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UNIVERSAL METHOD FOR DETERMINING THE MODULES OF
DEFORMATION OF SOLID WOOD AND COMPOSITE MATERIALS
BASED ON IT

A detailed analysis of publications on the wood work under conditions
of compression along the fibers is carried out. The paper describes a
technique for experimental studies of solid, glued and modified
hardwood and coniferous wood of the first grade for compression
along the fibers. The composite material «Silor» was adopted as a
modifier. The modification was carried out in two ways: surface and
deep. Experimental studies were carried out in two series with
different sample sizes. Designs of prototypes are given and test
facilities are described. The time of impregnation of the polymer
composition into the wood body, at which the sample gains maximum
strength, is determined. A universal method for determining the
secant modulus of deformations of solid, glued and modified wood of
different species is presented. Experimental and statistical studies of
the stress-strain state of prisms made of solid, glued and modified
wood of structural dimensions with high reliability confirmed the
presence of linear correlation dependences between the secant
modulus of longitudinal relative deformations and the stress level.
The linearity of the dependences is confirmed by a good degree of
correspondence between the correlation and experimental values of
deformations: the absolute value of the correlation coefficient r is
close to unity, its reliability r / mr is always greater than four. When
constructing the dependence, research points were taken in the
voltage range n = (0.2...0.8) according to the recommendations.
Diagrams (secant modulus - stress level) were constructed for solid,
glued and modified wood impregnated with the «Silor» composite for
short-term compression along the fibers. It was found that with an
increase in the stress level n, the secant modulus of the modified
wood gradually decreases. In the future, it is necessary to carry out
tests of glued wood for deep modification with «Silor».

Keywords: wood; glued and modified wood; deformation modulus,
initial modulus of elasticity; «Silor»; diagram.
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Problem statement. The organic origin of wood is the main
difference from artificial composites. The combination of organic
composites with artificial ones in some cases leads to an improvement
in physical and mechanical properties, such as an increase in strength,
a decrease in deformability, and prevents biological degradation.

The use of glued and modified wood in different spheres of the
national economy is justified by high technical and technological
indicators of its properties as a structural material. Due to the
dispersion and removal of defects of solid wood in the volume of the
layered macrostructure of glued wood, its quality is improved and
strength is increased. With the spread of the use of glued wood in
construction, there is a need for one reason or another to strengthen the
structural elements. Today, there are various methods of reinforcing,
some of which involve changing the design scheme, and others - the
unloading of structures. Reinforcing, due to the improvement of physical
and mechanical properties, the efficiency of which we study, involves
the impregnation of wood with a polymer composition «Silor» [1-3],
both solid and glued wood.

Analysis of recent research and publications. Experimental and
theoretical studies of solid and glued wood are found in works [4-7].

A large number of scientists have dealt with the problems of wood
modification, the methods used for its modification [8; 9.

We have investigated the main strength and deformation
parameters of solid and glued wood of various coniferous and
deciduous species [10-12]. In our last works [13; 14], the strength and
deformation parameters of glued wood modified by «Silor» were also
investigated. But at the same time, the secant modulus of deformations
was only partially determined at different times of impregnation with a
polymer composition of solid and glued wood.

Task statement. To establish the effect of the duration of
impregnation of solid wood with polymer composition «Silor» on the
secant modulus of deformation of modified solid wood. To determine
the initial modulus of elasticity of the obtained solid and glued wood,
composite materials.

Methods of experimental research. Also, a series of samples of 1
grade of solid wood of structural sizes of different species in the form of
prisms with a cross section of 30x30x120 mm was made. The following
species of wood were tested: coniferous species — larch, pine, spruce;
deciduous - birch, alder, ash. The trees from which the samples were
made were grown, in particular, pine, spruce — in the forests of the
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Rivne region; birch, alder, ash - in the forests of the Volyn region; larch
—in the forests of Ivano-Frankivsk region.

The wood that was tested had a standard humidity of 12%. The age
of the wood is 60 years. Wood blanks were dried in special drying
chambers to a humidity of 12%. Humidity was monitored using a MD-
814 hygrometer. Samples were cut from pre-prepared long bars. For
each breed of wood 6 samples were made.

