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BUILDING PANEL ASSEMBLY AND
METHOD OF MANUFACTURING

This 1s a National Phase Application filed under 35 U.S.C.
3’71 as a national stage of PCT/GB2015/050113, filed Jan.
19, 2015, an application claiming the benefit of Great Britain
Application No. 1420066.1, filed Nov. 11, 2014, the content
of each of which 1s hereby incorporated by reference 1n 1ts
entirety.

The present invention relates to a building panel assembly
for use 1n the construction of new homes, commercial
buildings and extensions of one or more storeys. The assem-
blies of the present mnvention may be factory fabricated and

deemed as ‘Offsite’ construction under a wider acronym of

MMC (modern methods of construction).
There are a number of Oflsite methods known 1n the art
include timber frame panel assemblies which are factory
tabricated to various degrees of completion prior to being
delivered to site and SIPS (structurally insulated panelling
systems) which comprises a glued or foamed structural
insulation core between two sheathing boards separated by
the msulation which provides structural racking resistance to
the walling panel as well as an internal and external wall
face. Whilst there are many examples of each of the above
Offsite panelling system types, they have not been specifi-
cally designed and developed to provide a building system
solution which can be used in extremes of weather, tem-
perature, humidity and wind whilst ensuring the structure 1s
not susceptible to infestation or being eaten (Termites).

The primary design elements for any building are well
understood as they have to provide shelter, warmth, coolth,
protection and security whilst being comiortable to live 1n.
These design elements are universal and ‘local buildings’
have a mix of the above attributes depending upon their
historical and often ‘empirical” design. In the most part,
buildings have been bwlt using locally available materials
and formed into structures to provide some or all of the
desired functional aspects described above.

As the world’s governments commit to reducing the
impacts ol climate change, the adoption of new approaches
to deliver more sustainable buildings and structures has to be
enforced by adopting strict building performance codes
which ensure the buildings are energy eflicient and sustain-
able. The energy efliciency of a building envelope 1s a
mixture of insulation and airtightness which serves both to
keep heat 1n or out (depending upon climate conditions) and
prevent draughts into or out of the building which increases
the demand for energy usage to compensate.

Known fabricated building panels typically include a
mixture of msulation and membranes (internally and exter-
nally) to provide moisture control and airtightness—these
materials usually rely upon the introduction of sticky tapes
and mastic or silicone seals to aid their performance which
can fail over time or extremes 1n weather and be subject to
poor 1nstallation techniques leading to poor performance. In
addition, often these buildings are constructed by poorly
trained (or poorly supervised) builders, which means the
‘designed performance’ 1s never met during the life of the
building even at the outset.

Advantageously, the present mvention addresses one or
more of the problems associated with the prior art.

According to the present imvention there 1s provided a
building panel assembly comprising a pair of spaced-apart
containment boards, separated by an inner insulating core,
said 1nner insulating core having at least one peripherally
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disposed channel for receiving a rigid frame, said channel
spaced apart from and disposed between the containment
boards.

The present invention may utilise standard and well
known building maternals (1n the most part) as used in other
Oflsi v materials which

site system (described above) but on
can fulfil theiwr design function within the design brief of
being used 1 diverse weather climates without major rede-
s1gn are used, therefore materials such as non-treated timber,
OSB (onentated strand board) and some externally applied
breather membranes have not been used.

The Applicants have taken into account the weaknesses of
existing Oflsite panelling systems both in the material
selection and the necessary skills of the builders to construct
a building which performs optimally without the need for
applying additional membranes, tapes and mastics in order
to provide the moisture and airtightness necessary 1 a high
performance energy ethicient building envelope.

The present mnvention has been designed to satisty addi-
tional performance requirements being placed upon 1t driven
by a need for a ‘worldwide’ solution with variant ‘country’
orientated preferences (such as concrete floors, acoustic
walls and the ability of the structure to carry additional
loadings without the introduction of additional internal
structural elements such as columns). The present invention
may be capable of carrying additional loading (over and
above that provided by standard SIPS panels or timber frame
panels without the need for additional structure) and/or be
capable of being substantially ‘airtight” as a natural part of
the panel assembly without the need for tapes, membranes
and sealants during or after the erection of the panels.

The present invention may utilise a lightweight structural
steel frame around the periphery of each panel which has
been shaped such to provide both an airtight seal (via *Z°
joints or air torture routes) and a structurally stift ‘I” joint at
cach panel to panel connection. This joint may have a spigot
of MgO board glued into each spline (2 splines per joint)
which serves as an additional airtight connector, joins the
panels together and provides a line load (vertical column) at
cach panel joint which increases the load bearing capacity of
the standard panels to cope with carrying increased UDL’s
or small point loads and may be able to carry precast
concrete floors. Where additional support 1s required within
the wall depth, the MgO splines may be replaced with a
structural steel column (UC) which fits mnto the shape
between the two adjoining panels and provides additional
line loads for individual point loads such as internal beam
supports.

In one embodiment, the present invention’s use of light-
welght structural steel frame combined with a structural
insulation and external and internal structural racking
boards, combine to form a composite structure which can
carry extreme wind/side loads and increased vertical loads
whilst providing a robust and thermally eflicient airtight
structure. However, additionally the present invention
avoids the need for additional elements to eliminate ‘Ther-
mal Bridging® as its construction 1s optimized to prevent
thermal bridging at the panel joints by uniquely ‘tloating’ the
external racking boards on each face of the panel off the
steelwork sections whilst maintaining a layer of insulation in
front of each section of steelwork such that the steelwork
does not compromise the thermal capacity of the panels at
the junctions.

In another embodiment, the present mvention’s use of
preformed lightweight steel sections ‘both as vertical I joints
and male and female” connectors, can help ensure that the
panels are in perfect alignment due to the accuracy and
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‘straightness’ of the soleplates unlike both timber frame and
standard SIP’s panels which are often not 1n alignment due
to the fact that the fixing plates are treated timber which are
often warped and not in alignment. The accuracy of the
present invention’s panel alignment can help ensure that
cach ‘panel to panel’ connection can be made whilst ensur-
ing that the external and internal board faces do not *step 1n
or out’ leading to problems with plastering/jointing/render-
ing or decoration.

The present invention minimizes any thermal bridging by
ensuring that the rigid frame 1s msulated from the contain-
ment boards by the inner insulating core.

The frame may define a pair of spaced-apart longitudinal
channels, which extend around the periphery of the panel
and extend into the space between the spaced-apart pair of
containment boards.

The rigid frame preferably comprises one or more tongues
complimentarily shaped to the channel and received thereby.
Two or more panels may thus be connected to one another
and slot into place. More preferably, the rigid frame com-
prises two tongues.

The ngid frame may comprise additional support through
universal columns such as I-section or H-section UC sup-
ports. Thus, the structural integrity of the building can be
improved.

The rnigid frame may have a substantially ‘“H’ shaped cross
section.

The panel may comprise at least one conduit disposed
adjacent to and between the containment board and the 1nner
insulating core. The location of the conduit, for cabling and
the like, reduces thermal bridging and ensures that there 1s
insignificant loss of thermal insulating core material
between containment boards.

In one embodiment, there are two conduits one disposed
adjacent to each of the containment boards. In this embodi-
ment, which may be used for an interior wall structure 1n a
building, cabling can run either side of the panel and can be
casily accessed by, for example, an electrician for position-
ing an electrical power socket, light switch or any such
clectrical terminal.

The present invention allows maximum ‘Offsite’ pro-
cesses to produce the core system—Iless reliance on vagaries
ol labour, weather, site storage and wastage—and can work
with existing ‘entrenched’ non-regulatory building materials
or trades, such as bricks, blocks and concrete.

Site conditions vary as does the ability to utilise heavy
machinery such as cranes, therefore, the system preferably 1s
supplyable to a site 1 both ‘large and small” format panels
to suit the project whilst neither of which could restrict the
flow and efliciency of the production process. In one
embodiment, short lead times (with reduced costs and higher
quality) require a ‘pre-processed’ level of constructed panels
available as ‘stock 1tems’ which can go directly to site or be
factory assembled into required wall elevations.

The assembly of the present invention preferably has
improved rigidity, structural integrity and improved load-
bearing capacity, and 1n particular has improved resistance
to Misting and moreover, improved thermal msulating prop-
erties.

In order to align and interconnect adjacent abutting pan-
cls, an alignment track i1s provided, which fits into the
corresponding respective spaced-apart channels of the abut-
ting panels.

When assembling a structure utilising panels according to
the present invention, in one embodiment, a horizontal sole
plate would first be secured to the foundations of the
structure, such sole plate having a pair of parallel upstanding
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rails which are received into the parallel spaced apart-
channels of the frame on the base of the SIP wall panel. For
vertical alignment, a vertical sole plate would be provided
perpendicularly disposed with respect to the horizontal sole
plate, again having corresponding rails for engagement into
the spaced-apart channels on the adjacent vertical edge of
the SIP panel, thereby enabling accurate positioning a first
panel, having previously accurately located the horizontal
and vertical sole plates. A subsequent SIP panel 1s then
positioned on the sole plate and connected to said first panel
using alignment tracks, and the process 1s continued until the
length of a wall 1s reached, which can be terminated with a
vertical sole plate. As the horizontal sole plate and the
vertical soleplates have been constructed such that they are
perpendicular to one another, the panels are consequently
square to one another and correct alignment 1s ensured. In
order to secure the top edge of the respective panels, a ring
beam, of similar construction to the wall panels, can then be
positioned extending across the top of a plurality of wall
panels, said ring beam also having corresponding spaced-
apart channels 1n the peripheral frame for receiving corre-
sponding alignment tracks and for engaging with corre-
sponding tracks of respective wall panels and corner posts.

