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The use of timber structures is gaining popularity around the world. The main laminated timber constructions are beams, the
study of which has received much attention. To increase rigidity and strength, beam structures are reinforced. There are many
different methods of reinforcing such structures (steel reinforcement, plates, composite reinforcement, etc.). The least re-
searched one of them is reinforcement with composite tapes. For a further detailed analysis of the stress-strain state of laminated
timber elements of rectangular cross-section reinforced with composite tapes, a number of numerical researches were per-
formed using the finite element method in the LIRA-CAD software package using three-dimensional and flat finite elements,
taking into account the features of work and structure of laminated timber beams and carbon fiber composite tapes. Therefore,
according to the conducted research, this method of reinforcement can be considered effective.

Keywords: composite materials, composite tapes, laminated timber construction, timber construction, reinforcement,
strengthening.

AHaJIi3 HaNpyKeHO-1e()OPMOBAHOI0 CTaHYy 0aJI0K
3 KJICEHOI AePeBHUHM, MiACHIEHNX KOMIIO3UTHUMH CTPiYKaMH

Muxaiinosenkuii [1.B.!, Komap M.A.*

! KuiBchbKuil Hal[iOHAIbHUI yHIBEPCUTET OyIIBHUIITBA 1 apXiTEKTYpH

* Anpeca s muctyBanHs E-mail: kolya.komar0519@gmail.com

BukopucTaHHs AepeB’siHUX KOHCTPYKIIH B yCbOMY CBiTI HaOyBae momy sipHocTi. JIocBix BIPOBaIKEHHSI TAKUX KOHCTPYKLii
0c0o0IMBO KOHCTPYKLI# 3 KieeHoi nepesuHr (KK]T) 10BOAHTb, 110 iXHE BUKOPHCTAHHS € NOLITbHUM. OCHOBHHUMH, JOCIIUKCH-
HSIM SIKMX TPUJIUICHO YAMANO yBard, KOHCTPYKI[ISIMU 3 KJICEHOI epeBUHU € Oanku. [t 301IbIIeHHs )KOPCTKOCTI Ta MiJBH-
IIeHHs MinHoCTi Oanoynnx xkoHcTpykmii 3 KK/ 3anpornonoBaHo BUKOHyBatH iX apMyBaHHs. € 6arato pi3sHUX METOMIB apMy-
BaHHs TAKUX KOHCTPYKLIi (CTaJeBOI0 apMaTypolo, INIACTHHAMH, KOMIIO3UTHOK apMaTyporo Toio). HaiiMeHmn nociimpreHnit
3 HUX LI apPMYBaHHS KOMIIO3UTHUMH CTpiukaMu. J[Jisi MOJaibIIoro, JeTalbHOrO aHalli3y HalpyXeHO-1e(GOPMOBAHOTO CTaHy
€JIEMEHTIB 3 KJICEHOT IePEBHHU NPSIMOKYTHOT'O IEpepi3y apMOBAHOTO KOMIIO3UTHUMHU CTPiUKaMH MPOBEAEHO PsiJi YHCEIBHUX
JOCITI/DKEHb 32 JOMOMOTOI0 METOAY CKiHYEHHHX ejeMeHTiB B mporpamuomy komiuiekci JIIPA-CAIIP i3 BukopucTaHHIM
00’€MHHX Ta IJIOCKHX CKiIHUCHHHX €JIEMEHTIB, BPaXOBYIOUH 0COOIMBOCTI poOOTH Ta (i3MKO-MEXaHiuHi BIaCTUBOCTI KICEHOT
JICPEBHUHH Ta KOMIIO3UTHHUX CTPiYOK i3 BYIJICLIEBUX BOJIOKOH, a came 0yJ10 00paHo GalKy MpsSMOKYTHOTO TIONIEPEYHOTO Hepepisy
CKJICEHI 3 JIOILIOK OJJHOTO KJacy MinHocTi 3MozenboBani 00’ emHuMu CE Ne36 3 apMyBaHHSM KOMIIO3UTHUMH CTPi4KaMH 3MO-
nensoBaHuMHE 1I0ckiME CE Ne44 ta 6e3 HpOro Ha JBOX IIAPHIPHUX OMOpax, 3aBaHTa)KEHi PIBHOMIPHO PO3MO/IiICHIM HaBaH-
Ta>KeHHSIM pi3HOI iHTeHCHBHOCTI Ta SpaniB. [Ticis mpoBeeHOro po3paxyHKy MOXKHA 3a3HAYHTH, 1[0 apMOBaHi OAJIKU B cepen-
HbOMY Ha 18% MeH1i BepTHKainbHi qedopmarii Ta Ha 27% MeHII HOpMaJIbHI HalPY)KCHHS BiJl aHAIOTYHUX OAJIOK HE apMo-
BaHUX KOMIIO3UTHUMHU cTpiukamu. Ta miciist aHasi3y NpUKIagaHHs Pi3HUX PIBHOMIPHUX HaBaHTa)XEHb MOXKHA 3a3HAYUTH, L0
npy 30UIbIICHH] HABAHTAXXEHHS IPAKTHYHO HE 3MIHIOETHCS BIJICOTKOBA PI3HMLS MiX 3HAYEHHSMH IIPOTHHIB Ta
MaKCUMaJIbHUX HOPMAJIbHUX HATIPY>KEHb TAKKX OAJIOK. 3a pe3ylbTaTaMu MPOBEIECHUX T0CIIKEHb 3alPONOHOBAHMI Me-
TOJi ApMYBaHHS MOXKHA BB)KaTH €(PEKTUBHHUM.