Impregnation of the prototypes with the polymer composition
"Silor" was performed in two ways: naturally without additional
stimulation (surface modification) and by autoclave (deep modification).

During the surface modification, the wood prisms were immersed
in a vessel with a polymer composition for 720 min [13; 14].

The properties of the polymer composition are given in [13; 14].

With deep modification, the samples were placed in an autoclave
for 2 hours at a pressure of 2.5 atm. The prisms were then dried for
12 hours.

Experimental studies were performed on a servo-hydraulic test
machine STM-100 with an automated control and data recording system
[10; 11; 12].

All samples were tested at a single short-term compression
longitudinally to the fibers and at an ambient temperature of 20° C.
Experimental studies were carried out in a rigid test mode with control
of the increment in displacement of the test machine plate.

Presentation of the main material and test results. After
processing the obtained experimental data, graphs of the relative
deformation of solid and modified wood along the fibers as a function of
stresses were constructed [10; 11; 12].

Experimental-theoretical studies have shown that the nonlinear
stress-strain dependence (o - u) dependence of the secant strain-stress
modulus (Ej-o) under compression along the fibers of solid, glued and
modified wood can be assumed to be linear with great reliability in next
form

E,-E
E'=2=Eo iﬂ-a=Eo(liﬂmdn), (1)
u fc,O,d e
where ) _"pd — the coefficient of plasticity of wood along the
i,0,d
o Upg

fibers; under o =f,,, which are determined by processing
experimental data by statistical methods of least squares difference;
Uyy = plastic deformations of the solid, glued, modified wood along
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fibers; u, ,— elastic deformations of the solid, glued, modified wood

along the fibers;
_ 0 - stress level in wood.
Seoad

The linearity of the dependences g -5 is confirmed by a good
degree of correspondence between the correlation and experimental
values of the deformations. When constructing the dependence g' — 5,

]7:

research points were taken in the stress range 7 = (0.2...0.8) according
to the recommendations [15].

Diagrams E —1n (secant modulus - stress level) wood during

short-term compression along fibers of different impregnation times
are shown on fig. 1, 2, on fig. 3, 4 — for glued solid wood of different
species, and on fig. 5, 6, 7, 8 — for modified solid wood of deciduous and
coniferous species in accordance with surface and deep modification.

E*¥102, MPa
13
16 ——
14 -
12 V—V—————

e —— SR
10 - | — 8 —
[

3
0 * Birch
4 mAlder ——
2 Ash ——
I

0 02 04 0.6 0.8 1N

Fig. 1. Diagrams E - n (cross modulus - stress level) of hardwood under
uniaxial compression along the fibers
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Fig. 2. Diagrams E - n (cross modulus - stress level) of solidwood under
uniaxial compression along the fibers
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Fig. 3. Diagrams E - n (cross modulus - stress level) of glued hardwood under
uniaxial compression along the fibers
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Fig. 4. Diagrams E - n (cross modulus - stress level) of glued softwood under
uniaxial compression along the fibers
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Fig. 5. Diagrams E - n (cross modulus - stress level) of the modified "Silor" of
hardwood under uniaxial compression along the fibers (surface modification)
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Fig. 6. Diagrams E - n (cross modulus - stress level) of the modified "Silor" of
solidwood under uniaxial compression along the fibers (surface modification)
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Fig. 7. Diagrams E - n (cross modulus - stress level) of the modified "Silor" of
hardwood under uniaxial compression along the fibers (deep modification)
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Fig. 8. Diagrams E - n (cross modulus - stress level) of the modified "Silor" of
solidwood under uniaxial compression along the fibers (deep modification)

Conclusions

1. On the basis of the experimental and theoretical studies, new
data were obtained on the change in the value of the elastic modulus of
the solid and glued wood, of the modified "Silor" of the solid wood under
load.

2. It was found that with an increase in the level of stresses n, the
value of the secant modulus of the modified wood gradually decreases.

