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PREFACE

Why ThermoWood®?

The world is changing rapidly. We are increasingly expected to make sustain-
able choices that address major global challenges such as climate change,
biodiversity loss, and the carbon footprint of construction. Thermally mod-
ified wood is a material that directly responds to these megatrends. When
produced responsibly, it is ecological, durable, recyclable, and completely
free of chemicals. It is made from a renewable raw material - wood - sourced
sustainably and typically from certified forests. These are exactly the kinds of
solutions our built future needs.

ThermoWood® is not just a brand name - it is a mark of quality. It guarantees
that the product has been manufactured according to clearly defined and
controlled quality criteria. This sets it apart from the growing number of im-
itations entering the market. That is why providing reliable, up-to-date, and
accessible information is more important than ever — and it is one of the core
missions of the International ThermoWood Association. Founded in Finland
in 2000, the association now serves a global membership with companies
from several countries.

This handbook brings together essential information about the production,
properties, and applications of ThermoWood® products. It is intended for
architects, structural designers, distributors, component and element man-
ufacturers, contractors, carpenters, and educational institutions. The guide
offers support for design, manufacturing, and practical use.

The products and construction solutions presented in this handbook are ex-
amples only. Final design decisions must always be made by qualified profes-
sionals for each specific project. ThermoWood® manufacturers offer a wide
range of products along with detailed installation and application guidelines
for various end uses. | therefore recommend contacting the manufacturer di-
rectly for technical advice to ensure optimal and long-lasting results.

The development of this handbook has been coordinated by Executive Di-
rector Jukka Ala-Viikari (International ThermoWood Association) together
with representatives from the association’s member companies. The project
was funded in part by the Building Products Quality Foundation SR. The first
edition of the handbook was published in April 2021, and the current version
is its second updated release. Warm thanks to everyone who contributed to
and supported this work.

I hope this guide helps more people recognize the full potential of Thermo-
Wood® - and choose it as part of building a more sustainable future.

Lahti, October 2025

Tuuli Luoranen

Chair of the Board, International ThermoWood Association

—




DEFINITIONS

ThermoWood®
Registered trademark, which may only be used by the members of
the International ThermoWood Association.

ThermoWood® product

A timber product produced using the thermal modification meth-
od developed in Finland. Production is harmonised and the pro-
ducers have implemented an audited quality control system.

Thermal modification

A method in which the chemical properties of wood are modified
with heat and steam. The minimum modification temperature is
160°C. The consequent changes in the wood structure are perma-
nent.

ThermoWood® process

A ThermoWood® product manufacturing process developed and
patented by the Technical Research Centre of Finland (VTT). The In-
ternational ThermoWood Association owns the patents. The Ther-
moWood® process is a global market leader.

Quality logo

(ITWA = International ThermoWood Association)

The International ThermoWood Association’s official ThermoWood®
quality logo, which may only be used by the association’s members
with an audited quality control system.

PEFC

(Programme for the Endorsement of Forest Certification)
PEFC is an international forest certification system which promotes
ecologically, socially and economically sustainable forest manage-
ment globally.

FSC (Forest Stewardship Council)

FSC is an international non-profit organisation established to pro-
mote responsible management of the world’s forests. It grants FSC
certificates to services and products.

OLB (Origine et Légalité des Bois)

OLB is a certification system designed to verify the origin of timber
and compliance with legal requirements in forest management and
harvesting.

4 | ThermoWood® handbook




'1  THE DEVELOPMENT OF
THERMALLY MODIFIED TIMBER

The custom of charring the surface of wood to make it more re-
sistant to moisture goes back all the way to ancient Egypt. The
charred surface forms a protective layer, which improves wood’s
biological resistance. In Finland, this method was used to protect
the underground sections of hay poles and fence posts against
the moisture in the soil. It could be said that charring the surface
of wood on an open fire was the first step towards the thermal
modification of timber.

Thermal modification of wood in a kiln was first studied scientifi-
cally in the early 20th century. The goal was to learn how thermal
modification improved the qualities of timber, in addition to en-
hancing its resistance to moisture, and to identify suitable applica-
tions for the treated wood. One of the research areas was the use of
thermally modified timber in the aviation industry. Until the 1980s,
research into thermal modification was carried out primarily in Ger-
many and the US. The first commercial thermal modification facility
was established in Germany in the early 1980s, but operations did
not reach an industrial scale.

In the 1990s, Finland, France and the Netherlands were leaders in
research into the thermal modification of wood. A major break-
through in the field was made in Finland in 1993, when VTT, in
collaboration with wood industry companies, developed the indus-
trial-scale ThermoWood® process for improving the properties of
timber with heat.

Today, ThermoWood?® is an international brand and its production
volumes are increasing steadily. Thermally modified timber manu-
factured using the ThermoWood® process is produced across the
world, in countries such as Finland, Sweden, Denmark, Belgium,
Poland, Latvia, Turkey, Japan and Canada. The range of thermally
modified timber’s applications has expanded rapidly to cover clad-
ding and interior design products, patio and garden construction
and the carpentry industry.
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Figure 1. Changes in ThermoWood® production between2001 and 2024.
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9 ThermoWood®

MANUFACTURING PROCESS

No chemicals are used in the production of ThermoWood® prod-
ucts. All raw materials are procured from certified sources. The pro-
duction method is a result of extensive development work and it
is based on the controlled modification of timber with heat, steam
and water. The modification phases are high-temperature drying,
thermal modification and cooling, and moisture conditioning. The
process results in permanent physical and chemical changes in the
wood. The new properties remain unchanged, even when the tim-
ber is processed with methods such as sawing or planing. This also
applies to the colour of the product (through-stained).

There are two classes of ThermoWood®: Thermo-S and Thermo-D
(see section 4.4). ThermoWood® products differ from standard tim-
ber in several ways, for example:

+ Reduced swelling and shrinkage due to moisture
+ Enhanced dimensional stability

+ Better biological durability

« Darker colour (through-stained)

+ Noresin

+ Lower thermal conductivity

Figure 2. ThermoWood® being manufactured in process kiln.

6 | ThermoWood® handbook



Thermal modification of timber takes place in industrial-scale facili-
ties. The ThermoWood® process is suitable for both hardwoods and
softwoods and it is always optimised for the wood species used as
the raw material. At the start of the process, timber is turned into
batten bundles, which are transferred to the kiln. During thermal
modification, the timber is protected by means of steam, which also
influences the permanent changes that take place in the timber.
The ThermoWood® process can be divided into three main phases.

Phase 1: High-temperature drying

The kiln is heated rapidly to 100°C. After this, the temperature is
gradually increased to the desired level. During this process, the
timber dries and its moisture content decreases to zero.

Phase 2: Thermal modification
After high-temperature drying, the kiln is maintained at a steady
temperature and the actual modification takes place.

Phase 3: Cooling/conditioning

During the last phase, the temperature in the kiln is decreased with
a water-spray system. When the temperature is sufficiently low, the
timber’s moisture content is increased using water and steam to im-
prove its machinability and dimensional stability. After the cooling
phase, the moisture content of ThermoWood® products is 4-7%.

The duration of the ThermoWood® process depends on the product
class (Thermo-S or Thermo-D), wood species and the raw material’s
moisture content and dimensions. The product gains its brown co-
lour during the process when the heat changes its chemical prop-
erties. During thermal modification, softwoods secrete resin and
other organic compounds. Extractives are also removed from hard-
woods. A special control system is used to adjust the temperature
to prevent the wood from cracking. Different settings are used for
different wood species and timber dimensions.

