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Summary. The technique of experimental researches of solid timber modified by «SILOR» by surface and 

deep processing is given. Complete diagrams of deformation of unixial compression of deciduous and coniferous 

species of solid timber modified with «SILOR» under by surface and depth modification on modern test machine 

STM-100 are constructed. The initial module of elasticity and the secant module of deformation for such elements 

are determined. The influence of «SILOR» on the main strength and deformable properties of different timber 

species (maximum stresses, ultimate deformations, initial modulus of elasticity, secant module of deformation) is 

analyzed, the dynamics of their change is shown. 
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Statement of the problem. Timber consumption is growing from year to year. There is 

less and less quality deciduous and coniferous timber used in various sectors of the economy, 

and the reasonable way out in this situation is the waste-free use of raw materials, improvement 

of the products quality due to modern modification technologies. 

Undoubtedly, solid and glued timber is the material which potential has not been 

completely investigated. Modified timber has even more promising characteristics of use due 

to the greater strength provided by the appropriate environmental manufacturing technology. 

This makes it possible to expand the use of timber and composite materials based on it 

in such industries as industrial, civil, hydraulic, mining, shipbuilding, mechanical engineering 

and others [1, 2, 3]. 

With the growth of prices for energy-consuming constructional materials, the invention 

and use of new chemical modification means, make it possible for structures, elements and 

materials based on timber to compete in practical use with similar ones based on concrete and 

metal. However, the physical and mechanical properties of both solid and glued, and modified 

deciduous and coniferous timser require further investigations. 

Analysis of available investigations. Are the papers by Khrulev V. M. [4], 

Ivanov Yu. M. [5], Mashkin N, A. [6], Shamaiev V. A. [7], Sashyn M, A. [8] and others are 

devoted to the experimental and theoretical investigations of modified timber. 

As a rule, such investigations were carried out under the mild test mode and dealt with 

the changes in strength under the influence of various operational factors (acids, alkalis, etc.). 

The effect of modification on the deformable parameters became secondary one. 

Our own papers [9, 10] deal with the investigation of strength and deformable 

parameters of glued pine wood modified by silor (surface modification) under mild test mode. 

The duration of the process this polymer composition penetration into the wood of is determined 

as well [11]. 
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The strength and deformable characteristics of solid unmodified birch, alder, ash, larch, 

pine, spruce fur timber under hard load mode [12, 13, 14, 15] were investigated, complete 

diagrams of solid timber deformation were constructed. The main parameters such as ultimate 

and boundary deformations, maximum stresses, initial modulus of elasticity and secant modulus 

of deformations [12, 13, 14, 15] are determined:. 

It is important to investigate the influence of surface and depth modification on the 

strength and deformable characteristics of deciduous and coniferous wood under hard test 

mode. 

Statement of the problem. The objective of this paper is the experimental investigation 

of the influence of silor modification on the main strength and deformable properties of solid 

deciduous (birch, alder, ash) and coniferous (larch, pine, spruce) timber species on compression 

along the fibers under the hard test mode. 

Methods of experimental investigations. In order to solve the stated problems, a series 

of samples of grade 1 of solid timber from different species with structural sizes in the form of 

prisms with 30x30x120 mm cross section were made (Fig. 1). These prism sizes make it 

possible to take into account timber micro- and macrostructure and ensure the absence of 

friction influence between the test machine plate and the sample end face. The following timber 

species were tested: coniferous species – larch, pine, spruce; deciduous – birch, alder, ash. The 

trees from which the samples were made of, particularly, pine, spruce were grown in the forests 

located in Rivne region; birch, alder, ash – in the forests of Volyn region; larch – in the forests 

of Ivano-Frankivsk region. 

The tested timber possessed the standard 12% humidity. The timber age was 60 years. 

Timber blanks were dried in special drying chambers up to 12% humidity. The timber humidity 

was monitored by means of moisture meter MD-814. Samples were cut from ready-made long 

bars. 6 samples were made for each timber species. 

Impregnation of the test samples with polymer composition «SILOR» was carried out 

in two ways: naturally without additional stimulation (surface modification) and by means of 

autoclave (depth modification). 

