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Abstract. Building constructions made of cross-laminated timber become more and more
widespread. Experience in the timber structures design and operation for various purposes
confirms the feasibility of their use. Recently, the construction of prefabricated cross-laminated
timber houses has become especially widespread. The problem solution of cross-laminated timber
panels calculation by means of a finite element method with the material's reduced mechanical
characteristics application is offered in this article. The specified formulas for definition of the
reduced geometrical and mechanical characteristics of cross-laminated timber panels’ various
types, including those made of combined cross-laminated timber, are resulted. The algorithm of
cross-laminated timber panels calculation by means of a finite element method is resulted. The
possibility of using flat finite elements taking into account orthotropic properties for the
calculation of cross-laminated timber panels using the elasticity above modulus according to the
above method, adjusting the Poisson's ratios so as to preserve the condition of elastic potential in
timber, is reasoned.

Keywords: cross-laminated timber, panel building, calculation scheme, finite element
method, stress-strain state, soil base-foundation-above-ground structure system.

Introduction. Experience in the timber structures design and operation for
various purposes confirms the feasibility of their use [1]. Recently, the timber
multi-storey buildings construction with the use of laminated timber panels has
become especially widespread, what is facilitated by the fact that such
construction is 5-20% cheaper than similar houses with metal or reinforced
concrete, including prefabricated reinforced concrete panels. This is facilitated
by the use of simpler tools in the construction, and the panels theFEMlves
have less weight, which affects the more economical foundations design and
reduces costs during installation and transportation. Prefabricated timber multi-
storey buildings have also performed better than their analogues made of steel
and reinforced concrete under the action of seismic loads.

Cross-laminated timber (CLT) is made by gluing an odd number of boards
layers with a mutually perpendicular arrangement of wood fibers. The
development of CLT panels began in 1974, when E. Cziesielski [2] first
proposed the design of the coating in the form of a multilayer slab made of
boards. other technological openings.

If necessary, CLT panels are made with holes in the places of windows,
doors and other technological openings installation. The thicknesses of the
boards of the longitudinal and transverse layers can be the same or different.
The main requirements for the manufacture, test methods and determination of
CLT panels strength classes are contained in [3, 4].
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CLT panels are used as load-bearing walls, slabs and floors in low- and
multi-storey buildings of various purposes [5, 6, 7].

Literature review. There is almost no domestic experience in the use of
CLT panels in housing construction. Launched in Ukraine in Korosten, the
production of CLT panels had little effect on their widespread use, which is
significantly affected by the lack of domestic regulations on the calculation
and design of both individual panels and buildings made of them as a whole. In
the latest editions of normative documents of the European Union (Eurocode-5
or EN 1995-1-1: 2008 [8]), Ukraine (DBN B.2.6-161: 2017 [9]), Russia (SP
64.13330: 2017 [10]) and Belarus (TKP 45-5.05-146-2009 [11]) there are no
guidelines for the design and calculation of structures using CLT panels.
Exceptions are Austrian national regulations (ONORM B 1995-1-1 [12]) and
German (DIN EN 1995-1-1 / NA: 2010-12 [13]). From all the above we can
conclude that there is an urgent need to develop rules for the design of CLT
panels and buildings using them, taking into account the peculiarities of
national design traditions, climatic features, raw material base of timber,
traditions of knot construction.

Well-known European scientists have contributed to the design and
calculation of CLT panels: H.J. Blass [14], K. Hofstetter [15], G. Schickhofer
[16], Reinhard B. [17].

The purpose and objectives of the research. The purpose of this work's
research is to present an engineering method for calculating prefabricated
cross-laminated timber houses:

1. Improvement of engineering normative methods of cross-laminated
timber panels calculation.

2. Numerical modeling of the multi-storey prefabricated cross-laminated
timber houses calculation.

3. Development of recommendations for the multi-storey prefabricated
cross-laminated timber houses calculation by the finite element method.

