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FLOOR AND CEILING PANEL FOR SLAB-FREE FLOOR SYSTEM OF A
BUILDING

CROSS-REFERENCE TO RELATED APPLICATION

{001} This application claims priority to U.S. Provisional Application No. 62/304,857
fited on March 7, 2016, which application is incorporated by reference, in its entirety,

for any purpose.

BACKGROUND

{0027 Conventional construction is conducted in the field at the buwlding job site.
People in various trades (e g., carpenters, electricians, and plumbers) measure, cut, and
install material as though each unit were one-of-a-kind. Furthermore, activities
performed by the trades are arranged i a hinear sequence. The result 13 a time-
consuntng process that mcreases the nsk of waste, installation vmperfections, and cost
overruns. One approach to tmproving efficiency in building construction may be
modular construction. In the case of buildings with multiple dwelling units {e.g..
apartments, hotels, student dorms, ete.), entire dwelling untts (referred to as modules)
may be built off-site in a factory and then trucked to the job site. The modules are then
stacked and connected together, generally resulting in a low-nise construction (e.g.,
between one and six stories). Other modular construction fechnigues may involve the
building of large coraponents of the individual units off-site (e.g., in a factory) and
assembling the large components in the field to reduce the overall construction effort at
the job site and thereby reducing the overall time of erecting the building. However,
shoricomings may exist with known modular building technologies and improvemenis
thereof may be desirable,

SUMMARY

{003] Techniques are generally described that include systems and methods relating to
building construction and more specifically relating to constructing a floor system for a
building.

{004] An example svstem may include a pre-assernbled floor and cetling panel {also

referred to as floor-ceiling panel} for use in buildings. The pre-assembled floor-ceiling
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panel may include a panel frame that includes a plurality of spaced apart joists disposed
between and connected to first and second opposing end members, a celing panel
disposed below and attached to the frame, and a floor panel disposed over and attached
to the frame. The ceiling panel may include at least one pre-fabricated board of non-
combustible material.  The floor panel may mclude a phurality of stacked layers
imcluding a first layer disposed above and attached to the frame, a second laver
disposed above and spaced apart from the first laver, wherein the first layer, the second
fayer, or both include one or more pre-fabricated boards of non-combustible materal,
and a shaped substrate between the first and second layers, the shaped subsirate
mcluding a radiant heating member 1 a channel defined by an upper surface of the
shaped subsirate.

jO0S] In some examples, the floor-ceiling panel may include a first mounting
component attached to the panel frame.  The first mounting component may be
configured for joining adjacent floor-ceiling panels. In some examples, the first
mounting component may include a first angle member (e.g., an angle iron) extending,
at least partially, along a length of the frame. The angle member may have a generally
L-~shaped cross~section. In some exaroples, the first angle member may extend the full
length of the frame In some examples, the floor-ceiling panel may include a second
mounting component attached 1o the panel frame. The second mounting component
may be configured for joining the floor-cetling panel to a structural {frarne of a building.
In some examples, the second mounting component may include at least one bracket
arranged vertically with respect to a horizontal member of the structural frame.

[806] In some examples, the plurality of joists may include first and second outer
joists and at least one 1nner joist disposed between the first and second outer joists. In
some examples, the floor-ceiling panel may include a first angle member attached to
one of the first and second outer joists and extending along a length of the joist. In
some exaroples, the floor-cetling panel may also include a second angle member
attached to the same joist, the second angle member parallel with the first angle
member. In some examples, the floor-ceiling panel mav include an angle member
aitached to the other one of the first and second outer joists, which may be paraliel with

the first angle member. In some examples, the plurality of joists may be metal joists,
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such as steel joists. In some examples, the metal joists may have a U-shaped cross-
section {e.g., steel C-joists).

{007] In some examples, the ceiling panel may include two stacked layers of boards,
such as fiberglass-clad boards, such as fiberglass-clad gypsum boards. In some
examples, individual boards of the two layers may be staggered such that seams
between boards of one of the two layers are offset from seams between boards of the
other of the two layers. In some examples, the first laver of the floor panel may include
metal-clad cement board. In some examples, the metal side of the first layer may be
against the frame {(e.g., facing the frame). In some examples, the second laver may
mclude a non-combustible board, such as magnesium oxide board. In some examples,
the shaped substrate may include an insulating core and a metal sheet bonded o the
upper surface, the metal sheet following contours of the channel defined by the upper
surface.

{008] In some examples, the floor-ceiling panel may be configured to accommodate a
pre-assembled wall structure along a perimeter portion of the floor-ceiling panel. In
sorme exarnples, the first layer of the floor panel may be longer in length than the
second layer, the shaped substrate, or both. In some examples, the shaped subsirate and
the second layer may be shorter than the first substrate to define a ledge for supporting
a pre-assernbled wall panel. In some examples, the {irst laver may be longer in width
than the second laver and the shaped substrate. In some examples, the ceiling panel
and at least one of the stacked layers of the floor panel may extend a full fength of the
joists.

[609] In some examples, the floor-ceiling panel may include thermally insulative
material between the floor and ceitling panels. In some examples, the floor-ceiling
panel may include sound insulative material between the frame and each of the floor
and ceiling panels. In some examples, the sound insulative material may include a
plurality of sound strips lining flanges the joists. In some examples, the floor-ceiling
panel may include a shower pan integrated into the floor panel.

{010} An example building having at least five stories may include a structural frame
including a horizontal beam, a pre-assembled floor-ceiling panel including a panel
frame and disposed between two vertically adjacent stories of the building, and a first

mounting component joined to the panel frame and connecting the pre-assembled floor-
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ceiling panel to the beam. The pre-assembled floor-ceiling panel may include a ceiling
panel provided on a cetling side of the floor-ceiling panel and defining a ceiling of one
of the two vertically adjacent stories, a floor panel provided on a floor side of the floor-
ceiling panel and defining a floor of the other one of the two vertically adjacent stories,
and a radiant heating element provided within a depth of the floor panel, and the panel
frame, which 1s disposed between and supporting the floor and ceiling panels, the panel
frame including a plurality of joists that span a full length of 2 unit of the building In
some exampies, the building mav include a unit on one of the two vertically adjacent
stories, and the unit may include a floor defined by three or fewer pre-assembled {loor-
ceiling panels. In some examples, the unit may also include two opposing walls spaced
by a distance and each of the three or fewer pre-assembled floor-ceiling panels may
span the distance between the two opposing walls. In some examples, one of the pre-
assembled floor-ceiling panels of the unit may include a shower pan integrated mito the
floor panel. In some examples, one or more second mounting components may be
provided along a longitudinal direction of each of the three or fewer pre-assembled
floor-ceiling panels, the second mounting components joining adjacent floor-ceiling
panels

{011} An example method may include attaching a first pre-assembled floor-ceiling
panel 1o a structural {rame of a bulding, joining a second pre-assembled floor-ceiling
panel o the first pre-assembled floor-ceiling panel, and installing a floor finish material
to the first and second pre-assembled floor-ceiling panels, wherein each of the first and
second pre-assembled floor-ceiling panels includes a plurality of joists, a ceiling panel
disposed below and attached to the plurality of joists, and a floor panel disposed above
and attached to the plurality of joists, and wherein the floor panel includes a first floor
layer disposed above and attached to the frame, a second floor layer over and spaced
from the first floor layer, and a shaped substrate provided between the first and second
floor layers, the shaped substrate including a chaonel and an mn-floor radiant heat
element received in the channel.

[012] In some examples, attaching the first pre-assembled panel to the structural
frame of the building may include placing the first pre-assembled floor-ceiling panel
proximate a beam of the structural frame, and joining the first pre-assembled panel to

the beam using an angle bracket arranged vertically with respect 1o the pre-assembled
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floor-ceiling panel and the beam. In some examples, attaching the first pre-assembled
floor-ceiling panel to the structural frame may be performed before joining the second
pre-assernbled floor-ceiling panel to the first pre-assembled floor-ceiling panel.

[013] In some examples, joining the second pre-assembled floor-ceiling panel fo the
first pre-assembled floor ceitling panel may include placing the second pre-assembled
floor-cetling panel next to the first pre-assembled floor-ceiling panel such that an outer
joist of the first pre-assembled floor-ceiling panels is adjacent and spaced from an owter
joist of the second pre-assembled floor-ceiling panel, and joiming a first angle member
of the first pre-assembled floor-cetling panel 1o a second angle member of the second
pre-assembled floor-ceiling panel to attach the second pre-assembled panel to the first
pre-assembled panel. In some examples, the method may further include providing
insulaiion in a cavity defined between the adjacent ouler joists of the first and second
pre-assembled floor-ceiling panels.

{014} In some examples, ingtalling the floor finish material may mclude attaching the
floor finish material to the first and second pre-assembled floor-ceiling panels such that
the floor finish material extends over a seam between the first and second pre-
assembled floor-ceiling panels. In some examples, the method may further include
installing a cetling finish material to the first and second pre-assembled floor-ceiling
panels such that the ceiling finish material exiends over the seam between the first and
second pre-assembled Hoor-ceiling panels.

{015] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and feaiures described
above, further aspects, embodiments, and features will become apparent by reference to

the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

{016] The foregoing and other features of the present disclosure will become more
fully apparent from the following descnption and appended claims, taken in
comjunction with the accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the disclosure and are, therefore,
not to be considered limiting of its scope, the disclosure will be described with

additional specificity and detail through use of the accompanying drawings, in which:
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{017] FIG. 1 is a schematic illustration of an example multi-story building;

{018] FIG. 2 s a schematic dlustration of floor plans of a mulii-story building;

{019] FIG. 3 15 an isometric view of a floor and ceiling panel according to one
embodiment;

{207 FIG. 4 15 a partial cross-sectional view of the floor and cetling panel in FIG. 2,
taken at hine 4-4 in FIG. 3;

{021} FIG 5 is an isometric view of a floor and cetling panel according to another
aembodiment;

[622] FIG. 615 a partially exploded view of the floor and cetling panel in FIG. 5;

{023} FIG. 7 is a cross-sectional view of the floor and ceiling panel in FIG. 5 taken at
line 7-7 in FIG. 5;

[024] FIG. 8 is a flowchart of an example method of constructing a floor system for a
building;

{025] FiIG. 9 is a flowchart of another example method of constructing a floor system
for a building;

[026] FIG. 10 is a partial elevation cross-sectional view of a jomt between adjacent
floor and ceiling panels;

[027] FIG. 11 1s a partial elevation cross-sectional view of a joint between a floor and

ceiling panel and a structural frame of a building; and

28] FIG. 12 13 another partial elevation cross-sectional view of a joint between
adjacent floor and ceiling panels;

[029] all arranged in accordance with at least some examples of the present

disclosure.

DETALLED DESCRIPTION

{030} in the following detailed description, reference i1s made to the accompanying
drawings, which form a part hereof. In the drawings, simular symbols typically 1dentify
simmiar components, unless context dictates otherwise. The illusirative embodiments
described in the detaited description, drawings, and claims are not meant o be limiting,
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented herein. It will be readily

understood that the aspects of the present disclosure, as generally described herein, and
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tllustrated in the Figures, can be arranged, substituted, combined, separaied, and
designed in a wide variety of different configurations, all of which are mmphcitly
contemplated herein.