Under surface modification, the timber prisms were immersed into the vessel with 

polymer composition for 720 min [9, 10, 11]. Penetration of «SILOR» polymer composition 

into the samples depth was performed naturally, without additional stimulation, in the vessel in 

horizontal position with complete immersion into the polymer solution. This provided access 

of the polymer composition to all prism sides. 

Components mixing was carried out with the ratio 1: 4 (one part is polyisocyanate + 

trichlorethyl phosphate and 4 parts – ethyl acetate). Impregnation was carried out at air 

temperature 19°С. After the allotted impregnation time, the prisms were removed and dried at 

temperature 18–21°С for two days. The properties of polymer composition are given in Table 

1. Detailed dosage and ratio of components are given in the patent and specifications [16, 17]. 

Under depth modification, the samples were placed into autoclave for 2 hours under 

2.5 atm pressure. Then the prisms were dried for 12 hours. 

The resulting solid composite material is environmentally friendly, non-flammable and 

non-toxic. 

Experimental investigations were carried out on servo-hydraulic testing machine STM-

100 with еру automated control and data recording system [18, 19, 20]. The maximum load of 

the testing machine is 10 tons. 

The samples loading was performed and controlled by PC and appropriate software. 

While testing the samples, the motion speed, force and time were recorded. 

All samples were tested under a single short-term longitudinal fibers compression and 

at environment temperature 200С. Experimental investigations were carried out under hard test 

mode controlling the growth of test machine plate movement. The total number of the 
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investigated prisms was 72 pcs. Before testing, the samples were centered on the test machine 

plate. 

 
Table 1 

 

Properties of polymer composition 

 

Components of 

polymer 

composition 

Polyisocyanate 

О=С=Н-    -СН2-    -N=C=O 

Trichloroethyl 

phosphate 

(СІСН2СН2О)3РО 

Ethyl acetate 

С4Н8О2 

Weight fraction 

of isocyanate 

groups,% 

30,2–32,0 36,3–37,5 32,0–36,0 

Density 

(at t=25°С), g/cm3 1,22–1,25 1,42–1,43 0,9 

Viscosity 

(at t=25°С), 

MPa ∙ s 

150–250 0,45 90–160 

General view Brown liquid Brown liquid 
Transparent 

liquid 

General view after 

polymerization 
Film with smooth glossy surface with yellowish tinge 

Recommended 

application 

temperature for 

surface modification 

18–21°С 

 

Investigation results and their discussion. On the basis of the carried out experimental 

investigations complete deformation diagrams «stress σ – longitudinal deformation u» of the 

modified timber of deciduous (birch, alder, ash-tree) and coniferous (larch, pine, spruce) species 

of wood from the beginning of loading and up to complete fracture are constructed. These 

diagrams are constructed by surface (Fig. 1) and depth (Fig. 2) modifications. In these diagrams 

two sections: ascending and descending are always observed. This indicates that the modified 

timber works not only to the point of maximum stress, but also has a certain residual 

(supercritical) strength after passing this point. 

From the obtained diagrams, the average ultimate deformations under the corresponding 

average maximum stresses of all investigated timber species were determined. 

Experimental-theoretical investigations showed that for the nonlinear dependence 

«stress-strain» (σ – u) the dependence «secant modulus of strains – stress» (Е' – σ) under 

compression along the modified timber fibers can be assumed with great reliability as 

linear [21] 
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where 

dl,

,

,0, u

u dpl

f dс
  is the coefficient of timber plasticity along the fibers at dcf ,0, , 

determined by statistical processing of experimental data by the least squares methods; 

dplu ,  are plastic deformations of modified timber along the fibers;  

dlu ,  are elastic deformations of the modified timber along the;  

dcf ,0,


   is stresses level in timber. 
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Figure 1. Complete diagrams of deformation of different timber species impregnated with «SILOR» at 

surface modification: a) deciduous; b) coniferous 

 
 

Figure 2. Complete diagrams of deformation of coniferous timber impregnated with «SILOR» 

at depth modification 

 

Experimental-statistical investigations of the stress-strain state of deciduous and 

coniferous prisms of structural dimensions impregnated with SILOR at surface and depth 

modification confirmed with high reliability the presence of linear correlations between secant 

modulus of relative longitudinal deformations and stresses level (Fig. 3, 4). 

