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Summary. The technique of experimental researches of timber by axial compression along fibers by
short-term loading for operation in various acid environments (hvdrochloric, acetic and lactic acids) during
displacements increase is developed. The results of researches of the initial elasticitv modulus and the
deformations modulus taking into account the factor of environment aggressiveness are given. It is found that the
effect of acids on wood with different impregnation periods significantly reduces the initial elasticitv modulus and
deformation modulus and depends on the impregnation period.
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Statement of the problem. In recent years, the consumption of timber by various
sectors of the world economy has increased significantly. Timber is used in construction,
shipbuilding, mechanical engineering, bridge construction, timber processing, furniture,
chemical, mining and many other industries. In many cases, it is exposed to aggressive
environments (water, alkaline, acid). It 1s very important to study this effect on the mechanical
properties of hardwood and softwood experimentally and further take into account while
designing parts, materials, products, elements, structures for their operation in such
environments.

Analysis of the available researches. A large number of experimental and theoretical
studies have been devoted to the investigation of the basic mechanical properties of solid
timber, both at standard 12% and at high humidity (more than 12%) [1, 2, 3, 4]. As arule, they
are concerned with strength indicators. Such experimental investigations are performed mainly
on obsolete test machines, which do not allow to establish the true timber operation from the
beginning of loading to complete material destruction.

In recent years, new testing machines have appeared, which make it possible to build
complete diagrams of material deformation under compression, tension, and bending under
different types of loads (in terms of displacement). Under such conditions, timber samples
were tested and valid diagrams of material compression along the fibers at standard
humidity were obtained [5, 6, 7, 8, 9, 10, 11]. We investigated the operation of hardwood
and softwood prisms at different humidity, as well as established the basic mechanical
properties [12, 13, 14, 15].

In the literature we find very limited number of investigations concerning other
aggressive media influence, particularly, acidic and alkaline, on timber behavior. Only in the
works by Hrinkrug N. V. [16], Vanina S. L. [17], Sashina M. A. [18] we find such investigations,
and only those concerning strength indicators.
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Only in paper [16] the definition of the initial modulus of elasticity under the action of
various aggressive media is proposed, but, in our opinion, it is imperfect because it is based
only on certain investigations and is empirical. It is tested only on pine wood tests. Other species
have not been studied.

Therefore, it is still important to investigate the influence of acid environment on the
change of the initial elasticity modulus and the deformation modulus of hardwood and
softwood with various aggressive environment, including pure and acid. And also the
development of the technique which makes it possible to define completely such sizes for
any wood species at various aggressive environments.

Statement of the problem. The objective of this paper is to develop the method for
determining the initial elasticity modulus and deformation modulus of hardwood and
softwood under the influence of various acid environment (hydrochloric, acetic and lactic
acids).

Methods of experimental research. For experimental investigations, the samples were
made in the form of prisms with cross-section of 30x30x120 mm of the 1st grade of solid wood
of different species [19]. Birch and pine wood were selected for natural tests. These tree species
are grown 1in the forests of Volyn region. Their age is about 60 years.

The samples were made according to current standards [20, 21]. After cutting of the
selected trees, their boles were transported to carpentry shops and cut into beams, from which
the samples for investigations were made.

Timber which was tested before impregnation with various liquids had the standard
12% humidity. Timber samples were dried in special drying chambers up to the given
humidity. The timber humidity was controlled using MD-814 moisture meter. Samples were
cut from previously prepared long bars. Impregnation of test samples was performed by the
following acids: hydrochloric (15%), lactic (40%), acetic (9%). Timber was impregnated
naturally without additional stimulation for 7, 14 and 30 days, respectively.

Penetration of liquids into the samples thickness was performed in the vessel in
horizontal position with complete immersion into various solutions. At the same time the access
of each solution to all parties of prisms was provided.

The scope of experimental investigations and samples labeling 1s given in [19].

The total number of tested prisms was 78 pieces.

Experimental investigations were carried out on the servo-hydraulic testing machine
STM-100 with automated control and data recording system [19, 22] under the rigid mode of
application of loads.

The rate of prisms deformation was 1.5 mm / min

Experimental investigations were carried out with single short-term compressive
load along the fibers at 18-20°C temperature. The tests were performed with the control of
the test machine plate displacement. Prisms with cross section 30x30x120 mm +1mm and
without visible defects were tested. If the manufactured samples did not meet these
parameters in size or timber structure, they were rejected.

Research results and their discussion. Based on the carried out experimental
investigations, complete diagrams of deformation «stress ¢ — longitudinal deformation u» of
birch and pine timber from the beginning of loading up to complete destruction under the
influence of various acid environments were constructed [23]. In these diagrams we always
observe two sections: ascending and descending. This indicates that timber operates not only
to the point of maximum stress, but also has a certain residual (supercritical) strength after
passing this point.

