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ABSTRACT: The paper provides an overview and preliminary results from ongoing research with the aim to evolve 
cross-laminated timber (CLT) into the next generation of Tailored Laminated Timber (TLT). This is done by exploring 
innovative concepts that optimize the mechanical performance, while simultaneously ensuring adherence to circular econ-
omy principles. The current study aims at investigating the potential in terms of Diagonal Laminated Timber (DLT), 
where adjacent layers are oriented at a non-orthogonal direction relative to each other. Finite element parameter studies 
were performed, showing differences in dynamic behaviour for DLT compared to CLT. The study highlights the potential 
of using DLT as a means of tailoring the vibration performance. In addition, the paper discusses strength and weaknesses 
of different modelling approaches, with special emphasis on choice of element types and the detailed modelling of non-
edge glued laminations.  

KEYWORDS: cross-laminated timber, diagonal-laminated timber, structural design, floor vibrations, serviceability limit 
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1 – INTRODUCTION 

1.1 BACKGROUND 
To maintain competitiveness in the future, CLT must un-
dergo innovations to enhance material efficiency and ad-
dress its reliance on a limited range of softwood species. 
The Innovative Tailored Laminated Timber (InnoTLT) 
research initiative, part of the Bioeconomy in the North 
program, seeks to advance CLT by devising innovative 
strategies to strengthen the future competitiveness of tim-
ber construction and by developing optimized, tailored so-
lutions referred to as Tailored Laminated Timber (TLT). 

One such tailored solution is diagonal laminated timber 
(DLT), in which the orthogonally oriented layers of CLT 
have been rotated, so that adjacent layers may be oriented 
at any angle relative each other.  

1.2 PREVIOUS WORK AND MOTIVATION 
DLT has been researched in several previous studies, e.g. 
[1–5], where static strength and stiffness properties have 
been investigated, and where the DLT has been used for 
in-plane loads as a beam or as a wall element, and for out-
of-plane loading as a floor element. According to [4, 5], 
the technical benefits of using DLT in such out-of-plane 
loading situations, is very much dependent on the specific 
design situation, meaning floor span, support conditions 
and loading. Benefits of introducing DLT for 5-layer slabs 
seem limited, and thus larger spans and applications de-
manding seven layers or more seem to be of main interest 
[4, 5].  
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The low frequency range is of prime concern for timber 
floors in terms of their vibrational response. As an exam-
ple, for timber floors, at eigenfrequencies <200 Hz, vari-
ous mitigation strategies can be applied to arrive at com-
petitive enough solutions, see Gibson [6]. However, such 
mitigation strategies become increasingly inefficient at 
lower frequencies, with floating floors being less efficient 
below about 120 Hz and resilient ceiling mounts below 
approximately 60 Hz [6, 7, 8]. To simplify and reduce the 
need for such mitigation strategies, it is crucial to find 
floors with better performance in those low-frequency 
ranges. 

It seems that inadequate attention has been drawn to the 
dynamic properties of DLT and, consequently, there is a 
lack of knowledge. The current study includes numerical 
investigations on the dynamic properties of DLT for fre-
quencies below 500 Hz.  

1.3 AIM 
The main aim of the research of which this study forms a 
part, is to gain increased knowledge about the mechanical 
performance of various innovative (non-standard) CLT-
like products. Our research deals with both load-bearing 
characteristics, for ultimate limit state situations, and stiff-
ness and vibrational response relevant for serviceability 
limit state design. This paper aims at presenting a first pi-
lot study relating to the latter area of research and dis-
cusses the results in relation to the use of diagonal lami-
nated timber (DLT) in floor elements.  
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A secondary aim has been to investigate different model-
ling techniques to find efficient yet accurate modelling ap-
proaches for research and (possibly other) modelling ap-
proaches for use in everyday design practise. With such 
knowledge structural design can be more time efficient, 
results be more accurate, and software developers can find 
efficient approaches for implementation (recommenda-
tions for programme users can also be formulated). The 
secondary aim should also be seen in the light of the stand-
ardisation work in Europe. Late 2024, a new working 
group (WG11+subgroups) of CEN/TC250/SC5 started its 
work with formulating a standard relating to finite ele-
ment-supported structural design of timber structures.  

