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Abstract: The paper presents the research results on using eco-friendly
impregnation materials to reduce cracking in load-bearing timber elements. The
behaviour of pine elements was studied when impregnation materials based on
linseed oil were used. Statistical data are given on the reduction in the growth rate
of the length and width of cracks, dependent on the number of protective layers of
the finishing material. The effect of the absence of cracks on timber elements
during atmospheric drying is described, considering the use of a three-layer paint
and varnish coating. The effect of the increase in timber structures’ durability and
corresponding cost and material consumption reduction in timber structures have
been proven.
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1. Introduction

Wood is the most eco-friendly building material, creating a comfortable and
health-preserving environment. However, providing the durability of timber
structures is an important problem. (Chernykh et al. 2020). One of the most sig-
nificant shortcomings of timber as a building material is the presence of defects
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and damage in the form of cracks associated with the impact of force and tech-
nological peculiarities. (Frithwald 2007). When designing new structures and
products from solid and glued timber and strengthening them, the influence of
these defects has to be taken into account by increasing the safety factor (Euro-
pean Standard 2019, Code of Rules 2017), as a result, their material consump-
tion increases, which affects consumption resources and ecology negatively in
general. (Bi et al. 2022). Therefore, studying the causes of cracks, development
of methods for their diagnosis and control (Sandoz & Netterer 1996), as well as
the way to increase the crack resistance of products and structures made of solid
and glued timber (Samyn 2022, Tarim & Kiiciikali 2017) is a relevant issue for
modern research to extend the use of timber in construction (Berge 2007).

The movement of moisture in the log’s transverse direction begins when the
moisture on the surface reaches the hygroscopicity limit. Between the inner lay-
ers, where moisture is in the cell cavities, and the surface, where moisture is
only in the walls, there is a difference in capillary pressure, which is the stimu-
lus for the movement of moisture (Ugolev 1971). The removal of bound mois-
ture from the surface layers of the logs forms an uneven deformation over the
section, i.e. surface wood dries out, and the layers following the surface retain
their original dimensions. When the tensile stresses reach the limiting values,
a grid of microcracks is formed on the surface of the log, which, during their de-
velopment, increase and combine with each other, forming larger cracks, which,
ultimately, when combined with other similar cracks, form a macrocrack (Glu-
khikh 2007). These cracks have a radial direction since, due to the weak bond
between the core rays and wood fibres, the rupture of the wood tissue runs along
the core rays (Bashkirova et al. 2022, Serov & Labudin 2013).

There are many ways to increase the crack resistance of timber (Chernykh
et al. 2021). One of them is the use of special coatings that will protect the log
house from the precipitation effects and serve as a barrier to moisture penetra-
tion (Tang et al. 2021). Historically, wax, paraffin, bituminous resins, a mixture
of drying oil and lime, tree resin and chalk were used for these purposes
(Belyaev et al. 2021). However, these materials have some drawbacks: they
melt under the influence of sun rays (Onegin & Sergeevichev 2019).

The Authors undertook a series of systematic studies on the use of new ma-
terials for the protective coating of wood, devoid of this drawback. At the same
time, emphasis was placed not only on the high technological properties of the
material — a decrease in crack resistance but also on the environmental friendli-
ness of the composition.
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2. Materials and Methods

To prevent cracking, the authors made a comparative analysis of crack for-
mation during the treatment of logs with oil-wax protective compounds from
“Biofa” (Germany).

The following materials presented on the European market were studied

(designation of articles according to the assortment of the company “Biofa”):

- primer — oil primer-antiseptic, art. 8750 (FD-EW-875010), it contains linseed
and wood oils, desiccant, aliphatic hydrocarbons, biocidal additives;

- the primary coating — azure for wood, art. 1075, it contains linseed and other
vegetable oils, rosin ester, fatty acid esters, desiccant, zinc oxide, and aliphat-
ic hydrocarbons;

- top coat — protective oil, art. 2043 contains linseed oil, wood oil, fatty acid
esters, rosin ester, aliphatic hydrocarbons, desiccant, and micro-wax.

Linseed oil is the main film-forming component of all “Biofa” materials
used in the study. Although linseed oil, like all vegetable oils, is a complex mix,
the main component (~ 95%) is full esters of glycerol and fatty acids, primarily
unsaturated (triglycerides) of the general formula:

//O
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where:
R, R’, R” — alkyl residues of monobasic fatty acids of normal structure.

