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ABSTRACT: The work explores, experimentally and theoretically, the possibility of producing a novel cladding
sandwich panel comprised of a low-density wood fibres (WF) core, made with GUTEX®, and timber engineering board
faces. A short discussion of the possibility of using thermal treated timber at the outer face is also made.

Tests on small specimens, using physical and optical devices, were performed for the basic mechanical characterization
of WF. Shear modulus G was the main target; and values for a range of nominal densities from p = 110 to 190 kg/m3
were obtained.

Short term load tests on real scale WF sandwich (WFS) specimens of 3.2m span were also per-formed. An initial simple
analytical structural model, based on Annex B of Eurocode-5 (CEN-1995, 2003) was used, taking into account the shear
deformation of the core.

The results show that WFS's are a viable solution at least for claddings. The line of work is especially attractive as WF
is a natural and sustainable product.

This research has being carried out with financial support from the European Community within the Sixth Framework
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1 INTRODUCTION

The development of new building materials and systems
based on sustainable and ecological criteria is clearly a
current challenge in the building construction field. The
design of new claddings is a crucial issue. The
development of novel sandwiches presents the advantage
of coupling building physics and structural criteria.
Considering non-steady state situations, low density
wood fibre (WF) panels also have an advantage over
plastic foams and mineral wools. Thanks to their better
thermal effusivity, they better stabilize indoor
temperatures. As the weight is higher in relation with the
alternative solutions in extruded polystyrene (XPS) or
rock wool, the acoustics insulation is also increased, a
relevant issue nowadays. The porosity of WF translates
again into acoustic benefits. WF has of course clear
advantages when sustainability criteria are used.

The paper reports the experimental and theoretical work
carried out for studying the viability of producing a WF
sandwich (WFS) for a novel cladding. Different nominal
densities (p) of WF ranging between 110 to 190 kg/m3
were used in the tests. This variation of density hardly
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affects WF’s thermal conductivity value, maintained
around 0.04 W/mK; this insulation is in the same range
as other existing foam, such as expanded polystyrene
(EPS) and XPS. These data explain why the use of WF
insulation in building construction is an increasing
practice in Europe, especially in Germany and Austria.
In the initial part of the experimental work, the shear
modulus (G) values of the WF for a range of p from 110
to 190 kg/m® were obtained. The bending stiffness of the
timber faces were also measured for checking the
nominal data. Real scale tests, simulating the wind load,
were developed in the second part of the experimental
work. The empirical data were quasi-linear, and
therefore the results were compared with a simple
theoretical linear model. As the experimental and
theoretical results agreed reasonably well, a simple
parametrical study was developed in order to
complement the conclusions.

2 MATERIALS AND METHODS

2.1 MATERIALS AND PRODUCTION PROCESS
OF WFS

WFS specimens were industrially assembled by the
company Dold Holzwerke [6]. The faces of the WFS
were made of oriented strand boards (OSB) 15 mm
thick, and the core was made with GUTEX® WF [10] of
four different p: 110, 130, 150 and 190 kg/m’. These



densities approximately correspond to the following
commercial names: Gutex Thermosafe homogeny, Gutex
Thermosafe-wd, Gutex Thermowall, Gutex Ultratherm.

The nominal depth of the core was 120 mm. Actual
depths varied from 110 to 120 mm due to the pressure
applied during the gluing process.

Real scale WFS tests and small scale shear tests were
performed using pieces obtained from the same
production element in order to reduce material
uncertainties. The gluing machine used spreads glue
strips along the panel, obtaining a real glued surface that
is approximately half of the full contact surface.

2.2 SET UP OF SMALL SCALE SHEAR TESTS
OF WF

A set up (Fig. 1) similar to the timber standard NT
BUILD 378: 1991, considered to be valid for this
material, was chosen for the tests. Previous tests were
required for determining the breaking load, Fy m.x. The G
value is calculated according to a linear relationship
between 0.1-Fy nux and 0.4-F, .. Displacement control
was used, with a rate of 0.25 mm per minute.
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Figure 1: Set up for the shear test similar to NT BUILD
378:1991, and degrees of freedom for the basic structural
model: deflection (v), rotation (6), and slip deformation of
the core (0).

The upper and lower faces had the same rotation, 6, in
each section. Due to this, the LVDT of the set up
measures the whole slip, J, between the faces, including
any possible local slip at the OSB-WF contact surface
(whether the variation across the WF section is linear or
not). The G value obtained can be then called global, as
it takes into consideration the total slip and not its
governing law.

A second measuring procedure involved optical
measurements, using ARAMIS® system, with 3D
capabilities, and a resolution of 2 mega pixels, was
carried out.