30 ... ISSN 2522-4433. Scientific Journal of the TNTU, No I (105), 2022 https.//doi.org/10.33108/visnvk_tntu2022.01



Sviatoslav Homon, Svyatoslav S. Gomon, Oleg Vereshko, Oleksandr Matviiuk

The destruction of the birch timber sample under the action of lactic acid with
impregnation period of 30 days is shown in Fig. 1.

Figure 1. Destruction of the birch timber sample under the action of lactic acid
with impregnation period of 30 days

Carried out experimental-theoretical investigations show that under the nonlinear
«stress-strain» (oggr — tagr) the «deformation-stress modulus» dependence (E'sgr — dagr) under
compression along wood fibers under the action of different acidic environment can be assumed
to be linear in the form of [24].

' O agr Eﬂs*o B Ef:.-:-,a:ﬂg?
Eagr = :Eﬂg'roii'o.agr :Eﬂg?‘o(liif=.3.,--_ﬂg?‘?‘?)’ (1)
Hﬂg?‘ ¢ 0.d.agr
where | _ ¥aa 1s the coefficient of timber plasticity along the fibers, which are determined
Y

u]._d
by statistical processing of experimental data by least squares methods;
u, , are plastic deformations of timber along the fibers under the action of aggressive

environment;
u, , are elastic deformations of timber along the fibers under the action of aggressive

environment;
% 1s the level of stresses in timber under the action of aggressive environment.
J{;‘:U._d._agr

Experimental and statistical investigations of the stress-strain state of birch and pine
timber prisms under the action of acid environments with high reliability confirmed the
existence of linear correlations between the deformation modulus of longitudinal relative
deformations and stress levels (Fig. 2, 3, 4).

n=
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Figure 2. Diagrams «E -n» of birch and pine under the action of hydrochloric acid for the period of
impregnation: a) 7 days; b) 14 days; ¢) 30 days
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Figure 3. Diagrams «& -ij» of birch and pine under the action of acetic acid for the period of
impregnation: a) 7 days; b) 14 days: c¢) 30 days
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Figure 4. Diagrams «E -ij» of birch and pine under the action of lactic acid for the period of impregnation:
a) 7 days: b) 14 days; c) 30 days
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The obtained initial modulus of elasticity of birch and pine timber with different
duration of impregnation of acid environment are given in Table 1.

Table 1

The initial modulus of elasticity of timber under the influence of acid environment

Initial modulus of elasticity E,, MPa
No | Timber species Impregnation, days
Impermeable ‘ 7 ‘ 14 ‘ 30
Hydrochloric acid HCI (15%)

1 Birch 12300 10000 | 9300 | 7400
2 Pine 12900 10600 | 8800 | 8100
Acetic acid CH3COOH (9%)

1 Birch 12300 11500 | 11000 | 9100
2 Pine 12900 10400 | 10200 | 9700
Lactic acid C3H603 (40%)

1 Birch 12300 11700 | 11000 | 8700
2 Pine 12900 11800 | 10500 | 8600

Table 2 shows the change in the initial modulus of elasticity of birch and pine timber
under the action of various aggressive environments in comparison with timber, which is tested
at standard 12% humidity.

Table 2

The degree of reduction of the initial elasticity modulus of timber under the influence
of aggressive environments

The degree of reduction of the initial elasticity modulus,
Timber species Eoaor/ Eo
No -
Impregnation, days
Impermeable \ 7 | 14 | 30

Hydrochloric acid HCI1 (15%)
1 Birch 12300 0.81 0.76 0.60
2 Pine 12900 0.82 0.68 0.63

Acetic acid CH3COOH (9%)
1 Birch 12300 0.94 0.89 0.74
Pine 12900 0.81 0.79 0.75

Lactic acid C3H603 (40%)

1 Birch 12300 0.95 0.89 0.71
2 Pine 12900 0.92 0.82 0.67

Having analyzed the test results, we conclude that the impact of aggressive acid
environment significantly reduces the initial elasticity modulus of hardwood and softwood. In
particular, due to the influence of hydrochloric acid (15%) for 30 days, the initial elasticity
modulus of prisms is reduced to 39.8% compared to the samples tested at standard humidity;
acetic — up to 26.0%; lactic — up to 33.3% (Table 2).

Conclusions. 1. The method of experimental researches of solid birch and pine timber
under the influence of aggressive environment on compression along fibers at short-term
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loading at rigid test mode is developed. 2. Experimental investigations of solid birch and pine
timber under the influence of aggressive environment on compression along the fibers under
short-term load at rigid test mode are carried out. 3. New experimental data about the change
of initial elasticity modulus and deformation modulus of birch and pine timber under the
influence of aggressive environment (hydrochloric, acetic and lactic acids) are obtained.

4. Tt 1s determined that the initial elasticity modulus of birch and pine timber decreases

depending on the period of impregnation by various aggressive acid media.