1.4 OVERVIEW 
The paper presents various results from finite element 
analyses, where parameter studies of the dynamic re-
sponse of DLT represent the main content. The parame-
ters investigated are primarily those related to geometry 
and lay-up, i.e. the size of the panels, the number of layers 
and the layer thicknesses, and the orientation (angle) of 
the individual layers. 

In addition to the structural behaviour of DLT, the paper 
also discusses modelling approaches, and especially the 
influence of detailed modelling of non-edge-bonded lam-
inations, comparing FE-models based on 3D solid ele-
ments and models based on composite shell elements.  

2 – METHODS 

2.1 MODELLING APPROACHES 
Abstraction levels 
Level 1: This level of abstraction involves the most num-
ber of simplifications in terms of geometry and kinematics 
by introducing plate/shell theory (e.g. Reissner-Mindlin 
theory (Timoshenko)) and modelling only the geometry 
of the mid-surface of the plate. Depending on the software 
used, it is possible to build up the shell section by defining 
the properties (material, orientation and thickness) of each 
layer. In addition, by partitioning the model it is possible 
to represent different parts of the plate where alternative 
materials are placed. The main benefit of this approach is 
the greatly reduced number of degrees of freedom 
(DOFs). The approach is also the one most used in engi-
neering practice.  

Unless higher order plate/shell theory is used, it can be 
difficult to capture shear deformations accurately (influ-
ence of shear compliant layers). It should also be men-
tioned that it is not always possible to implement DLT in 
a standard shell element in a consistent manner, depend-
ing on the software available: some off-diagonal (cou-
pling terms) of the stiffness matrix of the plate/shell ele-
ment need to be set to non-zero values due to the shell 
elements directions not coinciding with the principal ma-
terial directions, see Arnold [9]. 

Level 2a: For this level of abstraction (and levels 3 & 4), 
the thickness of the DLT is geometrically modelled. Ho-
mogeneous material properties and constant material di-
rections are assumed within each layer. This gives a sim-
ple geometry, which is easy to mesh. The main drawback 
compared to Level 1 is the increased number of DOFs (3D 

solid elements need to be used). The main benefit would 
be the possibility to more accurately model the defor-
mation field, not having to resort to assumptions of e.g. 
plane sections remaining plane. 

Level 2b: Further developing the approach of Level 2a, 
each layer is now partitioned into volumes, each such vol-
ume representing a lamination. With this approach it is 
possible to introduce different lamination materials at dif-
ferent locations. However, the effect of gaps between non-
edge-glued laminations is not captured.  

Level 3: Here a model including the geometry of the indi-
vidual laminations is used but including also the model-
ling of non-edge glued laminations. Thus, a complete 3D-
representation of the geometry is used, giving the benefit 
of being able to model gaps of arbitrary width between the 
laminations (with or without contact interactions). 

Element types 
The current study involves models based on the use of dif-
ferent element types, depending on abstraction level of the 
models, and depending also on the meshing functionality 
of the software used (ABAQUS [10]). Standard, brick-
shaped hexahedral 3D solid continuum elements were 
used in the convergence studies for comparison to other 
element types and both linear 8-node bricks (“C3D8”) and 
quadratic 20-node bricks with reduced integration 
(“C3D20R”) were investigated. To simplify the meshing 
process, 3D solid continuum elements with a tetrahedral 
shape were used for some of the models including non-
orthogonal orientation of the laminations. In such cases 
quadratic, 10-node, tetrahedral elements were employed 
(“C3D10”).  

Linear, brick-shaped continuum solid shell elements 
(“CSS8”) were used for the main part this work – the vi-
brational studies. This element was chosen based on the 
conclusions drawn from the convergence studies. The el-
ements are geometrically fully compatible with standard 
3D solid brick elements but are efficient in situations in-
volving bending thanks to being formulated using addi-
tional shape functions (incompatible modes) and assumed 
strain fields. 

Standard quadrilateral, linear shell elements, involving 
five degrees of freedom per node (“S4R”), were also used 
in the convergence studies, for comparison with other el-
ement types.   

Analysis types 
Different types of analysis have been performed: a) static 
stress analysis, b) eigenvalue extraction and c) steady-
state response analyses (modal analysis based on reduced 
number of eigenmodes).  

As regards analysis of type a), these were performed to 
benchmark the performance of various element types, and 
to perform convergence studies as regards the static stiff-
ness of DLT plates. 

