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(57)  Awater vapour permeable laminate (16), espe-
cially for use as underroofing or underslating for roofs.
The laminate comprises an outer layer (18) that is
formed by a perforated first film or foil, and an inner layer
(19) which has at least some areas formed by a second,
non-perforated film of the type having a water vapour
diffusion resistance, which varies in dependency of the
relative humidity of air in contact therewith. Thus, the

A laminate, especially for use as underroofing

vapour diffusion resistance is reduced, when the relative
humidity increases, and vice versa, and the laminate is
characterised in that the water vapour diffusion resist-
ance of the outer layer (18) substantially exceeds the
maximum water vapour resistance of the second film
(19).
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Description

[0001] The presentinvention relates to a water vapour
permeable laminate, especially for use as an underroof-
ing or underslating for roofs.

[0002] A heat insulated roof structure normally com-
prises an outer roof covering, such as tiles, an unders-
lating or underroofing in the form of a substantially water
impermeable plastic film or laminate, a layer of heat in-
sulation, and an inner vapour barrier in the form of a
plastic film or laminate. The purpose of the underslating
is to prevent rainwater and drift snow having passed
through the roof cover from penetrating into the heat in-
sulation. Normally, small amounts of moisture are dif-
fusing through the vapour barrier from the room under
the roof structure and into the insulation layer. In order
to minimise the risk of rot in the wooden structure, such
moisture has to be removed. Traditionally, this is done
by forming a ventilating space between the underslating
and the insulation, which ventilating space communi-
cates with the ambient atmosphere. It is also known to
dispense with that ventilating space. In the latter case
the underslating should fulfil two apparently contradict-
ing conditions, namely be substantially impermeable to
moisture from the outside towards the inside, but per-
meable to moisture from the inside towards the outside.
[0003] The present invention provides an improved
water vapour permeable laminate, which is suited for
use as an underroofing or underslating for roofs in a non-
ventilated roof structure.

[0004] Thus, the present invention provides a water
vapour impermeable laminate, especially for use as un-
derroofing or underslating for roofs, and comprising an
outer layer formed by a perforated first film or foil, and
an inner layer having at least some areas formed by a
second, non-perforated film of the type having a water
vapour diffusion resistance, which varies in dependency
of the relative humidity of air in contact therewith, such
that the vapour diffusion resistance is reduced, when the
relative humidity increases, and vice versa, and the lam-
inate according to the invention is characterised in that
the water vapour diffusion resistance of the outer layer
substantially exceeds the maximum water vapour re-
sistance of the second film. Preferably, the total inner
layer or film is made from the same plastic material. It
should be understood, however, that the inner layer
could be made from mutually spaced areas of such ma-
terial having a diffusion resistance, which is dependent
on the relative humidity of the contacting air, and the
said spaced areas could be interconnected by connect-
ing areas of film or foil being substantially impervious to
water vapour or having a diffusion resistance being less
dependent on the relative humidity of the contacting air.
[0005] Such laminate prevents water stemming from
for example driving rain or drift snow from penetrating
there through and into the insulation layer and the roof
structure. On the other hand, when the relative humidity
in the room under the underslating or underroofing is
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high water vapour may diffuse through the second film
and through the perforations of the first film or foil out
into the ambient atmosphere. Thus, the laminate ac-
cording to the invention functions like a one-way valve
allowing moisture to pass from the inner room under the
roof covering and outwards into the outer atmosphere,
only.

[0006] The diffusion resistance of the outer layer in a
non-perforated condition must be relatively high even
when the relative humidity on the outer side thereof is
high. In a preferred embodiment the diffusion resistance
of the outer layer exceeds 20 m and preferably 90 m air
column.

[0007] Preferably, the diffusion resistance of the inner
layer is less than 18 m, 15m, 10m, 5m or 1m air column
at arelative humidity of at least 80% at an exposed inner
surface of the inner layer. More preferred the diffusion
resistance of the inner layer is much less, namely be-
tween 0.02 and 0.6 m air column at a relative humidity
of at least 80% at the exposed inner surface of the inner
layer.

