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RADON GAS MITIGATION SYSTEMS AND APPARATUS

[0001]

Technical Field

[0002] The invention relates to buildings and more specifically to systems and apparatus

for preventing radon gas from accumulating in buildings.

Background

[0003] Radon is a naturally-occurring radioactive gas created from the decay of uranium,
which is found in rock, soil and water. When radon is created it normally dissipates into
the atmosphere. However, buildings can trap radon where it can become concentrated

enough to be a health hazard.

[0004] Different countries have different guidelines relating to the management of radon.
Health Canada’s guidelines provide that remedial measures should be undertaken in a
dwelling whenever the average annual radon concentration exceeds 200 becquerels per
cubic metre (200 Bg/m?) in the normal occupancy area. The US Environmental protection
Agency guidelines for maximum exposure are 150 becquerels per cubic metre (150

Bg/m?).

[0005] Both the Canadian National Building Code and the US International Building Code
have Radon mitigation requirements. Health Canada recommends that the construction of
new dwellings should employ techniques that will minimize radon entry and will facilitate
post-construction radon removal, should this subsequently prove necessary. One radon
reduction method is Active Soil Depressurisation (ASD). ASD involves inserting a pipe

through a hole drilled through a basement floor. A fan draws the radon gas from under the
1
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floor and pushes it outside.

[0006] A radon ventilation system (RVS) can be provided in new construction to prevent
buildings from trapping radon. A RVS may be used in homes, apartments or other
buildings. A RVS may be made by placing a layer of coarse gravel or perforated pipes
underneath the basement slab and withdrawing air from the layer of coarse gravel or

perforated pipes.

[0007] There are issues with using gravel to create an under-slab airflow layer. Gravel
may be in limited supply or prohibitively expensive in the region where the building is
being constructed. A gravel layer may not work depending on the gravel supply and
installation procedure. Gravel may itself release radon gas. Relying on perforated piping (o

remove radon is prone to failure as radon may not migrate into the piping.

[0008] There is a need for effective, reliable and affordable systems for preventing the

buildup of radon gas in dwellings and other buildings.

Summary

[0009] This invention has a number of aspects. One aspect provides systems for radon
mitigation. Another aspect provides apparatus which may be used as components of such

systems. The present disclosure provides several embodiments, including the following:

[0010] Embodiment 1 provides a ventilation panel comprising a generally planar body
having first and second opposed surfaces and a ventilation layer on the second surface of
the body. The ventilation layer provides a two-dimensionally interconnected void and the
ventilation panel has a load-bearing capacity in a transverse direction of at least 150

pounds per square foot (about 4.8 kPa).

[0011] Embodiment 2 provides a ventilation panel according to embodiment 1 wherein the
ventilation layer comprises a plurality of support pads projecting from the second surface,

the support pads spaced apart from one another to provide the interconnected void.

[0012] Embodiment 3 provides a ventilation panel according to embodiment 1 wherein the

body comprises a thermally-insulating material.

2
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[0013] Embodiment 4 provides a ventilation panel according to embodiment 3 wherein the

thermally insulating material comprises a rigid foam.

[0014] Embodiment 5 provides a ventilation panel according to embodiment 4 wherein the

rigid foam comprises polystyrene.

[0015] Embodiment 6 provides a ventilation panel according to any one of embodiments 3
to 5 wherein the ventilation layer comprises a plurality of support pads projecting from the
second surface, the support pads spaced apart from one another to provide the

interconnected void.

[0016] Embodiment 7 provides a ventilation panel according to embodiment 6 wherein the

support pads are formed of the thermally insulating material.

[0017] Embodiment 8 provides a ventilation panel according to embodiment 7 wherein the

support pads are integral with the body.

[0018] Embodiment 9 provides a ventilation panel according to any one of embodiments 1
through 7 wherein the interconnected void is provided by a plurality of interconnected

channels.

[0019] Embodiment 10 provides a ventilation panel according to embodiment 9 wherein

the channels have widths narrower than 3 inches.

[0020] Embodiment 11 provides a ventilation panel according to any one of embodiments

9 and 10 wherein the channels have widths exceeding one-eighth inch.

[0021] Embodiment 12 provides a ventilation panel according to any one of embodiments
9 to 11 wherein the channels comprise a first set of parallel channels arranged to intersect

with channels of a second set of parallel channels.

[0022] Embodiment 13 provides a ventilation panel according to any one of embodiments
1 to 12 wherein the first and second surfaces are spaced apart from one another by a
distance of 6 inches or less.

[0023] Embodiment 14 provides a ventilation panel according to any one of embodiments

3
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2 and 6 wherein the support pads each have a length shorter than 2 inches.

[0024] Embodiment 15 provides a ventilation panel according to any one of embodiments

2, 6, and 14 wherein the support pads have a length longer than % inch.

[0025] Embodiment 16 provides a ventilation panel according to any one of embodiments
2, 6, 14, and 15 wherein the support pads are spaced apart from one another in an array
such that adjacent ones of the support pads are spaced apart by distances of 3 inches or

less.