An advantage of the provision of a ngid peripheral frame
according to the present invention 1s that such can be utilised
with more fragile panel members, including magnesium
oxide panels, which provide a fire proofing clement 1f
required. The rigid structure of the peripheral frame, and its
resistance to bending or twisting, significantly improves the
performance and protection of more iriable materials.
Whilst the panels would generally be made to a standard
dimension, smaller, narrower, or reduced height panels can
be provided to enable the provisions of openings for doors
and windows wherever appropriate within the overall con-
struction of a structure.

Further, a significant benefit 1s the ability to provide
conduits through the panels to enable the supply of services,
¢.g. electrical wiring through the panels without significantly
cllecting the integrity of such panels, as set out hereinabove.

The present invention will now be described, by way of
example only, with reference to the accompanying drawings
and examples 1n which:

FIG. 1 1llustrates the basic construction of a panel accord-
ing to the present invention;

FIG. 2 1illustrates the basic construction for a panel joint
according to the present mvention;

FIGS. 3 and 4 illustrate a junction between panels accord-
ing to the present invention;

FIGS. 5 and 6 illustrate a plurality of panels assembled
according to the present ivention;

FIG. 7 illustrates a plurality of panels assembled with
jo1sts, 1 accordance with the present imnvention;

FIG. 8 1illustrates a structure in accordance with the
present 1nvention;

FIG. 9 1llustrates an embodiment in accordance with the
present 1nvention;

FIGS. 10 and 11 are graphs of applied racking load
against deflection associated with Example 1 below;

FIGS. 12-17 are load deflection graphs associated with
example 3 below and tables Al-6, respectively;

FIG. 18 1s a graph and schematic showing the condensa-
tion at any interface of a system 1n accordance with the
present invention 1 any month of the year;

FIG. 19 1s a load detlection graph associated with example
7 below:

FIG. 20 1s a load/detlection graph for a panel 1n accor-
dance with the present invention;
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FIG. 21 shows the mean surface temperature, together
with the temperature/time relationship specified in the stan-
dard;

FIG. 22 shows the mean temperatures recorded on the
unexposed surface of the panel;

FIG. 23a-e show a jig for use in the manufacture of a
panel 1n accordance with the present invention; and

FIG. 24 shows a device for use i accordance with the
present mvention.

Referring now to the drawings, FIG. 1 1s an exploded
view ol a rectangular structural insulated panel (SIP) 10,
which comprises a pair of spaced-apart containment boards
12',12" an 1mner nsulating core 13 and a low profile periph-
eral external rigid frame 14, preferably of metal, e.g. steel,
extending around the entire periphery of the spaced-apart
boards 12',12" the insulating core 13 having spaced-apart
slots 16, which also extend around the entire periphery of the
panel, the inner insulating core 13 being manufactured from
material such as expanded or extruded polystyrene or poly-
urethane. The mnner core 1s air and moisture tight. The
containment boards may be manufactured form any suitable
material such as MgQO, OSB, Ply, Fermacell and fireboard.

The panel may additionally be modified to include a
conduit 15 to enable services such as electrical cabling to be
fed to or across a panel 10 without compromising 1its
structural integrity (see FIG. 3). The location of the conduit
1s adjacent to the boards 12', 12" and between the boards and
the 1nner core so as to permit easy access to the conduit for
cabling, for example, and minimize any compromise 1n
insulating properties, preventing thermal bridging.

The profile of the peripheral frame 14 1s such that 1ts cross
section 1s substantially ‘H-shaped’ which assist 1n ensuring
a neat and secure interconnection of the respective panels
10.

The peripheral frame 14 comprises four elongate mem-
bers 20 which run along the length of each side of the SIP
panel and four corner members 22. When assembled they
form a rigid peripheral frame around the inner insulating
core 13, providing structural support. The corner members
help ensure that the panels do not twist and increase tor-
sional rgidity.

The shape of the panel 10 can be any suitable for use in
constructing a building or the like, such as square, rectan-
gular, triangular.

FIG. 2 1s an exploded partial view of the structural
framework, peripheral frame 14, and the structural splines
30 for connecting adjacent panels 10 together. The perimeter
frame has two channels, 32', 32" extending around its
perimeter which provide an air torture route when panels are
assembled and interlock with one another. The channels
receive structural splines, which can have ‘I’ or ‘H’ section
depending upon the structural load they are intended to bear.
Here, an ‘H’ section spline 34 1s shown which 1s particularly
suitable for applications such as floors or roofs. ‘I’ section
splines are particularly useful when connecting adjacent
panels for use as walls. The splines 30 and peripheral frame
14 may have a fire foam used to maximize airtightness there
between and provide a structural connection between panels.

FIG. 3 shows two adjacent panels being connected to one
another where ‘I’ section connectors (or splines) 40", 40" are
used. Here the peripheral frame 1s covered by mnsulating core
material to eliminate thermal bridging. FIG. 4 shows the
panels connected to one another.

Referring now to FIGS. 5 and 6, the method of construc-
tion of a structure utilising SIP panels of the present inven-
tion 1s illustrated. Firstly, a ridged horizontal sole plate 50 1s
secured to the foundation or floor of a building 32, the

10

15

20

25

30

35

40

45

50

55

60

65

6

horizontal sole plate 50 having upstanding rails 54, which
are appropriately sized and spaced to be located within the
channels 16 of the peripheral rigid frame 14 on the bottom
edge of the panel 10. Similarly, a vertical sole plate 60,
perpendicular to the horizontal sole plate 50, 1s positionable
at a corner of a structure and may have corresponding
channels for receiving alignment rails 1n a similar manner to
that as described above for the ring beam, or may have a
profile provided thereon similar to the horizontal sole plate
50 for engaging 1n the channels 16 of the peripheral frame
14 on the vertical edge of the panel 10.

FIG. 7 shows joists 70', 70" supported by the top of a wall
comprising a plurality of panels 10. The joists are shaped to
receive panels 10 on ledges 72', 72". The panels 10 are
structurally robust to provide suflicient strength for use as an
clevated floor.

FIG. 8 1s a partial view of a structure 80 built from panels
in accordance with the present invention. As can be clearly
seen, 1t will also be appreciated that panels 10 can be made
in different sizes, with a bridging panel over an opening, to
provide access for a window, and similarly, whilst panels are
generally of the same standard size, different width panels
can be provided to provide flexibility 1n the size of the
structure and also to accommodate openings for doors or the
like.

A plurality of panels 10 can be assembled and aligned
using the external rigid frame 14, with I-section or H-section
unmversal columns. In order to continue this structure verti-
cally, further panels 10 can be placed on top of one another
with joists hung between opposed parallel external rigid
frames provide a support base for flooring panels for the
upper storey and tie together opposite walls of the structure.

FIG. 9 shows a socket 100 and the complimentary shaped
recess 102 which was cut mto the panel 10. This has
provided space for the socket to sit 1n place and be recerved
in the panel 10 as well as access to the conduit 15 through
which electrical cable can be passed to connect a source of
clectricity to the socket 100. The conduit disposed within the
panel structure adjacent to the containment boards ensures
casy access for electricians and the like to the conduit and
ensures that there 1s a deep, continuous section of insulating
material between the conduits disposed adjacent to the
containment boards to inhibit thermal bridging.

As can be seen from the above, the components of the
building system provided primarily by the novel panel of the
present invention, mcorporating the rigid peripheral frame
having spaced-apart slots 16 provides a reliable and robust
method of construction, providing a substantially improved
method of construction having accurately positionable pan-
cls with improved stability and load bearing capacity,
improved thermal 1nsulating properties by reducing thermal
bridging and fire resistance, due to a provision of the double
channel arrangement with locking alignment rails which
maintain a tight air gap and thereby prevent the spread of fire
and smoke, as well as enabling the mternal conditions of a
structure to be better and more efliciently controlled. Fur-
ther, the peripheral frame enables, more readily, the use of
magnesium oxide panels to provide further fire resistance.

FIG. 24 shows a device 200 for use 1n installing panels
and pushing adjacent panels together. To ensure the panels
maintain a tight fit at each panel interface, the ‘panel pusher’
device 200 1s positioned directly behind the incoming panel
at the base, the panel pusher 1s clamped into position on the
metal male soleplate and the actuating arm 202 1s pushed
down which in turn pushes out the piston 204 which 1n turn
applies a horizontal force which moves the panel away from
the clamp and thus closes up the gap between the two
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adjoining panels and ensures a pertectly tight seal. A secur-
ing screw 1s then located 1n the heel of the panel to maintain
its position relative to the adjoining panel whilst the glue
Sets.