Engineering methods improvement of cross-laminated timber panels
calculation. After analyzing the currently existing analytical calculation
methodology, experimental data and the results of numerical modeling of
cross-laminated timber panels by finite elements method [18, 19] the
possibility of improving the analytical calculation methodology is
substantiated. The essence of improvement lies in the use of the cross section's
given geometric characteristics in analytical formulas. Moreover, the following
formulas allow to calculate the panels not only with different thicknesses of
layers, but also of different classes of timber strength in each layer. In Fig. 1,
as an example, a five-layer panel is given.

A reduced cross-sectional area across the x-axis (force axis along the fibers
of the boards’ outer layers) for a cross-laminated timber panel is generally
determined by the formula:

Ex,i
Ax,ef = z Ax,i ?’ (1)

X
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where: A,; — the area of the i-th layer's boards cross section (cross section
perpendicular to the x-axis — along the fibers of timber boards of the outer
layer); E, — an elasticity module of the boards relative to the x-axis, along the
fibers of the outer layer; E,; — an elasticity module of the i-th layer of boards
relative to the x-axis, which coincides with the direction of the fibers of the
outer layer.
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Fig. 1. Geometric parameters of a five-layer cross-laminated timber panel

The reduced cross-sectional area across the x-axis (the axis of force
application along the fibers of the boards’ outer layers) for a cross-laminated
timber panel made of boards of the same strength class is determined by the
formula:

E
Ax,ef = z Ax,i + sz,i E_ya (2)
x

where: X4,; — the total cross-sectional area of all layers of boards whose
direction of fibers coincides with the x-axis (the cross-section is perpendicular
to the x-axis); £4,; — the cross-sectional area of all layers of boards whose
direction of fibers coincide with the y-axis (the cross-section is perpendicular
to the x-axis); Ex = Eomen — the elasticity modulus of boards along the fibers;
E, = Eg9 mean — the elasticity modulus of the boards across the fibers.

The reduced cross-sectional area across the y-axis (the axis of force
application across the fibers of the boards’ outer layers) for the panel of cross-
laminated timber in general is determined by the formula:

Ey,i
Ay =24y, T 3)

X

where: 4,; — the cross-sectional area of the i-th layer of boards (cross section
perpendicular to the y-axis — across the timber fibers of the boards of the outer
layer); E, — the elasticity modulus of boards along the fibers; E,; — the
elasticity modulus of the boards" i-th layer relative to the y-axis, perpendicular
to the direction of the fibers of the outer layer of the boards.

The reduced cross-sectional area across the axis y (the axis of force
application across the fibers of the boards’ outer layers) for a panel of cross-
laminated timber made of boards of the same strength class is determined by
the formula:
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y,cf ZA +ZAyl ’ (4)

where: X4,; — the total cross-sectional area of all layers of boards whose
direction of fibers coincides with the x-axis (cross-section perpendicular to the
y-axis); X4, — the cross-sectional area of all layers of boards whose direction
of fibers coincides with the y-axis (the cross-section is perpendicular to the y-
axis); E;=Eomen — the elasticity modulus of boards along the fibers;
E, = Eg9 mean — the elasticity modulus of the boards across the fibers.

The reduced resistance moment of the cross section perpendicular to the x-
axis should be determined by the formula:

I .
Weer ==L, (5)
h
in which: I.,, — the reduced inertia moment of panel cross section
perpendicular to the x-axis, which should be determined by formula (6); 4, —
the distance from the gravity center of the cross section to the extreme fiber in
which the stress is determined.
The reduced inertia moment of the panel cross section perpendicular to the
x-axis in general is determined by the formula:

foz (6)

where: [,; — the inertia moment of sectlon perpendicular to the x-axis and the
i-th layer of the boards; A,; — the area of the i-th layers boards cross section
perpendicular to the x-axis; a; — the distance from the neutral axis of the panel
section to the axis of the section center of the boards' i-th layer; E, — the
elasticity modulus of boards along the fibers; E,; — the elasticity modulus of
the boards i-th layer relative to the x-axis.