THE THERMOWOOD © PROCESS FOR NORDIC SOFTWOOD PRODUCT CLASS THERMO-D

PHASE 1

High-temperature drying
100-212°C

Moisture level
20% > 0%

=

PHASE 1

Temperature (°C)

| |
0 6 12 18

PHASE 2

Thermal modification

Moisture level

PHASE 3

Conditioning/cooling

Moisture level
0% > 4-7%

PHASE 2 PHASE 3

Thermo-D

Thermo-S

24 30 36 42

Process duration (h)
Figure 3. An example of the ThermoWood® process for Nordic softwood (product class Thermo-D).
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Figure 4. ThermoWood® kiln.

Figure 5. ThermoWood® plant.
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2.2 RAW MATERIAL

Selected sawn timber is used as the raw material. From Nordic
softwood, heartwood is used. The quality of the raw material is
monitored throughout the production process. Selecting suitable
raw material is essential in order to achieve a high quality product.
In principle, thermal modification can be used for various wood
species, but the raw material’s properties greatly influence the
end result.

Currently, ThermoWood® products are only made from the wood
species listed in Table 1 because scientific studies have shown them
to meet the quality requirements set for the finished product. More
research is continuously being carried out into thermally modified
timber and as the results become available, more species will be
introduced to the ThermoWood® range. Separate process instruc-
tions have been prepared for each wood species, and thermal mod-
ification is performed in line with these instructions.

Table 1. Wood species used for ThermoWood® products.

Figure 6. Examples of ThermoWood® products made of Nordic softwood (left: Thermo-S, right: Thermo-D).

Thermo-D

The typical nominal dimensions of timber used to make ThermoWood®
products are presented in Figure 7. The length of softwood timber
typically ranges between 2.7 and 5.7 m, and between 1.8 and 4.2
m for hardwood. Other dimensions and lengths are available by
special order.

Ash (Fraxinus excelsior) Hardwood | Hard Europe, North America Thermo-D, Thermo-S
Aspen (Populus tremula) Hardwood | Soft Nordic and Baltic regions Thermo-D, Thermo-S
Ayous (Triplochiton scleroxylon) Hardwood | Hard Africa Thermo-D, Thermo-S
Birch (Betula) Hardwood | Hard Nordic and Baltic regions Thermo-D, Thermo-S
Frake (Terminalia superba) Hardwood | Hard Africa Thermo-D, Thermo-S
Hard Maple (Acer saccharum) Hardwood | Hard North America Thermo-D
Iroko (Milicia excelsa) Hardwood | Hard Africa Thermo-D
Pine (Pinus sylvestris) Softwood | Soft Nordic and Baltic regions Thermo-D, Thermo-S
Radiata Pine (Pinus radiata) Softwood | Soft New Zealand, Chile Thermo-D
Red Oak (Quercus rubra) Hardwood | Hard North America Thermo-D
Spruce (Picea abies) Softwood | Soft Nordic and Baltic regions Thermo-D, Thermo-S
Yellow Poplar (Liriodendron tulipifera) Hardwood | Hard North America Thermo-D
Western Hemlock (Tsuga heterophylla) Softwood | Soft North America Thermo-D

ThermoWood® handbook |9
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Figure 7. Examples of the nominal dimensions of timber used for ThermoWood® products.
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2.3 CHANGES INTHEWOOD STRUCTURE

The main components of wood are cellulose (40-50%), hemicel-
luloses (25-35%) and lignin (25-30% in softwoods and 20-25% in
hardwoods). In addition, wood contains extractives (about 5%).

2.3.1 Carbohydrates

Cellulose and hemicelluloses are carbohydrates, which are structur-
al components of wood. Cellulose is a long chain (DP 5,000-10,000)
made up of glucose units, while hemicelluloses are shorter chains
(DP 150-200) made up of various monosaccharides. The composi-
tion and amounts of hemicelluloses vary from one wood species to
another. While both groups undergo changes during thermal mod-
ification, the majority of the changes occur in hemicelluloses with
high oxygen content.

Cellulose components, f3-D-glycopyranoses, are joined by (1>
4)-glycoside bonds. Cellulose chains are joined by bonds between
hydroxyl groups. At temperatures below 300°C, the degree of po-
lymerisation during cellulose decomposition decreases, water is
eliminated, and free radicals, carbonyl, carboxyl and hydroperoxide
groups, carbon monoxide, carbon dioxide and reactive wood char-
coal are generated.

The constituents of hemicelluloses include D-glucose, D-mannose,
D-galactose, D-xylose and L-arabinose, along with L-rhamnose,
4-O-methyl-D-glucuronic acid and D-galacturonic acid in smaller
quantities. They are bound to each other by (1> 4)- or (1> 6) linkages.

Extractives

Figure 8. Approximate proportions of wood’s main components.

As wood is heated, acetic acid is formed from acetylated hemicel-
luloses by hydrolysis. The released acid serves as a catalyst in the
hydrolysis of hemicelluloses to soluble sugars. In addition, the
acetic acid depolymerises cellulose microfibrils in the amorphous
area. The acid hydrolyses the bonds joining glucose units together,
breaking the cellulose into shorter chains.

After thermal modification, the timber’s hemicellulose content is
significantly lower. As a result, the amount of material that sapro-
trophic fungi can decay is significantly lower, which contributes to
the thermally modified timber’s improved resistance to fungal de-
cay compared with standard wood. As the hemicelluloses degrade,
the concentration of water-absorbing hydroxyl groups decreases
and the dimensional stability of thermally modified timber im-
proves, compared with untreated wood.

The decomposition temperature of the hemicelluloses is 200-
260°C, and the corresponding temperature for cellulose is 240-
3500°C. Since hardwood species contain more hemicelluloses than
softwoods, decomposition takes place more readily in them. How-
ever, the breaking of hemicellulose chains has a smaller impact on
the strength of the wood than the degradation of cellulose chains
would do. Instead, this makes the wood easier to compress and re-
duces the generation of stresses in it, making it more stable.

ThermoWood® handbook | 11



2.3.2 Lignin

Lignin holds the wood cells together. The dark matter in the wood
cells’ middle lamellae mainly consists of lignin. It is also found in
the primary and secondary cell walls. While the precise chemical
structure of lignin is yet to be determined, its precursors have been
known for decades. Lignin is primarily composed of phenylpropane
units, which are typically joined together by ether- and carbon-car-
bon bonds (DP 10-50). Softwoods contain mainly guaiacyl units
of phenylpropane, whereas hardwoods contain phenylpropane’s
guaiacyl and syringyl units in almost equal amounts. Both also con-
tain small amounts of p-hydroxyl phenylpropane.

During thermal modification, bonds between phenylpropane units
are partly broken. Aryl ether bonds between syringyl units break
more easily than bonds between guaiacyl units. Thermochemical
reactions are more common in allylic side chains than in aryl-alkyl
ether bonds. The longer the autohydrolysis time, the more conden-
sation reactions occur. The condensation reaction products include
b-ketone groups and conjugated carboxylic acid groups.

Of all wood'’s constituents, lignin is the best able to withstand heat.
Its mass only begins to decrease at temperatures higher than 200°C,
when the b-aryl ether bonds start to break. At high temperatures,
lignin's methoxy content decreases and some of its non-condensed
units are transformed into diphenylmethane-like units. According-
ly, diphenylmethane-type condensation is the most common reac-
tion within the temperature range of 120-220°C. During thermal
modification, this reaction has a significant effect on lignin's prop-
erties, such as its colour, reactivity and dissolution.

2.3.3 Extractives

Wood contains minor amounts of small-molecule constituents,
extractives, which include terpenes, fats, waxes and phenols. Ex-
tractives from various wood species are heterogenic in nature, and
the number of compounds is extremely high. Extractives are not
structural components of the wood, and most of the compounds
evaporate easily during thermal modification.