[031] This disclosure is drawn, inter alia, to methods, systems, products, devices,
and/or apparatus generally related to a panel for use in a building. For example, the
panel may be a pre-fabricated panel for use m modular building construction. In some
examples, the panel may be assembled off-site in a shop and then transported to the
building site. At the building site, the panel may be attached directly or indirectly to a
building frame. The panel may define part of or the whole of a floor and part of or the
whole of a cetling in the building, such as part of or the whole of a floor and cetling of
a building unit. Thus, in some examples, the panel may interchangeably be referred to
herem as a floor and cetling panel, a floor-ceiling panel, or a floor ceiling sandwich
(FCS) panel. The floor may be a portion of a story of the building above the panel, and
the ceiling may be a portion of a story of the building below the panel.

{032] The panel may include a frame, a floor panel, and a cetling panel. The floor and
ceiling panels may be vertically spaced from one another. The {rame may separate the
floor panel from the ceiling pavel.  The frame may include a plurality of joists
positioned between the floor panel and the ceiling panel. The frame may define one or
more joist cavities between adjacent joists. In some examples, the one or more joist
cavities may accommodaie plumbing, cabling, wiring, or other conduits or other
elements that may support dwelling or commercial units in the buildings. An insulative
material may be located in the one or more joist cavities. In some examples, ¢ross
mermbers may be provided in or operatively arranged relative to the one or more joist
cavities, for example for increasing the lateral stability of the panel. In some examples,
the cross members may be implemented in the form of straps, such as metal straps,
connected between opposile comers of a joist cavily. Sound dampener matenal (also
referred to as sound insulative material) may be positioned between the frame, the floor
panel, and the ceiling panel to reduce sound transmission through the floor and ceiling
panel.

[033] The floor panel may be attached o an upper side of the frame, also referved to
as floor side of the frame. The floor panel may support a floor material (e.g.. floor

finish} of an upper story. The floor panel may be formed of one or more layers of non-
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combustible material and may include a radiant heating element, as will be further
described below. The ceiling panel may be attached to a lower side of the frame, also
referred to as ceiling side of the frame. The ceiling panel may support a ceiling
material {e.g.. a ceiling finish) of a lower story. The ceiling panel may be formed of
one or more lavers of non-combustible materials, as will be described below.

{0341 In some embodiments, the material composition of the floor and ceiling panel
may be predomunantly metal In some embodiments it may be predominately
alominum.  In stil other embodiments, the panel components mav be made from a
variety of building suitable materials ranging from metals, to wood and wood polymer
composites {(WPC), wood based products (lignin), other organmic building materials
{bantboo} to organic polymers (plastics), to hybrid matenals, or earthen materials such
as ceramics. In some embodiments cement or other pourable or moldable building
materials may also be used. In other embodiments, any combination of suitable
building material may be combined by using one building matenal for some elements
of the panel and other building materials for other elements of the panel. Selection of
any material may be made from a reference of material options (such as those provided
for in the International Building Code), or selected based on the knowledge of those of
ordinary skill in the art when determining load bearing requirements for the structures
to be built. Larger and/or taller structures may have grealer physical strength
requiremnents than smaller and/or shorter buildings. Adjustments in building materials
to accommodate size of structure, load and environmental stresses can determine
optimal economtical choices of building matenals used for all components in the system
deseribed herein.  Availability of various building materials i different parts of the
world may also aftect selection of materials for building the panel described herein.
Adoption of the International Building Code or similar code may also affect choice of
materials.

{0335] Any reference herein fo “metal” includes any construction grade metals or metal
alloys as may be suitable for fabrication and/or construction of the system and
components described herein. Any reference 1o “wood™ includes wood, wood laminated
products, wood pressed products, wood polymer composites (WPCs), bamboo or
bamboo related products, lignin products and any plant denved product, whether

chemically treated, refined, processed or simply harvested from a plant. Any reference
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herein to “concrete” includes any construction grade curable composite that includes
cement, water, and a granular aggregate. Granular aggregates may include sand,
gravel, polymers, ash and/or other minerals.

[036] In some embodiments, the panel may include a plurality of joists, a corrugated
form deck disposed above and attached {o the plurality of joists, a cetling substrate
disposed below and attached to the plurality of joists, and an in-floor radiant heat
member disposed between the corrugated form deck and the ceiling subsirate. The
panel mayv be pre-fabricated off-site and transported to a building site for instaliation
into a structural frame of a bulding. In some embodiments, when the panel is mstalled,
the corrugated form deck may provide support for a floor material for a portion of a
story of a building above the panel and the ceiling substrate may provide a ceiling for a
portion of a story below the panel.

{037} in referring now to the drawings, repeating units of the same kind or generally
fungible kind, are designated by the part number and a letter (e.g. 214n}, where the

.

fetters “a”, “b” and so on refer to a discrete number of the repeating items. General

reference {0 the part mumber followed by the lefter “n” indicates there is no
predeterrained or established lirnt to the number of ttems intended. The parts are histed

39

as “a-n” refernng to starting at “a” and ending at any desired number “n”.

[138] FIG. 1 dllustrates an example multi-story butlding 102, arranged m accordance
with at least some embodiments described herein. FIG. 1 shows building 102, stories
103, external frame 104, columns 106, beams 108, cross braces 110, units 112, floor-
ceiling panel 114, and walls 116. The various components shown in FIG. 1 are merely
dhustrative, and other vanations, incloding eliminating cormponents, combining
components, and substituting components are all contemplated.

[039] The building 102 may include two or more stories or leveis 103, The building
102 may be classified as a low-rise, mid-rise, or high-rise construction depending on
the nuraber of stories (each city or zoning authority may define building heights in any
fashion they deem proper). The building 102 may include a floor-ceiling panel 114,
The floor-ceiling panel as described herein may be suitable for use in a building of any
mumber of stories {levels), including a mid-rise building and a high-rise building. In
some embodiments, the buillding may be a residential muli-dwelling building having

eight or more stories.
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{640} The building 102 may include a structwral, external frame 104, The external
frame 104 may serve as a structural exoskeleton of the building 102, The external
frame 104 may mclude multiple columms 106, beams 108, and cross braces 110, The
columns 106 may be oriented vertically, the beams 108 mayv be oriented horizontally,
and the cross braces 110 may be oriented obliquely to the columns 106 and the beams
108. The beams 108 may extend between and be attached to adjacent columns 106 to
connect the adjacent columns 106 to one another. The cross braces 110 may extend
between and be attached {o contiguous beams 108 and columms 106 to provide
additional stiffness to the external frame 104, In various embodimenis described
herein, the extemnal frame 104 may provide the structural support for the building 102,
In some embodiments described herein, interior {demising} walls forming units or
modiles may not be load bearing walls. In some embodiments, the load bearing
support may be provided by the extemal frame 104, The columns, beams and cross
braces may be arranged to provide most or substantially all the structural support for
building 102. The frame may be used to provide decoration or added support o the
structure as well,

{041] The building 102 may include multiple units or modules 112 disposed internally
of the external frame 104. The units 112 may be commercial, residential (such as
dwelling units), or both. The units 112 may be assembled at the building site using
muliiple pre-assembled or prefabricated components. The prefabricated components
may be assembled independent of one another remotely from the building site and
transported to the building site for installation. The components may be attached to the
external frame 104, to adjacent components, or both at the building site to form the
mdividual vnits 112, In some embodiments, the building 102 may include internal
support structures. Prefabricated components may be attached to the internal support
structures in some embodiments. Each story or level 103 of the bulding 102 may
include one or multiple units 112 defined by the prefabricated components. The units
may be standardized and repetitive, or unique and individualized. Mixed wnits of
standard size and shape may be combined with unigue units in the same fioor, or in
mndependent arrangement on separate floors. In some embodiments, a unit may

encompass more than one floor.
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[042] The componenis may include one or more pre-assembled floor-ceiling panels
114 and one or more walls 116, The floor-cetling panels 114 may be orented
horizontally and may define the floor of an upper wut and the ceiling of a lower unit,
Individual floor-ceiling panels 114 may be arranged adjacent to one another in the
horizontal direction and attached to one another, one or more colurnns 106, ong or mors
heams 108, or any combination thereof. In some examples, the floor-ceiling panels
may be attached to colunms 106, beams 108, or combinations thereof only around a
perimeter of the panels. The walls 116 may be oriented vertically and may define an
envelope of the building and/or partition each story into multiple units, a single unit
into multiple rooms, or combinations thereof. The walls 116 may be attached to the
floor-cetling panels 114 with fasteners and then caulked, sealed, or both.

[343] FIG. 2 illustrates example floor plans of a multi-story building, such as building
102. FIG. 2 shows unit 112, floor-ceiling panels 114, walls 116 including a denusing
wall 111, an end wall 113, a window wall 115, and a utility wall 117 according to some
examples herein. The various components shown in FIG. 2 are merely illustrative, and
other variations, including ehminating components, combining components, and
substituting components are all contemplated.

EEY The walls 116 may include walls that partition the interior of the building, walls
that mchude plumbing components, walls that include window components, and others.
Walls that define partitions between untis and or rooms within a unit maay be referred to
as demising walls {(e.g., denusing wall 111}, Typically, denusing walls are internal
walls (e.g., walls that are not exposed to the elements). External walis, e g., walls that
define, at least partially, an envelope of the building 102, mway be referred to as
envelope walls. Walls that include plumbing components may be referred to as utility
walls (e.g., unlity wall 117} and walls that include window components may be
referred to as window walls {(e.g., window wall 115). End walls {&.g., end wall 113)
may be positioned around a periroeter of the building.  Envelope walls may nclude, as
examples and without limitation, one or more utility walls, one or more window walls,
and one or more end walls. In some examples, one or more of the walls 116 may be
arranged only around the perimeter of a pre-assembled floor-cetling panel 114, In
some examples, a single pre-assembled floor-ceiling panel 114 may span the full

distance between two opposing walls of the building.  In some examples, a single pra-



WO 2017/156006 PCT/US2017/021168

assembled floor-ceiling panel 114 may span the full distance between two envelope
walls. In some examples, a single {loor-ceiling panel 114 may span the distance
between two opposing envelope walls along a first honzontal direction and multiple
floor-ceiling panels 114 may be joined side to side to span the distance between two
opposing envelope walls along a second perpendicular horizontal direction. In this
manner, a plurality of panels arranged side to side along a single horizontal direction
may define the full span of a story 103 of the building 102.

