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ACOUSTICAL ISOLATION FLOOR UNDERLAYMENT SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to flooring systems designed
to reduce airborne and impact sound transmission, and more
specifically relates to an improved flooring system which improves
acoustical isolation while having a relatively space-conserving profile to
enhance compliance with existing building design parameters.
Conventional flooring systems include a subfloor of poured concrete or
plywood. Various underlayments located between the subfloor and the
finished floor (typically ceramic tile, vinyl tile or hardwood) have been
used to reduce sound transmission.

Sound rated or floating floor systems are known in the prior
art for acoustically isolating a room beneath a floor on which impacts
may occur, such as pedestrian footfalls, sports activities, dropping of
toys, or scraping caused by moving furniture. Impact noise generation
can generally be reduced by using thick carpeting, but where concrete,
ceramic tile, sheet vinyl, or hardwood finishes are to be used a sound
rated floor may be particularly desirable. The transmission of impact
noise to the area below can be reduced by resiliently supporting the
floor away from the floor substructure, which typically transmits the
noise into the area below. If the floor surface receiving the impactis
isolated from the substructure, then the impact sound transmission will
be greatly reduced. Likewise, if the ceiling below is isolated from the
substructure, the impact sound will be restricted from traveling into the
area below.

Sound rated floors are typically evaluated by ASTM
Standard #492 and are rated as to impact insulation class (IIC). The
greater the lIC rating, the less impact noise will be transmitted to the
area below. Floors may also be rated as to Sound Transmission Class
(STC) per ASTM E90. The greater the STC rating, the less airborne
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sound will be transmitted to the area below. Sound rated floors typically
are specified to have an lIC rating of not less than 50 and an STC rating
of not less than 50. Even though an IIC rating of 50 meets many
building codes, experience has shown that in luxury condominium
applications even floor-ceiling systems having an 1IC of 56-57 may not
be acceptable because some impact noise is still audible.

In addition to having an adequate STC and IIC rating, an
acceptable sound rated floor must also have a relatively low profile.
Low profile is important to maintain minimum transition height between
a finished sound rated floor and adjacent areas, such as carpeted
floors, which ordinarily do not need the sound rated construction. Low
profile is also important for maintaining door threshold and ceiling height
dimensions, restraining construction costs, and maintaining other
architectural parameters.

Also, a sound rated floor must exhibit enough vertical
stiffness to reduce cracking, creaking, and deflection of the finished
covering. Atthe same time, the sound rated floor must be resilient
enough to isolate the impact noise from the area to be protected below.
Thus, designers of acoustic flooring must strike a balance between
vibration dampening and structural integrity of the floor.

Two isolation media currently used and also approved by
the Ceramic Tile Institute for sound rated tile floors are (i) 0.4 inch
ENKASONIC® brand matting (nylon and carbon black spinerette
extruded 630 g/sq. meter) manufactured by Colbond Inc. of Enka,
North Carolina and (ii) 0.25 inch Dow ETHAFOAM™ (polyethylene foam
2.7 pcf) manufactured by Dow Chemical Co., Midland Michigan. While
both of these systems are statically relatively soft and provide some
degree of resiliency for impact insulation, the added effect of air
stiffness in the 0.25 and 0.40 inch thick media makes the system very
stiff dynamically and limits the amount of impact insulation. Because the
systems are statically soft, they do not provide a high degree of support
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for the finished floor, and a relatively thick (7/16 inch) glass mesh mortar
board, such as a product called Wonderboard, is used on top of the
média to provide rigidity for preventing grout, tiles, and other finished
flooring from cracking. Alternatively, a relatively thick (11/4 inch)
reinforced mortar bed must be installed on top of the resilient mat.

Another known isolation system includes the installation of
pads or mounts placed on a subfloor, wooden sleepers are then laid
over the isolation pads or mounts, and a plywood deck is fastened to
the sleepers to form a secondary subfloor. Often, glass fiber insulation
is placed in the cavity defined between the sleepers. A poured or
sheet-type underlayment material is then applied to the secondary
subfloor. While acoustically effective in reducing sound transmissions,
this system adds as much as 6 inches to the thickness of a floor. This
thickness is undesirable in most commercial and multi-family residential
buildings.

Other known acoustic flooring materials include a poured
settable underlayment sold under the mark LEVELROCK™ by United
States Gypsum Company of Chicago, lllinois (USG). LEVELROCK
underlayment is a mixture of Plaster of Paris, Portland Cement and
Crystalline Silica. LEVELROCK underlayments have been used with
sound reduction mats (SRM) located between the underlayment and the
subfloor. Such mats are made of polymeric material and are typically a
matrix of hollow cylindrical shapes held together by a thin mesh.
Another material used to dampen sound transmission is Sound
Reduction Board (SRB) sold by USG of Chicago, lllinois, also under the
mark LEVELROCK™. SRB is a mixture of man-made vitreous fiber and
minerals, including slag wool fiber, expanded Perlite, starch, cellulose,
Kaolin and crystalline silica.