[0026] Embodiment 17 provides a ventilation panel according to any one of embodiments
2, 6, and 14 to 16 wherein adjacent ones of the support pads are spaced apart from one

another by distances greater than one-eighth inch.

[0027] Embodiment 18 provides a ventilation panel according to any one of embodiments
2, 6, and 14 to 17 wherein the support pads comprise prisms, trapezoids, cubes or conical

forms.

[0028] Embodiment 19 provides a ventilation panel according to any one of embodiments
1 to 18, wherein the insulating body and the ventilation layer are made from different

materials.

[0029] Embodiment 20 provides a ventilation panel according to embodiment 19, wherein

the ventilation layer comprises one or more of nylon, vinyl, polyvinyl chloride.

[0030] Embodiment 21 provides a ventilation panel as defined in any one of embodiments

19 and 20, wherein the ventilation layer comprises non-woven nylon or rock wool.

[0031] Embodiment 22 provides a ventilation panel according to any one of embodiments
1 to 21 wherein the volume of the interconnected void relative to the volume of the

supporting pads is at between 5% to 80%.

[0032] Embodiment 23 provides a ventilation panel according to any one of embodiments
1 to 22 wherein the interconnected void has a volume that is at least 20% of a volume of

the ventilation layer.
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[0033] Embodiment 24 provides a ventilation panel according to any onc of embodiments
1 to 23 wherein the interconnected void has a volume of at least 1 %4 cubic inches per

square foot of the panel.

[0034] Embodiment 25 provides a ventilation panel according to any one of embodiments

1 to 24 wherein the panel has an insulating value of at least R8.

[0035] Embodiment 26 provides a ventilation panel according to embodiment 25 wherein

the panel has an insulating value of R6 to R14.

[0036] Embodiment 27 provides a ventilation panel according to any one of embodiments
1 to 26 comprising at least one knockout configured (o be removable to provide a

ventilation opening through the body and into the interconnected void.

[0037] Embodiment 28 provides a ventilation panel according to any one of embodiments
1 to 27 comprising an aperture extending through the body to the interconnected void and
a collar sealed to the aperture, the collar comprising a fitting on the first side of the body,

the fitting configured for coupling to a ventilation conduit.

[0038] Embodiment 29 provides a building construction comprising a panel according to
any one of embodiments 1 to 28 arranged with the ventilation layer beneath the body, a
concrete slab poured on top of the panel, and a ventilation system connected to withdraw

air from the interconnected void.

[0039] Embodiment 30 provides a building construction according to embodiment 29
wherein the panel comprises an aperture, and the ventilation system comprises a collar

fitting extending through the concrete slab and connected to draw air through the aperture.

[0040] Embodiment 31 provides a building construction according to embodiment 30

comprising an exhaust pipe inserted through the collar fitting.

[0041] Embodiment 32 provides a building construction according to embodiment 31
wherein the exhaust pipe comprises a ventilation stack extending to a vent located outside

the building.

[0042] Embodiment 33 provides a building construction according to any one of
5
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cmbodiments 29 to 32 comprising an impervious barricr between the pancl and the

concrete slab.

[0043] Embodiment 34 provides a building construction as defined in embodiment 33,

wherein the impervious barrier comprises a polyethylene barrier.

[0044] Embodiment 35 provides a building construction as defined in any one of
embodiments 31 and 32, further comprising a fan operatively connected to the exhaust

pipe wherein the fan actively removes gases from the interconnected void.

[0045] Embodiment 36 provides a building construction as defined in any one of

embodiments 30 to 32 and 35, comprising a sump pit located under the aperture.

[0046] Embodiment 37 provides a ventilation panel comprising a generally planar body of
a closed cell foam material having first and second opposed surfaces and a ventilation
layer on the second surface of the body. The ventilation layer provides a two-

dimensionally interconnected void.

[0047] Embodiment 38 provides a ventilation panel according to embodiment 37 wherein
the ventilation layer comprises a plurality of support pads projecting from the second
surface, the support pads spaced apart from one another to provide the interconnected

void.

[0048] Embodiment 39 provides a ventilation panel according to embodiment 38 wherein

the support pads are formed of the closed cell foam material.

[0049] Embodiment 40 provides a ventilation panel according to any onc of embodiments

38 and 39 wherein the support pads are formed integrally with the body.

[0056] Embodiment 41 provides a ventilation panel according to any one of embodiments

37 to 40 wherein the closed cell foam material comprises a polystyrenc foam.

[0051] Embodiment 42 provides a ventilation panel according to any one of embodiments
37 to 41 wherein the interconnected void is provided by a plurality of interconnected

channels.
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[0052] Embodiment 43 provides a ventilation panel according to embodiment 42 wherein

the channels comprise first and second sets of set of intersecting channels

[0053] Embodiment 44 provides a ventilation panel according to embodiment 43 wherein
the channels of the first set of channels are parallel to one another and the channels of the

second set of channels are parallel to one another.

