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bell. The base may have strap ribs to resist deformation of'the
base. The sidewall may have recessed columns to resist bend-
ing, leaning, crumbling, and/or stretching. The strap ribs and
recessed columns may vertically line up along a central axis
of the container to communicate forces on the container ver-
tically along the container to continuously resist deformation
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1
PLASTIC CONTAINER WITH STRAPPED
BASE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/746,535, filed on Dec. 27, 2012, the
entirety of which is incorporated herein by reference.

BACKGROUND

1. Field

The present application generally relates to plastic contain-
ers, particularly to plastic containers designed to hold liquids
while resisting deformation.

2. Description of the Related Art

Plastic containers have been used as a replacement for
glass or metal containers in the packaging of beverages for
several decades. The most common plastic used in making
beverage containers today is polyethylene terephthalate
(PET). Containers made of PET are transparent, thin-walled,
and have the ability to maintain their shape by withstanding
the force exerted on the walls of the container by their con-
tents. PET resins are also reasonably priced and easy to pro-
cess. PET bottles are generally made by a process that
includes the blow-molding of plastic preforms which have
been made by injection molding of the PET resin.

Advantages of plastic packaging include lighter weight
and decreased breakage as compared to glass, and lower costs
overall when taking both production and transportation into
account. Although plastic packaging is lighter in weight than
glass, there is still great interest in creating the lightest pos-
sible plastic packaging so as to maximize the cost savings in
both transportation and manufacturing by making and using
containers that contain less plastic, while still exhibiting good
mechanical properties.

SUMMARY

The bottling industry is moving in the direction of remov-
ing auxiliary packaging from cases or pallets. A case of
bottles with film only and no paperboard is called a “film only
conversion” or “lightweighting” of auxiliary packaging. The
removal of supporting elements such as paperboard places
additional stress on a bottle, which increases the structural
demands on the bottle. In certain embodiments, a bottle
design can provide one or more of the benefits of reducing
bending and point loading failures. The disclosed design
embodiments can alleviate the stresses during shipping and
handling (including film only packaging) while maintaining
ease of blow molding. In certain embodiments, a bottle design
uses less resin for the same or similar mechanical perfor-
mance, resulting in a lightweight product.

Embodiments of the bottle disclosed herein may use poly-
ethylene terephthalate (PET), which has viscoelastic proper-
ties of creep and relaxation. As a plastic, PET and other resins
tend to relax at temperatures normally seen during use. This
relaxation is a time dependent stress relieving response to
strain. Bending can provide exaggerated strains over what
would be seen in tensile loading. Due to exaggerated strains,
the relaxation in bending can be much more severe. Bending
happens at multiple length scales. Bending can happen at the
length scale of the bottle or on a small length scale. An
example ofthe bottle length scale bending is a person bending
the bottle in his/her hands, or bending experienced during
packing in a case on a pallet. An example of the small scale is
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the flexing or folding of ribs or other small features on the wall
of the bottle. In response to loads at the first, larger length
scale, ribs flex at the local, smaller length scale. When they are
held in this position with time, the ribs will permanently
deform through relaxation.

Further, embodiments of the bottles disclosed herein may
undergo pressurization. Pressure inside a bottle can be due to
the bottle containing a carbonated beverage. Pressure inside a
bottle can be due to pressurization procedures or processes
performed during bottling and packaging. For example, a
bottle can be pressurized to help the bottle retain its shape. As
another example, the bottle can be pressurized with certain
gases to help preserve a beverage contained in the bottle.

Embodiments of the bottles disclosed herein have varying
depth ribs that achieve a balance of strength and rigidity to
resist the bending described above while maintaining hoop
strength, such as, for example, when pressure is not used or
relieved. A collection of flattened and/or shallow depth ribs
act as recessed columns in the body of the bottle that distrib-
ute bending and top load forces along the wall to resist lean-
ing, stretching, and crumbling. The collection of flattened
and/or shallow depth ribs can help the bottle retain its shape
during pressurization, such as, for example, help inhibit
stretching of the bottle when pressurized. Inhibiting stretch-
ing of the bottle helps retain desired bottle shape to aid in
packaging of the bottles as discussed herein by, for example,
maintaining a substantially constant height of the bottle.
Inhibiting stretching of the bottle can help with applying a
label to a label portion of the bottle. For example, with a label
applied to a bottle, inhibiting stretching of the bottle helps
retain a constant length or height of the bottle at the label
panel portion, which can help prevent tearing of the label
and/or prevent the label from at least partially separating from
the bottle (i.e., failure of the adhesive between the bottle and
the label). Further details on the features and functions of
varying depth ribs are disclosed in U.S. patent application
Ser. No. 13/705,040, entitled “Plastic Container with Varying
Depth Ribs,” filed on Dec. 4, 2012, now U.S. Pat. No. 8,556,
098, entitled “Plastic Container Having Sidewall Ribs with
Varying Depth,” which claims benefit to U.S. Provisional
Patent Application Ser. No. 61/567,086, entitled “Plastic
Container with Varying Depth Ribs,” filed on Dec. 5, 2011,
the entirety of each of which is incorporated herein by refer-
ence.

