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An HVAC duct or utilicore for substantially containing air flowing longitudinally therethrough has at least one wall comprised of a
poured high thermal mass material with at least one pipe embedded therein during a pouring process, the at least one pipe for
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(57) Abrege(suite)/Abstract(continued):

circulating a fluid throughout the at least one wall at a temperature that is different from an ambient temperature of the air flowing
through the utilicore, for effecting heat transfer through the at least one wall between the fluid in the at least one conduit and the air
flowing through the utllicore. A side wall of an elongate monolithic poured concrete building construction module, having a

substantially planar m
embedded therewithir

may comprise a plura

ain wall and at least one side wall extending substantially parallel to a longitudinal axis , having a pipe
- may form at least a portion of an element that defines the utilicore. A storey-defining structure for a building
ity of at least one of such construction modules, each module supported at at least two points by a support

structure, each module being oriented such that distal ends of the side walls thereof engage the support structure, the at least one

side wall and the mal

n wall defining an elongate arch, the modules being juxtaposed In parallel relation to define at least one

elongate utilicore between the arches. The support structure may comprise one or more modules employed as substantially
horizontal beams or substantially vertical columns or both.
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ABSTRACT

Ah HVAC duct or utilicore for substantially containing air flowing longitudinally
therethrough has at least one wall comprised of a poured high thermal mass material
with at least one pipe embedded therein during a pouring process, the at least one pipe
for circulating a fluid throughout the at least one wall at a temperature that is different
from an ambient temperature of the air flowing through the utilicore, for effecting heat
transfer through the at least one wall between the fluid in the at least one conduit and
the air flowing through the utilicore. A side wall of an elongate monolithic poured
concrete building construction module, having a substantially planar main wall and at
least one side wall extending substantially parallel to a longitudinal axis , having a pipe
embedded therewithin, may form at least a portion of an element that defines the
utilicore. A storey-defining structure for a building may comprise a plurality of at least
ohe of such construction modules, each module supported at at least two points by a
support structure, each module being oriented such that distal ends of the side walls
thereof engage the support structure, the at least one side wall and the main wall
defining an elongate arch, the modules being juxtaposed in parallel relation to define at
least onhe elongate utilicore between the arches. The support structure may comprise

one or more modules employed as substantially horizontal beams or substantially
vertical columns or both.
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FORCED AIR RADIANT HEATING UTILICORE AND MODULE AND BUILDING
INCORPORATING SAME

RELATED APPLICATIONS

The present disclosure claims priority from PCT International Application Publication
No. W0O/2012/034207 filed September 17, 2010 by Urbanetics Inc., naming William
Teron as inventor and entitled "Composite Building Module with a Thermal Mass
Radiator”.

TECHNICAL FIELD

The present disclosure relates to HVAC systems and in particular to an HVAC duct or
utilicore having at least one wall comprising a high thermal mass material with an
embedded radiating fluid pipe, to a modular precast prefabricated construction module
incorporating such utilicores therewithin and to buildings constructed from such
modules in which such utilicores define a forced air radiant HVAC system.

INTRODUCTION

It is generally accepted that in order to condition and distribute air in a building, the air

is contained and handled.

Despite numerous innovative building designs and construction techniques, heating
and/or cooling of buildings, especially commercial buildings, has conventionally
employed forced air central heating and cooling. Such conventional systems employ a
major primary heating and/or cooling source and a major air handling facility, to re-
heat and re-cool the air, as well as a major network of distribution ducts and major
mechanical devices to force the air throughout the building over long distances away
from the central source and return the air back again. The conventional central source
heats (or cools) the circulated air to a temperature that is different (higher to provide
heating and lower to provide cooling) than the ambient temperature of the building
spaces being heated or cooled. Indeed, the temperature is raised (or lowered) beyond
the desired temperature to take into account energy losses incurred during transport.
Additionally, the air is distributed at a velocity to substantially ensure circulation of the
alr throughout the building and back to the central source.
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Such heating and cooling mechanisms are expensive to design, install, operate and

replace, inefficient, cumbersome and noisy.

The energy expended in heating and/or cooling the circulated air and to transport such
conditioned air throughout the building results in considerable expense. Still further,
heating the supplied air at a single plant located at an extremity of the building

involves a considerable amount of energy expenditure.

As well, the process of heating the air is inefficient. Mareover, thermal loss, as the air
is transported throughout the building, means that the heating or cooling effect, as the
case may be, may not be equally realized in all parts of the building. Accordingly, it is
frequently difficult to provide a desired amount of heating and cooling throughout the

entire building, even if it is to be maintained at a constant temperature,

An elaborate network of air-carrying ducts, typically constructed of galvanized metal or
other thin metal sheeting, is distributed throughout the building, to circulate the heated
and/or cooled air. The primary vertical and horizontal distribution ducts that allow the
air to be moved from the central source to the various floors of a building are usually
independent of the building's structural system and take up a large amount of valuable
space. Since all air comes from the central source, the largest duct is the cumulative
size of all secondary ducts, which can be very large. Typically, numerous sensars and
controllers are employed to provide a modicum of control over the temperature
distribution of the circulated air throughout the building and a number of personnel are

employed to set up, monitor and maintain the air quality in the building.