[0054] Embodiment 45 provides a ventilation panel according to any one of embodiments

42 to 44 wherein the channels have widths narrower than 3 inches.

[0055] Embodiment 46 provides a ventilation panel according to any one of embodiments

42 to 45 wherein the channels have widths exceeding one-eighth inch.

[0056] Embodiment 47 provides a ventilation panel according to any onc of embodiments
37 to 46 wherein the first and second surfaces are spaced apart from one another by a

distance of 6 inches or less.

[0057] Embodiment 48 provides a ventilation panel according to any one of embodiments
37 to 47 wherein the volume of the interconnected void relative to the volume of the

supporting pads is in the range of 5% to 80%.

[0058] Embodiment 49 provides a ventilation panel according to any one of embodiments
37 to 48 wherein the interconnected void has a volume that is at least 20% of a volume of

the ventilation layer.

[0059] Embodiment 50 provides a ventilation panel according to any one of embodiments
37 to 49 wherein the interconnected void has a volume of at least 1 % cubic inches per

square foot of the panel.

[0066] Embodiment 51 provides a ventilation panel according to any one of embodiments

37 to 50 wherein the pancl has an insulating valuc of at least RS,

[0061] Embodiment 52 provides a ventilation panel according to embodiment 51 wherein

the panel has an insulating value of R6 to R14.

[0062] Embodiment 53 provides a ventilation panel according to any one of embodiments

7
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37 to 52 comprising at least one knockout configured to be removable to provide a

ventilation opening through the body and into the interconnected void.

[0063] Embodiment 54 provides a ventilation panel according to any one of embodiments
37 to 53 comprising an aperture extending through the body to the interconnected void and
a collar sealed to the aperture, the collar comprising a fitting on the first side of the body,

the fitting configured for coupling to a ventilation conduit.

[0064] Embodiment 55 provides a ventilation panel according to any one of embodiments
37 to 54, wherein the insulating body and the ventilation layer are made from different

materials.

[0065] Embodiment 56 provides a ventilation panel according to any one of embodiments
37 to 55, wherein the ventilation layer comprises one or more of nylon, vinyl, polyvinyl

chloride.

[0066] Embodiment 57 provides a ventilation panel as defined in any one of embodiments

37 to 56, wherein the ventilation layer comprises non-woven nylon or rock wool.

[0067] Embodiment 58 provides a building construction comprising a panel according to
any one of embodiments 37 to 57 arranged with the ventilation layer beneath the body, a
concrete slab on top of the panel, and a ventilation system connected to withdraw air from

the interconnected void.

[0068] Embodiment 59 provides a building construction according to embodiment 58
wherein the panel comprises an aperture, and the ventilation system comprises a collar
fitting extending through the concrete slab and connected to permit air to flow through the

aperture.

[0069] Embodiment 60 provides a building construction according to embodiment 59

further comprising an exhaust pipe coupled to the collar fitting.

[0070] Embodiment 61 provides a building construction according to embodiment 60

wherein the exhaust pipe comprises a ventilation stack extending outside the building.

[0071] Embodiment 62 provides a building construction according to any one of
8
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embodiments 58 to 61 comprising an impervious barrier between the panel and the

concrete slab.

[0072] Embodiment 63 provides a building construction according to embodiment 62,

wherein the impervious barrier comprises a polyethylene barrier.

[0073] Embodiment 64 provides a building construction according to any one of
embodiments 59 to 63 comprising a fan operatively connected to draw air from the

interconnected void through the aperture.

[0074] Embodiment 65 provides a building construction as defined in any one of

embodiments 59 to 64, cormprising a sump pit located under the aperture.

[0075] Further aspects and example embodiments are illustrated in the accompanying

drawings and/or described in the following description.

Brief Description of the Drawings

[0076] The accompanying drawings illustrate non-limiting example embodiments of the

invention.
[0077] Figure 1 shows an example radon ventilation system in a building.

[0078] Figure 1A shows a partially schematic detailed view of a construction that includes

a panel underlying and supporting a slab.

[0079] Figure 2 is a top plan view of an example sub-slab ventilation panel.
[0080] Figure 3 is a bottom plan view of the Figure 2 panel.

[0081] Figure 3A is a magnified view of a section of Figure 3.

[0082] Figure 4 is a side elevation view of the Figure 2 panel.

[0083] Figure 4A is an expanded cross-sectional view of a panel showing an example

channel profile..

[0084] Figure SA is a bottom elevation view of an example insulating ventilation panel

9
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showing having prismatic support pads.

[0085] Figure 5B is a bottom elevation view of an example insulating ventilation panel

having trapezoidal support pads.

[0086] Figure 5C is a bottom elevation view of an example insulating ventilation panel

having cube-like support pads.

[0087] Ligure 5D is a bottom elevation view of a further example insulating ventilation

panel having a supporting air permeable layer beneath an insulating body.

[0088] Figure 6 is a top elevation view of an embodiment of the insulating ventilation

panel showing a vent conduit.

