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(54) COMPOSITE WOOD-GLASS STRUCTURAL PANEL AND PROCESS FOR PRODUCING SAME

(57) The present invention refers to a timber-glass
composite panel for construction, in which these materi-
als simultaneously assume a functional, aesthetic and
structural nature. The panel may be utilised both as a
slab or load-bearing wall, despite its orientations, thus
allowing constructive modularity based on habitational
evolutiveness principles, mass production, prefabrica-
tion and consequent transportability. The panel envisag-
es the integration of passive solar systems and biocli-
matic, eco-efficient functions.

The panel comprises a timber substructure [5] and
two simple laminated structural panes of glass [7], one
on each side of the substructure wherein the bonding is
carried out by means of a single-component structural
adhesive [8] with semi-stiff behaviour after drying. The
substructure consists of several timber boards [1] ar-
ranged in parallel, interspersed by timber blocks [2] and
fixed with threaded steel rods [3]. Should the panel serve
as a wall, sliding windows can additionally be included,
one on the interior face [6] and the other on the exterior
face [14], so as to allow ventilation.
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Description

BACKGROUND OF THE INVENTION

[0001] Timber has always been a material traditionally
used in construction. In recent years, there has been a
major contribution by industrialised systems in timber
sector to increase the potential that this material nowa-
days presents in construction. Objectively, some advan-
tages are worthy of note: sustainability; reduced con-
sumption of fossil energy; weight/resistance ratio; ther-
mal inertia; diversity of species, types and characteris-
tics; diversity of products and by-products.
[0002] Today there are various timber construction
systems which are very different from the traditional log
house and onsite wood frame methods, or even the panel
system. The latter, having been the starting point for the
first attempt at implementing a timber construction indus-
trialised system - the General Panel System (1941) - by
Konrad Wachsmann and Waler Gropius, was limited as
it constituted a closed system, without any features of
flexibility, adaptability and combination with other sys-
tems. Nowadays, new technologies - mainly CNC digitals
- allow the open systems, frequently based on unit series
logics, to be an essential, desirable reality in terms of
business strategy. These products set out obtaining
products endowed with high resistance and typification,
and combinable with other construction systems. Some
of the following systems can be observed as examples:
Homogen80, LenoTec, Bresta, Schuler, Holz100, KLH
(according to DE20217884), O’portune, Steico, Wenus,
Lignotrend (according to AT9849U), Amman Holzbau
(panel developed by Eckert Werner - according to
EP0560013) Ligu, Lignadal, Steko, Wellsteg (panel de-
veloped by Affolter Kurt, according to DE19521027) or
Lignatur.
[0003] As the majority of the aforementioned systems
constitutes resistant superficial elements, there are self-
evidently differences between them, but they can be split
into two groups from the very outset: solid (laminar sur-
faces) or optimised (alveolar surfaces). This invention
fits in with the context of the latter. However, none of
these systems combines timber or foresees the possibil-
ity of its combination with glass, thus not solving the prob-
lem of natural lighting and transparency nor, in structural
terms, the optimisation of the stiffness and resistance
whose potential the glass helps to promote. Neither do
the systems described, functionally speaking, include the
possibility of introducing passive solar systems which ex-
ponentially optimise the system’s energy efficiency.
These shall be the most important aspects of the glass
inclusion potential in a composite system, from which
benefits are intended using the new invention.
[0004] At the beginning of the 20th Century, a more
open way of designing a house emerged, establishing
an interior/exterior spatial relationship at this stage which
was completely different from that which had existed up
till then, thereby making a new field of conceptual rela-

