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Experimental and numerical investigations of laminated
veneer lumber panels

M. Chybinski', £. Polus’

Abstract: This paper presents a study of laminated veneer lumber panels subjected to bending. Laminated
veneer lumber (LVL) is a sustainable building material manufactured by laminating 3-4-mm-thick wood
veneers, using adhesives. The authors of this article studied the behaviour of type R laminated veneer lumber
(LVL R), in which all veneers are glued together longitudinally — along the grain. Tensile, compressive and
bending tests of LVL R were conducted. The short-term behaviour, load carrying-capacity, mode of failure and
load-deflection of the LVL R panels were investigated. The authors observed failure modes at the collapse load,
associated with the delamination and cracking of veneer layers in the tensile zone. What is more, two non-linear
finite element models of the tested LVL R panel were developed and verified against the experimental results.
In the 3D finite element model, LVL R was described as an elastic-perfectly plastic material. In the 2D finite
element model, on the other hand, it was described as an orthotropic material and its failure was captured using
the Hashin damage model. The comparison of the numerical and experimental analyses demonstrated that the
adopted numerical models yielded the results similar to the experimental results.
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1. Introduction

Timber has many advantageous attributes, e.g., it has a high strength-to-weight ratio, it is a fully
renewable and largely recyclable material, and it can be produced in a wide range of shapes [1]. For
these reasons, it has been used for the construction of buildings and bridges for many years [2—5].
The review presented in article [6] showed that wooden interior materials had a mainly positive or
neutral effect on indoor environment quality, such as inducing positive feelings in occupants,
inhibiting certain bacteria and moderating humidity fluctuations of indoor air. The negative impact
of such materials on indoor environment quality, presented in article [6], was limited to volatile
organic compounds emitted from wood. Timber elements may be subjected to static and dynamic
loads [7]. One of the disadvantages of timber elements is that they are prone to cracking and their
load-capacity and stiffness decrease with crack propagation [8—10].

New structures using timber are becoming widespread, e.g., timber-concrete composite structures
[11-14], steel-timber composite structures [15, 16], aluminium-timber composite structures [17-19],
timber-timber composite structures [20, 21] and timber-glass composite structures [22, 23].

Sawn timber is limited in quality and size and it usually has some defects, such as knots. Sometimes
it has to be reinforced [24, 25]. For example, layered laminate bamboo composite plates, a natural
and renewable material, can be used to reinforce pine beams [26]. Wood can be subjected to the
process of plasticisation of its superficial layers with the objective to improve its quality as well as
its strength and functional performance [27]. Furthermore, engineered wood products are developed
to overcome the limitations of sawn timber. Bonded wood products may be manufactured in
a factory under controlled conditions to reduce the number of defects [28]. Engineered wood
products are produced in a variety of forms, such as glued-laminated timber, cross-laminated
timber, plywood, laminated veneer lumber, fibreboards, chipboards, oriented strand boards or
laminated strand lumber [29].

Glued-laminated timber is manufactured from 19-50-mm-thick timber laminates, bonded together
with adhesives [29]. The structural behaviour of glued-laminated timber elements depends on the
quality of the individual laminations, the quality of the glue-lines, the quality of the finger joints,
and the integrity of the cross-section [30]. Mirski et al. assessed the feasibility of fabricating glued
laminated timber from laminates made of pine wood after grading it mechanically in a horizontal
arrangement [31, 32]. A model for calculating the withdrawal strength of axially-loaded self-

tapping screws inserted in glued-laminated timber products was presented in [33]. GeCys et al.
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presented an analysis of the strength and stiffness of steel rods glued in glulam [34]. Glued-in steel
rods may be used for connecting glued-laminated timber elements.

Cross-laminated timber (CLT) is fabricated from timber boards connected by adhesive bonding.
The boards are arranged perpendicularly to one another [29, 35]. CLT is optimised for bearing loads
both in and out of plane [36]. CLT panels may have openings for doors, windows, and ducts [37].
Furthermore, prefabricated panels may be transported to the construction site and assembled
relatively fast. Walls and floor systems made of CLT can be connected using metal connectors,
such as self-tapping screws [38, 39]. Many investigations confirmed the good structural behaviour
and seismic performance of CLT elements [40].

