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INTRODUCTION

Carbon Fibre Reinforced Polymer (CFRP) 
composites are still getting on popularity. The 
main reasons are their low weight and both high 
rigidity and strength. In timber constructions, 
they are primarily used to enhance existing load 
bearing members. Scientists do a variety of tests, 
where the example may be glued joints. Despite 
much research, such ties are often modelled as 
perfect. It means the cohesive stiffness and op-
portunity of progressive delamination are omit-
ted. The literature is insufficient in guidelines for 
incorporating adhesive connections in wooden 
structures by exploiting such a current method 
as FE (Finite Element) analysis. There is only 
general information indicated. The author tries 
to decide which properties are necessary to be 
included in a numerical model. Simultaneous 

experimental investigations and computational 
analyses make it easier to be done. Subsequent 
steps are comprehensively reported. Some of 
them were established in the author’s prior ac-
tivities [1–4].

Tests on wood-wood and wood-CFRP 
adhesively bonded joints

Literature on general research on wood-
wood and wood-CFRP adhesively bonded joints 
is extensive. Lavisci et al. proposed a method of 
testing joints in shear, applying tension or com-
pression [5] according to the setup shown in Fig-
ure 1a. Gereke et al. [6] carried out numerical 
analyses of a similar lap joint in a glue laminated 
timber. Almeida et al. [7] and Cavalheiro et al. 
[8] tested a maximal shearing stress on the speci-
mens composed of three elements, in a double-lap 
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configuration – as shown in Figure 1b. Rudawska 
et. al [9] analysed the influence on selected fac-
tors on the strength of wood adhesive joints.

Wang et al. [10] and Xu et al. [11] tried re-
search on cracking of glue laminated timber 
on double cantilever beam (Figure 2a) and end 
notched flexure (Figure 2b) samples. Fortino et 
al. [12] performed numerical analyses of delami-
nation in two samples – the first on the wedge-
splitting (Figure 2c), and the second on a double 
cantilever beam (Figure 2a).

The next case is testing the joint in a wood-
CFRP configuration. Many authors studied both 
single and double-lap joints of wood-CFRP. 
Vessby et al. [13], Wan et al. [14, 15], Biscaia 
et al. [16], Subhani et al. [17] and Vahedian et 
al. [18–21] examined strains redistribution in a 

single-lap joint between wood and CFRP plate 
(Figure 3a). Vessby et al. performed a numerical 
modelling, while Biscaia et al. and Vahedian et 
al. proposed an analytical solution. Biscaia et al. 
[22] extended the research with another double-
lap scheme (Figure 3b).

Arriaga et al. [23] performed a block shear 
test (Figure 3c) with a GFRP (Glass Fibre Rein-
forced Polymer) Sena-Cruz et al. [24] and Fava et 
al. [25] carried out the pull-out test of two types 
of composite plates – GFRP and CFRP, glued on 
various lengths (Figure 3d). Lee et al. [26] pre-
sented the tests on CFRP strips separated from 
wood, as shown in Figure 3e.

In summary, scientists use a variety of static 
patterns to test wood-wood and wood-FRP con-
nections. The lack of their systematisation and 

Figure 1. Configurations for testing lap joints in glue laminated timber [2]

Figure 3. Methods for testing adhesively bonded wood-CFRP connections [2]

Figure 2. Methods for testing adhesively bonded wood-wood connections [2]
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designation of the best method confirms the com-
plexity of the problem.

Principles for FE modelling of 
adhesively bonded joints

Only single studies reporting FE modelling 
of glued wood and wood-containing compos-
ites have been detected in the literature. In two 
of them, connections between items were per-
fect [27, 28]. This means that phenomena taking 
place in a glued joint were neglected. Only Khe-
lifa et al. [29] proposed modelling the adhesively 
bonded joint between CFRP and wood based on 
a cohesive surface, with the opportunity for de-
lamination. According to the author of the paper, 
with non-linear analyses of glued elements com-
prising several layers, considering the stiffness 
of the adhesive and the opportunity of delamina-
tion between each of the layers is a key feature 
that substantially affects the results. The author 
recommended adopting practices for selecting 
the properties of the adhesive surface used in the 
mechanics of multi-layer composites, because of 
the lack of rules for the modelling joints in glue 
laminated timber structures.

