitigated by
saving energy from housing, switching electric heating to renewable local energy,
developing public transport, and infill development to ensure the preservation of public
transport. In rural areas, greenhouse gas emissions can be mitigated by smart forest
management, sufficient carbon sinks, renewable energy sources, and the use of electric or
biogas-powered vehicles. (RT 103170 Climate Change: Mitigation and Adaptation in the
Built Environment, 2020, 6-18.)

The carbon footprint of a building's life cycle is calculated from different stages that are
listed below (RT 103170 Climate Change: Mitigation and Adaptation in the Built
Environment, 2020, 14):

e Al-A3: Product phase of building materials before delivery to the construction site.
e A4-AS: Construction phase, including transportation.

e BI1-B2: Building use after the construction phase.

e B3-B4: Necessary maintenance and repairs of the building during its life cycle.

e Bo6: Energy use.

e B7: Water use.

e (C1-C4: Demolition of the building at the end of its life cycle, including transportation

and processing.

D: External impacts of the life cycle.

Approximately 40% of the carbon footprint of a typical new residential apartment building
is formed during construction and about 60% during the building's use. When the building
reaches the end of its life cycle, i.e., during the demolition phase, less than 10% of its carbon
footprint is formed. Since buildings are now designed to be more energy-efficient, the
proportion of emissions from construction has increased. Previously, it was about 10-20%.
Construction causes a large amount of carbon dioxide emissions at the beginning of the
building's life cycle, which is called a carbon peak. Therefore, it may take a long time for an

energy-efficient new building to surpass the emissions of an older building with poor energy



efficiency characteristics. Therefore, renovation of old buildings and possible changes in
space/use should be considered before deciding on demolition and new construction, as the
carbon dioxide emissions caused by renovation are lower than those of new construction.
Renovation can also significantly improve building energy efficiency. (RT 103170 Climate

Change: Mitigation and Adaptation in the Built Environment, 2020, 12.)

Old buildings can be modified to meet the needs of new buildings by dismantling light
structures and strengthening old structures if necessary. Restrictions often arise from the
load-bearing structures of the old building and, for example, the floor heights of the existing
building. Before the old building is demolished, it should be assessed whether it would be
suitable for the needs of a building by modifying it. For example, old office buildings can
be converted into apartments. New building foundations and load-bearing structures are

often designed for a service life of up to 100 years.

The energy efficiency of a building is affected by its heating energy demand. The heat energy
demand can be influenced by the thermal insulation capacity of the building's exterior walls,
base, and upper floor, and the good air tightness of the structures. Good thermal insulation
and air tightness properties incur costs during the construction phase, but in terms of the
building's life cycle costs, they reduce the costs caused by heat production. The share of
warm water and electricity in the building's total energy consumption increases as the
thermal insulation properties and heat production improve. (RT 103170 Climate Change:
Mitigation and Adaptation in the Built Environment, 2020, 12.)



1200 000

1000000

800 000

g &8 8

g§ 8 8

I

I =
-

0 T T
Normal building Low energy Passive house
1985...2003 house

B Household electricitv B Heating energy
B Wam water B Construction costs

Figure 1. Distribution of energy consumption in a 122 m2 passive house, low-energy house,
and a typical small house built between 1985 and 2003 over a 50-year period. (RT 103170
Climate Change: Mitigation and Adaptation in the Built Environment, 2020, 12.)

Building energy efficiency is also influenced by its size, shape, and spatial efficiency. A
large, loosely dimensioned building consumes proportionally more energy than a tighter
building. Adaptable structures allow for changes in property use throughout its lifecycle. For
instance, buildings with numerous load-bearing partition walls make it more difficult to find
new spatial solutions during a change of use compared to buildings with, for example, pillar-
beam structures. Spaces designed to accommodate various purposes beyond their primary
use allow for versatile after-hours use, such as in school buildings, where the building serves
other purposes beyond its primary use (RT 103170 Climate Change: Mitigation and
Adaptation in the Built Environment, 2020, 13).

In construction phases A1-A3, the product phase of building materials before delivery to the
construction site, and A4-AS, the construction phase, including transportation, constitute the
carbon dioxide emissions during the construction phase. The manufacturing of metals and
plastics contributes the most emissions during the product phase. Compared to other
materials, the manufacturing of wood materials generates fewer emissions. The carbon peak
in construction can be mitigated by selecting materials with lower carbon dioxide emissions
during manufacturing. Building a wooden apartment building result in 30—-50% fewer carbon
dioxide emissions than building a concrete apartment building. Since building foundations

are constructed from concrete, a significant portion of emissions from wooden apartment



buildings consists of "mandatory" carbon dioxide emissions from foundations. According to
the Building Information Foundation's guidelines on climate change mitigation and
adaptation in the built environment, steel produces significantly more carbon footprint than
concrete and wood/CLT. Concrete generates more emissions than wood-based materials,
which also act as carbon sinks. The comparison is presented in Table 1 (RT 103170 Climate
Change: Mitigation and Adaptation in the Built Environment, 2020, 13.)

Table 1. Examples of carbon footprints of certain building materials. (RT 103170 Climate
Change: Mitigation and Adaptation in the Built Environment, 2020, 12.)

Carbon footprint Carbon footprin Carbon storage

Material [fllDensityfll  COe/kg [ CO.e/kg/m’H CO.e/kg
Concrete 2400 140...210 338...504

Steel 7850 1090 8557

Wood 480 70 34 1600
CLT 440 330 145 1600
Brick 1300 220 286

Polyethylene 940 2410 2265

3 Wood construction in Finland

The Finnish government has set targets for the share of wood construction in public building
projects. The objectives are established to promote responsible and environmentally friendly

public procurement.

3.1 Objectives of Wood Construction in Finland

The goal is set for the market share of wood to reach 45% in public buildings by 2025. This
means that almost half of the public construction will be wood based. The target for 2019
was 15%, indicating a targeted increase of 30% over three years (Finnish Ministry of the

Environment, National Targets for Public Wood Construction, 2020):



e For educational buildings, the goal is set to have 55% wood construction by 2022
and 65% by 2025. Increasing the market share of wood in educational buildings is
mainly driven by indoor air problems in old schools built with traditional concrete
and/or stone structures. Another reason is the flexibility for modifications based on
the modular nature of wood framing systems.

e Healthcare buildings are targeted to have 20% wood construction by 2022 and 35%
by 2025. Reasons for increasing market share include favoring hybrid solutions in
the future, modularity, and health benefits of wood in healthcare facilities.

e Residential apartment buildings aim for 21% wood construction by 2022 and 46%
by 2025. Reasons for increasing market share include, for example, enhanced startup
grants for wood-based rental housing provided by the Housing Finance and
Development Center, as well as market development for wood-based building
materials and competitiveness.

e Assembly buildings are targeted to have 20% wood construction by 2022 and 35%
by 2025. Reasons for increasing market share include favorable developments in
wood construction for large hall buildings, suitability of wood as a structural material

for innovative "free" solutions, and future flexibility.

3.2 Environmental Impacts of Wood Construction

The environmental impacts of wood construction are based on the use of renewable natural
resources in building. Renewable natural resources refer to materials that do not run out even
when utilized, provided that their sustainable use is ensured. In Finland, wood is also an
increasing natural resource, meaning that the resource grows even as it is used, and Finnish
forests currently grow more than they are consumed. According to sources, the wood
materials needed for a 6-story timber-framed apartment building grow in approximately 30
seconds in Finnish forests. (Puuinfo: Environmental Impacts of Wood Use; Increasing Wood

Use; Carbon Storage in Timber Construction, 2020.)

Wood materials sequester carbon, with approximately 750 kilograms of carbon dioxide

stored in about 1 cubic meter of wood. The ability of wood to store carbon does not diminish



during harvesting, and the production of wood materials generates fewer carbon dioxide
emissions compared to, for example, concrete construction. For example, Technology
Research Center VTT compared in their survey “Wood Construction in Europe” identical
apartment buildings made of wood and concrete, as a result the carbon footprint of the
apartment building made of concrete was about 75 percent larger than that of the apartment
building made of wood. If building waste is utilized for energy when the material reaches
the end of its life cycle, no more carbon dioxide emissions are released from the material
than were stored during the growth of the wood. (Puuinfo: Carbon binds to the wood; Carbon
is stored in wooden structures for a long time; Wood Product Manufacturing Generates More

Energy Than Consumes, 2020.)

The carbon 1n the carbon dioxide
becomes the building material of the
wood, while the oxygen is released
back into the atmosphere

7~

A tree grows by getting x The tree grows by combining

carbon dioxide from the water and atmospheric carbon
Ak dioxide with the help of sunlight

‘ E
Figure 2. Carbon sequestration in wood (Hiltunen, March 1, 2022). (Puuinfo: Carbon binds
to the wood, 2020.)

3.3 Carbon Footprint

The Technical Research Centre of Finland (VTT) studied in 2017 the effects of different
construction methods on the development of carbon storage and made an estimate of the

carbon stored in the Finnish building stock. The study compared five different wood-based



structural systems for wooden apartment buildings and one building constructed from

concrete elements. The comparison targets used in the study were:

e Timber frame structure (A),

e (CLT-based large elements (B),

e Timber frame space elements (C),
e Timber frame large elements (D),
e CLT-based space elements (E),

e Concrete element building (F).

