wo 2016/189555 A 1[I N0F 000 00O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

1 December 2016 (01.12.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/189555 Al

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

International Patent Classification:
E04C 2/296 (2006.01) E04C 2/292 (2006.01)
E04C 2/22 (2006.01)

International Application Number:
PCT/1S2016/050010

International Filing Date:
30 May 2016 (30.05.2016)

Filing Language: English
Publication Language: English
Priority Data:

9066 28 May 2015 (28.05.2015) IS

Inventor; and
Applicant : GRIMSSON, Regin Eysturoy [IS/IS]; Lit-
lakrika 1, 270 Mosfellsbaer (IS).

Agent: ARNASON FAKTOR; Gudridarstig 2-4, 113
Reykjavik (IS).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: BUILDING ELEMENT OF MINERAL WOOL AND FIBER-REINFORCED PLASTIC

600 - 3600

Figure |

(57) Abstract: A new type of building element comprising a core of mineral wool (3) which is enclosed in a covering of tiber-rein -
forced plastic (2) which is closed on the edges, the mineral wool (3) in the form of layered blocks that are arranged in such a way
that the layers are essentially perpendicular to the main side panels of the covering (2). One or more load-bearing structures (2b)
which comprise fiber-reinforced plastic can connect the opposite main panels of the covering (2). The load-bearing structures can
also comprise various kinds of core materials (5). The building elements can have a wear coating (1) and various kinds of surfaces,

and be used for the construction of buildings and other structures.



10

15

20

25

30

WO 2016/189555 PCT/1S2016/050010

Building element of mineral wool and fiber-reinforced plastic

Field

The invention is in the field of construction, more specifically construction of houses
in particular, and regards a new type of building element made of previously known
and recognized construction materials that are arranged in a new way. This is a new
method of building roofs, floors and external walls using building elements made of
fiber-reinforced plastic and mineral wool blocks with built-in load-bearing structures

made of fiber-reinforced plastic and closed edges.

Introduction

Various types of building elements are known. Concrete wall elements are common.
There are also sandwich panels with steel in the outer and inner layer without
connections between the layers. They are open on the edges and thus need a
traditional foundation. Sandwich panels with a steel coat and mineral wool as a core
are also open on the edges and therefore also need a traditional foundation.
Traditional roofs consist of corrugated metal, tar paper, timber cladding, load-bearing
beams, ducts, wind paper, insulation, vapor barrier, framework for electrical wiring

and inner cladding.

Various problems accompany known building elements. Concrete wall elements are
heavy, cumbersome to transport, and are often accompanied by cracks and leakage
problems at the joints. Sandwich panels made of polyurethane and steel are not
allowed in the construction of residential buildings. Steel-mineral wool-steel
sandwich panels are open sandwich panels that require a traditional foundation and do
not have much load-bearing capacity. Wind damage sometimes occurs on wall and

roof coverings. Roofs tend to leak.

Summary

The aim of the present invention is to provide a new building element that is light and

free of common problems that often accompany known building elements. This aim is
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achieved with a building element which has a core of appropriately oriented layered
mineral wool which is enclosed in a covering of fiber-reinforced plastic which is
closed on the edges. The building element can have built-in internal load-bearing
structures made of fiber-reinforced plastic which structurally connect (connections by
mechanical and chemical fusion) the oppositely arranged main side panels of the
covering. The load-bearing structures do not form cold bridges in these building
elements and this is a beneficial feature in this innovation in making building
elements (a cold bridge is an area, for example in a wall or other building portion,
where material that conducts heat well passes through a material that conducts heat
poorly, an insulation layer). The inner plastic layer (i.e. “inside” main side panel) of
the element is simultaneously a powerful vapor barrier. These building elements are
compact and lightweight, and virtually maintenance free. They solve problems with
leaks, cracks and mold. The fiber-reinforced plastic is a strong and good building
material that performs well under challenging weather conditions. Roof and wall
elements made from these building elements are preferably joined by both mechanical
and chemical fusion to each other and to external walls of houses made of such
elements (material of the same kind). The building element of the present patent
application is strong and withstands standing in water (cf. fiberglass boats); therefore
the outer walls of the house can go down into the soil and below the frost line or down
to bedrock and form the base/foundation of the house. The structure of the elements is
such that there is no risk of wind damage since the connection between the exterior
and interior layers is structural. This building element makes it possible to produce
housing at a lower cost than is known in the construction industry today and thus
meets the need of society for affordable housing. On the inside, the house is
preferably covered with plasterboard (sheetrock) or the wall is plastered, but on the
outside, there is preferably the fiber-reinforced plastic panel of the building element
which can preferably be configured with a fire-resistant surface (e.g. Gelcoat
material). The outer panel can have the finish that is preferred, for example
corrugations, tiles, timber cladding, stacked-stone or turf wall, but the house can also

be plastered on the outside.