tionships possible which opened up the way to the evo-
lution of glass in architecture.
[0005] Up to that point, it had not been possible to cre-
ate homogeneous planes of reasonable dimensions.
Glass was fragile and had no insulating qualities. How-
ever, its main feature, the ability to relate to light by means
of brightness, transparency and reflections, has imme-
diately become associated with technology, modernity
and progress. Its use in the modern movement was very
relevant in architectonic terms.
[0006] From then until today, important innovations
have arisen which have completely transformed glass
industry and its field of application.
[0007] Glass which is tempered, laminated, coloured,
with thermal and acoustic control, curved, U-profiled (de-
scribed, for example, in US6546690), photovoltaic, pris-
matic, bonded exterior glass or fastened exterior glass
are just some of the types or variants of glass which cur-
rently constitute the state of the art of this material.
[0008] Today, new possibilities are being looked at,
such as cold-moulded laminated glass - developed by F.
van Herwijnen, D. Staaks and M. Eekhout - which allows
the combination of the best properties of the hot moulding
of the laminated glass and plastic.
[0009] However, in the specific context of the present
invention, there is a matter of terminology which needs
to be clarified and put into context: that which, as a rule,
is currently called structural glass (exterior bonded sys-
tem) and glass fastening system, the solutions nowadays
used. However, these solutions are merely self-sustain-
ing and the glass does not have a function of resistance
- and actually structural -to other elements, besides itself.
[0010] At present, whole structures solely made up of
glass are becoming possible. However, the operation of
this structural capacity in the glass is relatively recent,
featuring as the main development means of this material
- not only on its own, but also in composite systems.
[0011] Resistant structural glass has mainly been de-
ployed in linear elements as is the case of beams or col-
umns. In the latter glass is tested on its own or in con-
junction with other materials. Several examples are avail-
able such as the studies undertaken by De La Rochefo-
cault and Manisse Olivier (when studying resistant ele-
ments in glass and their affixation system and connec-
tions - W02006128887), by Seele GMBH & CO (when
developing a metal-glass composite column for support-
ing building façade- DE102006044649), by Ulrich
Knaack (also for the support and self-restraining of glass
façades - DE19651444) by the Technological University
of Delft (when strengthening glass beams with metal),
by Michel Palumbo (when strengthening glass beams
with carbon fibres and in other complementary safety
studies - WO03023162), by the Technological University
of Graz through Bernard Freytag (with concrete-glass
composite beams), by the University of Dortmund in con-
junction with RWTH Aachen (with mixed metal-glass
beams), or finally EPFL of Lausanne by Julius Natterer
and Klaus Kreher (with timber-glass composite beams).
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The later has been shown as the only case conjugating
glass and timber, but referring to a linear element instead
of a surface element, in other words, without the capacity
to be constituted autonomously as a construction system.
In addition to not presenting the functional and structural
multipurposeness provided by the new invention, the
glass only works structurally in residual fashion, bearing
in mind that it is not laminated, with the timber ensuring
the whole safety margin required for this construction el-
ement. Associated with the fact that it is only the timber
ensuring resistance, the connection between timber and
glass is achieved by way of a rigid adhesive which im-
mediately transmits the strains to the glass which makes
the latter brittle.
[0012] It can thus be stated that a glass product was
never truly developed in combination with timber in which
both materials worked with the same structural impor-
tance. This is essentially because, in the context of tim-
ber-glass composite solutions, the problem of glass brit-
tleness was never properly addressed. The timber-glass
combination in the manner in which it is carried out in the
composite structural panel, both in geometrical terms as
well as in terms of the semi-rigid adhesive bond, ensures
a higher ductility, safety and autonomy index in terms of
prefabrication as it is an autonomous, complete system.
[0013] The composite elements allow the best of the
characteristics of two different materials to be brought
together for a common purpose. In this case, in structural
terms, the timber assumes good bending behaviour, be-
ing ductile to compression, whilst the glass presents a
very positive result in terms of the compression force.
Self-evidently, a composite structural solution shall man-
age to incorporate, contextualise and glean the potential
of the advantages put forward, which can be observed
in the results obtained from the tests of the present in-
vention.
[0014] Worthy of special mention is the precision and
technology with which both materials can be worked and
the fact that both are totally reusable, which also allows
their application in composite elements to give rise to
consistent solutions in terms of sustainability.
[0015] The main issue in the invention process is that
timber and glass were very rarely bonded together in
construction, all the less so in the truly structural sense,
and never with the combination of characteristics and
advantages of the present invention. Hereinafter refer-
ence is made to known glass and timber bonding proc-
esses as structural elements for construction purposes.
[0016] Timber-glass composite beams have already
been referred to at the Hotel Palafitte in Lausanne in Swit-
zerland by Klaus Kreher and Julius Natterer (which, as
mentioned, incorporates a different logic at its origin and
which was developed in the PhD thesis of the former
"Traverhalten und Bemessung von Holz-Glas-Verbun-
dträgern unter Berücksichtigung der Eigenspannungen
im Glas").
[0017] At the HDW Info Pavilion, developed by the
Wood-Glass studio of the Technological University of