As the forced air is circulated through the flimsy sheet metal ducts, the velocity of the
air being moved, which ensures the circulation of the air throughout the building, often
causes the sheet metal to vibrate, bend and buckle, causing noise. Furthermore,
because of the inherent structural weakness in the duct sheeting material, the ducts,
which reduce the available headroom on each floor, are generally dedicated solely to

the HVAC function and do not perform any other significant functions such as load-
bearing structural support.

As a result, conventional sheet metal duct heating systems typically employ a dropped
ceiling to hide these mechanical devices. The dropped ceiling height is added to the
Interior height of the building for each floor, which adds to the total vaolumetric

dimensions of the total building (or correspondingly reduces effective floor height).

2
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The dropped ceiling is normally constructed with removable tile that is less durable

than permanent materials such as concrete. The tile material soon ages the building,
due to discolouration and breakage (which frequently accurs during building
maintenance activities). This may reduce the attractiveness of the building and

cancomitantly, its financial revenue and capital value,

United States Patent No. 4,589,330 issued May 20, 1986 to Teron ("Teron No. 1") and
entitled "Ceiling Structure”, discloses a combined ceiling, air distribution system,
mechanical chasse and structural roof member for a building formed by a plurality of
parallel inverted U-shaped modules, which are supported in a common horizontal
plane. The flanges of adjacent modules are spaced apart and define the side walls of a
duct, top and bottom walls for the duct also being supported between the adjacent
modules. The duct may be of any suitable dimension, and in particular may be
sufficiently large as to handle air flow requirements faor the heating, ventilating or air
conditioning system for the building. The duct may also accommodate other services,
such as electrical, plumbing, compressed air, etc. This arrangement dispenses with a
suspended ceiling throughout the building which has conventionally been provided
beneath the duct work and service lines attached to the ceiling of a building. Similar U-
shaped modules are used as horizontal beams to support the U-shaped cross-members
and others are used as vertical columns to support the beams. The hollow space inside
the U-shaped beams and columns are then used as the distribution ducts to supply and
return air to and from the main cross-members, Buildings constructed using the Teron

No. 1 module may still have installed therein conventional central forced air HVAC
systems substantially as described above.

Canadian Patent No. 2,144,938 issued May 29, 2007 to Teron ("Teron No. 2") and
entitled "Method Of Manufacturing Building Modules And Structures Formed Thereby",
discloses a molding assembly comprising a U-shaped mesh, U-shaped formwork and
pieces removably fixed to opposite edges of the mesh in parallel planes orthogonal to
planes of the U-shaped mesh, the framework end pieces having a width at least as
thick as walls of a U-shaped module to be cast therebetween and enveloping the mesh,

and having opposite edges containing the mesh therebetween.

The cast of installing radiant heating / cooling piping in floors or walls in conventional

technologies is labour intensive, involves custom pre-planning and engineering and
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may lack a capability to condition or distribute the air to other parts of the building

where it may be appropriate.

PCT International Publication Application No. W0/2012/034207 ("Teronh No. 3") filed
internationally on September 17, 2010 by Teron and entitled "Composite Building
Module with a Thermal Mass Radiator", discloses a precast monolithic concrete
prefabricated, self-supporting building construction module formed of a substantially
planar main wall and at least one substantially planar side wall integral therewith. The
at least one side wall terminates at one end at a corresponding end of the main wall.
The main wall has a length and each of the at least one side walls has a length
extending in a first direction substantially normally away from the main wall sufficient
to substantially enclose and define walls of a standard facility, the at least one side wall
supporting the main wall to cause the module to be free-standing while devoid of
lateral support. The main wall has embedded therewithin a radiator pipe for circulating
a fluid at a temperature that is different from an ambient temperature of the modular
component within the main wall. Modular components comprising a U-shaped module
having an elongate straight section with two side walls, an L-shaped module having

one side wall and an in-fill panel having no side walls may be used in combination to

define rooms on a floor surface and to form a building structure.

However, radiant heating typically suffers from an inability to actively control the air,
supply and condition the air, which inevitably involves air handling. Moreover, radiant
heating / cooling systems do not provide any air distribution or ventilation, which is

desirable in commercial buildings with a large number of occupants and which may
have industrial applications.