In all comparison targets, the starting point was that the facade had wooden panels, the
building's ground floor was made of concrete (concrete slab), the heating method was
water-based underfloor heating, i.e., floor pipes were placed in the concrete cast, resulting
in a concrete layer also in the floor of wooden structural comparison targets. The structural
walls between the apartments acted as load-bearing structures in each comparison target,
and the windows were wood-aluminium windows with four panes of glass. The
comparison targets meet building regulations, with a U-value of <0.17 W/m2K and an R'w
of >55 dB. The U-value refers to the thermal transmittance of the building, and the smaller
the U-value, the better the thermal insulation properties. According to Part C3 of the

Building Code, the maximum values for building components are:

e QOuter wall, 0.17 W/m2K.

e Upper floor and ground floor facing the outdoor environment, 0.09 W/m2K
e Building component facing the ground, 0.16 W/m2K

e  Window, skylight, door 1.0 W/m2K

In VTT's study, all wooden comparison targets had an REI 60 fire classification for
external walls, meaning a fire resistance time of 60 minutes. Protective coverings were
subject to K210/EI15 requirements. K210 means that the fire resistance time of the
protective covering is 10 minutes and class K2 cover all combustible substrates. P2-class
residential buildings' properties are met with the above requirements, considering that the
building is four stories high. In the concrete option, the fire resistance time is REI 90,

meaning a wall structure's fire resistance time of 90 minutes.

The share of wood materials, i.e., the share of wood raw material of the total building

materials, taking into account external walls, light partition walls, elevator shaft,



intermediate floor, ground floor, roof (including trusses, roofing, eaves), foundations,
doors, and windows, other items including lightweight chimneys and stairs, in the entire
apartment building's material requirements was distributed among the comparison targets

as follows:

e Timber frame structure (A) 15%,

o CLT-based large elements (B) 26%,

e Timber frame space elements (C) 20%,
e Timber frame large elements (D) 17%,
e CLT-based space elements (E) 32%,

e Concrete element building (F) 2%.

The study results indicate that even if the building has a wooden structural system, it
contains much more than just wood. For example, insulation, the ground floor is mostly
always made of concrete, foundations are always made of steel-reinforced concrete, doors
and windows contain glass, etc. Among the comparison targets, comparison target E,
which had a CLT-based space element frame solution, contained the most wooden

structures.

The carbon footprint of the comparison targets (tCO2e/building type) was distributed as
follows: Building type A (total 325 tCO2e), building type B (321 tCO2e¢), building type C
(total 301 tCO2e), building type D (326 tCO2e), building type E (310 tCO2e), building
type F (542 tCO2e). CO2e is an abbreviation for carbon dioxide equivalent, which
describes the climate impact of greenhouse gases. The comparison shows that the concrete-

based comparison target has the highest carbon footprint.

The absolute savings of wooden comparison targets (A - E) compared to the concrete-
based comparison target ranged between 216231 tonnes, between 40—44%. The concrete-
based comparison target did not yield absolute savings because in this comparison, it

caused the most emissions.

In comparing the carbon stocks of the comparison targets, the manufacture and delivery of
materials to the construction site were considered. The carbon stock increased in
comparison targets A - E, 210497 t CO2, compared to the carbon content of the concrete-

based comparison target. The largest carbon contents were for options B, CLT-based large



elements (543 t CO2), and E, CLT-based space elements (574 t CO2). The carbon content
of the concrete-based option was 77 t CO2.

Concrete structures also sequester carbon due to the carbonation process. Carbonation
refers to when carbon dioxide in the air reacts with the calcium hydroxide in concrete,
forming calcium carbonate (BY, concrete information, carbonation). The VTT study
mentioned that with certain assumptions, the carbon content of the concrete-based option
(F) increases due to carbonation over a 50-year lifespan from 77 t CO2 to 90.8 t CO2.
Therefore, the difference in carbon content compared to the concrete-based option for

wooden options A - E is 197482 t CO2.

The size of the carbon stock in different options depends on how much wood materials
have been used as raw materials in the frame structures. For example, in frame-based
exterior walls, the wall structure also consists of insulation and cladding, which reduces the
total volume of wood materials. In solid wall structures, such as the CLT option, for
example, the volume of wood is larger, and the structure sequesters more carbon. The size
of the carbon stock compared to the concrete-based option is based on the fact that the
carbon stored in wood remains in the wooden component throughout its life cycle. At the
end of its life cycle, the wood product is used, for example, for energy production as a
source of energy, releasing the carbon stored in the raw material back into the
environment. If the raw material were to be used, for example, in a new building, its

carbon stock would remain the same.

The balance sheet obtained from the study considers the carbon footprint, i.e., the carbon

content of the structure is reduced from the carbon footprint.

4 Typical wood products in Finland and legislation

4.1 Eurocodes and legislation

In EU- and ETA the design of load bearing structures is standardized in Eurocodes. To how
Eurocodes are applied in Finland is determined in National attachments and in Finland the

Ministry of Environment prepares attachments for buildings and Finnish Transport



Infrastructure agency for bridges. Now Eurocodes include 58 parts. Eurocodes cover the
principles of determining safety, various loads such as snow and wind, heat, accident and
crane loads. Eurocodes will have updates during years 2025-2027 and new materials will be
included to Eurocodes for example design of glass structures (Meaning of Eurocodes, 2021).

Eurocodes for Wooden structures (EN 1995) include following content:

- EN 1995-1-1 Eurocode 5. Design of wooden structures. Part 1-1: General rules and

rules regarding buildings.
- EN 1995-2 Eurocode 5. Design of wooden structures. Part 2: Bridges

- SFS 5978 The implementation of wooden structures. Rules regarding load bearing

structures.
- National Annex of the Ministry of the Environment

- Finnis Transport Infrastructure agency application instructions and the national

annex of Ministry of Transport and Communications

- Material regarding wooden structures (for example RIL 205-1-2017 Design

instructions for wooden structures. Eurocode).

The Harmonised European Standard (hEN) is standard created by European Standardization
organisation which leads to CE marking. The product standard determines properties, quality
control during manufacturing process and information required for the CE-mark for different
products. CE-mark is required for the products that are covered in the Harmonised European
Standard. Declaration of Performance (DoP) is created according to the Harmonised
European Standard or European technical evaluation (ETA) that covers the product and its
mandatory for CE-marking. DoP must cover all the values of the product's properties that
are needed to meet the national regulatory regulations. Construction product that have CE-
marking can be placed on the market throughout Europe without the need for separate,
additional investigations in each country. CE-marking helps also comparing properties of

different products. (Ministry of The Environment in Finland, CE-marking.)

CE-marking is mandatory for example following wooden products (Puuinfo, wood

information, lumber and its products, 2020):

- glued laminated timber,



- strength-rated timber

- wooden boards

- wood panels

- structural finger crossed wood

- windows and doors.

4.2 Properties of different wood species

Different wood species have different properties and are usually used for different purposes.
When compared to other products (for example) from weight perspective wood have most
strength in relation to its weight. Wood has also significantly good thermal resistance
capacity than other products, for example 12 times better than concrete structures. Wood is
also light material when compared with steel and concrete and because of that transportation
is easier. Pine and spruce are most common building material used for building material in
Finland and those are quite similar from perspective of properties. Pine is bit heavier than
spruce, the density of Finnish spruce is about 300-470 kg/m3 and the density of Finnish pine
is about 370-550 kg/m3. Density of Finnish birch is 590 — 740 kg/m3. (Puuinfo, Lumber
guide, 2019, 6.)

In the figure 3, different parts of the wood are described. Inner part of the wood is called
hearth wood and outer part of the wood sapwood. Distribution of lumber obtained from
different parts of the tree into quality classes is presented in the figure 4. Quality class US is
the most qualified class and quality class VII is the lowest quality; in which case all the
characteristics of the wood are allowed. The best quality lumber is obtained from the part of

the base log of the wood. (Puuinfo, Quality of the lumber, 2020.)



The outer The inner shell
shell

Cambium

Sapwood

Hearth
wood

Sapwood

Healthy branch. Healthy branch.
Side boards: quality TV.

Medium goods: quality V and

VL

Loose black branch.
Side boards: quality V, VI (ja
VII). Medrum goods: quality V

and VL

The surface is almost branchless. Heart as
1n mtermediate and top log. Side boards:
quality US I, US IV (V, VI, VIIT)

Medium goods: quality US IV, V and VL.

Top log

Intermediate

log n.5m

Healthy and
black branch

black branch

Base

log n.35m

n.03m

Figure 4. Distribution of lumber obtained from different parts of the tree into quality classes.

(Puuinfo, Lumber guide, 2019, 7.)

In pine tree there is usually one longer part without branches that enables boards without
branches or with few branches. One characteristic of pine tree is that it is easy to plan because
of the growth angle of the branch towards trees core. Resin is usually located evenly in pine
and after planning, resin smoothes the surface of the tree. Bottom part of the pine tree has
greater density than upper part of the tree and because of that, log made from bottom part of
the tree have great density. Core part of the pine tree are naturally rot resistant because core
part of the pine tree incudes pinosylvins and does not pass water through. (Puuinfo, Lumber

guide, 2019, 6.)



Spruce haves long frame that includes healthy branch and because of that most of the boards
include also healthy branch parts. Healthy branches are usually same colour than frame of
the spruce and for that wood material is evenly light. Spruce tree includes few resin holes
and resin holes are usually 40 mm long, that provides good adhesiveness and surface
treatment properties. Core part of the spruce tree is large and moisture permeates slowly to
the. Therefore, spruce is good and resistant material for facades. (Puuinfo, Lumber guide,

2019, 7.)

Pine and spruce have quite similar properties from strength and thermal resistance
perspective, but from moisture behaviour perspective spruce reacts more slowly to changes

in humidity. (Puuinfo, Lumber guide, 2019, 7.)