[045] The prefabricated components described herein (e.g., pre-assembled floor-
ceiling panels 114} may be used in a multi-story butlding that has at least 6 floors. In
sorne examples, prefabricated components according to the present disclosure may be
used in a nulti-story building that has more than 15 floors, in some examples 20 floors
or more, in some examples 30 floors or more. Typically in multi-story building
construction, espectally in mud- to high-rise building construction, steel framing may be
used in combination with concrete for construction of wall and floor systems of the
building. Concrete slabs are tvpically used for construction of the floor system in a
multi-story building. However, slab construction may slow down the process of
erecting the building as individual concrete slabs are tvpically constructed {poured and
curad in situ) at each level or story as each new level story of the butlding is added.
Temporary {ormwork for the concrete slab is instalied at each level and the
construction crew must wait for the concrete to cure prior to removal of the temporary
formwork and completion of other elements (e.g, exterior and interior walls, window
installation, various interiors elements including plumbing, mechanical, and electrical
systems and finishes), which may significantly increase the construction fimeline. Pre-
cast (typically reinforced) concrete slabs may be used instead of casting the slabs
situ. However, there may be some limitations to using pre-cast slabs such as the weight
and difficelty in transporting and installing such pre-cast slabs.  Also, sincter
dimensional tolerances for the pre-cast slabs and building frame construction may need
to be followed to ensure the slabs can be installed to the building frame. In addition,
floor systems using concrete siab construction tend to be significantly heavier and may
be costher.  For example, a floor systemm with a concrete slab may weight about
501b/f* or more, and in some cases 1001b/ft% or more, and may cost about $40/ft°

Floor systems implemented using the examples herein may weigh on the order of
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10Ib/1 (e.g., in part due to the absence of a concrete slab), may cost about $10/ft°, and
may be significantly faster to construct as compared to conventional slab construction.
[346] The present disclosure describes prefabricated components and methods for
building construction and specifically for constructing a floor system of a building that
may not require a concrete slab.  According to some embodimenis herein, a pre-
assembled Hoor-ceiling panel includes a frame, and floor and ceiling layers attached to
the frame. The floor-ceiling panels may be configured to carry diaphragm loads to the
structural frame without the use of a concrete slab. Each of the floor and ceiling layers

may be formed using discrete (e.g., separable) pre~-manufactured construction elements

w

{(e.g., boards of non-~combustible materials), which may be assembled {o the frame off-
site {e.g., in a factory or other location remote from the construction site}. Floor-ceiling
panels in accordance with the present disclosure are pre-assembled (e.g., in a factory)
and delivered to the construction site for installation into a building. In sorve examples,
use of prefabricated components as described herein may significantly reduce the field
time for constructing a building, such as building 102.

[047] Floor-cetling panels according fo the present disclosure may be configured to
reduce the overall number of separate parts delivered to the job site as may be required
to construct a floor system. For example, the floor-ceiling panels may include most or
all of the components required o complete the construction of a floor system. In some
examples, the floor-cetling panels include all components or substantially all of the
components {e.g., except finished floor surfaces) for a floor system of a building. In
some examples, the floor-ceiling panels may include all of the components including
the finished floor surface which may be removably attached to the floor-ceiling panel
such that the fimshed floor surface may be teroporarily removed during installation of
the floor-cetling panel.  In some example, the floor-ceiling panel may be configured to
rediuce the overall number of components {e.g.. total number of floor-cailing panels)
that may be needed to construct a floor system.  Existing modular construction systems
may not be designed for multi-story building construction and may typically require
tens or hundreds of smaller individual components to be assembled into a single floor
structure.  Floor-ceiling panels may be implemenied in accordance with the present
disclosure fo span a larger portion of the floor of anv given story in a building and

thereby reduce the overall number of components that mav be needed to construct a
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[049]
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floor of any given story in the building. According to some examples herein, the floor-
ceiling panel may be sized such that it spans a full length of bunlding unit, for example
a full length between opposite walls of the building wnit, which in some cases may
correspond to the opposite exterior walls of the building.  In some examples, the floor-
ceiling panel may be sized such that two or more floor-ceiling panels are joined
contiguously side 1o side to form the floor system of an entire story of the building. For
example, two or more floor-ceiling panels may be joined contiguously side to side to
define one of the dimensions of the story while the other dimension may be defined
solely by the length of an individual floor-ceiling panel.

FIGS. 3 and 4 illustrate a floor-ceiling panel arranged in accordance with a first
embodiment of the present disclosure. FIG 3 illustrates an isometric view of floor-
celling panel 214 and shows panel frame 220, joists 222 including outer joist 223, end
member 228, floor panel 230 provided on floor side 231, and mounting components

260 including angle members 262 {e.g. angle irons), and brackets 264 FIG. 4

)

iliustrates a partial cross-sectional view of floor-ceiling panel 214 and joists 222

b

mcluding inner joists 225, joist cavities 226. FIG. 4 also shows ceiling panel 240
ncluding ceiling lavers 242 on ceiling side 241, floor panel 230 including floor layers
232 on floor side 231, radiant heating element 250 received in channel 252, ceiling
finish 234, floor finish 244, sound msulative material 270 (e.g., sound strips 273 and
274, sound msulation pad 275}, and thermal msulative material 280 {e.g., mineral wool
insulation 282). The various components shown in FIGS. 3 and 4 are merely
tustrative, and other variations, including eliminating components, combining
components, and substituting componentis are all contemplated.

The floor-ceiling panel 214 may be used fo implement one or more of the floor-
ceiling panels 114 of building 102. When installed in a building, the floor-ceiling panel
214 may provide a floor and a cetling for two vertically adjacent units in a building.
For example, a first side 231 of the floor-ceiling panel 214 may define the floor of an
upper unit and may thus be referred to as floor side. An opposite or second side 231 of
the floor-ceiling panel 214 may define the ceiling of a fower unit of the building, and
may thus be referred to a ceiling side.

The floor-ceiling panel 214 may include a panel frame 220, a floor panel 230,

and a ceiling panel 240. The panel frame 220 may include plurality of joists 222
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attached to opposing end members 228 {only one of the two end members is shown in
FIG. 2). The joists 222 may include outer joists 223 (only one of two opposing ouder
joists 15 shown 1n FIG. 2) and inner joists 225, The joists 222 may form supporting
members that span the distance between the opposing end members 228 The joists
222 way support floor panel 230 and ceiling panel 240 which may provide the floor of
an upper unit and the ceitling of a lower unit. In some examples, the joists 222 may be
sufficiently long to span substantially the full length of a unit, such as wmt 112 of
building 102, In some examples, the length of the joists 222 may be such that a single
floor-ceiling panel 214 provides a floor and a ceiling {or multiple honzontally adjacent
units. In some examples, the joists may be about 24 feet long. The joists 222 may be
shorter or fonger than 24 feet in other examples, for example and without limitation 18
feet, 20 feet, 26 feet, 28 feet, etc. Generally, the length of the joists 222 may be
selected as may be appropriate for a particular building project.

{051} The panel frame 220 may be formed of metal, such as alununum or steel. In
some embodiments, the panel frame 220 may be formed of a non-metatiic material,
such as wood, plastic, or compostie materials such as fiber reinforced composites. In
sorne embodiments, the joists 222 may be formed of oetal, such as aluminum or steel,
for fire resistance. structural strength, weight reduction, or other factors. In some
embodiments, the joists 222 may be formed of a non-metallic material, such as wood or
plastic. In the illustrated example, the joists 222 and end members 228 are formed of
metal and have a C-shaped cross-section defined by flanges 221-1, 221-2 and web 227
connecting the flanges. In other examples, the joists 222 may have a different cross-
section. For examples, the joists 222 may be implemented using I-beams. One or more
apertures may be formed in the web 227, for example by punching or other known
manufacturing techniques, e.g., for reducing the overall weight of the floor-ceiling

panel 214 and or accommodating elemenis (e.g., conduits, wiring

o0

insulation) extending
imto multiple adjacent joist cavities. In some embodiments, the joists 222 may be
formed of lightweight steel and may be manufactured by Steelform Building Products
Inc. {marketed under the name Mega Joist}.

[052] The joists 222, includimg ouler 223 and inner joists 225 may be arranged
generally parallel (e g, plus or manus fifteen degrees) to one another. The joists 222

may be oriented generally perpendicular {e. g.. plus or nunus fifteen degrees) to the end
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members 228. The outer joists 222 {only one of the two outer joists is visible in the
view in FIG. 2) may be attached {e.g., welded, bolied, or adhered} to the end members
228 to define a perimeter of the panel frame 220. The panel frame 220 may have a
generally rectangular shape. In some examples, any of the joists 222, such as the outer
joists 223, may be mntegral with one or more of the end members 228 {e.g., machined,
cast, etc. as unitary component). Mounting components 260, such as for attaching the
floor-ceiling panel 214 to adjacent floor-ceiling panels or the buwlding’s structural
frame, may be provided around the perimeter of the panel frame 220. For example, one
of more mounting components 260 {(e.g., angle member 262, bracket 264) may be
attached to one or more of the outer joists 222 and/or one or more of the end members

2773

Paran B

053] The inner joists 225 may be spaced apart from the outer joists 223 and from one
another 1o define joist cavities 226, The joists 222 mav be spaced apart at regular
intervals along the length of the end members 228. In some embodiments, the joists
222 may be spaced at between about eight inch on center to about thirty six mches on
center along the length of the end members 228, In some embodiments, the joisis 222
may be spaced at two foot on center along the length of the end members 228, The
number of joists 228, the spacing of the joists 228, the length of the joists 228 (e.g.,
which also defines the spacing between the end members 228), and/or the length of the
end member 228 may be selected, e.g., based on the load requirements for the floor-
ceiling panel 214 and/or other parameters or requirements for the particular building.
The specific combination illustrated in the examples in FIGS. 2 and 3 are provided for
tlustration and panel frames 220, and correspondingly floor-ceiling panels 214 having
different sizes than those specifically illustrated and described may be implemented in
accordance with the present disclosure.

{0541 Other parameters of the joists may be varied 1o suit the particular needs of a
building project. For example, in the case of metal joists, the height of the web, width
of the flanges, and thickness (gage) of the metal may be varied as needed For
example, a 14 gage metal joist having a height of about 10 inches and flange width of
about 2 inches may be used for the joists 222 and end mewmbers 228, In some
exarnples, the certain dimensions and/or material of the joists may differ from

corresponding dimensions or material of the end members.
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{055] A ceiling panel 240 may be attached to the frame 220 to define the lower or
ceiling side of the floor-ceiling panel 214, The ceiling panel 240 wmay support a ceiling
material {e.g., a ceiling finish 244) of the lower unit. The celling finish 244 may be
attached (e.¢.. removably attached) to the floor-ceiling panel 214 at the factory and
form a part of the pre-assembled floor-ceiling panel 214, In some examples, the ceiling
finish 244 is attached to the floor~-ceiling panel 214 after the floor-ceiling panel 214 1s
installed. In some examples, the ceiling finish mav include acoustical ceiling panels
which may be attached to the ceiling panel 240. Acoustical ceiling panels mav be made
from one-hundred percent polyester and may be manufactured by Acoustical Solutions
{marketed under the name PolyPhon™ Polyester Acoustical Panels).

[056] The ceiling panel 240 may be formed using one or more distinct (eg.,
separable, prefabricated) layers or substrates 242, One or more of the lavers 242 may
be implemented using non-combustible materials, such as cernent board, magnesium
oxide (MgQO) board, fiber-cement board, gypsum board, fiberglass-clad cement or
gyvpsum board, metal-clad cement or MgQO board, and the like. The thickness of the
ceiling panel 240 may be adjusted as may be appropriate for a particular building
project, e.g., to meet fire safety requirements. In some examples, individual ones of the
layers 242 may be about ¥ inch thick to about 1 inch thick. In some examples, each
layver 242 may be about 5/8 inches thick.

