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Summary. The basis for the calculation of reinforced bending wooden elements, taking into account the
nonlinearity of wood deformation, has been developed. For the proposed calculation, optimized diagrams of wood
deformation (polynomial of the 4th degree) were used. A method of determining the tangential stresses of bending
reinforced wooden elements, taking into account the nonlinearity of the deformation of the material, has been
developed.
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Statement of the problem. Materials, elements and structures made of wood remain
one of the most popular in practice of construction. Their usage started many centuries back.
Wooden elements and structures have rather long service life and are used in erecting industrial
and civil structures. With relatively small weight, they have high strength and toughness. One
of the most peculiar features of wood is its anisotropy. It is important to consider it while
calculating elements and constructions. Determining of tangential strains, of bending reinforced
wooden elements in particular, is crucial as well.

Analysis of recent researches. As the recent researches [1-6] and the researches of
the other authors [7, 8] show, deformation of wood occurs non-linearly almost from the
beginning of the load. Such peculiarities should be taken into account when calculating
wooden elements, both reinforced and non-reinforced [9-20]. The vital factor for the work of
wood is determining of tangential strains in reinforced bending elements and constructions
taking into consideration non-linearity of deformation of the material. In our previous study
we suggested determining the tangential strains in non-reinforced elements [21].

Results of the research. From the previous it is seen that reinforcement of wood
significantly influences the deflection of bending parts while decreasing it and increasing
its stiffness [22-23]. The researches prove that reinforcement increases the bearing
ability of a normal cross-section. Subsequently, the achievement of the ultimate deflection
of the element occurs with significantly smaller cross-sectional dimensions, which allows
to save the amount of material necessary to ensure the rigidity of the structure. And
in the case of designing, it allows to overlap larger spans. It is the research data that
there cause the necessity to determine and check the tangential stresses that occur along
the height of the beam from the compressed reinforcement to the stretched one. To
determine such tangential stresses, a part of the element should be cut out of the existing
element and the internal forces should be projected on the axis. Assume that there is a
certain bending element in which a variable bending moment occurs, a cantilevered
beam can be such an option (Fig. 1).
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Figure 1. Cantilever fixed bending element

Let us cut out a part of the bending element and obtain a part of the element, the
dimensions of which are shown in Fig. 2. A pair of forces from the the bending moment and
tangential stresses, which perceive this difference in forces are acting upon it.
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Figure 2. An elementary part of the strain-stress state:

FX 1 FX , are the resulting forces of internal stresses which occur in wood;

Fx‘arm 1 Fx,arm,z are the internal forces occurring in reinforcement;

T, .,T,,,T, are the tangential stress occurring in timber;

y.11 Ty, 2?0

dx is an elementary area on which tangential stresses T, act.

The stresses that act on the elementary part of the beam, if projected on the axis, will
give the following equilibrium equations:

r=bx((F,~F.. )+(F,~F..) @)

b is the width of the bending element in the place of occurrence of tangential stresses 7 .
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Considering the previous equilibrium equation (1), it can be stated that the determination
of tangential stresses is reduced to the determination of internal stresses acting along the x axis.
To determine these stresses, consider two cross-sections of the bending element by the edges,

which are the planes in which the internal forces F _,,F, ., F F act.
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Figure 3. Strain-stress state in cross-sections 1 and 2 from the action of moments M , and M )

We write down the equations of internal forces F,, and F,,, which occur in sections
1 and 2 (Fig. 3) and are the sum of the stresses occurring in the wood

F=b [ f(o)u-olu,,.)A 0

uc,h,l

FX,Z = b usz (Gbu - G(uc,arm,Z)As ! (3)

c.h,2

A, is the area of the reinforcement falling into the elementary area;
u.,,U., are the relative deformations occurring at the boundary compressed wood fibers;
U.n1 U, are the relative deformations on the end where the tangential deformations are
determined;
U am11Uc am o are relative deformations in reinforcement.

The forces perceived by the reinforcement in section 1 and 2 will be equal:

Frami = O A (4)

x,arm,1

Fx,arm,z = O-SAS (5)

To determine the relative deformations under the acting moments, we use the
approximate function of the curve-moment graph for the reinforced wooden element and
determine the value of the curvature in cross-sections 1 and 2.
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(fl,arm = Gl,arm M 12,arm + Gz,arm M l,arm (6)
éz,arm = Gl,arm M 22,arm + C;Z,arm M 2,arm (7)

& am1Soam are the curvatures of the reinforced bending element;
G G are the coefficients for transition from the moment to curvature;

larm ! ~2,arm

M, .mn+M,,.. arethe bending moments acting in cross-sections 1 and 2.

To determine the position of the neutral line, we will use the graph of the change of the
neutral line and determine the coefficient of the ratio of the compressed zone to the stretched

Z0one

ug,
k1 = f(‘gl): uc’ (8)

u
k, = f(&,)=—% ©)

t,2

u,,,Uu, , are the relative deformations occurring at the stretched edge wood fibers;
Respectively, the compressed and stretched areas will be equal in the cross-section

h

h01: ' htl:h_hcl

o1+ k, ’ | (10)
h

h, = . h,=h-h,

c,2 1+k 2 y (11)

Relative deformations for calculation of the forces F,, and F_, will be equal
U, =&, - hc,l; Uy =6 (hc,l - hz) (12)
U, =&, hc,z U, =6, '(hc,z - hz) (13)

Relative deformations for calculation of the forces F,, are F,, as follows

carm21 —

Uy g = (N, - d)E“ : (14)

c,1
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gc
uc,arm,z = (hc,z - d)h . ’ (15)
c,2
Depending on the obtained relative deformations, we calculate the forces F,, and F,,

determine the average value of deformations on the areat, .