Analysis of type b) were performed during convergence 
studies but are also necessary to perform prior to conduct-
ing modal steady-state analyses. 
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Analysis of type c), finally, constitutes the main approach 
used. All analyses results, as regards vibrational response, 
are based on calculations under free-free conditions, for a 
unit point load applied in one corner of the DLT plate. 
Loading is applied in a frequency sweep 1–562 Hz to 
cover the entire one-third octave band with centre fre-
quency 500 Hz. The steady-state response is based on 
eigenmodes corresponding to eigenfrequencies below 
1124 Hz (i.e. twice the loading frequency range).  

The evaluation metric used for the vibrational analyses is 
based on the response (acceleration) of all nodes on the 
top surface of the plate. Since unit loading is applied, the 
resulting acceleration represents an accelerance frequency 
response function (FRF).  

The different types of models used are summarised in 
Tab. 1. Results presented here do not cover all studies per-
formed. 
Table 1. Overview of modelling approaches.  

Abstraction level Element types Analysis type  

1, 2b, 3 S4R, C3D8, CSS8, 
C3D10, C3D20R  

Convergence studies, 
and influence of mod-
elling approaches  

2a CSS8 Parameter studies  

2.2 PARAMETER STUDIES 
Material parameters 
All material parameters used in the FE-analyses were cho-
sen based on the material parameters used in previous 
studies, for comparability reasons. Consequently, the ma-
terial data used, and given in Tab. 2, were found by cali-
brating FE-models to experimental results (in terms of ei-
genvalues, modes and damping) as described in [11, 12]. 
The material parameter values are close to the ones given 
in EN338 for timber strength class C24.  
Table 2. Overview of material parameters used in FE-analyses.  

Parameter Value Comment  

EL  12 000 MPa Longitudinal MOE 

ER=ET 370 MPa Transverse MOE 

GLR=GLT 600 MPa Longitudinal shear modulus 

GRT 62 MPa Rolling shear modulus 

νLR= νLT = νRT  0.40 (-) Poisson’s ratio 

ρ  428 kg/m3 Density  

ξ  0.7 % Damping 

Geometries 
Three different plate sizes have been investigated in this 
study, one for the convergence studies, and two plate sizes 
for the main parameter studies on vibrational perfor-
mance. 

The convergence studies were performed on a small 5-ply 
CLT plate, measuring 1.2×2.5 m2. It had a total thickness 
of 150 mm with a lay-up of 5×30 mm thick layers, ori-
ented 0-90-0-90-0.  

The vibrational response analyses were conducted using 
two exemplary plates sizes, one medium five-ply plate 
measuring 2.4×5.0 m2 with 5×30 mm thick layers, ori-
ented 0-α1-90-(-α1)-0 and a large, seven-ply plate measur-
ing 2.4×9.0 m2 with 7×45 mm thick layers, oriented 0-α1-
α2-90-(-α2)-(-α1)-0. Here αi is the angle of orientation of a 
layer, relative the outermost layer. Thus, the total thick-
nesses were 150 and 315 mm for the medium and large 
plates, respectively.  

For reasons of making comparisons easier and clarifying 
the influence of changing only the orientation of lamina-
tions, the total plate thicknesses have not been varied. This 
might result in some of the combinations investigated not 
being relevant for a design situation in practice, since they 
might not fulfil design requirements.  

The parameter studies are based on the reference layups 
of the medium and the large plates. These, and the various 
combinations investigated are presented in Tab. 3. 
Table 3. Plate sizes and lay-ups investigated. The reference configura-
tions are underlined. 

Plate Layer thickness Layer orientations 

Small 
1.2×2.5 m2 30-30-30-30-30 0-90-0-90-0 

Medium 
2.4×5.0 m2 30-30-30-30-30 

0-90-0-90-0 
0-75-0-75-0 
0-60-0-60-0 
0-45-0-45-0 
0-30-0-30-0 
0-15-0-15-0 

Large 
2.4×9.0 m2 45-45-45-45-45-45-45 

0-0-90-0-90-0-0 
0-0-60-0-60-0-0 
0-0-45-0-45-0-0 

0-15-90-0-90-15-0 
0-30-90-0-90-30-0 
0-45-90-0-90-45-0 
0-60-90-0-90-60-0 
0-15-45-0-45-15-0 
0-15-60-0-60-15-0 

Evaluation metrics 
The main results of the FE-analyses of the parameter stud-
ies are given in terms of the response of the plate subjected 
to the dynamic loading. A number of choices are then to 
be made in terms of evaluation metrics.  

