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(54) Title: FORM WITH DISPLACEABLE VIBRATORY PANEL

(57) Abstract: A modular forming system (10) configured for forming concrete box culverts is disclosed. The inventive system (10)
includes displaceable panels for forming the concrete the are vibrated relative to stationary frames to compact the concrete enabling
denser, stronger finished concrete to be formed with lighter weight. Lower maintenance, longer lasting frames. The system (10)
broadly includes a pallet (12), a core (14), ajacket (16), and a header (18). The jacket (16) encircles the core (14) and is supported
on the pallet (12) and is operable to mold the outside circumferential surface of the culvert. The jacket (16) includes a plurality of
& modular sections (20-32) and each section includes a stationary frame (34), a displaceable vibratory panel (36), a plurality of spring
assemblies (38-68) shiftably coupling the panel (36) to the frame (34), and a vibrator (70) coupled to the panel (36) for reciprocating
the panel (36) relative to the frame (34). In a preferred embodiment, the panels are supported on the frames by a specified number of
uniform springs generally determined by the formula : N= (32nm22D*W)/(Gd*) wherein N =number of springs needed, n=number of
active turns in each spring n=22/7, f=frequency of vibration of the panel (Hz), D=mean coil diameter of each spring (m), W=weight
of the panel (kg), G=shear modulus of the spring material (N/m?), and d=wire diameter of each spring (m). Each of the panels is
vibrated by an eccentric motor that is adjusted to vibrate the respective panel at or about a resonant frequency. In this manner, all of
the panels vibrate synchronous in resonance, thereby providing optimum external concrete compaction.
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FORM WITH DISPLACEABLE VIBRATORY PANEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

Thepresent inventionrelates generallyto systemsfor forming concrete. More
specifically, the present invention concernsa forming system having a displaceablepanel for
forming the concrete that is vibrated relative to a stationary frame to compact the concrete.
The forming system of the present invention is particularly well suited for forming box
culverts. In apreferred embodiment, aplurality of the displaceablepanels are independently
supported on modular frames by a specifiednumber of springsthat enable each of the panels
to be vibrated at or about aresonant frequency, thereby providing optimum external concrete
compaction. The inventive forming system enables denser, stronger finished concreteto be
formed with lighter weight, lower maintenance frames that are longer lasting than previous
systems.

2. Discussion of Prior Art

Thoseordinarilyskilled in the construction industrywill appreciatethat when
forming concrete, it is desirable to reduce the air voids in the wet concrete to aminimum in
order to obtain a denser mass for the finished, hardened concrete. Air voids are reduced by
compacting the concrete. Compaction can occur internally (e.g., by stirring the concrete),
externally (e.g., by vibrating the concrete itself), or with the use of atable (e.g., by vibrating
the entire form). In relatively larger forming applications, compaction is primarily
accomplishedexternallyand its impactis directlyrelated to both the amplitude and frequency
of the vibration. One such application is pre-cast concrete box culverts. Pre-cast concrete
box culverts are a desired solution over cast-in-place culverts for a wide variety of
applications such as highway bridges and drainage conditions, such as storm and sanitary
sewers. These pre-cast culverts come in a variety of sizes (e.g., various rises, spans,
thicknesses, etc.) but typically come in relatively large, standard lengths, such as six, eight
and ten feet and have a typical thickness of about one-halfmeter. The culverts canbe joined
together lengthwise at the ends (e.g., with mastic, gaskets, etc.) to form the desired run.

Forming systems for forming the pre-cast concretebox culvertsare known in

the art. These prior art forming systems typically include modular components, such as
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cores, jackets, and pallets, in combination with some type of header. One example of such
a forming system is disclosed in the Application for U.S. Letters Patent Serial No.
10/279,255, entitled MODULAR FORMING SYSTEMFORBOX CULVERT, filed October
23, 2002 (having a common inventor and assigned to the same assignee as the present
applicationand hereinafter "the '255 Application™), which is hereby incorporated herein by
reference. The forming system disclosed in the ‘255 Application was an advance in the at
at the time and included easily assembled modular components, includingamodular header.
The forming system of the '255 Application, however, like all prior art forming systems for
box culverts, utilized rigidly formed jacket sections that are vibrated with one or more
eccentricmotors. These systemsprovide some amplitudethat facilitatescompaction, but do
not enable the desired frequenciesto provide a more optimum compaction of the concrete.

It is also known in the art of forming concrete to form the concretein arigid
form that is supported on a vibratingtable. However, like the systems described above, the
vibratingtables simplydo not providethe desired frequencyto enablecompactionthroughout
the concrete. Additionally, the tables are limited in their application and are not well suited
forrelativelylarger forms. Vibratingscreeds are also known in the art for finishing concrete
and typically include aportable frame and an adjustablepanel fixed to the frame that are both
vibrated by amotor. The screeds are typically moved over the finishing surface only. Inthis
regard, the screeds do not form any of the other surfaces and are not suited for compacting
larger concrete applications such as the box culverts discussed above.

These prior art forming systems are problematic and subject to several
limitations. For example, as indicated above, the forming systems simplycannot provide the
necessary frequencies throughout the thickness of the concrete to optimize compaction. In
this regard, as applied to box culverts, the concrete formed in these prior art systems must
typically be mixed at least in a ratio of 1.3 water to dry mix. However, a dryer mix is more
desirableas it enablesa denser and thus stronger finished product. Additionally, the prior art
forming systemsare typically associated with high maintenance costs and reduced longevity
of the frames, as well as the vibrators. These limitations are largely attributable to the
vibration of the rigid forming sections, as well as the amplitude of the vibration used.
Furthermore, during vibration of the forms, the bolts that hold the jacket together are
undesirably prone to becoming loose and thereby compromising the mold, therefore, prior
art jackets typically include heavy, rigid framesto compensate for this limitation. These
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problems and limitations are undesirable in that they add increased labor and/or expense to
manufacturing, assembling, and maintaining the forming systems.