The reduced inertia moment of the cross section perpendicular to the x-axis
for a cross-laminated timber panel made of boards of the same strength class is
determined by the formula:

Ey 2A 214 Ey
Loor =21 i0+ 2100 z 2.a; Agio+ 247 Ay oo z° (7

X X

z

2y,

E

X

where: 1,9, I,;00 — the inertia moments of the cross section perpendicular to
the x-axis of the i-th layer boards whose fibers coincide with the x-axis and are
perpendicular to the x-axis, respectively; A.;o, Ayio0 — the areas of the
perpendicular to the x-axis cross section of the boards i-th layer whose fibers
coincide with the x-axis and are perpendicular to the x-axis, respectively; a; —
the distance from the neutral axis of the panel section to the axis of the section
center of the boards i-th layer; E, = Ey e — the elasticity modulus of boards
along the fibers; E, = Ego mean — the elasticity modulus of the boards across the
fibers.

The reduced resistance moment of the cross section perpendicular to the y-
axis should be determined by the formula:
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Wy o =2_:’ @®)
in which: I,,, — the reduced inertia moment of panel cross section
perpendicular to the y-axis, which should be determined by formula (9); &, —
the distance from the gravity center of the cross section to the extreme fiber in
which the stress is determined.
The reduced inertia moment of the panel cross section perpendicular to the

y-axis in general is determined by the formula:

E
=X 1,2+ Xai Ey , ©)
where: /,; — the inertia moment of sectlon perpendicular to the y-axis and the i-
th layer of the boards; 4,; — the area of the i-th layer's boards cross section
perpendicular to the y-axis; a; — the distance from the neutral axis of the panel
section to the axis of the section center of the boards' i-th layer; E, — the
elasticity modulus of boards along the fibers; £,; — the elasticity modulus of
the boards’ i-th layer relative to the y-axis.
The reduced inertia moment of the cross section perpendicular to the y-axis
for a cross-laminated timber panel made of boards of the same strength class is
determined by the formula'

E
[y,ef Z yl90 Z 10+Za Ayl90E_+Za ',i,0 » (10)

where: 1,9, 1,9 — the mertla moments of the cross section perpendicular to
the y-axis of the i-th layer boards whose fibers coincide with the y-axis and are
perpendicular to the y-axis, respectively; 4,0, 4,90 — the areas of the
perpendicular to the y-axis cross section of the boards" i-th layer whose fibers
coincide with the y-axis and are perpendicular to the y-axis, respectively; a; —
the distance from the neutral axis of the panel section to the axis of the section
center of the boards" i-th layer; E, — the elasticity modulus of boards along the
fibers; E,; — the elasticity modulus of the boards" i-th layer relative to the y-
axis.

When calculating the panel as a single element and to apply the finite
element method (FEM) when calculating both single panels and buildings
made of CLT panels as a whole, we compare the reduced stiffness with the
stiffness for a monolithic section.

Let us determine the reduced elasticity modulus of the CLT panel along the
x-axis (Fig. 1) based on the condition:

[x,ef'E berEla (11)
where: I, — the reduced inertia moment of panel cross section perpendicular
to the x-axis, which should be determined by formula (6); £, = Eq mean — the
elasticity modulus of boards along the fibers; /., — the inertia moment of
conditionally continuous cross section perpendicular to the x-axis for a cross-
laminated timber panel; £, — the reduced elasticity modulus of the CLT panel
along the x-axis, which is determined by formula (12).
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£ =t T (12)
I x,br
The elasticity modulus of the CLT panel along the y-axis is based on the
condition:

Lyer By =1y, (13)
where: ;s — the reduced inertia moment of panel cross section perpendicular
to the y-axis, which should be determined by formula (9); E, = Egp mean — the
elasticity modulus of the boards across the fibers; I, — the inertia moment of
conditionally continuous cross section perpendicular to the y-axis for a cross-
laminated timber panel; E, — the reduced elasticity modulus of the CLT panel
along the y-axis, which is determined by formula (14).

E2 = —[y,ef .Ey .

; (14)

y,br

Numerical researches of the cross-laminated timber panels’ stress-
strain state in the modeling of three-dimensional and flat finite elements
with reduced stiffness characteristics. To substantiate the possibility of
calculating CLT panels by the finite element method (FEM) in modern
software packages (SP) conducted numerous studies. Numerical researches of
CLT panels were performed using three-dimensional finite elements (FE) Ne36
and flat FE Ne.Ne41, giving them the panel reduced rigidity characteristics
according to the formulas given above using the software package Lira SAPR,
whose capabilities are described in detail in [20, 21].