[0089] Figure 7 is a top elevation view of an embodiment of the insulating ventilation

panel showing a plurality of vent knockouts.

[0090] Figure 8 is a top elevation view of an embodiment of the insulating ventilation

panel showing a collar fitting.
Description

[0091] Throughout the following description, specific details are set forth in order to
provide a more thorough understanding of the invention. However, the invention may be
practiced without these particulars. In other instances, well known elements have not been
shown or described in detail to avoid unnecessarily obscuring the invention. Accordingly,
the specification and drawings are to be regarded in an illustrative, rather than a restrictive

sense.

[0092] Figure 1 depicts building 10 having a basement area 12. Basement area 12
compriscs foundation walls 14, 16 and bascment slab 18. If building 10 is in an arca where
radon is present, radon gas from the soil under and surrounding building 10 may infiltrate
into basement area 12 and may subsequently accumulate to unhealthy levels in building

10, especially in basement area 12.

[0093] Building 10 has a radon ventilation system 20. Radon ventilation system 20

10
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comprises pancls 21 that underlic slab 18. Panels 21 support slab 18 and provide an
airflow layer 24 under slab 18. Panels 21 also optionally but advantageously provide
thermal insulation on the underside of slab 18. In the illustrated embodiment, panels 21
provide an insulation layer 22 between slab 18 and airflow layer 24. Thus, in the
illustrated embodiment, panels 21 provide a supporting substrate for slab 18, provide
thermal insulation under slab 18 and also provide an airflow layer which permits
depressurization under slab 18 to prevent the entry of radon into building 10 from the
underlying soil. The airflow layer may also optionally but advantageously function as a
capillary break to dissipate groundwater pressure and facilitate its drainage. A water
drainage system not shown may be provided to withdraw any water that enters airflow

layer 24.

[0094] Airflow layer 24 permits air containing radon gas to travel freely in two
dimensions under slab 18. One or more vent conduits 26 are coupled to airflow layer 24
and provide routes to draw air containing radon gas through vent conduit 26 into vent
stack 28 to exit building 10 through exhaust point 30. The flow of air from airflow layer
24 through vent stack 28 may be driven passively. For example, air carrying radon gas
may be caused to flow by a natural stack effect created by the positioning of vent stack 28
and exhaust point 30. In addition or in the alternative, the flow of air from airflow layer 24
out vent stack 28 may be actively driven, for example, a fan 29 in vent conduit 26 may
exhaust air from airflow layer 24. Some embodiments provide active depressurization
wherein air is withdrawn from airflow layer 24 at a rate such that an air pressure within

airflow layer 24 is lower than an air pressure in basement 12.

[0095] In the illustrated embodiment, panels 21 are also provided on outsides of
foundation walls 14, 16 below grade. Panels 21 provide insulation and additionally
provide airflow passages from which radon gas can be diverted before it enters building
10. Vertical panels 21 arranged around the outside of a foundation may be arranged to
provide an airflow layer that vents passively at the upper edges of panels 21 to allow
radon to dissipate into the atmosphere. The airflow layer of vertical panels 21 may
additionally provide a capillary break to dissipate groundwater pressure and facilitate its
drainage. A perimeter drainage system may be arranged below the lower edges of vertical
panels 21 to drain water from the airflow layer provided by vertical panels 21.

11
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[0096] A sump pit 32 may optionally be provided below vent conduit 26 to prevent
blockage of vent conduit 26 by water or other materials. Other under-slab drainage may

optionally be provided.

[0097] Figure 1A is a partially schematic detailed view of a construction that includes a
panel 21 underlying and supporting a slab 18. This embodiment includes an impervious
barrier 33 between panels 21 and slab 18. The impervious barrier may, for example,
comprise a membrane such as a polyethylene sheet. In a typical application, barrier 33
may comprise a 6mm thick polyethylene barrier lapped and sealed between insulation
layer 22 and slab 18.

[0098] Figures 2-4 depict an example sub-slab panel 100 that may be used as a panel 21.
Panel 100 provides an airflow layer 24 which is made up by a plurality of support pads
104 that are defined between airtlow channels 105 which collectively provide an
interconnected void 106. Interconnected void 106 is configured such that airflow between
two points in void 106 can occur through multiple paths. Thus, isolated blockages of one
or more channels 105 are unlikely to prevent air from reaching a vent conduit 26 (not
shown). In the embodiments illustrated in Figures 2 to 4, channels 105 include a first set of

channels 105A that intersect with channels 105B of a second set of channels.

[0099] A panel may have any suitable size. In some non-limiting embodiments, panels
like panel 100 or any other embodiment is rectangular and has sides in the range of 1 to 12
feet in length. For example, panels as described herein may have dimensions of 4 feet by
eight feet for some applications. It is convenient but not mandatory for panels as described
herein to have overall length and width dimensions that are multiples of a basic unit used
in construction such as multiples of 6 or 12 inches for construction based on imperial
measurements or multiples of 10, 20, 50 or 100 centimeters for construction based on

metric measurements.