The present invention will now be described, by way of >

example only with reference to the following examples.

EXAMPLE 1

A series of structurally insulated wall panels referenced as
4 wall structurally 1insulated semi-SIP’s were received from
EcoMech for testing for racking resistance to BS EN594:
2011 Timber Structures—Test Methods. Racking strength
and stiflness of the panel was determined according to
Section 6.5 of BS EN 594:2011

Each panel was of overall size 2400x2400 mm and
comprised of a 1 mm pressed steel frame and corner boots
with a 1 mm pressed steel soleplate and head binder. The
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the 600 mm centres and maintained for 120 s. This load was
then removed and the panel allowed a recovery period of
300 s before continuing the test.

After the stabilising load cycle, a vertical load (0 kN and
5 kN, respectively) was applied to the head binder at 600

mm centres and maintained throughout the test procedure.

The racking load was then applied at a loading rate such that
90% of the maximum load of the panel was achieved within

300 seconds+200 seconds.
Results

The Racking stiflness for each panel tested in accordance
with section 6.5.1 of BS EN594: 2011 and the modes of
failure 1s given 1n Table 1.

Graphs of applied racking load against deflection are
given 1n Figs.

TABL.

(L]

1

Summary of Racking Load for Echo Mech Panel screwed and bonded at

nominally 80 mm centres

Panel

S I N I

Mean

structural splines consisted of 12 mm Mult1 Pro XS mag-
nesium boards with two per panel joint at 95 mm wide. The
panels had a BASF PU structural insulated foam core.

2x1.2 mx2.4 mx9 mm thick Multi1 Pro XS Magnestum
sheathing boards were bonded (full surface) to the inner core

of structural PU 1nsulation and the panels screwed at nomi-
nally 150 mm centres at the soleplate and head binder.

Three of the panels were tested with no applied vertical
load and three tested with 5 kN vertical load.

Holes 100 mm 1n diameter were cut in the base rail of each
of the racking panels, centred at the anchorage points of the
base rng. M16x250 mm long bolts were inserted through the
holes with large steel plates attached (50 mm widex220 mm
longx10 mm thick), which were rotated through 90 degrees
to span across the 2 bottom rail flanges.

The racking panel was bolted to the test rig through a long
hardwood timber foundation plate such that the bottom rail
was fixed down by five M16x250 mm long bolts. The panel
was laid flat i the test ng which had been bolted down to
the laboratory strong floor. The panel was placed on Tetlon
coated steel packers to allow 1t to move freely when loading.

Hydraulic rams were fixed to the test rig at the panel
header end such that they would be able to apply a vertical
top load to the panel at 600 mm centres. In accordance BS
EN 394:2011, linear voltage displacement transducers
(LVDT) were fixed mn place so as to record horizontal
deflection at the head of the panel, at the base of the panel
and to measure any uplift at the base of the panel.

Using hydraulic rams linked via a common manifold, a
vertical pre-load of 1 kN was applied to the head binder at

Racking Basic Test
Vertical Top  Strength  Racking Racking
Load per Fmax Stiffness  Resistance
Stud (kN) (KN) (N'mm) R, (KN/m) Mode of Failure
0 26.84 3334 5.25 Panel pulled away from
22.07 1766 base rail at the leading
23.10 1674 stud along with some
failure of base rail
— 24.00 2258 — —
5 34.30 2192 3.23 Panel pulled away from
33.13 2217 base rail at the leading
32.54 2985 stud along with some
failure of base rail
— 33.32 2465 — —

40

45

50

55

60

65

The test that the panels were subjected to, was an industry
designed racking test for timber frame panels, which 1n
themselves had a failure point ‘built 1n” to the test nig. The
limitations of this type of test was apparent in the fact that
the test did not truly test or retlect the much higher racking
resistance that the panels of the present invention have over
timber frame panels for which the jig and test method was
designed.

However, 1t 1s to be appreciated that the results obtained
in this test still showed a substantial increase 1n racking
resistance over and above a similar sized timber framed
panel.

Note: The Basic test racking resistance given in BS3268 part

6.1 for a double sheathed panel Incorporating a category 1
board 1s 2.52 kIN/m.

EXAMPLE 2

A section of a panel in accordance with the present
invention (SIEP system) 2.324 mx2.324 m was sealed into
a Plywood box, with all joints made airtight was sealed
around each wall such that the external face of the panel was
open to atmosphere. The total test area was 5.4 m”>.

A Tan was connected to the enclosure and the pressure
within the enclosure allowed to stabilise at a static pressure
of 50 Pa. The static pressure was measured using an elec-
tronic manometer. The airflow into the sample was then
measured and used to calculate the air leakage rate.
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TABLE 2
Ailr Leakage Air leakage
Panel Velocity (m/s)  Flow (I/s)  Rate (m*/h  (m*/h/m?)
Test 1 panel 0.70 1.282 4.617 0.855
according to
present
invention

As guidance the CIBSE Guide (CIBSE Guide TM23:2000

Testing Buildings for Air Leakage) for an entire dwelling
states good practice 1s a limit of 10 m3/h/m2 (@ 50 Pa and
best practice 1s 5 m3/h/m2 (@ 50 Pa.

EXAMPLE 3

A panel 1 accordance with the present mvention of
overall size 1200x2400 mm and comprised perimeter fram-
ing sections mitered and retained together with corner
jointing brackets. The corner brackets were inserted into the
perimeter profiles, through fixed, and spot welded.

A 1.2 mx2.4 m by 9 mm thick magnesium silicate based
board was fixed to each face of the single panel using 5.5
mm diameterx65 mm long HILTT coated seli-drilling wing
tip screws. The board was fixed to the panel at nominally
300 mm centres to the perimeter framework. The fixings
were placed 20 mm from the board edges. A panel core of
polyurethane (PU) foam was injected into the cavity created
by perimeter profiles and panel facing sheets and adhered to

these components by 1ts own adhesive properties whilst
curing. Oriented strand board, Grade3d (OSB/3), 45 mm

widex1]l mm thick, were fitted into the perimeter frame
profile, as perimeter infill, along the head and base of each
single panel.

The test panel was located onto the laboratory strong floor
centrally under the 2000 kN servo assisted compressive
strength machine (Dartec). In order to achieve eccentric
loading the panels were supported on a 20 mm thick steel
plate such that 40 mm of the width of the panel base was
supported.

Three linear voltage displacement transducers (LVDTs)
were fixed 1n place at quarter points on the vertical centreline
of the panel such that any horizontal movement was
recorded.

A load equal to the estimated dead load was applied to the
panel and held for 30 minutes then released. Detlection
readings were taken on application of the load, on immediate
removal and after 15 minutes.

The dead load was applied again and held for 15 minutes
then increased to the design load and held for 24 hours.
Deflection readings were taken at 60 minute intervals. The
load was then released and recovery deflection readings
were taken immediately and after 15 minutes.

The panel was then loaded to failure with deflection
readings taken at 20 kN i1ncrements.

Results

A summary of the failure loads and failure modes of each
panel tested under axial load 1s given 1n Table 3.

A summary of the failure loads and failure modes of each
panel tested under eccentric load 1s given 1n Table 4.

Load deflection graphs are given in FIGS. 12-17.

Load deflection data 1s given in Appendix A, Tables
Al-Ab6.

All panels tested axially failed similarly by initial failure
and debonding of the sheathing and compression of the OSB
at the base at a similar load of around 200 kN.
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All panels tested eccentrically failed similarly by mitial
failure and debonding of the sheathing and OSB followed by
compression of the sheathing and OSB at the base at a
similar load of around 1350 kN.

TABLE 3

Summary of Performance under Axial Compressive I.oad

Dead  Design Failure Failure

Load Load Load Load

(kN/m) (kKN/m) (kN) (kN/m) Mode of Failure

1 15 60 186.2 155.2 Delamination of sheathing
from base of frame and
crushing of internal OSB to
base stud
TABLE 4

Summary of Performance under Eccentric Compressive l.oad

Dead Design  Failure  Failure
Panel Load Load Load Load
Number (kN/m) (kN/m) (kN) (kN/m) Mode of Failure
1 15 60 145.3 121.1 Delamination of
2 15 60 163.2 136.0 sheathing and OSB
3 15 60 136.7 113.9 from frame,
compressive failure
of sheathing and
OSB. Compression
failure of perimeter
steel stud
Mean — — 148.4 123.7 —
TABLE Al
Load/Deflection Data for Axial Compressive Strength on
SIEP - Panel 1
Top Mid Point Base
Load Deflection Deflection Deflection
(kN) Comment (mm) (mm) (mm)
0 0.00 0.00 0.00
15  Dead load 0.06 0.08 0.24
15 Hold 30 min 0.15 0.20 0.36
0 Release 0.13 0.18 0.19
0  Hold 15 min 0.12 0.18 0.18
15  Dead load 0.14 0.20 0.35
15 Hold 15 min 0.17 0.24 0.39
60  Design load 0.56 0.63 0.80
60 Leave 15 min 0.69 0.73 0.84
60 1 hour 0.77 0.81 0.90
60 2 hour 0.82 0.90 0.94
60 3 hour 0.87 0.96 0.97
60 4 hour 0.91 1.03 1.02
60 5 hour 0.93 1.07 1.04
60 6 hour 0.93 1.08 1.05
60 7 hour 0.98 1.10 1.07
60 & hour 0.95 .09 1.06
6U 9 hour 0.95 .10 1.07
60 10 hour 0.96 .11 1.07
60 11 hour 0.95 .10 1.06
60 12 hour 0.95 .10 1.06
60 13 hour 0.95 .11 1.06
60 14 hour 0.95 .10 1.06
60 15 hour 0.95 1.09 1.05
60 16 hour 0.95 1.09 1.04
60 17 hour 0.95 1.08 1.04
60 18 hour 0.95 1.08 1.04
60 19 hour 0.94 1.08 1.03
60 20 hour 0.94 1.08 1.03
60 21 hour 0.94 1.07 1.03
60 22 hour 0.95 .07 1.03
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TABLE Al-continued TABLE A3

