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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 KhrulevV. 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 VVolyn 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°C. After the allotted impregnation time, the prisms were removed and dried at
temperature 18-21°C 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 epy 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 20°C. 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

Corgglfylnelzts of Polyisocyanate Tr;)ﬂ:)'sgﬁgizw Ethyl acetate
composition O-C-HO -CH2O-N=C=0 | (Aol b | CeHsO2
Weight fraction
of isocyanate 30,2-32,0 36,3-37,5 32,0-36,0
groups,%
Density
(at t=25°C), g/cm? 1,22-1,25 1,42-1,43 0,9
Viscosity
(at t=25°C), 150-250 0.45 90-160
MPa - s
General view Brown liquid Brown liquid Tralrilaﬁ?gent
General View _after Film with smooth glossy surface with yellowish tinge
polymerization
Recommended
application e
temperature for 18-21°C
surface modification

Investigation results and their discussion. On the basis of the carried out experimental
investigations complete deformation diagrams «stress ¢ — 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-strainy (o — U) the dependence «secant modulus of strains — stress» (E' — o) under
compression along the modified timber fibers can be assumed with great reliability as
linear [21]

o Eo_EfOd
g+ " ooE @tA, 1) 1)
u c,0,d

fc,O,d
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u
where A . PLYis the coefficient of timber plasticity along the fibers at o = fc,O,d ,

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

u pl,d are plastic deformations of modified timber along the fibers;

U, ¢ are elastic deformations of the modified timber along the;

n= 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
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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).
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Figure 3. Diagrams «E-n» (secant module — stresses level) for different timber species impregnated with
«SILOR» at surface modification: a) deciduous; b) coniferous
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Figure 4. Diagrams «E-n» (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).
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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)
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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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JEPEBUHA 3 ITIOJINNITEHUMHA MINHICHUMMHA TA
AE®POPMIBHUMMU BJJACTUBOCTAMMU

Ierpo Acniiil; Cearocaas I'omon?

L Tepnoninvcokuii nayionanvruii mexuiunuii ynisepcumem imeni lsana Ilynios,
Tepnonins, Ykpaina
2Hayionanvnutl yHisepcumenm 600H020 20Cn00apcmead ma
npupoooxopucmyeansi, Piene, Ykpaina

Pe3tome. [Ipogedeno oemanvhull ananiz podomu cyyinbHoi ma KieeHoi Moougikoganoi depesunu 3a
MAKO20 pexcumy HABAHMANCEHb  GIMUUSHAHUMU MA 3AKOPOOHHUMU eyeHumu. Hasedeno memoouky
eKCNepUMEHMATbHUX 00CTI0MHCeHb CYYLIbHOT OepeuHl TUCMAHUX (Oepe3u, 8IIbXuU, sCeHa) ma X80UHUX (MOOPUHU,
COCHU, SIUHU) NOPIO MOOUDIKOBAHUX CUNOPOM 3G NOBEPXHEBGOI MA 2NIUOUHHOT 0OPOOKU 3a HCOPCIMKO20 PeXCUM)
sunpobysanv. Haeedeno ocHosHI e1acmugocmi KOMRO3UYIUHO20 mamepiany «cuiopy. 3a pe3yiemamamu
EKCNePUMEHMANbHUX 00CHI0dCceHb N0OYO08aAHO NOGHI Jiazpamu 0eQOopMYSaHHS 3a OOHOBICHO20 CMUCKYBAHHSL
PDI3HUX NOPIO MOOUDIKOBAHOI CUNOPOM OepeuHu 3a NOGepXHe8oi ma enubuHHOi Mooughikayii Ha cyvacHiu
sunpooysanvhiu mawuni CTM-100. Busgneno, wo 3a scopcmrozo pesicumy eunpooysans 0iacpamu «o-u» 3a8xicou
maroms 08I OLAHKU — BUCXIOHY ma CnaoHy. EKcnepumMenmanrbHo OmpUMaHo 3HAYeHHs Kpumuyrux degopmayitl
MOOuixoeanoi «curopomy Oepesunu Oepesu, GiIbXU, 5CEHA, MOOPUHU, COCHU, SIUHU 3d BION0GIOH020
MAKCUMATLHO20 HANPYJiCeHHs. ExcnepumenmanbHo-cmamucmuidHum Memooom 6CMAHOBIEHO NOYAMKO8L MOOYL
npyAcHOCi MOOupixosanoi depesunu ma ciyni Mooy degpopmayiii danux nopio. Hagedeno ounamixy 3minu
OCHOBHUX MIYHICHUX mMa O0epOpMI6HUX NAPAMEMpPI8 NUCAHUX MA XEOUHUX NOPIO0 OepedUHU MOOUGDIKOBAHUX
CUTIOPOM 3a NOBEpXHe8oi ma 2aubunnoi oopodxu. Bemanoeneno, wo mooughikayis oepesunu « CHIIOPOMy
cnpusie cymmegomy 30inbuienHro it MiyHocmi O JUCWISAHUX MA XGOUHUX NOPIO Y NOPIGHAHHI 3 CYYLIbHOK
Oepesunoio cmanoapmuoi eonoeocmi. Ilpu yvomy OegopmisHicmv IUCMAHUX MA XGOUHUX NOPIO 3HAYUHO
SMEHULYEMbCA, d NOYAMKOBUL MOOYIb NPYICHOCHI npu Moougikayii nomimuo 3pocmac. Taxooic nomiveno, uo
2UOUHHA MOOUPIKaYis OepeduHU € eqheKMUBHIULOIO 8 NOPIGHAHHI 3 NOBEPXHEBOI0 3d OCHOGHUMU MIYHICHUMU MA
0ehOPMIBHUMU NOKAZHUKAMU, A MAKOIIC CAPUSLE SMEHULEHHIO YACY NPOCOYEHHS. NOIMEPHOT KOMNO3UYIT «CUIOPY» Y
mino depesuHu ma meepoiHHIO Camo20 KOMNOUYIUHO20 Mamepiany.

Kniwouosi cnoea: cyyinena Oepeguna, cunop, Kpumuuni Oepopmayii, MAKCUMANbHI HANPYIICEHMHS,
NOYAMKOBUL MOOYIb NPYICHOCHI, CIYHULL MOOYIb Oehopmayill, nosna diacpama 0eghropmyB8aHHsL.
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