4.1 Typical structural lumber product in Finland

From Finnish lumber production approximately, half is made from pine tree and other half
from spruce. Common lumber for structural lumber products is dimensioned sawn timber,
planed timber and finger jointed lumber. Dimensioned sawn timber means timber product
that is roughly planed to be dimensioned. The most common cross-sectional dimensions for
dimensioned sawn timber are width from 50 millimetres to 250 millimetres and for thickness
from 19 millimetres to 150 millimetres. Planed timber describes lumber product that is
rectangular and its planed around. Common thickness for planed lumber product is from 8
millimetres to 70 millimetres and common width from 15 to 75 millimetres. Both spruce and
pine trees are used for dimensioned sawn timber and for planed timber, some for-example
thicknesses require specially pine or spruce to be used. Maximum permissible dimensional
deviations are bigger for dimensioned sawn timber than for planed timber when the moisture
level of the product is 20 %. Finger jointed lumber means lumber product where wooden
parts are jointed together to achieve lumber product that for example does not have any knot
parts and is longer and can be made only from the heart part of the tree. (RT 21-11288,
Timber. Sawn and planed, 2017, 6-7.)

Lumber product used in construction requires strength classification from the product. Each
piece must have CE-label and information about what strength glass product belongs.
Lumber product can be strength sorted according standard SFS-EN 338 or according INSTA
142 that is the co-Nordic standard according to which softwood lumber is visually graded



for strength. In visual strength sorting, lumber is examined visually. Attention is drawn in
other words, the number of branches, where the branches are located, possible cracks or
crookedness. The thickness of the annual crust is also examined. If according SFS-EN 338
lumber product is graded visually or mechanically depending which strength glass is graded.
Strength grated lumber product is usually sawn or dimensioned lumber, finger crossed
lumber product can also have strength classification. Usually dimensions of strength grated
products are thickness from 80 mm and more and for width 98 millimetres and more. (RT

21-11288, Timber. Sawn and planed, 2017, 8.)

4.2 Typical structural wood products in Finland

In Finland most used structural wood products are glued laminated timber, laminated veneer
lumber "LVL" and for cross Laminated Timber (CLT). Glued laminated timber is
manufactured by gluing at least two 45 mm lamellas together. Glued laminated timber is
usually used for structural beams and columns. The root direction of the lamellae is
longitudinal. Structural laminated veneer lumber "LVL" is wood product made from turned
veneers by gluing. LVL is used for wall and slab structures as well columns and beams. The
root direction of the veneers is mainly in the longitudinal direction, depending on the product
some of the veneers are transverse. Cross Laminated Timber (CLT) is produced by cross
gluing wooden board together. Layers are at 90° angle relative to each other. CLT is used
for wall and slab structures. From structural wood products spruce is used for glued
laminated timber, laminated veneer lumber "LVL" and for cross Laminated Timber (CLT).
Pine is used also for glued laminated timber and cross Laminated Timber (CLT). (Puuinfo,

Technical properties of solid wood boards, 2020.)

When comparing to properties of glued laminated timber, LVL and CLT the following

observations can be made (Puuinfo, Technical properties of solid wood boards, 2020):
e Thermal conductivity for each tree products is same, 0,13 W/mK / W/(m °C).
e Fire class without fire protection is D-s2, dO for each tree products.

e (Carbonization rate for LVL and glued laminated timber is 0,7 mm/min, for CLT 0,6

— 1,1 mm/min (depends on the supplier).



e Different adhesives/glues are used for all three products. Described in a more detailed

level in section 6.1.

5 Qualities required from products

The Land Use and Building Act sets general binding objectives for guiding areas and

construction in accordance with good building practice.

Different characteristics are required from different building components. Regarding the
building components, the scope of the work has been limited, and this work does not
include the examination of developer costs or the earthworks of the building and area,
footings, foundation walls, and pillars, as well as external structures, as these areas are not

comparable from the perspective of wood construction.

5.1 Properties of wood product as a building component

Building components requires different properties depending on the purpose of use. In this
Master thesis, the focus is on the properties that are required of the frame structures of
buildings and some supplementary structures. Frame structures mean the supporting frame
structures of the building, for example columns and beams, slabs, load bearing walls etc.

Supplementary structures mean for example, windows.

5.1.1 Structural systems

In Finland, the most common frame structural systems in wooden buildings are (Puuinfo,

The most common structural systems, 2020):

- load-bearing walls, commonly used in wooden houses, in this frame system, the
load-bearing frame of the building consists of load-bearing wooden (frame
structure or solid wood) exterior walls and partitions, as well as stiffening floors

and walls.



- frame structure, a modular i.e. standard-sized frame system made of plywood or
glulam, where the non-load bearing and load-bearing walls are basically the same,
an intermediate floor structure can also be implemented, for example. as a skeletal
structure. Span dimensions can be longer with a hybrid structure, i.e. a structure
that uses partly concrete and partly wood. The advantage of the frame system is
good energy efficiency and airtightness.

- CLT technology, load-bearing structures can be made of CLT solid wood boards,
where the wood layers are glued crosswise (CLT: cross laminated timber). These
boards are used in both wall and intermediate floor structures, for example. in
wooden apartment buildings. The boards are manufactured at the factory to exact
dimensions using milling technology, and openings and joints are made in them.
The maximum dimensions for a single plate are 3 x 16 meters. The elements can be
pre-manufactured at the factory, including for example. Windows and doors.

- column-beam system, where the building's load-bearing frame consists of glued or
laminated timber pillars and beams. The intermediate and upper floors of the
building as well as the exterior walls are supported by a column-beam system. The
advantage of the system is its flexibility, for example partitions can be dismantled
and changed when space needs change.

- Space elements, in the system the frame consists of prefabricated space elements.
Space elements are efficiently installed on the construction site, with the element
already containing, for example, windows and building technical equipment. Space
elements have maximum dimensions, e.g. due to logistics and their purpose of use,
they are suitable for small house sites and the construction of residential apartment

buildings.

5.1.1.1 Strength classes

If lumber is used for structural applications, it must be strength classified product. Strength
sorting can be done visually or mechanically to the product. When using visual sorting,
product is visually inspected for example. about the quantity of branches and their locations
in lumber product. When using mechanical sorting lumber product is bended to achieve
value of modulus of elasticity to define strength class of the product. These days also more

modern sorting methods are used, for example x-ray measurement. Strength classification



can be done according EN-Standards or according INSTA standard (142). In Finland most
common strength classes for softwood lumber are C18, C24, C30, C35, C40. C24 is most
common strength class available in lumber store and strength class C35 and C40 are usually
used for example for wood trusses. Strength classes from C14 to C30 can be sorted visually
or by machine if sorting is done according standard SFS-EN 338. Strength classes from C30
and more can be sorted only by machine when sorting is done according standard SFS-EN

338. (RT 21-11288, Timber. Sawn and planed, 2017, 8.)

Below is shortly described about different wood products and their strength classifications:

e Impregnated wood is not usually strength sorted but can be ordered separately if
strength sorted product is required (RT 21-11289 Wood products, further
productions, 2017, 1-3).

e For glued laminated timber most common strength class in Finland is GL30c or
GL30h (Glulam handbook, part 1, 17). C-letter means that product consists of
lamellae of different strength classes. H-letter means that all the lamellae have
same strength class. Glued laminated timber is manufactured according SFS-EN
14080 (Puuinfo, structures, 2020).

e [Laminated veneer lumber must be designed and sorted according SFS-EN 14374,
Laminated veneer lumber that is used in structural applications can be LVL-P,
LVL-C or GLVL-P or GLVL-C strength classified product. LVL-P means that
the veneers produced by turning are glued on top of each other. Most common
strength class in Finland for LVL-P product is LVL-48 P. LVL-C means that
the veneers produced by turning are glued on top of each other and partly cross
each other. Placing veneers partly cross improves strength properties of the
product. GLVL-P means product that is manufactured by gluing LVL-P products
together and GLVL-C is manufactured by gluing LVL-C products together.
(Puuinfo, structures, 2020.)

e Strength class C24 is commonly used for cross laminated timber (RT 21-11289
Wood products, further productions, 2017, 6).



When wood product is further processed also strength properties of wooden product can be
improved. For example. Glued laminated timber product has higher average strength and

lower strength dispersion than structural lumber product (figure 5).
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Figure 5. Glued laminated timber product has higher average strength and lower strength

dispersion than structural lumber product (Glulam handbook, part 1, 2018, 23).

5.1.2 Acoustic

Different types of buildings require different acoustic properties, for example, good acoustic
properties are required often required in school- and office buildings. Wood products have
its own acoustic properties that must be considered when planning a wooden building.
According to Puuinfo's article "Modern computing technologies create new possibilities for
the acoustic design of wooden schools", the board-like wooden layer is about 15 dB weaker
in airborne sound insulation than a concrete layer of the same thickness. Sound insulation is
also affected by the coincidence cut-off frequency, which means for example. vibration
hitting the surface of a solid wooden board at a certain angle. In wooden boards, the limit
frequency of coincidence is in the middle stages, which worsens the sound insulation of the
wooden board (figure 6). Wood's properties also include that wood is usually either a sound-

reflecting surface (for example, solid wood) or, for example. in board structures with an air



space behind the board, a surface that absorbs sound at low frequencies. Sound-reflecting
surfaces do not dampen sound much, so room acoustics must be added to the room to dampen
loud sounds, depending on the way of use (figure 7). (Puu-info, Modern computing

technologies create new opportunities for acoustic design in wooden schools, 02/2022).
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Figure 6. Airborne sound insulation across different frequencies for 180 mm thick CLT
and concrete slabs, based on results from a parametric sound insulation calculation model.
The red dot marks the coincidence cut-off frequency, with the CLT panel exhibiting two
such points. (Puu-info, Modern computing technologies create new opportunities for

acoustic design in wooden schools, 2022).
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Figure 7. Sound absorption coefficient of wooden surfaces (left) in comparison to other
materials (right). (Puu-info, Modern computing technologies create new opportunities for

acoustic design in wooden schools, 2022.)