Laminated veneer lumber (LVL) is an engineered timber composite manufactured by laminating
3-4-mm-thick wood veneers, using adhesives [29]. It is a sustainable building material, which may
be produced from many tree species [41]. LVL panels can be connected using scarf joints, finger
joints, lap joints or tongue and groove joints [42]. LVL and structural elements made of this
material have been the subject of several studies. The compressive strength of LVL perpendicular to
its grain was investigated in the laboratory tests presented by Ido et al. [43]. The results of these
tests suggest that the loading direction (flat-wise or edge-wise) affects the LVL strength property.
LVL beams and frames jointed with glued metal plates were investigated by Pirvu et al. [44, 45].
The studied LVL portal frames with steel plates (540 x 270 x 4.5 mm) proved to be ductile and
rigid. The withdrawal strength of screws in LVL was evaluated by Ozg¢ifci [46] and by Celebi and
Kilic [47]. Friction coefficients for LVL on steel surfaces were determined in laboratory tests by
Dorn et al. [48]. Friction coefficient values ranged between 0.10 and 0.30 for a smooth steel
surface. Determining the impact of veneer quality and thickness on the mechanical properties of
LVL was the objective of the work presented in [49]. A number of studies investigate cylindrical
LVL, as well as columns made of this material. Cylindrical LVL is a structural product composed
of several layers of small width veneer wound along a steel mandrel [50, 51]. The bending strength
of LVL at 20°C, 50°C, 100°C, 150°C, 200°C and 230°C was evaluated by Bednarek et al. [52].
Rise in temperature resulted in decreased LVL bending strength. Recently, the load-bearing
capacity of LVL beams strengthened with: glass fibre reinforced polymer sheets, aramid fibre
reinforced polymer sheets and carbon fibre reinforced polymer sheets has been studied [53—55]. The
experimental data revealed an increase in the load-bearing capacity of the strengthened LVL beams
relative to reference beams.

A numerical model of a softwood bent element was presented in [56]. The wood was modelled

using Hill’s Function. A numerical model of an LVL panel subjected to bending was presented in
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[57]. The behaviour of LVL can be modelled using one of the techniques presented below. In the
first method, LVL is treated as a composite material comprising a matrix with fictitious reinforcing
fibres smeared in the principal directions [58]. In the second method, LVL is sub-dived into layers
and the behaviour of LVL perpendicular to grain is described by introducing contact elements
between the layers [59]. These two methods are very advanced.
In this paper, the authors described the behaviour of LVL R using two models. In the first one,
LVL R was described as an elastic-perfectly plastic material. It was a simple model, which did not
need many input parameters. It was also less accurate, as it did not take anisotropy or LVL R failure
into account. In the second model, LVL R was described as an orthotropic material and its failure
was captured using the Hashin damage model. This model, however, required many input
parameters.
The main goals of this paper were:
e to investigate the short-term behaviour, load carrying-capacity, mode of failure, and load-
deflection of LVL R panels,

e to develop non-linear 2D and 3D finite element models of the tested LVL R panel.

2. Materials and methods

2.1. Laminated veneer lumber

The panels used by the authors of this article in the tests were made of type R laminated veneer
lumber (LVL R), in which all veneers are glued together longitudinally — along the grain. The
mechanical properties of LVL R are presented in Table 1 [60].

Table 1. The material parameters of LVL R [60]

Material parameters Value

Modulus of elasticity, parallel to grain, mean value Ey .., [MPa] 14 000
Modulus of elasticity, perpendicular to grain, edgewise, mean value £ g cige, mean [MPa] 430
Shear modulus, parallel to grain, edgewise, mean value G cgge mean [MPa] 600
Bending strength, flatwise, parallel to grain f,, o .« [MPa] 50.0
Tension strength, parallel to grain f;,, [MPa] 36.0
Compression strength, parallel to grain f;( , [MPa] 40.0
Compression strength, perpendicular to grain, flatwise ;. 90 1.« [MPa] 3.6

Density (mean value) e, [kg/m’] 550.0
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LVL R is an engineered wood product fabricated from veneers of Scots pine (Pinus sylvestris L.)
and Norway spruce (Picea abies L. H. Karst). The characteristic value of material strength is
defined as the 5% fractile value in the EN 1990 standard [61]. Tensile, compressive and bending
tests of LVL R were conducted to determine the mean values of material strength and to validate

the non-linear finite element models of the LVL R panel.