Helsinki by A. Lehto and T. Seppänen, the bonding sys-
tem of timber and glass elements uses an acrylic bi-ad-
hesive tape which merely seeks to ensure the positioning
between the glass and the timber and which, as it is un-
necessary in this context, only allows low loads to be
borne. It is thus an adhesive bonding system which sim-
ply would not withstand heavy structural situations as
occurs with the current invention. On the other hand, the
sole structural function of timber is the definition of the
positioning of the glass, with solely the latter withstanding
the transmission of forces in the structure by way of axial
forces, with the specific detail that all the parts are differ-
ent from each other. Regardless of whether the system
is actually of interest or not, it should be stressed that
both materials work in almost independent mode in the
same structure, contrarily to that of the present invention
where the composite combination exists with the purpose
and need for complementary, biunivocal structural oper-
ation between the materials involved.
[0018] Yoshiaki Amino, with the technical support of
Jan Hamm, developed a family residence in Fuji in Japan
where the outdoor shutters are made up of a wooden
frame to which a glass sheet is stuck on the exterior.
Contrarily to the usual door and window frame system,
the glass pane ends up working as a timber protector,
though it does not bestow a structural role on the building,
and it is not even clear whether it could do so, with the
structural system of the building in question being porti-
coed in a beam column, thus constituting a traditional
system, far removed from the new, contemporary tecton-
ics of wooden construction.
[0019] The thesis - "Tragverhalten von Holz und
Holzwerkstoffen im statischen Verbund mit Glas" - and
the research work by Jan Hamm at the EPFL in
Lausanne, not only refers to timber-glass composite
beams, but also allows the results of some experiments
to be observed using a rectangular glass pane stuck onto
two timber battens situated on the two largest sides of
the perimeter of the glass surface, the major difference
being that a structural application context was not devel-
oped for this element, undoubtedly due to the low capac-
ity it shows at this level - lower than 10% of the load
capacity obtained using the current invention -, not only
on its own plane but in particular on the axis perpendicular
to the latter. This makes any usage as a slab impossible,
and in the same way the low thickness also prevents
usage as a resistant wall, nor for any of the multi-purpos-
es which would otherwise be inherent in the composite
structural panel.
[0020] The timber-glass frames of IBois - "Cadres
Composites en Bois et Verre" -, from EPFL in Lausanne,
carried out by Yves Weinand, are endowed with a struc-
tural use of self-restraining a laminar structure deploying
these frames, though the effectiveness of the element
and its mechanical capacity is yet to be proven, insofar
as its geometry is merely two-dimensional and solely ap-
plicable vertically and in the alignment of the plane, mak-
ing it difficult to prevent any buckling effect and, generally
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speaking, having the same limitations as the previous
example. On the other hand, it does not allow the inte-
gration of passive solar systems and thermal mass which
the new invention promotes.
[0021] The "Multifunctional glazing prototype for com-
posite insulating glass unit with integrated solar shading"
by Jan Wurm refers to a panel system integrating a shad-
ing system. However, its structural use is very limited,
resisting at a low load capacity and, as a result of the low
thickness, preventing the integration of other functional-
ities, with the shading itself proving ineffective - this pro-
totype by Jan Wurm also has the basic difference that it
is not glass-timber, but rather glass-carbon fibre.
[0022] Finally, the Walch Window 04 uses the adhe-
sive bonding system as the central element in the union
between the timber and the exterior glass that protects
it, slightly similar to that which occurs with the Amino
project which has already been mentioned herein. How-
ever, the glass does not exercise any structural function.
[0023] Recapitulating, it can be concluded that the
main challenge in terms of a composite timber-glass so-
lution involves getting the most out of the expressive ca-
pacity and structural design of the materials, making up
for the apparent natural deficiency of the glass in this
regard and channelling the strains to which it is subjected
to its compression capacity and avoiding the occasional,
concentrated tensions on its surfaces. It is in this regard
that the bondings are particularly important and this is
why it was one of the main aspects of the research un-
derlying the present invention by way of the adhesive
structural bonding, contrarily to the most common me-
chanical unions which would not solve the problem de-
scribed above.
[0024] In this case, the challenge is the fact that the
adhesive combines resistance and flexibility in view of
the basic differences between glass (fragile) and timber
(ductile under compression) which allows an even distri-
bution of forces, the reduction in the fragility of the glass
preventing boreholes and occasional tensions on the
glass surfaces.
[0025] Previous attempts to use wood-glass solutions
with a structural function did not allow a simultaneous
level of resistant effectiveness of the glass, structural
multifunctionality, resistance, safety, durability and ther-
mal and energy efficiency compatible with modern con-
struction requirements.
[0026] In addition, the characteristics of the new pro-
posed panels allow integrating passive solar systems
and bioclimatic, eco-efficient principles. These objectives
are only possible by dint of the transparency that the glass
affords and the natural lighting it conveys, in the case in
point being combined with its structural aspect, trans-
forming the product into a constructible "skin".
[0027] The "ventilated Trombe wall", patented by Ed-
ward Morse and invented by Felix Trombe, constituted
a major reference as far as the introduction of passive
solar systems is concerned. Although in terms of energy
efficiency, the inclusion of elements with a major thermal

storage capacity is interesting, such as concrete, ex-
posed to the south and accumulating energy, subse-
quently releasing it into the interior of the space as pro-
posed by the "ventilated Trombe wall", this is not com-
patible with prefabricated constructions endowed with
light, luminous features such as those desired in the
present invention. This obstacle is overcome by the in-
clusion of gabions introduced into the spacing between
the timber boards incorporated into the innovative struc-
ture of the present invention.
[0028] The present construction solution, in addition
to the advantages of combining glass-timber in structural
fashion, natural lighting and translucidity, it has a range
of features which, when combined with each other, set
it apart in terms of innovation:

Multistructurality. Autonomous triaxial structural el-
ement (slab position, resistant wall position with ver-
tical battening and resistant wall position with hori-
zontal battening);
Multifunctionality. Energy optimisation owing to ther-
mal and acoustic efficiency;
Sustainability. Integration of passive solar systems
and bioclimatic principles;
Shading. Effectiveness of shading in various orien-
tations (East, West and South);
Self-restraining. The self-restriction of movements
perpendicular to the plane is ensured by the integra-
tion of timber ribs inside the panel;
Rehabilitation. Possibility of integrating technical in-
frastructures in the interior of the panel; Applicability.
Safety and system which is easy to assembly and
apply;
Prefabrication. Cost and quality control; Modularity.
Metric, modular combination and habitability;
Adaptability to intelligent systems. Domotics and col-
lection of water from roof.
Possibility of integrating active solar systems onto
the structure of the panel;
Durability. Protection of wood and adhesive by
means of exterior glass element.

INVENTION FIELD

[0029] The composite timber-glass structural panel put
forward by the present invention constitutes the basis for
a new construction system wherein these constituent ma-
terials, by dint of the way in which they are combined,
simultaneously assume a functional, aesthetic and struc-
tural nature. This particular feature places this product in
the joint field of engineering and architecture, in the spe-
cific field of innovative construction technologies both in
new buildings and in the rehabilitation of existing build-
ings.
[0030] The multifunctional features inherent in this
composite element allow its use, always with an effective
response to the objective functional and structural re-
quirements, in a wide range of construction and archi-
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tectonic contexts, either as a slab or as a load-bearing
wall and regardless of its orientations.

GENERAL DESCRIPTION OF THE INVENTION

[0031] This system is made up of a timber substructure
which dictates the size of the panels. It is made up of
solid timber boards arranged in parallel, interspersed by
timber blocks, which are also solid, and at a constant
height. Three blocks are always placed between the two
boards: two at the ends and one half way along the span.
All these parts are drilled beforehand such that, when
aligning each block, two threaded steel bars can be in-
troduced. These bars allow the final affixation and the
mechanical adjustment of the timber substructure.
[0032] On each of the two sides - interior and exterior
- of the timber substructure, and with the structural func-
tion of rigidifying, a glass pane is stuck with around the
same length as said substructure. The characteristics of
the two structural glass panes differ from each other de-
pending on whether they are located in the interior or in
the exterior. In the interior, single laminated glass is de-
ployed. On the exterior, double-glazing should be used
comprising a single laminated glass pane on the interior
side and a tempered glass pane on the exterior side.
[0033] The structural bonding process between the
timber substructure and the glass panes constitutes an
essential part of this system. Only an adhesive which
effectively combines resistance and ductility can allow
the combination of these materials. In this context, a
semi-rigid adhesive was used - silicon - which, by means
of its mechanical characteristics and, simultaneously by
dint of its known resistance to atmospheric agents, en-
sures the desired effect.
[0034] The adhesive bonding of glass to timber is car-
ried out in all of the exposed area on the side faces of
the timber boards.
[0035] In situations where the panel serves as a struc-
tural wall, the glass is only placed as from the second
board, inclusive. This solution requires the placement of
small parts arranged transversally between the first and
second boards with the main purpose of distributing the
loads in an area in which the glass will not have a struc-
tural function. When aligning said parts, sliding door and
window frames are placed on both sides of the panel
whose purpose shall be the possibility of inner ventilation
of the panel.
[0036] In order for this ventilation system to work, there
must be an air lock as well as an element with enough
thermal mass to be regarded as a thermal accumulator.
In the latter case, there are small gabions fit between the
timber boards. Between the latter and the interior struc-
tural glass, translucid thermal insulation shall be placed.
The air lock is on the opposite side to the gabions which
communicates by way of numerous small boreholes car-
ried out with CNC in the timber boards. The mentioned
holes shall be proven not to constitute any reduction in
the mechanical resistance of the whole, but rather make

the necessary circulation of air feasible.
[0037] On the exterior of the panel a metallic, stainless
steel mesh shall be affixed onto a metallic guide attached
to the upper board of the façade, complementing the
shading required by this system in the Summer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]

Figure 1 represents an exploded axonometric of the
timber panel substructure.
Figure 2 shows the axonometric of the timber sub-
structure [5] of the panel after the assembly process.
Figure 3 represents an exploded axonometric of the
various elements making up the present invention.
Figure 4 shows the axonometric of the final config-
uration of the object of the invention [15].
Figure 5 illustrates the combination of 3 standard
panels [16a] [16b] [16c] in the horizontal position,
serving as a slab.
Figure 6 illustrates the combination of 2 standard
panels [17a] [17b], arranged symmetrically accord-
ing to a horizontal axis, in the vertical position, and
as a resistant wall, with the boards [1] in the hori-
zontal position.
Figure 7 illustrates the combination of 2 standard
panels [18a] [18b], arranged symmetrically accord-
ing to a vertical axis, in the vertical position, and as
a resistant wall, with the boards [1] in the vertical
position.
Figure 8 illustrates the standard combination/con-
nection of the construction system, highlighting the
slot between vertical panels (resistant wall) [17a]
[17b] and horizontal panels (slab) [16a] [16b].