Load/Deflection Data for Axial Compressive Strength on Load/Deflection Data for Axial Compressive Strength on

SIEP - Panel 1 SIEP - Panel 3
Top Mid Point Base ° Tﬂp. Mid P':'.mt BHSE’:
Load Deflection Deflection Deflection Load Deflection Deflection Deflection
(kN) Comment (mm) (mm) (mm) (kN) Comment (mm) (mm) (mm)
0 0.00 0.00 0.00
60 23 hour 0.94 L.O8 1O 15  Dead load 0.01 0.00 0.01
60 24 hour 0.94 1.07 1.03 10 15  Hold 30 min 0.01 0.00 0.01
0 REIEELS& 0.65 0.5% 0.66 () REI&HS& 0O.09 0.05 0.02
0O Hold 15 min 0.61 0.56 0.64 0 Hold 15 min 0.09 0.06 0.03
0O Increase to failure 0.65 0.59 0.65 15 Dead load 0.09 0.05 0.03
20 0.77 0.77 0.72 15 Hold 15 min 0.09 0.04 0.03
40 0.96 1.13 0.94 60  Design load 0.17 0.16 0.17
60 1.14 1.39 1.21 5 60  Leave 15 min 0.15 0.16 0.17
R0 1.25 1.52 1.28 60 1 hour 0.16 0.17 0.19
100 152 1.63 129 60 2 hour 0.16 0.17 0.19
170 5 03 1 79 133 60 3 hour 0.16 0.17 0.19
. , 60 4 hour 0.16 0.16 0.19
2“40 3.24 2.37 f'59 60 5 hour 0.16 0.15 0.18
160 3.44 2.50 L.77 60 6 hour 0.16 0.15 0.18
180 3.55 2.66 1.99 20 60 7 hour 0.14 0.15 0.17
60 8 hour 0.13 0.12 0.14
60 9 hour 0.13 0.11 0.14
60 10 hour 0.14 0.12 0.15
TARLE A2 60 11 hour 0.14 0.13 0.15
60 12 hour 0.15 0.13 0.16
Load/Deflection Data for Axial Compressive Strength on 23 60 13 _:mur 0.15 0.14 0.16
SIEP - P::lllﬂl P 60 14 hour 0.15 0.14 0.17
60 15 hour 0.16 0.14 0.17
Tﬂp Mid Point Base 60 16 _:_’IDUI‘ 0.16 0.14 0.17
[.oad Deflection Deflection Deflection 60 17 HOUr 0.16 0.15 0.16
(kN) Comment (mm) (mm) (mm) 60 18 __TIDUI‘ 0.16 0.15 0.17
320 60 19 hour 0.16 0.15 0.17
0 0.00 0.00 0.00 60 20 hour 0.16 0.15 0.17
15 Dead load 0.62 0.60 0.36 60 21 hour 0.16 0.15 0.17
15 Hold 30 min 0.65 0.62 0.38 60 22 hour 0.16 0.15 0.17
0 Release 0.61 0.59 0.32 60 23 hour 0.16 0.15 0.17
0 Hold 15 min 0.59 0.58 0.31 60 24 hour 0.16 0.15 0.17
15  Dead load 0.64 0.65 0.39 35 0 Release 0.14 0.04 0.01
15  Hold 15 min 0.67 0.69 0.42 0 Hold 15 min 0.08 0.02 -0.0%
60  Design load 1.04 1.09 0.84 20  Increase to failure 0.06 —-0.05 -0.13
60 Leave 15 min 1.12 1.18 0.92 40 0.06 —-0.06 -0.18%
60 1 hour 1.21 1.25 0.97 60 0.06 —-0.02 -0.08%
60 2 hour 1.24 1.29 1.01 R0 0.08 0.01 —-0.05
60 3 hour 1.28 1.33 1.04 40 100 017 0.07 0.02
60 4 hour 1.32 1.36 1.06 120 0.32 0.17 0.06
60 5 hour 1.37 1.39 1.09 140 0.54 0.35 0.14
60~ 6 hour 140 L4z L1l 160 0.79 0.53 0.23
60 7 hour 1.40 1.42 178 1.56 1.00 0.91
60 & hour Lal L.as 188 1.61 0.79 0.88
60 9 hour 1.40 1.42 12
60 10 hour 1.41 1.44 .11 45 200 218 0.90 086
60 11 hour 1.42 1.42 11 210 2.24 0.83 0.74
60 12 hour 1.45 1.42 12 220 2.70 0.77 0.64
60 14 hour 1.47 1.42 .13
60 15 hour 1.49 1.42 11
60 16 hour 1.52 1.43 50
60 17 hour 1.57 1.42 11 TARBILE A4
60 18 hour 1.62 1.42 12
60 19 hour 1.66 1.43 11 Load/Deflection Data for Eccentric Compressive Strength on
60 20 hour 1.69 1.42 10 QIEP - Panel 1
60 21 hour 1.74 1.41 g
60 22 hour 1.79 1.42 55 Top Mid Point Base
60 23 hour 1.85 1.42 .oad Deflection  Deflection  Deflection
0 Release 1.91 1.35 0.78
0 Hold 15 min 1.82 1.25 0.71 0 0.00 0.00 0.00
20 Increase to failure 2.14 1.50 0.94 15  Dead load 0.31 0.21 -0.01
40 2.49 1.74 1.13 60 15 Hold 30 min 0.31 0.22 -0.01
60 2.76 1.98 1.25 0 Release 0.00 0.04 -0.03
80 2.98 2.13 1.34 0 Hold 15 min 0.31 0.23 -0.02
100 3.09 2.14 1.35 15 Dead load 0.43 0.31 -0.01
120 3.23 2.15 1.35 15 Hold 15 min 0.45 0.32 0.00
140 3.45 2.15 1.32 60  Design load 1.38 1.48 0.83
160 3.90 2.45 1.47 60 Leave 15 min 1.39 1.50 0.85
179.7 Failure 4.06 2.11 0.48 63 60 1 hour 1.43 1.55 0.91
60 2 hour 1.43 1.56 0.94
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TABLE A4-continued TABLE A5-continued

Load/Deflection Data for Eccentric Compressive Strength on Load/Deflection Data for Eccentric Compressive Strength