A balance may be achieved between flattened and/or shal-
low ribs and deep ribs to attain a desired resistance to bending,
leaning, and/or stretching while maintaining stiffness in a
lightweight bottle. In some embodiments, at least some of the
aforementioned desired qualities may be further achieved
through a steeper bell portion of a bottle. A steeper bell
portion can increase top load performance in a lightweight
bell. A lightweight bottle body and bell leaves more resin for
a thicker base of the bottle, which can increase stability. A
thicker base may better resist bending and top load forces and
benefits designs with a larger base diameter with respect to
the bottle diameter for tolerance even when the base is dam-
aged during packaging, shipping, and/or handling.

Embodiments disclosed herein have a base rib that can
function as a strap from a base to a sidewall of the bottle to the
help further achieve resistance to bending, leaning, stretching
and/or flexing while maintaining stiffness. A strap rib on a
base helps the base resist deformation under pressure without
necessitating the base being overly heavy in weight relative to
the lightweight bottle (i.e., relative to wall thickness of flat
foot base that does not resist pressure as well). The strap base
rib can be incorporated into a flat foot base. A flat foot base
helps retain base foot thickness. Retaining base foot thickness
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helps retain bottle integrity during packaging and handling
using lightweight packaging, such as, for example, film only
packaging that requires the base to directly resist forces,
including bending and point loading, during packaging, ship-
ping, and/or handling. A flat foot base performs well with or
without internal pressure due to, for example, the ability to
maintain relative foot thickness in the base in a lightweight
bottle. Without strap ribs, the base may have little internal
pressure resistance and may rollout (pop out and create a
rocker bottom). The strapped base rib helps resist damage and
deformation as discussed herein without requiring a relatively
heavy footed base. Without requiring a relatively heavy
footed base, less material is needed for the lightweight bottle.
Further, the strapped base design may allow for a relatively
easier blowing process than other known pressure bases.
Thus, a base with a strap rib as disclosed herein provides for
a material efficient, pressure optional bottle base.

Incorporating a strap base rib into the base with column
formations in the sidewall of the bottle as discussed herein
offers pressure resistance for internally pressurized bottles
while maintaining strength and performance (i.e., resistance
to bending and leaning) when without internal pressure (i.e.,
pressure release by a user opening a closure of a bottle). The
strap base rib can act with the column formation on the
sidewall of the bottle to form straps around the bottle to
communicate stresses along the height of the bottle.

The base with a strap base rib helps maintain strength and
performance of the column formations for internally pressur-
ized bottles. With a strap base rib, the resistance to bending,
leaning, and/or stretching while maintaining stiffness and
hoop strength is maintained without pressure while enhanc-
ing these characteristics when the bottle is pressurized. For
example, a strap base rib allows the utilization of a flat foot
base for better base strength during processing at a plant (i.e.,
adding beverage contents), while preventing rollout or pop-
ping out of the base during pressurization. Rollout of the base
bottle leads to what may be called a “rocker bottom.” Pre-
venting rollout of the base helps the bottle stay level when
resting on a surface and maintains the flat feet as the contact
points on the surface. Further, base rollout can also occur
without pressurization or low pressurization of the bottle,
such as, for example, during shipping and handling or filling
at high speed. A strap base rib also helps prevent base rollout
without or low internal pressurization. While the specifica-
tion herein may discuss preventing or inhibiting deformation
under external/internal pressures and/or forces, it is to be
understood that some deformation of a bottle may occur
without straying outside of the scope of this disclosure. Some
deformation of the bottle under external/internal pressures
and/or forces may occur while retaining excellent structural
properties of the features and functions disclosed herein.

