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Summary. A detailed analysis of the dependencies for the construction of o-u diagrams of various
coniferous and deciduous wood species for compression along the fibers by the national and foreign scientists was
carried out. It is established that polynomial and irregular fractional-rational functions are the most acceptable
for approximation of stress-strain diagrams of wood. These dependencies can describe the complete diagrams of
deformation of wood on the ascending and partially on the descending branches. It is established that the most
appropriate function for describing the stress-strain diagram is a 4th degree polynomial.
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Statement of the problem. Recently the products, parts, materials and structures made
of wood have become of great interest. This phenomenon is mostly noticed in the foreign
countries because of the fact, that wood is a natural material possessing good enough strength
and deformation properties as compared with those of other materials and structures (concrete,
reinforced concrete and metal). The characteristic feature of different wood species is that of
having very fine structure, which does not need to be hidden additionally using other materials.

Lately wood has become of special application in different branches of the national
economy, construction engineering and similar areas in particular. At the same time there is a
need to carry out additional and detailed investigation of the coniferous and deciduous wood
species (both theoretical and experimental). It will make possible to learn better physical-
mechanical properties of wood starting from its operation till deformation. With this
purpose [1, 2] profound experimental investigations of coniferous (fir-three, pine, white wood)
and deciduous (birch, alder, ash-tree) wood under severe mode of testing (growing
displacement) have been carried out. The wood of both continuous cross-section and that of
pasted, as well as the modified of structural sizes [3, 4], were the subject of testing. The
specimens were under the single, short-term compression testing along the fibers of 30x30x120
cross-section, as a rule. About 500 specimens have been tested. After experimental
investigations the complete diagrams of the wood deformation since the loading starting till the
wood deformation (ascending and descending branches) have been built [1]. That is why the
approximation of the obtained diagrams using different dependencies is the pressing problem
for both foreign and national scientists.

Analysis of the available investigations. Till lately the experimental investigations of
wood on compression along the fibers were carried out mostly on the specimens of so-called
«plain wood» of 20x20x30 mm cross-section, which does not make possible to estimate
properly the stress-strain state of the material. Such investigations must be performed on the
specimens of the structural sizes in order to take into account completely the wood under severe
testing mode. These investigations, as a rule, were performed on the pine wood of structural
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sizes. According to the experimental investigations the authors have built the complete
diagrams of the pine wood deformation till the total specimen failure [5], the limits being in the
point of yield strain [6]. We were the first to carry out such experimental investigations on the
other wood species (birch, alder, fir-tree, pine, ash-tree) [1]. The investigations were performed
on the servohydraulic machine CTM-100 [7, 8, 9] with automatic control and the system of data
picking up at the Ternopil Ivan Puluj National Technical University. According to the results
of experiment the complete deformation diagrams of all investigated wood species were
built [1].

Besides, the approximation of such diagrams by different functions during all periods
of the wood operation is one of the problems. Foreign and national scientists have already tried
to describe such diagrams using different dependencies. But, unfortunately, these diagrams
were built only for the experimental data obtained under the soft testing mode (loading being
increased). That is, the approximation was in certain area, but not till the total specimen failure.
The attempts to make proper approximation under the severe testing mode of the pine wood
were done in the paper [6]. That is why the approximation of diagrams of other coniferous and
deciduous wood species is still a pressing problem nowadays.

Statement of the task. The objective of the article is the approximation of the complete
diagrams of different wood species deformation (up till its failure), as well as with the limits in
the point of critical and yield strain, and determination of the function for such approximation.

Presentation of the basic material. Having analyzed the literature thoroughly and the
preliminary approximation of our diagrams, we came to the conclusion, that the most
convergent functions are those of polynomial and irregular fraction-rational dependencies [10].

To find the function, which would give the greatest convergence of experimental and
theoretical data, it is necessary to compare these dependencies according to our experimental
investigations and those of other authors [5, 6].

The first function is the function of cubic parabola [11]

o, =K -u+K,-u’ (1)

where K, K, —are the polynomial coefficients, which are found according to the formulas (2)
and (3) correspondingly:
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The second function is the irregular fraction-rational function proposed in [10]
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The third function, according to our proposal, is the polynomial of 4" degree, obtained
by the Lagrangian polynomial:
3 4 4 i
u u
C C _ C
7 T Wy == Zwi i-1
uc,O,d uc,o,d i=1

: (5)
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where W, W,,W,,W, — are the coefficients obtained using the Lagrangian polynomial and are

calculated using the software Microsoft Excel.

According to three functions (1, 4, 5) let us built the approximation diagrams of our
experiments and compare the obtained diagrams with our experimental data with the limits in
the point of yield strain (Figure 1). The diagrams of pine wood are assumed to be the basis.