[0100] In the illustrated embodiment channels 105 terminate at spaced-apart locations
along each side of panel 100 such that two or more panels 100 may be abutted to provide a
continuous airflow layer. While it is not mandatory, it is convenient for channels 105A to
be parallel to one another and to make channels 105B parallel to one another. In such

embodiments, support pads may be square, rectangular or parallelogram-shaped. In one
12
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cmbodiment as shown, for cxample, in Figures 3 and 3A, interconnected void 106 is

formed by crossing perpendicular channels 105A and 105B. Channels 105A, 105B may,
for example, form a waffle or grid pattern to an appropriate depth over the entire surface
of panel 100. Support pads of other shapes may be provided in alternative embodiments.

For example, support pads may be round, oval-shaped, triangular, etc.

[0101] A wide range of other configurations for the channels are possible. For example,
channels 105 could radiate outwardly from one or more nodes, channels 105 could follow
curving paths etc. Where channels 105 include channels that are parallel to one another it
is not mandatory that the channels run parallel to edges of the panel. For example, the
channels could run at a non-parallel, non-perpendicular angle to an edge of the panel. The
channels could, for example, run at an angle in the range of 15 to 75 degrees to an edge of
the panel. In embodiments where the panel comprises sets of intersecting channels there
could be two or more scts of intersecting channels. For example some cmbodiments may
have three sets of intersecting channels. The three sets of intersecting channels may define

support pads that have triangular shapes.

[0102] In some embodiments the insulating layer of panel 100 (or other layer supporting
support pads 104) projects outwardly past support pads 104 along the peripheral edges of
the panel 100 such that void 106 can be continuous between abutting panels 100 even if
channels 105 on one panel 100 are not aligned with corresponding channels 105 on the

abutting panel 100.

[0103] Figure 3A is a magnified view of a section of the panel 100 of Figure 3 depicting
support pads 104, interconnected void 106, and channels 105A, 105B. The dimensions
indicated in Figure 3A are illustrative only and may be varied. IYigure 4 is a side elevation

view of panel 100.

[0104] The widths, depths and cross-sectional shapes of channels 105 may be varied. In
some embodiments, channels 105 have cross-sectional areas such that the total volume of
interconnected void 106 is in the range of 20% to 80% of the volume of the layer
containing channels 105. In some embodiments, the total volume of interconnected void
106 occupies more than 20% or 30% of the volume of the layer containing channels

105.The layer containing channels 105 may have a total volume equal to an area of the
13
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pancl multiplicd by the depth of channels 105. In some embodiments the interconnected

void has a volume of at least 1 Y4 cubic inches per square foot of the panel.

[0105] The widths and depths of channels 105 may be chosen based on various factors

including:
¢ achieving a desired volume for void 106;

* maintaining an area of support pads 104 sufficient to support slab 18 and its

designed loading with a suitable safety factor;
¢ maintaining a desired insulation valuc;

¢ providing a panel that is strong enough to maintain its integrity in reasonable

handling prior to installation and during pouring of slab 18; and
e achieving a free flow of air through void 106.

Some of these design factors will depend on the properties of the material from which
panel 100 is made and/or on the overall thickness of panel 100. For specific applications a
panel may be custom-engineered. Factors such as the width of channels, the area of
bearing surfaces (e.g. support pads) the depths of channels, the properties of the material
of which the panel is made and the like may be determined based on design parameters
such as one or more of: the required load bearing capacity, the properties of underlying
soil, the usage of the building, the rate at which radon is produced at the location of the

building, etc.

[0106] In an example embodiment, panel 100 has an overall thickness of 4 inches (about
10 cm) and channels 105 have a depth of about 1 inch (about 2 %2 c¢m). Channels 105 may,
for example, have depths in the range of about 3/8 inch to about 2 inches. In some
embodiments, channels 105 penetrate in the range of about 1/10 to about 2 of the overall
thickness of panel 100.

[0107] Making channels 105 not too wide, e.g. less than 3 inches or so, can tend to make
panel 100 better able to withstand handling during installation and pouring of slab 18. In

some embodiments, channels 105 have widths in the range of about 1/8 inch (about %4 cm)
14



10

15

20

25

CA 02904547 2015-09-08

WO 2014/134740 PCT/CA2014/050198

to about 3 inches (about 7 V2 ¢cm). In an example embodiment (see e.g. Figure 5C)
channels 105A-C, 105B-C have widths W¢ of about 2 inches. It is not mandatory that all
of channels 105 have the same widths or that the width of any one channel 105 remain

constant along its length.

[0108] Forming channels 105 to have cross-sectional shapes such that the corners formed
at the intersections of channels 105 and the surface of panel 100 are curved rather than
sharp can be advantageous in enhancing air flow, reducing noise from air flow, preserving
the appearance of panel 100 during handling and/or reducing the likelihood that small
chunks of the material of panel 100 could break off during installation. Figure 4A is an
expanded cross-sectional view through a set of channels 105 which have a rounded cross-

sectional profile.