{571 In the Hustrated embodiment, the cetling panel 240 ncludes two layers 242 of
non-combustible material. In other embodiments, fewer or greater number of lavers
242, or layers of different thicknesses, may be used for the ceiling panel 240. In some
examples, the lavers 242 may be of the same or dissimular material. During assembly
of the floor-ceiling panel 214, one or more layers 242 may be placed against the frame
220 {e.g.. against the flanges 221-2}) and may be joined directly to the frame using
conventional fastening techniques (e.g., threaded fasteners 292). In some examples, a
flat-head fastener or another type of fastener may be installed substantially flushed with
the outer surface of the ceiling panel 240 such that ceiling tinish 244 can be installed
directly against the ceiling panel 240. In some examples, the ceiling finish 244 may be
adhered 1o the ceiling panel 240, In some examples, additional lavers or panels (s g.,
sound or thermally insulative lavers) may be mstalled between the ceiling panel 240

and the ceiling finish 244 and/or between the celling panel 240 and the frame 220. For
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example, a sound insulative material, such as sound strips 274, may be provided
between the panel frame 220 and the ceiling panel 240, The sinps 274 may be made
from sound msulative material (also referred to as sound sirips) may be provided
between the panel frame 220 and ceiling panel 240. The strips 274 may have
dimensions which substantially correspond with dimensions of the flanges 221-2 and
may be arranged in a pattern corresponding to the pattern formed by the flanges 221-2
as assembled in panel frame 220.

{058] A floor panel 230 may be attached to an upper or floor side of the floor-ceiling
panel 214, The floor panel 230 may support a floor material {e.g., a floor finish 234
such as wood, tile, or lamnate flooring) of the upper unit. The floor finish 234 may be
attached {e. g, removably attached} to the floor-ceiling panel 214 at the factory and
form a part of the pre-assembled floor-ceiling panel 214, In some examples, the floor
finish 234 may be delivered separately to the construction site and attached to the floor-
ceiling panel 214 after the floor-ceiling panel 214 has been installed.

[059] The floor panel 230 may be formed of one or more distinct (g.g., separable,
prefabricated) lavers or substrates 232, The layers 232 may be stacked and attached to
one another using couventional fastening techmques {e.g, using fasteners or
adhesives). One or more of the layers 232 may be formed of non-combustible
malerials, such as cement board, magnesium oxide board, fiber-cement board, gypsum
board, {iberglass-clad cement board, or the like. Parameters of the floor panel 230,
such as thickness of the floor panel 230 or individual layers 232 and number of layers,
may be adjusted as may be appropriate for a particular building project, e.g., to meet
fire safety requirements, diaphragm requirements, etc.  In some examples, individual
ones of the lavers 232 may be abouwt 2 inch thick to about 1 inch thick. In some
examples, mdividual lavers 232 may be thinner than '2 inch.  In some examples,
mdividual lavers 232 may be thicker than 1 mmch. At least one of the layers 232 may be
configured to accommaodate a radiant heating elernent 250, The radiant heating element
250 may be provided within the depth of the floor panel 230 and may thus be referred
to as in-floor radiant heating element.

{860] As llustrated in FIGS. 2 and 3, the floor panel 230 may include three stacked
layers or substrates 232-1, 232-2, and 232-3. The floor panel 230 may include a shaped

substrate 232-3 disposed between first {inner) and second {outer) lavers 232-1 and 232-
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2. The inner and outer lavers 232-1 and 232-2 are spaced from one another, ez, by a
distance subsiantially equal o the thickness of the shaped substrate 232-3, in order (o
accomumnodate the shaped substrate 232-3 therebetween. It will be understood that the
terms inner and outer with regards to the layers 232 are used to illustrate the relative
position of these lavers {e.g., mner indicating a postiion relatively closer to the frame
and outer indicating a posttion relatively further from the frame) and are not meant to
fimit the structure in any way.

[061] The first and second layers 232 may be generally planar lavers formed of non-
combustible material such as cement board, magnesium oxide board, fiber-cement
board, gypsum board, fiberglass-clad cement board, or the like. Each of the first and
second layers 232-1 and 232-2 may be formed using one or more cement boards,
magnesium oxide boards, fiber-cement boards, gypsum boards, fiberglass-clad cement
hoards, or the like. The first laver 232-1 may be attached directly to the frame 220 for
example using conventional fastening techniques {e.g, threaded fasteners 294} In
some examples, a sound insulative material may be provided between the panel frame
220 and the {loor panel 230, For example, strips 273 of sound insulative material may
be provided between the panel frame 220 and the substrate 232-1. The strips 273 may
have dimensions which substantially correspond with dimensions of the flanges 221-1
and may be arranged in a patiern corresponding to the pattern formed by the flanges
221-1 as assembled in panel frame 220. The second layer 232-2 may be formed of
non-combustible material (e g.. cement board, Mg board) may be provided above and
spaced from the subsirate 232-1 such as to accommodate the shaped substrate 232-3
therebetween.

{062] Shaped substrate 232-3 may be provided between the first and second layers
232-1 and 232-2.  Shaped substrate 232-3 may include a channel 252 for
accommodating radiant heating element 250. For example, the channel 252 may be
defined by upper surface of the shaped substrate 232-3. The radiant heating element
250 may be a hydronic heating element implemented using flexible plastic tubing (e.g.,
PEX tubing). In other examples, the radiant heating element 250 may be an electrical
heating element received in the channels 252, The shaped subsirate 232-3 may be
implemented using one or more pre~formed boards made from a thermally msulative

material {e.g., high density polystyrene foam)} with a sheet of thermally conductive
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material (e g, aluminum sheet) aitached, e.g., bonded, o the surface defining the
channel 252, The channel 252 may be shaped to receive the radiant heating element
250, at least partially therein. In some example, the channel 252 may be shaped to
ctain the radiant heating element 250 therein by friction. In some examples, the
heating element 250 may additionally or allematively be secured to the shaped
substrate 232-3 using conventional fastening techniques {e.g., adhesive, fastening clips,
or the like}. In some examples, the radiant heating element 250 may be retained in the
channel 252 by virtue of the shaped substrate 232-3 being provided below the cuter
tayer 232-2. Additional layers or substraies may be provided adjacent or between any
of the layers 232-1, 232-2, and 232-3.

[063] After the frame 220 has been formed and lined with sound insulative material,
an example sequence of assembling the floor panel 230 to the frame 220 may include
attaching the first layer 232-1, e.g., using fasteners 294, {o the frame. An msulation pad
276 may be provided over the first layer 232-1, before or after the first layer 232-1 has
been attached to the frame 220. The radiant heating element 250 may be mnserted in the
charmel 252 and the second layer 232-2 and the shaped subsirate 232-3 may be joined
to one another before attaching them to the first layer 232-1. The second layer 232-2
and shaped substrate 232-3 may be joined for example using an adhesive. The joined

tayers 232-2 and 232-3 may be attached {o the first layer 232-1 for example using an

adhesive.
Example 1
[064] According to a first non-Himiting example, a floor-ceiling panel may include a

frame, a floor panel, and a ceiling panel. The panel frame may be generally rectangular
and may be formed of a plurality of joists (e.g., five joists, six joists, seven joists, eight
joists, nine joists, or fewer or greater number of joists) connected {o opposing end
members. The joists may be spaced at about 12 inch on center and have a length of
about 24 feet forming a panel frame with an overall length of above 24 feet, and
depending on the number of joists, an overall width of from abowt 4 feat to about 8 feet.
The height of the joists and end members may be about 12 inches, with the panel frame
thus having a depth of about 12 inches. The panel frare mayv be made of metal, such

as construction grade steel. For example, the panel frame may be made of 14 gage steel
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C-joists attached to a pair of opposing end member in the form steel C-channels. The
joists may be fastened to the end member using 16 gage angle clips. The ceiling panel
may include at least one layer, and in some examples two lavers, of exterior sheathing
material. In some examples, the sheathing material may include a gypsum core
reinforced with glass fibers and fiberglass mat on one or both sides of the core. In
some examples, the ceiling panel may be imaplemented using DENSGLAS sheathing as
supplied by Georgia Pacific. In some examples, the ceiling panel may be formed of
multiple boards of sheathing material, which may be pre-manufactured in smaller sizes
than the overall size of the floor-ceiling panel. The sheathing boards may be laid side
to side and fastened {e.g., mechanically fastened) to the frame to form the ceiling panel.
For example, for an 8ft x 24ft floor-ceiling panel, 6 4fix8{t boards of DENSGLAS
sheathing may be used. For a ceiling panel that includes multiple layers, a staggerad
arrangement may be used to offset the searns between adjacent boards on each layer.
{065] The floor panel may include at least one laver made from one or more non-
combustible boards {(e.g., MgO board or HARDIEBACKER board as supplied by
James Hardie) and a metal sheet or metal diaphragm {(e.g., 22 gage sheet of steel)
disposed between the frame and the non-combustible boards. This layer may be
refeired to as diaphragm layer. The metal diaphragm may be bonded to the non-
combustible board or it may be laid against the non-combusiible board between the
frame and the wvon-combustible board but not otherwise attached to the non-
combustible board. In some examples, the floor panel may be fastened directly to the
metal frame (e.g., using threaded fasteners). In some examples, the floor panel may be
implemented using SURE-BOARD cheathing as supplied by CEMCO. In some
exarnples the floor panel 1s made from multiple non-combustible boards arranged side
to side with lap ioints between adiacent boards. For example, for an 8t x 24ft figor-
celling panel, 12 4ftx4ft boards of SURE-BOARD sheathing may be laid stde to side to
form the floor panel. In some examples, the floor panel may optionally include
additional layers, for example a radiant heating laver provided over the diaphragm
fayver. The floor-cetling panel may include one or more mounting components, such as
angle members {e.g., 18 gage steel angle) or brackets (e.g., steel angle brackets) for

attaching the floor-ceiling panel to adjacent floor-ceiling panels and/or the structural
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frame. The mounting components may be configured to distribute diaphragm loads
across adjacent floor-ceiling panels and to the structural frame.

{066] FIGS. 5-7 fllustrate views of a floor-ceiling panel 514, arranged in accordance
with another embodiment of the present disclosure. FiG. 5 illustrates an isometric view
of floor-cetling panel 514 and shows panel frame 520, joists 522 including outer joist
523, end mermber 528, floor panel 530 provided on floor side 531, and mounting
components 560 including angle members 562, and brackets 564. FIG. 6 illustrates an
partially exploded view of the floor-ceiling panel 514 and shows joists 520 including
outer joists 523 and inner joists 525, end members 528, floor panel 530 including pre-
fabricated boards 335, ceiling panel 340 including pre-fabricated boards 545, sound
strips, and waterproof liner 595, FIG. 7 illustrates a transverse cross-sectional view of
panel 514 taken along line 7-7. FIG. 7 shows joisis 522 (e.g., inner joisis and outer
joists), joist cavities, straps, floor panel 530 including floor lavers 532, ceiling panel
540 including ceiling layers 542, waterproof liner 595, angle clips, and angle members
562. The various components shown i FIGS. 5-7 are merely illustrative, and other
variations, icluding eliminating components, combining components, and substifuting
components are all contemplated.