5.1.3 Sound insulation

Good insulation is required for different spaces for many different building types. Spaces
may be required for example to achieve privacy or to dampen the sound from a noisy space
to other spaces. The airtightness of the building part is essential from the point of view of
sound insulation, because sound travels through the air. Concrete has better sound insulation
properties than wood due to its mass. The massive wooden structure should be up to 600
mm thick, so that it achieves the same air sound insulation as a 180 mm thick concrete
structure. It’s typical also to wooden structures that structure includes joints that must be
seamed to improve soundproofing. With simple massive wooden structures, it is often not
possible to achieve the required sound insulation when good sound insulation properties are
desired for the structures. This is often why we end up with a double structure. For example,
a wall structure made of wood can be constructed as a double frame structure or as a solid
wood board structure. Double structure wall should be structured so that the thin wooden
boards have a large air gap between them. Examples about double wooden structures is

presented in the figure 8. It can be observed from the picture that wall structures that have



high sound insulation properties can be made with different wooden structures, but basic
gypsum wall with wooden frame achieve soundproofed wall with a thinner structure due its

mass. (Puuinfo, Sound insulation in a wooden house, 2021, 1- 25.)
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Figure 8. Examples of double wooden structures. (Puuinfo, Sound insulation in a wooden

house, 2021, 25.)

5.1.4 Fire resistance

In Finland the fire class of buildings is determined in accordance with the Ministry of the
Environment's regulation on fire safety of buildings. Buildings can be classified into four

different fire classes:

- Class PO,
- Class Pl1,
- Class P2,
- Class P3.

P1, P2, P3 are fire classes based on the so-called table dimensioning and PO is a fire class
based on functional fire dimensioning, i.e. simulating the assumed development of a fire.
The wood-frame system can be used in all fire classes, when the height of the building is
no more than two floors, and in the P2 class, when the building is no more than 28 meters

high, an 8-story residential and workplace building and a maximum 14-meter high, 4-story



building other than residential, and workplace use status. The table dimensions are
presented in the regulation of the Ministry of the Environment on fire safety of buildings.
In the tabular dimensioning, requirements are also presented for maintaining the load-
bearing capacity of the structures in the event of a fire. The requirements are given for
bearing capacity = R, tightness = I and insulation = E. For example. the table value REI60
means that the structure must maintain its load-bearing capacity, tightness and insulation

for 60 min in a fire situation. (Puuinfo, design and regulations, fire safety, 2020.)

The use of different products and materials in different parts of the building is governed by
the same regulation of the Ministry of the Environment with equipment categories, so that
surface structures do not contribute to the development of fire. The class requirements have
been set for the surfaces of both the inside and the outside and the ventilation gap in
different fire classes. Wooden structures generally meet class D requirements. Fire
protection can improve wood properties to class B. In Finland, wooden buildings with
more than 2 floors must be equipped with an automatic extinguishing or sprinkler system

in accordance with the regulations. (Puuinfo, Building materials and surfaces, 2020.)

Sprinkler systems, protective coverings, equipment class requirements, fire protection
paintings and other fire protection regulations for wooden buildings generally increase
construction costs compared to a similar example building made of concrete, when talking
about buildings other than small houses. Wood naturally has weaker fire protection
properties than, for example, concrete, but the fire protection properties of wood can be
improved, e.g. with protective coverings and fire protection paintings, depending on the
part of the building. Unprotected, the fire resistance of wooden frame structures can be
improved by dimensioning the carbonation depth, which increases the dimensions of the
wooden frame structure and thereby increases the volume and costs of the component. For
example, an unprotected solid wood pillar should be dimensioned for the char depth on all
sides that are exposed to fire. In the figure 9. an example of the dimensioning of the
charring depth of an unprotected wooden beam using the effective cross-section method
(based on Eurocode 5) is presented. Figure 10 shows the dimensioning of a structure
protected from fire, where the fire insulation is implemented with stone wool and the
dimensioning of the charring depth of the structure is smaller compared to an unprotected

structure when the structure is protected by stone wool. (Fire protection manual 3, wood,

2020.)



< | Residual cross-section
(carbonization lmit)

E kn-do e

il h

: _?h ‘_dchar_:'.

I

1 E [~ Original cross section
E Aei E

Effective cross-section

] s &= der

Unprotected beam

Figure 9. An example of the dimensioning of the charring depth of an unprotected wooden

beam using the effective cross-section method (Fire protection manual 3, wood, 2020).
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5.1.5 Tightness

When building buildings from wood product, for example external walls from cross

laminated timber attention must be paid to the airtightness of the structures. In article “Solid



wood school, special features of the design” 2021 (author A-Insinddrit) it was mentioned
that good airtightness can be achieved for cross laminated timber, but joints and through-
holes must be designed closely. If walls are made from long prefabricated elements there are

less joints and potential air leakage points.

5.1.6 Life span

The lifespan of a building plays a crucial role in determining its overall carbon footprint.
Designing buildings for long-term wuse and adaptability is essential in reducing
environmental impact. Instead of demolition, structures should be planned with flexibility in
mind, allowing modifications for different functions over time. This approach not only
conserves resources but also minimizes waste and the emissions associated with new

construction.

When using wood product as a building material, extending the lifespan of wooden
components is particularly important. Proper design, material protection, and maintenance
all contribute to long-term durability. Wooden structures must be shielded from direct
sunlight, water, and excess moisture to prevent degradation. For instance, eave structures
and suitable surface treatments can help reduce the effects of sun exposure on external walls.
Additionally, moisture-sensitive wooden elements should be kept dry throughout the
construction process, as exposure to water can lead to long-term damage. Any moisture that
accumulates in wooden structures during construction must be allowed to dry before the

building is enclosed.

Pre-treatment of wooden components before delivery to the construction site can further
enhance durability. For example, external wooden beams for eave structures can be painted
at the factory to provide protection during transportation and installation. Other protective
treatments, such as impregnations and coatings, can also be applied to improve the material’s

resistance to moisture and biological decay.

The key factor in ensuring the long lifespan of wooden components is maintaining their
moisture content below 20%. If the moisture level exceeds this threshold, the risk of fungal
growth and material deterioration increases significantly. By following proper design

principles, construction practices, and maintenance routines, wooden buildings can remain



durable and sustainable over extended periods. (Puuinfo,
Changing properties of the wood, 2020; Puuinfo Long-term durability of wooden structures,
2020.)

6 How wood products can be processed

Wood products can be processed using various techniques to modify or enhance their
natural properties, making them more suitable for different construction applications.
These methods can improve durability, moisture resistance, strength, and fire performance,

expanding the range of possible uses in both structural and architectural contexts.

Through specific treatments, wood products can be made more resistant to environmental
factors such as humidity, temperature variations, and biological decay. Some processes
focus on enhancing the material’s mechanical properties, increasing its strength and
dimensional stability, while others improve resistance to fire or insect damage.
Additionally, aesthetic treatments can be applied to alter the color and texture of wood to

meet design requirements.

The following sections provide an overview of different wood processing methods,
explaining their impact on the material’s properties and their practical applications in

construction.

6.1 Bonding technology

6.1.1 Adhesives

Some structural wooden products are produced by gluing in the manufacturing process.
For example. Cross laminated timber and glued laminated timber are produced by gluing
veneers together. Most common glue types in Finland are phenol-based glues, melamine-
urea-formaldehyde adhesives and one-component PUR. Phenol-based glues are mainly
used in manufacturing process of structural plywood and laminated veneer lumber. Phenol-

based glue harden at high temperatures, are two or three component products and glue



constructs visible and hard glue joint. Melamine-urea-formaldehyde adhesives “MUF”
adhesives are two-component adhesives and are specially used in the manufacturing
process of finger jointed structural wood products and glued laminated timber. MUF
hardens also at high temperatures and the glue joint is invisible. One-component PUR
adhesives are used for gluing process of glued laminated timber, LVL (gluing layers),
laminated log, cross laminated timber and for finger jointed wood products. PUR adhesives
do not require high temperatures to harden, instead PUR adhesive hardens in the influence
of moisture at room temperature. PUR adhesive glue joint is colourless. (Puuinfo,

puulehti, 1/2019.)

6.1.2 Finger joint

Wooden products can be extended to be longer with a so-called finger joint system. For
example, in the lumber products finger joint is usually used when products is needed to be
longer or if certain characteristics is required from the product. When using finger joint it’s
possible to manufacture products that does not have knot parts or/and are totally made
from heart wood. In lumber products maximum length is usually 14 meters. Finger jointed
lumber products can be used for example in the furniture industry. If finger jointed product
is used for structural systems, it must comply with the applicable product standard a stamp

telling about finger extension. (RT 21-11288, Timber. Sawn and planed, 2017, 6-7.)

6.2 Coating

Wooden products can be treated with a variety of coatings to significantly enhance their
properties, particularly in terms of durability and protection against external factors such as
rot, mold, and fire. By applying these specialized coatings, the durability and performance
of wooden materials in different environments can be improved. In the sections that follow,
fundamental principles of coating techniques are described, providing insight into the

methods and processes used to achieve these protective benefits.