Further, radiant heating / cooling systems installed on an open floor or wall surface
typically have a slow response time, especially in comparison to conventional central
forced air HVAC systems. It is thus generally believed to be inefficient and expensive
to employ radiant heating and cooling systems as the sole HVAC system in commercial
buildings. As a result, radiant heating, to provide effective heating / cooling capability,

typically employs a second air system to distribute and control the air.

In “Thermal Mass and Energy Performance” by Hall and published in the March / April
2010 issue of SABMag at pp. 20-24 (“Hall"), radiant systems are disclosed in which

heating / cooling coils are cast into wall elements. Hall also discloses forced air

ventilation systems that draw in cool night air through the voids formed in pre-cast
4
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hollow-core concrete slabs that cool the slabs’ mass in the process. However, it is
apparent that the radiant systems and the hollow-core slabs disclosed by Hall are
different and unrelated approaches, since pre-case concrete hollow-core slabs are
extruded after casting to for the small voids longitudinally therein and, as such, are not

formed with coils embedded in such slabs during the casting or pouring process.

“Double T" slabs are described in "Precast / Prestressed Concrete Structural Floor &
Roof Systems Technical Brochure”, published by the Canadian Precast / Prestressed
Concrete Institute, Such slabs have a back slab with two descending protrusions
spaced such that when two double-T slabs are alighed side to side, the spacing

between the protrusions of each slab is substantially the same as the spacing between

a protrusion of one of the double-T slabs and a proximate protrusion of an adjacent
double-T slab.

Buildings employing double-T slabs as floor/ceiling elements may have mechanical
systems deployed between any of the protrusions and may be hidden by employing
suspended ceilings engaging the lower extremities of the protrusions, thus sacrificing

available headroom by an amount substantially equal to the height of the protrusions.

The spacing of the side slabs create a situation where each space is too large to serve
as a duct for the transport of forced air and too small to serve as a domed ceiling
adequate to form regular-sized rooms.

BRIEF DESCRIPTION C 1E DRAWIN
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Example embodiments of the present disclosure will now be described by reference to

the following figures, in which identical reference numerals in different figures indicate

identical elements and in which:

FIGURE 1 is a partial isometric view of an example of a utilicore formed by

juxtaposing two larger elements in accordance with an example embodiment of the

present disclosure;

FIGURE 2 is an isometric view of an example embodiment of a module with a thermal
mass radiator embedded within its side walls in accordance with an example

embodiment of the present disclosure,

FIGURE 3 is an isometric view of an example embodiment of a mold for use in
constructing the module of Figure 2 in accordance with an example embodiment of

the present disclosure;

FIGURE 4 is an isometric view from above of a building in which a plurality of the
modules of Figure 2 are deployed to form ceiling/floor elements of two storeys, in

accordance with an example embodiment of the present disclosure;

FIGURE 5 is a perspective view from below of a first storey of the building of Figure
4,

FIGURE 6 is a cross-sectional end view of a plurality of the modules of Figure 2
deployed to form ceiling/floor elements of at least one storey of the building of Figure

4, taken along section 6-6;

FIGURE 7 is a cross-sectional view of a plurality of the modules of Figure 2 deployed

to form ceiling/floor elements of at least one storey of the building of Figure 4, taken

along section 7=7;

FIGURE 8 is an isometric view from above, partially cut-away, of a potrtion of an

eXxample embodiment of at least one storey of the building of Figure 4, showing an
example of radiant heating/cooling fluid circulation loops throughout utilicores
according to Figure 1, defined by modules according to Figure 2, and employed as

structural elements including cross-elements, beams and columns;
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FIGURE 9 is an isometric view from above, partially cut-away, of a portion of an

example embodiment of at least one storey of the building of Figure 4, showing an
example of air circulation loops throughout utilicores according to Figure 1, defined by
modules according to Figure 2, and employed as structural elements including cross-

elements, beams and columns;

FIGURE 10 is an isometric view from above, partially cut-away, of a portion of an
example embodiment of at least one storey of the building of Figure 4, in which U-

shaped modules are employed as both beams and columns;

FIGURE 11 is a cross-sectional side view of the module of Figure 2 deployed to form
a ceiling/floor element of at least one storey of the building of Figure 4 and supported

by the U-shaped modules of Figure 10, deployed as beams and columns, taken along
section 11-11; and

FIGURE 12 is a cross-sectional side view of an example embodiment of the building of

Figure 4, showing an example configuration of air circulation loops employing the

chimney effect.

DESCRIPTION

The present disclosure provides an example embodiment of an HVAC utilicore, having
at least one wall comprised of a poured high thermal mass material, having embedded
therewithin, during a pouring process, a pipe for circulating, throughout the at least
one wall, a fluid at a temperature that is different from anh ambient temperature of the

air in the pipe, and for effecting heat transfer between the fluid and air flowing through

the utilicore.