KnrouoBi cioBa: KOMIIO3WTHI MaTepiayi, KOHCTPYKILisS 3 KJIEE€HOI AEPeBHHH, HEPEB’sSHa KOHCTPYKILS, MiJCHICHHS,
apMyBaHHs, KOMITO3UTHA CTpPiUKa.
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Introduction

The use of timber structures is gaining popularity all
over the world. The experience of implementing such
constructions, especially laminated constructions
(LTC) proves that their use is expedient. Beams are the
main LTCs, the research of which has received maxi-
mum attention. In order to increase the rigidity and
strength of beam structures with efficiency, it is sug-
gested to perform their reinforcement. There are many
different methods of reinforcing such structures (steel
reinforcement, plates, composite reinforcement, etc.).
The least researched one of them is reinforcement with
composite tapes.

For a further detailed analysis of the stress-strain state
of elements made of timber with a rectangular cross-
section reinforced with composite tapes, a number of
numerical researches were carried out using the finite
element method (FEM) in the LIRA-CAD program
complex (PC) using volumetric and flat finite elements
(FEM), taking into account the features of work and the
structure of beams made of laminated timber and com-
posite tapes of carbon fibers.

Review of the research sources and publications

Based on the analysis of scientific sources of research
and publications [1], it was established that there is very
little and extremely insufficient research on the
strengthening of timber structures and, in particular,
beams made of laminated timber reinforced with com-
posite tapes. In particular, this research, the results of
which are given in the article [2] by the authors S. Go-
mon and M. Polishchuk, in which they experimentally
consider the technology of manufacturing laminated
timber beams reinforced with rod reinforcement and
composite tapes. Also, certain research results are de-
scribed in the article [3] by the authors Bashynskyi O.,
Bondarchuk T., Peleshko M. In [3] the results of exper-
imental research are presented and three methods of re-
inforcing timber beams with tape reinforcement are
presented, which made it possible to almost double
their carrying capacity.

The analysis of the presented research confirms
the possibility of performing numerical research in
PC LIRA-CAD by analogy with the engineering
method of calculating laminated timber elements with
composite reinforcement [4], as a relevant and innova-
tive method of research.

It should be noted that the modeling of reinforcement
elements, namely composite tapes made of Sika
CarboDur S 1012 carbon fibers in the LIRA-CAD pro-
gram complex requires a separate study and a more de-
tailed study for a more accurate approval of the research
results on the reinforcement of various types of struc-
tures with them.

Definition of unsolved aspects of the problem

Research conducted at this stage is purely theoretical.
They show the theoretical experience of strengthening
laminated timber beams with composite tapes.

This article presents numerical research in
PC LIRA-CAD and compares the calculation results of
beams of different lengths reinforced with composite
tapes and without reinforcement at all under the action
of different uniformly distributed loads.

Problem statement

The world experience of implementing structures
made of laminated timber proves the feasibility of using
such structures. LTCs are especially widespread for
covering medium, long, and very long spans (over 100
m). This is due to the fact that laminated timber effec-
tively combines all the best qualities of timber as a con-
struction material, such as relatively high strength and
leveling of defects that are present in solid wood. One
of the methods of increasing the bearing capacity of
LTC is their reinforcement in various ways, including
composite tapes.

The purpose of this work is to study the stress-strain
state of laminated timber beams reinforced with com-
posite tapes in comparison with laminated timber
beams without reinforcement by modeling them in
PC LIRA-CAD using volumetric and flat finite ele-
ments and to approbate the results through the compar-
ison of the researched elements of different lengths un-
der the action of different uniformly distributed loads.

