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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 (hydrochloric, acetic and lactic acids) during 

displacements increase is developed. The results of researches of the initial elasticity 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 elasticity 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 is 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 a rule, 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. I. [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 in 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 is 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 18–200С temperature. The tests were performed with the control of 

the test machine plate displacement. Prisms with cross section 30х30х120 mm mm1  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 σ – 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. 
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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» (σagr – uagr) the «deformation-stress modulus» dependence (Е'agr – σagr) under 

compression along wood fibers under the action of different acidic environment can be assumed 

to be linear in the form of [24]. 
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 is the level of stresses in timber under the action of aggressive environment. 

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). 
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Figure 2. Diagrams «Е’-η» of birch and pine under the action of hydrochloric acid for the period of 

impregnation: a) 7 days; b) 14 days; c) 30 days 
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Figure 3. Diagrams «Е’-η» 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 «Е’-η» 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 

 

No Timber species 

Initial modulus of elasticity Еo, MPa 

Impregnation, days 

Impermeable 7 14 30 

Hydrochloric acid HCl (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 C3H6O3 (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 

 

No 
Timber species 

 

The degree of reduction of the initial elasticity modulus, 

Еo,agr / Еo 

Impregnation, days 

Impermeable 7 14 30 

Hydrochloric acid HCl (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 

2 Pine 12900 0.81 0.79 0.75 

Lactic acid C3H6O3 (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. It is 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 is 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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Резюме. Проведено детальний аналіз роботи суцільної деревини листяних та хвойних порід за 

м’якого та жорсткого режиму навантажень вітчизняними та закордонними вченими як за стандартної 

вологості, так і за підвищеної. Проаналізовано літературу за роботи деревини в різних агресивних 

середовищах. Встановлено, що в літературних джерелах наводяться тільки показники міцності деревини 

під дією різних кислотних та лужних середовищ. Відсутні інші механічні характеристики, в тому числі 

початковий модуль пружності та модуль деформацій. Розроблено методику експериментальних 

досліджень деревини листяних порід (берези) та хвойних порід (сосни) осьовим стиском уздовж волокон 

короткочасним навантаженням за роботи в різних кислотних середовищах (соляній, оцтовій та молочній 
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кислотах) за приростом переміщень. Проведено експериментальні дослідження суцільної деревини берези 

та сосни під впливом різних агресивних кислотних середовищ на стиск уздовж волокон за короткочасного 

навантаження за жорсткого режиму випробувань. Отримано нові експериментальні дані про зміну 

початкового модуля пружності та модуля деформацій деревини берези та сосни під впливом агресивного 

середовища (соляної, оцтової та молочної кислот) за різного терміну просочення. Встановлено, що 

початковий модуль пружності деревини берези та сосни зменшуються залежно від терміну просочення 

різними агресивними кислотними середовищами. Виявлено, що початковий модуль пружності 

досліджуваних порід деревини за 30 днів просочення різними видами агресивного середовища зменшилась:  

- від соляної кислоти (15%) – для деревини берези на 39,8%, сосни – 37,2%; 

- від оцтової кислоти (9%) – для деревини берези на 26,0%, сосни – 24,8%; 

- від молочної кислоти (40%) – для деревини берези на 29,3%, сосни – 33,3%. 

Ключові слова: деревина, агресивне середовище, рівень напружень, пружні та пластичні 

деформації, початковий модуль пружності, модуль деформацій. 
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