DETAILED DESCRIPTION OF THE INVENTION

[0039] This is a prefabricated system made up of a
timber substructure which dictates the size of the panels.
The standard panel, by way of example, has a total size
of 3200 mm in length, 1600 mm wide and is 220 mm
thick. Worthy of special mention as regards this size is
the proportion of � between length and width which en-
ables the possibility of different combinations. Notwith-
standing, and as a way of complementing the range of
applications of this system, there are other dimensions
as is the case of panels measuring 2600 x 1600 mm, or
1600 x 1600 mm. Other panel thicknesses are also pos-
sible.
[0040] The timber substructure - in the specific case,
and for cost-effectiveness purposes, of resinous timber
such as Scots pine, Pinus Sylvestris - is mainly made up
- in the total proportion of eight out of eleven units - of 30
mm thick boards, with the sole exception being the last
and the first two boards which incorporate different thick-
nesses. The solid timber boards (1), in a standard situ-
ation which is 220 mm wide and 3200 mm long (and with
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shafts going lengthwise in the part), are arranged in par-
allel and inter-spaced by way of solid timber blocks (2)
at a constant height of 120 mm which constitutes said
spacing. Between two boards, in other words, in the ten
existing spacings, three blocks are always placed: two
at the ends - with dimensions of 120 x 150 x 75 mm - and
one exactly half way along the span - with dimensions of
120 x 150 x 150 mm. These timber blocks have the pe-
culiarity of having their shafts oriented transversally to
the boards that they are spacing. It should be pointed out
that in terms of the vertical projection of these blocks vis-
a-vis the 220 mm width of the boards, said blocks, occu-
pying 150 mm, are 20 mm apart from one of the sides
and must be 50 mm from the other. These 50 mm shall
form the air lock which shall also be described later. All
these elements are drilled beforehand (with boreholes
whose diameter is of 14 mm) such that, when aligning
each block, two M12 threaded steel bars (3) can be in-
troduced. These bars, there being a total of six per panel,
allow the final affixation and mechanical adjustment of
the timber substructure using a dynamometric wrench
which controls the tightening strength for washers and
bolts which, introduced at low levels carried out on the
exterior faces of the two boards placed at the end of the
panel, ensure their alignment vis-a-vis the exterior plane
of the timber parts.
[0041] The three timber boards, whose thickness var-
ies with regard to the usual 30 mm, are the first, second
and last, respectively, measuring 115, 55 and 15 mm. Of
the latter, the first two may suffer some variations in thick-
ness - and this may cause the second to maintain the
same 30 mm as the majority should the panel be serving
as a slab - so as to adjust the adaptation of each panel
to the context in which it is used. There is also the alter-
native of these first two boards - in the case of the panel
to which they belong, serving as a vertical load-bearing
element (structural wall) - having twenty 30 mm grooves
throughout the width of the boards with a depth of 15 mm
and inter-spaced 120 mm, so as to fit between them a
total of twenty small timber boards (4) with dimensions
of 125 x 220 x 30 mm, positioned transversally - just like
the direction of their shafts - with regard to the two afore-
mentioned boards. The main function of these smaller
parts is the distribution of loads in an area in which the
glass shall not have a structural function as shall be
looked at below. Beforehand, it should also be pointed
out that on the first board, which is 115 mm thick, there
may be the need, in the event that the panel serves as
a load-bearing wall, for there to be a series of grooves
with a depth of 50 mm - 120 mm apart and with a width
of 30 mm - on its exterior face, so as to receive the slotting
of other panels situated perpendicularly to said panel, to
wit when serving as a slab.
[0042] On both sides - interior and exterior - of the tim-
ber substructure (5), and with the structural function of
rigidifying it, a glass pane is placed (7). These glass
panes are crucial for the functional and structural per-
formance of the whole, hence the importance of the spe-