The geometric thickness of the joint is small, 
so the cohesive elements or cohesive surfaces 
have, by definition, a unit constitutive thickness 
(tdef). As a result, the nominal strains are equal to 
the relative peeling displacements (1):
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If the uncoupled traction-separation law is 
used (2), each part of the adhesion stresses de-
pends only on the nominal displacement and the 
corresponding cohesive stiffness of the joint (de-
fault method). It means the forces toward shear-
ing are unaffected by peeling and inversely. The 

dependence is more complex when the coupled 
formulation is used (3).
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The above rule applies to both the cohesive 
surface and the cohesive elements approach. The 
first method was used, among others, by Rama-
murthi et al. [30], Needleman [31] and Ali et al. 
[32]. This approach, however, is based on the 
phenomenon of contact and works well in simple 
models. With a more complicated example, au-
tomatic stabilisation is necessary – by adding a 
variable whose impact should be carefully anal-
ysed. In addition, as the name suggests, automatic 
means much less control on it.

Thus, the second approach was chosen in the 
conducted investigations, much more often used 
by many authors, such as Camanho et al. [33], 
Song et al. [34], Moslemi and Khoshravan [35], 
Lepore and Perrella [36], de Moura et al. [37], Stu-
paru and Constantinescu [38], Mohammadi and 
Salimi-Majd [39], Soroush et al. [40] or Sitnikova 
et al. [41]. Cohesive elements offer the stability of 
the model from the very beginning of the analysis 
and only demand introducing artificial viscosity 
as delamination progresses. Its value and influ-
ence on calculations can be precisely controlled. 
Works on studies on this parameter exist in the 
literature, which makes a right choice easier. The 
eight-node COH3D8 cohesive element [33] was 
shown in Figure 4.

Figure 4. Cohesive element COH3D8
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It is significant to set a correct thickness di-
rection, which should correspond to axis no. 3. 
It can be done by specifying the bottom and top 
surfaces. Based on this, the central surface is es-
tablished and the cuboidal element is transformed 
into a shell element. The dimension of a single 
cohesive element (le) should satisfy three condi-
tions (4):
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The length of the cohesive zone (lIc, lIIc, lIIIc) in 
the subsequent cracking modes should be calcu-
lated according to the formulas (5):
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Calculation of crack initiation stresses (σIc, 
τIIc, τIIIc) is possible when dimensions of the finite 
element and transformations of the formulas (5) 
are done. It allows to reduce the number of ele-
ments with large structures. This approach was 
used by Turon et al. [42], based on conclusions 
drawn by Alfano and Crisfield [43]. Using the 
most commonly used Hillerborg theory (M = 1), 
the formulas are as follows (6):
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The most suitable number of elements in the 
cohesive zone (Ne) was not precisely defined. 
Many authors in their works use a different num-
ber between 2÷5 [44, 45]. Thus, choosing the 
number of elements depends on the analysed case.

Two criteria for damage initiation are available 
in the Simulia ABAQUS software [46] – maximal 
stress Maxs and quadratic Quads (7).
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However, the course of delamination can be 
carried out for two mixed energy criteria (8), con-
sidering energy release rates in respective modes 
(GIc, GIIc, GIIIc). The first was developed by Wu 
and Reuter [47], the second by Benzeggagh and 
Kenane [48].
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Next, the artificial viscosity should be intro-
duced into the model. It allows for the conver-
gence of the calculations in terms of material soft-
ening and its failure. Degradation progress is ap-
plied according to the following relationship (9):

  
ddd 

1
 (9)

A viscosity parameter improves the stability 
of a model during progressive delamination, but 
an inappropriate value may significantly change 
the results and cause them to differ from reality. 
Its value in the paper was selected based on sev-
eral recent publications, including Panettieri et al. 
[49], Abdulla et al. [50], Zoghbi [51] and Demir 
et al. [52]. In the cited works, the coefficient was 
assumed in a wide range χ = 0.00001÷0.002. Fi-
nally, one should consider how a degradation pa-
rameter d acts. It is known that it varies in the 

Table 1. “M” parameter depending on a cohesive 
zone model.