3. It is necessary to continue researching the physical and
mechanical characteristics of modified wood with various methods of
introducing the "Silor" composite into wood.
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FomoH C. C., K.T.H., poueHT, Mininaka J1. M., K.T.H., AOLEHT
(HauioHanbHWi yHiBEPCUTET BOAHOIO rocnogapcTea Ta
NPUPOAOKOPMCTYBaHHS, M. PiBHe)

YHIBEPCAJIbHUMA METO/, 3 BUSHAYEHHS MOAYJ1IB AE®OPMALIN
CYUIJSIbHOI AEPEBUHU TA KOMMNO3ULIIMHUX MATEPIANIB HA I
OCHOBI

MpoBepeHo gaetanbHMWA aHani3 ny6nikauin wono po6oTn aepeBMHMU B
yMOBaX CTUCKY B3A0BX BOJIOKOH. HaBeaeHO MeTOAUKY eKCnepuMeHTa-
NbHUX AOCAIMAKEHb Pi3HMX NOpiA AePEeBMHMU Ta KOMMNO3ULUINHUX MaTepi-
aniB Ha 1l OCHOBI Ha CTUCK B3Q0BX BOJIOKOH 32 M'SIKOIO Ta XOPCTKOro
pexxumy BunpobyBaHb. KoMno3uuinHum matepian cunop BUKOPUCTaAHO
aKk mogudikaTtop. HaBeaeHo yHiBepcanbHMM MeTOA4 3 BU3HA4YEHHS Ciy-
Horo Moaynsa aedpopmMauiin cyuinbHoI, KneeHoi Ta MoandikoBaHoI aepe-
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BMHU. EKCnepMMeHTanbHO-CTaTUCTUYHI AOCAIAXKEeHHA 3 BUCOKOK AOC-
TOBIPHICTIO NOKa3anu HaABHICTb NIHIMHMX KOpPensuWinHMX 3aNeXXHoCTen
MiXK CiyHUM MopyneM aedopMauiin Ta piBHEM HaMNPYXKeHb.

KniouoBi cnoBa: pepeBuUHa; KneeHa Ta mogudikoBaHa pAepeBUHA; MO-
Aynb aedpopMalin; NOYaTKOBUA MOAYNb NPYXKHOCTI; cUNOp; Aiarpama.

FoMmoH C. C., K.T.H., poueHT, NMununaka J1. M,, K.T.H., AOLUEHT
(HaunoHanbHbIM YHUBEPCUTET BOOHOMO X03ANCTBA U
npUpoaonosib30BaHus, r. PoBHO)

YHUBEPCAJIbHbIX METO/, ONPEAEJIEHUA MOAYNIEU OEDOPMALIUNA
CMJIOLLIHOW APEBECUHbI U KOMMO3ULIMOHHbIX MATEPUAJIOB HA
EE OCHOBE

MpoBepeH AetanbHbi aHanu3 nyb6nukauuMm o pabote ApeBeCUHbl B
YCNOBMAX CXKaTuUA BAOJIb BOJIOKOH. OnucaHa MeToaMKa 3KCNepuMeHTa-
NbHbIX UCCNEeAoBaHUNA pasHbiX NOpoa APeBeCUHbl U KOMMO3ULMUOHHbIX
MaTepuasioB Ha ee OCHOBE Ha C)XXaTue BAOJIb BOJIOKOH NMPU MSArKOM U
KECTKOM pexxuMmax 3arpyxeHus. lNpuBeaeH yHuMBepcanbHbIA MeTop
onpepeneHns cekywero moaynsa aedopMauvii CNJIOLLHOWN, K/IeeHOM M
MoAMPULUPOBAHHOW ApPEBEeCUHbl PasHbiX NOpoA. IKCNepuMeHTasNlbHO-
CTaTUCTUYECKUE UCCNeAo0BaHUA C BbICOKOW AOCTOBEPHOCTbIO NoATBep-
AWMU HaJM4Me JIMHEeMHbIX KOPPensLMOHHbIX 3aBUCUMOCTEN MeXXAy ce-
KywuMu Mmoaynem aedpopMaumin 1 ypoBHEM HanpsHXKeHUN.

KnroueBble cnoBa: aopeBecuHa; KneeHas u MmoauduuMpoBaHHaA apese-
CUHa; Moaynb AedopMauMi; HayanbHbI MOAYNb YNPYrocTu; CUNOp;
Amarpamma.
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