Linseed oil molecules are about 50 times smaller than synthetic resins and
about ten times smaller than the densest wood pores (Sorokin et al. 1989, Cher-
nykh 2010). Due to this factor, it penetrates deep into the wood and is well ab-
sorbed into the pores. As a result, the treated surfaces become mechanically and
chemically more resistant since linseed oil belongs to the group of oils with
a high drying capacity.

The ability to dry (i.e., to form a film) is determined by the number of double
bonds in the triglyceride molecule and their mutual arrangement. Acid residues
characterize drying oils with three and two double bonds in triglycerides (the total



Use of Eco-friendly Protective Compounds... 77

amount of such triglycerides reaches 70%). The primary acids that makeup flaxseed
oil triglyceride include (Ashkenazi 1978):

- linolenic
CH3-CH>—CH=CH-CH,—CH=CH-CH,—CH=CH—(CH,);—COOH (52%));
- linoleic
CH;—(CH;)+~CH=CH—-CH>—CH=CH—(CH:)—COOH (16%);
- oleic
(CH»)7—CH=CH—(CH;)7—COOH (22%).

The curing process of materials containing vegetable oils is an intermolecu-
lar interaction along the double bonds of triglyceride fatty acid residues (Yona
et al. 2021).

Under the action of oxidative polymerization initiators (desiccants), chain
polymerization and oxypolymerization processes occur, leading to the for-
mation of spatial polymers with intermolecular bonds of the

—C—C- and —C-O-C-

type. The introduction of mineral fillers improves the mechanical strength of the
formed film.

However, wooden surfaces treated with linseed oil only have a pronounced
tendency to be dirty. (Prieto & Kiene 2018). In order to eliminate this disad-
vantage, materials are used that, along with vegetable oils, include various wax-
es that form a thin layer on the surface, which increases abrasion resistance and
gives the wooden surface dirt and water repellency (Eliseeva 2000). Composi-
tions consisting of oils and waxes combine the advantages of both components
and contribute to increasing the durability of timber structures.

3. Results and Discussion

Round pine logs with a diameter of 260 mm of natural moisture were used dur-
ing the tests. All the samples were kept outdoors (with no shelter) for 11 weeks.

The samples were visually inspected daily; the formed cracks were evaluat-
ed using a probe, a depth gauge, and a ruler. Once a week, the moisture content
of the samples was measured by the weighting method. In the case of a sharp
increase in the number of cracks, the moisture content was measured twice
a week. The dynamics of the appearance of cracks on the rounded logs showed
the dependence on the number of applied layers of paint and varnish material:
on the fourth week of the experiment, cracks appeared on samples without coat-
ings, while on the samples with a three-layer coating, the first cracks were rec-
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orded on the ninth week. Logs with a two-layer coating showed an intermediate
result: cracks appeared in the eighth week.

The growth of the width and length of cracks is presented in graphs in Fig-
ures 1, and 2. At the same time, the primer art is on samples with a three-layer
coating. 8750 + azure art. 1075 + top coat art. 2043, the minimum number of
cracks was observed, with the most minor geometric parameters (length and
width). Such a protective coating system can be recommended as the most ef-
fective for a natural timber structure.
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Fig. 1. Change of cracks length

Analysis of the obtained data on the use of protective coatings “Biofa”
(Germany) allows us to state:
- application of a two-layer coating — primer art. 8750 + top coat art. 2043

(samples Ne3 and Ne4) slows down the process of cracking logs by two times,

- application of a three-layer coating — primer art.8750 + azure art.1075 + top coat-
ing art. 2043 (samples No5 and Ne6) slows down the cracking process by three
times.

The humidity decreased slowly for samples coated with oil-wax compounds
(Fig. 3), and no increase was observed due to rain.
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Fig. 3. Change of samples humidity

Even more illustrative is the visual comparison of samples of pine products
after drying under identical conditions, shown in Fig. 4. On the sample with
a three-layer coating with an eco-friendly protective agent, the onset of cracking
can only be detected by microscopic examination.
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Fig. 4. Appearance of samples after drying process for 11 weeks (from left to right:
an untreated sample, a two-layer coated sample, a three-layer coated sample)

4. Conclusions

The performed research allows us to recommend eco-friendly certified materials
from the European manufacturer (“Biofa”, Germany) for wide use in timber
construction.

The research has proven the high efficiency of using the system of oil-wax
coatings offered by Biofa for wood processing to reduce its tendency to cracking.

Applying a two-layer coating slows down the process of wood cracking by
two times, and a three-layer one — at least three times compared to the untreated
samples.

A decrease in the cracking rate means a proven effect of increasing the du-
rability of timber structures and a corresponding reduction in construction cost
and material consumption.
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