Embodiments disclosed herein can be utilized for bottle
pressures of a wide range. The strap base rib can help resist
pressurization pressures in the bottle ofup to 3 bars, including
upto2.5,upto2,upto 1.5, upto 1, upto 0.5 bars, and up to
0.3 bars, including ranges bordered and including the forego-
ing values. The preform design also plays a role in resisting
pressures such that much higher pressures than already dem-
onstrated can be resisted with greater strap thickness avail-
able from the preform. The strap design provides a more
efficient way of resisting the pressure in a bottle that also
performs well without pressure.

Embodiments disclosed herein can be utilized in bottle
volumes of a wide range. For example, features and functions
disclosed herein can be utilized with a 3 ounce bottle up to a
multiple gallon bottle. As another example, features and func-
tions disclosed herein can be utilized with an 8 ounce (0.24
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liter/0.15 liter) bottle up to a 3 liter bottle, including 12 ounces
(0.35 liters) to 2 liters, 16 (0.47 liters) ounces to 1 liter, 18
ounces (0.53 liters) to 0.75 liters, and 0.5 liters, including
ranges bordered and including the foregoing values.

In some embodiments, a container comprising a flat foot
base having strap ribs and a sidewall having recessed col-
umns, the strap ribs and recessed columns vertically lined up
to resist deformation in the base and the sidewall, the con-
tainer can can comprise one or more of the following: a flat
foot base comprising a gate, a wall, and flat feet, the gate
centered on a central axis of the container, the wall extending
from the gate toward a resting surface of the container, the flat
feet extending from the wall to the resting surface; a sidewall
connected to the base, the sidewall extending substantially
along the central axis to define at least part of an interior of the
container; a bell connected to the sidewall and leading
upward and radially inward to a finish connected to the bell;
aplurality of strap ribs positioned in the base between the flat
feet, the strap ribs extending radially outward from at least
one of the gate or the wall toward the sidewall, the strap ribs
sloping upward relative to the resting surface toward the
sidewall from the at least one of the gate or the wall to resist
deformation of the base; a plurality of recessed columns
positioned in the sidewall, the recessed columns comprising
sidewall ribs extending along a periphery of the sidewall and
centered about the central axis, wherein portions of the side-
wall between the sidewall ribs are substantially continuous
along the periphery of the sidewall, the recessed columns
configured to resist at least one of bending, leaning, crum-
bling, or stretching along the sidewall; and/or wherein the
strap ribs and the recessed columns vertically line up along
the central axis to form pressure resistance bands such that
each pressure resistance band comprises a strap rib vertically
lined up along the central axis with a recessed column, the
pressure resistance bands configured to communicate forces
on the container vertically along the container between the
base and the sidewall to continuously resist deformation in
the base and the sidewall.

In some embodiments, the strap ribs extend radially out-
ward from the wall of the base; the strap ribs extend radially
outward from the gate of the base; the wall of the base com-
prises a dome extending from the gate toward the resting
surface of the container without contacting the resting sur-
face, the dome surrounding the gate about the central axis; at
least one of the strap ribs extends radially outward from the
dome of the base; the base further comprises a plurality of
load ribs positioned between the strap ribs, the load ribs
having a depth toward the interior of the container shallower
than a depth of the strap ribs, the load ribs configured to resist
deformation of the base when external forces are applied to
the container; the sidewall comprises a base rib positioned
along the periphery of the sidewall at a point of contact for the
container with other containers when the container and the
other containers are packaged together with central axes of
the containers being vertical, the base rib centered about the
central axis of the container; the sidewall comprises a base rib
positioned along the periphery of the sidewall at a point of
contact for the container with other containers when the con-
tainer and the other containers are packaged together with
central axes of the containers being vertical, the base rib
centered about the central axis of the container; the strap ribs
extend through the base rib substantially up to the recessed
columns such that the pressure resistance band is continuous
through the base rip, the strap ribs forming discontinuities in
the base rib; the sidewall ribs comprise a plurality of varying
depth ribs positioned along the periphery of the sidewall,
wherein each varying depth rib comprises shallow sections