The other purpose is to investigate the results of mod-
eling Sika CarboDur S 1012 carbon fiber composite
tapes with flat finite elements in the LIRA-SAPR soft-
ware complex.

Main material and results

The beams of rectangular cross-section glued from
boards of the same strength class with reinforcement
with composite tapes (Fig. 1 (b)) and without it
(Fig. 1 (a)) on two hinged supports, loaded with a uni-
formly distributed load of intensity: 2 kN/m, 4 kN/m,
6 kN/m, 8 kN/m, and spans: 4 m, 6 m, and 8 m were
chosen as the object of numerical researches.

The cross-section of the beams consists of eight lay-
ers of timber boards of the same strength class C35,
which were modeled by three-dimensional FE No. 36
for numerical research. The overall dimensions of the
cross-section of the beams are H =24 cm, b = 10 cm,
with the following mechanical properties: modulus
of elasticity of timber along the fibers E1 = EO,
mean = 13000 MPa, modulus of elasticity of timber
across the fibers E2 = E3 = E90, mean =430 MPa, shear
modulus G = Gmean = §10 MPa. When modeling
beams reinforced with Sika CarboDur S 1012 compo-
site tapes, which were modeled with flat FE No. 44,
their mechanical characteristics were additionally spec-
ified: modulus of elasticity along the fibers E1 = EO,
mean = 170,000 MPa.

The isopolies of vertical deformations and normal
stresses along the timber fibers according to the results
of numerical tests of FEM for beams made of laminated
timber with and without composite tape reinforcement
spans: 6 m., with a uniformly distributed load of
2 kN/m is presented in Fig. 2 - 3.
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Full results of FEM numerical research for laminated
timber beams with and without composite tape rein-
forcement for 4 m, 6 m, § m spans were investigated
and all variants of uniformly distributed load 2 kN/m,
4 kN/m, 6 kN/m, 8 kN/m, presented in table 1-4.

From the conducted numerical research, it is clear that
for beams made of laminated timber of the same
strength class reinforced with composite tapes under a
uniformly distributed load of 2.0 kN/m, the tensile
load-bearing capacity increases by more than 25%
compared to similar beams without reinforcement with
composite tapes. And the movement of such beams
when reinforced with tapes is reduced by more than
15%. For reinforced beams under a uniformly distrib-
uted load of 4.0 kN/m, the tensile load-bearing capacity

increases by more than 25% compared to similar beams
without composite tape reinforcement. And the move-
ment of such beams when reinforced with tapes is re-
duced by almost 20%. For reinforced beams with a uni-
formly distributed load of 6.0 kN/m, the tensile load-
bearing capacity increases from 26 to 29%, compared
to similar beams without composite tape reinforcement.
And the movement of such beams when reinforced with
tapes decreases by 17-19%. For reinforced beams under
a uniformly distributed load of 8.0 kN/m, the tensile
load-bearing capacity also increases from 26 to 29%,
compared to similar beams without composite tape re-
inforcement. And the movement of such beams when
reinforced with tapes decreases by 17-19%.

a) b)
g 3
L | o~
- S
g 9
E =3 3 =S
3 e Sika CarboDur
3 3 B EE—
- b
b, by,
Figure 1 — Geometric diagram of the cross-section
of the beam without reinforcement (a) and reinforced with composite tape (b).
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Figure 2 — Isopolies of vertical deformations in glued laminated timber beams without reinforcement (a)
and reinforced beams (b) with a span of 6 m at an evenly distributed load of 2 kN/m
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Figure 3 — Isopolies of normal stresses in beams from glued laminated timber without reinforcement (a)
and reinforced beams (b) with a span of 6 m at evenly distributed load of 2 kN/m

Table 1 — Values of deflections and maximum normal stresses for glued laminated timber beams
of the same strength class with and without reinforcement at a uniformly distributed load of 2.0 kN/m

Span, m 4 6 8
Methods of calculation EI w, Om.d w, Omd w, Omd
(m), mm kN/cm? mm kN/cm? v kN/cm?
kNsm? (sm?)

FEM without rein- 4,76 0,402 25,1 0,901 72,3 1,60
with volumetric FE forcement
No. 36
FEM reinforced 4,06 0,318 21 0,701 61,2 1,27
with volumetric FE with compo-
No. 36 site tape
and flat FE No. 44

Percentage difference 17% 26% 20% 29% 18% 26%

30ipHHUK HAyKOBHX mpalp. ['ary3eBe MammHoOyyBaHHs, OyaiBHUITBO. — 2 (57) 2021 93




Table 2 — Values of deflections and maximum normal stresses for glued laminated timber beams
of the same strength class with and without reinforcement at a uniformly distributed load of 4.0 kN/m

Span, m 4 6 8
Methods of calculation EI w, Omd w, Omd w, Omd
(w), mm kN/cm? mm kN/cm? mm kN/cm?
kNsm? (sm?)