cific nature of their characteristics. However, they also
play the important role of protecting the timber from at-
mospheric agents. Each pane of glass shall always have
a size which coincides with the working length of the pan-
el (15) on each of its faces - interior and exterior -, which
in a standard situation corresponds to 3200 mm. The
width of said panes of glass may vary between 1515 mm
- in the case of a horizontal structural element (slab) - or
1375 mm - should it serve as a load-bearing vertical el-
ement (structural wall). This operation of the panel as a
resistant vertical element ensures the possibility of op-
erating in two different positions: in the first, suitable for
Southward orientations, the positioning of the boards is
horizontal (16a, 16b and 16c) (with the blocks serving
as columns); in the second, particularly designed for
Eastward and Westward orientations, the boards are ar-
ranged vertically (with the latter serving as columns) (17a
and 17b). This is precisely the same panel but turned
90°, attesting to part of its multifunctionality which can
only be attained based on its structural versatility. The
two structural glass panes differ from each other by dint
of the fact that they are in the interior or in the exterior.
In the interior, single laminated glass is deployed - in the
trials carried out, glass measuring 6 + 6 mm - with an
edge was always tested. On the exterior, double-glazing
shall be deployed comprising a single laminated glass
pane (similar to the interior) on the interior face and a
temperate glass pane (13) on the exterior face. This so-
lution allows this exterior glass to work both as a structural
element - by means of the laminated glass - and as a
functional element during thermal and acoustic control
and control of humidity which is harmful to timber - by
means of the double-glazing solution. Simultaneously,
the fact that temperate glass is being used on the exterior
face allows a substantial increase in the resistance there-
of to mechanical impact and also the assurance of safety
as regards the thermal amplitude registered on the ex-
terior face of the glass, something which is particularly
relevant with glass of major dimensions. The exterior
glass shall also foresee on the interior faces between the
two panes, and on the precise projection of the adhesive
bonding areas, a serigraphic black bar, with a view to
protecting the adhesive connection of the ultraviolet ra-
diation and preventing the viewing of any adhesive bond-
ing imperfections. An important aspect is the possibility
of the exterior laminated glass being photovoltaic, com-
bining the structural function with the active energy func-
tion.
[0043] The structural union process between the tim-
ber structure and the glass constitutes an important part
of this system. In actual fact, only an adhesive which can
effectively combine resistance and ductility can allow a
combination of these materials. In this context, a semi-
rigid, structural silicon, for instance, was used as an ad-
hesive (8), after drying, being single-component, resist-
ant to ultraviolet radiation and applicable at room tem-
perature, of the Dow Corning brand - DC895 - which, by
dint of its mechanical characteristics and, simultaneously
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the well-known resistance of silicon to atmospheric
agents, ensures the desired effect. In other words, it en-
sures, to wit, the transmission of strains from the timber
to the glass, and from the glass to the timber, enabling
the glass to work as an effective reinforcement. And it
will do so in uniform, ductile fashion, so as to allow the
deformability of timber, preserving the integrity of the
glass.
[0044] The adhesive bonding of the glass to the timber
is carried out in the vast majority of the area exposed on
the side faces of the timber boards. However, worthy of
special mention is the need to create a groove throughout
the length of the timber boards with a width of 20 mm,
centred on the board axis, and with a depth of 1.5 mm.
Its purpose shall be to prevent the adhesive from spread-
ing beyond said board, safeguarding the quality of the
final finishing. To this end, it is necessary that in the two
timber areas which remain in high relief, and with a width
of 5 mm each, a spongy, acrylic bi-adhesive tape should
be stuck to prevent said migration of the glue at the time
of the pressing. The fact that the tape is bi-adhesive al-
lows bonding to the timber and to the glass in effective
fashion. The fact that it is spongy ensures that the air can
be expelled and allows its crushing until the final adjust-
ment at the height of the glue line.
[0045] The adhesive bonding area thus corresponds
to 20 mm x 3200 mm on both sides of each board. The
exceptions to this rule are only the final board - which is
only 15 mm and thus undergoes sticking throughout its
width -, the second board - where the sticking is carried
out throughout the length of the part, but along a constant
width of 40 mm as it is a sensitive load distribution area
- and on the first board which, as it is 115 mm thick, the
glass is only stuck to it over 30 mm of its thickness face
and only when the panel serves as a slab. This is because
in situations where the panel serves as a structural wall,
the glass is only stuck as from the second board, inclu-
sive. This solution, in place between the first and second
boards - and in the projection of the set of twenty small
timber boards with dimensions of 125 x 220 x 30 mm
referred to above -, allows sliding door and window
frames to be introduced here on both sides of the panel
whose purpose shall be the possibility of interior ventila-
tion of the panel. These door and window frames, which
may be made of aluminium, shall allow the inclusion of
an interior (6) and exterior (14) window, and form an in-
tegral, essential part of the passive solar system which
integrates this panel. This window opening and closing
exercise shall be responsible for controlling the flow and
movement in the natural circulation of air via the interior
of the air lock to be found at the panel. These shall have
a standard position defined on a seasonal basis: in the
Summer, the natural position shall be that of closing the
interior spans and opening the exterior ones, allowing
the circulation of air so as to refresh the thermal mass
which shall be inserted in the panel; in the Winter, the
natural position of the spans shall be the opposite which
will allow natural heating system inside the habitable