Employing forced air radiant heating and cooling through the described utilicare with
high thermal mass and having embedded radiant piping overcomes limitations of

conventional floor or wall-based radiant heating technologies, including lack of air
movement, conditioning and distribution.

Using concrete as the ducting system throughout a building achieves a rating of a

“heavy” thermal structure, as described in Hall that has a maximum potential to retain

and release heating / cooling throughout a building. The extensive concrete thermal

mass in the utilicore maximizes capture of ambient, passive and active heating /
7
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cooling throughout the building, the thermal mass acting as energy batteries for the
entire building, retaining the heating and cooling energy within the building and

reducing the size and cost of a primary source of heating and cooling.

The utilicore employs its thermal mass properties, in conjunction with the embedded
5 heating and cooling radiant piping, to retain and release heating and cooling and

provide the primary source of heating and cooling.

In some example embodiments, the radiant pipes incorporated within each module
heat and cool the air within the full length of every module and serve as the primary
source of heating and cooling. Only the fluids circulated through the embedded pipes
10 are returned, in a much reduced manner, to a central fluid circulation resource. In
some example embodiments, such a fluid resource in a building comprises fluid sources
ahd/or circulators and/or boilers and/or chillers, that deliver hot or cold fluid to the
network of pipes embedded within the utilicores, to baseboard radiators that may be

placed along the external walls of the building, or both.

15 In some example embodiments, the air supplied from an air supply in a building is not
heated or cooled by a central heating / cooling facility. Rather, the air flowing through
the utilicore, is heated and cooled by the utilicore and serves every part of the building.
The substantially large cross-section of the utilicore relative to conventional sheet
metal ducting provides excess capacity to transfer heated or cooled air throughout a

20 building to compensate for the various orientations of spaces within the building and
variable heating / cooling loads and demands. Additionally, it permits deployment of a
low velocity air system which in turn may result in significantly lowered air noise levels.
This may be particularly advantageous in offices, schools, theatres or other structures,

where the reduction of environmental noise may be a concern.

25 In some example embodiments of the disclosed system, a looped system of modules
allow the air to return internally, all the while being re-heated or cooled by the thermal
mass radiant heating and cooling within all modules. The substantial elimination of
long air travel time reduces heat loss attendant with such conventional return air
systems, as well as the cost of ducts and mechanical systems used to move such a

30 large volume of air to a central facility. Further, the substantial elimination of a return

air system to a central location significantly reduces the cost and maintenance of such

a system,
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In saome example embodiments, the primary supply and return ducts, and in some

example embodiments the secondary supply and return ducts, are looped and in some
example embodiments, cross-looped. In some example embadiments, the ducts have
motorized dampers at junctions, which may be activated by thermaostats to adjust to a

requested temperature, to extract the air or to have it re-circulated.

In some example embodiments, to provide even more precise heating / cooling
demands to each location, Variable Air Volume (VAV) diffusers activated by individual

thermostats, may be installed within utilicores.

This permits dispensing with a return air system, such as is employed in a conventional
radiant heating and cooling HVAC installation where all of the air is returned to the
central heating/cooling equipment before being sent back. Conversely, in this

disclosure, the air remains in localized parts of the building.

As a result of the foreqoing, considerable cost, energy and operational efficiencies, as
well as improved HVAC performance may be observed in installations employing the

described utilicore.

The rigidity of the utilicore may also serve to house mechanical systems including

service utility conduits and fire suppression systems.

The present disclosure also describes a composite modular precast pre-finished
concrete structural module, reconfigured from the module described in Teron No. 1,
into a double-T configuration by the addition of integral transversely extending wings
and by energizing the side walls with embedded heating / cooling radiant pipes. This
allows the area defined by the wings and side walls to define a utilicore that acts as a

forced air distribution duct, with the radiant pipe acting as a primary source of heating

/ cooling in a building constructed using such module,

The advantages of using concrete as a “heavy” thermal mass structure are intensified if
the disclosed module is employed to form structural cross-elements throughout the

building, in part because the structural elements are pre-finished, thus permitting them
to remain exposed. When concrete with heavy thermal mass is not pre-finished and is

covered in other finishing materials, such as gypsum board, the benefits of thermal

Mass are reduced,
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The relatively narrow utilicores extend between wide pre-finished vaulted ceiling

arches, which are aesthetically pleasing and provide increased headroom to the

building spaces.

When the disclosed module is further employed as a structural element of the building
to form beams and/or columns with an array of available utilicores, substantially all of
the air in the building passes the full length of all the main concrete supply and return
utilicores formed along the floor/ceiling cross-elements, as well as the secondary
distribution supply and return utilicores, formed along the beams and/or columns,
These ducts and utilicores may form the primary heating and cooling sources of the
building, providing a complete forced air radiant heating and cooling system
throughout the entire building at little or no additional cost, since the only substantial
additional cost involves embedding pipes into the side walls of each module during the

casting process.

