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1. Introduction

Composite with multilayer asymmetric structure getgvature while it is conditioning in
temperature-moisture changing process. Asymmetriectsire is gained by orientating layers in
different directions. There are many factors thgch curvature of the sheet. The most importaat ar
sheets geometrical properties- thickness and atient of layers, temperature-moisture changing
process. Layers are made from orthotropic matemvigh various thermal or moisture expansion
coefficients in different directions. In case of adocomposite, moisture changing process affects
curvature more then temperature changing prodessefore moisture changing process is analyzed in
details.

There are other factors that affect curvatureéhdf sheet gets relative large curvature then it is
important to take into account geometrical nonliitgalt means that curvature in one direction
depends on curvature in orthogonal direction. Efffisct is called curvature interaction. If we taki
account this effect than values of curvatures amzehsed.

During the process of temperature-moisture chapgihanges also values of material elastic
characteristics.

2. Theoretical background
2.1 Stress-strain relationship in thin plate

Curvature calculation could be done by using atlgor, described in [1,2,3].This analytical
method is based on Kirchoff-Love thin plate thedrlis theory is based on the general Hooke law

[oi]=[Cjj]-[&i], (1)
wherei,j=1..6; [0 ] — stress matrix[C;; ] - stiffness matrix]&; ] — strain matrix.

The general Hooke Law could be changed using Kffchgpothesis of thin plate and technical
expressions. It reduces to the following expression
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where E;; Eo —modulus of elasticity in direction 1 and 2;35;v9q —Poisson ratio;Gy5 —shear

modulus.

In expression (2) is used layer local coordinatgtesy 1-2-Z. In case of composite sheet, stress and
strain have to be calculated in global coordinatstesn X-Y-Z. The stress matrix is calculated in
another coordinate system using transformed stffmeatrix
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wherei,j=1,2,3; [Q_ij] -transformed stiffness matrix.

Geometrical relationship between mid surface deftatvg and straing; and horizontal displacement

Ug could be built up
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where Wg - function of plate mid surface deflection, depeéwdon coordinate x and yg — function

of plate mid surface horizontal displacement, ddpenon coordinate x and y; z- coordinate on axis
Z- orthogonal to plate surface.
From system of equation (4) separate curvatureixnatr
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where kg)( , k$ — curvature of mid-surface relative to axis x and(ﬁ;Y —yearn angle of mid-surface.

Fig 1. Geometric interpretation of curvature.
Geometrical equations (5) and physical equatiopsd@ld be jointed together
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whereu=x,y,xy, [58] - mid-surface strain matrix.

2.2 Equations for multilayered composite

For simplify deformation model it is helpful toplace stress with equal system of moment and

force that affects per unit length.
Force matrix could be calculated by summing stnesix throughout sheets thickness
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where Ng)( ; N$ — axial force in direction x and y, acting on midfsge; N9<Y— yearn force in

direction xy; h- thickness of sheet; N- numbetayfers in sheetzy ; z,_1 —layerk bottom and top

coordinate on axis Z.
Moment matrix is calculated by summing stress matnultiplication to coordinate throughout

thickness of sheet
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where M 2 ; M$ — moment acting in direction x and y on mid- surfamXY yearn moment acting

in direction xy on mid-surface.
After integrating equation (7) and (8) could rewiibrce and moment expresions using ma;iB, D
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wherei,j=1,2,3;
Matrix A, B, Dcoefficients is calculated using following equasgo

A = {Q., jk(zk -2 1)
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In the nature there are many actions on sheetpbtieem are moisture. Force and moment that arise
form moisture changing process is calculated usgtions

[N3]= ﬁ [Qu} [Bu] AW(z -2 4)
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(12)
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where[ £,,] —matrix of material moisture expansion coefficiemd8/ —total moisture increment or

decrement.
After joining equations (9), (10), (12) we have maexpression which gives sheets deformation and

curvature matrix.
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The most important failures of currently used gtiedl method [1,2,3] are:

e [t doesn't take into account material elastic chaastic change in process of moisture

change.

e It doesn't take into account curvature interactiggemetrical nonlinearity.