Author of the model M

Hui 0.21

Irwin 0.31

Dugdale, Barenblatt 0.40

Rice, Falk 0.88

Hillerborg 1.00
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range d = 0÷1, where 0 means no degradation, 
and 1 – full degradation. This parameter is cal-
culated based on corresponding displacements, 
according to the relationship (10) presented by 
Camanho et al. [33]:
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Based on Figure 5, the value of δ0 can be 
calculated using the known softening initiation 
stresses σ0 and the cohesive stiffness of the adhe-
sively bonded joint K = Ka. Denoting the energy 
released from the connection until the crack ini-
tiation as G0, the value of the energy remaining 
from the softening initiation up to damage is Gf = 
Gc – G0. It should be noted that Gc is the material 
property defined at the start of the analysis. Know-
ing the value of Gf, calculating the complete deg-
radation displacement value δf is possible (11).
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The graph shown in Figure 5 can be prepared, 
after the degradation parameter is made depen-
dent on the current displacement δ (11).

MATERIALS AND METHODS

Several methods of testing adhesively bonded 
joints were outlined in Section 1.1 of the article. 
However, in the author’s opinion, only one of 
them was appropriate for the investigations. Poly-
urethane adhesive fulfills its role as a strong con-
nection only when the thickness of the bonding 
layer is insignificant. This can be provided by glu-
ing adherends under high pressure, as during glue 
laminated timber load-bearing elements produc-
tion. Compliance with the technological regime 
is essential for gaining actual properties of the ad-
hesive. Because of that, testing specimens cut di-
rectly from structural beams should let to transfer 
results from the analysed double-lap shear con-
nection to full-scale load-bearing members.

Description of the specimens 
and experimental setup

18 glue laminated timber small blocks with 
dimensions of 120×74×93 mm and 18 wood-
CFRP composite small blocks with dimensions 
of 123×74×93 mm were formed by cutting beams 
produced from GL24h glue laminated timber class 
by ABIES Poland Ltd. with the usage of CFRP 
tapes C-Laminate SM 100/1.4 made by S&P Po-
land Ltd. A gluing process of the beams in ABIES 
Poland Ltd. is presented in Figure 6 and exempla-
ry wood-wood (K) and wood-CFRP (KW) speci-
mens in Figure 7 and Figure 8, consecutively.

The experiments were executed on the MTS 
809 testing machine, which registered the ap-
plied force (P). Displacement measurements 
were conducted employing the DIC (Digital Im-
age Correlation) method, which enabled to follow 
the samples’ work up to their failure (Figure 9). 
A black and white stochastic pattern (otherwise 
called – random points) allowed to read the value 
of displacements in every point of the specimen 
and, as an effect, to measure it in the middle of 
the adherends. The camera used in measurements 
was Panasonic HC-X1000, which recorded imag-
es in resolution 3840×2160 pixels with frequency 
60 frames per second. GOM Correlate program 
was used to develop the displacements and strains 
results in 2D space.

Next, preparing pictures with deformations 
distribution was possible. They were utilised for 
correlating results between experiments and FE 
computations.