[0109] Channels 105 may have smooth walls to facilitate airflow. Such smooth walls may,

for example, be formed by extrusion, hot-wire cutting etc.

[0119] The dimensions of support pads 104 may vary. Where a panel 100 is designed to
support a certain loading each area of the panel should have enough support pads 104 with
a sufficient area to support the desired loading without exceeding a bearing capacity of the
soil and without exceeding the strength of the material of support pads 104. In many cases
this is not overly limiting since properly compacted soil at a building site will typically
have a maximum loading well in excess of the loading specified for a basement floor. For
example, for some applications a panel 100 may be designed to support a loading of about
300-600 1b/sq feet when installed on compacted soil that can support a loading of, for
example, 3000 pounds per square foot. In some embodiments panels as described in any of
the example embodiments herein provide a load-bearing capacity in a transverse direction

of at least 150 pounds per square foot (about 4.8 kPa)

[0111] As shown in Figure 4 an example embodiment of a panel has support pads 104
which have a thickness dimension 7; of about 1/2 inch to 2 inches (corresponding to
channels of a depth Ty Figure 3A shows example support pads 104 which have a width

dimension W and a length dimension L of about 2 inches.

[0112] Support pads 104 may be formed of the same material as the rest of panel 100 or a
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different material. Physical propertics of the material of pancl 100 may be selected for
compatibility with the conditions under slab 18, to provide desired load-carrying ability,
and to provide other desired characteristics such as a desired insulating value. In some
embodiments, panel 100 comprises a thermally-insulating material and support pads 104
are also made of the thermally-insulating material. In some embodiments, panels 100 are
made of closed-cell foam materials. Example materials from which panel 100 may be
fabricated include thermally-insulating materials such as expanded polystyrene foam,
extruded polystyrene foam, and soy foarn. In some embodiments the material of panel 100
is a material, which may be a foam material, having a minimum compressive strength
exceeding 10 psi (pounds per square inch). In some embodiments the minimum

compressive strength of the material of a panel 100 is at least 20, 30, 40 or 60 or more psi.

[0113] Panel 100 may be constructed to provide a desired insulating R-value.
Considerations such as the environment or legislative requirements may influence the
desired R-value. A desired R-value may be achieved by varying the thickness T, of a
continuous layer 100A of panel 100 from which support pads 104 project. In some
embodiments, panels 100 provide an R-value in the range of 6 to 20, for example an R-

value of 12.

[0114] A panel 100 may be fabricated by any of a wide variety of methods. In one method
material is removed from a sheet of insulating material (e.g. by cutting) to form channels
105 in a crossing pattern to an appropriate depth. In another example method, an
insulating ventilation panel 100 is made by extruding or casting an insulating foam
material into a mold which is shaped to form channels 105. In another example method a
panel is made by attaching support pads or a layer of material that has been shaped to
provide support pads or a layer of a material that otherwise provides an interconnected
void is attached to an insulating panel. Another method may create a insulating ventilation
panel 100 by first extruding or casting or otherwise forming support pads 104 with
material such as nylon, vinyl, or polyvinyl chloride and then fastening support pads 104 to

the bottom of an insulating body 102.

[0115] In some embodiments, panels 100 have formed in them knockouts at one or more

locations for receiving vent conduits. An installer may remove a knockout at a location at
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which it is desired to install a vent conduit and then mate a vent conduit to the aperture so-
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formed in panel 100. Figure 7 shows an example panel 300 comprising a plurality of
exhaust vent knockouts 306. Exhaust vent knockouts 306 are removable sections of the
insulating body 302 and optionally removable sections of support pads 304. An installer
can select the location of a vent conduit by removing out one of the exhaust vent
knockouts 306. Multiple vent conduits can be created if desired by removing multiple
exhaust vent knockouts 306. As an alternative to using knockouts 306, an installer may cut
a hole through a panel 100 at a location desired for a vent using, for example, as suitably-
sized hole saw, a hand saw, knife or the like. In some embodiments, a panel 100 includes

markings to indicate suitable locations for making vent openings through the panel.

[0116] In some embodiments, differently-configured venting panels are provided. Such
venting panels may be supplied with a venting aperture pre-formed, one or more
knockouts for venting apertures, or a venting conduit already sealed in place. In such
embodiments a venting panel may be placed at location(s) at which it is desired to vent
void 106.

[0117] In some embodiments the venting panels are smaller than other panels 100. For
example, panels 100 may be rectangular having a length longer than a width. Venting
panels for use with such panels 100 may have a longest dimension equal to the width of
panels 100. Such venting panels may, for example, be square or rectangular. Various

example venting panels are illustrated in Figures 5A through 5D.