6.2.1 Impregnated wood

Impregnated wood means wood product that is impregnated with preservative
containing copper compounds or different oils depending on the saturation class. In
Finland pine tree is usually used for impregnated wood. There are four different
impregnation classes: M, A, AB and B. Classification classes is based on En-
standards. The impregnation classes and their applications are briefly described
below (RT 21-11287 Impregnated wood, 2017, 1-4; RT 21-11289 Wood products,
further productions, 2017, 1-3):

e  Wood product that is impregnated to class M with creosote oil is usually used
for wood that locates in salt water or if there are special requirements for the
durability and strength requirements of the wooden product. An example
application is harbour pier. Class M products are not usually needed in

Finland.

e C(lass A product is used for wood product that is contacted to the ground or
to fresh- or salt water constantly (salt level cannot exceed over 0,7 %) and to
the product that’s strength cannot for reasons of personal safety allow to
weaken or is difficult to change. Class A product is used for example balcony
structures and for load bearing structures of the bridges. Class A products are

impregnated with copper products and with creosote oil.

e C(Class AB products are used for yard structures that are not covered from rain
and are not contacted to the ground. AB products are impregnated with

copper products and with metal free products.

e C(lass B products that are impregnated with organic oil-based products are
used for external windows and doors. (RT 21-11287 Impregnated wood,

2017, 1-4), (RT 21-11289 Wood products, further productions, 2017, 1-3).

Impregnated wood product haves usually same strength properties than un-
impregnated wood and life span of the product is 3-5 longer than normal product that
is untreated. Because impregnated wood product includes impregnation fluids its

classified to be as separately collected construction waste and some products are



classified to be dangerous waste and can be burned only in that kind of places that

have permission to do that. (RT 21-11287 Impregnated wood, 2017, 1-4.)

6.2.2 Coating against fire

Wood products can be enhanced with fire protection coatings to improve their surface
properties and resistance to fire. While wood product naturally possesses a certain level of
fire resistance, typically corresponding to the product and surface classification of D-s2,
the application of a fire protection treatment can elevate the fire resistance of wooden
materials to the higher classification of B-s1, d0. This improvement provides significantly
better protection against fire hazards. However, it is important to note that wooden
products, regardless of coating, cannot be upgraded to the nonflammable A-class category,
as wood product itself is a combustible material. The limitations of wood’s material
properties must be acknowledged when considering its use in fire-sensitive applications,
even when enhanced with protective coatings. (Puuinfo. Classification of building

materials and surfaces, 1-11.)

6.2.3 Heat treatment

Heat treatment process is manufacturing process where heat of the timber product is first
raised fast to 100 °C and after slowly to 130 °C. During this process the humidity of the
tree falls close to 0. After this the heat is raised to 185-230 °C depending on the processing
level. The temperature is kept constant for 2 to 3 hours. Then moisture — and temperature
level is settled evenly with the help of water spray to the humidity level of 4 to 7
percentage. Process can be done without any chemicals by using only heat and water are
used. Heat treated wood product can be used for example: interior parts of Sauna,

furniture’s, fagcade cladding, door and window structures, terraces and floors. (RT 21-

11266, Heat treated wood, 2017, 1-3.)

Heat treatment affects the properties of the wood as follows (RT 21-11266, Heat treated
wood, 2017, 1-3):

- The density of the wood product changes, and wood becomes lighter.



- Strength properties of the wood products weaken. Heat treated wood is not
recommended to be used in load bearing structures.

- Wood product becomes more harder and may affect to the workability of the tree.

- Heat treatment lowers the equilibrium humidity of the tree and moisture does not
absorb to the wood product as fast. Because of that the dimension accuracy stability
of the wooden product becomes better and dimensional changes caused by changes
in humidity remain smaller when compared to the product that is not heat treated.

- Wood product has better properties against weather and rot fungus.

- Heat treatment makes colour of the wood product darker.

- Heat treatment does not affect remarkably to the fire properties of the tree (D-s2, d2
applies).

6.3 Modified wood

Wood products can undergo various processing techniques to enhance or modify their
natural properties, making them more suitable for a wide range of construction applications.
These methods improve key characteristics such as durability, moisture resistance, strength,
and fire performance, allowing wood product to be used more effectively in both structural
and architectural elements. Proper processing not only extends the lifespan of wooden
materials but also enhances their adaptability for different environmental conditions and
design requirements. By applying specialized treatments, wood product can be made more
resistant to external factors such as humidity, temperature fluctuations, and biological decay.
Some processes are designed to improve the mechanical properties of the material,
increasing its strength and dimensional stability, while others focus on enhancing resistance
to fire, insects, or fungal growth. Additionally, surface treatments and finishes can be used
to modify the appearance of wood product, adjusting its color, texture, or gloss level to meet
aesthetic and functional needs. In the following sections, various wood processing methods
will be explored in more detail, highlighting how they affect the properties of wood product
and their role in improving the performance and longevity of wooden structures in

construction. (Puuinfo, Modifioitu puu, 2020.)



6.3.1 Accoya acetylated wood product

Accoya acetylated wood product means modified wood that which is treated with acetic
anhydride. Wood used in Accoya acetylated wood is radiata pine. In the treatment process
chemical reaction turns woods hydroxyl groups into acetyl groups and acetic acid is created
as a by-product. (RT 38821 Accoya® ecologically modified wood Novenberg Oy, 2023,
pages 1-2). Acelytation process is described in the picture below (Accoya Wood information

guide V3.9, 2020, 7).
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Figure 11. Acetylation process (Accoya Wood information guide V3.9, 2020).

The advantage of Accoya acetylated wood product is that product haves good rot resistance
and can be for example be placed to the water or ground with better rot resistance. Product
is also poisoning free and measure constancy. Primary usage of Accoya acetylated wood is

(RT 38821 Accoya® ecologically modified wood Novenberg Oy, 2023, pages 1-2):

- Facgade paneling, advantage us that Accoya is weather resistant and measure
constancy. Accoya panel can be painted also, and it’s proofed that paint in Accoya

panel lasts three times longer than in typical wood product.

- Terrace planking, in addition to weather resistance and measure constancy material

is poison free and is not slippery when material is wet.



- Doors- and windows, material is isolating and because of measure constancy external

doors does not for example swell.

Fire properties of Accoya acetylated wood product can be improved by fire paintings.
Product can be disposed by burning at the end of products life cycle. (RT 38821 Accoya®
ecologically modified wood Novenberg Oy, 2023, 1-2.)

6.3.2 Kebony tree

Kebony tree is invented and patented in Norway. Kebony tree is made from Scandinavian
pine- or radiate pine tree or from American pine and maple species. Its environmentally
friendly method that improves the soft trees qualities with bio-based liquid which contains
alcohol. The process changes the cell walls of the tree by making wood hard and durable.
Bio-based liquid that is used in the process is made from the byproduct of sugar cane.
Kebony tree haves Nordic Ecolabel mark that means that the product meets ambitious

environmental requirements. (Puuinfo: Kebony-tree, 2020.)

Kebony tree is used mostly in decking’s and claddings of structures and buildings.
Modification technology is presented in figure 12 below. Kebony tree is modified so that
first the cells of the tree is impregnated with biobased liquid and after the tree is cooled and
dried. For example furfur alcohol can be used as a chemical in the process. After the process
the wood cells are 50 % thicker than before the modifying process and wood haves longer

life span and better strength. (Kebony, dually Modified™ Wood Technology, 2025.)
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Figure 12. Kebony technology (Kebony, the dually modified process, 2025).
6.3.3 Organowood

Organowood is one option for typical pressure-treated wood product. Organo wood product
i1s made from Scandinavian tree species and is designed to withstand the conditions above
ground. Organo wood is protected efficiently against rot and other weather conditions. In the
process minerals is committed to the fibres of the tree by using OrganoClick®method.
Organic compounds are used in the process. Organo wood is environmentally friendly, and
it is used for terrace cladding, panels, beams and other wood products. One advantage is that
because of the environmentally friendlies of organowood it can be recycled like normal

untreated wood. (Puuinfo, OrganoWood® Puutavara, 2020.)
6.3.4 Stonewood

Stonewood is non-poisonous wood product that can be used for example exterior decking
and facades. Products durability is created by treating pine tree with nature’s own
fossilization process. In the fossilization process, natural stone is heated to be liquid, after

that the silicate from the stone is absorbed to the wood product. After the absorption process



liquid must be transformed to the solid again with for example resin or other natural
substances. Wood product can have different treatment levels depending on the usage of the
product. If products must have high fire requirements wood must be treated through. Even
the lightest treatment protects against rotting because fossilization process forms a
mechanical protection for the cell wall. The chemicals used in the process may include, for
example. alkaline silicon compounds or other mineral-based substances. (Puunvuoro, Kivi

tekee puusta kestivén, 2024.)

6.3.5 Sature wood

Sature wood is a method developed in Denmark to replace traditional pressure impregnated
wood product. Method should provide longer lifespan to the product and be more
environmentally friendly. The method is based on that wood product is protected by
decomposition by silicate made from sand. In the modification process wood product is first
placed to autoclave, then all the air is removed from the autoclave and filled with silicate
that is made from the sand, pressurized hydraulically to distribute silicate, spare liquid is
pumped back to the storage tank, final product is vacuumed and after drying post treated.
Manufacturer mentions that the products is non-toxic and can be disposed as non-hazard
material. The chemical compounds of Sature wood products are not publicly known, but it
is likely that organic compounds are used in the process. In the process, they change the cell

structure of the wood product. (What is Sature, 2024.)

6.3.6 Shou Sugi Ban — charred wood

Shou Sugi Ban wood product, in other words charred wood is a Japanese method where
wood product is charred to achieve surface that lasts well against for example moisture, rot
and mold. In the modification process wood product is charred, cooled, brushed, sometimes
washed and at the end surface is treated with oil. The process does not require additional
chemical additives. Shou Sugi Ban treated wood product can be used for example to exterior
facade panels and interior panels. Method can be utilized for typical wood product made

from spruce or for example kebony and accoya tree. Shou Sugi Ban wood products can also



be treated against fire to the class B-sl, d0. (SHOU-SUGI-BAN charred wood panels,
Novemberg.)