12 | ThermoWood® handbook

2.3.4 Toxicity of ThermoWood®

The ecotoxicity of the leachates of thermally modified spruce has
been tested at CTBA (EU project: Up-grading of non-durable wood
species by appropriate pyrolysis thermal treatment, 1998). The tests
were carried out on leachates obtained after an EN 84 test. This
test is applied to evaluate the fixation of the biocides in wood cells.
Small samples were leached with water, and the water was then
tested in accordance with NF EN ISO 6341 with Daphnia magna (a
small freshwater shellfish) and microtoxicity tests were performed
on marine luminescent bacteria. The test results showed that leach-
ates do not contain substances that are toxic to Daphnia magna
and that they are harmless to bacteria.

ThermoWood® has also been tested as a bone substitute material
(VTT & Surgical Clinic at the University Hospital in Turku). Prelim-
inary tests produced promising results: ThermoWood® birch has
similar properties to bone. ThermoWood® is sterile, and no toxic
substances have been identified in it.

2.3.5 pH value of ThermoWood®

During thermal modification, timber’s pH value decreases, making
thermally modified products significantly more acid than standard
timber. The pH value of ThermoWood® product is about 4, whereas
the pH value of a corresponding standard product is between 4.5
and 5. In the comparison of pH values, it should be noted that a de-
crease of 0.3 units in the pH value translates into a doubling of the
amount of acid (logarithmic scale). Acidity affects surface treatment
because it may prevent some surface treatment agents from adher-
ing to the surface of the timber. It may also have an impact on the
corrosion of metal fasteners. Because of this, metal fasteners used
with thermally modified timber should be made of acid-resistant or
stainless steel.



Figure 9. Reaction mechanisms of thermally modified timber (source: VTT)
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Changes in the cell wall structure

The quality of the ThermoWood® process and products is moni-
tored by an external, accredited inspection facility. This facility cer-
tifies the ThermoWood® production plant’s quality control system.

The production plant is responsible for quality control and for
ensuring the following factors:

A description of the internal quality control system is prepared,
including information on the facility’s operational diagram,
production process, equipment, handling of deviations and
product inspections

Persons responsible for production and deputies for
them are appointed

Persons responsible for quality control and deputies for
them are appointed

Production premises and equipment meet the requirements

Measures related to the servicing and maintenance of
equipment comply with the requirements

All aspects of the devices on the test premises and their
calibration meet the requirements

Production and quality control documents are prepared and
archived in line with the requirements

Impacts

The production plant must be audited at least once a year to en-
sure that quality control measures comply with the requirements.
Finished products are tested once a year by an approved external
testing laboratory. The pieces to be tested are selected by the audi-
tor's representative. During quality control, the following properties
are inspected:

Moisture level
Surface and interior cracks
Colour

Process parameters

Any deviations are reported to the quality control certification
board. If the production plant fails to meet the requirements, its
certification may be revoked.

ThermoWood® handbook | 13



| conmmm—

=

3.1 RAW MATERIAL

Certified raw materials are used to make ThermoWood® products.
PEFC, FSC and OLB are the certification systems used for the
products.

3.2 MANUFACTURING PROCESS

ThermoWood® products are natural, chemical-free wood products.
Process gases released from the wood during the production pro-
cess are purified.

ENVIRONMENTAL IMPACTS

3.3 USE AND RECYCLING

By-products generated during the production process can be used
for energy generation or recycled as raw material for composite ma-
terials, for example.

3.4 LIFE CYCLE

ThermoWood® products offer a long service life and they do not
necessarily require maintenance. These factors reduce the envi-
ronmental impact of ThermoWood® products during use. When
they reach the end of their service life, thermally modified timber
products can be utilised in a manner similar to other timber.

Figure 10. Nordic forest

14 | ThermoWood® handbook




'4 | ThermoWood® PRODUCTS

The ThermoWood® process typically produces rough-sawn timber,
which is then processed into finished products. The main product
categories include interior and exterior cladding, garden construc-

tion products and carpentry industry products.

Undried timber
raw material

25x125 (nominal)
Moisture content 30%

50%150 (hominal)
Moisture content 30%

NS

32x200 (nominal)
Moisture content 30%

Dried timber
raw material

W=7

25x125 (nominal)
Moisture content 20%

50x150 (nominal)
Moisture content 20%

Thermal modification significantly decreases timber's moisture
content (see Figure 11). The shrinkage caused by this reduces tim-
ber’s nominal dimensions.

For example, ThermoWood® products with nominal dimensions of
25x125 are actually about 3% smaller (24x121). In addition, a devi-
ation of -2 to +4 mm is permitted in the width and -1 to +3 mm in
the thickness of ThermoWood® timber. A certain degree of cupping
is also permitted during thermal modification.

The above-mentioned factors must be taken into account in the
choice of the raw material for thermal modification. A ThermoWood®
panel is also significantly thinner than the raw material used to pro-
duce it. The product’s thickness also depends on whether all areas
of its back are planed.

Thermally modified
raw material

Finished product

UTV 19x117 (nominal)
Moisture content 4-7%

25x125 (nominal)
Moisture content 4-7%

50x150 (hominal)
Moisture content 4-7%

SHP 42x140 (nominal)
Moisture content 4-7%

32x200 (nominal)
Moisture content 20%

32x200 (nominal)
Moisture content 4-7%

Figure 11. Examples of the impact of thermal modification on product dimensions.

UTS 26x185 (nominal)
Moisture content 4-7%

ThermoWood® handbook | 15



4.2 PROFILED BOARD PRODUCTS

ThermoWood® is used to produce a wide range of interior and ex-
terior cladding materials, trimmings, decking boards and boards for
sauna benches. While these products are usually planed, products
with a brushed, fine sawn or fine roughened surface are also avail-
able. Products with industrial surface treatment are also available.
ThermoWood® profile boards may not have grooves on the back
because these are not necessary, due to the material’s good dimen-
sional stability.

Typical ThermoWood® profile products are presented in Figure 14.
Manufacturers of ThermoWood® also offer a wide range of
their own products, and detailed information on profiles,
dimensions, surface types and surface treatments is available in
the manufacturer’s instructions.

Figure 12. Examples of ThermoWood® profile products.

16 | ThermoWood® handbook

The recommended product thicknesses are:
Outdoor use
- Wall and ceiling cladding: min. thickness of 19 mm

- Patios and similar structures: min. thickness of 26 mm

Indoor use
+ Wall and ceiling cladding: min. thickness of 14 mm

« Floorboards: min. thickness of 26 mm




4.3 CE MARKING

Similarly to standard timber, thermally modified timber does not
typically carry a CE marking. However, wooden panels and cladding
products intended for outdoor and indoor use within the EU must
carry the CE marking pursuant to standard SFS-EN 14915. Corre-
spondingly, floorboards and wooden flooring materials must be
CE-marked in line with standard SFS-EN 14342. The marking can be
either on the package or the product itself.

Wood products with a decorative surface
that require CE marking:

« wooden indoor panels
« wooden exterior cladding products

- floorboards

Figure 13. An example of a cladding panel (Spruce, Thermo-S).

Figure 14. An example of a cladding panel (Pine, Thermo-D).

Figure 15. An example of a batten (Pine, Thermo-D).

Figure 16. An example of a decking board (Pine, Thermo-D).

Figure 17. An example of cladding panels (ayous).

Figure 18. An example of cladding panels (ash).
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4.4 PRODUCT CLASSIFICATION

ThermoWood® products have their own product classification
system, which is used to determine suitable applications. There
are two product classes: Thermo-S and Thermo-D. Both softwoods
and hardwoods are available in these classes. Within a product
class, softwood and hardwood products are treated as separate
products because of their different properties and modification

temperatures.

Table 2. The impact of thermal modification on the timber’s properties in the Thermo-S class.

In the product classification:
« S =stability

+ D =durability
(stability and resistance to decay and weather)

Weather resistance Dimensional stability Darkness
Pine 190°C (£3°Q) + + +
Spruce 190°C (£3°Q) + + +
Hardwoods 190°C (£3°C) o + +
Table 3. The impact of thermal modification on the timber’s properties in the Thermo-D class.