The studies concerned 3, 5 and 7-layer panels, spans of 3, 6 and 9 m, with a
load of 1.5 kN/m? and 5.0 kN/m? evenly distributed over the area. All layers of
the CLT panel are made of wood of strength class C24, with the following
material characteristics: Eo mean=11000 MPa, E90mean=370 MPa,
Gean=690 MPa.

Volumetric FE Ne36 were modeled with the provision of physical and
mechanical characteristics of wood: elasticity modulus of wood along the
fibers E|= Epmean=11000 MPa, elasticity modulus of wood across the fibers
Ey= E3= E9 mean=370 MPa, shear modulus G = Gpean= 690 MPa. The accepted
size of the finite element is 0.01%0.01%0.01 m.

Flat FE Ne41 were modeled by giving them physical and mechanical
characteristics of wood: elasticity modulus is determined by the formulas
given in the previous paragraph along the fibers £, and across the fibers £,
shear modulus G = Gpean = 690 MPa. The accepted size of the finite element is
0.02x0.02 m.

The elasticity modules for CLT panels are: for the three-layer panel
E1=10606 MPa, E, =764 MPa; for the five-layer panel £,=8789 MPa, E,=2581
MPa; for the seven-layer panel E,=7932 MPa, E,=3438 MPa.

It should be noted that the Poisson's ratios were adopted with the obligatory
observance of the condition that the wood has an elastic potential.
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The supports of the simulated panels are defined as hinged fixed and
hinged movable support.

The results of the research. The results of calculations are presented in a
tabular form (Tab. 1, 2, 3, 4, 5, 6) and figures (Fig. 2, 3, 4).

For short spans, up to 3 meters, the difference in the calculation methods
for determining the deflections for three- and five-layer panels at different load
intensities is within 5%, and between FEM volumetric and flat FE — 2%. The
difference in the determination of stresses by theoretical methods and methods
using flat FE is virtually absent. The obtained stress values when using
volumetric FEs are almost 17% lower, which can be explained by the
discreteness of the given FEs. For seven-layer panels, the difference in the
values of deflections between the theoretical method and the FEM increases to
7%, but the difference in stresses drops to 8%. Moreover, the technique with
flat FEs actually coincides with the theoretical in determining the stresses.

Table 1
Values of deflections and maximum normal stresses for three-layer CLT
panels at evenly distributed load of 1.5 kN/m?

Span, m 3 6 9
w Om,d w Om,d w Om,d
El ¢ W\' ; ° ’
() (M) (M) (M)
Measurement kNem? mm kN/cm?| mm kN/cm’ mm kN/cm’
units (cm?) (kNem) (kNcm) (kNcm)

Kreisinger's 1,91x10° | 9,72 | 0,333 | 1524 | 1,332 768,5 | 2,997
theory

FEM B Ne36
SP Lira SAPR 9,51 | 0,277 | 150,0 | 1,100 757 2,48
FEM B Ne41 1,909%10° 0,337 1,334 2,99
SP Lira SAPR | (578,53) 9,67 (1,95) 152,0 (7,72) 767 (17,3)
Table 2

Values of deflections and maximum normal stresses for three-layer CLT
panels at evenly distributed load of 5.0 kN/m?

Span, m 3 6 9
E[ef w Gm,d w Gm,d w Gm,d
UA) (M) (M) (M)
Measurement kNem? mm | kN/cm?] mm kN/cm® | mm | kN/em®
units (cm®) (kNem) (kNem) (kNem)
Kreisinger's 1,91x10° 29,605 1,014 | 4643 | 4,058 | 2341| 9,13
theory
FEM B Ne36
SP Lira SAPR 29,0 | 0,847 | 458 336 | 2310] 7,55
FEM B N4 1 1,909x10° 1,030 4,079 9,14
SP Lira SAPR | (578.53)| 2 | 596) | %% | (23.6) | 2% (529
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Table 3

Values of deflections and maximum normal stresses for five-layer CLT panels
at evenly distributed load of 1.5 kN/m?