7 Hybrid structures and advantages

7.1 Advantages of hybrid buildings

Hybrid buildings describe building in where different materials are used for example.
Building where part of the frame structures are made from concrete and part from the
wooden components. Selection between where to use wood product can be among other
things from economical, visual, functional or other perspectives. The advantage of hybrid
buildings is that they can utilize the best features of different frame systems. For example.
the outer walls can be designed as non-load bearing, in which case the outer walls of the
building can be made of product, and the load-bearing structures can be made of, for

example, concrete, allowing for example longer spans and flexible spaces to be designed.

Because demands for construction industry from the carbon footprint perspective different
suppliers have developed new hybrid elements where best part of the wood product and
concrete are combined. For example, Metsd Wood have developed hybrid element for
external walls. This hybrid structure is built so that the inner part of the element is made
from the Laminated Veneer Lumber, and the outer part of the wall is made from the concrete.
Metsd Woods mentions in their article (Metsd Wood, Concrete element supplier launches a
low emission hybrid element, 13.03.2024) that this hybrid elements climate effects are about
30-50 % lower when comparing to typical sandwich element that is made from the concrete.
Hybrid element is also significantly lighter and that affects to the climate effect of the

construction project.



8 Other wood-based products

Wood product is used and processed in different ways also to make bio products used in the
construction industry. Since the topic is broad, only certain examples of wood-based
bioproducts are presented in a chapter below. The new bio-based products have been
developed to respond to the climate crisis and the targeted low-carbon construction.
However, many bioproducts require a lot of testing and further research before those can be
used more widely in construction, so that products can meet the set regulations and other
technical requirements. Because of this, most of the bioproducts or wood-based products
mentioned below are still under development, but the purpose of the paragraph is to describe

the possibilities and future trends of new bioproducts.

8.1 Wood ashes to replace cement in concrete

Cement-based products are among the most significant contributors to greenhouse gas
emissions in the construction industry. As a result, manufacturers have developed alternative
solutions where part of the cement is replaced with more environmentally friendly materials
to produce concrete with a lower carbon footprint. These alternatives aim to maintain the

strength and durability of concrete while reducing its environmental impact.

One potential alternative material is wood ash. Bikoko et al. (2021) studied the feasibility of
replacing cement with wood ashes derived from eucalyptus and avocado trees. Their
research showed that when 10-20% of cement was replaced with avocado tree ashes, the
compressive strength of the concrete was higher than when using the same proportion of
eucalyptus tree ashes. However, when the replacement level was increased to 30%, the trend
reversed, and eucalyptus ashes performed better in terms of compressive strength. Despite
these variations, the study concluded that replacing a portion of cement with wood ashes

generally led to a reduction in compressive strength compared to standard Portland cement.

In Finland, wood ashes are not commonly used as a cement replacement. Instead, typical
supplementary cementitious materials include fly ash and blast furnace slag, both of which
are by-products of industrial processes. However, further research could be conducted on

the use of wood-based ashes in concrete, particularly regarding how different wood species



and particle sizes influence the material's compressive strength. Additionally, wood ash
could be sourced from dismantled wooden structures at the end of their service life,
supporting a more circular approach to material use in construction. By utilizing such
secondary raw materials, the industry could further reduce its environmental impact while

promoting more sustainable construction practices.

8.2 Wood-cement compounds

It was mentioned in the article “multi-functional features of pourable wood-cement
compounds — mechanical, building-physical, economic and ecological performance” (2016)
made by Marco Maeder and Daia Zwicky that cement based wood products are used in
construction since the beginning of the 20th century but have not been widely used in
structural applications in construction. Usually cement based wood products are used for
example as an acoustic board. In Finland cement-wood acoustic boards are quite widely used
in buildings. They investigated in their article properties of timber-based construction
elements and mentioned that component that is made from the mixture of wood and cement
could be sustainable component used in construction. It was mentioned in the article that
wood-cement compounds have lower stiffness and strength properties, but for example
hybrid slab element that haves wood-cement based layer as a compressive layer together
with timber could construct together good combination with load bearing properties and
preferred properties for fire resistance, thermal- and acoustic insulation. They compared in

their article greenhouse gas emissions for 5 different slab types including following slab

types:

1. Basic slab made from concrete that haves screed made from cement

2. Traditional timber structure with ceiling, wooden beams, wooden planks and
screed made from cement
- 3. Timber-cement-compound slab
- 4. Timber- wood-cement compounds-composite slab that consists of beams made
from glued-laminated timber that are embedded in wood-cement compounds slab.
Wood-cement compounds slab recipe haves (Daia Zwicky, 2015):

o Mass %: 37 % of water, 45 % of cement and 18 % of saw dust.

o Volume %:13 % of porosity, 31 % of mineral phase and 57 % of saw dust.



- 5. Timber- wood-cement compounds-composite slab (same slab type that slab type
4 haves) that have shear connection that is granted by glued-laminated timber

beams.

In the figure 13 below results of the comparison of greenhouse gas emissions is presented
for different slab types. As result when comparing load bearing structure slabs, it can be
found that slab types 5 and 2 have quite high greenhouse gas emissions per square meter
when compared to other slab types. It was mentioned in the article that it’s because the load
bearing structure of the slab types 4 and 5, because of the high cement content of the slab
and because more construction material is needed for these structures. Zwicky et al. 2016
concluded in the article that wood-cement compounds require more research in the name of
quality, solution for cracking and solution to lower cement content of the wood-cement

compound to achieve more ecological solution.
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Figure 13. Greenhouse gas emissions for different slab types (Zwicky et al. 2016).

8.3 Wood-based composites

Zou et al. (2022) investigated in their article possibilities and manufacturing process of
wooden composite that could be used as a structural material with high strength properties.
In the study component was made from wood-based laminated composites and with adhesive
that is made from phenol-formaldehyde resin. Raw material for the wood in the study was
birch veneer that was delignified. Delignification is a process where chemical structure of

the lignin in the wood is broken down and dissolved in liquid. They mentioned in the article



that wood haves naturally low mechanical properties because of the hierarchical porous
structure and its not naturally created to be used in complex structures. However natural
properties of the wood can be improved when high-strength properties are required from the
product. According to the article properties can be improved by for example delignification
and hot pressing so that densification of the wood is maximized, and porosity level of the

product is reduced.

Delignified wood-based laminated composites are manufactured by following summarised

process, presented also in the figure 14 (Zou et al. 2022):

- First birch wood veneer is partially delignified, bleached and tried. Best result was

to reduce lignin content of the veneer by 40 %.

- Natural wood veneers and delignified wood veneer were percolated with phenol-
formaldehyde resin with different contents and dried after. Untreated veneers and

different resin contents are used for the comparison of affects of delignification.

- Veneers are hot-pressed at 150° C and cooled after to 20-30 ° C.
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Figure 14. Schematic of the manufacturing process for delignified wood-based laminated

composites (Zou et al. 2022)

Zou et al. (2022) concluded in the article that when delignified wood-based laminated
composite haves resin content of 40 % the optimal values for flexural- and tensile

stresses are optimal. According to the study delignified veneer component haves better



mechanical properties than untreated veneer. Water resistance was pointed out to be

better when resin content of the product was higher.

8.4 Insulation materials

Thermal insulations are used for example insulation of floor slab, external walls and roof.
Buildings foundations require frost insulations in Finland because of the winter and frost in
Finland. Internal walls and ceilings require sound insulations in office-, school-, public-, and
other building depending on acoustical requirements in different buildings and usages of
buildings. In Finland usually in new buildings thermal insulations are done with mineral-,
stone-, glass- or polystyrene insulation depending on where in building insulation is used
and in which kind of building type. Now days some suppliers offer also new more eco
friendlier insulation materials to the market in Finland. One example is supplier called
Ekovilla. According to the suppliers’ websites Ekovilla is made from recycled wood fibre
and product is easy to recycle or demolish at the end of products life cycle. Product can be
used for example for soil improvement. Ekovilla offer products for insulation of ceilings,
base floor, external and internal walls, attic floors and ground floors. Ekovilla offers also
loose blown wool insulation materials in addition to slab insulations. Blown wool insulations
are typically used for insulation of upper level (roof space) in Finland. (Ekovilla, products,

2020.)

One supplier “Selluvilla” provides also Wood fiber insulation that is manufactured by
chopping selected newspaper into fiber suitable for thermal insulation. The supplier
mentions that the use of cellulose wool as thermal insulation adapts to the old use of mastic
insulation. Selluvilla products can be installed by blowing or installed as plates. (Selluvilla

insulation Oy Finland.)

Postolopoulou-Kalkavoura et. al (2021) described in their investigations progress report
“Thermally Insulating Nanocellulose-Based Materials” how cellulose nanomaterials have
potential to have remarkably better heat transport properties than for example. Glass wool

and polystyrene.



8.5 Cork

Cork is made from the outer part of the cork oak tree. Wilton et al. (2020) investigated in
their article how cork could be used as a building material to simplify design and to achieve
building that have lower green gas emission, but still haves’ properties that are required from
buildings. Their investigation was made in three phases and as a result there was first cork
house ever made. Cork house corresponds to the regulations and its permanent building in
Great Britain that haves’ load bearing walls and roof made from cork. Floor slab was made
from cross laminated timber decking with insulation made from cork under. Floor is carried
with wooden beams that steel screw pile foundations are carrying so that foundations are
cement free. Walls and roof are made from blocks that are made from expanded cork; also,
timber beams were used. Windows and doors were made from acetylated timber. They found
out also that this cork house causes over 83 % less greenhouse gas emissions than basic new-

build house and 66 % less than typical passive house. (Wilton et al. 2020.)