SIEP - Panel 1 on SIEP - Panel 2
Top Mid Point Base d Top Mid Point Base
Load Deflection Deflection Deflection Load Deflection Deflection Deflection
(kN) Comment (mm) (mm) (mm) (kN) Comment (mm) (mm) (mm)
60 3 hour 1.43 1.58 0.96 60 16 hour 1.50 1.12 0.57
60 4 hour 1.43 1.59 0.97 60 17 hour 1.49 1.13 0.58
60 5 hour 1.43 1.59 0.99 10 60 18 hour 1.49 1.13 0.59
60 6 hour 1.43 1.60 0.99 60 19 hour 1.51 1.14 0.59
60 7 hour 1.43 1.60 0.98 60 20 hour 1.51 1.13 0.57
60 8 hour 1.43 1.60 0.99 60 21 hour 1.50 1.13 0.58
60 9 hour 1.43 1.60 0.9% 60 22 hour 1.50 1.13 0.58
60 10 hour 1.43 1.60 0.9%8 60 23 hour 1.51 .13 0.57
60 11 hour 1.43 1.60 0.98 15 60 24 hour 1.50 1.12 0.58
60 12 hour 1.43 1.60 0.99 0  Release 0.01 ~0.04 0.02
60 13 hour 1.43 1.59 0.98 0  Hold 15 min 0.01 -0.04 0.02
60 ;‘4 qour n A3 ;"60 0.98 20  Increase to failure 0.70 0.36 0.09
60 15 hour 1.43 1.60 0.9% 40 107 0.67 0.97
60 16 hour 1.43 1.60 0.99 60 | 57 1 17 0.60
60 17 hour 1.43 1.60 0.9% .
_ 20 80 2.07 1.75 1.00
60 18 hour 1.42 1.60 0.98 , .
60 19 hour 1.43 1.59 0.99 100 249 2.13 1.54
60 20 hour 1.43 1.60 0.98 110 2.89 2.63 1.69
60 21 hour 1.43 1.60 0.98 120 3.23 3.10 2.12
60 22 hour 1.43 1.60 0.98 130 3.56 3.57 2.56
60 73 hour 1.43 1.60 0.OR 163.2 Failure 6.97 10.22 13.60
60 24 hour 1.43 1.60 0.99 25
0 Release 0.41 0.34 0.05
0  Hold 15 min 0.38 0.33 0.03
20  Increase to failure 0.88 0.92 0.47 TABLE A6
40 0.89 0.94 0.49
60 1.45 1.57 0.98 Load/Deflection Data for Eccentric Compressive Strength
70 1.84 1.85 1.24 30 on SIEP - Panel 3
80 1.94 2.17 1.43
90 2.22 2.49 1.67 Mid Point Base
100 5 47 379 1 88 Load Top Deflection  Detlection Deflection
110 2.76 3.19 2.23 (kN) ~ Comment (mm) (mm) (mm)
12 - N A o ow oo
3 ' ' ' 15 Dead load 0.58 0.42 0.13
140 | 4.0 4.81 3.6 15  Hold 30 min 0.60 0.43 0.14
0 Hold 15 min 0.20 0.20 0.05
15 Dead load 0.60 0.45 0.14
40 15 Hold 15 min 0.62 0.47 0.15
TABRBILE AS 60 Design load 1.95 1.79 1.06
60 Leave 15 min 2.06 1.89 1.10
Load/Deflection Data for Eccentric Compressive Strength 60 1 hour 2.11 1.97 1.17
on SIEP - Panel 2 60 2 hour 2.10 1.96 1.15
60 3 hour 2.34 2.22 1.46
Top Mid Point Base 60 4 hour 2.40 2.29 1.52
Load Deflection Deflection Deflection  +° 60 5 hour 2.42 2.32 1.55
60 7 hour 2.45 2.36 1.59
0 0.00 0.00 0.00 60 8 hour 2.46 2.36 1.59
15 Dead load 0.18 0.09 0.00 60 9 hour 2.45 2.36 1.58
15 Hold 30 min 0.19 0.10 0.00 60 10 hour 2.45 2.36 1.58
0 Release 0.09 0.07 0.00 50 60 11 hour 2.46 2.37 1.60
0O Hold 15 min 0.07 0.06 0.00 60 12 hour 2.46 2.37 1.59
15  Dead load 0.17 0.09 0.01 60 13 hour 2.47 2.39 1.61
15 Hold 15 min 0.19 0.12 0.02 60 14 hour 2.46 2.37 1.60
60  Design load 1.29 0.93 0.40 60 15 hour 2.46 2.38 1.60
60 Leave 15 min 1.40 1.01 0.44 60 16 hour 2.46 2.37 1.59
60 1 hour 1.44 1.04 0.48 55 60 17 hour 2.45 2.37 1.59
60 2 hour 1.47 1.07 0.50 60 18 hour 2.44 2.35 1.58
60 3 hour 1.48 1.09 0.53 60 19 hour 2.43 2.35 1.57
60 4 hour 1.49 .10 0.54 60 20 hour 2.44 2.36 1.60
60 5 hour 1.50 .11 0.55 60 21 hour 2.49 2.41 1.65
60 6 hour 1.51 .12 0.56 60 22 hour 2.42 2.33 1.57
60 7 hour 1.51 .13 0.57 60 60 23 hour 2.44 2.35 1.58
60 8 hour 1.51 .13 0.58 60 24 hour 2.45 2.35 1.59
60 9 hour 1.51 .13 0.57 0 Release 1.52 1.29 0.78
60 10 hour 1.50 .12 0.57 0 Hold 15 min 1.51 1.28 0.78
60 11 hour 1.50 .12 0.56 20  Increase to failure 2.04 1.71 1.22
60 12 hour 1.50 .12 0.57 40 2.59 2.22 1.63
60 13 hour 1.50 .11 0.56 60 3.01 2.81 2.10
60 14 hour 1.49 .12 0.57 63 80 3.53 3.37 2.39
60 15 hour 1.49 .13 0.57 100 4.01 3.89 2.81
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TABLE A6-continued

Load/Deflection Data for Eccentric Compressive Strength
on SIEP - Panel 3

Mid Point Base
Load Top Deflection  Detlection Deflection
(kN) Comment (mm) (mm) (mm)
110 4.33 4.15 3.12
120 4.62 4.51 3.49
130 4.96 4.88 3.82
136.7 Failure 7.65 11.11 14.39

EXAMPLE 4

Double panels in accordance with the present mnvention
were constructed consisting of two single SIEP wall panels.
The single panel was of overall size 1200x2400 mm and
comprised perimeter framing sections mitered and retained
together with corner jointing brackets. The corner brackets
were 1nserted into the perimeter profiles, through fixed, and
spot welded.

A 1.2 mx2.4 m by 9 mm thick magnesium silicate based
board was fixed to each face of the single panel using 5.5
mm diameterx65 mm long HILTIT coated seli-drilling wing,
tip screws. The board was fixed to the panel at nominally
300 mm centres to the perimeter framework. The fixings

were placed 20 mm from the board edges. A panel core of

polyurethane (PU) foam was injected 1nto the cavity created

10
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Followed by spraying with water (water temp=15° C.) at 1
I/m2/min for 1 hour.

Draining for 2 hours.

On completion of the heat rain cycles the wall was condi-

tioned for 48 hours at a temperature between 10 and 25°
C. with a minimum RH of 50%.

Heat Cold—5 Cycles
Exposure to 50° C.£5 with a rise of 1 hour and maximum

10% RH for 7 hours.

Exposure to —20° C.£5 with a fall over 2 hours and hold for
14 hours.

The test panel was inspected every 4 heat rain cycles and
daily under the heat cold cycles to observe changes 1n the
visual characteristics of the panel.

On completion of the cyclic testing the wall was left to dry
for 7 days.

Results

The wall was thoroughly examined for defects. No visible
damage was noted to the face of the panel during the test
regime or on completion of the test regime

EXAMPLE 5

Thermal Transmittence (U-value) of panels 1n accordance

with the present mvention according to BS EN ISO 6946.
FIG. 18 shows that there 1s no condensation at any

interface in any month of the year and no risk of conden-
sation

Surface Temperature to Avoid Critical Surface Humidity
Calculation According BS EN ISO 13788

Location: Liverpool; Humidity class according BS EN ISO 13788 annex A: Dwellings with high occupancy

1 3 5 6 7 8 9 11 12

Te 2 T1 4 pe deltap p1 ps(Tst) Tsi,mmm 10 Ts1 Tse
Month [ C.] phie [°C.] phii [Pa] [Pa] [Pa] [Pa] [°C.] {Rst [°C.] [°C]
® January 4.6 0.840 20.0 0.696 712 915 1627 2034 17.8 0.855 194 4.7
February 4.4 0.830 20.0 0.693 694 927 1621 2026 17.7 0.853 194 45
March 6.2 0.790 20.0 0.671 749 820 1568 1960 17.2  0.797 19.5 6.3
April 8.1 0740 20.0 0.644 799 707 1506 1882 16.6 0.710 19.6 8.2
May 11.3 0.720 20.0 0.633 964 517 1480 1851 16.3 0573 19.7 114
June 14.2 0.750 20.0 0.667 1214 345 1558 1948 17.1 0499 19.8 14.2
July 16.2 0.750 20.0 0.687 1380 226 1606 2008 17.6 0361 19.9 16.2
August 159 0770 20.0 0.699 1390 244 1634 2042 17.8 0474 199 1509
September 13.4 0.790 20.0 0.687 1214 392 1606 2007 17.6 0.631 198 134
October 10.1 0.830 20.0 0.690 1026 588 1614 2017 17.6 0.762 19.6 10.2
November 6.9 0.840 20.0 0.690 835 778 1614 2017 17.6  0.820 19.5 7.0
December 5.4 0.850 20.0 0.697 762 867 1629 2037 17.8  0.849 195 5.5

@® The critical month is January with fpg; 0 = 0.855

foe, = 0.964

by perimeter profiles and panel facing sheets and adhered to

these components by 1ts own adhesive properties whilst
curing. Oriented strand board, Grade3 (OSB/3), 45 mm

widex11 mm thick, were fitted into the perimeter frame
profile, as perimeter 1nfill, along the head and base of each

single panel.

Each double panel assembly was connected together by
means of an OSB/3 strip with nominal dimensions of 92 mm
widex11 mm thickx2400 mm long, such that the strip was
fitted into the perimeter frame profile, as a jointing spline,
along the vertical edges of the adjoining panels. The splines
were bedded on joint sealant.

The panel was fixed into the test chamber such that the
tace of the panel would be subjected to the heat-rain and
freeze thaw accelerated weathering test regime as follows:
Heat Rain—80 Cycles
Heating to 70° C. rising over 1 hour and maintaining at 70°

C.x5 at 10-15% RH for a further 2 hours.