Brief description of the drawings
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Figure 1 shows a cross-section of a building element of the invention.

Figure 2 shows a cross-section of a building element of the invention, with internal

load-bearing structures.

Figure 3 shows a cross-section of a building element of the invention, with internal
load-bearing structures that comprise a core enclosed in a fiber-reinforced plastic

covering.

Figure 4 shows a cross-section of a building element of the invention, with internal

load-bearing structures and an added external corrugated surface panel.

Figure 5 shows a cross-section of a building element of the invention, with internal
load-bearing structures and with a double-layered outer layer of fiber-reinforced

plastic with enclosed core material.

Description of various embodiments

The invention is described in more detail below with reference to the accompanying
drawings. Figure 1 shows a cross-section of a building element wherein the main
panels of the covering, i.e. external and internal covering layers are joined at the edges
with side surfaces on all edges, which are also from the same fiber-reinforced plastic
material. Thus, the element forms a closed unit of the two main panels and closing
surrounding side surfaces. Figure 2 shows a cross-section of a building element
wherein load-bearing structures made of fiber-reinforced plastic connect the opposite
main panels of the covering, figure 3 shows a cross-section of a building element with
a smooth surface wherein load-bearing structures made from a core material in a
covering of fiber-reinforced plastic connect the opposite main panels of the covering,
figure 4 shows a cross-section of a building element with an added corrugated
outermost surface wherein load-bearing structures made from a core material in a
covering of fiber-reinforced plastic connect the opposite main side panels of the
covering, and figure 5 shows a cross-section of a building element with a smooth
added outer surface wherein one main side and the connecting structures at the edges

of the building element comprise load-bearing structures comprising a core material
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and load-bearing structures made of fiber-reinforced plastic connect opposite main

side panels of the covering.

The basic concept is a building element comprising a core of appropriately oriented
layered mineral wool (3) which is enclosed in a covering of fiber-reinforced plastic
(2). The mineral wool is arranged in such a way that the layers in the mineral wool
(inherent in the production of conventional mineral wool that typically comes in
sheets or rolls) are arranged essentially perpendicular to the main panels of the
building element. In practice this generally and preferably entails that mineral wool
sheets are cut in appropriately wide slices, with a width matching the width in
between the man panels of the building elements, and then the slices of mineral wool
are turned so that the mineral wool fibers are perpendicular to the main panels. This
result in greatly enhanced load bearing of the mineral wool itself and thus much added

strength and load of the building element.

The covering comprises oppositely arranged main side panels, that would be
respectively an outside surface and an inside surface e.g. of a wall or roof when the
element has been installed as part of a wall or roof construction of a house. The main
side panels are connected at the edges with side surfaces, and that connection i.e. the
side surfaces, serves as a load-bearing structure as well as closing the element. The
side surface may further comprise structural features and arrangements to aid in the
construction of multiple elements. It is possible to implement the basic concept in
various ways. In one of the main embodiments, the building element also comprises
one or more internal load-bearing structures which comprise fiber-reinforced plastic
(2b) generally of the same material as the main panels and side surfaces, and which
connect the opposite side panels of the covering of fiber-reinforced plastic. Such are
internal load-bearing structures are particularly useful in wide elements with an
overall width of 60 cm or wider, such as 80 cm wide, 1 m wide, 1.2 m wide, 1.5 m
wide, or wider. It is possible to have many variations of this main embodiment. For
example, one or more of the load-bearing structures which connect opposite main side
panels of the coating of fiber-reinforced plastic can also comprise a core material (5)
in a covering of fiber-reinforced plastic (2k). Furthermore, one or both main side