Firstly, it could be argued whether acceleration, velocity 
or displacement should be used. It is, however most com-
monly assumed that in terms of perception of vibrations, 
humans are sensitive to acceleration. The current Euro-
code 5, and draft versions of the upcoming Eurocode 5, 
use similar metrics, including the unit impulse velocity re-
sponse, [m/(s2 N)] and acceleration. For the investigation 
of sound radiation, the (spatially averaged) normal veloc-
ity response of the structure would be of prime concern.  

Secondly, it is necessary to limit the frequency range be-
ing investigated. Referring to the introductory discussion 
on the aim of the study being related to vibrations of floor, 
we here focus on evaluating the accelerance, i.e. the ac-
celeration response per unit loading, highlighting the re-
sponse for frequencies below 200 Hz. 
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3 – RESULTS

3.1 PRELIMINARIES – CONVERGENCE 
The convergence studies presented here were conducted 
using the small panel, cf. Tab. 3. 

Calculation of eigenfrequencies
The calculated eigenfrequencies and eigenmodes are de-
pendent on the element type used. The main results from 
convergence studies are given in Fig. 1, depicting the pre-
dicted 60 first eigenfrequencies for various choices of el-
ement types and mesh densities.

Figure 1. Eigenfrequencies for modes 1-60 for CLT with 5×30 mm lay-
ers. Legend: Second order brick (30 mm) “Solid_2nd”, linear brick ele-
ments (7.5, 15 and 30 mm) “Solid”, continuum solid shell elements (15 
and 30 mm) “Sshell” and shell element (30 mm) “Shell”.

Three main conclusions can be drawn. Firstly, using shell 
elements, deviating results are obtained after approxi-
mately the 10th eigenmode. This is mainly due to the shell 
element not representing accurately enough the out-of-
plane shear stiffness of the CLT. To fully capture the shear 
deformation pattern, higher order shell elements need to 
be adapted, such that it would be possible to relax the re-
straint of “plane cross sections remaining plane” during 
deformation. A simpler work-around could be to calculate 
a reduced shear correction factor, possibly based on the 
so-called shear layer theory, see for example Kreuzinger 
and Scholz [13].

Secondly, it seems that with only one 2nd order solid ele-
ment per layer, reasonable accuracy is obtained – compare 
the curves denoted “Solid_2nd” and “Sshell_15”.

Thirdly, it was concluded that the continuum solid shell 
elements give an accurate enough solution using two ele-
ments in the thickness direction of each layer. This was 
adopted for the parameter studies. Even a single element 
per layer gives very similar results, cf. Fig. 1.

Accelerance – Influence of element types and size
A convergence study on the acceleration response of the 
small plate was performed and the results using standard 
(brick shaped) continuum elements are shown in Fig. 2. 
For linear brick elements, converged results are obtained 
at element sizes of 7.5 mm or smaller, meaning that a 
model of 1.0 m2 of CLT of 150 mm thickness would con-
sist of approximately 350 000 elements and 1.1 million 
degrees of freedom (DOFs). For 2nd order elements, 
roughly 30 mm size seems to give reasonable results, re-
ducing the number of elements to about 5 500 and the 
number of DOFs to about 80 000, for that 1.0 m2 CLT. 

Figure 2. First order solid brick elements 7.5, 15 and 30 mm + 2nd order 
brick elements, 30 mm.

The efficiency of the continuum solid shell elements is 
evidenced in Fig. 3, showing a comparison between that 
element type and again the standard 2nd order brick ele-
ment. Negligible differences in accelerance are obtained 
for a solid shell element of the same size as the 2nd order 
brick element. At equal element size, the cost for the solid 
shell element is lower, since it only has eight nodes, while 
the 2nd order brick element has 20 nodes.

Figure 3. Continuum solid shell elements 15- and 30-mm size vs. 2nd or-
der brick element, 30 mm size. Top: 0–562 Hz. Bottom:500–562 Hz.
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Accelerance – Influence of non-glued edges
As mentioned in the introduction, this study also aimed at 
investigating efficient yet as simple as possible modelling 
approaches. Thus, a small investigation was performed to 
verify the influence of the level of detailing in modelling 
individual laminations in a layer. As an example of the 
results, the accelerance FRFs of two models are presented 
in Fig. 4. One model had all layers modelled as continu-
ous, and one where each lamination was individually 
modelled with the “seam” functionality of the software 
used, [10], leaving all adjacent lamination edges within 
the same layer completely free.