[0008] The outer layer or the first film is perforated in
order to allow water vapour to pass outwardly from the
inner space of the building into the outer atmosphere.
On the other hand, the laminate according to the inven-
tion should be substantially impermeable to water,
Therefore, the perforations of the first film or foil of the
outer layer are preferably substantially impermeable to
liquid water, but permeable to water vapour.

[0009] The perforations of the first film or foil may be
substantially uniformly distributed over the area of the
outer layer. Alternatively, the perforations may be con-
centrated in certain mutually spaced areas, which may,
for example be band shaped, circular, rectangular, etc.
The perforations may be made in any suitable manner,
such as by punching, corona discharge, flame perfora-
tion or rendered breathable by an overload of fillers or
defined between overlapping edge portions of for exam-
ple band shaped parts.

[0010] Each of the perforations in the first film or foil
may have a substantially uniform cross-sectional shape
along its length transversely to the film or foil. However,
in order to reduce the resistance against water vapour
passing from the inner space of the building and out-
wardly through the underslating or laminate and still pre-
vent liquid water on the outside of the laminate from pen-
etrating the outer layer thereof the cross-sectional area
of at least some of the perforations of the first film or foil
may increase from the outer surface of the film or foil
towards the inner surface thereof. This means that each
of said at least some perforations are funnel-shaped
from the inner surface of the film or foil towards the outer
surface thereof.

[0011] In order to prevent liquid water from penetrat-
ing the laminate according to the invention from the out-
er side thereof the minimum dimension or diameter of
each of at least the majority of the perforations of the
first film or foil of the outer layer is preferably smaller
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than 1.5 mm, preferably at the outer surface of the outer
layer and the said minimum dimension or diameter of
each of said majority of the perforations are preferably
between 0.001 and 0.5 mm.

[0012] In order to allow water vapour to pass through
the laminate according to the invention from the inner
side thereof the resistance to diffusion of water vapour
from the exposed surface of the inner layer to the outer
surface of the outer layer should preferably be equal to
or less than 0.6 m air column at a relative humidity of at
least 80% at said exposed surface of the inner layer.
[0013] The second film of the inner layer may be made
from any material having a varying diffusion resistance
against water vapour as described above. According to
the invention such material may be selected from the
group consisting of polyamide, ethylene-vinyl alcohol
copolymer, polyvinyl alcohol, polyurethane, protein de-
rivatives, methylcellulose, cellophane, linseed oil alkyd,
and bone glue.

[0014] The first film or foil of the outer layer may be
made from any film or foil which in its imperforated con-
dition is substantially impervious to water vapour. Thus,
the first film or foil may be made from one or more of the
materials selected from the group consisting of alumin-
ium and other metals, polyethylene, polypropylene, pol-
yethylene terephthalate, metallised polyethylene
terephthalate, and polyvinylidene chloride.

[0015] The first and second films may be directly in-
terconnected at their adjoining surfaces. In the preferred
embodiment, however, the laminate according to the in-
vention further comprises an intermediate layer of a wa-
ter vapour transmitting material. Thus, water vapour
having passed the inner layer of the laminate may dis-
tribute in the vapour transmitting or porous intermediate
layer and find its way to the perforations of the perforat-
ed outer layer. Preferably, the intermediate layer is a
matted material, for example spun bonded felt or spun
bonded needle felt. The material of the intermediate lay-
er preferably does not include organic material, which
may support the growth of microorganisms. The mate-
rial of the intermediate layer may preferably be water
absorbing in order to be able to absorb possible con-
densed water vapour. Thus, the water absorbing mate-
rial of the intermediate layer may include a hydrophilic
material. The intermediate layer may, for example, com-
prise or consist of felt having a weight of between 10
and 100 g/m2, preferably 20-80 and more preferred
40-60 g/mZ2, in its dry condition. By way of examples the
intermediate layer may comprise one or more of any of
the following materials: oil hydrophilised polyethylene
terephthalate fibres, polypropylene fibres, and acrylic fi-
bres or fibres comprising hydrophilic and hydrophobic
components, such as polypropylene and poly-hydrox-
yethyl methacrylate.