[0118] The example venting panels of Figures 5A through 5D have various alternative
arrangements of channels and support pads. Regular panels 100 may also use such
arrangements of channels and support pads. Figures 5A, 5B, and 5C show example
insulating ventilation panels 100A, 100B, and 100C, respectively. The airflow layer of
insulating ventilation panels 100A, 100B, and 100C are similar to panel 100 except that
support pads 104A, 104B and 104C have different forms and dimensions. The figures
depict that support pads 104 may be shaped as prisms 104A, trapezoids 104B or cubes

104C. In other example embodiments, support pads comprise truncated conical forms

[0119] Figure 5D depicts a further embodiment of the insulating ventilation panel 100D.

In this embodiment, panel 100D comprise an insulating body 102D (such as a sheet of a
17
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rigid insulation) and an air permeable layer 104D. Insulating body 102D and air permeable
layer 104D may be fastened together in any suitable manner. Air permeable layer 104D
may be made of material such as non-woven nylon, rock wool or other similar breathable
material capable of supporting the expected loads plus an appropriate safety factor while

allowing relatively unrestricted airflow.

[0120] A panel as illustrated in Figure SA may be made, for example, by milling or
sawing channels 105 to provide support pads 104A between the channels. A panel as
illustrated in Figure 5B may be made, for example as a composite in which support pads
104B are made of a different material than the body of the panel. For example, the support
pads may be made of PVC or nylon or vinyl while the body is made of a closed-cell foam.
A panel as illustrated in Figure 5C may be made, for example, by moulding or casting. A
panel as shown in Figure 5D may be made, for example, by attaching the ventilation layer

to the body. These examples of fabrication methods arc non-limiting examples only.

[0121] Figure 6 depicts an example insulating ventilation panel 200 comprising an
insulating body 202 and support pads 204. In addition, insulating ventilation panel 200 has
vent conduit 206. Vent conduit 206 extends through insulating body 202. In some
embodiments support pads 204 adjacent to vent conduit 206 may be absent to permit
greater airflow and decreased chances vent conduit 206 is blocked. In other embodiments,
there may be more than one vent conduit 206. Additional vent conduits allow radon-

containing air to be vented vent from multiple exits.

[0122] Figure 8 shows an example insulating ventilation panel 400. A collar fitting 408 is
connected to vent conduit 406. Collar fitting 408 can be mounted on the top or bottom of
vent conduit 406. In some embodiments of insulating ventilation panel 400, collar fitting
408 is cast into vent conduit 406. Collar fitting 408 can be, for example made of ABS,
PVC, plastic or metal and may be configured to be coupled to conventional plumbing or

venting piping. In some embodiments support pads 404 are provided.

[0123] Panels 100 may be used in construction by preparing a layer of compacted soil to
receive a slab. The soil may be as-found at the building site, gravel, or the like. It is not
required that the soil have any specific permeability to air since a highly-permeable two-

dimensionally interconnected void is provided by the panels themselves. Any desired sub-
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slab features such as sumps, sub-slab water-drainage ctc. may be installed at this stage.
After this has been done, panels 100 may be laid directly on the soil with the air-
permeable layer down and support pads (if the embodiment of panels being used has
support pads) in contact with the soil. Panels 100 are installed abutting against one another
such that their airflow layers provide a continuous two-dimensionally connected void
between panels 100 and the underlying soil. Panels 100 may be cut to fit the area of the
proposed slab. One or more vent openings connected to the interconnected void are
provided. This may be done by any one or more of: cutting a hole of a desired size in a
panel 100 at the location of a desired vent opening and installing a collar to interface to the
hole; removing a pre-formed knockout at the desired location and installing a collar to
interface to the resulting hole; placing a venting panel having a pre-installed collar at the

desired vent location etc.

[0124] A barrier layer is provided on top of the panels. In some embodiments the panels
are sufficiently impermeable that a barrier layer may be provided by sealing strips of a
suitable material along the joints between abutting panels 100. In some embodiments a
barrier layer such as a polyethylene sheet is applied over panels 100 (suitably lapped and
sealed at any joints). After the barrier layer has been applied a concrete slab may be

poured. The venting collar(s) may be connected to suitable ventilation systems.

[0125] Panels as described herein are not limited to application under slabs. Such panels
may also be used under foundations (as long as they are designed to support the required
foundation loading which will often be larger than the loading required for under-slab

materials). Such panels may also be used in place of ordinary insulation panels.

Interpretation of Terms

[0126] Unless the context clearly requires otherwise, throughout the description and the

claims:

e “comprise”, “comprising”, and the like are to be construed in an inclusive sense, as
opposed to an exclusive or exhaustive sensge; that is to say, in the sense of

“including, but not limited to”;
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e “or”,in reference to a list of two or more items, covers all of the following
interpretations of the word: any of the items in the list, all of the items in the list,

and any combination of the items in the list;

¢ the singular forms “a”, “an”, and “the” also include the meaning of any appropriate

plural forms.

[0127] Words that indicate directions such as “vertical”, “transverse”, “horizontal”,

” L

“upward”, “downward”, “forward”, “backward”, “inward”, “outward”, “vertical”,
“transverse”, “left”, “right”, “front”, “back”, “top”, “bottom”, “below”, “above”, “under”,
and the like, used in this description and any accompanying claims (where present),
depend on the specific orientation of the apparatus described and illustrated. The subject
matter described herein may assume various alternative orientations. Accordingly, these

directional terms are not strictly defined and should not be interpreted narrowly.