 

 
 

а 

  



Timber with improved strength and deformable properties 

 

22 …………. ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (99), 2020 https://doi.org/10.33108/visnyk_tntu2020.03 

 
 

b 

 

Figure 3. Diagrams «E-η» (secant module – stresses level) for different timber species impregnated with 

«SILOR» at surface modification: a) deciduous; b) coniferous 
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b 
 

Figure 4. Diagrams «E-η» (secant module – stresses level) for different timber species impregnated with 

«SILOR» depth modification a) deciduous; b) coniferous 

 

Having analyzed the tests results, we conclude that the modification of timber by 

«SILOR» contributes to significant increase in its strength for deciduous and coniferous species 

(Fig. 5) in comparison with solid wood of standard humidity. The deformability of deciduous 

and coniferous species decreases significantly (Fig. 6), and the initial modulus of elasticity 

considerably increases during modification (Fig. 7). 
 

 
 

Figure 5. Dynamics of changes in the strength of deciduous and coniferous timber species f timber 

(Timber – solid timber at standard humidity 12%; ST – surface modified timber, 

DT – depth modified timber) 
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Figure 6. Dynamics of change of ultimate deformations of deciduous and coniferous timber species 

(Timber – solid timber at standard humidity 12%; ST – surface modified timber, 

DT – depth modified timber) 

 

 
 

Figure 7. Dynamics of change of the initial elasticity modulus of deciduous and coniferous timber species 

(Timber – solid timber at standard humidity 12%; ST – surface modified timber, 

DT – depth modified timber) 

 

Conclusions 

1. The influence of surface and depth modification by «SILOR» on complete diagrams 

of deformation under uniaxial compression of different timber species is investigated. 

2. The values of ultimate deformations of «SILOR»-modified timber of birch, alder, 

ash, larch, pine, spruce species under the corresponding maximum stress are obtained 

experimentally. 
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3. The initial elasticity modulus of the modified timber and the secant deformation 

modulus are determined by experimental-statistical method. 

4. It is defined that modification by «SILOR» contributes to the significant increase in 

the strength of deciduous and coniferous timber in comparison with solid wood of standard 

humidity. The deformability characteristics of deciduous and coniferous species are 

significantly reduced, and the initial elasticity modulus considerably increases. 
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Резюме. Проведено детальний аналіз роботи суцільної та клеєної модифікованої деревини за 

м’якого режиму навантажень вітчизняними та закордонними вченими. Наведено методику 

експериментальних досліджень суцільної деревини листяних (берези, вільхи, ясена) та хвойних (модрини, 

сосни, ялини) порід модифікованих силором за поверхневої та глибинної обробки за жорсткого режиму 

випробувань. Наведено основні властивості композиційного матеріалу «силор». За результатами 

експериментальних досліджень побудовано повні діаграми деформування за одновісного стискування 

різних порід модифікованої силором деревини за поверхневої та глибинної модифікації на сучасній 

випробувальній машині СТМ-100. Виявлено, що за жорсткого режиму випробувань діаграми «σ-u» завжди 

мають дві ділянки – висхідну та спадну. Експериментально отримано значення критичних деформацій 

модифікованої «силором» деревини берези, вільхи, ясена, модрини, сосни, ялини за відповідного 

максимального напруження. Експериментально-статистичним методом встановлено початкові модулі 

пружності модифікованої деревини та січні модулі деформацій даних порід. Наведено динаміку зміни 

основних міцнісних та деформівних параметрів листяних та хвойних порід деревини модифікованих 

силором за поверхневої та глибинної обробки. Встановлено, що модифікація деревини «СИЛОРОМ» 

сприяє суттєвому збільшенню її міцності для листяних та хвойних порід у порівнянні з суцільною 

деревиною стандартної вологості. При цьому деформівність листяних та хвойних порід значно 

зменшується, а початковий модуль пружності при модифікації помітно зростає. Також помічено, що 

глибинна модифікація деревини є ефективнішою в порівнянні з поверхневою за основними міцнісними та 

деформівними показниками, а також сприяє зменшенню часу просочення полімерної композиції «силор» у 

тіло деревини та твердінню самого композиційного матеріалу. 

Ключові слова: суцільна деревина, силор, критичні деформації, максимальні напруження, 

початковий модуль пружності, січний модуль деформацій, повна діаграма деформування. 
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