[0016] The presentinvention further comprises a roof
structure comprising an outer roofing and an inner roof-
ing or underroofing impervious to water, and the roof
structure according to the invention is characterised in
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that the inner roofing comprises any of the above de-
scribed embodiments of the laminate according to the
invention, the outer layer of said laminate being posi-
tioned adjacent to the inner surface of the outer roofing.
[0017] The invention will now be further described
with reference to the drawings, in which

Fig. 1is a sectional view of a roof structure including
an underroofing or underslating formed by a lami-
nate according to the invention, and

Fig. 2 is a sectional view of a preferred embodiment
of the laminate according to the invention.

[0018] Fig. 1is a sectional view of a roof structure ac-
cording to the invention. This roof structure of a building
(not shown) includes a wooden structure comprising a
plurality of upper and lower battens 10 and 11, respec-
tively, extending between the roof ridge and the eaves,
and counter battens 12 extending transversely to the
battens 10 and 11. A roof covering 13 made up by tiles
or other roofing plates is fastened to the upper battens
10. The roof structure further comprises an insulating
layer 14, which is arranged between the upper battens
10 and the lower battens 11, and which may, for exam-
ple, be made from stone wool or fibre glass. Further-
more, a ceiling lining 15 may be fastened to the bottom
surfaces of the lower battens.

[0019] Itisimportant to prevent water resulting for ex-
ample from driving rain or drift snow having passed
through the roof covering 13 from penetrating into the
insulating layer 14, because a high humidity therein may
give rise to rot and promote growth of fungi and other
micro-organisms. For this reason an underroofing or un-
derslating in the form of a laminate 16 in accordance
with the invention and shown in further detail in Fig. 2 is
arranged between the bottom surfaces of the upper bat-
tens 10 and the upper surface of the insulating layer 14.
A further laminate or vapour barrier 17, which may be
of the type disclosed in applicant's international patent
application WO 00/37751 or WO 96/3332, may be ar-
ranged between the lower surface of the insulating layer
14 and the upper surfaces of the lower battens 11. The
purpose of this laminate 17 is described in more detail
in the above international patent application.

[0020] Fig 2 is a cross-sectional view of an embodi-
ment of the laminate 16 according to the invention. This
laminate 16 comprises an upper or outer layer 18, which
may be in the form of a plastic film or a metal foil, a lower
or an inner layer or plastic film 19, and an internnediate
layer 20 of a porous, felt-like material.

[0021] The upper layer 18 is made from a material,
which is not only impermeable to liquid water, but also
substantially impermeable to water vapour. However, in
order to allow water vapour to pass through the upper
layer 18 it is provided with a great plurality of small
through openings or perforations 21. The diameter of
each of these perforations 21 is so small that liquid water
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cannot pass through the perforations from the outer sur-
face of the upper layer. The perforations may be distrib-
uted uniformly over the total area of the upper layer or
be arranged in mutually spaced groups as shown in Fig.
2. The lower or inner layer 19 is a non-perforated plastic
film of the type having a water vapour diffusion resist-
ance, which is reduced when the relative humidity of the
air in contact therewith increases, and vice versa. Pref-
erably, the water vapour diffusion resistance of the inner
layer 19 is between 0.02 and 0.6 m air column at a rel-
ative humidity of at least 80% at the inner surface there-
of. The intermediate layer 20 may, for example, be made
from an inorganic felt material.

[0022] The underroofing 16 in accordance with the
present invention prevents liquid water from passing
there through, and the water vapour diffusion resistance
of the of the material from which the film or foil is made
is high. Therefore, no or negligible amounts only of wa-
ter vapour will pass inwardly through the outer layer 18.
If, however, for some reason the humidity of the insulat-
ing layer and of the air around the wooden roof structure
remains high for a longer period of time, detrimental mi-
cro-organisms may attack the wooden roof structure.
Therefore, it is important that the humidity of the air in
the space defined between the upper laminate 16 and
the lower laminate 17 is kept below a certain upper limit.
[0023] This may be obtained by the laminate or un-
derroofing 16 according to the invention. When the hu-
midity of the air enclosed in the space between the lam-
inates 16 and 17 increases the water vapour diffusion
resistance of the lower or inner layer 19 of the laminate
16 decreases so that water vapour may pass into the
porous and possibly water absorbing intermediate layer
20 of the laminate 17. From the intermediate layer 20
the humidity may pass out into the ambient atmosphere
via the perforations 21 in the outer layer 18. Preferably,
the resistance to diffusion of water vapour from the ex-
posed surface of the inner layer 19 to the outer surface
of the outer layer 18 of the laminate 16 is equal to or
less than 0.6 m air column at a relative humidity of at
least 80% at inner surface of the inner layer 19.