50

60

65

>t

t s Trsimaxs the component complies.
Nr Explanation
1 External temperature

External rel. humidity
Internal temperature

Internal relative humaidity

5> External partial pressure p_=¢ . *p. (T.)); p..(T.)
according formula E.7 and E.8 of BS EN ISO 13788

6 Partial pressure difference. The security factor of 1.10
according to BS EN ISO 13788, ch. 4.2.4 1s already
included.

7 Internal partial pressure p,=¢.*p_ (T.); p. . (1,) accord-
ing formula E.7 and E.8 of BS EN ISO 13788

8 Minimum saturation pressure on the surface obtained by
Dol L) 7P/ P

where ¢ _=0.8 (critical surface humidity)

9 Minimum surface temperature as function of p_ (T ,),
formula E.9 and E.10 of BS EN ISO 13788
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10 Design temperature factor according 3.1.2 of BS EN
ISO 13788

11 Internal surface temperature, obtaimned from T _=T .-
R.S’I'*U*(TI'_TE)

12 External surface temperature, obtained from T =1 _+
RSE}REF*(TE_TE)

Cimcatic Conditions

Location: Liverpool; Humidity class according BS EN
ISO 13788 annex A: Dwellings with high occupancy

January February March April
Internal temperature [° C.] Ti1 20.0 20.0 20.0 20.0
Internal rel. humidity [%]  phi_i 69.6 69.3 67.1 64.4
External temperature [° C.] Te 4.6 4.4 6.2 8.1
External rel. humidity [%] phi_e 84.0 83.0 79.0 74.0

EXAMPLE 6

Thermal transmittance measurements were made 1n the
NPL Rotatable wall Guarded Hot Box, described in NPL

Report CBTLM 235. Where relevant, the equipment and

measurement procedures are 1n accordance with the require-
ments of BS EN ISO 8990. The main features of the

equipment are:
the interior dimensions of the hot box are 2.4 mx2.4 m
all surfaces seen by the test element are matt black

there are 25 air temperature sensors, 75 mm from the
holder panel face, positioned at the centres of squares
of equal areas 1n front of the test element 1n both the hot
and cold boxes

the net heat flow direction 1s horizontal
Measurement Procedures

The measurement procedure used was essentially an
air-to-air method. Thermocouples were also mounted on the
hot and cold surfaces of the specimen to facilitate calcula-

tion of the environmental temperatures, as specified 1n BS
EN ISO 8990.

The 2 mx2 mx0.149 m thick, Insulated Engineered Panel,

was mounted 1 a 298 mm thick expanded polystyrene
(EPS) surround panel. The heat flow through this surround

panel was calculated from its thermal conductivity and the

surface temperature diflerence across 1t. The thermal con-
ductivity of the EPS maternial was measured in the NPL

guarded hot plate facility.

The measurements were carried out with the test element
installed vertically—that 1s with horizontal heat flow.

The small heat flow around the test element boundaries
THERMS
produced by the Lawrence Berkeley National Laboratory,

was calculated using the 2D FEA software tool

USA. Thermal transmittance values quoted are the mean of

five sets of readings taken at two-hourly intervals. Equilib-

rium 1s assumed when the maximum difterence between the

five thermal transmittance values 1s less than approximately
1.0%.

The standardised thermal transmittance value for R140 1s
given 1 Table 2, and a summary of the main experimental

parameters 1s given 1n Table 3.

20.0
63.3
11.3
72.0
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June July August September October November December

20.0  20.0 20.0 20.0 20.0 20.0 20.0

66.7 68.7 69.9 68.7 69.0 69.0 69.7

14.2 16.2 15.9 13.4 10.1 6.9 5.4

75.0 75.0 77.0 79.0 83.0 84.0 85.0
TABLE 5

Standardised Thermal Transmittance (U)
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Standardised thermal

Environmental transmittance®
temperature mean ° C. W/(m?K)
SIP in accordance 11.86 0.44

with the present
invention

*Note:
this U-wvalue has been normalised to include the standard wvalue of the total surface

resistance of 0.17 (mzK)fW

TABLE 6

Measurement data
Eco Mech Structurally Insulated Engineered Panel
(///EMSIEP ™)

Panel dimensions

Height 2.002 m

Width 2.003 m
Thickness 0.149 m
Measured values

Mean warm air temperature 22.06° C.

Mean warm baffle temperature 21.58° C.

Mean cold air temperature 1.81° C.

Mean cold baffle temperature 1.96° C.

Power to hot box 41,666 W

Air flow rate in the cold box 1.20 m/s

Air flow rate in the hot box 0.25 m/s
Calculated values

Heat flux density through test element 0.089 W/m?’
Warm side environmental temperature 21.89° C.

Cold side environmental temperature 1.83° C.
Environmental temperature difference 20.06° C.
Environmental temperature mean 11.86° C.
Measured thermal transmittance (U) 0.453 W/(m” - K)
Total surface resistance 0.097 (m” - KyW
Standardised thermal transmittance!*! 0.439 W/(m” - K)

Note
UIThis U-value has been normalised to include the standard value of the total surface

resistance of 0.17 (mZ.K)fW

Offsite construction panels and systems, need to function
on a number of levels (structural, thermal, moisture resis-
tance, atrtightness and whilst performing at their design
optimum, undertake their core function of providing shel-
ter).

Generally, increasing the structural performance will
require additional internal structure within the panel, which
decreases the thermal capacity of the panel and often results

in an 1ncrease 1n thermal bridging.
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An embodiment of the present invention has an integrated
internal steel frame which increases the structural capacity
of the system and provides its core airtightness. To negate
thermal bridging issues of the steel frame, the frame may
have a minimum thickness of high performance insulation
bonded to both the external and internal faces of the steel
frame, keeping 1t isulated against both heat and cold and
therefore, negating thermal bridging across the wall panel.

The U Value of the panel can be adjusted for any climate
or U Value requirement—with a minimum thickness of 180
mm 1t provides a U Value of 0.18 W/m2K (panel only) and
can be designed and manufactured to provide a U Value
below Passive House standards without the use of any
additional ‘add ons’, tapes or mastic sealants simply by
increasing the panel thickness—undertaken by varying the
thickness of msulation within the panel without amending,
any other part of the panel or changing any other construc-
tion detail.

EXAMPLE 7

Double panels 1n accordance with the present invention
were used consisting of two single SIEP wall panels. The
single panel was of overall size 1200x2400 mm and com-
prised perimeter framing sections mitered and retained
together with comer jointing brackets. The corner brackets
were 1nserted 1nto the perimeter profiles, through fixed, and
spot welded. A 1.2 mx2.4 m by 9 mm thick magnesium
silicate based board was fixed to each face of the single
panel using 5.5 mm diameterx65 mm long Hilti coated
self-drilling wing tip screws. The board was fixed to the
panel at nominally 300 mm centres to the perimeter frame-
work. The fixings were placed 20 mm from the board edges.
A panel core of polyurethane (PU) foam was injected 1nto
the cavity created by perimeter profiles and panel facing
sheets and adhered to these components by 1ts own adhesive
properties whilst curing. Ornented strand board, Grade3
(OSB/3), 45 mm widex11 mm thick, were fitted into the
perimeter frame profile, as perimeter infill, along the head
and base of each single panel.

Each double panel assembly was connected together by
means of an OSB/3 strip with nominal dimensions of 92 mm
widex11 mm thickx2400 mm long, such that the strip was
fitted into the perimeter frame profile, as a jointing spline,
along the vertical edges of the adjoining panels. The splines
were bedded on joint sealant.

lest Programme
Wind loading to CWCT" standards on 2.4x2.4 m panel

Soit and hard body impact on the SIEP panel in accordance
with BS 82007, as used in the wind load test above
ETAGO004> accelerated weathering test (hygrothermal) on a

2.6 m tall by 3.2 m wide sample followed by wind loading

and soft and hard body impact testing to BS8200
Uniformly Distributed Wind Loading

The tull size panel was placed 1n a nigid steel frame such
that 1t was simply supported on four sides. An air bag was
positioned on the face of the panel and a reaction board was
placed over this butting up-to and tied to the external steel
test rig frame.

A series of linear displacement transducers were located
on an independent scatlold frame reading onto the rear of the
panel.

A load was applied to the panel via the air bags to 1.68
kPa. This was released and the system was allowed to
recover. This was repeated twice before increasing the load
to 2 kPa then 3 kPa. On releasing the load the samples were
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examined for any signs of damage before taking the panel to
15 kpa releasing the load and examining for any damage.
Soit and Hard Body Impact

This test was conducted on test panels which had already
been subjected to Wind Load and ETAG004 Accelerated
Weathering, therefore the sample preparation 1s as detailed
above.

For the soit body impact tests a canvas bag containing 50
Kg of lead shot was suspended from a 3 m rope and allowed
to swing at the face of the panel at an angle to give a
maximum i1mpact energy of 500 Nm.

Each panel was impacted at the position considered to be
the weakest position 1.e. at the centre of the panel. Any
damage was noted.

For the hard body impact test each wall was laid down on
the laboratory strong floor and a steel ball of 1 Kg mass and
62.5 mm diameter was released onto the face of the wall
panel from a height of 1 m above the face of the panel
providing an impact energy of 10 N-m. Any damage was
noted.

ETAGO04 Accelerated Weathering

The 2.4 m wide by 2.4 m high wall was fixed 1nto a rigid
steel frame which was fixed into the hygrothermal test
chamber such that the face of the panel was exposed to the
cyclic test conditions as follows:

Heat Rain—80 Cycles
Heating to 70° C. rising over 1 hour and maintaiming at 70°

C.+5 at 10-15% RH {for a further 2 hrs.