The convergence of experimental data and theoretical values found according to the
functions (1, 4, 5) is determined by the methods of mathematic statistics

(6)

where A = 0., ~ 0., — are the deviations of the experimental average value of diagram from
the corresponding (at the given uc) values using the approximation function;
a=0,,—M —is the central deviation;

(o} . . .
M = L — is the average arithmetic stress values.
n

Calculation of convergence of the experimental data of Gomon S. S. pine wood
construction sizes and theoretical values with the limits in the point of yield strain is presented
on Table 1.

Table 1

The convergence of the experimental data of Gomon S. S. pine wood and theoretical values

Irregular fraction-rational
g ) 4™ degree
) Cubic parabola E, U —f o, [“] polynomial
Function 3 _ Uy 4 i
c=K -u+K,-u o, = _ Ue
1+ Ex _i u Jc_zwiui,l
fc,O‘d ucl ’ = 6.0
Convergence of
theoretical and 0,991 0,986 0,999
experimental values
of Gomon S. S, q

According to the results presented on Table 1 we see, that the convergence of
experimental and investigation data of the pine wood is good enough for all dependencies (with
limits in the point of yield strains). And the function (5) has a different convergence n=0,999.
Besides, it is seen, that the functions (4) and (5) are of ideal convergence on the diagrams with
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limit in the point of critical strain. The comparison of functions (1, 4, 5) with our experimental
data of other wood species (birch, alder, fir-tree, pine and ash-tree) is of similar nature.
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Figure 1. Diagrams of pine wood, constructed according to experimental values of Gomon S. and according
to the functions of: a) cubical parabola, b) irregular fractional rational, c) polynomial of 4th degree
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If we analyze the complete diagram of the pine wood under compression along the
fibers, the dependencies (1) and (4) do not work in the lower parts of the descending branch,
and the function (5) in this area is of satisfactory convergence (Figure 2), being similar to other
wood species.
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Figure 2. Complete diagram of pine wood, which is constructed according to experimental values of
Gomon S. and by the function of a polynomial of 4th degree

Let us make convergence of the function (5) with the experimental values of other
scientists, the experimental data by Varenyk K. A. [6] (Figure 3) and by Tuturyn S. V. [5]
(Figure 4) in the point of yield strain.
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Figure 3. Diagram of pine wood constructed according to experimental values of Varenyk K. A. [6] and by
the function of a polynomial of 4th degree
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Figure 4. Diagram of pine wood based on experimental values of Tuturyn S. V. [5] and by the function of a
polynomial of 4th degree

Calculation of convergence of the investigation data of the pine wood of structural sizes
under compression along the fibers of Gomon S. S., Varenyk K. A. [6], Tuturyn S. V. [5], as
well as theoretical values according to function (5) worth the limits in the point of yield strains,
are presented on Table 2.

Table 2

The convergence of experimental data of pine wood of different scientists and theoretical values by function (5)

Scientists dggesngatlon Gomon S. S. Varenyk K. A. [6] | Tuturyn S. V. [5]
4" degree 4" degree 4™ degree
polynomial polynomial polynomial
Function 4 u' 4 u' 4 u
Oc = Zwi = Oc= Zwi = Oc= Zwi I
it Ucog it Ucog it Ucog
Con\_/ergen_ce c_)f theoretical 0.999 0.999 0.997
and investigation values, n ’ ’ ’

Thus, the ideal convergence of the function (5) with the experimental values of other
scientists is seen (Table 2).

After approximation of the mechanical condition diagrams of all wood species
(complete diagram from the operation starting till the failure, diagrams with limits in the
point of critical and yield strains) (Figure 1, 2, 3, 4) and the carried out mathematic
statistics (Table 1, 2), it was determined that the most favorable function for the description of
these diagrams in all areas is the dependence (5). That is why it is accepted to be used in the
further calculations.

Conclusions. Approximation of mechanical condition diagrams of different coniferous
and deciduous wood species of the structural sizes on compression along the fibers, has been
carried out. Polynomial and irregular fraction-rational functions being of the greatest
convergence with the experimental investigations, have been analyzed. The dependence (the
4™ polynomial) was obtained being of the greatest convergence with our experimental data and
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investigations of other scientists on the ascending and descending branches of the diagram «o.-
Uc», of Varenyk K. A.[6], TuturynS.V.[5] in particular. It was determined, that
approximation of the complete diagrams «stress-strain» (since loading initiation up till the
specimens failure) of different coniferous and deciduous wood species is worth being done
using the function of the 4" polynomial, because the other functions work badly or do not work
at all on the descending branch of the diagram «c-u» after the point of yield strains. Further
approximation of the complete diagrams of the pasted and modified wood on compression
along the fibers must be fulfilled.
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ATIPOKCUMAIIISA JIATPAM JE®OPMYBAHHS XBOMHUX TA
JIMCTAHUX ITOPIA AEPEBUHHU CTUCKOM Y310BK BOJIOKOH

Ierpo Acniiil; Cearocaas I'omon?; Ierpo I'omon?