Span, m 3 6 9
E[ef w Gm,d w Gm,d w Gm,d
U8 (M) (M) (M)
Measurement kNem? mm | kN/em?] mm kKN/em® | mm | kN/em?
units (cm®) (kNem) (kNem) (kNem)
Kreisinger's 7,26x10°| 2,83 | 0,158 | 43,56 | 0,63 | 219 | 1,42
theory
FEM B Ne36
SP Lira SAPR 2,68 | 0,140 | 42,300 0,560 214 1,26
FEM B Ne4 1 7,32x10° 0,158 0,626 1,40
SPLira SAPR | (1331,66) 2% | an | P2 | @33 | 21| a8
Table 4

Values of deflections and maximum normal stresses for five-layer CLT panels
at evenly distributed load of 5.0 kN/m?

Span, m 3 6 9
E[ef w Gm,d w Gm,d w Gm,d
) (M) (M) (M)
Measurement kNem? mm | kN/em?] mm kKN/em® | mm | kN/em?
units (cm®) (kNem) (kNem) (kNem)
Kreisinger's 7,26x10°| 8,176| 0456 | 12597 | 15824 | 633 | 4,1
theory
FEM B Ne36
SP Lira SAPR 7,78 | 0,407 123,0 1,620 619 3,65
FEM B Ne4 1 7,32x10° 0,457 1,810 4,07
SP Lira SAPR | (1331,66)] %] (6.09) | 20| a1 | | (542)
Table 5

Values of deflections and maximum normal stresses for seven-layer CLT

panels at evenly distributed load of 1.5 kN/m?

Span, M 3 6 9
E[ef w Om,d w Om,d w Om,d
) (M) (M) (M)
Measurement kNem? mm | kN/em?| mm kKN/em® | mm | kN/cm®
units (cm?) (kNcm) (kNcm) (kNcm)
Kreisinger's 1,79x107| 1,27 | 0,0963 | 19,168 | 0,385 | 95.81| 0,867
theory
FEM B Ne36
SP Lira SAPR 1,18 | 0,088 | 184 | 0351 | 929| 0,79
FEM B Ne41 1,81x107 0,096 0,380 0,853
SPLira SAPR | (235550 20| 2260 87 | 895 | ¥ | 01
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Table 6

Values of deflections and maximum normal stresses for seven-layer CLT
panels at evenly distributed load of 5.0 kN/m’

Span, M 3 6 9
EIef w Om,d w Om,d w Om,d
) (M) (M) (M)
Measurement kNem? mm | kN/cm?| mm kN/cm? mm | kN/em?
units (cm®) (kNem) (kNem) (kNem)
Kreisinger' 1,79x107| 3,51 | 0266 | 52,88 | 1,063 |264.6| 2.39
theory
FEM B Ne36
SP Lira SAPR 326 | 0244 | 51,0 | 0973 | 257 | 2,19
FEM B Ne41 1,81x10’ 0,265 1,053 2,36
SPLira SAPR | (2355.52)] 31| (625) | 22 | (a8) | 2| (556
-150 -131 -112 -93.7 -74.9 -56.2 -375 -18.7 -1.5 0

Isoficlds vertical deformations (Z), mm

= 33 19 152 0

-152 -133 -114 95 =70

Isofields vertical deformations (£), mm

7

b
Fig. 2. Isofields of three-layer CLT panels' vertical deformations, span of 6 m, at evenly

distributed load of 1.5 kN/m?, at modeling by volume (top) and flat (bottom) finite elements
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-123 -107 -91.9 -76.6 -61.2 -45.9 -30.5 -153 -1.22 0

Isoficlds vertical deformations (£), mm

125 -100 933 751 -62.5 -46.9 -313 -15.6 -1.25 0

Isofields vertical deformations (Z), mm

Z

Fig. 3. Isopolies of five-layer CLT panels" vertical deformation, span of 6 m, at evenly distributed
loading of 1,5 kN/m?, at modeling by volume (top) and flat (bottom) finite elements

For spans of 6 meters, the difference in the calculation methods for
determining the deflections for all types of panels at different load intensities is
within 4%, and between the FEM volumetric and flat FE — 2.7%. The
difference in determining the stresses by the theoretical method and the
method using flat FE does not exceed 1.5%. The obtained values of stresses
when using volumetric FE, for three-layer panels, are almost 17.5% lower. For
five- and seven-layer panels, the difference in normal stresses values between
the theoretical method and the FEM increases to 8.8 and 11%, respectively.