Followed by spraying with water (water tempx135° C.) at 1

I/m2/min for 1 hour.

Draining for 2 hours.
On completion of the heat rain cycles the wall was condi-

tioned for 48 hours at a temperature between 10 and 25°
C. with a mimimum RH of 50%.

Heat Cold—5 Cycles

Exposure to 50° C.x5 with a rise of 1 hour and maximum
10% RH for 7 hours.

Exposure to —20° C.£5 with a fall over 2 hours and hold for
14 hours.

The test panel was inspected every 4 heat rain cycles and
daily under the heat cold cycles to observe changes 1n the
visual characteristics of the panel.

On completion of the accelerated weathering test the panel
was subjected to a wind loading test and soft and hard
body impact testing as detailed in section 4.1 and 4.2
above.

Results

Uniformly Distributed Wind Loading
The maximum uniformly distributed wind load applied to

the system was 17 kPa with no failure of the panel and no

visible damage to the face of the panel. The test was stopped
due to the limit of the test rig being reached.
A load deflection graph 1s given 1n FIG. 19.

Soit and Hard Body Impact
The soft body impactor caused no damage to the system

at an 1mpact energy of 500 Nm.

The hard body impactor caused no damage to the system
under an 1mpact energy of 10 Nm.

ETAG004 Accelerated Weathering
The test panel showed no signs of deterioration under the

accelerated weathering programme. There was no warping,
blistering or cracking of the face of the panel After the
accelerated weathering two bays of the panel were subjected
to a negative wind load test and to a soft body impact test.
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The panel achieved a maximum 15 kpa negative wind
load with no failure of the panel and no visible damage to the
tace of the panel. The test was stopped due to the limait of the
test rig being reached.

A load deflection graph 1s given in FIG. 20.

The panel showed no signs of damage under the soft body
impact of 500 N-m or the hard body impact energy of 10
N-m.

Discussion
Uniformly Distributed Wind Loading

Under wind loading the performance as determined by the
testing was related to the banded wind loads. Hence 1n the
first instance a design loading of 2 kPa was applied and the
deflection of the SIEP was not allowed to exceed span/200
or 12 mm deflection whichever was the lesser.

At 2 kPa the maximum recorded deflection on the system
was 6.6 mm and the residual deflection was 0.9 mm. The
maximum recorded deflection on the system tested after

being subjected to the accelerated weathering test regime
was 4.6 mm and the residual deflection was 1.6 mm.

Consequently under the design load and on unloading, the
deflections were less than the limits set in the Standard®.

The standard wall was taken to 17 kPa before releasing
the load and the wall subject to the accelerated weathering,

test regime was taken to 15 kPa. The panels were not taken
to failure.

Soft and Hard Body Impact

The 1mpact tests were carried out to BS 8200 which
categorises zones that the system may be used 1n depending
on the performance under both soit body and hard body
impact testing.

The soft body impact caused no damage to the panel at an
impact energy of 500 Nm. The hard body impact caused no
reportable damage to the face of the panel at an impact

energy of 10 N-m.

As defined 1n Tables 2-4 1in BS 8200, the system 1n an as
received condition and after being subject to the accelerated
test regime can be classed as Category B which 1s “readily
accessible to public and others with little incentive to
exercise care; chance of accidents occurring and of misuse”.
It can be used 1 zones below 1.5 m and can be used 1n
pedestrian thoroughfares.

There are no test impact values given for Category A
walls. In each case the type and severity of vandalism needs
to be caretully assessed and appropriate impact values
determined.

The panels in accordance with an embodiment of the
present invention are able to withstand the wind loads as
given 1 the CWCT standards with a good safety factor
against failure 1n an as received condition and when sub-
jected to an accelerated weathering test regime.

Under soft and hard body impact performance the panel
1s able to be used at below 1.5 m 1n areas readily accessible
to the public.

The system showed no deterioration after simulated long,
term weathering incorporating hygrothermal and heat cold
conditions and although there 1s no direct correlation given
in the standards for equating the number of cycles of
heat/rain and heat/cold conditions that the sample has gone
through to an expected life it 1s reasonable to say that the full
cycle would indicate that a product would typically be
expected to have a lifecycle of between 25 and 60 years
depending on the installation standard and the exposure
conditions the panel would be subjected to over that lifetime.
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b) Standard for Testing of ventilated rainscreens (drait for
development)

¢) Test Methods for ventilated rainscreens (drait for devel-
opment)

d) Gude to Good Practice for Facades

2 European Organisation of Technical Approvals

Guideline for European Technical Approval of Kits for
External Wall Cladding ETAGO034, February 2008

3 British Standards Institution

Code of Practice for the Design of Non-Loadbearing Exter-
nal Vertical Enclosures for Building BS 8200:1985

4 European Organisation of Technical Approvals Guideline
tor European Technical

Approval of External Thermal Insulation Composite Sys-

tems with Rendering ETAG004, 2000.

EXAMPLE 38

A panel 1n accordance with the present invention had
overall dimensions of 2408 mm high by 2944 mm wide by
146 mm thick. The specimen was clad on each face with a
layer of 9 mm thick magnesium silicate based board and
comprised a profiled galvanized mild steel frame to G275
grade which sandwiched a 130 mm thick polyurethane core
insulation referenced ‘H1246-1 MD192140°.

The test was conducted 1n accordance with Clause 8 of BS
4'76: Part 211:1987 ‘Methods for determination of the fire
resistance of loadbearing elements of construction’.

The panel was judged on 1ts ability to comply with the
performance criteria for loadbearing capacity, integrity and
insulation. The panel was mounted within a steel support
frame such that both vertical edges had freedom of move-
ment.

The perimeter frame was profiled galvanised mild steel to
G275 grade, 1 mm thick; Cornoer jointing brackets were
also profiled galvanised mild steel to G275 grade, 1 mm
thick, fixed by spot welding; the panel core was a polyure-
thane foam (Elastogram), 45 kg/m>, 130 mm thick and
injected mnto a cavity formed by the frame and the panel
facing sheets; panel facings were magnesium silicate based
board, 1050 kg/m>, 9 mm thick and screwed to the perimeter
frame; joint sealant was a silicone sealant for jointing splines
and perimeter frame profile where panels abut one another;
jomting splines were orientated strand board, OSB, grade 2,
92 mm widex11 mm thickx1220 mm long.

The furnace used was controlled so that its mean tem-
perature complied with the requirements of BS 476: Part 20:
1987, clause 3.1. using six mineral insulated thermocouples
distributed over a plane 100 mm from the surface of the test
construction.

Thermocouples were provided to monitor the unexposed
surface of the specimen and the output of all instrumentation
was recorded at no less then 1 minute intervals.

A roving thermocouple was available to measure tem-
peratures on the unexposed surface of the specimens at any
position that might appear to be hotter than the temperatures
indicated by the fixed thermocouples.

Cotton pads and gap gauges were available to evaluate the
integrity of the panel. After the first 5 minutes of testing and
for the remainder of the test, the furnace atmospheric
pressure was controlled so that it complied with the require-
ments of BS 476: Part 20: 1987, clause 3.2.2. The calculated
differential relative to the laboratory atmosphere at the top of
the specimen was 18 (+/-2) Pa.

Test Observations

All observations are from the unexposed face unless noted

otherwise.




US 10,385,562 B2
23 24

The ambient air temperature 1n the vicinity of the test TABI E f-continued
construction was 12° C. at the start of the test with a
maximum variation of +1° C. during the test.

_ _ Individual and Mean Temperatures Recorded on the
Time (mins)

Unexposed Surface of The Panel

00' 00" The test commences. 5
04' 30" Sight smoke release 1s evident at the head of the
specimen. Mean
20' 00" The smoke release increases in volume from the head Time  T/C T/C T/C T/C I/C  Temp
of the assembly. Min- Number 2 Number 3 Number 4 Number 5 Number 6 Deg.