{067] The floor-ceiling panel 514 may include one or more components that are
simmalar 1o those of the floor-cething panel 214 and the description of some of these
components may not be repeated {or brevity. The floor-ceiling panel 514 may be used
to implement one or more of the floor-cetling panels 114 of building 102, The floor-
ceiling panel 514 may include a panel frame 520, a floor panel 530, and a cetling panel
540, The panel frame 520 may include plurality of spaced apart joists 522 disposed
between and connected to opposing end members 528 The joists 522 may span the
length of the floor-ceiling panel 514 and may thus be referred to as longitudinal span
members. The joists 520 mayv be sufficiently long to span the full length of a unit, such
as unit 112 of the building 102 m FIG. 1. The end members 528 may be arranged
transverselv to the joists 522 at opposite ends of the joists 522 and may thus be referred
to as transverse members. In some examples, end members 528 may span the width of
a unit such that a single floor-ceiling panel may define the floor of the umit. In some
exarnples, a plurality of floor-cetling panels 514 muay be joined side to side for form the

floor structure of the unit.
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[068] The joists 522, including ouier 523 and inner joists 525 mav be arranged
generally parallel {e.g., plus or minus fifteen degrees) to one another, and generally
perpendicular {e.g., plus or munus fifteen degrees) to the end members 528 to define a
generally rectangular panel frame 520. In other examples, panel frames of different
shapes {(e.g., trapezoidal, rhomboid) maybe be defined using different arrangements of
joists and end members as may be appropriate for a particular building project.

{069] In some embodiments, the joisis 522 may be formed of metal, such as
aluminum or steel, for fire resistance, siructural strength, weight reduction, or other
factors. In somwe embodiments, the joists 522 may be formed of a non-metallic
material, such as wood or plastic. In the illustrated example, the joists 522 and end
members 52% are implemented using metal members having a generally C-shaped
cross-section {e.g., C-channels or C-joists). Joisis having different shapes may be used.,
e.g., [-beams, box beams, or others. The joists 5227 may be attached to the end
members 528 using conventional techniques {e.g., welded or fastened thereto). In some
examples, angle clips 565 (e.g., steel clips} may be used to attach the joists to the end
merbers, or example by fastening end portions of the webs of the joists to respective
webs of the end members. The outer joists 523 and end members 258 may form a
perimeter portion of the panel frame 520.

{767 The joists 522 may be spaced to define joist cavities 516, In some examples,
thermally insulative matenal (e.g., mineral wool, sprayed insulation) may be provided
within the joist cavities 316, In some examples, fire retardant material may be provided
int the joist cavities 516. In some examples, plumbing and/or electrical conduits may be
routed through the joist cavities 516, In some examples, siraps 329 may be attached to
the joists obliquely within joist cavities 516, e.g, to increase the lateral stability of the
panel frame 520. The number of joists 320, spacing of the joists 320 and other
parameters associated with the joists {(e.g., dimensions, material, and cross-section) may
be vaned to suit the requirements for the particular building project.

{071} A ceiling panel 540 may be disposed below and attached to the panel frame
52¢. The cetling panel 540 may be provided on the lower or ceiling side 541 of the
panel frame 520 and may provide a ceiling for a unit. The ceiling panel 540 may
include at least one distinct laver 542 of non-cornbustible material. For example, the

ceiling panel 540 may be formed using one or more pre-fabricated boards 545 of non-



WO 2017/156006 PCT/US2017/021168

24

combustible matenial (g.g., cement boards, Mg(QG boards, fiberglass-clad cement or
gypsum boards, elc}. The pre-fabricated boards 545 of non-combustible material may
be manufactured in standard sizes, which may be smaller sized or different sizes or
shapes than the overall size or shape of a given floor-catling panel. In such cases, a
plurality of boards may be arranged contiguously (side-to-side) to form a layer 542 of
the ceiling panel 540. The ceiling panel 540 mayv include multiple layers 542, in some
examples two favers, and in some example more than two layers. In some examples,
pre-fabricated boards 5435 may be made 1o size and/or shape corresponding to the floor-
ceiling panel 514 and in such cases, a single board may be used {or each layer of the
ceiling panel 540. The thickness of the ceiling panel 340 and/or of the individual layers
542 may be tailored as appropriate for a particular building project, e.g., to meet fire
safety requirements.

{072} A floor panel 530 may be disposed above and attached to the panel frame 520.
The floor panel 530 may be provided on the upper or floor side 531 of the panel frame
52¢ and may provide a floor of a unit. The floor panel 530 may be formed of a
plurality of stacked lavers 532 of non-combustible material. At least one layer of the
plurality of stacked lavers may be configured to accommodate a radiant heating
element 550. In some examples, the floor panel 530 may include at least two lavers of
non-combustible material and a radiant heating laver sandwiched therebetween.

73] For example, a {irst layer 532-1 of the foor panel 5310 may be formed using
one or more pre-fabricated boards 535 of non-combustible material (e.g., cement board,
magnesium oxide board, fiber-cement board, gvpsum board, or the like, which may
interchangeably be referred to as non-combustible boards and which may in some
examples be fiber reinforced and/or clad with a sheet laver such as a fiberglass laver).
Typically, the individual boards that form stacked layers of the floor or ceiling panels
{e.g.. boards 535, 545) may be siaggered io avoid alignment of seams in adjacent
layers. The first laver 532-1 may be disposed over and attached directly to the panel
frame 520. A second layer 532-2 formed of one or more pre-fabricated boards 535 of
non-combustibie material may be disposed over and spaced from the first layer 532-1
by a sufficient distance to accommodate a radiant heating layer 532-3. The radiant
heating layer 532-3 may be implemented using a shaped substrate sandwiched between

the first and second lavers. The shaped substrate may include a channel 552, which
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encloses substantially or in part the radiant heating element 550, The channel 552 may
be formed within the radiant heating layer 532-3 or defined by a surface (e.g., an upper
surface) of the shaped substrate. By forming the channel 522 closer to the upper or
floor side of the floor-ceiling panel, heat transfer to the floor side 531 of the floor-
ceiling panel S14 may be improved.

{074} The floor panel 530 or at least one laver thereof may extend substantially the
entire length and width of the panel frame 520 to enclose the upper side of the frame
520. The ceihing panel 540 or at least one laver thereof may extend substantially the
entire length and width of the panel frame 520 to enclose the lower side of the frame
320, In sore example, one or more of the layers of the ceiling panel or the floor panel
may be shorter in length and/or width than other panels. For example, the first laver
532-1 of the floor panel 530 may extend substantially the entire length and width of the
panel frame 520 while other layers {e.g.. second laver 532-2 and shape substrate 532-3)
may be shorter in length than the first layer 332-1, shorter in width than the first layer
532-1, or both. In this manner, the floor-ceiling panel 514 may be configured to
accommodate a wall {e.g., wall 116} around a perimeter of the floor-ceiling panel 514,
In some examples, the dimensions of one or more of the layers of tfloor-ceiling panel
514 {e.g., second laver 532-2 and shape substrate 532-3) may be selected to define a
ledge 538 for supporting a wall (e.g., a demising wall, a window wall or another type of
wall), In some examples, the wall may be implemented using a pre-assembled wall
panel.

{075] A laver of thermally-conductive material 5354 may be disposed over the surface
defining the channel 552, The laver of thermallv-conductive 554 material mav be
implemented as a sheet of material {e.g.. sheet of aluminum, steel, aluminum atloy or
another type of allov} bonded to the shaped surface of the radiant heating laver 532-3.
The layer of thermally-conductive material 554 may improve radiant heat transfer from
the radiant heating element 350 towards the floor side 331 of the floor-ceiling panel
514. The radiant heating element 550 may include one or more straight sections 551-1,
which may exiend paraliel o the joists 522, and one or more transverse sections 551-2
connecting the straight sections. The transverse sections may be curved and may be
provided proximate the perimeter of the floor panel 530, In sorse embodiments, the

radiant heating element 550 may be formed of hydronic radiant heat piping or tubing.
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In some embodiments, the radiant heating element 550 may be formed as a pipe or tube
of cross-linked polvethvliene, commonly referred o as PEX piping or tubing. The
radiant heating element 550 may be pressed into the channel and retained therein
substantially by friction. In some examples, the radiant heating element 550 may be,
additionally or alternatively, secured to the channel 552 using an adhesive. In some
examples the radiant heating element 550 may be secured n the channel by virtue of
the laver 532-2 provided over the radiant heating layer 532-3 and enclosing the channel

52.

(w4

[076] Thermal insulation may be provided between the floor panel 530 and the ceiling
panel 540, In some examples, the thermal insulation may include mineral wool. In
some examples. the thermal insulation may be spraved on insulation, such as closad-
cell spray foam provided by ICYNENE. In some examples, the thermal insulation may
be anv tvpe closed or open cell foam having composition such polyurethane,
polvisocyanurate, or other isocyanate polymers.

10771 Sound insulative material (e.g., sound strips 573, 574, sound insulation pad 575)
may be provided between the panel {rame 520 and the floor and ceiling panels 530,
340, respectively. The sound insulative material may be configured to effectively
mitigate floor impact and ambient noise sound transmussion to meet building codes.
For example, first plurality of sound strips 573 may be attached to the flanges on the
floor side 531 and a second plurality of sound strips 574 may be atiached to the flanges
on the ceiling side 541 of the panel frame 520. The strips 5373, 574 may have a length
corresponding to a length of an associated joist 522 or end member 528, The sirips
373, 574 may have a width corresponding to a widith of an associated joist 522 or end
mermber 528, In some embodiments, the strips 573, 574 may be designed to match the
footprint of the frame 520 and rest, respectively on top or on the bottom of the frame

20. In some embodiments, the strips 573, 574 may be designed to be smaller than the
footprint of the frame 520 such that a portion of the frame 15 not covered by the strips
573, 574. The thickness of the strips 573, 574 may be varied as needed for a particular
building project. In some embodiments, the strips 573, 574 may have a thickness
between about one-eighth of an inch and about one inch. In some embodiments, the
strips 5373, 574 may have a thickness of about one-quarter of an inch. The sound

insulative material (e.g.. sound strips 573, 574) may be formed of various materials, for
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example an elastomeric material, such as rubber. In some embodiments, the sound
msulative material may be formed of recycled, ground-up rubber tires, rubber, foam
padding, or other material with acoustic dampening properties. In some examples,
sound mnswlative materials, for example implementad as a sound insulation pad 575
may be provided between layers of the floor panel, the ceiling panel, or both. The
sound insulation pad 575 may be made of sinular materials as the sound strips 573, 574
or other suitable materials for mitigating sound transmission through the floor-ceiling
panel.

