Heat-moisture conduction in capillary-porous substances consists of capillary
heat-moisture permeability, relative thermal diffusion of liquid and vapour.

The coefficient of heat-moisture conduction is linearly proportional to tempera-
ture rise. The absolute value of the heat-moisture coefficient decreases with increased
moisture diffusivity or molecular diffusion. The moisture gradient, which is produced
by heat-moisture conduction, varies proportionally with the temperature gradient [5].
The water flow caused by heat-moisture conduction will also take in additional amount
of heat to move in the direction of the main heat flux.

Conclusions. Based on the literature source, the analysis of the drying process of
lumber has shown that moisture movement within lumber is due to the presence of three
driving forces: moisture content gradient, temperature gradient, internal pressure.
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AHani3 Qi3HYHMX 3aKOHOMIPHOCTell Npouecy CylIiHHS MWJIOMaTepiaJiB

[TpoBeneHo aHami3 Gi3MUHUX 3aKOHOMIPHOCTEH, SIKI BIUIMBAIOTH HA MPOIIEC CYIIIHHS MUJIOMa-
TepianiB. Po3rasHyTO iX BIUIMB Ha HIBUJKICTH Ha SKICTh BUCYIIEHOTO Martepiany. Po3risnyro meToau
BHJIAJICHHS BOJIOTH 3 JepeBUHU. OMUCaHO PIBHSIHHS BOJOTOMPOBITHOCTI T4 TEPMOBOJIOTOIPOBITHOCTI.
[TpoBeneno aHaii3 KX PiBHAHB. PO3TISHYTO NPUHIUIIK PYXY BOJOTH B CEPEAMHI BOJIIOTOi JEPEBUHH.

Kiio4oBi cjioBa: nepeBuHa, mujaoMaTepiall, BOJOTICTh, TUCK, TPAIIEHT, TEMIIEpaTypa, TEIIOoMN-
POBITHICTh, BUIAPOBYBAHHSI, BOJIOTA, BOJIOTONIEPEHECEHHS, BOJIOTOBMICT.
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SOFTWARE DEVELOPMENT FOR DETERMINATION OF STRESS FIELDS
IN THE WOOD WITH A PARABOLIC DISTRIBUTION OF MOISTURE

The task of determination of the flat tense consisting is in-process decided of radiality-
tangentiality plane of anisotropy of wood with the uneven distributing of moisture. On the basis of
method of Ritca an algorithm and software is developed for the calculation of components of tensor of
tensions in saw-timbers with the parabolic distributing of moisture. The algorithm of description is
given in it is given in a verbal form. The program is realized in the environment C++ with the use of
visual components.

Keywords: Ritz method, the stress field.

At the stage of constant rate drying saw in the plain stress state is flat , the value
of the axial component of the stress tensor is almost negligible. Therefore, to determine
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the allowable differences in moisture drying saw limited mathematical model of stress
in plain board with plane stress condition in the radial plain structural symmetry. The
components of this model are:

do, drt,
+
dx dy

do N dr _ 0
dy dx (1)
d%g,  d*Ey  dFYyy )

+ =
dy? dx? dydy

equilibrium equation

adjacency equation

Hooke's law for incompressible and compressible materials

_ ox Oy
£, = Z-1% 4 p Aw,;
E. E

0, My Oy
€, — L -2+ B Aw;
Y E E, ]

Y)r.r = E:
V' Gy 3)
boundary conditions 0,=0 n1st x =+R; 0,=0 111 y =%a; 1y =0 s x =tRTay =ta (4)
Here Ey, Ey — modulus of elasticity; Gyy — shear modulus; py, pyx — Carbon Pois-
son; By, By — shrinkage factor; Aw — feature changes in humidity for toschynoyu materi-
al; &x, &, — the main components of strain; oy, 6, — the main components of the stress
tensor; Ty, Yxy — related stress and shear strain; a — half-plane board; R — half board
thickness, x, y — the coordinates of the points of the cross-section board.
Practical implementation of a mathematical model of the Ritz method is repre-
sented as:

_ 8% F(xy) _ 9F(xy) _ PFRY)
Ox (Xi y) _ ayz PRy (Xi ) - dx2 ° G-xj-’ (Xi y) - dxdy (5)
Here F (x, y) - any two differentiated, which is a solution of the equation:
1 6“F+ 1 Hyx Mg\ 0°F N 1 0*F
E,ox* \G, E, E,Jox*dy, E,ox*
d? 92
= — 5 (Bubwx ) = 75 (AW ), (6)

obtained substituting the relations (3) into (2) and subsequent replacement oy, Gy, Gxy —
2F(xy) O2F (xy) 8°F (xy)

ayz ' ax? !’ dxdy .
to respectively.