Cork as a building material haves potential as a building material for detached houses and
for larger buildings but need to be investigated closely so that cork corresponds to all
requirements needed from different building types and haves’ long-life cycle. Required
properties for the product is easier to achieve for small, detached house than for larger
buildings that have more requirements for structural applications, fire resistance, acoustics,
thermal insulation among other things. In Finland cold winters are also to be considered.
Nevertheless, cork have potential to be one future applications for buildings after further

development in Finland also.

9 Example case

Experimental part of this master thesis will compare how example case building (later case
1) could be constructed so that the building would contain as much wood product as its
possible when we are considering the opportunities how wood product can be processed and
where best properties of the wood product can be utilized. Experiment will cover buildings

structural elements, external and internal walls, roof and certain complementary structures.



Experimental part will also consider how adding wood construction would affect generally

to the biorefining in Finland.

Building type for this experiment is large building that includes car parking places,
production facilities, offices and common areas. Building has 3 floor levels. More detailed
information about this example case is not described precisely because the project is non-
public. However, required information to compare two different ways is possible because
required information is available, but partly described more roughly in this Thesis work due
to the anonymity of the project. Managing the planning of the reference project was part of
the background work of this master thesis, which is why this work uses a broad and
comprehensive knowledge of the design of this reference project. Study material included
documents and technical drawings from architectural-, building technology-, structural-,
fire- and acoustic design. As a basis for the work, the plans of the reference project were
studied for more than a year in accordance with the progress of the planning process.
Observations were made from different perspectives, including financial, carbon footprint,

and feasibility perspectives.

Since the reference project is largely hall-like building, HalliPES 2.0 was used as the
background material to support this comparison. HalliPES 2.0 has been implemented by
Puutuoteollisuus ry together with e.g. With the Ministry of Education and Culture in Finland,
wood product suppliers and Puuinfo. It is an open wood element standard that provides a
unified framework for the design and construction of large-span detached-framed halls and
frame-built halls with base walls. It covers among other things building types like industrial-
, storage- and sports hall and assembly and business building. HalliPES 2.0t includes over
200 pages and it contains information on fire requirements, collapses, main supports and
frame types, wooden frame roof elements, wooden wall element types, module layouts,
foundations, building bracing, tolerances, power connections, building technology,
construction types, connection details and special questions. Through its standardized
definitions, HalliPES 2.0 ensures consistency in frame elementation and structural

connections, enhancing both efficiency and reliability in construction. (HalliPes 2.0, 2024.)

The comparison has been carried out partly in accordance with the HalliPES 2.0 standard,

study material from the reference project and partly based on experience.

Building was originally designed as follow (case 0):



- First floor (basement):

o Columns: reinforced concrete elements
o Beams: reinforced concrete elements
o Slab: hollow-core slab +100 mm cast in situ top slab
o Walls: base wall concrete element and paroc elements (metal sheet +
insulation + metal sheet) or cast in situ concrete walls where earth pressure
wall is required.
o Bomb shelter made from concrete, cast in situ.
o Internal walls: made from concrete (supporting or stiffening structure)
o Ground slab made from concrete
- 1. Floor
o Columns: reinforced concrete elements
o External walls: Paroc elements (metal sheet + insulation + metal sheet)
o Internal walls: Gypsym walls
- 2. Floor
o Columns: reinforced concrete elements
o External walls: Paroc elements (metal sheet + insulation + metal sheet)
o Internal walls: Gypsym walls
o Slabs: Hollow-core slab + 100 mm cast in situ top slab
- Roof:
o Steel trusses, load-bearing corrugated steel plate, roofing plate, plastic vapour

barrier, required slopes with expanded aggregate, hard mineral wool
insulation (350 mm), hard grooved mineral wool insulation (30 mm),

waterproofing membranes (two layers).

9.1 Fire regulations

Case building was designed to have P1 fire class. Building was planned to have automatic

sprinkler- and fire-detection system. General material class requirement was D-s2, d2. In the



bottom floor where car parking places are located, material class requirement was A2-al, d0
and to insulations materials B-s1, d0. Case building haves totally over 50 000 gross square
meters and because maximum fire-compartment was over 24 000 m2 it requires fire walls
that haves’ properties against 90 minutes fire in the name of time, tightness and isolation. To
exterior wall surface there was following requirements: Inner surface of ventilation gap B-

s1, outer surface of ventilation gap B-s1 and inner surface of ventilation gap B-s1, d0.

9.2 Acoustic and sound insulation

Because of the loud noises in production spaces there is great need for acoustic materials,
and it was estimated that acoustic material is needed 100 % of the roof area and partly
installed to walls also. Noises were not too high in the name of work safety from room to

room and it is that only part of the spaces are designed to have decibel walls.

In the office areas acoustic material is required to the ceiling and partly to walls. Office and
negotiation rooms that have walls are designed to have good sound insulation. Floor material
is optimal to have step dampening feature. Common areas as lobby and restaurant are
designed to have acoustic material that dampens the sound during for example lunch time.
Because of the noises and high space attention is paid also to furniture’s that help dampen
loud sounds and potentially acoustic curtains. Common spaces will have ceiling with

acoustic properties and acoustic material is partly installed to walls as well.

9.3 Casel

9.3.1 Basement

Options for the first floor at basement level are limited because of the fire regulations and
loads to the “roof™ slab of the first floor. Load bearing structures for car parking places are
typically made from concrete in Finland and in this case the best solution for the structures
is that basement is designed as in case 0, but to reduce the carbon footprint some
improvements could be made. Hollow core slabs could be made from low-carbon elements.
One supplier in Finland offers hollow core slabs that haves 50 % less carbon dioxide

emissions than typical one. One limitation is the thickness of the slab, but its designed so



that the slab is 370 mm thick and for example this supplier mentioned earlier can offer hollow
core slabs to the thickness of 370 mm. Also, some of the stiffening walls could be made from
low-carbon wall elements that causes less 40 % less carbon dioxide emissions than typical

one.

Bomb shells can only be made from concrete in Finland and could not be innovated to be
wooden structure. However, attention can be paid to optimizing the structures and designing

the structures to be as efficient as possible.

9.3.2 1.st- and 2.nd floor

In first floor main things is that in the name of functionality is important that the columns
are not in the way of the functions, meaning the spans are as long as possible. The number
of columns is desired to be minimized as well as the profile size. All the heavy attachment
are designed to be attached to the floor and do not need to be considered in the design of the
walls. One main principle of design must be conversion flexibility in the future. One
important view is also that because routes of for example large diameter ventilation pipes

cannot go through the beam and may require even raising the roof.

9.3.3 External walls

External walls of the building could be made from wooden non-load bearing stud wall
element or from non-load bearing cross laminated timber element. Insulation in stud wall
could be made from eco wool. The advantage compared to the external wall material of case
0 that element haves cause less carbon emissions. Disadvantage is that this may not be as

cost-effective solution, and fagade may require more maintenance in the future.

Example of horizontally installed non-load-bearing horizontal external wall element is
presented in the figure 15. Elements can be installed horizontally or vertically. Max. height
of the element is 2 455 millimetres. The yellow areas depict the wool filling and the brown

wooden beams.



Mol lenpth 24 50

I
|
Moz 2445

Width accordingto the load

Figure 15. Horizontally installed non-load-bearing horizontal external wall element.

(HalliPES 2.0, 2024, 60.)

Non-load bearing cross laminated timber element wall can be made of a massive element or
a thinner element that is additionally insulated (figure 16). Based on experience thinner
element with additional insulation is often more cost-effective solution than massive element
and can improve energy efficiency of the solution also. In case 1, if non-load bearing cross
laminated timber element wall would be choosed, additional insulation could be made from

eco wool or other wood-based wool.
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Figure 16. Non-load bearing cross laminated timber element, with additional insulation and

thick structure and massive structure. (HalliPES 2.0, 2024, 61.)

Compared to case 0, wooden non-load bearing stud wall elements could be good opinion,
but one good matter to take into consideration is that metal sheet elements have surprisingly

good options for low carbon elements these days.

In this case external walls should be designed to be as cost effective as possible due the size
of the building. Because of the structural system designed for the building there is not any
good reason to design external walls to be made from example massive timber, because those

can be designed as a light structure. It also has a finished and long-lasting facade surface.

9.3.4 Internal walls

Internal walls of the building could be mostly made for example from clued laminated timber
to achieve more carbon friendly solution. Some of the internal walls requires relative great
height and high fire resistance. In those part cross laminated timber must be treated with fire
retardant and most likely would be constructed with multilayer elements. Cross laminated
timber walls can be prefabricated so that technical routes are preconstructed to the wall so

that cross laminated timber does not require so much machining on site. One option is also



constructing internal walls from wooden stud wall where gypsum board is replaced with
wooden board, stud is made from timber and insulation is made from wood fibre.
Disadvantage is that stud walls is slower to construct than cross laminated timber wall, but
it could be one good alternative. Walls in stairwells could be made from cross laminated
timber elements or from low-carbon concrete element. Building haves wide frame and it

may have advantages to use concrete walls for stiffening walls.

In this case building technology shafts cannot be made from wood product because shafts
are designed to be stiffening structural structure. Shafts could be made from other than wood
product but then stiffening methodology of the building would be changed. In the case 0

shafts are designed to be made from cast in place concrete.

If internal walls would be designed to be made from example CLT, it would improve the
building's carbon footprint, but also increase costs, because of need of special double walls
and good sound insulation requirements of the building. One option would be to construct
complex walls from other materials and use wooden wall there where its properties are the

best for it.