2.2. Tensile tests of laminated veneer lumber

The tension strength of LVL R parallel to its grain was studied in tensile tests at room temperature
and according to the EN 408 standard [62]. The tensile tests were carried out on seven samples
(75x100%x2450 mm), using a Zum Wald Gezu 600 testing machine (Zum Wald, Erlenbach,

Switzerland) with an extensometer (see Fig. 1).

p/2 LVLR P2 A-A LVLR
B

B — —_— 191
P/2 F/2- b=10Q N

| > 9b = 900 | <
L = 2450

Fig. 1. The LVL R panel investigated in the tensile test

The maximum machine capacity was 600 kN. The maximum load was achieved after 300 £120 s. In
the first stage of the test, a clamping force of 3.5 N/mm? was applied. Next, a pre-force was applied
and the stress in the sample reached 9.0 N/mm®. After applying the pre-force, the clamping force
was checked. The extensometer was used up to a point where the stress in the sample reached

28.0 N/mm-.

2.3. Compressive tests of laminated veneer lumber

The compression strength parallel to grain was investigated in compressive tests at room
temperature and according to the EN 408 standard [62]. The compressive tests were carried out
using ten samples (75%200x200 mm) (see Fig. 2), and an Instron 8505 Plus testing machine
(Instron, HighWycombe, Buckinghamshire, UK). The maximum machine capacity was 2000 kN.

The maximum load was achieved after 300 =120 s.
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A-A LVLR

200
200

B

h=75

Fig. 2. The LVL R panel investigated in the compressive test

2.4. Bending tests of laminated veneer lumber

Ten LVL R panels (75%200%1950 mm) were subjected to four-point bending tests using an Instron
8505 Plus testing machine (Instron, HighWycombe, Buckinghamshire, UK) and a linear variable
differential transformer (LVDT). The bending tests were conducted according to the EN 408
standard [62]. The maximum load was achieved after 300 = 120 s. The geometric configurations

and the details of such panels are presented in Fig. 3.

Fig. 3. The LVL R panel investigated in the four-point bending test
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The tests were conducted in an attempt to capture the short-term local and global behaviour of
LVL R panels, including the mode of failure and load-deflection response. The mid-span deflection
of the LVL R panels was measured using the LVDT. The specimens were loaded symmetrically at
two points of each panel, using a spreader beam (see Fig. 4). The panels were located on roller
supports. Pure bending of the panels occurred between the two loading points. The piston velocity
was 5.0 mm/min. Furthermore, the moisture content of the LVL R was determined using:

16 specimens, a drying chamber (Binder, Tuttlingen, Germany) and an oven dry method presented

in the EN 13183-1 standard [63].
_ I 1% ‘ _
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Fig. 4. Bending test set-up

3. The numerical models of the laminated veneer lumber panel

3.1. The 3D numerical model of the laminated veneer lumber panel

The 3D numerical model of the LVL R panel was prepared in the Abaqus program [64]. The
authors of this article prepared only 1/4 of the model (see Fig. 5) due to fact that the panel had two
axes of symmetry. The model consisted of the LVL R panel and of loading and support steel plates.
The LVL R panel was divided into eight-node cuboidal finite solid elements (C3D8R) (see Fig. 6).
C3D8R elements with hourglass control are often used for preparing panel and slab models. They
are often used for non-linear analyses, taking into account contact, plasticity, large deformation and
failure [65, 66]. Numerical analyses of structural elements described in the literature have employed

C3D8R elements to model slabs, yielding accurate results when compared against laboratory test
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results [67—70]. These elements should be used with reasonably fine meshes to prevent uncontrolled
distortion of the mesh. In the case of a panel subjected to bending, no less than four C3DSR
elements should be used through its thickness [71]. For this reason, the maximum size of the mesh
was 10 mm. The steel plates were divided into linear quadrilateral elements (S4R). The total

number of all elements was 7980.