panels and one or more of the connecting structures (side surfaces) at the edges of the
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building element can also comprise a layer of core material (5). The core material can
among other things in some embodiments comprise a material selected from polyvinyl
chloride foam, polypropylene, polyurethane, polystyrene, polymethyl methacrylate,
polyetherimide, styrene-acrylonitrile, balsa wood, plywood, aramid (e.g. Nomex®
Honeycomb), or aluminum. The building element may further comprise in some
embodiments a unidirectional reinforcement mat (6) above or below the load-bearing
structures, and polyester filler (7) in the chinks. The feature “unidirectional” refers to
that the mat comprises a fibrous material wherein the fibers lie substantially in
parallel. The unidirectional mat is incorporated in the element panel and arranged
such that direction of fibers is essentially parallel with the load bearing structure (i.e.
perpendicular to the plane of the paper when viewing figures 3 and 4). The building
element may also comprise various wear coatings (1), and a smooth, textured or
corrugated outer surface. The corrugations as illustrated in Figure 4 are formed as an
integral part of the building element and preferably formed as a separate additional
material layer from fiber-reinforced plastic, and can preferably be filled with a
mixture of polyester, sand and stones (fine gravel) (4) and are closed at the top and
bottom. The layered mineral wool used in the main core (in between the main panels)
is preferably in the range from 80 to 200 kg/m’, and typically 120 kg/m’. The layered
mineral wool is arranged in such a way that the layers in it are standing (vertical)
rather than lying (horizontal) with respect to the main side panels (i.e., essentially
perpendicular to the main panels). The covering of fiber-reinforced plastic may
comprise various kinds of fibers, including but not limited to glass fibers, carbon
fibers, basalt fibers or any mixture thereof. The covering of fiber-reinforced plastic
may also comprise various kinds of plastic, including but not limited to various kinds

of polyester, vinyl ester, epoxy polymers or mixtures thereof.

It is possible to produce the building elements in various ways. In one method, the
elements are cast in appropriate molds. Layered mineral wool blocks are cut to size,
depending on the desired thickness of the element. Layered mineral wool which is
about 120 kg/m’ (such as is available from Steinull hf,, Iceland) is typically used in
present embodiments, but it is possible to use in other embodiments layered mineral
wool which is in the range from 80 to 200 kg/m’. In one specific embodiment, the

layered mineral wool blocks are preferably primed with polyester resin, for example
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orthophthalic polyester resin from Reichhold or Scott Bader, which goes into the
layers and is allowed to harden for at least 1 hour and a maximum of 24 hours before
commencing the making of the elements themselves. To begin with, a wear coating,
for example an isophthalic polyester "Gelcoat" and/or a fire-resistant "Gelcoat" from
Scott Bader, is preferably sprayed into the mold. Then one layer of plastic, 1 -3 mm
thick, is added, either sprayed or a glass fiber mat made of fiberglass is laid, and
allowed to harden for 1-48 hours. Then 1-3 mm of glass fiber is added on top. The
layered mineral wool blocks are rotated 90 degrees so that the layers are standing
(vertical) rather than lying (horizontal) with respect to the main side panels (i.e.,
essentially perpendicular to the main side panels) and the blocks are arranged in that
way onto the liquid polyester/fiberglass and are then permanently connected to the
outer layer. Partitions made from 1-5 mm thick fiberglass or prefabricated sandwich
plate with fiberglass covering, depending on the strength desired, are arranged at
certain intervals. The distance between connections (load bearing structures) may be
preferably in the range from 0.1-1 m, depending on the desired strength of the
element. All the chinks between the layered mineral wool blocks are filled with
polyester filler (a mix of polyester resin and fumed silica, for example from Reichhold
or Scott Bader). To increase the strength of the load bearing structures and hence the
element, unidirectional reinforcement mats of different thicknesses (for example from
SAERTEX) are added on top of or under the load bearing structures to increase the
compressive and tensile strength of the load bearing structures in the element. Sheets
of core material, for example 6-10 mm thick, can also be added to the mold after the
first 1-3 mm layer of fiberglass and then the second 1-3 mm layer of fiberglass can be
added on top of the core material before the mineral wool is added. Sheets of core
material can also be added on top of or instead of the unidirectional reinforcement
mats. Finally, 1-5 mm of fiberglass is laid over the layered mineral blocks and
connections/load bearing structures and the element thereby closed. The layered
mineral wool, polyester and glass fibers are connected together with fiberglass in a
reliable way so that it does not rely solely on the shear strength or the compression
strength of the core, which is the layered mineral wool. The main panels of the
element, the layered mineral wool and fiberglass load bearing structures are part of
the load bearing/strength of the element, which is closed with fiberglass and thus

waterproof. In the elements there is varying need for strengthening depending on
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whether walls, ceilings or floors are involved. Where there is a need for more strength
in the connections between the inner and outer panels, a sandwich with a core of
varying thickness is added and varying thickness of the inner and outer layers, for
example in roof or floor elements, or the distance between the load bearing structures
(ribs) 1s reduced. The surface of a roof is either smooth or corrugated. The
corrugations are filled with polyester and stones (fine gravel).