Weather resistance Dimensional stability Darkness
Pine 212°C (£3°Q) ++ ++ ++
Spruce 212°C (x3°Q) ++ ++ ++
Radiata Pine 230°C (£3°Q) ++ ++ ++
Ayous 208°C(x3°Q) ++ ++ Tt
Frake 212°C(-2°C/+5°Q) ++ ++ ++
Ash 212°C(-2°C/+5°Q) ++ ++ T+
Iroko 190°C (£ 3°Q) ++ ++ +
Hemlock 225°C(x£3°Q) ++ ++ ++
Hard Maple 212°C(x3°C) ++ ++ ++
Yellow Poplar 212°C(x3°Q) ++ ++ ++
Red Oak 212°C(£3°Q) ++ ++ ++
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Figure 19. ThermoWood® field test in the UK (BRE).

EXAMPLES OF APPLICATIONS FOR THERMOWOOD® PRODUCTS

Interior
cladding b
Sauna
Interjor
flooring Panelling
Benches
Exterior
cladding Garden
structures
Carpentry Fence
products Terrace
Pergola
Doors Furniture
Windows
Furniture
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4.5 PHYSICAL PROPERTIES

4.5.1 Density

ThermoWood® has a lower density than unmodified wood. This +160 to +240°C. The density decreases as higher temperatures are
is mainly the result of wood losing some of the compounds in it used. However, deviation is high and the coefficient of determina-
during thermal modification. tion is low, due to natural variation in wood density. The average

density at temperatures of <160°C is 560 kg/m?. The test material
was conditioned at a relative humidity of 65%. Table 4 presents the
results of a more extensive study.

Figure 20 shows the impact of thermal modification on the den-
sity of pine when it is treated for three hours at temperatures of
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Figure 20. The impact of the modification temperature on the density of ThermoWood® (source: VTT).

Table 4. Density of ThermoWood® (the average of measurements).

Reference 490
Pine Thermo-S 430 - -
Thermo-D 420 - -
Reference 460 - -
Spruce Thermo-S 430 - -
Thermo-D 420 - -
. . Reference - - 5150
Radiata Pine Thermo-D . 240 3
Reference - 625 -
Ash Thermo-S - 560 -
Thermo-D - 554 -
Thermo-220 °C - 526 -
Reference - - 380"
Ayous Thermo-S - 392 357
Thermo-D - 353 339
Reference - - 5550
Frake Thermo-S - 573 553
Thermo-D - 537 518
roko Reference - - 660"
Thermo-D - 611 -
Hemlock Reference - 505 -
Thermo-D - 445 -
Reference - 723 -
Hard Maple Thermo-D - 683 -
Yellow Poplar Reference - 540 -
Thermo-D - 498 -
Reference - 667 -
Red Oak Thermo-D - 626 -

" Average dried weight. Source: The Wood Database
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4.5.2 Bending strength and modulus of elasticity

In general, the strength of wood material has a strong correlation
with its density. Because thermally modified timber has slightly
lower density, its strength values remain below those of standard
timber in some cases. Currently, ThermoWood® products are not
available as strength-graded timber and it must not be used for
load-bearing structures.

Figure 21 shows the impact of thermal modification on pine’s bend-
ing strength and Figure 22 shows its impact on the modulus of elas-

140

ticity. Substantial strength loss in pine starts at temperatures high-
er than 220°C. However, thermal modification of timber does not
significantly change its modulus of elasticity. Pine with an average
density of 560 kg/m? was used as the test material. Two methods
for testing bending strength were used in the study. In one of the
methods, defect-free material over a short span is used while in the
other, pieces with natural defects over a longer span are used. Table
6 presents the results of a more extensive study.
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Figure 21. The impact of the modification temperature on the bending strength of ThermoWood® (source: VTT).
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Figure 22. The impact of the modification temperature on the modulus of elasticity of ThermoWood® (source: VTT).
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Table 5. Bending strength and modulus of elasticity of ThermoWood® (the average of measurement results).

Reference - EN 408 60.7 9274
Pine Thermo-S - EN 408 45.1 9006
Thermo-D - EN 408 38.1 9262
Reference - EN 408 74.2 13658
Spruce Thermo-S - EN 408 65.0 11197
Thermo-D - EN 408 475 10133
Reference 520x20x 22 DIN 52186 64.7 11602
Radiata Pine
Thermo-D 520x20x 22 DIN 52186 60.6 16947
Reference 20 x 20 x 360 DIN 52186 112.0 12056
Ash Thermo-S 20 x 20 x 360 DIN 52186 106.9 13559
s|
Thermo-D 20 x 20 x 360 DIN 52186 90.6 13320
Thermo-220 °C 20 x 20 x 360 DIN 52186 75.9 12848
Thermo-S 100 x 40 x 2000 EN 408 28.1 7414
Ayous
Thermo-D 150 x 40 x 3000 EN 408 27.6 7338
Frak Thermo-S 100 x 40 x 2000 EN 408 61.1 14607
rake
Thermo-D 100 x 40 x 3000 EN 408 54.7 14880
ok Reference 300x20x20 DIN 52186 99.0 11500
roko
Thermo-D 300x20x20 DIN 52186 91.0 12300
Reference 520x20x 23 DIN 52186 75.1 14087
Hemlock
Thermo-D 520x20x23 DIN 52186 56.1 14822
Reference 520x20x23 DIN 52186 121.6 20512
Hard Maple
Thermo-D 520x20x23 DIN 52186 89.5 22681
Reference 520x20x 23 DIN 52186 88.9 17837
Yellow Poplar
Thermo-D 520x20x23 DIN 52186 60.8 18769
Reference 520x20x 23 DIN 52186 104.7 16301
Red Oak
Thermo-D 520x20x23 DIN 52186 55.1 17816

Table 6. Screw holding strength in ThermoWood® (the average of measurements).

Reference EN 1382 222

Pine Thermo-S EN 1382 20.0
Thermo-D EN 1382 19.6

Reference EN 1382 220

Spruce Thermo-S EN 1382 18.2
Thermo-D EN 1382 14.9

Reference EN 1382 28.6

Radiata Pine

Thermo-D EN 1382 19.7

Reference EN 1382 39.9

Iroko

Thermo-D EN 1382 373

Reference EN 1382 30.1

Hemlock

Thermo-D EN 1382 21.7

Reference EN 1382 703

Hard Maple

Thermo-D EN 1382 51.8

Reference EN 1382 38.1

Yellow Poplar

Thermo-D EN 1382 220

Reference EN 1382 67.2

Red Oak

Thermo-D EN 1382 353
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Table 7. Screw holding strength in ThermoWood® cladding products (the average of measurements).

Direction of Direction of
radius tangent
[N/mm?] [N/mm?]

EN 1382 Screw 3.0x38 13.56 13.62

tpen =24 mm

Thermo-S s 4072
EN 1382 crew a.ux 11.64 10.84

tpen=32mm

Ayous Screw 3.0x38
EN 1382 crew 2.0x 10.44 1.7

tpen =24 mm

Thermo-D S 4.0x72
EN 1382 crewa.ox 9.8 9.00

tpen =32 mm
EN 1382 Screw 3.0x38 3397 33.82

tpen =24 mm

Thermo-S s 4.0x72
EN 1382 crewa.ux 27.95 27.60

tpen=32mm

Frake S 3.0x38
EN 1382 crew 5.Bx 3228 3377

tpen =24 mm

Thermo-D s 4072
EN 1382 crew a.ux 28.80 2893

tpen=32mm

4.5.3 Screw holding strength

According to studies, the general variation in wood density has
greater impact on the screw holding strength than by thermal
modification. In lower-density material, the results were better
when smaller, pre-drilled holes were used. Research results on
screw holding strength are presented in Tables 6 and 7.