2.3 BENDING TESTS ON OSB PANELS

The EI value of the OSB panels was tested in a total of
four samples. Two tests were carried out using a three
point set up, and a further two using a four point set up.
The reason for using two different set ups was to try to

verify the homogeneity of the material. The procedure
was similar to EN-310:1993 (which calculates the
Young modulus, not E7 as a single value). The span was
Im and the width was the same as that of the original
WEFS, i.e. approximately 475 mm.

2.4 SET UP OF REAL SCALE TEST OF WFS

Bending tests were all carried out for a free span of 3200
mm, using 3400 mm long specimens in a six-point type
arrangement (Fig. 2). The technical report EOTA TR002
(EOTA. 2000, Test methods for Light Composite Wood-
based Beams and Columns), uses a four-point
arrangement. The six-point arrangement was preferred
here, at this preliminary stage, for better checking the
theoretical model (the bending moment is almost exact
to that generated by a uniformly distributed load).
Controlled displacement, with a rate of 1 mm per
minute, was chosen. With the WF panel thickness of
120mm and the free span of 3200, a standard slenderness
ratio of 3200/(15+120+15)=21.3 for a fagade panel was
achieved.

Figure 2: General set up and reference sections (only
the instrumented half of the beam is shown).

Two groups of tests were performed: the first, referred to
as partially instrumented (P-IT), for p of 110 and 130
kg/m’, only measured load versus deflection at midspan;
and the second set, referred to as globally instrumented
(G-IT), for p of 150 and 190 kg/m’, performed with a
more complete instrumentation and therefore capable of
achieving a more refined calibration. The specimens of
p=110 kg/m3 turned out to be too weak for a span of 3.2
m. They were not easy to test, and this is the main reason
why the research quickly focused on the higher densities
(150 and 190 kg/m?).

The G-IT group consisted of three further sets of tests
done on the same WFS specimen. Set-1 and set-2 were
carried out without breaking the sandwich; they stopped
when the maximum deflection reached 15mm for p=190
kg/m’, and 10mm for p=150 kg/m’. Set-2 was only
added to check vertical movements of the core over the
supports. None of the beams broke at set-2. For set-3 the
load was increased until fracture occurred.

2.5 STRUCTURAL MODEL FOR BENDING

A simple linear model, based on Annex B of Eurocode 5
(EC-5, Annex B) (CEN-1995, 2003), was mainly used,
although other sources were also compared, as we shall



see. The proposed WFS clearly belong to the field of
timber engineering, and therefore EC-5 was the initial
reference. The use of this standard would help in the
application of ETAG-016 (part 3) (EOTA 2005). EC-5
model is a linearized model: the stiffness of the
connection is linearized using equivalent secant values.
The same approach will be used here.

The assumptions are: 1) linear-elastic constitutive
equations, 2) the axial stiffness of the core is neglected,
3) the curvature at both flanges is the same, 4) shear
deformation is considered only at the core, not at the
flanges, 5) the vertical deflection of the two flanges is
the same (the kinematic model was shown in Fig.
1).Three degrees of freedom per section are then
considered: deflection (v), rotation (#) and slip of the
core (0); which is the typical assumption for sandwich
beams with a linear behaviour.

The equivalent bending stiffness of the sandwich beam
for a simply supported beam with uniformly distributed
load, according to the gamma method of EC-5, is (¥ is
used instead of 7, as in EC-5 Annex B, as the latter is
normally reserved for the engineering shear strain):
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where 4; is the area of the individual part -i- (1 and 3), /
the span, and ¢; the distance from the center of gravity of
the whole sandwich to the center of gravity of the
individual part -i-. The value of g; can be, in general,
calculated using the EC-5 formulation based on the
homogenization of the section.

The shear stresses at the core are (as the core does not
bear normal stress, the shear stress across the core is
constant):
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where V is the shear force, b the width of the core, i.e.
the width of the sandwich, and -i- 1 or 3.

3 RESULTS
3.1 SHEAR MODULUS OF THE WF CORE

Optical measurements were able to reflect the whole slip
across five sections of the WF cores separated around
20mm. The non linear law reflected the variation of
density across the section. It was confirmed that no
noticeable local slip took place at the OSB-WF interface.

It is worth mentioning that the bigger the density, the
smaller the variation of density across the section.
Considering the full slip between OSB faces, G is a
quasi-linear parameter. The linearized Gy values
adopted, calibrated using the results of the real scale
tests, are shown in the Table 1.

Table 1: Equivalent secant shear modulus, Gses (N/mm?),
and shear strensqth f.,sec (N/Mm?), for four different
densities (kg/m”)

p 110 130 150 190
Gieo 0.7 1.06 33 59
fisee  0.0077 0.0133  0.054 0.096

Table 1 also summarizes the values of shear secant
strength, f, «c, for the four analysed densities. The values
were derived from the breaking load of the real scale test
together with the theoretical model.