For panels with spans of 9 meters, the difference in the calculation methods
for determining the deflections for all types of panels at different load
intensities is within 3%, and between FEM volumetric and flat FE — 2.5%. The
difference in the determination of stresses by theoretical methods and methods
using flat FEs almost coincides. The obtained values of stresses during
application showed the same difference as for panels with spans of 6 m.

Based on the data obtained in tables 1, 2, 3, 4, 5, 6, and described above,
we can conclude that the use of flat FE Ne41 using the above physical and
mechanical characteristics gives a fairly high convergence of results with
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Kreisinger's theory, which confirms the possibility of its application in the
modeling of both individual cross-laminated timber panels and houses made of
such panels. This modeling can greatly simplify the creation of calculation
schemes.

-18.4 -16.1 -138 -115 92 -6.9 -4.6 23 -0.184 0

Isofields vertical deformations (Z), mm

-18.9 -16.5 -14.1 -11.8 9.43 -7.07 -4.71 -2.36 -0.189 0

Isofields vertical deformations (Z), mm

\\f N

|~

Fig. 4. Isofields of seven-layer CLT panels vertical deformation, span of 6 m, at evenly distributed
load of 1.5 kN/m?, at modeling by volume (top) and flat (bottom) finite elements

Conclusions. 1. The high reliability of the CLT panels calculation results
using the existing analytical method, FEM using volumetric FE Ne36 and flat
FE Ne41 using the reduced elasticity modulus according to the above method,
adjusting the Poisson's ratios so as to maintain the condition of existence in
timber of elastic potential was proved. 2. It is possible to apply FEM with
panels modeling by orthotropic panel FE Ne41 for CLT panels calculation
using the reduced modules of elasticity by the technique offered above, by
adjustment of the Poisson's coefficients so that the condition of existence in
timber of elastic potential remained.
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Muxaiinoscoxuti /I.B.
METOJMKA PO3PAXYHKY IMAHEJBbHUX BYJUHKIB 3 MOMNEPEYHO-KJIEEHOI
JEPEBUHU