FE models details

Fully non-linear FE model involves rigid cri-
teria for the mesh size and types of finite elements, 
which should be undertaken when the model for-
mulation begins. This try makes it comfortable 
to manage highly mesh dependent phenomena as 
plasticity or delamination. It supports transferring 
the gathered results between consecutive models 
if the established mesh rules are followed. The 
mesh size should be relatively easily applicable 
to larger structures than the one analysed – the 
principles described in Section 1.2 should be pur-
sued. In the paper, to prepare the model and com-
pute the results, Simulia ABAQUS 2019 software 
was used [46]. Calculations of the model were 
performed with Abaqus/Standard implicit solver. 
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Figure 6. Process of gluing load-bearing beams in ABIES Poland Ltd. and prepared specimens

Figure 7. Exemplary wood-wood specimen (K)

Figure 8. Exemplary wood-CFRP specimen (KW)

Figure 5. Constitutive law of material with linear softening and degradation parameter
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Conforming to the assumptions done in earlier au-
thor’s work [1–4], wood should be modelled with 
C3D20 elements in a cubic shape with a side of 
10 mm. The size of the cohesive elements should 
be selected, preserving the principle of at least 
one finite element between the nodes of the ad-
herends’ elements [46]. Assuming wood model-
ling using C3D20 elements, the dimension of the 
COH3D8 cohesive element will be 5 mm × 5 mm. 
CFRP tape should be modelled with shell CSS8 
elements, with dimensions of 5 mm × 5 mm, for-
mulated by Vu-Quoc [53].

In order to predict the failure of the part ma-
terials, anisotropic Hill’s perfect plasticity was 
applied both to wood and CFRP tapes and lin-
ear softening law to adhesively bonded joints. 
Summarised properties of wood and CFRP are 
collected in Table 2, while for glued joint were 
gathered in Tables 4 and 5 in the consecutive Sec-
tions. Symmetry of the sample by its centre was 
assumed, which allowed modelling only the half 
(Figure 10) and provided simplified and faster 
computations.

Determination of cohesive stiffness 
necessary to be applied to the FE model

Determination of cohesive stiffness, de-
manded to be implemented as a property of 
cohesive elements, was based on a double-lap 
analytical model formulated by Tsai [54–56]. 
The dimensions, materials’ properties (Fig-
ure 11 and Table 3) and relative displacement 
Δu (Figure 9) are known. Then calculating co-
hesive stiffness [2, 3], both for glue laminated 
timber and wood-CFRP samples, using formu-
las (12–13), is possible.
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Determination of properties for progressive 
delamination in wood-wood joint

First, only the wood-wood joint was exam-
ined. It enabled to exploit directly the Tsai model 
to justify FE model assumptions. Afterward, prop-
erties for wood-CFRP connection were analysed 
numerically and contrasted with the experimen-
tal results. The cohesive stiffness of the adhesive 

Figure 9. Experimental setup and denotations of displacements

Table 2. Properties of wood and CFRP applied to the 
numerical model

Parameter Wood CFRP

E1 (GPa) 11.439 175

E2 (GPa) 0.732
7.1

E3 (GPa) 0.458

G12 (GPa) 0.715

2.73G13 (GPa) 0.529

G23 (GPa) 0.690

ν12 (/) 0.335

0.3ν13 (/) 0.358

ν23 (/) 0.416

f (MPa) 61.17 2800

R11 (/) 0.569 1

R22 = R33 (/) 0.040 0.025

R12 = R13 = R23 (/) 0.206 0.016
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surface with the value Ka,K = 91.32 MPa/mm, 
resulting from the formula (12), was introduced 
into the model. Checking the results from the 
numerical model was unavoidable because of 
the vast number of variables. In the linear-elastic 
range, the shear stresses in a joint were supposed 
to correspond to the same stresses calculated from 
the analytical model. The Tsai double-lap shear 
model, after introducing simplifications resulting 
from the examined case, provided shear stress 
values based on the formulas (13–14) – according 
to denotations shown in Figure 12.
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To analyse the results, an adhesive surface 
with shear stresses corresponding to Tsai propos-
al was isolated from the FE model (Figure 13).