[0024] It should be understood that var ous modifica-
tions and changes of the embodiments of the laminate
and of the roof structure described above could be made
without departing from the scope of the present inven-
tion as defined in the attached claims.

Claims

1. Water vapour permeable laminate (16), especially
for use as underroofing, and comprising
an outer layer (18) formed by a perforated first
film or foil, and
an inner layer (19) having at least some areas
formed by a second, non-perforated film of the type
having a water vapour diffusion resistance, which
varies in dependency of the relative humidity of air
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10.

in contact therewith, such that the vapour diffusion
resistance is reduced, when the relative humidity in-
creases, and vice versa

characterised in that the water vapour diffu-
sion resistance of the outer layer (18) substantially
exceeds the maximum water vapour resistance of
the second film (19).

A laminate according to claim 1, wherein the diffu-
sion resistance of the outer layer (18) in a non-per-
forated condition exceeds 20 m and preferably 90
m air column.

A laminate according to claim 1 or 2, wherein the
diffusion resistance of the inner layer (19) is less
than 18 m air column at a relative humidity of at least
80% at an exposed inner surface of the inner layer.

A laminate according to claim 3, wherein the diffu-
sion resistance of the inner layer (19) is between
0.02 and 0.6 m air column at a relative humidity of
at least 80% at the exposed inner surface of the in-
ner layer.

A laminate according to any of the claims 1-4,
wherein the perforations (21) of the first film or foil
of the outer layer (18) are substantially impermea-
ble to liquid water, but permeable to water vapour.

A laminate according to any of the claims 1-5,
wherein the perforations (21) of the first film or foil
(18) are concentrated in certain mutually spaced ar-
eas.

A laminate according to any of the claims 1-6,
wherein the cross-sectional area of at least some
of the perforations (21) of the first film or foil (18) is
increasing from the outer surface of the film or foil
towards the inner surface thereof.

A laminate according to any of the claims 1-7,
wherein the minimum dimension or diameter of
each of at least the majority of the perforations (21)
of the first film or foil of the outer layer (18) is smaller
than 1.5 mm, preferably at the outer surface of the
outer layer.

A laminate according to claim 8, wherein the said
minimum dimension or diameter of each of said ma-
jority of the perforations (21) are between 0.001 and
0.5 mm.

A laminate according to any of the claims 1-9,
wherein the resistance to diffusion of water vapour
from the exposed surface of the inner layer (19) to
the outer surface of the outer layer (18) is equal to
or less than 0.6 m air column at a relative humidity
of at least 80% at said exposed surface of the inner



1.

12,

13.

14.

7 EP 1 209 298 A1

layer.

A laminate according to any of the claims 1-10,
wherein the second film (19) of the inner layer is
made from a material selected from the group con-
sisting of polyamide, ethylene-vinyl alcohol-copoly-
mer, polyvinyl alcohol, polyurethane, protein deriv-
atives, methylcellulose, cellophane, linseed oll
alkyd, and bone glue.

A laminate according to any of the claims 1-11,
wherein the first film or foil of the outer layer (18) is
made from one or more of the materials selected
from the group consisting of aluminium and other
metals, polyethylene, polypropylene, polyethylene
terephthalate, metallised polyethylene terephtha-
late, and polyvinylidene chloride

A laminate according to any of the claims 1-12, fur-
ther comprising an intermediate layer (20) of a wa-
ter vapour transmitting material, such as felt.

A roof structure comprising an outer roofing (13)
and an inner roofing (16) impervious to water,
characterised in that the inner roofing comprises
a laminate (16) according to any of the claims 1-13,
the outer layer (18) of said laminate being posi-
tioned adjacent to the inner surface of the outer
roofing (13).
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