Y Teproninocoruii nayionanvuuii mexniunuil ynieepcumem imeni lsana Ilynios,
Tepnoninw, Yrkpaina
?Hayionanvruii ynieepcumem 600H020 20CHO0GPCMEA Mda
npupoooxopucmyeans, Piene, Ykpaina

Pe3tome. [Ipogedero demanvrutl ananiz 3anexcHocmeli 015 n00y008u diazpam «o-u» Pi3HUX X6OUHUX Ma
JUCMAHUX NOPIO 0epedUHU HA CINUCK 83008M4C B0JIOKOH GIMYUSHAHUMU Md 3AKOPOOHHUMU 84eHuMU. Bcmanoeneno,
wo 01 anpokcumayii 0lazpam «HaAnpyiceHHsa-oeopmayiiy oepeunu HalOiIbw NPUTHAMHUMU € NOTTHOMIANbHI
ma HenpasuivbHi O0poboso-payionanvui Qynxyii. Ilobydosano Oiacpamu OepeSuHu COCHU KOHCMPYKYIUHUX
PO3MIDI6 30 HAWUMU eKCREPUMEHMAIbHUMU 3HAYEHHAMU Ma 8ION0GIOHO 3a (QYHKYiSMU: a) Kyoiunoi napabonu,
0) HenpasuIbHOI0 0POOOBO-PAYIOHATLHOIO, 8) NoainoMa 4-20 cmynens. Bcmanoeneno 36idcuicms meopemuynux
ma excnepuMeHmanbHuxX 3HAYeHb MemoOoaMu Mamemamuynoi cmamucmuxu. [[ani 3aneicHOCmi MoiCymb
onucysamu noeui diazpamu 0eqpOpMy8aHHs 0epesuHI Ha GUCXIOHIL Ma YacmKo80 Ha cnaowi simxax. I[lobydosano
diazpamu Oepesunu COCHU KOHCMPYKYIUHUX PO3MIPI8 3a eKcnepumenmanbHumu sHavyeHHamu Bapenuka K. A.,
Tymypuna C. B. ma 3a ¢yunxyieto noninoma 4-co cmynensa. Po3paxosano, wjo 36ixCHicmb meopemuyHux ma
eKCNepUMEHMAbHUX 3HAYEeHb 3 0OMEeJCEeHHAM y mouyl epanudnux oegopmayin 6auzvka 1. [na iHwux nopio
Oepegunu (bepesu, 8inbXu, MOOPUHU, SIUHU, ACEHA) 30IdCHICMb HOCUMb makuil Jice xapakmep. Takoic 8usHaueHo,
wo onuc 0iazpam Ha BUCXIOHIU 8IMYi (3 0OMeNHCeHHAM Y MOYYl KPUMUYHUX Oedhopmayiil) MO#CIUBO 30ILICHIOBAMU
3a Oy0b-5KO0I0 I3 8ULe HABEOEHUX 3ANe)HCHOCMel Ol PI3HUX nopio depesunu. Bcmanoeneno, wo anpoxcumayiio
NOBHUX diazpam «HANPYiCeHHsA-0edhopmayiiy (8i0 NOYAMKY 3a6aAHMANCEHHS | A JiC 00 PYUHYBAHHS 3DA3KIE) PIZHUX
XGOUHUX MA TUCHAHUX NOPIO0 OepesuHU HAUOLIbUL NPULHAMHO 30IICHIOBAMU 3d 00NOMO200 QYHKYII noniHoMA
4-20 cmynens, momy wo inwi QYHKYII no2ano npayiooms abo 63a2aii He npayoms Ha CRAOHIN imyi diaepamu
«o-uy nicis mouku epanuynux oeghopmayiiu. Omoice, HaUnpuiHAmMHIWOW QyHKYiclo 0 onucy odiaspamu
«HaAnpycents-0epopmayiiy Ha CMUCK 83008C BOJIOKOH € NOAIHOM 4-20 cmynens. Toomo, oana @yukyis 6yoe
NPUUHAMA 8 MAUOYMHbOMY 01 NOOAILUIOT PODOMU MA PO3PAXYHKIE eleMenmié ma KOHCMPYKyYill 3 Oepesunu. B
nooaIbLUWOMy HeoOXIOHO Nposecmu AnPOKCUMAYilo NOGHUX Oiacpam KlecHoi ma moougixoeanoi OepesuHu
KOHCMPYKYIUHUX PO3MIDIE HA CIMUCK 83008IC BOJOKOH.

Knruosi cnosa: oepesuna, Hanpyoicents, miynicms, depopmayii, diazpama, Cmuck, 3a1eHCHOCHA.
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