28" 00" Steam 1ssues from the base of each vertical joint, 10 utes Deg. C. Deg. C. Deg. C. Deg.C. Deg C. C.
which emit droplets of moisture,

30" 00" The specimen continues to satisiy the load bearing, 12 12 12 12 13 13 12
insulation and integrity criteria of the test. 15 19 19 19 13 3 19
42" 00" Shight smoke release 1s evident coincident with 18 . - 1 1 ; -
'therf'nocpuple No. 10 along .the r'}ght side vertical jomt. 15, 5 I i 3 ; 1
50" 00" Shight smoke release 1s evident from the left side | | | | |
. R .. . 24 12 12 12 13 3 12
vertical joint coincident with thermocouple No. 9. - 5 . - N X -
52' 40" The maximum temperature rise 1s exceeded by ’ ] ) ’ ]
thermocouple No. 3. Insulation failure 1s deemed to occur 30 L2 L2 L3 L3 L3 L3
60' 00" The specimen continues to satisfy the load bearing 20 33 12 17 13 13 13 14
and integrity criteria of the test. 36 12 89 31 13 21 33
70" 00" The specimen continues to satisly the load bearing 39 48 100 84 27 69 66
and integrity criteria of the test. 49 100 105 101 74 100 06
45 103 120 104 101 103 106
TABLE 7 25 48 111 145 109 105 107 115
Mean surface temperature with the temperature/time >l 129 169 124 112 120 131
relationship specified 1n the Standard 54 150 210 139 135 141 155
. 57 171 243 154 161 159 178
Specified Actual
Furnace Furnace 30 60 209 270 178 203 191 210
Time Temperature Temperature 63 240 285 207 238 230 240
Minut Deg. C. Deg. C.
. e e 66 264 295 231 266 264 264
0 20 17 69 279 302 255 283 283 280
3 502 565
5 603 637 70 282 305 262 287 287 285
9 663 691 33
12 706 735
15 739 765
18 766 782 TARIE 9
21 789 809
;i} zgi z?; 40 Individual Temperature Recorded At Various Positions On The
Unexposed Surface of The Panel
30 842 R54
g; z;g zg; T/C T/C T/C T/C T/C
Number Number Number Number Number
jg zgé gﬁé Time 7 8 9 10 11
45 007 908 45 Minutes Deg. C. Deg. C. Deg. C. Deg. C. Deg. C.
48 912 916 0 14 15 16 16 15
o1 921 919 3 14 15 16 16 15
>4 930 932 6 14 15 16 16 15
7 938 931 9 14 15 16 16 19
60 945 942 12 15 15 16 16 28
63 953 957 50 15 15 16 16 16 35
66 960 957 18 16 16 17 17 39
69 D66 D638 21 17 16 17 18 42
70 968 972 24 19 17 19 20 45
27 27 17 21 24 47
30 33 1R 24 28 50
55 33 37 20 27 33 54
TARBI E 8 36 39 08 31 38 58
39 41 40 37 46 67
Individual and Mean Temperatures Recorded on the 42 45 49 46 57 77
Unexposed Surface of The Panel 45 50 61 59 67 80
48 57 75 71 76 o1
Mean 51 69 85 Y] 88 96
Time T/C T/C T/C T/C T/C Temp 54 76 95 91 96 99
Min- Number 2 Number 3 Number 4 Number 5 Number 6 Deg. 57 80 100 98 01 102
utes Deg. C. Deg. C. Deg. C. Deg. C. Deg. C. C. 60 82 101 101 06 103
————————————————— 63 RH 103 103 10 107
0 2 2 12 3 3 2 66 03 109 111 15 111
3 2 2 12 3 3 2 69 99 118 |18 20 121
6 2 2 12 3 3 2 63 70 101 121 119 23 126
0 2 2 12 3 3 2
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(Ll

10

Recorded Deflection of Specimen During the Test

Deflec- Deflec-
Time Deflection Deflection Deflection Deflection  tion tion
Min- Number Rate Number Rate Number  Rate
utes 1 mm 1 mm 2 mm 2 mm 3 mm 3 mm
0 0 0 0 0 0 0
3 0 0 3 0 4 0
6 1 0 3 0 5 0
9 1 0 4 0 5 0
12 2 0 6 1 5 0
15 4 1 9 ‘ 12 4
18 6 1 13 18 2
21 7 0 16 22 2
24 7 0 18 | 26 1
27 9 1 21 1 27 0
30 12 1 27 2 25 1
33 15 1 35 3 21 1
36 18 1 40 0 20 0
39 17 0 40 0 20 0
42 16 0 40 0 20 0
45 16 0 40 0 20 0
48 17 0 40 0 20 0
51 20 1 41 0 20 1
54 23 1 41 0 19 0
57 24 0 41 0 19 0
60 24 0 40 1 19 0
63 22 -1 40 0 19 0
66 20 ~1 40 0 19 0
69 19 0 40 0 19 0
70 19 0 40 0 19 0

Positive readings indicate movement towards the heating conditions

FIG. 21 shows the mean surface temperature, together
with the temperature/time relationship specified 1n the stan-

dard.

FIG. 22 shows the mean temperatures recorded on the
unexposed surface of the panel.

The load bearing capacity of the panel was satisfied for 70
minutes. Regarding integrity, there was no collapse of the
panel, no sustained flaming on the unexposed surface and no
loss of impermeability. These requirements were satisfied
for 70 minutes.

Regarding insulation, the standard requires that the mean
temperature rise ol the unexposed surface shall not be
greater than 140° C. and that the maximum temperature rise
shall not be greater than 180° C. These requirements were
satisfied for a period of 52 minutes after which time a
temperature rise in excess ol 180° C. was recorded on one
thermocouple.

Referring to FIGS. 23a-e, there 1s 1illustrated a jig 200
having a frame comprising four frame members, two side
frame members 202, 204, and bottom and top frame mem-
bers 206 and 208 forming a rectangular frame. Extending,
inwardly, perpendicularly to the plane of the longitudinal
axis ol each frame member from the interior face 210 of the
frame are two upstanding ridges having rectangular cross
section. The ridges have a break half way along their length
on the longer, side frame members 202, 204. The ridges 211
help form the channels 1n the finished panel assembly.

At the comers of the rectangular frame are releasable
securing means in the form of two screws 220 and comple-
mentarily shaped threaded bores 222 to enable the frame
members to be secured to one another.

Also provided 1s an inlet 224 extending from the outer
tace of the frame to 1t’s inner face which allows the passage
of flud during the manufacture of a panel and which can be
selectively sealed. During manufacture containment boards
can be positioned 1n place framed by the frame members and
forming a space between containment boards. Expanding
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foam can then be injected through the inlet to the interior
which 1s formed between the containment boards and the
frame of the j1g. The inlet can be sealed and the foam
allowed to set. Once set the j1g can be disassembled and the
panel assembly 1s formed.

The mvention claimed 1s:

1. A building panel assembly comprising:

a pair of spaced-apart containment boards, separated by
an 1nner insulating core, said inner insulating core
having at least one peripherally disposed channel for
receiving a rigid frame,

wherein the ngid frame defines a pair of spaced-apart
longitudinal channels, with both of said spaced-apart
channels extending around the entirety of the periphery
of the panel, said channels spaced apart from and
disposed between the containment boards and extend-
ing into a space between the spaced-apart pair of
containment boards.

2. An assembly as claimed 1n claim 1 wherein the rigid
frame 1s mtegrally formed with the insulating core such that
the 1nsulating core extends over the ngid frame.

3. An assembly as claimed in claim 1 wherein two or more
panels can be connected by means of a mating member.

4. An assembly as claimed 1n claim 3 wherein the mating
member has ‘I’ or ‘H’ cross section and 1s received by the
one or more channels 1n the msulating core or rigid frame.

5. An assembly as claimed 1n claim 3 wherein, the mating,
members are universal columns.

6. An assembly as claimed 1n claim 3, further comprising
additional support wherein the additional support comprises
I-section and/or H-section supports.

7. An assembly as claimed 1n claim 1 comprising at least
one conduit disposed adjacent to and between the contain-
ment board and the inner isulating core.

8. An assembly as claimed 1n claim 7 having two conduits.

9. An assembly as claimed 1n claim 8 wherein each
conduit 1s spaced apart from one another and disposed
opposite one another and adjacent to its respective contain-
ment board.

10. An assembly as claimed in claim 1 further comprising
an alignment track upon which individual ones of the panels
may be disposed.

11. An assembly as claimed i claim 1, in which the
containment boards are selected from oriented strand board,
cement particle board magnesium oxide wall board, ply-
wood, pressure treated plywood, steel, aluminium, fibre
reinforced plastics, or metal, or composite sheeting.

12. An assembly as claimed in claim 1, 1n which the inner
isulating core 1s comprised of expanded polystyrene foam,
extruded polystyrene foam or polyurethane foam.

13. An assembly as claimed 1n claim 1, further including
a sole plate, which 1s securable to a foundation or floor, and
having upstanding alignment rails correspondingly spaced
for 1nsertion 1nto the spaced-apart longitudinal channels on
a bottom edge of the building panel assembly, in use.

14. An assembly as claimed 1n claim 1, 1n which a second
panel of the building panel assembly 1s connectable to, and
alignable with, a first panel of the building panel assembly,
by means of a pair of alignment tracks, which engage 1n the
respective spaced-apart longitudinal channels of the respec-
tive adjacent panels.

15. An assembly as claimed in claim 1, 1n which a vertical
rigid frame member 1s provided having correspondingly
spaced alignment tracks for engagement in respective
spaced-apart longitudinal channels on the edge of an adja-
cent panel.
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16. A method of manufacturing a building panel assembly
as claimed in claim 1 comprising the use of a jig having the
frame comprising a plurality of frame members, having at
least one ridge extending substantially around the inner
surface of the frame and means for releasably securing the
frame members together to form the frame, such that once
a panel has been formed, the frame members can be released
and the panel removed from the j1g.

17. A method as claimed in claim 16 wherein the frame
has two ridges extending substantially around the inner
surface of the frame.

18. A method as claimed 1n claim 16, further comprising
providing the frame with an inlet to allow the passage of
inner isulating core material therethrough.

x x * Cx x
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