5. It 1s found that the initial elasticity modulus of the investigated timber species for

30 days of impregnation with different types of aggressive environment has decreased:

- from hydrochloric acid (15%) — for birch timber by 39.8%, pine — 37.2%;
- from acetic acid (9%) — for birch timber by 26.0%, pine — 24.8%;
- from lactic acid (40%) — for birch timber by 29.3%, pine — 33.3%.
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VIK 539.3

METOJAHUKA BUSHAYEHHS IIOYATKOBOI'O MO YJIA
IIPYKHOCTI TA MOAYJIA JE@OPMAIIIA JTEPEBUHMU I/
BIIVJIMBOM KHCJIOTHOI'O CEPEJTOBHIIIA

Cearocaas I'omon'; Cesrocaas Ct. 'omon'; Oser Bepemko?;
Ouekcanap Marsirok!

'Hayionanvhuil ynisepcumem 600H020 20cnodapcmea ma
npupoooxopucmyearts, Piene, Ykpaina
2JIyyvkuil HayioHanbHutl mexuiuHuil yHieepcumem, JIyyok, Yipaina

Pe3stome. IIpogedero demanvHull aHaniz podomu cyyitbHoi OepeguHl TUCIMAHUX A XEONHUX Nopio 3a
M’AKO20 MA HCOPCMKO20 PEHCUMY HABAHMANCEHL GIIMYUIHAHUMU MA 3AKOPOOHHUMU 84EHUMU AK 30 CINAHOAPMHOT
gonozocmi, mak i 3a nideuwyeroi. Ipoananizoearo Jimepamypy 3a poGomu OepeeuHl € PI3HUX d2PecUeHUX
cepeodoguiyax. BcimanoeneHo, o 8 Iimepamyprux 0xcepenax HagooaAmsca MLTbKU NOKASHUKU MIYyHOCTI OepeguHll
110 OI€r0 PISHUX KUCTOMHUX A IVHCHUX cepedoeuilly. BiocymHI iHWIT MEXAHTYHI Xapaxmepucmuxu, e momy 4ucii
no4amxoeuii MoOVie NPVICHOCMI ma Moovis Oegopmayiii. Po3podieHo Memoouxy excnepuMeHmanbHUX
docnioxceHs OepegutI TUCIMAHUX NOPIO (Bepe3u) ma XeoliHux NOPio (COCHU) 0CbOBUM CMUCKOM V300834 GOTOKOH
KOPOMKOYACHUM HABAHMANCEHHAM 3¢ POOOINU € PI3HUX KUCTOMHUX cepedoeuax (CoaHil, oymogiti ma Mono4Hill
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KucIomax) 3a npupocmom nepemiijers. Ipogedero excnepuMeHManbti 00CTiONCeHHS CYYinbHOT Oepeeltu bepesi
ma cocHu Nio entieoM PISHUX azpecteHux KUCTOMHUX cepedosully Ha CIUCK V30084C @0IOKOH 3d KOPOMKOYACHO20
HABAHMNANCEHHA 30 HCOPCIMKO20 PedcuMy eunpodveans. OMpUMAHO HOgi eKcnepuMeHManbHi 0ani npo 3MiHy
HNO4aAmMK08020 MOOY.IA NPYHCHOCH Ina Mo0V1Aa deghopmayili OepegiiHi Gepe3t Ma COCHU Ni0 eNUEOM AZPeCclEHO20
cepedoeulja (conanol, oymoeoi ma Mono4HoOI Kuciom) 3a pisHO20 MepMiHy npocodenHA. Bcmaroenewo, ujo
NOYAMKOEUTI MOOVIIb NPYHCHOCTNT OepeglHll Oepe3ll Md COCHU 3MEHULVIOMBbCA 3ANeHCHO 10 MepMiHY NPOCOYeHHA
DI3HUMU  a2pecugHUMU KUCIOMHUMU cepedoeuiyami. Buaeneno, wjo nodamxoeuti MooOVIb NPVHCHOCHI
oocnioxcyvearux nopio oepesui 3a 30 OHie NpocovenHA PISHUMU @UOAMU AZPECUBHO20 CEPEOOBUNA SMEHULLIACD:

- gi0 conanoi Kuciomu (15%) — ona Oepeeuru 6epesu Ha 39,8%, cocHu — 37,2%;

- gi0 oymoeoi kucromu (9%) — ons 0epeeuru bepesu Ha 26,0%, cocrHiu — 24,8%;

- gi0 monoyHol Kuciomu (40%) — ona oepesunu Gepesu Ha 29,3%, cocHu — 33,3%.

Knawuoei cneea: oOepeeura, azpecueHe cepedosulije, pieeHv HANPVIHCEHb, NPVIHCHI Ma NAACMUYHI
dechopmayii, nouamxoguli MoOOVIIb NPVHCHOCINE, MOOVIL Oeghopmayiil.
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