As described in Teron No. 1, the use of the composite precast pre-finished module as a
floor / ceiling (and/or beam and/or column) building product provides structure, pre-

finishing and lighting infrastructure.

The disclosed module thus takes advantage of the manufacturing costs absorbed by
provision of the structural and infrastructural features of the composite module, the
budget for all the finishing of the ceiling in a building, as well as the ability offered by
utilization of the module, to lower construction costs related to: transportation of
materials to the site, lifting material into the building and planning, designing,
managing and supervising the construction process. The value added by incorporating

a radiant heating and cooling pipe into a forced air system may be substantial, while
the cost of incorporating the radiant piping into existing construction molds and

manufacturing systems may be minimal.

Furthermaore, the radiant heating capability provided by the utilicore disclosed herein

achieves further savings related to: substantially dispensing with the cost of designing,
providing and installing an independent additional system to provide conventional
forced air heating / cooling capability as well as handcrafting a radiant heating piping
system,

10
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As a result, it is anticipated that the entire building caonstruction process, as well as the
provision of radiant heating and cooling capability, may be achieved at a fraction of the

cost of conventional installation.

In some example embodiments, the movement of air through the utilicore is caused by
negative pressure created by the chimney effect within major vertical air ducts. The
chimney effect is caused by the principle that hot air rises, and the higher the column,
the greater the chimney effect or flow of air in the column, As air is drawn up a
column by the chimney effect, it is able to draw air from adjacent parts of the building.
In some example embodiments, forced air is created by using natural or mechanical
means to create a negative pressure in return air columns, initiating and maintaining
the chimney effect. In such fashion, the air distribution system conventionally

employed in forced air HVAC systems may be significantly reduced in size or even
obviated.

In some example embodiments, natural fresh air is introduced into the air system at a
base level, through air supply columns designed to pre-heat or cool the natural fresh
air. In some example embodiments, geothermal based air or liquid sources may be

employed to perform such pre-heating / pre-cooling to achieve still greater efficiencies.

Accordingly, in addition to the considerable savings that may be achieved by employing

the disclosed module in building construction, employing the disclosed module may

result in considerable cost savings during operation.

The present disclosure will now be described in detail for the purposes of illustration

only, in conjunction with certain embodiments shown in the enclosed drawings.

The Utilicore Concept

The present disclosure introduces a concept known as a utilicore. As shown in Figure
1, a utilicore, shown generally at 100, acts as an integrated heating / cooling source
and as an HVAC duct. In some example embodiments, the utilicore 100 is formed by

adjacent modules 110, which are described in greater detail below, under the heading
entitled “The Module”.

In some example embodiments, the utilicore 100 has or is defined by walls 120

composed of a poured high thermal mass material, such as concrete, with a radiating
11
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fluid pipe 130 embedded during a casting or pouring process. The pipe 130 Is
supplied with fluid that circulates through it at a temperature that is different from an
ambient temperature of air flowing through the utilicore 100. In some example
embodiments, the fluid is circulated through the pipe 130 in a closed loop system from

a central fluid circulating resource 810 (Figure 8).

The air is contained and flowed under pressure through the concrete utilicore 100,
without any additional metal ductwork, for distribution throughout a building 400

(Figure 4) or portion thereof.

However, unlike conventional forced air HVAC systems employing ducts, the air flowing
through the utilicore 100 is substantially continuously heated and cooled primarily, if
hot solely, by fluid flowing through the pipe 130 within its walls. The walls 120,
composed of a high thermal mass material, such as concrete, with an embedded pipe
130, effect heat transfer between the air flowing through the utilicore 100 and fluid

passing through the pipe 130, which is at a temperature that is different than an

ambient temperature of air flowing through the utilicore 100.

Thus, the utilicore 100 may provide forced air radiant heating capability, in which the
fluid in the pipe 130 is at a higher temperature than the ambient temperature of air
flowing through the utilicore 100, so that heat radiates from the pipe 130, through the
high thermal mass material wall 120 and into the air flowing through the utilicore 100,
By doing this, the concrete has been converted from a passive element to a dynamic

element in the heating and cooling of a building.

Similarly, the utilicore 100 may provide forced air radiant cooling capability, by
ensuring that the fluid in the pipe 130 is at a lower temperature than the ambient

temperature of air flowing through the utilicore 100, so that heat radiates from the air

flowing through the utilicore 100, through the high thermal mass material wall 120
and into the fluid circulating through the pipe 130.