TX = bX(Fx,l - I:x,arm,l - Fx,2 - Fx,arm,Z) (16)

Let us calculate the tangential stresses that occur in the wooden element at the maximum
moment which can be accepted by the cross-section. Meanwhile, the forces acting on the
elementary cross-section in Fig. 2 and Fig. 3 are calculated using the integrated functions of a
polynomial of the 4th degree [4]

k k k
F _ b 4 ! Wk L‘Ic,hl u uc,arm,lA
1= yc,l ~ |+ 1 k-1 Yena Z k+1 u*® - ZWk T A7)
uc,O,d k=1 K+ uc,O,d k=1 uc,O,d
k k k
4 U 4w u 4 u
_ k c,h,2 c,arm,2
byc 2 Z yc,h,2 Z k 1 k-1 - Zwk ) k-1 As (18)
1 K+ Uc 0d k=1 UCYOd k=L uc,o,d
I:x,arm,l = uc,arm,lEsAs (19)
I:x,arm,z = uc,arm,ZEsAs (20)

Conclusions. The basis for the calculation of reinforced bending wooden elements,
taking into account the nonlinearity of wood deformation, has been developed. For the
proposed calculation, optimized diagrams of wood deformation (polynomial of the 4th
degree) were used. A method of determining the tangential stresses of bending reinforced
wooden elements, taking into account the nonlinearity of the deformation of the material,
has been developed.
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Determination of tangential stresses in reinforced flexible wooden elements taking into account the nonlinearity
of material deformation

YIIK 624.011

BU3AYEHHA JOTUYHUX HAIIPYKEHb B APMOBAHUX
3I'MHAJIBHUX JIEPEB’AHUX EJIEMEHTAX 3 YPAXYBAHHSAM
HEJITHIMHOCTI JE®OPMYBAHHS MATEPIAJTY

ITerpo 'omon

Hayionanvnuti ynieepcumem 600H020 2ocnooapcmea ma
npupoookopucmysanns, Piene, Yxpaina

Pesome. Ilposedeno Oemanvhuil auaniz HAsA6HUX JAimepamypuux oOdcepen GiMUUIHAHUX MA
3aKOPOOHHUX ABMOPI6, AKI CMOCYIOMbCA pOOOMU 32UHANGHUX APMOBAHUX MA HEAPMOBAHUX Oepes aHUX
eleMenmie i KOHCMPYKYIll, Npu po3paxyHKy SKUX 6PAX08YEMbCs HeAlUHIiCmb OeopMysants mamepiany. 3
nonepeoHix 00CRi0dCeHb 3PO3VMINO, WO APMYBAHHA OePeGUHU CYMMEBO BNAUGAE HA NPOSUH 32UHANLHUX
O0epeg’aHuUX eleMeHmis, 3MeHWYYY U020 i Rnioguwyuu Hozo ocopcmkicms. A 0ocniodceHHs
niomeepodCYIomb, WO aApMYBAHHA MAKOIC NIOBUWYE HECYUy 30aMHICMb HOPMAbHO20 nepepiszy. IIpu yvomy
00CACHEHHSA 2PDAHUYHO20 NPOSUHY elleMeHma HACMAE NPU CYMMEBO MEHULUX PO3MIPAX NONePeYHo20 nepepisy,
wo 0036015€ 30epeemu KilbKicms mamepiany, Heo0XiOH020 011 3a0e3neyenHs HCOPCMKOCMI KOHCMPYKYii U
¥V 8UNAOKY NPOEKMYBAHHS, 00360.JI51€ nepekpusamu Oinvwi nporvomu. Came uepes 0ani 00CaioxNce HHsL BUHUKAE
HeoOXiOHICMb GU3HAYEHHA Ma NepesipKu OOMUYHUX HANPYICEHb, WO SUHUKAIOMb NO ucomi 0aiku 6i0
cmucHeHol apmamypu 00 po3msacHenoi. Jia UHAYeHHs MAKuUX OOMUYHUX HANPYICEHb CAI0 8 ICHYIOYOMY
eleMeHmi 8upizamu 4acmuHy eremeHma i cnpoexmysamu eHympiwni 3ycuiisi Ha oci. Hasedeno pigHanHs
pisnosazu makux enemenmis. Bcmanosneno nanpysceno-oegpopmosanuii cman ma po3pooieHo ocHogu 0l
PO3DAXYHKY APMOGAHUX 32UHANLHUX Oepes SHUX eleMeHmis i3 Ypaxy8auHAM HeniHitiHocmi 0edopmyeanis
Oepesunu. Jlnsi 3anponoHOBAHO20 PO3PAXYHKY GUKOPUCIAHO ONMUMI3osani oiazpamu Oedopmysanus
Oepesunu (noninom 4-co cmynens). Hasedeno memoouxy 6usHayenHs OOMUYHUX HANPYIICEHb 32UHATILHUX
aApMOBAHUX 0epe8 sSHUX eleMeHMIB I3 YPaXyB8aHHAM HEeNIHIUHOCMI 0eopMy8anHs Mamepiany.

Kniouoei cnoea: Oepesuna, 32UHANbHUL eNeMEHM, HANPYICEHO-0ePOopMOosanuti cman, OOMUUHI
HAnpyxcents, onmumizosana oiazpama 0eghpopmysants 0epesuHi.
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