4.5.4 Compression strength perpendicular to the grain

According to tests conducted with timber modified at 195°C
for 3 hours, the compression strength perpendicular to the grain
of thermally modified timber is about 30% higher than that of
standard timber. Prior to testing, the test pieces were submerged
in water.

60

4.5.5 Compression strength parallel to the grain

According to studies, thermal modification does not reduce wood's
compression strength parallel to the grain. Research results indicate
that the compression strength parallel to the grain of thermally
modified timber is higher than that of standard timber. This also ap-
plies to timber modified at higher temperatures (Figure 23). Com-
pression strength is mainly dependent on density.

Tests have shown that under compression parallel to the wood
grain, tests pieces break into smaller sections but, unlike with stan-
dard timber, they do not buckle. This is because thermally modified
timber is not as elastic as untreated timber.

Compression strength (N/mm?)

55
535
515
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0

T=220°C, 1Th T=225°C, 2h

Comparison T=220°C, 3h

Figure 23. Compression strength parallel to the grain of thermally modified spruce (average density 420 kg/m?) (source: VTT).
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4.5.6 Impact bending strength (dynamic bending)

Studies indicate that thermal modification reduces impact
strength, compared with standard timber. Tests with spruce mod-
ified at 220°C for three hours showed that the impact strength was
reduced by about 25%, compared with untreated wood.

4.5.7 Shear strength

In tests, modification at a high temperature (230°C for 4 hours) re-
sulted in a reduction of 1-25% in shear strength in radial tests and
in a reduction of 1-40% in tangential tests, compared with untreat-
ed wood. However, modification at a lower temperature (190°C)
had very little effect on pine, although spruce showed a 1-20% de-
crease in both radial and tangential tests.

4.5.8 Splitting strength

Studies have indicated that thermal modification reduces split-
ting strength by 30-40%. Spruce, pine and birch along with an
extensive range of modification temperatures were used in these
studies. The drop in splitting strength is greater when higher tem-
peratures are used.

2,0
19
18
17
1,6

4.5.9 Hardness

Figure 24 shows that Brinell hardness increases as the modification
temperature goes up. However, studies have indicated that the rel-
ative change is very small and has no practical impact. For all wood
species, Brinell hardness is to a large extent dependent on density.
Table 8 presents results of a more extensive study.

4.5.10 Fire behavior

Compared with standard timber, ThermoWood® causes a smaller
fire load and its smoke production is lower. This is due to the lower
density of ThermoWood® and its lower levels of wood constituents
and extractives. In addition, better sealing can be achieved with
ThermoWood® for the cladding in fire technical terms because less
shrinkage arises as a result of changes in moisture levels.

The above-mentioned factors may not be directly utilised in fire
technical design, and application-specific planning must be carried
out with fire technical simulation programs, for example.

According to the European Commission Delegated Regulation
(EU) 2024/1399, wood paneling and cladding made of thermally
modified wood do not automatically receive fire classes D - s2, dO,
like similar products made of untreated wood. Manufacturers of
ThermoWood® wood products are responsible for the testing of the
product and the fire class indicated for it.
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Figure 24. The impact of thermal modification (3 h) on Brinell hardness of pine (source: VTT).
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Table 8. Brinell hardness of ThermoWood® (the average of measurements)

EN 1534 EN 1534 EN 1534 EN 1534 EN 1534
Spherical Spherical Spherical Spherical Spherical
@10 mm @20 mm @20 mm @10 mm @10 mm
F=1000N F=1000N F=1000N F=500N F=500N
Direction of Direction of Direction of Direction of
radius tangent radius tangent
Reference 15.9 - - - -
Pine Thermo-S 164 - - - -
Thermo-D 13.7 - - - -
Reference 16.3 - - - -
Spruce Thermo-S 15.2 - - - -
Thermo-D 14.9 - - - -
Reference 11.2 - - - -
Radiata Pine
Thermo-D 129 - - - -
Reference 315 - - - -
Iroko
Thermo-D 30.0 - - - -
Reference - 35.1 353 - -
Thermo-S - 309 29.3 - -
Ash
Thermo-D - 27.8 27.6 - -
Thermo-220 °C - 25.6 233 - -
Thermo-S - - - 9.8 9.0
Ayous
Thermo-D - - - 8.8 8.0
Thermo-S - - - 264 237
Frake
Thermo-D - - - 274 24.1
Reference 17.7 - - - -
Hemlock
Thermo-D 13.1 - - - R
Reference 33.7 - - - -
Hard Maple
Thermo-D 31.2 - - - -
Reference 216 - - - -
Yellow Poplar
Thermo-D 15.9 - - - -
Reference 344 - - - -
Red Oak
Thermo-D 26.5 - - - -
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4.6 THERMOMECHANICAL PROPERTIES

4.6.1 Equilibrium moisture content

Thermal modification reduces timber’s equilibrium moisture con- Saprotrophic fungi become active when the timber’s moisture
tent Figure 25 shows the impact of thermal modification on the content exceeds 20% lIrrespective of the air’s relative humidity, the
equilibrium moisture content of spruce. At high temperatures equilibrium moisture content of thermally modified timber remains
(220°C), the equilibrium moisture content is halved compared with significantly below 20%. This has a huge impact on the timber’s
untreated spruce. With a higher relative humidity, the difference in long-term durability.

wood moisture values is larger.
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Figure 25. The impact of relative humidity on the equilibrium moisture content of thermally modified spruce (source: VTT).

Figure 26. ThermoWood® field test in Espoo, Finland (VTT)

26 | ThermoWood® handbook




4.6.2 Swelling and shrinkage due to moisture

The decreased equilibrium moisture content of ThermoWood®
affects its swelling and shrinkage due to moisture. Thermal mod-
ification significantly reduces the tangential and radial swelling
of timber. Figures 27 and 28 show how thermal modification
decreases the swelling of thermally modified timber compared

10

with standard timber. Thanks to reduced swelling and shrinkage,
ThermoWood® is more dimensionally stable than standard tim-
ber. It retains its dimensions well, even without surface treat-
ment.
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Figure 27. Radial swelling of spruce as a function of relative humidity (source:
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Figure 28. Tangential swelling of spruce as a function of relative humidity (source: VTT).
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4.6.3 Permeability

The water permeability of ThermoWood® has been tested with
regard to end grain penetration. This property is important in
windows, for example. First, the test pieces were submerged in
demineralised water. They were then kept in a room with a relative
humidity of 65% and a temperature of 20°C and weighed at regu-
lar intervals over a period of nine days. The results indicated that
over a short period, the water permeability of thermally modified
spruce is 20-30% lower than that of corresponding untreated tim-
ber.

In another study, permeability was tested by soaking the pieces
in water for 72 hours with their end surfaces sealed. According to
the results, the moisture content of untreated spruce was 22%,
12% for timber modified at 195°C and 10% for timber modified
at 210°C.

Thermal modification reduces timber’s permeability to steam.
Figure 29 shows how thermal modification decreases the perme-
ability to steam of ThermoWood® spruce compared with standard
timber.

25
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Moisture content (%)

e [=195°C
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4.6.4 Thermal conductivity

Studies indicate that thermal modification reduces thermal con-
ductivity, compared with standard timber. The thermal conductiv-
ity of thermally modified Nordic softwood is 20-25% lower than
that of standard timber. Because of this, ThermoWood® makes
an ideal material for structures such as exterior doors, exterior
cladding, windows and saunas.
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Figure 29. The impact of thermal modification on steam permeability Spruce (source: VTT)
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4.7.1 Weather resistance

When exposed to weather without surface treatment, ThermoWood®
products remain significantly drier than unmodified timber. Howev-
er, surface treatment that protects against humidity, erosion and UV
radiation is recommended for thermally modified timber that is ex-
posed to weather conditions. The recommendation particularly ap-
plies to applications in warm and humid climates.

Due to rain, a slight change in the original colour in untreated ther-
mally modified timber is possible. UV radiation causes greying of
wood products that are without surface treatment.