3.2 BENDING STIFFNESS EI OF THE OSB
PANELS

The EI value was obtained specifically for checking the
nominal E/ value of the OSB panels produced by
Kronofrance, given to be E/=1.9125 kNm%m. An
average value of E[=2.29 kNm?/m, derived from the test,
was used in the calculations.

3.3 EMPIRICAL DATA VERSUS ANALYTICAL
MODEL: DEFLECTION

The following figure (Fig. 3) plot the total force (kN)
versus the deflection (dotted lines) at sections B and C
recorded in the tests (Fig. 2). It is compared the
empirical data using a linear regression plot (dashed
line), a typical curve (dotted lines), and the theoretical
EC-5 model (continuous line), for p=150 and 190 kg/m’,
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Figure 3: Total load (kN) versus deflection (mm) at points
B and C (see Fig. 2) for pnom=150 and 190 kg/m®

3.4 EMPIRICAL DATA VERSUS ANALYTICAL
MODEL: TOTAL SLIP AT THE CORE

The total force (kN) versus the slip at the core was also
plot (Fig. 4). It is shown the comparison between the
empirical data (dashed line), typical curve (dotted lines),
and the theoretical EC-5 (continuous line), for p=150
and 190 kg/m’, at sections B and C (see Fig. 2), where
the shear force is equal. The point selected in the linear
model for the comparison was the middle point between



B and C, as the shear force at this point in the model is
equal to the shear force in the test at B and C.
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Figure 4: Total load (kN) versus total slip at the core
(mm) at points B and C (see Fig. 3) for prom=150 and 190
kg/m3

3.5 EMPIRICAL DATA VERSUS ANALYTICAL
MODEL: ROTATIONS

Figs 5a and 5b show the comparison between the
empirical data using a linear regression plot (dashed
line), a typical curve (dotted lines), and the theoretical
EC-5 (continuous line), of the rotations, for p=150 and
190 kg/m’, at sections B and C (see Fig. 2) respectively.
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Figure 5: Total load (kN) versus rotation g°) at points B
(a) and C (b), for prom=150 and 190 kg/m".

3.6 FAILURE MODEL

The failure of the panels presented a recurring pattern,
allowing the formulation of a basic failure mode. The
failure is due to shear stress and starts at the WF-OSB
contact surface (where the gluing process reduces the

effective section) over one support (where the shear
stresses are maximum); the cracking then runs towards
the centre of the beam. However, the failure surface is
not a perfect plane and, even though the origin is at the
glued interface, it can present some small irregularities
across the section. The failure is brittle. Only one
specimen failed in an unexpected way. The failure was
also due to shear stress, but wasn’t located at the glued
interface. The reason is currently unclear; one possibility
could be material irregularities. The OSB flanges did not
break in any of the tests.

A failure mode considering only the maximum shear
stress seems to lead to a reasonable approximation at this
stage. According to this, the overall deflection and the
shear stress are the two parameters to limit in the design.

3.7 PARAMETRICAL STUDY FOR WIND LOAD

Once the linear model was proved to fit reasonably well
with the empirical data, a parametrical study was
developed in order to explore the practical field of
application of the proposed solution. According to the
last section, two critical points were considered: a) for
serviceability limit state (SLS), the midspan deflection;
b) for ultimate limit state (ULS), the shear strength near
the supports. Using the data from Table 1, and the model
described in section 2.5, Table 2 was constructed: a
typical wind load of 1.2 kN/m” and a depth of the core
ranging from 120 mm to 240 mm. The thickness of the
core is mostly governed by the thermal requirements of
the cladding. For German climate or similar, which was
the original target of this study, calculations based on
thermal conditions lead to U values between 0.15 to 0.2
(W/(m?K)) which can be translated to an insulation depth
of around 250 to 300 mm. Values in warmer regions can
go down to around 120 mm [19].