[0128] Specific examples of systems, methods and apparatus have been described herein
for purposes of illustration. These are only examples. The technology provided herein
can be applied to systems other than the example systems described above. Many
alterations, modifications, additions, omissions, and permutations are possible within the
practice of this invention. This invention includes variations on described embodiments
that would be apparent to the skilled addressee, including variations obtained by:
replacing features, elements and/or acts with equivalent features, elements and/or acts;
mixing and matching of features, elements and/or acts from different embodiments;
combining features, elements and/or acts from embodiments as described herein with
features, elements and/or acts of other technology; and/or omitting combining features,

elements and/or acts from described embodiments.

[0129] It is therefore intended that the following appended claims and claims hereafter
introduced are interpreted to include all such modifications, permutations, additions,
omissions, and sub-combinations as may reasonably be inferred. The scope of the claims
should not be limited by the preferred embodiments set forth in the examples, but should

be given the broadest interpretation consistent with the description as a whole.
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WHAT IS CLAIMED IS:

1.

A building construction comprising:

a ventilation panel, the ventilation panel comprising:

a generally planar body having first and second opposed surfaces; and

a ventilation layer on the second surface of the body, the ventilation
layer providing a two-dimensionally interconnected void;

the ventilation panel arranged with the ventilation layer beneath the
body;

a concrete slab poured on top of and supported by the ventilation
panel; and

a ventilation system connected to withdraw air from the interconnected
void; wherein the body of the ventilation panel supports a lowermost part of the
concrete slab above an uppermost part of the two-dimensionally

interconnected void.

A building construction according to claim 1 wherein the ventilation panel has
a load-bearing capacity in a transverse direction of at least 150 pounds per

square foot (about 4.8 kPa).

A building construction according to claim 1 wherein the ventilation panel
comprises an aperture, and the ventilation system comprises a collar fitting
extending through the concrete slab and connected to draw air through the

aperture.

A building construction according to claim 3 comprising an exhaust pipe
inserted into the collar fitting wherein the exhaust pipe comprises a ventilation

stack extending to a vent located outside the building.
A building construction according to claim 3 comprising an impervious barrier

between the panel and the concrete slab wherein the impervious barrier

comprises a polyethylene barrier.
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10.

11.

12.

13.

14.

A building construction according to claim 4 comprising a fan operatively
connected to the exhaust pipe wherein the fan actively removes gases from

the interconnected void.

A building construction according to claim 1, comprising a sump pit located

under the aperture.

A building construction according to claim 1 wherein the ventilation layer
comprises a plurality of support pads projecting from the second surface, the
support pads spaced apart from one another to provide the interconnected

void.

A building construction according to claim 8 wherein the body projects
outwardly past the support pads along the peripheral edges of the ventilation

panel.

A building construction according to claim 8 wherein the support pads are

integral with the body.

A building construction according to claim 10 wherein the support pads

comprise prisms, trapezoids, cubes or conical forms.
A building construction according to claim 8 wherein a volume of the
interconnected void relative to a volume of the supporting pads is between 5%

to 80%.

A building construction according to claim 1 wherein the body comprises a

themmally-insulating material.

A building construction according to claim 13 wherein the thermally-insulating

material comprises a rigid foam.
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15.

16.

17.

18.

19.

20.

21.

22.

A building construction according to claim 1 wherein the interconnected void is

provided by a plurality of interconnected channels.

A building construction according to claim 15 wherein the channels have

widths narrower than 3 inches.

A building construction according to claim 15 wherein the channels comprise a
first set of parallel channels arranged to intersect with channels of a second

set of parallel channels.

A building construction according to claim 1, wherein the body and the

ventilation layer are made from different materials.

A building construction according to claim 18, wherein the ventilation layer

comprises one or more of nylon, vinyl, polyvinyl chloride.

A building construction according to claim 18, wherein the ventilation layer

comprises non-woven nylon or rock wool.

A building construction according to claim 1 wherein the building construction
with one another to provide a continuous airflow layer under the slab, each of
the additional ventilation panels comprising:
a generally planar body having first and second opposed surfaces; and
a ventilation layer on the second surface of the body, the ventilation
layer comprising a plurality of support pads projecting from the second surface
to provide a two-dimensionally interconnected void wherein the support pads

are spaced apart from one another to provide the interconnected void.

A building construction according to claim 21 wherein the body of the
additional ventilation panels projects outwardly past the support pads along
the peripheral edges of the additional ventilation panels to provide channels in

the ventilation layers along abutting edges of the additional ventilation panels.
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23. A building construction according to claim 1 comprising additional ventilation
panels on an outside of a foundation below grade, the additional ventilation
panels arranged around the outside of the foundation with the airflow layer of
the additional ventilation panels vented at upper edges of the additional

5 ventilation panels.
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