Table 9. The suitability of ThermoWood® products for various applications

Durability class (EN 350) Use class (EN 335)

5 | Outdoor use with contact with salt water

4.7.2 Biological resistance

As is the case with all materials exposed to rain, mould may also
appear on the surface of ThermoWood®. Because of airborne bac-
teria or impurities in rain, mould may occur on untreated surfaces.
However, this growth is superficial and can be removed by wiping or
scraping the surface.

The timber’s natural resistance (without surface treatment) is deter-
mined by laboratory tests pursuant to standards. Table 9 presents
applications of ThermoWood®. It is not recommended for structures
that come into direct contact with soil or water.

ThermoWood® products

Examples of applications (recommendation)

1 | Very durable

fresh water

Outdoor use with direct contact to soil or

weather. This class is divided:

Outdoor, above-ground use, exposed to the

2 I
Durable 3.1 Limited wetting conditions

Windows, doors Thermo-D, Thermo-S

3.2 Prolonged wetting conditions

Cladding, decking Thermo-D

3 | Moderately durable | 2 . .
moisture and condensation

Indoor use, but potentially exposed to

Cladding, ceiling, sauna Thermo-D, Thermo-S

4 | Slightly durable

1 | Dry interior conditions
5 | Notdurable

Interior cladding, furniture | Thermo-D, Thermo-S

4.7.3 Resistance to insects

Longhorn beetles are found in the sapwood of softwoods. The
common furniture beetle (Anobium punctatum) attacks partic-
ularly hardwoods. Lyctus brunneus is found in some hardwood
species. Studies have shown that ThermoWood?® is resistant to all
three insects. ThermoWood® offers good resistance to old house
borer (Hylotrupes bajulus). These beetles identify pine as a suitable
place for laying eggs because of the terpene it emits. The amounts
of terpene produced by ThermoWood® are drastically reduced
in comparison with untreated wood. Because of this, it is
expected that beetles will choose other wood materials over
ThermoWood®, whenever possible. Studies indicate that this also
applies to termites. However, further studies on this are required.

Studies carried out to date do not prove that ThermoWood?® is resis-
tant to termites. Termites enter building structures from the earth
below, avoiding direct sunlight whenever possible. Termites attack
both wood and concrete-based materials when looking for food.
A number of measures have been developed to tackle the prob-
lem, including the installation of polythene membranes in building
foundations. Also, various bituminous paint products are available,
which can be used to seal possible routes into the building. How-
ever, local tests are recommended because termite types vary from
one region to another. More research data on termite behaviour is
also required.
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Similarly to standard timber, ThermoWood® is hygroscopic and
levels out fluctuations in the humidity of indoor air. However, with
ThermoWood?®, this effect is smaller because of reduced equilibri-
um moisture content. It should also be noted that with both Ther-
moWood® and standard timber, the type of surface treatment ap-
plied has a significant impact on this phenomenon. Treatment that
seals the timber too effectively prevents the transfer of moisture
between the indoor air and the wood product.

Thermally modified timber emits a smoky fragrance, probably aris-
ing from chemical compounds called furfurals. Even though the
fragrance is clearly detectable by human senses and it seems stron-
ger than the fragrance of standard timber, the amount of volatile
organic compounds (VOC) emitted by thermally modified timber is
only a fraction of those from standard pine.
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Emission levels have been measured from ThermoWood® pine.
The samples were kept at temperatures of 180°C and 230°C for
4 hours. Measurements were taken 7 (180°C) or 8 weeks (230°C) af-
ter the modification. At 1,486 pg/m?h, the emission levels of volatile
organic compounds from unmodified pine were the highest. The
majority of these emissions consisted of terpenes, but significant
amounts of alpha-pinene, camphene and limonene were also de-
tected. In addition, untreated pine contained hexanal and small
amounts of furfural and acetic acid. The total level of emissions
from pine modified at +180°C was 828 pg/mh. The sample con-
tained terpenes, furfurals, hexanal and acetic acid. At 235 pg/m?h,
the total emission level of pine modified at +230°C was the lowest.
Acetic acid accounted for the majority of the total emissions (110
pg/m?h). The sample also contained small amounts of terpenes. As
can be seen from Figure 30, ThermoWood® is a safe choice for in-
door applications in terms of its emission levels.
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Figure 30. Volatile organic compounds emitted by pine samples after two months (source: VTT).
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| g | PROCESSING OF

ThermoWood® PRODUCTS

In general, the handling of ThermoWood® requires a little more care
than the handling of unmodified wood, as it is more susceptible to
mechanical damage because of its strength properties.

As ThermoWood® does not secrete resin, saw blades require less
maintenance.

Dust generated in the processing of ThermoWood® is dry and fine
and therefore special attention should be paid to the efficacy and
air-tightness of the dust removal system. A respirator must be used
when working with ThermoWood® if dust is generated.

Prior to the commencement of work, the timber’s moisture content
should be checked to ensure that it matches the humidity of the
location. Depending on the size of the cross-section, conditioning
at room temperature may take several days. In outdoor conditions,
it may take weeks or even months, particularly in winter. This must
be factored in when work schedules are being prepared.

The sawing of ThermoWood® does not differ from working with
untreated wood. Since saw blades with large teeth can cause
chipping on the edges of ThermoWood®, fine-toothed blades are
recommended.

Similarly to any other timber, cupping may occur in ThermoWood®.
Because of cupping, the use of narrow infeed rollers is recommended
to reduce the risk of cracking of the wood surface being worked on.

With the convex face of the timber facing down, a single narrow
wheel positioned in the centre of the piece can be used. Two nar-
row wheels positioned on the edges of the piece must be used if
the timber is placed with the convex face up.

These options are illustrated in Figure 31. To prevent cracking, the in-
feed roller pressure must be set lower than with untreated timber. This
is due to the reduction in strength in the ThermoWood®.

In real-life settings, it has been noted that because no resin is
secreted, less friction occurs in the infeed of ThermoWood®, helping
planing to proceed more smoothly. On some planing lines,
speed must be reduced. The roller pressure and speed and other
parameters are dependent on the properties of the planing line
and machine. When ThermoWood® is planed, parameters must be
set separately for each product and machine.

To achieve the best possible planing results and to minimise the
loosening of the wood’s annual rings, we recommend using mate-
rial that has been cut as parallel to the grain as possible. In addition,
selecting the best face of the board when planing improves the
result. There is a close connection between the infeed roller type
and pressure, the grain direction, cupping, cutter sharpness and
throughput speed.

Wrong

One roll in the middle

Right Right
Cup round down Cup round up
Narrow rolls at the edge

Figure 31. Narrow plane infeed rollers must be used with ThermoWood® products.
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Milling ThermoWood® resembles working with hard, brittle hard-
woods. Milling must be planned carefully in advance to avoid tears
and nicks, particularly when milling against the grain.

Sanding ThermoWood® products does not differ from sanding
standard timber. Typically, no sanding is required because the sur-
face quality of ThermoWood?® is usually very good after planing.

Figure 32. ThermoWood® glulam beams in pergola structure

32 | ThermoWood® handbook

The gluing properties of ThermoWood® have been tested with
1- and 2-component PVAc adhesives, 1- and 2-component polyure-
thane adhesives (PU), resorsinolphenol adhesives (RF) and emul-
sion-polymer-isocyanate adhesives (EPI).

With PVAc adhesives, the water content in the adhesive should be
minimised. These adhesives may require longer pressing and dry-
ing times with ThermoWood® because of the reduced absorption
rate of water into the timber (the adhesive takes longer to harden).

When PU adhesives are used, it should be noted that the curing
process requires water. Water can be absorbed from either the tim-
ber being glued or the surrounding air. When necessary, the surfac-
es being glued must be dampened.