The second step involved resolving stresses 
on the edge and in the middle of the joint divided 
by the average shear stresses (τavg). Afterward, 
the results from FE computations were juxta-
posed with the results from the Tsai model. Better 

agreement between these two was seen at the cen-
tre than at the joint’s edge, which derived from a 
plane stress presumption in analytical examina-
tions. The presented investigation confirmed the 
correct assumptions of the FE model reflecting 
the analytical solution.

The adherends analysed in the paper were fas-
tened using polyurethane (PUR) glue, because of 
its widespread usage in producing glue laminated 
timber. Detailed studies of material properties of 
several types of PUR adhesives were presented, 
among others, by Klausler et al. [57] and Clauß et 
al. [58]. Their research shows that these adhesives 
have a shear modulus as wood, which allows 
avoiding a shear stresses concentration in a joint. 
In addition, during the gluing of the lamellas, an 
adequately high pressure is ensured, which en-
ables to get a joint of a negligible thickness – typ-
ically around ta = 0.1 mm. An average modulus 
of elasticity of PUR adhesives can be estimated 
as Ea = 1.2 GPa. The critical values of the energy 
release rates for wood fastened with polyurethane 
glue in the modes were taken from Xu et al. [11] 
and are GIc = 85 J/m2 and GIIc = GIIIc = 820 J/m2, 
respectively. A viscosity coefficient was assumed 
at the level of χ = 0.0005, based on the work of 
Demir et al. [52], who investigated the accuracy 
of the results got at distinct viscosity coefficients 
and its impact on the convergence of computa-
tions. Accepting the approach of Hillerborg et al. 
[59], Falk et al. [44] and the work of Turon et al. 
[42] for a finite element with dimensions of 5 × 
5 mm and 2 elements in the cohesion zone, the 
values of crack initiation stresses are (15):

Figure 10. FE model – mesh and description of the parts
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In the current paper, the quadratic stress ini-
tiation criterion (Quads), represented in Section 
1.2 by formula (7), was utilised. It is consider-
ably more often used by scientists. Similarly, the 
mixed energy (BK) criterion was selected – for-
mula (8). Properties necessary to do complete cal-
culations are collected in Table 4.

Applying the above properties, computa-
tions were executed to resolve complete delami-
nation, regarded as a full loss of joint stiffness. 
The curve from FE calculations related to the 
average curve and its standard deviations from 
experimental investigations for “K” specimen 
are shown in Figure 14.

The linear-elastic stiffness of the setup got 
in the FE model was Ka,K,FEA = 270.36 kN/mm, 
while in experiments Ka,K,EXP = 269.87 kN/mm, 
which means compliance up to 0.2%. Similarly, 
the maximal force prediction was highly exact, 
because a relative variation did not exceed 2.5%.

Determination of properties for progressive 
delamination in wood-CFRP joint

When analysing the wood-CFRP joint, it was 
unavoidable to regulate the critical values of ener-
gy release rates and crack initiation stresses. After 
computing cases for particular cohesive stiffness, 
according to formula (11) – Ka,K = 91.32 MPa/mm 
and Ka,KW = 49.51 MPa/mm, the same calculation 
step was chosen in each case and the shearing 

stresses in adhesive surfaces were compared. 
The maximal stresses at the applied wood-CFRP 
stiffness accounted for 70% of the stresses at the 
wood-wood stiffness. Accepting an analogous re-
lationship to crack initiation stresses, it was pos-
sible to adjust the relevant critical values of the 
energy release rates (16–17):
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IIc   
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The parameters used for the final numerical 
model are listed in Table 5. Comparison of the 
results from the FE model with experiments is 
shown in Figure 15.

The introductory linear-elastic stiff-
ness of the setup in the FE model was 

Figure 11. Denotations used in Tsai double-lap connection model

Table 3. Properties and dimensions used in the Tsai 
model.

Parameter Value

E1 11.439 GPa

G12 0.715 GPa

GW 2.730 GPa

b 93 mm

hL 40 mm

tW 1.4 mm

La 74 mm
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Ka,KW,FEA = 173.18 kN/mm, while experimental 
Ka,KW,EXP = 170.29 kN/mm. It means fewer than 2% 
of relative variation. At a subsequent stage (from a 
force of 20 kN), the slope of an average empirical 

curve steadily increased. The discrepancy could 
arise from the asymmetry or inaccuracy in cutting 
the specimens. The maximal force agreement was 
achieved with an accuracy of 1.9%.