{878] In some examples, as in the Hustrated embodiment, the foor-ceiling panel 514
may provide a floor to a portion of the unit which includes a shower facility. In thus
regard, floor-ceiling panel 514 may include a waterproof liner 595 integrated info the
floor panel 340. For example, the waterproof liner 595 may be implemented in the
form of a shower pan made from any suitable material such as plastic, ceramic, metal,
or others. The waterproof liner 595 may be provided over eh first layer and attached
{e.g., adhered) directly thereio.

{079] The floor-ceiling panel 514 may inclhude one or more mounting components 560
for attaching the floor-ceiling panel 514 {o a building’s structural frame and/or for
jomning adjacent floor ceiling panels. For example, the floor-ceiling panel 514 may
imclude one or more angle members 362 and one or more angle brackeis 564, which
may be attached to the penimeter portion of the panel frame 520. The angle members
may be used to join adjacent floor-ceiling panels 514 and/or join the floor-ceiting panel
514 to a structural member (e.2., beam 108 of building 102). The angle brackets 564
may be used for jomning the floor-ceiling panel 514 to the structural frame. The floor-
ceiling panel 514 may include any number of mounting components {e.g. angle
members 562 and brackets 564) as may be suitable for a particular application. In some
examples, the floor-ceiling panel 514 may include at least one angle member 562 that
extends partially or substantially fully along the length of the panel frame (e.g., along
an outer joist 523). One or more angle members 562 may be attached longitudinally
along the outer joists. In some examples, a phurality of spaced and generally paraliel
angle members may be attached along a same side of the frame (e.g., {0 a same joist).
One or more angle brackets 564 may be attached vertically (e.g, generally

perpendicular, plus or minus 15 degrees) to the angle members 562, When joined to a
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building’s structural frame, the angel brackets may be generally vertical with respect to
a horizontal structural member (e.g., beam 108 of building 102). One or more angle
brackets 564 may be attached along the perimeter portion of the frame, for example to
the outer joists 523 and end members 528. In other examples, differently shaped or
configured mounting components may be used, such as T-shaped, I-shaped, or box-

shaped brackets.

Example 2
{080] According to another non-limiting example, a floor-cetling panel may include a

frame, a floor panel, and a ceiling panel. The panel frame may be generally rectangular
and may be formed of nine joists spaced at about 12 inch on center and having a length
of about 24 feet, defining a panel frame having an overall fength of about 24 feet and
overall width of about 8 feet. The height of the joists and end members may be about
12 inches, with the panel frame thus having a depth of about 12 inches. The panel
frame may be made of metal, such as aluminum or construction grade steel. The panel
frame may be made of a plurality of 14 gage steel C-joists attached to a pair of
opposing end member in the form steel C-channel. The joists may be fastened to the
end member using 16 gage angle clips. The panel mayv include at least one angle
member (e.g., 18 gage steel angle) attached to the perimeter of the panel frame and
extending along the length of the panel frame. The ceiling panel may include two
layers of fiberglass-clad gypsum board each having a thickness of about 5/8 inches.
The ceiling panel iavers may be fastened to the joists using threaded fasteners.

[081] The floor panel may incluade a plurality of layers including a bottom layer and a
top layer, one or both of which may be made from non-cornbustible maternial, and a
radiant heating laver batween the bottom and top layers. The bottom laver may be
implemented with a board having non-combustible core such as cement board, fiber
cement board, gvpsum board, or the like, and a steel diaphragm (e.g. 22 gage
galvanized sheet steel} bonded thereto. The bottom layver may be arranged such that the
metal-clad side of the bottom layer faces the frame. That is, in some examples, the
steel-diaphragm may be aganst the frame and sound

{082] The bottom layer may be from about 3/8 inches thick to about ¥4 inch thuck. In

some examples. the bottom laver may be implemented using SURE-BOARD e g, as
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available from CEMCO. The top laver may also include non-combustible matenal
such as cement board, fiber cement board, gypsum board, or the ke, In some
examples, the top laver may be implemented using HARDIEBACKER 3500 cement
board, as available from James Hardie Building Products. The top laver may be about
Y2 inch thick. The radiant heating layer may be implemented using a subsirate of
insulating material (e.g., high density polvstyrene foam) which defines a channel for a
hydronic or eleciric radiant heating element. A thermally conductive sheet (e.g., 24
gage aluminum sheet) may be bonded to the insulating material on the channel side of
the substraie. The radiant heating element may be hydronic and may be implemented
in the form of PEX tubing. The radiant heating element may be provided in the
channel substantially within the depth of the radiant heating layer to provide low profile
radiant heating panel. The radiant heating layer may be about 1 inch thick. In some
examples, the radiant heating layver may be implemented using components of the
ROTH radiant heating panel system.  Sound insulation material may be provided

between the frame and the ceiling and/or floor panels.

[083] in another non-limiting example, a floor and ceiling panel may include a frame,
a floor panel, and a cetling panel. The frame may be made of metal, such as aluminum
or construction grade stegl. Alternatively the frame may be made of plastics,
compaosites, or wood. The panel frame may include five joisis spaced at about 12 inch
on center to define a panel frame having an overall length of abowi 24 feet and overall
width of about 4 feet. In other examples, the joisis may be spaced at up to two foot on
center along the length of the end members.

[{084] The ceiling panel may include at least one layer of non-combustible material
such as cement board, for example HARDIEBACKER 500 Mg(O cement board
available froma James Hardie Building Products. The non-combustible material may be
attached to the frame using conventional fasteners {e.g., threaded fasteners), adhesives,
or other known techniques. In some examples, the ceiling panel may be formed of a
plurality of individual boards of cement board, which may be arranged continuously to
cover or substantially cover the ceiling side of the floor and cetling panel. In some

examples, the ceiling panel may include two or more layers of non-combustible
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material such as cement board. Individual boards of cement board on adjacent layers
may be staggered to avoid alignment or overlapping of seams between the boards. In
sorne examples, the ceiling may be formed using fiber board, such as non-combustible,
structural fiber cement board manufactured by US Architectural Products {(marketed
under the name Plvcem® CembDeck™),

{085] The floor panel may include a plurality of lavers including a botiorn layer and a
top laver, one or both of which may be made from non-combustible material, and a
radiant heating layer between the bottom and top layvers. In some examples, the bottom
taver may inchude a non-combustible material such as cement board, fiber cement
board, gvpsum board, or the like. In some examples, the bottom laver may be
implemented using SURE-BOARD. The top layer may also include non-combustible
material such as cement board, fiber cement board, gvpsum board, or the like. In some
examples, the top laver may be implemented using HARDIEBACKER 3500 cement
board. The radiant heating layer mayv be implemented using ROTH radiant heating
panels and electrical radiant heating element.  Sound insulation material may be
provided between the frame and the ceiling and/or floor panels. In some example,
sound insulation material may be provided between lavers of the ceiling and/or floor
panels. In one embodiment, sound insulation in the form of sound insulation strips may
be provided between mating surfaces of joists and the ceiling and/or {loor panels. In
some examples, a sound insulation pad may be provided between the radiant heating
layer and the bottom layer of the floor panel. It will be understood that the components
of the floor-ceiling panels and building structures described herein may be practices in
other combinations than the specific examples described herein.

{086] FIGS. 8 and 9 are flow diagrams of example methods in accordance with the
present disclosure. The methods 800 and 900 may be used to construct a floor svstem
for a building, such as building 102. An example method may include one or more
operations, functions or actions as illustrated by one or more of blocks 810-840, and
blocks 910-960. With reference also to FIGS. 10 and 11, operations of the example
methods will now be described. FIG. 10 shows a joint between adjacent floor-ceiling
panels {e.g., floor-cetling panels 514a and 514b), each of which includes a panel frame
320a, 520b, floor panels 530a, 530b, and ceiling panels 540a, 540b, respectively. FIG.

10 shows outer joist 523a and angle members 562-1a and 562-2a of the floor-ceiling
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panel 514a and outer joist 532b and angle members 562-1b and 562-2b of the floor-
ceiling panel 514b. FIG. 11 shows a two floor-ceiling panels {e.g., floor-ceiling panels
514b and 514¢), each of which mcludes a panel frame 520a, 520b, floor panels 530a,
530b. respectively, and ceiling panels (not shown). FIG. 11 further shows panel 514b
joimed (o beam 108 using angle member 562-2b and a wall 116 positioned over the
heam 108. The vanous components shown in FIGS. 10 and 11 are merely llustrative,
and other variations, including eliminating components, combining components, and
substituting components are all contemplated.

{0687] An example method 800 may wnclude attaching a first pre-assembled floor-
ceiling panel (e.g., floor-ceiling panel 114, 214, 514} to a structural frame of a building,
as shown in block 81¢. The method 800 may include joining a second pre-assembled
floor-ceiling panel e.g., floor-ceiling panel 114, 214, 514) to the first pre-assembled
floor-cetling panel, as shown in block 820, Each of the first and second pre-assembled
floor-cetling panels may include a plurality of joists, a cetling panel disposed below
and attached io the plurality of joists, and a floor panel disposed above and aftached to
the plurality of joists. The foor panel of each of the first and second pre-assembled
floor-ceiling panels may include a first floor layer disposed above and attached to the
frame, a second floor layer over and spaced from the first floor layer, and a shaped
substrate provided between the first and second floor lavers, the shaped substrate
including a channel and an m-floor radiant heat element received in the channel. The
method may further include instaliing a floor finish material to the first and second pre-
assembled floor-ceiling panels, as shown i block 830, and mnstalling a ceiling fimish
material {e.g.. acoustical ceiling panels) {o the first and second pre-assembled fHoor-
ceiling panels, as shown i block 840, In some examples the nstalling of a floor firash
material may include covering a seam between adjacent floor-ceiling panels. For
example, the instaliing of a floor finish material may include attaching a floor finish
{e.g.. hardwood, tile, laminate) material to the pre-assembled {loor-ceiling panels such
that the tioor finish material extends over a seam between the first and second floor-
ceiling panels. In some examples, the installing of a ceiling finish matenal may
simtlarly mclude installation of a cetling finish matenal across a seam between adjacent

floor-ceiling panels.
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{088] An exampie method 900 may include placing the first pre-assembled floor-
ceiling panel {e.g., floor-ceiling panel St4b i FIG. 11) proximate a beam of the
structural frame, as shown n block 910, As shown in block 920, the method 900 may
further include joining the first pre-assembled panel to the beam using a mounting
component {e.g., angle member 562-2b). In some examples, the floor-ceiling panel
may be joined to the frame using an angle bracket, which may be arranged vertically
with respect to the pre-assembled floor-ceiling panel and the beam. As shown in block

30, the method 900 may further include placing a second pre-assembled floor-ceiling
panel next to the first pre-assembled floor-ceiling panel (e.g., floor-ceiling panel 514a
in FIG. 10) such as by placing the two floor-ceiling panels side to side so that an outer
joist {e.g.. 523b} of the first pre-assembled floor-ceiling panels is adjacent and spaced
from an outer joist (e.g., 523a) of the second pre-assembled floor-ceiling panel. The
method 900 may include providing mnsulation {e.g., 576) n a cavity defined between
the adjacent outer joists of the first and second pre-assembled floor-ceiling panels, as
shown in block 940, The method 900 may further include joining a first angle member
{e.g., 562-1b) of the first pre-assembled floor-ceiling panel {0 an angle member (s g.,
362-1a)y of the second pre-assembled floor-ceiling panel to attach the second pre-
assembled panel to the first pre-assembled panel, as shown in block 950, The angle
members may be joined using fasteners. In some examples, attaching the first pre-
assermbled floor-ceiling panel to the structural frame may be performed before joining
the second pre-assemblad floor-ceiling panel to the first pre-assembled floor-ceiling
panel.