RF and EPI adhesives have also been found to be effective with
ThermoWood®. In tests, RF adhesives worked with normal produc-
tion parameters for ThermoWood®.

When gluing ThermoWood®, or any other wood, attention should
be paid to factors such as the temperature and moisture content of
the wood and the cleanliness of its surface. The adhesive manufac-
turer’s instructions should be complied with in the choice and use
of an adhesive.

ThermoWood?® is also used to produce glued products. Instructions
are manufacturer-specific and more detailed information on the
products are available in the instructions provided by the manu-
facturer.




6 SURFACE TREATMENT OF
ThermoWood® PRODUCTS

ThermoWood® makes an excellent basis for surface treatment
agents because it is resin-free and it only swells and shrinks to a
small degree when exposed to moisture. Therefore paint or any oth-
er coating applied to it does not crack. In the surface treatment of
ThermoWood®, it should be noted that all surface treatment agents
do not sufficiently adhere to the surface because of the acidity and
low water absorbance capacity of ThermoWood?®. This is the case
particularly with some water-based surface treatment agents. The
roughness of the surface may also have an impact on adherence.
For example, surfaces sanded with P100 sandpaper may be better
in terms of adherence than planed surfaces. Brushed surfaces have
also been shown to work well with surface treatment agents. If the
surface is too rough (sawn surface), the surface treatment may be
more difficult because of splinters.

ThermoWood® can be treated with agents similar to those used
with standard timber (including paint, lacquer, oil and wax).
ThermoWood® can be treated with both water- and solvent-based
surface treatment agents. However, linseed oil is not suitable for
ThermoWood® because it enables fungal growth.

Surface treatment is recommended for ThermoWood® products
that are exposed to weather. Surface treatment helps retain the
original colour and reduce cracking and splintering that are typical
of wood materials over time. Mineral oil is recommended for interi-
or walls, ceilings and benches in saunas.

Industrial surface treatment is recommended for ThermoWood®
as well as for other timber products. This ensures that the surface
treatment is carried out in controlled conditions with suitable treat-
ment agents, guaranteeing the high quality and durability of the
surface treatment.

When treating ThermoWood®, or any other timber, attention must
be paid to the choice of correct surface treatment and its mainte-
nance. With regard to this, we recommend contacting manufac-
turers of surface treatment agents. Before surface treatment, steps
should be taken to ensure that UV radiation and humidity do not
cause micro cracks on the surface of the product as these may af-
fect the success of the surface treatment.

The cut ends of any timber, including ThermoWood®, should be
sealed with end grain sealer designed for the purpose. This signifi-
cantly decreases the absorption of water via the cut ends and re-
duces cracking near the ends caused by drying.

Like all timber, ThermoWood® products can be treated with fire-re-
tardant agents. The fire-retardant agents should be checked to
ensure that they have the required approvals and they should
always be used in compliance with the manufacturer’s instruc-
tions. With fire-retardant treatment, ThermoWood® can meet the
requirements of fire protection class C or B, depending on the agent
used. The highest classification that can be achieved is B-s1, dO.
ThermoWood® products are also available with ready-applied fire
retardant treatment.
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|7 PROCUREMENT AND STORAGE OF
ThermoWood® PRODUCTS

ThermoWood® products are available from timber retailers
and hardware stores that stock other timber products.
The stocked products vary depending on the retailer,
and special products must be ordered separately.

The following factors must be taken into account
in the storage of ThermoWood®:

« Adry ventilated storage space must be used (a dry outdoor

space can be used for products for outdoor applications)

Products to be used for indoor applications must be stored
in a heated indoor space

Products must be protected against dirt and UV radiation

They must be placed in a horizontal position on an even base
(off the ground)

A sufficient number of battens must be used as the base
Product bundles must not be loosened before use
Interior cladding products are used directly from the package

When lifting long products,
bear in mind their reduced bending strength

Products with a tongue-and-groove finish must be handled
with care to avoid damage (particularly with long products)

Figure 33. An even surface and a sufficient number of base battens prevent the products from warping.
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'8 CONSTRUCTION INDUSTRY
APPLICATIONS OF
ThermoWood® PRODUCTS

ThermoWood® intended for house construction applications
typically includes cladding materials for indoor and outdoor use
and products for the carpentry industry. In garden construction,
ThermoWood® is typically used for patios, fences and garden furni-
ture. The same products can be used indoors and outdoors.

ThermoWood® shows less shrinkage and swelling due to changes
in humidity than standard timber, which reduces the formation of
gaps that is otherwise typical of wooden floors. This property is
particularly evident in spaces where fluctuations in indoor humidi-
ty are pronounced. Flooring material made of ThermoWood® is also
available with tongue-and-groove ends. The tongue-and-groove
joint must be positioned on top of a frame board if a load-bearing
flooring base is not installed (e.g. plywood sheets).

Floor boards

Thermo-S / Thermo-D
Thickness = 26 mm
Fastening to the beams

gea™

Figure 34. An example of flooring.
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Figure 35. ThermoWood® flooring.
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Frame structure

Roof panel
Thermo-S [ Thermo-D
Thickness = 14 mm |
Fastening to the battens e

Figure 36. An example of ceiling cladding in a dry space.

Figure 37. ThermoWood?® ceiling in Portugal
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Wall panel

Thermo-5 [ Thermo-D
Thickness = 14 mm
Fastening lo the battens

Trame simuchure

Figure 38. An example of interior wall cladding.

Figure 39. ThermoWood® Spruce (Switzerland).
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min 20

~ Roof panel

Thermo-S / Thermo-D
Thickness = 14 mm
Fastening to the battens

Frame structure

Figure 40. An example of ceiling cladding for a sauna.

Wall panal

Therme-S / Thermo-D
Thickness > 14 mm
Fastening to the battens

Figure 41. An example of wall cladding for a sauna.
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Batten
Thermo-S / Thermo-D

Bench board
Thermo-S / Thermo-D
Thickness > 26 mm

! A
L
Beam
Thermo-S / Thermo-D
r— Bench board
Thermo-S / Thermo-D
Thickness > 26 mm 1
)
= %
N |

Figure 42. An example of a sauna’s bench structures.

Figure 43. Sauna structures made of ThermoWood® products.
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8.2 OUTDOOR USE

The equilibrium moisture content of ThermoWood® products and with standard timber. Air must always be allowed to circulate be-
their shrinkage and swelling due to moisture are low, and therefore hind exterior cladding and the products must be fixed to a frame
thinner indoor and outdoor cladding panels can be used compared that is sufficiently robust.

Exterior dacdding penel
Thermo-D

Thickness = 19 mm
Fastening to the battens

Figure 44. An example of exterior wall cladding.

Exterior cladding panal
Thermo-D

Thickness = 19 mm
Fastening to the battens

Figure 45. An example of exterior wall cladding.
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Figure 46. ThermoWood® exterior wall cladding.
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— Decking board
Thermo-D

Thickness > 26 mm
Fastening to the battens

Figure 47. An example of patio structures.

Decking board
Thermo-D
Thickness > 26 mm

150 Battens max 450

o (o

o O O

i

Figure 48. Decking board joint.
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Figure 49. A hidden fastening of a decking board.

=
Figure 50. ThermoWood® patio.
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g | INSTALLATION OF ThermoWood®
CLADDING PRODUCTS

ThermoWood® products must be installed in accordance with the
manufacturer’s instructions. Below, we provide general instruc-
tions for the installation of the products. ThermoWood® products
can be installed without unpacking them first if there is no need to
condition them to the humidity levels at the installation location.

Because of ThermoWood® products’ pH value (acid), any fasteners
must be made of stainless steel or use stainless (A2) or acid resistant
(A4) steel fasteners due to lower pH in order to prevent corrosion.
This applies to products used indoors and outdoors. Acid-resistant
fasteners can also be used with ThermoWood® products.

