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V]IK 674 IlIpog. O.A. Kiiiko, 0-p mexn. nayk — HJITY Ykpainu;
Yee Kic, 0-p ¢pinocogii — MIIi/], Himeuuuna

PecypcoedeKTHBHICTH BUKOPHCTAHHSA CHPOBHHU Y 1epeB000POOHIi MPOMUCIOBO-
cti CxigHoi €Bponu: BUKJIUKH i MOMJIHUBOCTI /ISl CTAJIOI0 PO3BUTKY

[IpencraBiaeHo pe3yabTaTu JOCTIIKEHb, SIKI IPOBEICHHI JUIs J1ICOBOTO cekTopa. JlocmiKeHHs
0a3yeThbcs Ha MOPIBHSHHI JIICOBUX CEKTOPIB TphOX Kpain CxigHoro maptHepcTBa (Ykpaina, Monmosa i
['py3is) 1 nicoBoro cekropy Ilonpmi. Y mporeci qocnipkeHHs 0yino BU3HAYEHO 1 MPOaHaIi30BaHO OC-
HOBHI €KOHOMIYHI MTOKa3HUKHU JIICOBUX CEKTOPIB Ta JIICOBUX PECYPCIB IS 3TaJIaHUX BUIIE KpaiH, MPO-
aHaJIi30BaHO BHECOK IMX JicoBUX cekTopiB y BBII kpainu. B pesynbrari Oyau BU3HA4€HI HACTYIHI
MpoOJEMHU CTAJIOTO PO3BUTKY LISl JIepeBO0OpoOHOI mpomucioBocti y CxigHiit €Bpomi: eKOHOMIYHA
MiIlb JicoBOro cektopa B CximHiii €Bpormi 3MmimeHa B OiK JICOBOTO TOCIOAAPCTBA; JICOBI CEKTOPHU B
kpaiHax CxizHO1 €Bponu BIAPIZHAIOTHCS Ay’Ke HU3bKOIO MPOJYKTUBHICTIO; 1y’K€ MaJaKIIbKICTh IMiM-
PHEMCTB B JIICOBUX cekTopax Kpain CxigHoro [lapTHepcTBa B mopiBHsAHHI 3 kpaiHamu €C yepe3 ckia-
JTHICTh BeJIeHHs O13Hecy; JIICOB1 ceKTopH KpaiH CX1JHOro mapTHEpCTBa BUPOOJISIOTH HA0Aararo MeHIIe
IPOAYKTIB 3 000POTY; YacTKa JICOBOro cekTopa B KpaiHax CXi1ZHOTO MapTHEPCTBA HE MEPEBUIILYE Pi-
BeHb 2% Bix HarioHaisHOro BBIT 1 € TeHmeHItist 10 MOCTIHHOTO 3MEHIIIEHHS I11€] YaCTKHU.

KrouoBi cioBa: micoBuil cekTop; 000poT; KUIBKICTh HiANPHEMCTB; KUIBKICTh MpalliBHUKIB;
kpainu CEII; micoBux pecypciB; OCHOBHI IPOOJIEMH Ta MOXKIUBOCTI; CTAINI PO3BUTOK.

UDC 674.04 Prof. B. Kshyvetskyy — UNFU; prof. D.Yu. Fedorynenko,
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PREDICTION OF THE DURABILITY OF THERMOPLASTIC
ADHESIVE PINE WOOD JOINTS

Abstract. Presented here are the results of predicting the durability of thermoplastic adhesive
joints of pine wood by means of mathematical models. An analysis was made of the obtained results,
on the basis of which it is established that with increasing the ambient temperature, the durability of
thermoplastic polyvinyl acetate adhesive pine wood joints with the degree of load D4 decreases, and
when the ambient humidity increases, the durability, by contrast, is slightly increasing.
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Keywords: durability, adhesive joint, mathematical model, prediction, strength, humidity,
temperature.

Topicality. Among the basic requirements that are imposed upon adhesive wood
joints is ensuring adequate strength and durability. These requirements are interrelated
and determine the quality and reliability of the product; this depends on the physical and
mechanical properties of adhesives and materials to be glued, bonding process parame-
ters, operating conditions, physical loading, etc. [1, 2]. Strength is an important charac-
teristic of adhesive wood joints during operational service, but it does not offer a means
of obtaining quantitative indicators of service time of glued products. It is durability that
Is the quantitative indicator of service time of any glued product. It is determined by the
time of operation, duration or period of service life [3].

On the basis of experimental and theoretical studies, using simulation and math-
ematical modelling, we obtained a mathematical model to predict the durability of
thermoplastic adhesive joints of oak wood [4, 5, 6, 7], which takes the following form:

@ . @)
d0- L[ BY-AWE (1)
co G oy, + AD AT O

where AT" is weighted average ambient temperature, °C; AW" is weighted average
ambient humidity, %; o,,,,is ultimate strength of the joint; the parameters A®, B® ,c
are dependent upon variations in the ambient humidity and temperature; | is the coeffi-
cient for wood species that takes into account theological , physical and chemical prop-
erties of oak wood. The coefficients for other wood species which would take into con-
sideration their physical and mechanical characteristics had to be calculated. The calcu-
lation of the coefficients for some wood species was given by the author in his previous
works [8]. Taking into account the coefficient for pine wood species, the mathematical
model of durability prediction will take the form:

o _ 0,635 | BO . AW ®
T = c® -In > L AD ATO (2)

cpan.