As can be seen, cf. Fig. 4, the introduction of seams leads 
to the accelerance peaks being shifted towards lower fre-
quencies. This is consistent with the expected lower stiff-
ness of the plates containing seams. Consequently, if non-
edge glued laminations are modelled in a simplified way, 
with solid layers, the material properties of that layer 
should be calibrated (adjusted) to account for that simpli-
fication, see e.g. [14].

Figure 4. Continuum solid shell elements 15 mm size. Influence of non-
edged glued laminations.

3.2 EIGENMODES
Eigenmodes up to 1124 Hz were extracted for all models. 
As an example of typical behaviour, the first six modes 
for the reference layups and two TLT-layups are shown in
Fig. 5 and Fig. 6, for the medium and the large plates, re-
spectively. The DLT-layups introduce shifts of the natural 
frequencies, and in some cases the mode orders are 
switched. For the chosen examples, cf. Fig. 5 and Fig. 6, 
the frequency shifts are more pronounced for the medium
panels (up to 35%) than for the large panels (up to 15%).

3.3 ACCELERANCE 
The main results are presented as accelerance FRFs. Be-
low, the different lay-ups are compared to the reference 
cases, which have the orthogonal orientations 0-90-0-90-
0 and 0-0-90-0-90-0-0 for the 5-layer and 7-layer panels, 
respectively. The loading was a unit point load at one of 
the plate’s corners to excite all modes of interest, and the 
loading was swept over the frequency range 1–562 Hz, at 
0.1 Hz intervals. The spatial root mean square (RMS) of 
the (complex) acceleration, summed over the top surface 
of the panel was calculated for each frequency. In addi-
tion, for comparison of overall performance, the RMS 
summed over all frequencies was calculated.

Figure 5. Eigenmodes I-VI, medium panel. Left: reference CLT-layup.
Right: Layup 0-45-0-45-0. Continuum solid shell elements (15 mm size, 
two elements in the thickness direction, per layer).

68.7 Hz VI 72.6 Hz

67.6 Hz V 44.2 Hz

62.6 Hz IV 41.7 Hz

39.2 Hz III 32.5 Hz

27.5 Hz II 28.1 Hz

14.7 Hz I 16.0 Hz
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Figure 6. Eigenmodes I-VI, large panel. Left: reference CLT-layup. 
Right: Layup 0-60-90-0-90-60-0. Continuum solid shell elements
(30 mm size, two elements in the thickness direction, per layer).

Overall performance
Tab. 4 summarises the overall performance of the medium 
panels presenting the results in terms of the RMS value 
over various frequency intervals. As can be seen, in most 
cases, the DLT layups investigated here perform poorer 
than the standard CLT, in terms of overall RMS.
Table 4. RMS of acceleration of different frequency ranges, medium 
panel. Values given are changes relative the reference case (0%). Red 
indicates poorer performance and green indicates improved perfor-
mance.

Frequency range (Hz)

Lay-up <100 <200 <300 <400 <500

0-90-0-90-0 0% 0% 0% 0% 0%

0-75-0-75-0 -2% -1% -1% -2% -1%

0-60-0-60-0 -5% 4% -1% 3% -0%

0-45-0-45-0 11% 4% 2% -0% -2%

0-30-0-30-0 9% 1% 1% 3% -3%

0-15-0-15-0 9% 8% 4% 1% -4%

Likewise, Tab. 5 summarises the results in terms of the 
RMS value over the same frequency intervals for the large 
panels. The response in the range 1–100 Hz is improved 
for most lay-ups. For two lay-ups an improvement is 
found for all frequency ranges investigated, see Tab. 5. 
The improvement is a 10–20% smaller response. For the 
lay-ups with worse performance a 30–40% increased re-
sponse is found.
Table 5. RMS of acceleration of different frequency ranges, large panel. 
Values given are changes relative the reference case (0%). Red indicates 
poorer performance and green indicates improved performance.