The developed model consists of an algorithm hdtased on a single loop withiterations.
That single loop divides the total moisture increb@ecremenaw to n smaller
increments/decrementgw of the moisture. In each iteration there are dated a new material
elastic characteristics, which are dependent orstona. Equation (13) is replaced with the following

equation
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whereu= x,y,xy w- moisture of sheet throughout thickndsgyumber of iteration.
In the iteration numbdrthere is calculated deformation and curvature im#tat arise from moisture

increment/decremerdW . Deformations and yearn are summed togethdrenatal deformation and
yearn matrix, without any correction
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In each iteration values of curvatu#eg (w) and k$ (w) are corrected, according to the

expression (16). After making curvature correctibay are summed together in the total curvature
matrix

3. Improved algorithm
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where gy, g,y —moment of inertia for flat plate relative to axisaxd vy, it is calculated using

expression (17)1) x, I|,y— moment of inertia fol step curved plate relative to axis x and vy, it is

calculated using expression (18); n- number oétten.
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whereu= x,y; a- length of sheet edge in directian
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whereu= x,y; R, —radius of curvature in directiam geometrical interpretation shown in Figure 1.

Using this algorithm curvature analysis is doakirtg into account physical and geometrical
nonlinearity.

In this algorithm very important factor is lengthshieets edge. Previously used algorithm
[1,2,3] didn’t take into account this geometricattor.

Algorithm is implemented in the computer progritatiab R2008a.

4. Numerical experiments

The improved algorithm was used to calculate sqshaped (o x =1y ) 4 layered sheets with
variablel ,,, (u=X,Y), made from birch-tree (elastic characteristiestaken from [4]), first two layers
(54.5 % of total wood) are orientated in directiprothers (45.5 %)rthogonally. In all cases the total
area of cross section is 275 umerical experiments were made by chandigg, and final wood

moisture- W, keeping constant total moisture increment 4 %adexnent results shown in Figure 2.
and Figure 3.
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Fig 2. The dominant curvature dependence of sheet geioalgiroperties and moisture condition
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Fig 3. The secondary curvature dependence from shestajgoal properties and moisture condition

There was made another four experiments usingefigiement method (ANSYS v.10).
Experiments were made with the square-shaped die¢tis made from birch tree (elastic
characteristics taken form [4]) with four layenstiure. The first two layers are orientated in cimn
X with thickness 1.5mm, third and fourth layer areentated orthogonally- in direction Y. The third
layer thickness is 1.5mm, the fourth layer thigdsis 1mm.

Each layer where divided into finite elemen8nlid 45 Layers were modeled as an elastic
orthotropic material. Elastic characteristics whegdined in two moisture levels- 10 % and 6 %.
Linear function was used to approximate elastiaattaristic change in moisture changing process.
Analysis of curvature was made using large defdonaeffect (LDE) and without using it.
Experiment where made for sheets with two diffefength of edge- 50mm and 200mrRResults are
shown into Table 1.

Table 1
Experiment results with FEM

Ansys v.10
a, Without using
mm LDE Using LDE
kX,

kx, 1/m| ky, 1/m 1/m ky, 1/m
50 1.1563| -1.9379 1.0717 -1.8828
200 | 1.1780( -1.4314 0.1601 -1.2255

5. Discussion of results

Numerical experiments showed that using curvainieraction effect curvature is smaller than
without using curvature interaction effect. Themw®tary curvature is reduced more than the dominant
curvature.

The effect of curvature interaction is less impaottif the ratio ofa andh is smaller, whera —
length of sheet edge, ahdthickness.