AKTyanbHicTh. ByniBenbHi KOHCTPYKLIl 3 MONEPEYHO-KJICEHO! NepeBUHU HaOyBaioTh BCE
OLIBIIOr0 PO3MOBCIOMKEHH. J[0CBiJ MPOEKTYBAaHHS Ta EKCIUTyaTallii ACpeB’SHUX KOHCTPYKLN
PI3HOMAHITHOIO MPHU3HAYEHHS IMIATBEPDKYE MOLUIBHICTh X BHKOpHCTaHHA. OcobauBoOro
HOLIMPEHHS, OCTAHHIM 4YacoM, HaOyio 3BEJeHHsS NAHEIbHUX OYAMHKIB, B TOMY 4YHCIi i
0araTornoBepXoBUX, 3 IIONEPEUHO-KICEHOI AepeBHHH. [laHenm 3 momepedHO-KICEHO! IepeBHHH
BUKOPDUCTOBYIOTb B SIKOCTI HECYYHX CTIH Ta IUINT IEPEKPUTTSA 1 IOKPUTTS B Majio- Ta
6araTonoBepxoBUX OyIMHKaX pPi3HOMAHITHOro mpu3HadeHHs. Mera po6oru. B wiii crarti
3alPOIIOHOBAHE BUPIIICHHS 3a/a4i PO3paxyHKy MaHeJIed 3 IONePeYHO-KICEHOT JCPEBHHU 3a
JIONIOMOrOI0  METOAY CKIHYEHHX €JIEMEHTIB i3 3aCTOCYBaHHAM MPHBEICHHX MEXaHIYHHX
XapaKTepUCTHK MaTtepiany. YJOCKOHAIMTH IHXKEHEPHY HOPMATHBHY METOIHKY DPO3PAaXyHKY
naHenel 3 MONEPeYHO-KICEHOI JepeBMHHM. HaBeneHo yTouHeHi (OPMYIM [0 BHU3HAYCHHIO
IPUBEICHUX FCOMETPUYHHX Ta MEXaHIYHHX XapPAKTEPUCTHK PI3HUX THIIB MaHENeH 3 MONepedHo-
KJICEHOI JIGPEBMHH, B TOMY 4YHCI, 3 KOMOIHOBaHOI MOIEpeyHO-KIeeHOl JaepeBuHu. HaBeneHo
AITOPUTM PO3PaxyHKy IIaHENeH 3 IIOHEepPeYyHO-KICEHOI [EPeBHHH 3a JOIOMOIOI0 METOILY
CKiHYEHHX eneMeHTIB. HaBemeHi pe3ysibTaTd YHCENBHUX JOCHIUKEHb IIATBEPIKYIOTH
JIOCTOBIPHICTh pe3yNbTaTiB po3paxyHKy maHeneit 3 [TK]] 3 3acTocyBaHHAM iCHYIOYOI aHAII THIHOL
meroauku, MCE 3 3acrocyBanHsM 00’emHux CE Ne36 ta miockux CE Ne41l 3 BUKOpHCTaHHSM
IPUBEICHUX MOAYJIB MPYXKHOCTI 3a 3alNpPONOHOBAHOK BHIIE METOAMKON. Pe3yabrarh.
OOrpyHTOBaHO MOXJIMBICTh 3aCTOCYBAaHHS IUIOCKMX CKIHYCHHX CJIEMEHTIB 3 BpaxyBaHHIM
OPTOTPOINHUX BJIACTHBOCTEH ISl PO3PAaXyHKy MaHeJeH 3 MONepeyHO-KICEHOI IePEBUHH 32 YMOBU
BUKODUCTaHHS IPUBEACHUX MOIYJIB IPYXHOCTI 3a 3alpPONOHOBAHOIO BHILE METOJHUKOIO,
KopuryBanHsM KoediuientiB IlyaccoHa Takum uyuHOM 100 30epirasack ymoBa iCHYyBaHHs B
JIEPEBHHH TIPY’KHOTO IOTEHIIiay.

Ku1rouoBi ci1oBa: mnornepeyHo-KiIeeHa JepeBHHA, TTAHEIbHUI OYJAMHOK, pO3paxyHKOBa cxema,
METOJl CKIHYCHHMX EJIEMEHTIB, HANpyXeHO-1eOpMOBaHUI CTaH, CHCTEeMa IPYHTOBAa OCHOBa-
(yHIaMEHT-HaJ3eMHA KOHCTPYKIIIsL.