If, as in some example embodiments, a hetwork of utilicores 100 extend through the
entire building, the length of time that energy radiates between the pipe 130 and the
air flowing through the utilicores 100 may permit effective heating / cooling of the air

for circulation throughout the building, without initially heating or cooling the air and

12

PAGE 20/64 * RCVD AT 12/5/2011 3:23:16 PM [Eastern Standard Time] * SVR:FO0003/9 * DNIS:3905 * CSID:6506556633 * DURATION (mm-ss):44-40



CA 02761005 2011-12-05

From: Dennis Leung Fax: +1 (866) 599-6608 To: Fax: +1 (819) 953-2476 Page 21of 64 12/5/2011 2:37

without returning the air to a central air handling supply facility, as is done in

conventional forced air HVAC systems.

Circulation of heated / cooled fluid in small pipes 130 through all the utilicores 100 Is
understood to be more efficient than circulation of large quantities of heated / cooled
5 air, along separate large supply and return ductwork systems, at great distances to a

central heating source to be heated / cooled and back again. In this way, heating and

cooling losses may also be substantially reduced.

In some example embodiments, forced air radiant heating / cooling capability may be
provided by a utilicore 100 defined by walls 120, at least one of which is composed of

10 a high thermal mass material, of which at least one of which walls 120 has an
embedded pipe 130,

The Module

Referring to Figure 2, there is shown an isometric view of an example embodiment of
an elongate construction module 110, comprising a precast concrete unitary structure

15 having a planar main wall 210 and two planar side walls 120 extending substantially
hormally outwardly from a common surface 211 of main wall 210 in spaced-apart
confiquration and being integral therewith.,

In some example embodiments, the side walls 120 extend from positions inset from

the opposing ends of main wall 210, to define transverse outwardly extending wings

20 230, in some example embodiments, of substantially equal width d thus imparting a

generally double-T shaped configuration to the module 110 along its longitudinal axis.

In some example embodiments (hot shown), the side walls 120 extend from
substantially each of the opposing ends of main wall 210, thus imparting a generally

U-shaped configuration to the module 110 along its longitudinal axis.

25 In some example embodiments, both side walls 120 have pipes 130 embedded
therein. In some embodiments, the pipes 130 extend between a pair of inlet/outlet
junctions 131 intersecting the side wall 120 of the module 110 at an end thereof, for
allowing fluid to flow into and out of the pipe 130. The pipes 130 and inlet/outlet

junctions 131 are described in greater detail below, under the heading entitled

30 “Radiant Heating and Cooling of Modules”.
13
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The module 110 has a longitudinal dimension or length !, The main wall 210 may be
defined in terms of a width W of the module 110 and the side walls 120 may be

defined in terms of a height % of the module 110, as shown in Figure 2. In some

example embodiments, the side walls 120 are inset from opposing side edges of main

wall 210 by a distance € to provide wings 230 of width d,

Each of the side walls 120 have a facing interior side wall surface 221 and an opposed
exterior side wall surface 222 that are substantially parallel. The interior side wall
surfaces 221 are separated by an interior main wall surface 211 and the exterior side
wall surfaces 222 are separated by an exterior main wall surface 212 which is

substantially parallel to the interior main wall surface 211.

In some example embodiments, the thickness ‘i of the side walls 120, that is, the
separation between an interior side wall surface 221 and the corresponding exterior
side wall surface 222, are sized for applicable structural guidelines. Such sizing easily

accommeodates any constraints imposed by the use of the utilicore 100 as a heating /

cooling duct,

In same example embodiments, the side walls 120 are provided with a small degree of
draft (not shown) between their interior side wall surfaces 221 and their corresponding
exterior side wall surfaces 222 in order to facilitate de-molding or stripping of the
module 110 from construction molds 300 (Figure 3) as described hereinh, without
significantly impacting the basic “squareness” of the side walls 120 relative to the main
wall 210.

In some eXxample embodiments, the intersection between the interior main wall surface
211 and onhe of the side wall surfaces 221, 222 or both, may be rounded to provide

added strength, a more aesthetically pleasing appearance and to provide ease of

cleaning the wall surfaces 211, 221, 222 and to facilitate the removal of the concrete
from the mold 300.

In some example embodiments, the width W of the main wall 210 and the height h of

the side walls 120 of the module 110 may each be multiples, respectively desighated

n and P, of a module dimension M, In some example embodiments, the depth 4

that the side walls 120 may be inset from the opposing side edges of main wall 210
14
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may also be a multiple 4 of the module dimension # , In some example

embodiments, the multiples #, £, 9 or any combination of any of them, may be

integers or half-integers.

In same example embodiments, to conform to structural guidelines for typical North

5  American commercial construction, the module dimension M may vary from 32 inches

(80 cm)to 36 inches. In some example embodiments, for other countries, the module

dimension M may be 90 cm.