Fig. 5. The 3D model of the LVL R panel in the Abaqus program: complete panel (a), quarter of the panel (b)

e

Fig. 6. The mesh used in the numerical calculations

The calculations were performed using the Newton-Raphson method. The load was applied in the
form of displacement. Figure 7 presents the boundary conditions used in the computer model (fixed

displacements and rotations).

Fig. 7. Boundary conditions: 1 — displacement in y direction, 2 — displacement in y direction (fixed),
3 — displacement in x direction (fixed) and rotation around y and z axes (fixed), 4 — displacement in z

direction (fixed) and rotation around x and y axes (fixed)



EXPERIMENTAL AND NUMERICAL INVESTIGATIONS OF LAMINATED VENEER LUMBER... 359

Friction and surface-to-surface “hard” contact were defined between the steel plates and the upper
and lower surfaces of the LVL R panel. The value of the friction coefficient was equal to 0.3 based
on the laboratory tests conducted by Dorn et al. [48].

The properties of LVL R adopted in the finite element model are presented in Table 2. The LVL R
was modelled as an elastic-perfectly plastic material. However, this model did not take LVL R
failure into account. Due to this fact, the authors made an assumption that the resistance of the
LVL R panel was achieved when LVL R exceeded both the compression strength at the upper part
of the LVL R panel and the tensile strength at the bottom part of the LVL R panel.

Table 2. The properties of LVL R adopted in the 3D numerical model

Material parameters Value
Young’s modulus [MPa] 14 000
Poisson’s ratio [-] 0.48 7
Compression strength parallel to grain [MPa] 50.3°
Logarithmic plastic strain [MPa] 0.0*
"based on [60], * based on [16], ® based on the compressive tests presented in this paper, * without strain hardening.

3.2. The 2D numerical model of the laminated veneer lumber panel

The 2D numerical model of the LVL R panel was prepared in the Abaqus program [64]. The
LVL R panel and the support and loading steel plates were modelled using 4-node bilinear plane

stress quadrilateral elements with reduced integration and hourglass control (CPS4R). The

maximum size of the mesh was 5 mm. The total number of all elements was 5938 (see Fig. 8).

L /!

Y
.
Fig. 8. The 2D model of the LVL R panel in the Abaqus program: 1 — displacement in y direction,

2 — displacement in x and y directions (fixed), 3 — displacement in y direction (fixed), 4 — mesh
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Hassanieh et al. employed CPS4R elements to model an LVL slab of a composite steel-timber beam
and their numerical models adequately captured the behaviour of the steel timber beams tested in
laboratory conditions [16]. The calculations were performed using the Newton-Raphson method.
The load was applied in the form of displacement. Figure 8 presents the boundary conditions used
in the model. Friction and surface-to-surface “hard” contact were defined between the support and
loading steel plates and the upper and lower surfaces of the LVL R panel. The value of the friction
coefficient was equal to 0.3 based on the results presented in [48].

In the 2D FE model, steel was described as an elastic-perfectly plastic material (£ =210 000 MPa,
v= 0.3, f, = 235 MPa). LVL R was described as an orthotropic material. Under plane stress

conditions and for an orthotropic material, the stress-strain relations are of the form [64]:

Y12 0 0 1/Gy, | 12

LVL R failure was captured using the Hashin damage model available in the material library of the

Abaqus program [64]. The accuracy of this model in describing the behaviour and failure of LVL

was studied by Valipour et al. [58] and Khorsandnia et al. [59]. The following variables relate to

damage initiation in the Hashin damage model [64, 72, 73]:

e HSNFTCRT - the maximum value of the fibre tensile initiation criterion (damage due to the
tension of the fibres),

e HSNFCCRT - the maximum value of the fibre compressive initiation criterion (damage due to
the compression of the fibres),

e HSNMTCRT - the maximum value of the matrix tensile initiation criterion,

e HSNMCCRT - the maximum value of the matrix compressive initiation criterion.