US 9,132,933 B2

5

and deep sections, the shallow sections having a rib depth less
than a rib depth of the deep sections, wherein the shallow
sections of the plurality of varying depth ribs vertically line
up along the central axis to form the recessed columns; the
shallow sections have a rib depth of substantially zero from
the periphery of the sidewall; the sidewall is substantially
round about the periphery of the sidewall, and wherein the
plurality of recessed columns comprises three recessed col-
umns positioned in the sidewall equidistantly around the
periphery of the round sidewall; the sidewall comprises a grip
portion and a label portion, and wherein the three recessed
columns are positioned in the grip portion, and the plurality of
recessed columns further comprises six recessed columns
positioned in the label portion equidistantly around the
periphery of the round sidewall, the six recess columns in the
label portion configured to inhibit triangulation of the con-
tainer, wherein three of the six recess columns in the label
portion and the three recessed columns in the grip portion
vertically line along the central axis; the plurality of strap ribs
comprises three strap ribs positioned in the base equidistantly
from each other, and wherein the three strap ribs and the three
recessed columns vertically line up along the central axis; the
plurality of strap ribs comprises six strap ribs positioned in the
base equidistantly from each other, three of the six strap ribs
and the three recessed columns vertically lined up along the
central axis, and wherein the six strap ribs are configured to
inhibit triangulation of the container; the sidewall is substan-
tially square about the periphery of the sidewall, and wherein
the plurality of recessed columns comprises four recessed
columns positioned in the sidewall equidistantly around the
periphery of the square sidewall such that each pressure resis-
tance band further comprises an other strap rib radially
extending 180 degrees opposite the strap rib, the other strap
rib vertically lined up along the central axis with an other
recessed column; the square sidewall comprises corners and
flat portions between the corners, and wherein the strap ribs
extend toward the flat portions of the square sidewall, the
strap ribs configured to resist rounding of the square sidewall
at the flat portions; and/or the sidewall ribs comprise a plu-
rality of varying depth ribs positioned along the periphery of
the sidewall, wherein each varying depth rib comprises shal-
low sections and deep sections, the shallow sections having a
rib depth less than a rib depth of the deep sections, wherein the
shallow sections of the plurality of varying depth ribs verti-
cally line up along the central axis to form the recessed
columns, and wherein the deep sections are positioned at the
four corners of the square sidewall, the deep sections config-
ured to resist rounding of the square sidewall at the flat por-
tions.

In some embodiments, a container comprising a flat foot
base having strap ribs and a sidewall having recessed col-
umns, the strap ribs and recessed columns vertically lined up
to resist deformation in the base and the sidewall, the con-
tainer can comprise one or more of the following: a flat foot
base comprising a gate, a dome, and flat feet, the gate centered
ona central axis of the container, the dome extending from the
gate toward a resting surface of the container without con-
tacting the resting surface, the dome surrounding the gate
about the central axis, the flat feet extending from the dome to
the resting surface; a sidewall connected to the base, the
sidewall extending substantially along the central axis to
define at least part of an interior of the container; a bell
connected to the sidewall and leading upward and radially
inward to a finish connected to the bell; a plurality of strap ribs
positioned in the base between the flat feet, the strap ribs
extending radially outward from at least one of the gate or the
dome toward the sidewall, the strap rib sloping upward rela-
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tive to the resting surface toward the sidewall from the at least
one of the gate or the dome to resist deformation of the base;
aplurality of recessed columns positioned in the sidewall, the
recessed columns comprising sidewall ribs extending along a
periphery of the sidewall and centered about the central axis,
wherein portions of the sidewall between the sidewall ribs are
substantially continuous along the periphery of the sidewall,
the recessed columns configured to resist at least one of
bending, leaning, crumbling, or stretching along the sidewall;
and/or wherein the strap ribs and the recessed columns verti-
cally line up along the central axis to form pressure resistance
bands such that each pressure resistance band comprises a
strap rib vertically lined up along the central axis with a
recessed column, the pressure resistance bands configured to
communicate forces on the container vertically along the
container between the base and the sidewall to continuously
resist deformation in the base and the sidewall.