In some example embodiments, again to conform to structural guidelines, with such

module dimension M , a module 110 suitable for use as a cross-element 410 (Figure
10 4) may have a main wall 210 width W with a multiple # of 4, a height h of side walls

120 with a multiple P of 1 and a width 4 of wings 230 with a multiple 4 of 0.5.
Accordingly, the span § (Figure 2) between the side walls 120 may be substantially a

multiple of 3 times the module dimension M | In some example embodiments, the

module 110 may have a length ! in the range of 10 to 20 metres.

15 Production of Modules

As shown in Figure 3, in some example embodiments, the module 110 may be
formed by the pouring of concrete around the embedded pipe 130 into an elongate
mold 300. The mold 300 comprises a form that substantially reproduces the
dimensions of the side walls 120 (facing downwardly into the mold 300) and the main

20 wall 210, into which concrete may be poured to the top of the mold 300 to form the
main wall 210 and the side walls 120 of the module 110,

The mold 300 comprises two spaced-apart elongate trenches 301 and a main wall

form 303 extending from open upper ends of the trenches 301. The trenches 301
each define an elongate side wall cavity 302, which substantially reproduces the

25 dimensions of the side walls 120 of the module 110 to be produced by the mold 300.
The main wall form 303 defines a main wall cavity 304, which substantially reproduces
the dimensions of the main wall 210 of the module 110 to be produced by the mold
300. The main wall cavity 304 is in communication with each of the side wall cavities
302, such that uncured concrete may be poured into the maold 300 to fill each of the

30 side wall cavities 302 and the main wall cavity 304, for production of a module 110,

15
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In some example embodiments, the length of the mold 300 exceeds the maximum

length { of a module 110. The length ! of modules 110 may vary according to their
intended function. Modules 110 of lesser length may be obtained by inserting
transverse headers 310 into the mold 300 to longitudinally divide the mold 300,
define at least one partition within the mold 300 and restrict concrete poured into the
partition from occupying the mold 300 beyand the partition. Modules 110 of lesser
length may also be obtained by otherwise limiting the longitudinal extent to which the

poured concrete will flaw.

The mold 300 shown in Figure 3 may provide for the construction of a double-T
shaped module 110 with transverse outwardly extending wings 230, Ih some
embodiments, this is accomplished by having the mold 300 extend laterally beyond at
least ohe outer side of at least one of the trenches 301, defining at least one wing
cavity 305. In such embodiments, the at least ohe wing cavity 305 allows for the
formation of at least one wing 230 that extend beyond side walls 120, Ih some
embodiments, the mold 300 extends laterally beyond outer sides of both trenches
301, defining ohe wing cavity 305 on each side of the mold 300, allowing the mold to
produce a double T- shaped module 110.

In some example embodiments, blocks 307 may be positioned in the trenches 301, to

restrict poured concrete to the portion of the side wall cavity 302 that is above the
block. In this manner, the height # of the side walls 120 farmed by the mold 300 can

be reduced. However, because the height 2 of the side walls 120 achievable in a
given mold 300 is limited, care should be taken in determining an appropriate depth of

the mold 300 (as well as the width of the main wall form 303) to ensure modules of

suitable dimension may be formed in the mold 300,

In some example embodiments, subject to minor constraints imposed by the addition

of pipes 130 as described herein, which also may be positioned within the mold 300 to

be embedded within the concrete when poured, to form the module 110, steel

reinforcing rods 320 and steel mesh 330 or both may be pasitioned within the mold
300 to be embedded within the concrete when poured to form the module 110. In

some example embodiments, the reinforcing rods 320 in the concrete may be
prestressed.

16
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The module 110 is a composite multi-task unitary product that may be mass-produced

in a variety of lengths { using a single mold 300, without regard to the function to
which it will be put and irrespective of in which building 400 or structure, project or

country it may be used.

The production of multiple widths W or heights # of module 110 may involve

deployment of a corresponding plurality of suitably dimensioned molds 300. Inh some

example embodiments, a single mold 300 may be employed to produce modules 110

of differing height #, width W, width € thickness , or any cambination of any of

them, for example, in non-limiting fashion, the mold 300 may have a depth
corresponding to a maximum height h of the module 110, and modules 110 of a

lesser height 2 may be produced for such a mold 300 by deploying blocks 307 into
parts of the mold 300 corresponding to the side walls 120 having a height that is
substantially equal to the difference in relative heights in the trenches 301 of the mold

300 and the side wall{s) 120, to displace concrete from such parts.

The availability of multiple sizes of module 110 provides flexibility to service a wide
range of building plans and arrangements demanded by a (geographically, culturally
and architecturally) diverse marketplace, including but not limited to the application as
horizontal floor/ceiling cross-members 410 (Figure 4), or indeed as horizontal beam
1020 (Figure 10) or vertical columns 1030 (Figure 10) or both, as disclosed in

eXample embodiments herein.