{089] Referring back to FIGS. T and 2, a building (e.g., building 102) may include at
least five stortes. The building may mclude a structural frame 104, The structural
frame may include vertical structural members (e.g. columns 106} and horizontal
structural members {e.g., beams 108} The walls 116 of the bulding may be
imoplemented using pre-assembled wall panels that extend the full distance between
adjacent columns 106, The walls 116 may be non-load bearing walis and may be
arranged over or proximate beams that connect adjacent columns such that substantially
all loads may be carried by the structural frame 104 and/or ehiminate or mimimize the

use of cross-braces. The floor system of the building may be constructed using a
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plurality of pre-assembled floor-ceiling panels {e.g., floor-ceiling panel 114) in
accordance with the present disclosure,

[096] The tfloor-ceiling panels 114 may be disposed between two vertically adjacent
stories {e.g., stories 103a, 103b). Each of the floor-ceiling panels 114 may include a
ceiling panel on a ceiling side, which defings a ceiling of one of the two verlically
adjacent stories {e.g.. story 103a) and a floor panel on a floor side, which defines the
floor of the other one of the vertically adjacent stories {(e.g., story 103b). The floor-
ceiling panels may be implemented using any of the examples herein (e.g., 214, 514).
The floor panel and the ceiling panels of the floor-cetling panel may be attached to a
panel frame which is disposed between and supports the floor and the ceiling panels.
The panel frame may include a plurality of joists extending between opposing end
members. The joists may span substantially the full length of a umit (e.g., 112a, 112b}.
When the pre-assembled floor-ceiling panels 114 are installed in building 102, the end
members may align with and be proximate two opposing beams (108a 108b} and the
joists mav span substantially the full distance between the opposing beams.

{091] The floor-ceiling panels 114 may include mounting components for attaching
adjacent floor-ceiling panels 114 to one another and/or joining the floor-ceiling panels
114 1o the structural frame 104, For example, the floor-ceiling panels 114 may include
first mounting components for attaching the panels to the structural frame. The first
mounting componenis may be attached to the end members (e.g., along the transverse
direction) of the panels. The first mounting components may be contfigured to transfer
diaphragm loads to the structwral frame. In some examples, the first mounting
components may be implerented in the form of vertically arranged angle brackets. By
vertically arranged, it is generally imphied that a longitadinal direction of a bracket 1s
generally aligned with a vertical direction {(e.g., depth direction) of the panel.

[092] The floor-ceiling panels 114 may include second mouniing components for
attaching adjacent floor-ceiling panels to one another.  The second mounting
components may be arranged primarify along a longitudinal direction (e.g., span
direction) of the floor-ceiling panels 114, The second mounting components may
mnclude angle members or angle brackets which extend longitudinally along a floor-
ceiling panel 114. That is, a longutudinal direction of an angle member or angle bracket

is generally aligned with a longitudinal (e.g.. span direction) of a floor-ceiling panel.
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As will be appreciated by those of skill in the art, an angle member or angle bracket
may have a generally L-shaped cross section defined by two sides of the angle. One of
the sides may be connected to the panel frame (e.g., to an outer joist) and the other side
may extend from the frame for attaching 1o another Hloor-ceiling panel. The angle
members or angle brackels may exiend continuously along the full or substantially full
length of a panel. o some examples, the second mounting components may be
implanted using a plurality of separate angle brackets attached along the length of an
outer joist at regular or irregular spacing along the length.

{693] As will be appreciated, one or more of the stories of building 102 may be
divided into units and the floor of each unit may be defined by a small number of pre-
assembled panels, for example two panels, three panels, four panels, or five panels. In
some examples, a different number of paneis may be used to construct the floor of each
wnit. When the panels are installed in a bwlding, the second mounting components
may conmect adjacent panels and the first mounting components may connect the
panels to the frame {e.g., 1o a beam 108).

[094] FIG. 12 shows a joint between adjacent floor-ceiling panels i accordance with
further examples herein. The two adjacent floor-cetling panels 714a and 714b are
joined to one another using angle members 762a and 762b. The floor-ceiling panels
714a and 714b are positioned side by side (e.g., with cuter joist 723a of one floor-
ceiling panels proximate outer joist 723b of the other floor-ceiling panels). A narrow
gap 798 {e.g.. up to about ¥ inch, or more in other examples} may be defined between
the cuter joists 723a and 723b when the floor-ceiling panels 714a and 714b are joined,
such as fo accommodate the thickness of the angle members 762a, 762b, {asieners,
weld joints, or the like, between the adjoining panels. In some exaroples, nsulation
may be provided in the gap. In some examples, the outer joists 723a and 723b may
substantially abut one ancther after the floor-ceiling panels 714a, 714b have been
jomed.

{095] As described, each of the floor-ceiling panels 714a, 714b may include one or
more angle members for attaching adjacent panels to one another. In some examples,
the angle members may be formed of 18 gage structural grade steel. In some examples,
the angle members mav be formed from other metals, such as alumimum or different

gages or grades of steel, or a non-metallic material, such as a fiber reinforced composite
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material. Panel 714a may include an angle member 762a which may be attached fo the
outer joist 723a using a threaded fastener or other conventional means (e.g., rivels,
welding, adhesives). Panel 714b may include an angle member 762b which may be
attached to the outer joist 723a similarly using a threaded fastener or other conventional
means {e.g., rivets, welding, adhesives). The angle members 7624 and 762b may be
implemented in the form of continuous members extending substantially along the full
fength of the panels. In some examples, angle members 762a and 762Zb may be
implemented using a plurality of shorter individual angle brackets attached along the
tength of one or more of the outer joists. The angle members 762a and 762b may have
generally L-shaped cross-sections defined by vertical portions 763a, 763b and
horizontal portions 767a, 767h. The vertical portions 763a, 763b abut respective ones
of the joists 723a, 723b and are attached thereto. The horizontal portions 767a, 767b
extend generally perpendicularly owtward from the joists 723a, 723b.  In some
examples, the horizontal portions 767a, 767b may extend up to about 3 inches from the
joists 723a, 723b.

[696] The angle member 762a may be attached proximate the lower or cetling side of
the floor-ceihing panels 714a with the horizontal portion 767a generally in plane with
the bottom surface of the ceiling panel 740b. The bottom of ceiling panel 740b rests
against the horizontal portion 767a forming a lower lap joint between the adjoining
floor-ceiling panels 714a and 714b. The horizontal portion 767a may be attached to the
floor-cetling panel 714b using fasteners, which may exiend through the ceiling panel
740 and the flange of joist 723b. The angle member 762b may be attached proximate
the upper or floor side of the floor-ceiling panel 714b with the horizontal portion 767b
generally in plane with the top surface of the substrate 732-1a. The horizontal portion
767b rests onto the top surface of the substrate 732-1a forming an upper lap joint
between the floor-ceiling panels 714a and 714b. The horizontal portion 767b may be
attached to the floor-ceiling panels 714a using a fastener, which may extend through
the substrate 732-1a and the flange of joist 723a. Finish materials (e g., ceiling finish
744 and floor finish 734) mav extend over the lap joints to conceal the seams between
adjoining floor-ceiling panels.  Fire resistant material {e.g., fire tape 792) may be

provided over the horizontal portions 767a, 767b across the gap 798, Filler 794 may be
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provided below the floor finish 734, and the filler 794 and/or floor finish 734 may
extend over the seam at the upper lap joint.

[0697] The examples provided are for explanatory purposes only and should not be
considered to linut the scope of the disclosure. Embodiments of pre-assembled floor
and ceiling panels described herein, including the pre-assembled floor and ceiling panel
114, may provide a floor and ceiling system useable in low-rise, mid-rise, and high-rise
residential projects, among others. The panels may be configured to comply with one
or more of the following building codes: fire, energy, handicap, life-safety, and
acoustical (impact and ambient noise transfer). In some embodiments, the pre-
assembled foor and ceiling panels may be considered as a fully-mtegrated sub-
assembly meeting fire, sound impact, energy, and life/safety codes. The floor and
ceilling panels may be fully mtegrated with electrical, fire protection, energy insulation,
and sound isolation capabilities in some embodiments. The floor and ceiling panels
may be designed to achieve a fire rating set by the applicable building code, such as a
two-hour fire rating.  In some embodiments, the panels may provide a heating svstem
for the building umits, such as the units 112 in FIG. 1.

[098] The floor and cetling panels described herein may be fabricated off-site in a
factory or shop and transported to the project site (also referred to as job site) for
attachment 1o a structural frame, such as a structural exoskeleton, of a bulding. The
panels may be fabricated in various sizes. For example, a panel according to the
present disclosure may have a width of about four feet to about 8 feet and a length of
about 20 feet or more (e.g., 22 feet, 24 fest, 26 feet). These width and length
dimensions may generally exclude components that extend bevond the perimeter of the
panel, e.g.. as may be used to join adjacent panels and/or join the panels 1o the
structural frame. That is, in some examplas, an overall length of the panels may exceed
8 feet in width and 24 feet in length although the panel may be referred to as an 8 by 24
foot panel. Generally, any size panels, including larger panels and smaller infill panels
than the examples above may be fabricated on a project-by-project need to complete
the building floor system. At the building site, the panel may be attached to end walls,
demising walls, utility walls, bulding utilities, or any combination thereof.

[099] The floor and ceiling panel may function as the floor of at least one umt of the

building, mn that a floor finish may be applied directly over the floor panel. The floor
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and ceiling panel may function as the ceiling of at least one unit of the building, in that
a ceiling finish may be applied directly over the ceiling panel. In some examples, the
floor and ceiling finishes may be applied at the factory. In some examples, the floor
and/or ceiling finishes may be removably connected to the floor and ceiling panel to
enable temporary removal at the job site {(e.g., for joining adjacent floor and ceilling
panels and/or attaching the floor and ceiling panels to the building’s structural frame).

{0100] In some examples, a floor and ceiling panel may include ong or more boards,
gach board comprising an morganic material, such as an inorganic mineral material,
such as gypsum. A board may be a fiberglass-clad board, and/or comprise glass or
other fibers within the board. A board may be a fireproof board. In some examples the
board may be a waterproof or substantially waterproof board. In some examples, a
floor and ceiling panel may further include a metal sheet such as a sheet of steel,
aluminum (for example, aluminum alloy) or other metal. In some examples, the metal
sheet may function as a diaphragm and may interchangeably be referred to as metal
diaphragm.