However, known acoustic flooring systems have been
unable to consistently achieve IIC values greater than 50 and in the
desired range of 5656-60. Accordingly, there is a need for an improved
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sound reduction flooring which addresses the above-identified design
parameters.
BRIEF SUMMARY OF THE INVENTION

The above-listed objects are met or exceeded by the
present acoustical isolation floor underlayment system, which features
enhanced sound reduction properties, maintenance of acceptable floor
structural integrity and maintains a relatively low profile. One of the
ways in which these goals are achieved is by providing a composite
underlayment of a plurality of layers of materials, each layer having
discontinuous acoustic properties, which reduce the amount of sound
energy transmitted between the layers, and ultimately, through the floor.
In addition, the arrangement and selection of the materials distributes
impact loading to dissipate compression of relatively resilient materials.

More specifically, the present invention provides an
acoustic isolation medium configured for placement between a subfloor
and a finished floor with a poured underlayment, includes a first layer
being a sound reduction mat disposed upon the subfloor, a second
layer placed upon the first layer and being one of a sheet of fibrous
material and a web of hi-density limp mass material with a high internal
damping coefficient, and a third layer placed upon the second layer and
being the other of a sheet of the fibrous material and a web of the hi-
density limp mass material.

In another embodiment, an acoustic flooring isolation
underlayment system is configured for placement between a subfioor
and a finished floor, and includes a first layer being a sound reduction
mat disposed upon the subfloor. A second layer is placed upon the first
layer, being made of a material discontinuous from the first layer, being
homogeneous and providing cushioning and sound absorption. A third
layer is placed upon the second layer, being made of a material which is
discontinuous from the second layer, is homogeneous and is
compression resistant.



10

15

20

25

WO 2007/149178 PCT/US2007/012425

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS

FIG. 1 is a fragmentary top perspective view of a floor including a
preferred embodiment of the present acoustic underlayment system;

FIG. 2 is a schematic vertical section of the underlayment system
of FIG. 1;

FIG. 3 is a schematic vertical section of an alternate embodiment
of the underlayment system of FIG. 1;

FIG. 4 is a schematic vertical section of a second alternate
embodiment of the underlayment system of FIG. 1; and

FIG. 5 is a schematic vertical section of a third alternate
embodiment of the present underlayment system.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGs. 1 and 2, the present flooring system
is generally designated 10, and is used in a construction having a
subfloor 12, shown schematically and typically poured concrete or at
least one layer of plywood as is known in the art. While only the above
two alternatives are disclosed, it is contemplated that any conventional
subfloor material will be suitable for use with the present flooring system
10. As is known in the art, the subfloor is supported by joists (not
shown) typically made of wood, steel or concrete.

The present flooring system 10 includes an acoustical
isolation floor underlayment, generally designated 14 which is disposed
between the subfloor 12 and a finished floor 16 which is typically
ceramic tile, vinyl tile, hardwood or other hard materials other than
carpeting. An adhesive layer 17 such as mortar, mastic or chemical
adhesive secures the finished floor 16 to the underlayment 14.

A first layer 18 which is disposed upon the subfloor 12 is a
sound reduction mat (SRM) made of a polymeric material and

5
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configured as a plurality of open hollow, cylinders 20 disposed in an
array of spaced, preferably parallel rows with lower ends 22 facing the
subfloor 12. The cylinders 20 are held together at opposite ends 24 by
a polymeric lattice 26. Three functions are served by the SRM layer 18:
it provides a water or vapor barrier, the cylinders 20 cushion the floor
system 10 and absorb impact forces, and it provides one level of
discontinuity of material and substantially reduced contact area, which
is an important factor in reducing sound transmissions through the
flooring system 10.

A preferred SRM is sold by USG under LEVELROCK™
SRM-25 sound reduction mat, having a polyethylene core forming the
cylinders 22 and a polypropylene fabric forming the lattice 26. The
lattice 26 also preferably has a textured upper surface 27 as shown
fragmentarily in FIG. 1. While the above-described construction is
considered preferred, it is also contemplated that other materials
offering a cushioned vapor barrier and a discontinuous material may be
used. One alternative providing less desirable acoustical properties is
the above-described non-woven nylon fiber or coated wire matting such
as ENKASONIC #9110 matting, manufactured by Coldbond Inc., Enka,
N.C., used above a separate water impervious mat.