FEM without rein- 9,51 0,804 50,1 1,8 145,0 3,2
with volumetric FE forcement
No. 36
FEM reinforced 8,11 0,635 42,0 1,4 122,0 2,54
with volumetric FE with compo-
No. 36 site tape
and flat FE No. 44

Percentage difference 17% 27% 19% 29% 19% 26%

Table 3 — Values of deflections and maximum normal stresses for glued laminated timber beams
of the same strength class with and without reinforcement at a uniformly distributed load of 6.0 kN/m

Span, m 4 6 8
Methods of calculation EI w, Om.d w, Omd s w, Omd s
W), mm kN/cm? mm kN/cm? mm kN/cm?
kNsm? (sm?)
FEM without rein- 14,3 1,21 75,2 2,7 217,0 4.8
with volumetric FE forcement
No. 36
FEM . 12,2 0,953 63,0 2,1 184,0 3,8
. . reinforced
with volumetric FE .
with compo-
No. 36 site tape
and flat FE No. 44 P
Percentage difference 17% 27% 19% 29% 18% 26%

Table 4 — Values of deflections and maximum normal stresses for glued laminated timber beams
of the same strength class with and without reinforcement at a uniformly distributed load of 8.0 kN/m

Span, m 4 6 8
Methods of calculation EI w, Omd w, Omd » w, Omd »
W), mm kN/cm? mm kN/cm? mm kN/cm?
kNsm? (sm?)
FEM . . 19 1,61 100,0 3,6 289,0 6.4
. . without rein-
with volumetric FE forcement
No. 36
FEM . 16,2 1,27 84 2,8 245,0 5,07
. . reinforced
with volumetric FE .
with compo-
No. 36 site tape
and flat FE No. 44 P
Percentage difference 17% 27% 19% 29% 18% 26%

For a more illustrative example, comparative
graphs of the ratio of displacements to uniformly dis-
tributed loads in the researched beams with corre-
sponding spans of 4 m, 6 m, and 8§ m were created
(Fig. 4-6) and comparative graphs of the ratio of the
maximum normal stresses of the researched beams
to uniformly distributed loads applied to them
(Fig. 7-9.)

If we compare the results of these tables
(Tab. 1-4) and graphs (Fig. 4-9), we can conclude
that with increased loads the percentage of amplifi-
cation remains practically unchanged. From the ob-
tained results, it becomes clear that the reinforce-
ment of the stretched zone of the beam made of lam-
inated timber allows to significantly reduce its de-
formability and normal tensile stresses along the fi-
bers.

94 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (57)’ 2021



— — [\)
(e (%] o

Deflections, mm
(9,

2 kN/m 4 kN/m 6 kN/m 8 kN/m

Uniformly distributed load

without reinforcement

Figure 4 — Graph of the ratio of displacements to evenly distributed loads
in the researched beams with a span of 4 m
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Figure 5 — Graph of the ratio of displacements to evenly distributed loads
in the researched beams with a span of 6 m
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Figure 6 — Graph of the ratio of displacements to evenly distributed loads
in the researched beams with a span of 8§ m
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Figure 7 — Graph of the ratio of maximum normal stresses to evenly distributed loads
in the researched beams with a span of 4 m
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Figure 8 — Graph of the ratio of maximum normal stresses to evenly distributed loads
in the researched beams with a span of 6 m
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Figure 9 — Graph of the ratio of maximum normal stresses to evenly distributed loads
in the researched beams with a span of 8§ m
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Conclusions

As can be seen from the results obtained according to
the finite element calculation in PC LIRA-CAD, beams
made of glued boards of strength class C35, which were
modeled by three-dimensional finite elements FE No.
36, reinforced with a composite tape made of carbon
fibers Sika CarboDur S 1012, which were modeled by
flat finite elements FE No. 44 have on average 18%
lower vertical strains and 27% lower normal stresses
than similar laminated timber beams not reinforced
with composite strips. We can note that with an in-
crease in load, the percentage difference between the
values of deflections and maximum normal stresses of
such beams practically does not change. Therefore, this
method of reinforcement can be considered effective.

And in connection with the absence of calculation in-
structions or any other engineering approach to
structures made of laminated timber reinforced with
composite tapes in domestic regulatory documents
[5 - 7] the perspective of these researches is relevant.
Reinforcement with composite tapes of other structures
made of laminated timber, such as frames, arches,
trusses, and panels made of cross-laminated timber, re-
quires a separate study.
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