So, the problem of calculating the stress fields in cross-section timber uneven dis-
tribution of water equivalent to the problem of finding the solution of equation (6)
which satisfies the boundary conditions (4).

Approximate solution of equation (6) lookas F=d; ¢; +d, ¢, +d; @3 (7)
ne ¢ = (-2’ (y*-R%)%; ¢2= @1x%; 03 =1y’

The unknown coefficients d;, d,, d; — Ritz coefficients of a system of linear alge-

3/ _ P PE
;(A(ﬁk, (Dnjdk: _ax_z_ay_z ,ByW(x,y), ®, |

braic equations:

(8)
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— corresponding scalar product:
_ a R _
Ao, 9o |= | [Ao e dxdy |
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k=123. )
W — Wmax 2
For timber with a parabolic distribution of moisture R? (10)
The system of equations (8) has the form:
75
Aq1dy + AqoSppls + AgaSapdy = ;ﬁyﬂwi
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13q
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where:
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G = a/b — relation of width to the length of the board, S,, = aR — quarter of the cross-
sectional area board, Wyax — the difference of moisture content in the central layer and
the surface of the board.

Coefficients d;, d,, d3 —dependent on the geometrical characteristics of a material
and drop of moisture on his thick. Indeed, according to (11):

d1 = DlﬁyAW; dz = DszAW; d3 = D3ByAW (13)
Ay A, As
Dy=—; D;,=—; D3=—;
where A A A
Ay Ay Az B, A, Aj Ay By Ay Apr Agp By

A=Az Ay An| Aj=B; Ay Ayp| Ay=Ay By Ap| A3=Ay Axn B
Azl Ay Aszl. [Bs Ay Agsl, Azl By Agl. Azt A By (g

Substituting (13) and (7) and formula (5) determine the components of the stress
tensor: ox = OPByAW; 6y = OB, AW, 1, = Oy fLAW (15)
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where

&, = 2{2D, 3v* —a*)+2D,(3y* —a*)x?
+ D, (15y* —12a*y* + a*)}(x* — R*)%; (16)

@, = 2{2D,(3x® — R2) + D, (15x* — 6R%x> + R*)
+2D;(3x* — R)y*}I(y* —a®)%;

@, = 16D, (x* —R*)(y® —a®y) +8(y* —a®y)(3x> —4R*x® + R*x)D,
+8D,(x* — R*x)(3v°>— 4a*v3 + a*v).

In this work in C + + Builder it is developed software that allows modeling distri-

butions of stress fields in the component timber parabolic distribution of moisture. The
result of practical testing of the software on the plain pine boards are shown in Fig. 1.
T Zisix

Fig. 1. Software for determining the stress fields in the wood

So in the work it is done the mathematical formulation of the problem of deter-
mining the stress state of the wood. The developed automated system for calculating the
stress state of timber with non-uniform distribution of moisture fields can be used in
modern systems of early detection and control of hazardous on forming and fracture in
drying boards stresses.

Conclusions. An algorithm and the respective software for constructing the curves of
strength of biaxially stressed wood have been developed. Based on the analysis of the software
application results, it has been shown that the strength of pine wood is adequately described by
Goldenblatt-Kopnov’s criterion.
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Po3poOka nporpaMHoro 3ade3nevdeHHs /151 BUSHAUYEHHSI MOJIiB HAIIPYKeHb Y Jiepe-
BHHI 3 MapadoJiYHUM PO3MOALIIOM BOJIOTH

BupimeHo 3ajady BH3HA4YEHHS IUIOCKOTO HANpPYXEHOTO CTaHy y pajiajbHO-TaHT'CHTAIbHIN
IJIOMIMHI aHI30TPOMIi JEPEBUHU 3 HEPIBHOMIPHUM po3moAiioM Bojord. Ha ocHoBi metony Pitia po-
3pO0JICHO ANTOPUTM Ta MporpaMHe 3a0e3nedeHHs ISl PO3paxyHKy KOMIIOHEHTIB TEH30pa HaIpyKeHb
y IujioMarepiaiax 3 mapadoJiiuHUM po3moIiiaoMm Bosiord. [Iporpama peanizoBana y cepenosuii Build-
er C++ 3 BUKOPUCTAHHSIM Bi3yaJIbHUX KOMIIOHEHTIB.

KurouoBgi ciioBa: meton Pitia, moss Hanmpy»XeHb.
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