The variables above indicate whether the initiation criterion in the Hashin damage mode has been

satisfied or not. A value of 1.0 means that the criterion has been satisfied, while a value below 1.0

shows that the criterion has not been satisfied. The Hashin damage model cannot be used when the

LVL R panels are modelled using solid 3D elements [64], e.g. in the 3D model presented

in Chapter 3.1.

The material properties of the LVL R used in the numerical analyses are presented in Table 3. The

parameters were found in the literature, were based on experiment results or were determined by

matching the simulation and the experiment results.
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Table 3. The properties of the LVL R adopted in the 2D numerical model

Properties for an elastic orthotropic material (type: lamina)

E* E, Vi G Gi3 Gas
[MPa] [MPa] [-] [MPa] [MPa] [MPa]
16 000.0° 430.0°¢ 0.48¢ 600.0° 600.0° 96.0¢
Hashin damage parameters
Longitudinal Longitudinal Transverse Transverse Longitudinal Transverse
tensile compressive tensile compressive shear shear
strength strength strength strength strength strength
[MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
41.9°¢ 50.3°¢ 10.0¢ 15.0¢ 10.0¢ 5.0¢
Longitudinal Longitudinal Transverse Transverse Viscosity
tensile compressive tensile compressive coefficient
fracture fracture fracture fracture
energy energy energy energy
[kJ/m?] [kJ/m?] [kJ/m?] [kJ/m?] -]
45.0° 45.0° 0.1° 0.1° 1.0 x 10°

* direction 1 is parallel to the LVL R grain;

® determined based on matching the simulation and the experiment results;

“based on [60];
4 based on [16];

¢ based on the laboratory tests presented in this paper.

The tension strength parallel to grain was 41.9 MPa +4.8 (11.5%). The measurement errors for the
tension strength of the LVL R were calculated using Student’s t-distribution with 6 degrees of

freedom and a confidence level of 0.95. The mode of failure was associated with the shearing of the

4. Results of the laboratory tests

4.1. The results of the tensile tests

veneer layers (see Fig. 9).

The presence of knots and butt joints might have had an impact on the configuration of the failure
[67, 74]. The characteristic tension resistance from the tests (36.7 MPa) was 1.9% higher than the
characteristic value of tension strength (36.0 MPa) declared by the manufacturer in [60]. The

extensometer was not used throughout the entire test. For this reason, the authors did not present the

curves from the laboratory tensile tests.
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Fig. 9. The failure mode of the LVL R panel in the tensile test

4.2. The results of the compressive test

The compression strength parallel to grain was 50.3 MPa 1.6 (3.2%). The measurement errors for
the compression strength of the LVL R were calculated using Student’s t-distribution with 9 degrees
of freedom and a confidence level of 0.95. The mode of failure was associated with the cambering

of the veneer layers (see Fig. 10).

Fig. 10. The failure modes of the LVL R panels in the compressive tests
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The characteristic compression resistance from the tests (48.7 MPa) was 17.9% higher than the
characteristic value of compression strength (40.0 MPa) declared by the manufacturer in [60].

Figure 11 shows the load versus displacement curves from the laboratory compressive tests.

900
800
700
— 600
500
400
300
200
100

Load, F [kN

om the tests

0 1 2 3 4 5 6
Displacement, v [mm]

Fig. 11. The load versus displacement curves from the laboratory compressive tests