Table 4. Parameters for wood-wood connection FE 
modelling

Parameter Value

Ka = Knn = Kss = Ktt 91.32 MPa/mm

σIc 3.19 MPa

τIIc = τIIIc 9.92 MPa

GIc 85 J/m2

GIIc = GIIc 820 J/m2

η 1.8

χ 0.0005

Figure 13. The adhesive surface isolated from the FE model and comparison to Tsai shearing stresses

Figure 12. Denotations according to Tsai model shearing stresses calculation

Table 5. Parameters for wood-CFRP connection FE 
modelling

Parameter Value

Ka = Knn = Kss = Ktt 49.51 MPa/mm

σIc 2.23 MPa

τIIc = τIIIc 6.94 MPa

GIc 42 J/m2

GIIc = GIIc 402 J/m2

η 1.8

χ 0.0005
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RESULTS AND DISCUSSION

The FE model, under the assumptions used, 
predicted a rapid destruction of the specimen be-
cause of adhesively bonded joint cracking. Wood 
degradation processes were described by its pro-
gressive plasticisation. In each of the analysed 
samples, the form of damage was mixed. Shear-
ing occurred in the adhesive or in the wood in its 
vicinity. The DIC technique enabled to find the 
places of significant distortion of the stochastic 
pattern. Thus, it was possible to show the zones 
where the plasticisation began. Dividing results 
into failure due to tension, compression or shear 
was problematic because the plasticity was ex-
pressed with Hill’s theory, which makes it impos-
sible to distinguish them. In order to correlate the 
results from the DIC method with the FE compu-
tations, deformations at which plasticisation may 
occur were evaluated. Then the average value 
was estimated (18), as considered exact enough.
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Because of the high anisotropy of wood, 
matching individual empirical deformations with 
the FE model was not justified. The material is 
usually homogenised to follow the average val-
ues. Strict identification of the DIC results in the 
FE computations could be achievable only if indi-
vidual properties of each lamella were introduced 

and each fibre, knot, and other wood defects dis-
torting the deformation distribution were mod-
elled. In addition, the experimental results were 
characterised by a significant dispersion of the 
destructive force and relative displacements and 
only one specimen surface was observed, which 
made such a thorough analysis impossible.

First, the wood-wood connection was pre-
sented. The most representative examples were 
selected and presented in Figure 16. Plasticised 
regions, according to the formula (17), were 
marked with red and blue colour based on the av-
eraged values of stochastic pattern deformations.

In order to relate the FE computations to the 
DIC results, one specimen was chosen and thor-
oughly analysed (Figure 17). The red and blue co-
lours from the DIC results illustrate deformation 
of the pattern, representing the plasticisation of the 
wood. The red colour from the FE model means 
full plasticisation, calculated based on the Hill’s 
theory, while in the adhesive it means full loss of 
stiffness. Four regions can be distinguished:
 • A – tension zone in the middle part – simi-

lar location in both cases. However, it has 
a smaller range in the FE model than in the 
experiment,

 • B – shear zone along the joint, where yielding 
is similar,

 • C – crushing zones at the points of support. 
The FE model, however, better reflects the 
plasticisation in the top support vicinity,

 • D – zone of full delamination of the connec-
tion. The joint failure is the same.

Figure 14. Experimental and numerical results for K samples
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Figure 15. Experimental and numerical results for KW samples

Figure 16. Representative examples from DIC method for K specimens (wood-wood)

Figure 17. Comparison between DIC and FE results for K samples (wood-wood)
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Worth mentioning is that, to show a crack in 
the FE model, defining connection stiffness deg-
radation is necessary. The elements are gradually 
disconnected until they become independent of 
each other. The DIC method invariably treats the 
pattern as one connected element, so the strains 
increase constantly. Thus, the last phase should be 
interpreted only in terms of failure form.