The results of the studies. The proposed mathematical model allows predicting
the durability of both cross-linked and uncross-linked thermoplastic polyvinyl acetate
adhesive joints of pine wood. That is, by specifying the degree of load for an adhesive
joint, the ambient humidity and temperature, it is possible to predict the durability for
thermoplastic adhesive pine wood joints by non-destructive method. During prediction
of the durability of adhesive joints, the ambient humidity and temperature were con-
sistent with their weighted average values for a 3-year period of long-term experimental
studies [9]. For example, Figs.1 and 2 show a graphical interpretation of the results of
predicting the durability of thermoplastic polyvinyl acetate adhesive joints of pine wood
obtained by means of mathematical modelling. As can be seen from these dependences
(see Fig.1), at weighted average ambient temperature of 4.19 ° C and weighted average
humidity of 65.46% the durability is 687 days. In the case of increasing humidity to
93.91% at this temperature, the durability is increased to 787 days, i.e. by 100 days, or
12%. A similar pattern is observed for weighted average temperatures of 7.89 °C and
12.23 °C for which the durability is also increasing by an average of 100 days.

That is, with increasing humidity from 65% to 92%, the durability increases, on
average, by 13% regardless of the operating temperature.
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Fig.1. Prediction of the durability of adhesive pine wood joints bonded with cross-
linked adhesive with the degree of load D4 depending on humidity changes
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Fig. 2. Prediction of the durability of adhesive pine wood joints bonded with cross-
linked adhesive with the degree of load D4 depending on temperature changes

A similar pattern is observed for weighted average temperatures of 7.89 °C and
12.23 °C for which the durability is also increasing by an average of 100 days. That is,
with increasing humidity from 65% to 92%, the durability increases, on average, by

13% regardless of the operating temperature.

The effect of temperature on the durability (see Fig.2) shows that for the weighted
average temperature of +4.19 °C and humidity of 65.46%, the durability is 685 days,
while at a temperature of 12.23 °C the durability is reduced to 605 days.

The decrease in durability, on average, by 80 days with temperature change from
4.19 to 12.23 °C, also occurs at humidity values of 80.54 and 91.93%, but with higher
durability values ( for example, to 781 days at a humidity of 91.93% ). Thus, a rise in
temperature, on average, by 1 °C shortens the life of product by 10 days, while an in-
crease in humidity by 1% increases the service life by about 3 days.

Fig. 3 shows the predicted durability of adhesive pine wood joints glued with
thermoplastic adhesives depending on variation in weighted average temperature at var-
ious ambient humidity levels.
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Fig.3. Prediction of the durability of adhesive pine wood joints glued with cross-
linked adhesive at the degree of load D4 depending on weighted average temperature
changes at various ambient humidity levels

Fig. 4 shows predicted durability of adhesive pine wood joints glued with cross-
linked adhesives with load D4 depending on changes in weighted average humidity for
various operating temperatures.
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Fig. 4. Prediction of the durability of adhesive pine wood joints glued with cross-
linked adhesives with the degree of load D4 depending on humidity and temperature
changes
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Similar results of prediction of the durability can be obtained using a mathematical
model for pine wood glued with uncross-linked thermoplastic adhesives. Thus, an increase
in ambient temperature results in reduced durability of thermoplastic polyvinyl acetate ad-
hesive pine wood joints with the degree of load D4, while an increase in ambient humidity,
on the contrary, leads to a slight increase in durability of such adhesive joints.

Conclusions. By using mathematical modeling, prediction was implemented for
durability of thermoplastic adhesive pine wood joints. Analyzed was the effect of the
ambient temperature and humidity on the durability of these adhesive wood joints. Iden-
tified were quantitative indicators of durability of thermoplastic polyvinyl acetate adhe-
sive joints of pine wood depending on the operating conditions.
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IIporuo3yBaHHs J1OBrOBiYHOCTI TEPMOILUIACTUYHHUX KJI€HOBHX 3'€THAHb JePeBUHU
COCHH

HaBeneHno pesynpTaTé MpOTHO3yBaHHS JOBTOBIYHOCTI TEPMOIUTACTHYHUX KJICHOBHUX 3’ €IHAHB
JEPEBUHU COCHHM 32 JOMOMOTOI0 MaTeMaTUYHOI MOAeNi. 3/IHCHEHO aHali3 OTPUMaHUX Pe3yNbTaTiB, Ha
OCHOBI SIKOTO BCTAHOBJIEHO, 1110 MPH MIJABUIIECHI TEMIIEPaTypH HABKOJIMIIHBOTO CEPEOBHINA, TOBTOBi-
YHICTh TEPMOIUTACTUYHUX MMOJIBIHIIANETATHUX KJICHOBUX 3'€THAHb JIEPEBUHHU COCHHU 13 CTYIIEHEM Ha-
BaHTaXEHHs D4 - 3MeHIIyeThCsA. A TIPH MIIBUINEHI BOJIOTOCTI HABKOJHUIITHROTO CEPEAOBHINA HABIIAKH,
JIOBTOBIYHICTh HE3HAYHO 3POCTAE.

Kuio4uoBi cjioBa: 1OBroBiYHICTh, KJIEHOBE 3’ €HAHHS, MaTEMaTUIHA MOJI€Tb, IPOTHO3YBaHHS,
MIIHICTh, BOJIOTICTh, TEMIIEPATYPA.
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