4.3. The results of the bending tests

The results of the bending tests are presented in Fig. 12 and in Table 4. Figure 12 shows the load
versus mid-span deflection curves from the laboratory tests. The following symbols were used in
Table 4: F,;; — ultimate load, M,, — ultimate load-carrying capacity of the LVL R panel, u,;, — mid-
span deflection corresponding to M,,. The bending strength, flatwise, parallel to grain was 66.1 MPa
+6.9 MPa (10.4%). The moisture content of the LVL R was 7.9% +0.1 (1.7%) and the density of the
LVL R was 613.0 kg/m’ £7.1 (1.2%). The measurement errors for the bending strength and the
density of the LVL R were calculated using Student’s t-distribution with 7 degrees of freedom and
a confidence level of 0.95. The measurement errors for the moisture content of the LVL R were
calculated using Student’s t-distribution with 15 degrees of freedom and a confidence level of 0.95.
The characteristic bending resistance from the tests (59.2 MPa) was 15.5% higher than the

characteristic value of bending strength (50.0 MPa) declared by the manufacturer in [60].
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Fig. 12. The load versus mid-span deflection curves from the laboratory bending tests

Table 4. The results of the bending tests

Parameter Mean from the tests (T)
F [kN] 55.1£5.7(10.4%)

M, [kN-m] 12.4 £+ 1.3 (10.4%)
U,y [mm] 24.9+2.6 (10.3%)

The failure mechanisms which occurred in the laboratory tests manifested themselves in the local
delamination and cracking of the external veneer layers in the tensioned zone of the LVL R panel

(see Fig. 13). The mode of failure was associated with excessive deflection and stress at mid-span.

Fig. 13. The failure mode of the LVL R panel from the bending test
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5. Results of the numerical investigations

5.1. The results of the finite element analysis of the 3D numerical model

In the finite element analysis of the 3D model, the authors of this paper assumed that the load-
bearing capacity of the LVL R panel was achieved when the LVL R exceeded both the compression
strength at the upper part of the LVL R panel and the tensile strength at the bottom part of the
LVL R panel (see Fig. 14).

ACYIELD
SNEG, (fraction =-1.0)
(Avg: 75%)

[ +1.000e+00

+5.000e-01
+0.000e+00

Fig. 14. The achieved load-bearing capacity of the LVL R panel (F,;, = 51.6 kN)

Due to the fact that the model of LVL R used in the 3D model did not distinguish between
compressive and tensile strength, the authors used the mean compressive strength of the LVL R
from the laboratory tests as the maximum stress which may occur in LVL R modelled in the

Abaqus program.

5.2. The results of the finite element analysis of the 2D numerical model

The numerical analysis of the 2D model allowed for the assessment of damage initiation in the
compressed fibres (see Fig. 15) and tensioned fibres (see Fig. 16). The failure of the LVL R panel

occurred in the middle, at the upper and bottom parts of the panel, where the stress was the highest.
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+8.333e-02
+0.000¢+00

Fig. 15. Damage initiation areas due to the compression of the fibres for the ultimate load (¥, = 47.4 kN)

HSNFTCRT

(Avg: 75%)
+1.000¢+00
+9.167¢-01
+8.333¢-01
+7.500¢-01
+6.667¢-01
+5.833¢-01
+5.000¢-01
+4.167¢-01
+3.333¢-01
+2.500¢-01
+1.667¢-01
+8.333¢-02
+0.000¢+00

Fig. 16. Damage initiation areas due to the tension of the fibres for the ultimate load (#,;, = 47.4 kN)

5.3. A comparison of the results of the experimental and numerical

investigations

The results of the bending tests and the numerical analyses are compared and contrasted in Table 5.

Table 5. The results of the bending tests and the finite element analyses

Parameter Mean from the tests (T) FEA 3D (A) FEA 2D (B) (T)y/(A) (T)/(B)
F [kN] 55.1+5.7(10.4%) 51.6 47.4 1.07 1.16

M, [kN-m] 12.4 + 1.3 (10.4%) 11.6 10.7 1.07 1.16
U, [mm] 24.9 +£2.6 (10.3%) 25.1 23.9 0.99 1.04

Figure 17 shows the mean load-deflection curve from the laboratory tests and the load-deflection
curves from the FEA. As can be seen, the adopted models captured the response of the LVL R panel
fairly well.