[0101] The present disclosure 15 not to be limited i terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects. Many modifications and embodiments can be made without departing
from s spirit and scope, as will be apparent 1o those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in the art from the foregoing
descriptions.  Such modifications and embodiments are intended to fall within the
scope of the appended claims.  The present disclosure includes the terms of the
appended claims, along with the full scope of equivalents to which such claims are
entitied. It is to be understood that this disclosure is not Himited to particular methods,
reagents, compounds compositions or biological systems, which can, of course, vary. It
is also to be understood that the terminoclogy used herein 1s for the purpose of
describing particular embodiments only, and is not intended to be limiting.

[0102] With respact {0 the use of substantially any plural and/or singular terms herein,
those having skill in the art can translate from the plural (o the singular and/or from the
singular to the plural as 15 appropriate to the context and/or application. The various

singular/plural permutations may be expressly set forth herein for sake of clanity.
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{0103] It will be understood by those within the art that, in general, terms used herein,
and especially i the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limated t0.” the term “having” should be interpreted as “having at
least,” the term “inchudes” should be interpreted as “includes but is not limited to,”
efe. ).

{0104 1t will be further understood by those within the art that if a specific number of
an introduced claim recitation is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such inient 1s present. For example, as
an aid to understanding, the following appended claims may contain usage of the
introductory phrases “at least one” and “one or more™ to introduce claim recitations.
However, the use of such phrases should not be construed o imply that the introduction

¢

of a claim recitation by the indefimite articles “a” or “an” hmits anv particular claim
containing such introduced claim recitation to embodiments containing only one such
recitation, even when the same claim includes the introductory phrases “one or more”
or “at least one” and indefinite articles such as “a” or “an” {e.g., “a” and/or “an” should
be interpreted fo mean “at least one” or “one or more”); the same holds true for the use
of definite articles used to introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is expliciily recited, those skilled in the art
will recogmze that such recitation should be interpreted to mean at least the recited
number {e.g., the bare recitation of “two recitations,” without other modifiers, means at
feast two recitations, or two of more recitations).

{0105} Furthermore, in those instances where a convention analogous to “at least one
of A, B, and C, etc.” is used, in general such a construction 1s intended in the sense one
having skill i the art would understand the convention {(e.g., “a system having at least
one of A, B, and O would include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and
C together, etc.). In those instances where a convention analogous to “at least one of A,
B, or C, etc.” is used, in general such a construction is intended in the sense one having
skill in the art would understand the convention {e.g.. “a sysiem having at least one of
A, B, or C” would include but not be limited to systems that have A alone, B alone, C

alone, A and B together, A and C together, B and C together, and/or A, B, and C
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together, etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more altemative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities
of including one of the terms, either of the terms, or both ferms.  For example, the
phrase “A or B” will be understood to include the possibilities of “A” or “B” or “A and
B~

{0106] In addition, where features or aspects of the disclosure are described in terms of
Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[0107] As will be understood by one skilled in the art, for any and all purposes, such as
in terms of providing a written description, all ranges disclosed herein also encompass
any and all possible subranges and combinations of subranges thereof. Any listed
range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. Asa
non-limiting example, each range discussed herein can be readily broken down into a

tower third, middle third and upper third, etc. As will also be understood by one skilled

% 4 99 4¢

in the art all language such as “up to,” “at least,” “greater than,” “less than,” and the
like include the number recited and refer to ranges which can be subsequently broken
down into subranges as discussed above. Fmally, as will be understood by one skilled
in the art, a range includes each individual member. Thus, for example, a group having
1-3 items refers to groups having 1, 2, or 3 ttems. Similardy, a group having 1-5 items
refers to groups having 1, 2, 3, 4, or 5 items, and so forth.

{0108] While the foregoing detailed description has set forth various embodiments of
the devices and/or processes via the use of block diagrams, flowcharts, and/or
embodiments, such block diagrams, flowcharts, and/or embodiments contain one or
more functions and/or operations, it will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or embodiments can
be implemented, individually and/or collectively, bv a wide range of hardware,
software, firmware, or virtually any combination thereof.

[3109] The herein described subject matter sometimes tllustrates different components

comtained within, or connected with, different other components. It is to be undersiood
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that such depicted architectures are merely examples, and that in fact many other
architectures can be implemented which achieve the same functionality. In a
conceptual sense, any arrangement of components to achieve the same functionality is
effectively "associated” such that the desired functionality is achieved. Hence, any two
components heretn combined to achieve a particular functionality can be seen as
"associated with" each other such that the desired functionality is achieved, irrespective
of architectimes or intermedial components. Likewise, any two components so
associated can also be viewed as being "operably connected”, or "operably coupled”, to
each other to achieve the desired functionality, and any two components capable of
being so associated can also be viewed as bemg "operably couplable”, 1o sach other to
achieve the desired functionality. Specific embodiments of operably couplable include
but are not limited io physically maieable and/or physically imteracting componenis
and/or wirelessly interactable and/or wirelessly interacting components and/or logically
interacting and/or logically interactable components.

[0110] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent {0 those skilled in the art. The various
aspects and ernbodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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CLAIMS

1. A pre-assembled floor-ceiling panel, comprising:

a panel frame comprising a plurality of spaced apart joists disposed between and
connected to first and second opposing end members;

a ceiling panel disposed below and attached to the panel frame, wherein the ceiling panel
comprises at least one pre-fabricated board of non-combustible material;

a floor panel disposed over and attached to the panel frame, wherein the floor panel
comprises a plurality of stacked layers that include:

a first layer disposed above and attached to the panel frame;

a second layer disposed above and spaced apart from the first layer, wherein the
first layer, the second layer, or both comprise one or more pre-fabricated boards of non-
combustible material; and

a shaped substrate between the first and second layers, wherein the shaped
substrate comprises a radiant heat member in a channel defined by an upper surface of
the shaped substrate; and
a first mounting component attached to the panel frame, wherein the first mounting

component is configured to join the floor-ceiling panel to a structural frame of a building.

2. The floor-ceiling panel of claim 1, wherein the first mounting component includes
at least one bracket arranged vertically with respect to a horizontal member of the structural

frame.

3. The floor-ceiling panel of claim 1, further comprising a second mounting
component attached to the panel frame, wherein the second mounting component is configured

to join adjacent floor-ceiling panels.

4. The floor-ceiling panel of claim 3, wherein the second mounting component

includes a first angle member that extends, at least partially, along a length of the panel frame.
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5. The floor-ceiling panel of claim 1, wherein the ceiling panel comprises two

stacked layers of fiberglass-clad gypsum boards.

6. The floor-ceiling panel of claim 5, wherein individual fiberglass-clad gypsum
boards of the two stacked layers are staggered such that seams between fiberglass-clad gypsum
boards of one layer of the two stacked layers are offset from seams between fiberglass-clad

gypsum boards of the other layer of the two stacked layers.

7. The floor-ceiling panel of claim 1, wherein the first layer comprises metal-clad

cement board.

8. The floor-ceiling panel of claim 7, wherein a metal side of the first layer is against

the panel frame.

9. The floor-ceiling panel of claim 7, wherein the second layer comprises

magnesium oxide board.

10. The floor-ceiling panel of claim 1, wherein the shaped substrate comprises an
insulative core and a metal sheet bonded to the upper surface, and wherein the metal sheet

follows contours of the channel defined by the upper surface.

11. The floor-ceiling panel of claim 1, wherein the first layer is longer in length than

the second layer, the shaped substrate, or both.

12. The floor-ceiling panel of claim 11, wherein the first layer is longer in width than

the second layer and the shaped substrate.

13. The floor-ceiling panel of claim 1, wherein the floor-ceiling panel is configured to

accommodate a pre-assembled wall structure along a perimeter portion of the floor-ceiling panel.
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14. The floor-ceiling panel of claim 13, wherein the shaped substrate and the second

layer are shorter than the first layer to define a ledge to support the pre-assembled wall panel.

15. A building including at least five stories, the building comprising:

a structural frame that includes a horizontal beam; and

a pre-assembled floor-ceiling panel disposed between two vertically adjacent stories of
the building, wherein the floor-ceiling panel comprises:

a ceiling panel provided on a ceiling side of the floor-ceiling panel and that
defines a ceiling of one of the two vertically adjacent stories;

a floor panel provided on a floor side of the floor-ceiling panel and that defines a
floor of the other one of the two vertically adjacent stories;

a panel frame disposed between and supporting the floor and ceiling panels,
wherein the panel frame comprises a plurality of joists which span a full length of a unit
of the building; and

a first mounting component joined to the panel frame and that connects the pre-

assembled floor-ceiling panel to the horizontal beam.

16. The building of claim 15, further comprising a unit on one story of the two
vertically adjacent stories, wherein the unit comprises a floor defined by three or fewer pre-

assembled floor-ceiling panels.

17. The building of claim 16, wherein the unit further comprises two opposing walls
spaced by a distance, and wherein each of the three or fewer pre-assembled floor-ceiling panels

spans the distance between the two opposing walls.

18. The building of claim 15, wherein the pre-assembled floor-ceiling panel
comprises at least one of: a radiant heat element provided within a depth of the floor panel, or a

shower pan integrated into the floor panel.

19. A method to construct a floor system for a building, the method comprising:

attaching a first pre-assembled floor-ceiling panel to a structural frame of a building;
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joining a second pre-assembled floor-ceiling panel to the first pre-assembled floor-ceiling
panel, wherein each of the first and second pre-assembled floor-ceiling panels comprises:

a plurality of joists,

a ceiling panel disposed below and attached to the plurality of joists,

a floor panel disposed above and attached to the plurality of joists, wherein the
floor panel comprises a first floor layer disposed above and attached to a panel frame of
the floor-ceiling panel, a second floor layer over and spaced from the first floor layer, and
a shaped substrate provided between the first and second floor layers, wherein the shaped
substrate comprises a channel and an in-floor radiant heat element received in the
channel; and

a first mounting component attached to the panel frame, wherein the first
mounting component is configured to join the floor-ceiling panel to the structural frame
of the building; and
installing a floor finish material to the first and second pre-assembled floor-ceiling

panels.

20. The method of claim 19, wherein the joining the second pre-assembled floor-
ceiling panel to the first pre-assembled floor-ceiling panel comprises:

placing the second pre-assembled floor-ceiling panel next to the first pre-assembled
floor-ceiling panel such that an outer joist of the first pre-assembled floor-ceiling panel is
adjacent and spaced from an outer joist of the second pre-assembled floor-ceiling panel; and

joining a first angle member of the first pre-assembled floor-ceiling panel to a second
angle member of the second pre-assembled floor-ceiling panel to attach the second pre-

assembled floor-ceiling panel to the first pre-assembled floor-ceiling panel.

21. The method of claim 20, further comprising providing insulation in a cavity
defined between the adjacent outer joists of the first and second pre-assembled floor-ceiling

panels.

22. The method of claim 20, wherein the installing the floor finish material comprises

attaching the floor finish material to the first and second pre-assembled floor-ceiling panels such



45

that the floor finish material extends over a seam between the first and second pre-assembled

floor-ceiling panels.

23. The method of claim 22, further comprising installing a ceiling finish material to
the first and second pre-assembled floor-ceiling panels such that the ceiling finish material

extends over the seam between the first and second pre-assembled floor-ceiling panels.