Equal sheets where calculated using analyticahatetand using computer program ANSYS
v.10, that is based on finite element method (FEM)e results showed that result difference is
significant. For previously described sheets th#edince is 22% in case of ignoring large
deformation effect, but in case of large deformatffect the result difference is 36%.



References

1. Reissner E., Stavsky I. Bending and stretchingedain types of heterogeneous aelotropic elastic
plates.- Trans. ASME. Ser. E, 1961, vol. 28, N(8,402-408.

2. Rocens K, Steiners K. Stiffness and ductabditalysis for unbalanced monoclinic composite.-
Mechanic of polymer, 1976, vol. 6 (in Russian).

3. Skudra A.M, Skudra A.A. Introduction in mechawiccomposite material. Riga, RTU, 2002 (in
Latvian).

4. Pereligin A.M., Ugolev B.N. Wood maintenance719Wood industry, Moscow (in Russian).

Sliseris J., Roéns K. Lok3nu ar nesimetrisku, daudzsiinainu struktiiru liekuma aprekins

Viena no iesgam samaziit materizla patrizu parsegumos ir plakanu plpu aizséSana ar izliekim vai
izliekti- ieliekam pltnem (aulam). Sids risinzjums ir ipasi izdewgs shpainu koksnes kompimaterizlu
lok&u izmantoSanas gddma pie noteikuma, ka izliei&s vai izliekti- ieliekis loksnes tiek izgatavotas plasi
lietotas daudzsivigas sapik$a liméSanas preds ar parakliem plauktiem. Lokfl izliektz vai izliekti ieliek&
forma tiek pankta iz\eloties skpus ar nepiecieSamain fizikali mehiniskagm ipasbam, geometriskiem
izmeriem, orienticiju, merktiecigi izvietojot tos un izveidojot struktii nesimetrisku pret loksnes vidusplakni
materiilu, kurS @c kondicioSanas noteiktos mitruma-tempenats apstk/os izliecas sask@ ar kompozu
prognozto formu.

Sliseris J., Rocens K. Curvature analysis for asymatrical multi-layer composite

One possibility to reduce material consumption @ntoconstruction is flat plate replacement withad or
saddle shaped plate (shell). This solution is hier@fin case of plywood sheet, provided that cdree saddle
shaped plates are made in widely used multilewst@bd presses with parallel shelves. Curvatureaingd by
using layers with required physical properties, gedric dimensions, orientation, creating structlyal
asymmetrical material, relative to mid-surface. Whit is conditioning in different moisture-tempturee
conditions, it gains projected shape.

Caucepuc 5., Pouenc K. KpuBu3na aHain3 acHMMeTPUYHbII MHOTOCJIO/iHbIe KOMMO3UT

O0Ha u3 603MOACHOCHEN 0151 CHUIICEHUS NOMPEONIeHUsL MAMEPUANA 8 CIPOUMENbCIEE COSHYMA NAOCKASL
NIACMUHA C 3AMEHOI cedaa un u30eHymole Gopmul naacmunsl (06010uKw). DIMO peuierue 8bI200HO 6 cyuae
aucma ghanepul, NPu YCI08UU, YMO U30SHYMbLE WU 8 PopMe cedna Naumvl U320MasiuBaOMcst 6 WUPOKo
UCHONb3YEMC sl MHO20YPOSHEBAS! (hanepbl npeccos ¢ napaieibHlMu noakamu. Kpususna docmueaemcs ¢
NOMOWBIO CI0EB ¢ MPebyeMbIMU QUULECKUMU CEOUICMBAMU, 2e0MempUiecKue pamepsl, Opuenmayus,
co30anue CMpPyKmMypHO ACUMMeMPUYHAS Mamepuaid, no OMHOUueHUI0 K cepedure nogepxrocmu. Hecmompsa na
Mo, 4mo KOHOUYUOHED 81a2U 8 PA3TUYHLIX MeMNePaAmypHbIX YCA08UAX, MO NPOSHO3UpYemble NPUdLLIU opmy.