In some example embodiments, because of the modular nature of the module 110, a
single universal mold 300 is used (and re-used for years both within the same site and

in parallel and/or subsequent projects). Accordingly, the mold 300 may be a relatively
more expensive but high quality and precise open steel mold, which is vibrated and
trowelled to provide precise dimensional stability and a high quality final surface finish
to both the inner walls 211, 221 and exterior walls 222, not generally available with

conventional concrete forming techniques. While the mold 300 is more expensive, its
high repeat use ih the manufacturing process makes it less expensive than single use
conventional wood forming which is [abour intensive and wasteful., Those having
ordinary skill will appreciate that concrete cast in a steel mold 300 produces a

substantially finer surface relative to the finish achieved using conventional wooden

17
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forms as the concrete forming technique. Such final surface finishes can accommodate
an interior finish such as paint, fabric or wallpaper or an exterior finish such as paint,
or a cladding of concrete, wood, aluminum, vinyl, brick or stone, without significant or

any additional surface preparation.

5  The modular concept allows high repetition of similar modules 110 and the ability to
link one module 110 to the next in an infinite variety of module 110 arrangements and
permits each module 110 to have substantially identical serpentine pipes 130 to
provide radiant heating / cooling capability. Because the pipes 130 have been pre-
engineered, pre-fabricated, mass-produced and then dropped into place in the mold

10 300 of a composite pre-engineered and pre-fabricated building product prior to casting
or pouring, both the pipes 130 and the modules 110 share material, labour,
transportation and installation costs, which may significantly reduce the overall cost of
the building 4040.

In some example embodiments, the mold 300 may be provided to users as part of a
15  kit, comprising a quantity of pourable concrete for use with the mold 300. Additional

components may be included with the kit, such as blocks 305 for insertion into the

wing cavity 305, spacer blocks 307 for positioning in the trenches 301, transverse

headers 310, reinforcing rods 320 and mesh 330 for embedding within the concrete

to be poured into the mold 300, and a pipe 130 for embedding within a side wall 120
20 of the module 110.

Thus, the use of the composite module 110, including without limitation, when
produced using mold 300, may eliminate a number of layers of construction materials
and a number of labour activities. This may provide an improved cost/benefit ratio in
terms of both quality and quantity when compared to conventional on-site construction
25 techniques. This process may substantially eliminate on-site concrete forming and on-

site multiple-layered construction materials and labour activities.

In some example embodiments, a U-shaped module may be constructed using a

simitar mold (nat shown), in which lateral sides of the main wall formm 303 may be of

increased height and decreased width relative to the double-T shaped module 110, to
30 permit the formation of a main wall 210 that does not extend beyond the extent of the

side walls 120. In some example embodiments, mold 300 may be employed to

18
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construct U-shaped modules by positioning blocks 306 in the wing cavities 305 to

restrict poured concrete from occupying the mold 300 within the wing cavities 305.

As discussed in later sections, in some example embodiments, U-shaped modules may
be employed as beams 1020 (Figure 10) or columns 1030 (Figure 108) or both. In
5 such embodiments, such U-shaped modules are structural and as a result, will have

different dimensions than the double-T shaped modules 110 employed as cross-

members 410 (Figure 4) discussed in the next section, Thus, it is unlikely that a

common mold 300 will be employed to provide both double-T shaped modules 110 to

be employed as cross-members 410 and U-shaped modules to be employed as beams
10 1020 and columns 1030.

Using Modules as Cross-Members

Turning now to Figure 4, in some example embodiments, in addition to its role as the
primary heating and cooling source, with its embedded radiant heating / cooling pipe
130, the module 110 may be deployed as a floor / ceiling cross-member 410 of a

15 building 400, supported at each end by a substantially horizontal transverse beam
420, which may be supported at each end by a substantially vertical column 430. In
such a configuration, the air is heated and cooled within the full length of every module
110. This may serve as the primary source of heating and cooling, so that ih some
example embodiments, only the radiant fluid circulated through the pipes 130 are

20 returned to a central fluid circulation resource 810 (Figure 8).

In some example embodiments, notches 510 (Figure 5) may be formed in the side

walls 120 of the module 110, each for receiving a beam 420. In some example
embodiments, the beams 420 are supported on shoulders 431 of the column 430. In

some example embodiments, at least one of the cross-members 410 may be

25 supported at at least one intermediate point 1040 (Figure 10) by a beam 420. In

some example embodiments, at least one of the beams 420 may be supported at at

least ane intermediate point (not shown) by a column 430.

In such a deployment, the module 110 may be oriented such that its longitudinal axis
is substantially horizontally oriented with its side walls 120 descending from the main
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