Second, the wood-CFRP connection was 
analysed. As before, the most representative ex-
amples were selected and presented in Figure 18. 
Similar principles for graphical presentation were 
applied.

The FE model is compared to the DIC results 
in Figure 19. Three regions can be distinguished:

 • A – tension zone in the middle part – similar 
location in both cases,

 • B – crushing zones at the points of support. 
The FE model, however, better reflects the 
plasticisation in the top support vicinity,

 • C – zone of full delamination of the connec-
tion. The joint failure is the same.

CONCLUSIONS

Despite a wide range of empirical research, 
consideration of adhesive layers or surfaces in a 
structure is commonly done in a very simplified 
manner – they are often modelled as a perfect 

Figure 18. Representative examples from DIC method for KW specimens (wood-CFRP).

Figure 19. Comparison between DIC and FE results for KW samples (wood-CFRP)
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connection between adherends. It means the co-
hesive stiffness and opportunity of progressive 
delamination are neglected. This may lead to 
an overestimation of the structural load-bearing 
capacity. 

To confirm this statement, a cumulative chart 
was provided (Figure 20). It illustrates the force-
displacement curves for both cases (wood-wood 
and wood-CFRP). Studying the results of the 
maximal force got for both types of investigated 
samples, it can be concluded that the wood-CFRP 
adhesive is weaker by 30% than the wood-wood 
connection. Comparable situation is noticeable 
with joint stiffness, where wood-CFRP is 60% 
weaker.

Based on the current scientific literature, the 
methods of including adhesive stiffness and op-
portunity of progressive delamination were pre-
sented. FE computations agreed with the results 
got from a statistically valid number of samples 
in terms of force-displacement curves and forms 
of failure. The proposed models, despite many 
simplifications to reality, allow for sufficiently 
exact prediction of stiffness, maximal force and 
the form of failure of the tested elements. 

The article presented wood-wood and wood-
CFRP adhesively bonded joints’ investigations, 
based on own experimental testing technique, 
analytical double-lap model for adhesives and 
advanced numerical Finite Element approach. 

The fact is that research was done only for poly-
urethane glue and behaviour of other glues may 
differ. Despite this, at least several general con-
clusions for experimental testing and non-linear 
modelling of connections in glue laminated tim-
ber and wood-CFRP composites may be stated. 
The elaborated experimental testing method con-
cerns measurements in two-dimensional space 
that can be done on GOM Correlate software if 
a professional digital camera is available. Only 
high resolution ensures a correct determination 
of displacements or strains distribution. Stan-
dard frequency of recording as 50–60 frames per 
second is enough for gathering maximal force 
and displacement values. It is not appropriate 
for crack path tracing. Following thoroughly the 
rules on meshing the FE model provided by other 
scientists is extremely significant. Strong depen-
dency on mesh size influences employing only 
accurately studied theories. This elaboration af-
firms that the size of a finite element for wood 
should be 10 mm and adhesive or CFRP tape – 
5 mm. This produces an efficient transmission of 
the results to larger or more sophisticated mod-
els. Any variations from these proportions should 
be scrupulously investigated before the usage. 
One should note that these presumptions refer to 
Simulia ABAQUS program 2019 version or high-
er. Applying the suggested approach, an influence 
of the connection stiffness and opportunity of 

Figure 20. Stages of Experimental (DIC) and numerical results for KW samples
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delamination can be examined. One can calculate 
the designed model up to the moment of failure. 
Identifying the dangerous places where delami-
nation may appear and how it affects the entire 
structure may be essential knowledge with non-
obvious structures. Following the guidelines pre-
sented in the paper, one can analyse both wood-
wood and wood-CFRP adhesively bonded joints 
with not very time-consuming computational ef-
fort. The ideas can be applied both to small and 
full-scale experimental-numerical analyses.
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