In one embodiment of the invention illustrated in Figure 5, the building elements
comprise a double-layered outer layer, forming an extra insulating and supporting
layer. This has multiple advantages: (i) extra strength is added to the element by the
additional layer and core material enclosed in between the extra surface layer and the
adjacent fiber-reinforced main side panel, (i) extra insulation is provided, and (iii) the
outermost layer, since it is not directly connected to internal load bearing structures,
maintains a flat surface, without risk of bulging from pressure at the sites of
connecting internal load bearing structures. In between the additional outermost layer
and adjacent main panel is preferably a space of e.g .5 to 20 mm width and more
preferably a width in the range of 8-15 mm, such in the range 8-10 mm. This space is
then preferably filled with a layer of core material. The core material (5) is in this
embodiment preferably selected form the above mentioned materials such as but not
limited to polyvinyl chloride foam, polypropylene, polyurethane, polystyrene,
polymethyl methacrylate, polyetherimide, styrene-acrylonitrile, balsa wood, plywood,

aramid (e.g. Nomex® Honeycomb), or mixtures or combinations thereof.
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Claims

1. A building element comprising a core of mineral wool enclosed in a covering of
fiber-reinforced plastic having two oppositely arranged parallel main side panels,
which covering is closed on the edges, characterized in that the core comprises
layered mineral wool blocks that are arranged in such a way that the layers are

essentially perpendicular to the main side panels.

2. The building element according to claim 1 characterized in that it further comprises
one or more load bearing structures comprising fiber-reinforced plastic and

connecting the opposite main side panels of the covering.

3. The building element according to claim 1 or claim 2 characterized in that one or
both main side panel and one or more of the connecting structures at the edges of the

building element comprise a core material.

4. The building element according to claim 2 or claim 3 characterized in that one or
more of the load bearing structures that connect the opposite main side panels of the

covering comprise a core material in a covering of fiber-reinforced plastic.

5. The building element according to claim 3 or claim 4 characterized in that the core
material comprises a material selected from polyvinyl chloride foam, polypropylene,
polyurethane, polystyrene, polymethyl methacrylate, polyetherimide, styrene-
acrylonitrile, balsa wood, plywood, aramid, aluminum, and any combination or

mixture thereof.

6. The building element according to any one of claims 2-5 characterized in that a

unidirectional reinforcement mat is on top of or under the load bearing structures.

7. The building element according to any one of claims 1-6 further comprising a wear

coating.
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8. The building element according to any one of claims 1-7 wherein the covering of
fiber-reinforced plastic comprises fibers selected fom glass fibers, carbon fibers,

basalt fibers and any mixture thereof.

9. The building element according to any one of claims 1 to 8 wherein the covering of
fiber-reinforced plastic comprises a plastic selected from polyester, vinyl ester, epoxy

polymers and any mixture thereof.

10. The building element of any of the preceding claims, wherein the covering further
comprises an additional outer main side panel forming underneath it an extra space

closed on the edges.

11. The building element of claim 10, wherein the extra space is filled with core

material.

12. The building element of claim 11, wherein said core material is selected from
polyvinyl chloride foam, polypropylene, polyurethane, polystyrene, polymethyl
methacrylate, polyetherimide, styrene-acrylonitrile, balsa wood, plywood, aramid, or

aluminum, and any combination or mixture thereof.

13. The building element of any of claim 10 to 12, comprising one or more internal
load bearing structures extending between two main side panels but not extending to

the additional outer main side panel.

14. A house characterized in that it comprises a building element according to any one

of claims 1-9.

15. The house of claim 14, having substantially all outer walls built of building

elements according to any of claims 1-13.

16. The house of claim 14, having a roof built of building elements according to any

of claims 1-13.
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17. The house of any of claims 14-16, having one or more floor and ceilings built

from building elements according to any of claims 1-13.
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