Frequency range (Hz)

Lay-up <100 <200 <300 <400 <500

0-0-90-0-90-0-0 0% 0% 0% 0% 0%

0-0-60-0-60-0-0 -10% 15% 11% 26% 31%

0-0-45-0-45-0-0 -30% 16% 14% 40% 32%

0-15-90-0-90-15-0 2% 2% 0% -3% -3%

0-30-90-0-90-30-0 -2% 0% -2% -10% -11%

0-45-90-0-90-45-0 -6% -5% -14% -15% -9%

0-60-90-0-90-60-0 -12% -15% -14% -14% -22%

0-15-45-0-45-15-0 -23% 15% 11% 41% 33%

0-15-60-0-60-15-0 -2% 13% 13% 30% 36%

Frequency response functionss
The FRFs of both the medium and the large panels are
depicted in Fig. 7, showing the overall behaviour (1–562
Hz) and, for clarity, the behaviour for frequencies below 
200 Hz. Again, for clarity, only the reference lay-ups and 
the best and worst performing panels are shown, cf. Tab. 4 
and Tab. 5.

In all cases investigated, the first eigenmode is shifted to-
wards a higher frequency, and the accelerance response 
below that frequency was always smaller for the DLT 
layups relative the reference lay-ups.

78.0 Hz VI 67.2 Hz

61.0 Hz V 62.6 Hz

46.2 Hz IV 39.6 Hz

35.6 Hz III 38.9 Hz

19.2 Hz II 18.6 Hz

16.0 Hz I 16.3 Hz
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When evaluating accelerance FRFs, it is important to note 
the number of eigenmodes included in the range being 
evaluated, since a small shift in eigenfrequencies might 
have a large influence on the resulting RMS-value. This 
is clarified in the 1/3 octave band representation given in 
Fig. 7. There it is shown that a markedly different re-
sponse for the DLT relative to the standard CLT can be 
seen in a specific band. Consequently, even if the perfor-
mance is much worse in a certain frequency band, it might 
be very much better in a neighbouring band. In addition, 
this characteristic is very much dependent on the (arbi-
trary) choice of band limits, and the usefulness of such a 
representation for comparison between lay-ups is limited. 

4 – DISCUSSION 
The computed accelerance FRFs indicate that for certain 
frequency intervals, it is beneficial to introduce DLT-
layups. However, the results also clearly show that such 
an effect is sensitive to the range of interest. 

It should be emphasised that the present study has used 
free-free conditions in the dynamic analyses and, conse-
quently, relate to the inherent properties of the plate (at 
cross section level). The behaviour of DLT plates in spe-
cific design situations, including service-like displace-
ment boundary conditions, remains to be investigated 

Figure 7. Left: Root mean square of the acceleration for the medium (5-layer) panels. Right: Root mean square of the acceleration for the large (7-
layer) panels. Frequency ranges are 1-562 (top), 1–200 Hz (mid) and 1–200 Hz in 1/3 octave bands (bottom). 
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The rating of the dynamic performance is sensitive to, and 
thus dependent on, which frequency bands that are being 
investigated. As a consequence, it is on the one hand 
likely that finding a DLT-layup that in general has a lower 
vibration response than standard CLT, would constitute a 
considerable challenge. This means, on the other hand, 
that it might be possible to find tailored solutions for spe-
cific situations. 

In terms of static performance, the studies of Arnold [4, 9] 
showed examples of such specific situations: situations in-
volving twisting and/or bi-axial bending, and where, DLT 
can perform considerably better that standard CLT. Situ-
ations involving such loading include 3- and 4-sided sup-
ported plates, plates on point supports and plates with 
(large) holes. 

5 – CONCLUSIONS 
The main conclusions drawn from the work presented are: 

DLT can be part of a vibration mitigation strat-
egy when well-defined loading scenarios need to
be addressed.
In modelling DLT, it was shown that so-called
continuum solid shell elements provided an effi-
cient approach.
Models where the laminations are assumed to be
perfectly edge-bonded (level 1, 2a and 2b) give
different results in terms of dynamic response,
compared to when non-edge-glued laminations
are included (level 3), especially for higher fre-
quencies.

Of special interest for future work would be to study: 

Equivalent shell element properties and equiva-
lent properties for continuous layer-models, to
account for the contribution of shear defor-
mations due to non-edge-glued laminations.
Additional lay-ups and panel sizes.
Situations involving realistic loading and sup-
port conditions, to be able to characterise the per-
formance of building structures (e.g. a floor sup-
ported by walls, free edges, floor panels with
holes etc.).
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