Table 2: Maximum admissible span (m) for a simply
supported (cladding) beam supporting a wind load of 1.2
kN/mz, for both the admissible relative deflection and
shear strength at the core. d=total depth (mm)
considering a OSB of 15mm for every face. r =shear
failure at the core (N/mm2)

Failure condition:
T admissible relative deflection

1/300 1/400 1/500 1/600 1/700

150 194 227 183 156 137 123
110 190 239 273 218 183 1.59 141
230 2.86 3.20 254 212 183 1.61
270 335 3.68 292 242 208 1.82

150 3.11 289 236 200 175 1.56
130 190 395 350 286 242 210 1.86
230 4.82 4.10 335 284 246 2.18
270 5.69 4.68 3.84 326 282 249

150 123 4.14 3.64 327 298 275
150 190 158 496 436 392 358 331
230 194 573 504 454 416 3.84
270 23.0 646 569 514 471 436




150 21.8 445 397 362 335 3.13
190 190 28.1 531 474 433 401 3.75
230 345 6.11 546 499 462 433
270 409 6.87 6.14 561 521 488

The maximum span, for SLS and ULS, can be obtained
from Table 2. SLS varies according to the standards and
the construction system; a value from 1/300 to 1/500 is
typical. Table 2 was expanded to include up to 1/700 for
the possibility of increasing the global safety factor in
cases where the deflection due to the hygro-thermal
changes is relevant.

The viability of a solution can be determined by looking
at its global safety factor, which is obtained by dividing
the maximum span in ULS to the span in SLS. For
example, considering p=150 kg/m’, a total depth of 270
(15+240+15) mm, and a SLS of 1/300, the global safety
factor is (23m/6.46m)=3.56. As can be checked, in the
typical range from 1/300 to 1/500, and p=150 to 190
kg/m®, the global safety factor goes from a minimum of
2.97 for the core of 120mm and SLS of 1/300 to a
maximum of 7.29 for the core of 240 and SLS of 1/500.

4 DISCUSSION

The use of timber engineering boards responds to the
general search for a sustainable and environmentally
friendly product. Even though there is a broad range of
boards of this kind, their thickness is similar in all cases,
and therefore their E/ would not change substantially
from one to another. The inner face can be designed with
OSB because it is cost effective, the hazard class is null
and in some environments it may even work without an
extra vapour barrier. If an outdoor TMT or medium
density fibre (MDF) board were finally used, the
deflection due to hygro-thermal changes could be
assumed. Other timber engineering boards, as e.g. the
wood-cement boards, would also be of great interest.

It is worth checking the )/, values (equation 1) of the real
scale tested beams, for the different densities considered
Table 3. As it is known, )/, represents the reduction of
the width of the WFS in order to get the equivalent
current bending stiffness 4 value of y', =1 means zero
slip in the core, obtaining, therefore, a section with a
maximum bending efficiency.

Table 3: y* value at the real scale tested beams (span =
3200 mm), for the four different densities under study

p 110 130 150 190
¥, 0.09372  0.13540 0.32775 0.46571

For a density lower than 150 kg/m’, the reduction is too
high, and the sandwich efficiency is greatly reduced.
This confirms the range of viable core densities lies
between 150 and 190 kg/m”.

The shear capacity is halved in relation with the possible
maximum value due to the discontinuity of the glue

strips. This means that, according to the failure mode
shown in section 3.6, the global safety factor could be
doubled if the gluing surface were complete.

Both the use of TMT and WF as structural materials fit
with difficulty into the scope of existing structural
European standards. CE marking is now not compulsory
for WFS, but can be addressed using ETAG 016 (part 3).
The problem of lacking adequate EN harmonized
standards for TMT and WF could thus be avoided.

5 CONCLUSIONS

The use of WES for claddings made of WF with p
ranging between 110 and 190 kg/m’ was explored from a
structural point of view. The WFS were designed to
withstand their self weight and the wind load, and thus
avoid the question of creep.

Small scale tests showed that density across a WF
section is not constant. Optical measures showed that the
variations between sections are negligible, and so a
global and unique G value can be assumed for the
overall WF section. The material behaviour of the WF
lightly differs from the lower p (110 kg/m®) to the upper
ones (190 kg/m’). A quasy-linear behaviour was
observed for all the densities, recording that the higher
the p, the more clear the linear behaviour. Gy values
were obtained for the whole range of densities, based on
these small scale tests and calibrated with the real scale
tests.

Real scale tests confirmed the quasi-linear behaviour of
the WF core, and therefore, of the beam itself. The
recorded deflections, rotations and slips at the core were
compared with the linear theoretical model. The results
agreed reasonably well. Small differences exist. These
can be explained with the slight difference between the
set up load (six point load arrangement) and the load of
the theoretical model (uniformly distributed, or, at EC-5,
a cosine-shape load). A further explanation is the use of
a linear model for a relation that is not totally linear.

A parametrical study, using the mentioned linearized
model, was carried out for the wind load. The results
show that WFS is a viable solution for p ranging
between 150 and 190 kg/m’, as the SLS can be fulfilled
with a global safety factor between 3 and 8. The hygro-
thermal movements do not introduce any remarkable
changes to these conclusions if panels, e.g. TMT boards,
with high hygro-thermal stability, are used for the
outdoor flange.

This is only a preliminary study. More detailed
investigations will be necessary for obtaining a
commercial product.
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