A second layer of the acoustical isolation underlayment 14
is generally designated 28 and is preferably a sheet of fibrous material
of homogeneous thickness and construction. In the present application,
“*homogeneous” shall refer to the sheet having a substantially uniform
height or thickness, and being substantially uniform across its area to
provide consistent shock and sound absorption. Preferably, the second
layer 28 is a sheet of fiberglass having a height or thickness of
approximately % inch and a density of approximately 3 pounds per
cubic foot (pcf) (48.06 kg/cu.m). The second layer 28 is loosely
disposed above the SRM 18, preferably without adhesive or other
fasteners. Another important feature of the second layer 28 is that it is
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discontinuous with the SRM 18. As such, sound energy being
transmitted through the floor system 10 is dampened and/or dissipated
as it progresses through the layers 18, 28.

A third layer of the acoustical isolation underlayment 14 is
generally designated 30 and is preferably a hi-density limp mass
material with a high internal damping coefficient. In the present
application, “high density” refers to densities in the preferred range of
22-72 pcf; however densities beginning at 10 pcf and exceeding 72 pcf
are contemplated as being suitable. For the purposes of the present
application, “high internal damping coefficient” refers to a coefficient of
0.01 or greater at 1000Hz. Such material is discontinuous with the
second layer 28. In addition, the material used in the layer 30 prevents
compression of the fibrous second layer 28.

Preferably, the third layer 30 is provided as sheets of
Sound Reduction Board having a composition of at least 30% by weight
slag wool fiber; no more than 40% by weight expanded Perlite, less
than 15 % by weight starch, at least 5% by weight cellulose and, less
than 10% by weight Kaolin and less than 5% by weight crystalline silica.
The ingredients are mixed, formed into slurry, formed into sheets and
dried. A suitable type of such SRB is sold by USG under the
LEVELROCK™ SRB brand, however equivalent types of SRB are
commercially available. The SRB 30 is preferably laid upon the second
layer 28 without adhesive or fasteners.

Referring now to FIG. 3, an alternate sound reduction
underlayment is generally designated 14a, and components shared with
the underlayment 14 are designated with identical reference numbers.
While it is preferred in the underlayment 14 that the fibrous layer 28 is
below the SRB layer 30, in the underlayment 14a the disposition of
these layers is reversed, with the SRB located directly above the SRM
18.
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Referring now to FIG. 4, another alternate embodiment of
the sound reduction underlayment 14 is generally designated 14b, and
components shared with the underlayments 14, 14a are designated with
identical reference numbers. In the underlayment 14b, an alternative
material to the SRB in the third layer, desighated 30’ is a cementitious
or cement board such as DUROCK® brand cement underlayment
board manufactured by USG. This board is formed pursuant to the
process in US Patent No. 4,916,004, which is incorporated by
reference. In summary, aggregated Portland Cement slurry is
combined with polymer-coated glass fiber mesh encompassing front,
back and edges.

As is the case with the SRB board, the DUROCK® brand
cementitious board is preferably disposed above the fibrous layer 28,
but it is also contemplated that the fibrous layer is located above the
third layer 30°’. It will also be understood that the DUROCK® brand
cementitious board, when used as the third layer 30, is acoustically
discontinuous with the fibrous layer 28 and the SRM layer 18, as is the
SRB.

In situations where the DUROCK® brand cement board is
unsuitable, it is also contemplated that the third layer 30, 30’ may be
provided in the form of a poured, settable high-density limp mass
material havihg a high internal damping coefficient, such as DUROCK®
brand formulation supplied by USG. An alternative material to
DUROCK® material is FIBEROCK® brand aquatough fiber reinforced
sheathing panels manufactured by USG.

' To address the low profile requirement discussed above, it
is preferred that the combined assembled height or thickness “T” of the
layers 18, 28 and 30 or 30’ (FIG. 2) is less than or equal to one inch (2.5
cm). More specifically, the SRM 18 is preferably ¥ inch, the fibrous
layer 28 is preferably % inch, the SRB 30 is preferably 3/8 inch and the

DUROCK® brand board 30’ is preferably ¥z inch. While these are
8
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commonly available thicknesses for these materials, it is contemplated
that other dimensions are suitable for specific layers depending on the
application and provided the overall “T” thickness does not exceed one
inch.

Once the acoustic isolation underlayment 14 is assembled
upon the subfloor 12, in the preferred embodiment a poured layer of
settable underlayment 32 is applied to an upper surface 34 of the third
layer 30. In the preferred embodiment, the poured underlayment 32 is
USG LEVELROCK™ floor underlayment 2500, having a composition of
at least 85% by weight Plaster of Paris (CaS04 ¥%: H20), less than 10%
by weight Portland Cement and less than 5% by weight crystalline
silica. Upon setting of the underlayment 32, the finished floor 16 is
applied as is well known in the art. In practice, due to the tendency of
the settable underlayment to migrate into the fibrous layer 28, the
underlayment 14 is considered preferable in many applications to that of
the underlayment 14a.