space and, simultaneously, protection of the timber parts
by way of the waterproofing provided by the exterior glass
(12).
[0046] In order for a natural circulation and convection
system such as that mentioned above to work, there must
be fenestrations for air circulation both at the top and at
the base of the walls. Now, the asymmetry of the panels
going to make up this invention, as well as the fact that
there is only one fenestration on each side of the panel,
only occurs because these panels are designed to be
symmetrically overlaid according to the longitudinal axis
which delimits the external face of the last board -15 mm
thick -, allowing the total height of the construction surface
to be 3200 mm and the apparent hinge to be a 30 mm
board like all the others which adjoin it (when, in actual
fact, they are two juxtaposed 15 mm boards). In this way,
the face shall thus have fenestration at the top and an-
other at its base, allowing the effective operation of the
idealized bioclimatic system. In order for this system to
be complete, there must be an effective air lock where
said air can circulate fluidly, as well as the existence of
an element with enough thermal mass to be assumed as
a thermal accumulator. In the latter case, there shall be
small gabions (11) - comprising, for example, stone from
the region where the construction is eventually carried
out, and with granolumetry which allows suitable luminic
permeability -, prefabricated with a constant size of 120
x 120 x 1450 mm. These fit into the spacings between
boards, resting on the interior side of the panel until they
are only 20 mm apart from the interior laminated glass.
This small space shall be completed by translucid ther-
mal insulation (9) - as with the capillarity of the Okalux
system and with thickness of 20 mm - which shall allow
optimising the thermal performance of the product, as
well as the protection of the interior glass by way of stone
abrasion. As the gabions have a vertical projection of 120
mm, they must be 80 mm away from the interior face of
the exterior glass: this interval shall constitute the afore-
mentioned air lock - it should be noted that this 80 mm
protuberance by the exterior face of the boards with re-
gard to the exterior face of the gabions is vital so that in
the Summer, contrarily to that which occurs in Winter
when the Sun is lower in the sky, the timber parts exercise
a necessary shading effect on the stones. In complemen-
tary fashion, and so that the air lock is fully operational,
the timber boards must be, throughout their length and
for a width equivalent to 80 mm on the exterior side,
crossed by numerous small holes (10) which are 5 mm
in diameter and 25 mm apart from each other, carried
out in the workshop on a CNC machine. Said holes shall
be proven not to constitute any reduction in the mechan-
ical resistance of the whole, but rather make the neces-
sary circulation of air feasible.
[0047] On the exterior of the panel, and around 50 mm
away from the latter, a metallic, stainless steel mesh shall
be affixed onto a metallic guide attached to the upper
board of the façade - of the Haver & Boecker type, for
example - with standard dimensions of 2970 x 3200 mm.
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It shall serve the purpose of complementing the shading
required by this system in the Summer. In terms of infra-
structures, it should be stressed that the latter shall also
be prefabricated and capable of incorporating systems
for slotting and affixation between each other, insofar as
they shall be inserted within the panels, to wit inside the
spaces which are to be filled by the gabions. Under nor-
mal circumstances, the tubes shall pass inside the gabi-
ons adapted to receive them at the course to be found
between the 2nd and 3rd boards.
[0048] Finally, it is vital to return to the adhesive bond-
ing system for the production process. Firstly, it is nec-
essary to clean the surfaces of both substrata, to wit de-
ploying cotton and acetone or ethyl alcohol. Once the
surfaces are dry, the adhesive is applied at room tem-
perature to the timber boards, being duly dosed and using
a purpose-built gun. Concurrently, a second operator
shall smooth and even out the surface of the adhesive
using a spatula. This process shall run off quickly, in such
a way that the adhesive does not start the setting process.
Once this procedure has been completed, the interior
glass is positioned - already duly cleaned on the face
which is to be situated inside the panel - by a system of
suckers, placing it on the timber substructure in its final
position with regard to the latter. Finally, a press shall
exert the force suitable for the union between the ele-
ments, in such a way that the thickness of the glue line
is between 2 and 3 mm. The process shall subsequently
be repeated for the other glass pane and the other side
of the panel, but not without waiting for 72 hours. Self-
evidently, when placing the gabions and the thermal in-
sulation inside the panels, this will have to be carried out
before bonding the second glass pane which shall always
be the exterior glass. After bonding the second glass
pane, the panel shall be put away for 2 weeks, fully sup-
ported on a horizontal surface until it can be handled.
Only then can the sliding frames be assembled at the
interior and exterior tops and bases, where applicable.
[0049] Finally, this process shall give rise to a product
that constitutes an "open system", transmitting high loads
both on its plane and perpendicularly to it, being combin-
able with other structural systems and, by way of the
substructure, adaptable to the specific aspects and each
project, with the advantage of always using the same
standard parts. Part of the key to this question will lie in
the accessible possibility of connection/disconnection of
the system component parts.
[0050] In terms of safety, the resulting panel prevents
the collapse of the system under all circumstances:

Collapse of the timber substructure by traction: This
is not possible owing to the action of the laminated
glass and the adhesive, simultaneously;
Buckling of the timber boards vis-a-vis the ex-
terior: metallic bars do not allow it.
Buckling of the timber boards vis-à-vis the inte-
rior: solid timber blocks do not allow it.