In some embodiments, the strap ribs extend radially out-
ward from the gate of the base; the strap ribs extend radially
outward from the dome of the base; the base further com-
prises a plurality of load ribs positioned between the strap
ribs, the load ribs having a depth toward the interior of the
container shallower than a depth of the strap ribs, the load ribs
configured to resist deformation of the base when external
forces are applied to the container; the load ribs extend radi-
ally outward from at least one of the gate or the dome; the
sidewall comprises a base rib positioned along the periphery
of the sidewall at a point of contact for the container with
other containers when the container and the other containers
are packaged together with central axes of the containers
being vertical, the base rib centered about the central axis,
wherein the strap ribs extend substantially up to the base rib in
the sidewall, and the base rib continuously extends along the
periphery of the sidewall to resist deformation of the con-
tainer at the point of contact; the sidewall ribs comprise a
plurality of varying depth ribs positioned along the periphery
of the sidewall, wherein each varying depth rib comprises
shallow sections and deep sections, the shallow sections hav-
ing a rib depth less than a rib depth of the deep sections,
wherein the shallow sections of the plurality of varying depth
ribs vertically line up along the central axis to form the
recessed columns; the shallow sections have a rib depth of
substantially zero from the periphery of the sidewall; the
sidewall is substantially round about the periphery of the
sidewall, and wherein the plurality of recessed columns com-
prises three recessed columns positioned in the sidewall equi-
distantly around the periphery of the round sidewall; the
plurality of strap ribs comprises three strap ribs positioned in
the base equidistantly from each other, and wherein the three
strap ribs and the three recessed columns vertically line up
along the central axis; the plurality of strap ribs comprises six
strap ribs positioned in the base equidistantly from each other,
three of'the six strap ribs vertically lined up along the central
axis with the three recessed columns such that each pressure
resistance band further comprises an other strap rib radially
extending 180 degrees opposite the strap rib, and wherein the
six strap ribs are configured to inhibit triangulation of the
container; the sidewall is substantially square about the
periphery of the sidewall, and wherein the plurality of
recessed columns comprises four recessed columns posi-
tioned in the sidewall equidistantly around the periphery of
the square sidewall such that each pressure resistance band
further comprises an other strap rib radially extending 180
degrees opposite the strap rib, the other strap rib vertically
lined up along the central axis with an other recessed column;
the square sidewall comprises corners and flat portions
between the corners, and wherein the strap ribs extend toward
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the flat portions of the square sidewall, the strap ribs config-
ured to resist rounding of the square sidewall at the flat por-
tions; and/or the sidewall ribs comprise a plurality of varying
depth ribs positioned along the periphery of the sidewall,
wherein each varying depth rib comprises shallow sections
and deep sections, the shallow sections having a rib depth less
than a rib depth of the deep sections, wherein the shallow
sections of the plurality of varying depth ribs vertically line
up along the central axis to form the recessed columns, and
wherein the deep sections are positioned at the four corners of
the square sidewall, the deep sections configured to resist
rounding of the square sidewall at the flat portions.

In some embodiments, a container comprises a base. The
container can further comprise a grip portion connected to the
base through a constant depth base rib and defining a grip
portion perimeter that is substantially perpendicular to a cen-
tral axis. The container can further comprise a label panel
portion connected to the grip portion and defining a label
portion perimeter that is substantially perpendicular to the
central axis. The container can further comprise a bell with an
obtuse angle as measured from the central axis to a wall of the
bell of at least 120 degrees, the bell connected to the label
panel portion through a shoulder and leading upward and
radially inward to a finish connected to the bell, the finish
adapted to receive a closure. The container can further com-
prise a plurality of angulating and varying depth ribs posi-
tioned substantially along the perimeter of the grip portion
wherein each angulating and varying depth rib comprises a
plurality of shallow sections, a plurality of middle sections,
and a plurality of deep sections. The container can further
comprise a plurality of constant depth ribs positioned sub-
stantially along the perimeter of the label portion. The shal-
low sections can have a rib depth less than a rib depth of the
middle sections. The deep sections can have a rib depth
greater than the rib depth of the middle sections. The shallow
sections of the varying depth ribs can substantially vertically
line up along the central axis and form recessed columns. The
recessed columns can be configured to resist at least one of
bending, leaning, or crumbling, or stretching. The plurality of
deep sections can be configured to provide hoop strength.

In some embodiments, a container comprises a base. The
container can further comprise a grip portion connected to the
base through a constant depth base rib and defining a grip
portion perimeter that is substantially perpendicular to a cen-
tral axis. The container can further comprise a label panel
portion connected to the grip portion and defining a label
portion perimeter that is substantially perpendicular to the
central axis. The container can further comprise a bell with an
obtuse angle as measured from the central axis to a wall of the
bell of at least 120 degrees, the bell connected to the label
panel portion through a shoulder and leading upward and
radially inward to a finish connected to the bell, the finish
adapted to receive a closure. The container can further com-
prise a plurality of angulating and varying depth ribs posi-
tioned substantially along the perimeter of the grip portion
wherein each angulating and varying depth rib comprises a
plurality of shallow sections, a plurality of middle sections,
and a plurality of deep sections. The container can further
comprise a plurality of varyin