The ultimate load-carrying capacity from the FEA of the 3D model (11.6 kN-m) was 7% lower than
the mean ultimate load-carrying capacity from the tests (12.4 kN-m). The value of the ultimate
moment capacity from the numerical analysis of the 2D model (10.7 kN-m) was 16% lower than the
mean moment capacity from the bending tests. The values of the ultimate load-carrying capacity
from the finite element analyses were between the maximum and minimum values from the

laboratory tests (see Fig. 18). There was a peak on the mean load-deflection curve from the FEA of
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the 2D model, because in this model the damage of LVL R was taken into account. In the 3D
model, the LVL R was modelled without taking damage into account and the calculations were
terminated when the LVL R exceeded both the compression strength at the upper part of the LVL R
panel and the tensile strength at the bottom part of the LVL R panel.

The numerical 2D model had higher initial stiffness than the numerical 3D model. In the 3D model,
the modulus of elasticity parallel to grain for LVL R (14.0 GPa) was taken as the mean value from
the manufacturer’s specifications. In the 2D model, the higher value of the modulus of elasticity
parallel to grain for LVL R (16.0 GPa) was used based on matching the simulation and the

experiment results.
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6. Conclusions

The authors of this article investigated the short-term structural behaviour of LVL R panels
subjected to bending. They observed failure modes at the collapse load, associated with the
delamination and cracking of veneer layers in the tensile zone. In addition, two finite element
models of the LVL R panel were developed using the Abaqus program. In the 3D model, LVL R
was described as an elastic-perfectly plastic material. However, this model did not take into account
LVL R anisotropy or failure. Due to the fact that the behaviour of LVL R was captured using
a simple model, it was necessary to make the assumption that the ultimate load-carrying capacity of
an LVL R panel was achieved when the LVL R exceeded both the compression strength at the
upper part of the LVL R panel and the tensile strength at the bottom part of the LVL R panel. In the
2D model, LVL R was described as an orthotropic material and its failure was captured using the
Hashin damage model. However, this model needed many input parameters.

The discussed numerical models may be used in further numerical analyses of LVL R panels, e.g.,
to evaluate the impact of LVL R panel dimensions on its load-bearing capacity. Furthermore, the
authors of this paper are also investigating aluminium-timber composite beams with LVL R panels
[17]. The models of LVL R presented in this paper may be used to study these composite elements.
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Badania eksperymentalne i numeryczne paneli z drewna klejonego warstwowo z fornirow

Stowa kluczowe: drewno klejone warstwowo z fornirébw, metoda elementéw skonczonych, wyroby drewniane,
konstrukcje drewniane, konstrukcje zespolone, kryterium Hashin’a

Streszczenie:

W pracy przedstawiono wyniki badan zginanych paneli wykonanych z drewna klejonego warstwowo z fornirdéw (LVL).
Materiat zgodny z idea zrownowazonego budownictwa powstaje przez potaczenie 3—4 mm fornirow za pomocy kleju.
Autorzy badali zachowanie drewna klejonego warstwowo z fornirow, w ktorym wszystkie forniry sa sklejone
wzdluznie — wzdluz widkien (LVL R). Wyznaczono wytrzymato$¢ materialtu LVL R na rozcigganie, Sciskanie
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i zginanie. Okreslono zachowanie, no$nos¢, form¢ zniszczenia paneli LVL R oraz zalezno$¢ sila-przemieszczenie.
Autorzy zaobserwowali forme¢ zniszczenia paneli zwigzang z rozwarstwianiem warstw materialu oraz z pekaniem
fornirow w rozciaganej strefie panelu. Przygotowano dwa modele numeryczne panelu LVL R i poréwnano ich
zachowanie z laboratoryjng proba zginania. W trojwymiarowym modelu numerycznym, zachowanie LVL R opisano za
pomocg modelu spr¢zysto-idealnie plastycznego. W dwuwymiarowym modelu numerycznym material LVL R opisano,
wykorzystujagc model ortotropowy a jego zniszczenie uwzgledniono, biorac po uwage kryterium Hashin’a. Wyniki
otrzymane z analiz numerycznych byly zblizone do rezultatow badan.
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