Muxatuinosckuti /I.B.
METOJMKA PACYETA MAHEJBHBIX JOMOB W3 MOMNEPEYHO-KJIEEHOM
JPEBECHUHBI

AKTyalnbHOCTb. CTpOMTENbHbIE KOHCTPYKUMHM M3  IIONEPEYHO-KIEEHOH  JPEBECHHBI
npuobperaroT Bce Oonbinee pacnpoctpaHeHHe. OINBIT TPOSKTHPOBAHHMS M IKCIUIyaTal[M{
JIEPEBSHHBIX KOHCTPYKLMH pPa3JIMYHOrO Ha3HA4YeHHUs IOATBEPIKAACT 1ENecoo0pa3sHOCTh HX
ucrnonb3oBanus. Ocoboe BHHMaHWE, B MOCIEAHEE BPEMs, MPUOOPEIO BO3BEICHHE MaHEIbHBIX
JIOMOB, B TOM YHCJI€ 1 MHOTOITAXKHBIX, C ITONEPEYHO-KIICEHON ApeBecuHbl. [lanenu u3 nomnepeyHo-
KJ'leeHOﬁ JAPEBECUHBI UCIIOJIB3YOT B KAYE€CTBE HECYUIMX CTCH U IUIAT MEPEKPBITUA U MOKPBITHA B
MaJIo- U MHOTOIT@XKHBIX JIOMax pas3nuuHoro HasHavyeHusi. Lleas paGorsl. B 310l crathe
HPEUIOKEHO PELICHHUE 3a/laud pacyeTa MaHesel U3 MonepeyHo-KIeeHO! IPEeBECHHbI C TTOMOILBIO
METOAa KOHCYHBIX 3JJIECMEHTOB C IPUMEHCHHUEM IMPHUBCACHHBIX MEXaHUYCCKUX XapPaKTCPHUCTUK
Marepuana. YCOBEpLIEHCTBOBATh MHKEHEPHYI0 HOPMATHBHYKO METOIMKY pacyera IaHeled u3
HOMEPEYHO-KJICCHOH JpeBecHHbl. IIpuBeeHbl YTOYHEHHBbIE (OPMYJBI [0  ONPEICICHUIO
NPUBEACHHBIX N'COMETPUYCCKUX U MEXAaHUYCCKUX XapaKTECPUCTHUK PA3JIMYHBIX THUIIOB naHeneﬁ C
MONEPEYHO-KJICCHOW JIPEeBECHHBI, B TOM 4YHCIIE, C KOMOWHHPOBAHHOW IONEPEYHO-KICCHOM
npepecuHbl. IIpuBeneH aiaropuTM pacyera NaHeNed M3 MOMNEPEYHO-KJICCHOW JPEBECHUHbI C
IIOMOIIbIO METOJa KOHCYHBIX DJICMCHTOB. le’lBC}lCHHble pe3yIbTaThl MHOTI'OYHMCJICHHBIX
UCCJICJOBAaHUIl TOATBEPXKAAIOT JOCTOBEPHOCTh pe3yiabTaToB pacuera mnaneneit c¢ I[IC ¢
HNPUMEHEHHEM CYIIECTBYIOLIEH aHaInTHyeckoi meroauku, MCD ¢ npumeHenneM o6beMHbIx CO
Ne36 m mnockux CO Ne4l ¢ uCHONb30BAaHMEM NPHUBEAECHHBIX MOIYJEH yNpyroctu Io
HPEUIOKEHHOH Bbllle MeToAMKe. Pe3yiabTaThl. O00CHOBaHA BO3MOXXHOCTD ITPUMEHEHHS! IIIIOCKUX
KOHEYHBIX 3JIEMEHTOB € y4E€TOM OPTOTPOIHBIX CBOMCTB JUIi pacyera INaHeled W3 IMONepeyHo-
KJIECHOW JPEBECUHBI MIPU HUCIOJIB30BAHUU TPUBEIEHHBIX MOJYJIEH YHPYrOCTH IO NPEIJIOKEHHOM
BBIIIC METOAMKE, KOPPEKTHPOoBKOH kodd¢uimentoB IlyaccoHa Takum 00pa3om, UTOObI
COXpaHsUIACh YCJIOBUE CYIIECTBOBAHHS B JPEBECHHBI YIIPYTOro MOTEHIUAA.

KiroueBble ci10Ba: IONEpEYHO-KIEEHAs! JPEBECHHA, INAHENbHBIH JOM, pacueTHas CcXema,
METOJ] KOHEUYHBIX JJIEMEHTOB, HANPSDKCHHO-I1e)OPMUPOBAHHOE COCTOSIHHE, CHCTEMa IPYHTOBas
0CHOBa-()yHJAMEHT-Ha{3eMHasi KOHCTPYKIIHS.
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Haseoeno inocenepny memoouxky po3paxyHKy naueneii 3 HONEPEYHO-KIeEcHOl Oepesunu 3a
00NOMO2010 NIOCKUX CKIHYEHUX eNeMEeHmie 3 6PAXY6AHHAM OPMOMPONHUX GIACMUBOCMEN 3a
VYMOGU GUKOPUCANHS NPUBEOCHUX MOOYII6 NPYJicHOCmi 3 Kopuzyeannam xoegiyienmis Ilyaccona
MAKUM YUHOM W00 30epieanach yMosa icHy6aHHs 8 0epesunU NPYICHO20 NOMEHYIATY.
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The engineering method of calculation of panels from cross-laminated timber by means of flat
finite elements taking into account orthotropic properties under the condition of use of the resulted
modules of elasticity with adjustment of Poisson's coefficients so that the condition of existence in
wood of elastic potential remains.

Tabl. 6. Fig. 4. Ref. 21.
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