[0051] The behaviour forecasts for this system were
confirmed by way of the tests carried out at the Structures’
Laboratory of the Civil Engineering Department of Minho
University. When making a direct comparison between
the behaviour of the timber substructure on its own and
the mixed system, the following advantages were spotted
as regards the second option:

High mechanical resistance - increasing the maxi-
mum obtained by over 30%;
The timber gave way first and the glass only later,
attesting to the deformability of the glass on the plane
in which it is being used and the suitability of its use;
Ductile failure of the whole, avoiding fragile be-
haviour and first and foremost ensuring safety.
Contribution of the glass to the effective
strengthening of the structure. After its col-
lapse, the load fell considerably and never rose
again.

Claims

1. Timber-glass composite structural panel for
construction which may be used as a slab or as a
load-bearing wall, allowing the glass to exercise a
structural reinforcement function characterised in
that it is made up of:

- a timber substructure [5] lengthwise consisting
of parallel timber boards [1] spaced by timber
blocks [2] ;
- Two glass panes bonded [7] perpendicularly
to the timber boards on both sides of the sub-
structure by way of a structural adhesive [8].

2. Structural panel according to the preceding claim
characterised in that the timber boards and the
blocks that constitute the timber substructure are
fixed by way of steel bars [3] which cross the boards
and blocks in the direction perpendicular to the
boards.

3. Structural panel according to claim 1 characterised
in that the blocks which make the spacing between
the parallel timber boards, so as to maintain a con-
stant distance between them, are 3 between every
2 boards each one being placed at each end and
one half way along the span.

4. Structural panel according to claim 1, characterised
in that the timber substructure has a 1:2 ratio be-
tween width and length.

5. Structural panel according to claim 1, characterised
in that the structural adhesive is placed on all ex-
posed faces of the timber in order to rigidify the ar-
rangement and allow the glass to serve as a rein-
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forcement.

6. Structural panel according to the preceding claim,
characterised in that the structural adhesive is a
single-component, resistant to ultraviolet radiation
and in that it acquires a semi-rigid behaviour after
drying.

7. Structural panel according to the previous claim,
characterised in that the structural adhesive allows
a timber-glass connection rigidity between 5 and 20
kN/mm in compression cutting tests.

8. Structural panel according to claim 1, characterised
in that the glass on the interior side [7] of the sub-
structure is a single laminate and the glass on the
exterior side [12] of the substructure is a single or
dual laminate, the glass being directly in contact with
the laminated substructure [7] and the tempered ex-
terior glass [13].

9. Structural panel according to claim 1 characterised
in that when it is used as a wall, it may include two
sliding windows, one on the interior face [6] and the
other on the exterior face [14], placed at the ends of
the panel along its length, both at the same height,
so as to allow the ventilation required for bioclimatic
operation.

10. Structural panel according to claim 9, characterised
in that the spans of the substructure whereupon the
sliding windows are placed including additional tim-
ber parts [4], parallel to each other, arranged per-
pendicularly to the boards so as to compensate the
structural operation of the glass.

11. Structural panel according to claims 9 and 10, char-
acterised in that it is able to include between the
parallel boards of the timber substructure stone ga-
bions [11] with sufficient granulometry to allow the
passage of light and a translucid thermal insulation
layer [9] which, in conjunction with the windows, form
a passive solar system so as to optimise the energy
efficiency of the construction.

12. Structural panel according to claim 11, character-
ised in that the timber boards have holes [10] for
the circulation of air.

13. Structural panel according to claims 9 to 12, char-
acterised in that it is able to include an exterior slid-
ing metallic mesh for shading complementary to the
natural shading resulting from the parallel timber
boards.

14. Structural panel according to claims 9 to 13, char-
acterised in that they are able to be placed either
in a position in which the parallel timber boards are

arranged horizontally, with the timber blocks serving
as columns, or vertically, with the timber boards serv-
ing as columns.

15. Panel production process according to claim 1, char-
acterised in that it includes the following steps:

a) assembly of timber substructure using the
steel bars as guides for the timber boards and
blocks which have been drilled beforehand;
b) bonding of the interior glass using adhesive
by way of a purpose-built gun throughout the
exposed surface of the timber boards;
c) pressing distributed evenly throughout the
surface of the glass, manually or with appropri-
ate industrial equipment, with the panel being in
a horizontal position and totally supported on a
hard, even surface;
d) drying for an appropriate period, preferably
of no less than 48 hours;
e) bonding of the exterior glass, again using ad-
hesive throughout the exposed surface of the
timber boards.

16. Panel production process according to the previous
claim characterised in that it includes an additional
step involving the placement of windows, one on the
interior face and the other on the exterior face, placed
at the ends of the panel throughout its length, both
at the same height, by way of mechanical affixation
of door and window frames in the timber substruc-
ture.

17. Panel production process according to the previous
claim characterised in that it includes an additional
step involving the placement of gabions and trans-
lucid thermal insulation prior to the sticking of the
exterior glass.
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