Other fasteners react with ThermoWood®, causing staining around
the fastener. If thermally modified timber is used in combination
with other materials, possible reactions between the materials
must be determined.

Table 10 presents the minimum requirements for the fasteners’pro-
tection against corrosion. The most common classes for stainless
and acid-resistant steel are:

« Class A2 (AISI 304, EN 1.4301) is the most common
stainless steel class

« Class A4 (AISI 316, EN 1.4401) is the most common
acid-resistant steel class

ThermoWood® products can be fixed in a traditional manner with
nails and screws like any other timber products. Various hidden fas-
tening systems are also available. The nails or screws used must be
sufficiently long to extend through the mounting batten or board.
The length of nails or screws must be selected so that they do not
pierce any air or moisture barrier or similar structure.

When nails or screws are used, they must be fixed so that their head
is on the same level as the timber surface (with the exception of
Dyckert nails). If a nail gun is used to fix exterior cladding or decking
boards, the machine must have a depth control mechanism to en-
sure that the nail head will be on the level with the timber surface.
While this also affects visual quality, it is important in preventing
water from entering the timber structure via the fastener. With nails
and screws, it is important to ensure that they do not cause a crack
in the timber (distance from the end). Pre-drilled holes can also be
used for the fasteners.

Joints for ThermoWood® are made in a manner that prevents
water from entering the timber via cut surfaces. The support at
the joint must be sufficiently wide to ensure that fasteners in-
stalled through the timber are located the required distance from
the end. When necessary, two separate supports are used at the
joint (see Figure 52). With end-matched exterior cladding panels,
tongue-and-groove joints can be placed next to the support to
enable fasteners to be positioned at a suitable distance from the
end (see Figure 51).

Table 10. Minimum requirements for fasteners’ corrosion protection level in use with ThermoWood® products.

Application Class Quality Type
Ceiling and wall cladding (dry space) A2 AISI 304 (EN 1.4301) Stainless steel
Floor (dry space) A2 AISI 304 (EN 1.4301) Stainless steel
Ceiling and wall cladding (bathroom) A2 AISI 304 (EN 1.4301) Stainless steel
Ceiling and wall cladding (sauna) A2 AlISI 304 (EN 1.4301) Stainless steel
Sauna benches A2 AISI 304 (EN 1.4301) Stainless steel
Decking boards A2 AISI 304 (EN 1.4301) Stainless steel
Exterior cladding A2 AISI 304 (EN 1.4301) Stainless steel
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Table 11. Examples of fixing methods

Fixing through the side in a visible manner

Dyckert

«Wall and ceiling cladding indoors

« Products that are fixed via the
tongue-and-groove structure
are also available (hidden fixing)

«The fastener heads must be about 1 mm
below the timber surface

« At least one fastener,
when the panel width is < 117 mm

«Two fasteners, when the panel width is
>117 mm

Hidden fixing

Clips

»Wall and ceiling cladding indoors
«Wall and ceiling cladding outdoors

- With vertical cladding,

preventing the cladding products from
sliding downwards is important

(support at the bottom of the cladding or
nails/screws at the top or bottom

of the cladding)

Fixing through the side in a visible manner

Full-head
ring shank nail

»Wall and ceiling cladding outdoors

« Products that are fixed via the
tongue-and-groove structure
are also available (hidden fixing)

«If a hole is pre-drilled,

its diameter must be 0.5d-0.8d

(d = nail thickness)

« At least one fastener,

when the panel width is < 117 mm

« Two fasteners, when the panel width is
>117 mm
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Table 12. Examples of fixing methods

Fixing through the side in a visible manner

Screw

« Batten cladding outdoors

«Ifaholeis pre-drilled,
its diameter must be 0.5d-0.7d
(d = screw thickness), but no larger than
the inner diameter of
the screw’s threaded part

Fixing through the side in a visible manner

A

[ 0 ~

Decking screw
(available in various colours)

«» Decking boards
« Jetty boards
«If a hole is pre-drilled,
its diameter must be 0.5d-0.7d
(d = screw thickness), but no larger than the
inner diameter of the screw’s threaded part
« Fixing with two screws

Hidden fixing

=S

Profix (Lunawood)

«» Decking boards
« Jetty boards

« Profix is a Lunawood product and
therefore compatible only with
other Lunawood products
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Table 13. Examples of fixing methods

Hidden fixing Clip « Decking boards
« Jetty boards

Hidden fixing Clip «» Decking boards
« Jetty boards

Hidden fixing from the tongue-and-groove

part

A

Countersink screw

X7

TS

« Flooring indoors

«If a hole is pre-drilled,
its diameter must be 0.5d-0.7d
(d = screw thickness), but no larger than the
inner diameter of the screw’s threaded part

ThermoWood® handbook | 47




Figure 51. The recommended distances to edges and ends without pre-drilling with ThermoWood® products.

Figure 52. The recommended distances to edges and ends without pre-drilling with ThermoWood® products (without tongue and groove joint).
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10 ThermoWood®
INTHE CARPENTRY INDUSTRY

Thanks to its colour and dimensional stability, ThermoWood® timber makes an ideal material for furniture.
Typical uses include both indoor and outdoor furniture.

Figure 53. ThermoWood® shutters.

Figure 54. ThermoWood® used as a worktop material.
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Figure 55. Chair made of ThermoWood®.

Figure 56. ThermoWood® Ash.

p

Figure 57. ThermoWood® Ayous.
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Figure 58. ThermoWood® Frake.
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11/ REFERENCES

ThermoWood® products have been used successfully for a wide range of applications across the world.
Below, we present some examples from various countries.

Figure 59. ThermoWood® products used for decking and exterior wall cladding on a Turkish hotel.

Figure 60. ThermoWood® exterior wall cladding on a Lithuanian restaurant.
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Figure 62. ThermoWood® exterior wall cladding with a naturally weathered appearance in Portugal.
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Figure 63. Exterior cladding made of ThermoWood® products.

Figure 64. ThermoWood® exterior wall cladding on a Spanish shopping centre.
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Figure 66. ThermoWood® sauna benches.
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battens on a balcony railing.

Figure 67. ThermoWood®

Figure 68. ThermoWood® exterior wall cladding on a Portuguese church.
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Figure 69. ThermoWood® exterior cladding (Netherlands).

Figure 70. ThermoWood® exterior cladding (Belgium).
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Figure 71. ThermoWood® exterior cladding (Belgium).

Figure 72. ThermoWood® terrace (Finland).
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Figure 73. ThermoWood® cladding products
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Figure 74. ThermoWood® Pine cladding on a hotel in Poland.
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Figure 76. ThermoWood® exterior cladding in the UK.
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Figure 77. ThermoWood® Pine. Belgium.

STUDIO-HANS KOISTINEN

Figure 79. ThermoWood® Radiata pine.
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Figure 80. ThermoWood® Pine. Tiirkiye.

Figure 81. ThermoWood® Pine products used in a hotel in Tiirkiye.
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Photo: Stora Enso / ©Miran Kambic

Figure 82. ThermoWood® products at Stora Enso Pavilion, Planica, Slovenia. ;
Photo: Stora Enso / ©Vdclav Sima/PENNY

Figure 83. ThermoWood® products at Supermarket in Skutec, CZ.
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Figure 84. ThermoWood® Radiata pine

Figure 85. ThermoWood® Pine
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Figure 86. ThermoWood® Ash

Figure 87. ThermoWood® Pine
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12/ FURTHER INFORMATION

International ThermoWood Association
Information on the members of the International ThermoWood Association is available on the association’s website.
www.thermowood.fi
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This handbook offers essential information on
thermally modified timber products sold under
the ThermoWood® trademark. Its goal is to pro-
vide objective information on ThermoWood®
products and their use.

It is intended for Architects and structural
designers, retailers, component and element
manufacturers, contractors, carpenters and
educational institutes.

The Foundation for Quality of Construction
Products supported the work on this hand-
book financially.