In the present preferred application, regarding the
underlayment 14, the IIC values were determined using a full scale test
per ASTM E497 and were found to meet or exceed stated requirements
of 55-60 IIC.

In either formulation, having the highly damped limp mass
material adjacent to the rigid dense underlayment helps to dampen the
initial acoustical vibration and thus improves the overall performance of
the floor system.

Referring now to FIG. 5, still another embodiment of the
present floor system is generally designated 40. Components shared
with the embodiments described above are designated with identical
reference numbers. A layer of fibrous material 42, such as fiberglass as
described above in relation to the layer 28, or other non-woven material
is disposed upon the subfloor 12. As is the case with the layer 28, the
fibrous material is homogeneous and is approximately ¥ inch high or

9
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thick. Next, the layer 42 is covered with a poured settable
underlayment, 32 such as LEVELROCK™ underlayment discussed
above. The finished floor 16 is then laid upon the LEVELROCK™
underlayment 32 as discussed above.

Thus, it will be seen that the present acoustical isolation
underlayment system addresses the needs identified above, and
provides a low profile system featuring several thin layers of
discontinuous materials for absorbing sound energy between floors.
Also, the structural integrity of the floor is maintained while also
providing shock absorbing characteristics.

While particular embodiments of the present acoustical isolation
floor underlayment system have been described herein, it will be appreciated
by those skilled in the art that changes and modifications may be made

thereto without departing from the invention in its broader aspects and as set
forth in the following claims.
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CLAIMS:

1. An acoustic isolation medium configured for
placement between a subfloor and a finished floor with a poured
underlayment, comprising:

a first layer being a sound reduction mat disposed upon the
subfloor;

a second layer placed upon said first layer and being one of
a sheet of fibrous material and a web of hi-density limp mass material
with a high internal damping coefficient; and

a third layer placed upon said second layer and being the
other of a sheet of the fibrous material and a web of the hi-density limp
mass material.

2. The isolation medium of claim 1 wherein said sound
reduction mat comprises a plurality of hollow cylinders joined together at
one end by a polymeric web.

3. The acoustic isolation medium of claim 2 wherein
said hollow cylinders are arranged in a matrix of generally parallel rows
held together by said polymeric web so that ends of the cylinders face
the subfloor.

4. The isolation medium of claim 1 wherein said sheet
of fibrous material is fiberglass.

5. The acoustic isolation medium of claim 4 wherein
said fiberglass sheet is homogeneous.

6. The isolation medium of claim 1 wherein said sheet
of fibrous material is approximately % inch high and has a density of 3
pcf.

7. The isolation medium of claim 1 wherein said hi-
density limp mass material with a high internal damping coefficient is

11
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taken from the group consisting essentially of sound reduction board
and cementitious board.

8. The acoustic isolation medium of claim 1 wherein
said three layers combined have a height of less than or equal to one
inch.

9. The acoustic isolation medium of claim 1 wherein
each of said first, second and third layers is made of a material which is
acoustically discontinuous from adjacent layers.

10. The acoustic isolation medium of claim 1 wherein,
upon installation with said underlayment poured above said medium
forming a composite floor underlayment having an IIC at least in the
range of 55-60.

11.  An acoustic flooring isolation underlayment system
configured for placement between a subfloor and a finished floor,
comprising: '

a first layer being a sound reduction mat disposed upon the
subfloor;

a second layer placed upon said first layer, being made of a
discontinuous material from said first layer, being homogeneous and
providing cushioning and sound absorption; and

a third layer placed upon said second layer, being made of
a material which is discontinuous from said second layer, is
homogeneous and is compression resistant.

12. The acoustic flooring system of claim 11 wherein
said first, second and third layers have a combined height of less than
or equal to one inch.

13. The acoustic flooring system of claim 11 further
including a layer of poured settable material disposed upon said third
layer.

14.  The acoustic flooring system of claim 11 wherein
said second and third layers are each a distinct one of a sheet of

12
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homogeneous fiberglass, a sound reduction board and a cementitious
board.

16.  An acoustic flooring system for use upon a subfloor
and beneath a finished floor, comprising:

a homogeneous sheet of fibrous material placed upon the
subfloor; and

a poured underlayment of settable material disposed
directly upon said fibrous material.

16. The acoustic flooring system of claim 15 wherein
said fibrous material is fiberglass with a 3pcf density.

13
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