9.3.5 Beams and columns

Large spams are required from this building and one option to achieve that is to use structural

system where:
e Frame division is formed from column lines and from beam lines between them.

e (Columns are made from glued laminated timber and are jointed to the concrete
columns of the basement. Must be noticed that this may require complex connections
because there is concrete column in the floor below and this reflection is theoretical

and may not be optimal in terms of structural engineering.

e Beams are made from glued laminated timber, and two different shapes of beam are
used so that the frame haves’ large spans and the roof of the building falls to the
sides. The outermost beams could be made from fish bellied beams and the middle
beam lines from pitched beams. Example of the structure is presented in the figure

17.
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Figure 17. Example of Mast columns + fish bellied beams + pitched beams structure

(HalliPES 2.0, 2024, 36).

One thing that mast be recognized in this example is that compared to case 0, wooden column
and beam structure would require additional column line that weakens the functionality of
the spaces. Height of the building would also be much higher than compared to case 0
structures because in terms of functionality there is minimum free height requirement in the

reference project.

The floor of the 2. nd floor could be possible to be made from wooden structure, but one
disadvantage would be that structure would require more column lines than case 0 structure.

Additional column lines weaken the desired functionality in this example building.

9.3.6 Roof

In Case 1, the roof structure could be composed of prefabricated wooden elements, with
laminated veneer lumber (LVL) serving as the primary load-bearing component. Above the
LVL structure, a wooden battening system would support the substructure and the final roof
covering layer. Beneath the main supporting structure, an insulation layer would be installed,
accompanied by a vapor barrier to manage moisture control. Insulation material could be
made from eco wool or other ecological wood -or biobased wool. Example of this structure
is presented in the figure 18. The lower surface of the roof could also feature wooden

battening, along with additional surface materials as needed.
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Figure 18. Example of a ventilated roof element. (HalliPES 2.0, 2024, 49).

Instead of using gypsum board for the interior ceiling finish, wooden boards could be
considered as an alternative, providing a more sustainable and aesthetically appealing option.
Additionally, the acoustic insulation layer could be manufactured from recycled acoustic

materials, further enhancing the environmental benefits of the design.

For the top waterproofing layer, white polyvinyl chloride (PVC) could be used due to its
high solar reflectance. Compared to darker roofing materials, white PVC minimizes heat
absorption, keeping the roof surface cooler. This reduction in heat gain can help lower indoor
temperatures, decreasing the need for mechanical cooling during summer months and

ultimately reducing energy consumption.

9.3.7 Facades

The architectural elements of the fagade could be constructed using Accoya wood product
due to its exceptional dimensional stability and durability. One of the key advantages of
Accoya is that it does not require surface treatment, eliminating the need for additional
painting or maintenance work on-site during construction. This not only streamlines the

building process but also reduces long-term upkeep requirements.

Although Accoya wood product may have a higher initial investment cost compared to
conventional facade materials, its long lifespan and minimal maintenance needs contribute
to significant cost savings over time. The material’s resistance to moisture, decay, and insect
damage ensures that it remains structurally sound and visually appealing for decades.
Manufacturers often provide warranties of up to 50 years, further reinforcing its reliability

as a long-term fagade solution.



9.1 Reflection on example cases

The case building could be designed with a greater emphasis on wood construction to
achieve a lower carbon footprint while reducing the use of concrete and steel. In large and
complex projects, multiple factors must be taken into account, but due to cost constraints
and tight schedules, innovative solutions are often overlooked during design and
construction. To ensure a more sustainable outcome, environmental targets should be

considered from the early stages of the project, alongside functionality and cost objectives.

Wood product is a versatile building material that can be used in various construction types
and can be processed or modified to meet the necessary performance requirements. In this
case, a significant portion of the building’s structural frame could be constructed from wood-
based products, though this choice would influence both functionality and cost. However, if
wood construction had been established as a key design principle from the beginning, its
impact on functionality would likely have been less significant than indicated in this

comparison.

9.2 The effects of the increase in wood product construction from the perspective of

bioprocessing

The increase in the amount of wood construction and wood processing can also have an
impact on bioprocessing in Finland. In the near future volume of wood construction in
Finland will increase because of the aim to reduce carbon emissions from construction.
Adding the volume of wood construction have also effects from the point of view of
biorefineries. Increasing the volume of wood construction would mean that the demand for

wood material would increase.

Both construction industry and biorefineries uses spruce and pine as a raw material and it’s
possible that if the level of wood construction would explode and the need of wood for
biorefineries would be ricing that there would be more competition of wood material and
possibly the demand could be more than availability. As the use of forests increases,

responsible forest management must be taken care of.



From other perspective, if wood construction would have more volume in Finland perhaps
it would support the use of non-fossil materials and the development of bioeconomy. Wood
construction utilizes mainly high-quality wood products when biorefineries can also utilize
lower quality wood products. Thus, theoretically it could be that the waste generated in

forestry would even decrease and the waste of cutting down the forest could be minimized.

Processing chains may change when the volume of wood construction is rising and if the
production of wood structures would be more important than producing bioproducts it would
affect to the availability and cost structure of biorefining. Although biorefineries utilizes the
side streams of forest industry for example. sawdust and bark. Adding the volume of wood
construction could add also the amount of side streams materials that biorefineries could
utilize in its production and thereby also supporting the availability of materials from side

streams.

More ecological construction could utilize side stream products caused by production of
wood products, for example. The use of Wood ashes could be used to replace cement in
concrete and could be studied further so that it could sequester carbon instead of cement

producing a huge carbon footprint in the world.

The use of wood products in buildings could also be expanded by developing and using
biomaterial-based products that bind carbon and replace fossil-based materials. A few
examples of biomaterial-based products which could be utilized and studied further to

increase the use of biomass, sequestering wood carbon are presented below:

- Pulp wool that is made from recycled paper could be used more often as a insulation

material.

- Wood based aerogel could be used as a insulation material of the building. Zi-Meng
et. al (2023) investigated in their article “An All-Natural Wood-Inspired Aerogel”

modification method to produce all-natural wood-inspired aerogel.

- Nanocrystalline cellulose could be studied more widely and think about how it could

be used to make, for example, vapor barrier membranes for construction.

As wood construction increases, side streams from the sawmill industry could also create
new opportunities for lignin processing. The increase of wood construction could add more

innovations also to biorefining, for example. could lignin offer options for the adhesive glues



and coatings from the perspective of wood construction. Biobased adhesive glues could be
opportunity to replace formaldehyde-based adhesives. It’s possible that adding volume off
wood construction could increase demand of need of side stream products from biorefining.
For example. for insulating materials and adhesives in general. This could support the
development and demand of biorefinery companies. One perspective is that if Wood
products industry grows more than chemical wood processing (meaning pulp and paper

industry) it could affect to the development of biochemicals.

Chemicals and adhesives needed in the wood product production can and could also be
produced from the side products of wood. For example, acetic anhydride (CHsCO) 20 that
is used to produce Accoya tree can be prepared from the acetic acid got from the wood
pyrolysis. Crude pine oil which is obtained by extraction in the cellulose manufacturing
process can and could be further processed to achieve bio-based glues. Furfuryl alcohol that
can be used in the production of modified wood products can also be produced from side

streams of wood processing.

There is a dependency relationship between wood construction and bioprocessing and their
development, which results from the use of the same raw materials. To sustainably steer

development in the right direction, the balance between these two sectors is important.

Conclusions

The level of the volume of wood construction in Finland should be increased due to positive
environmental effects. Increase of wood construction in public buildings have been set as a
target from the Finnish government. A globally cement production affects approximately
5% of greenhouse gas emissions which is a significant percentage of the total. Concrete and
steel as a construction material have been widely used in Finland, but their partial

replacement with wood product will be increased in the future.

Building parts require different properties depending on the intended use of the building part.
This work mainly focused on the properties required of frame structures of the building.
Main properties required from the wooden frame material are strength and load-bearing

capacity, stiffness, shape retaininity, moisture resistance and fire resistance. Wood product



as a building material is relatively light compared to steel and concrete and haves’ good
strength properties. Cross laminated timber, laminated veneer lumber and glued laminated
timber are good examples of processed products where the wood product has been processed
into a structural product to achieve the required properties. Wood product can also be
combined with steel and concrete to create a hybrid structure that meets the required
properties. Moisture resistance and shape retaininity properties of the wood product can be
improved for example. with heat treatment and with various chemical modification
technologies. Fire resistance of the wood product can be improved with fire coating
technologies, with massive timber structures and with protective structures. One important
property that wood product has naturally is that wood product binds carbon dioxide to itself

and acts as a carbon store.

From the view of biorefineries adding volume of wood construction in Finland could have
potential positive and negative impact. Positively growing wood products industry could add
material from the processes to the side stream production for biorefineries. Wood products
industry uses mainly the high-quality level wood products when side stream products can be
from example. about the sawdust and barks of the tree. Wood based bioproducts as insulation
materials could have more demand also in the future and in generally the innovation of
wood-based by-product products could increase. Drawback impact could be that the growing
level of wood construction could cause raw material competition between wood products
industry and pulp and paper industry. Development of both industries must be developed
responsibly and resource-wise. In an optimal situation, the increase in wood construction

would offer new opportunities and growth for biorefineries as well.

The most important follow-up research for this work would be to investigate how in practice
it would be even better to permanently increase the level of wood constructions, because at
the moment the growth of wood construction is hindered by challenges, for example. in the
prices of raw materials compared to traditional construction. Increasing know-how in wood
construction should also be investigated, so that more traditional construction methods can
be replaced by new ones. The productization of hybrid structures in complex structures
would enable even partial utilization of wood as a building material. It is also important
that the goal of wood construction is introduced to the project at the very beginning of the
project, because wood construction has an impact on the design solution at least in complex

projects. It should also be investigated how the side streams of the growing wood



construction could be used sustainably in the future and what new bioproducts it could offer,
which new bioproducts such as glues developed from wood could be used also in wood

products.
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