SUMMARY OF THE INVENTION

The present invention provides an improved concrete forming system,
particularly well suited for forming box culverts, that does not suffer from the problems and
limitations of the prior at forming systems detailed above. The inventive forming system
includes adisplaceablepanel for formingthe concretethat is vibrated relativeto a stationary
frame to compact the wet concreteprior to hardening. In apreferred embodiment, aplurality
of the displaceable panels are independently supported on modular jacket frames by a
specified number of springs that enable each of the panels to be vibrated at or about a
resonant frequency, therebyproviding optimumexternalconcrete compaction. The inventive
forming system enables denser, stronger finished concreteto be formed with lighter weight,
lower maintenance frames that, along with the vibrators, are longer lasting than previous
systems.

A first aspect of the present invention concerns a form for forming concrete
broadly including a frame operable to remain stationary as concrete is molded in the form,
a displaceablepanel associated with the frame and being operableto engage the concreteto
therebymold the concrete, aplurality of springsshiftablycouplingthe panel to the frame, and
a vibrator operableto reciprocate the panel relative to the frame as the concrete is molded.

A second aspect of the present invention concerns a method of forming
concretebroadly including the steps of supporting a frame relative to the ground, supporting
a panel relative to the frame, pouring concrete against the panel to mold the concrete, and
vibrating the panel relative to the frame while the concrete is molded so that the frame
remains stationaryrelative to the molding concrete and the panel is displacedrelative to the
frame.

A third aspect of the present invention concerns amodular forming system for
forming concrete into abox culvert having opposite faces. The system broadly includes a
core operable to mold the inside circumferential surface of the culvert, a pallet supported
relative to the ground and encirclingthe core and being operableto mold one of the faces of
the culvert, ajacket supported generally vertically relative to the ground on the pallet and
spaced from the core and being operable to mold the outside circumferential surface of the
culvert, and aheader encirclingthe core and being operableto slide between the core and the
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jacket and being operable to mold the other face of the culvert. The jacket includes a
plurality of sections removably coupled to each other. Each of the sections includes a
corresponding frame, a panel, aplurality of springsshiftably coupling the panel to the frame,
and a vibrator coupled to the panel for reciprocating the panel relative to the frame.

In a preferred embodiment of the forming system, a plurality of the
displaceable panels are independently supported on light weight modular jacltet frames by
a specifiednumber of uniform springs. The number of springs associated with each panel
is generally determined by the formula: N = (32nw*2D*W)/(Gd*) wherein N = number of
springs needed, n = number of active turns in each spring, © = 22/7, f = frequency of
vibration of the panel (Hz), D =mean coil diameter of each spring (m), W =weight of the
panel (kg), G = shear modulus of the spring material (IN/m?), and d =wire diameter of each
spring (m). Each of the panels is vibrated by an eccentric motor that is adjusted to vibrate
the respectivepanel at or about aresonant frequency. Inthis manner, all of the panelsvibrate
synchronous in resonance, thereby providing optimum external concrete compaction.

Other aspects and advantages of the present inventionwill be apparent from
the following detailed description of the preferred embodiments and the accompanying

drawing figures.

BRIEF DESCFWTION OF THE DRAWING FIGURES

Preferred embodiments of the invention are described in detail below with
reference to the attached drawing figures, wherein:

FIG. 1is aperspective view of a forming System constructed in accordance
with apreferred embodimentof the present inventionwith portions of the header, the jacket,
and the pallet removed to illustrate features of those components and the core;

FIG. 2 is a perspective view of one of the modular jacket sections of the
system illustrated in FIG. 1with portions of the sidewall broken away to show the springs
coupled between the frame and the displaceable panel,

FIG. 3 is arear elevational view of the jacket sectionillustratedin FIG. 2;

FIG. 4 is a sectional view of the jacket section taken substantiallyalong line
4-4 of FIG. 3;

FIG. 5 is an enlarged sectional view of the jacket sectiontaken substantially
along line 5-5 of FIG. 3 particularly illustratingthe spring coupling between the frame and
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the displaceable panel as well as the gap between the panel and the forward-most edges of
the frame sidewalls; and

FIG. 6 is a fragmentary enlarged and exploded assembly view of the jacket
section illustrated in FIGS. 2-5 particularly showing the assembly of the components of one
of the spring couplings between the frame and the displaceable panel:

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 illustrates a forming system 10 constructed in accordance with a
preferred embodiment of the present invention and configured for forming concrete box
culverts. Although the principles of the present invention are particularly well suited for
forming systemsused to form concrete box culverts, the principles of the present invention
are equally applicable to virtually any forming system utilizing external compaction to
provide densification of the molded material. The illustrated system 10broadly includes a
pallet 12, a core 14,ajacket 16, and a header 18.

The illustrated system 10is a modular forming system, therefore, as detailed
below, each of the components 12,14,16,18 include aglurality of sectionsthat are removably
coupled together. In this manner, the forming system 10 can be readily adapted to form
variously dimensioned box culverts by adding additional spacer sections to the span and/or
the rise portions of the form. In this regard, concrete box culverts traditionally are available
in avariety of industry preferred dimensions. For example, conventional box culverts have
apreferred thickness of around one-half meter and are preferably available in approximate
six, eight, and/or ten foot lengths. Additionally, the preferred span and rise dimensionswill
vary by application,but these dimensions are typically proportioned in a two-to-oneratio of
span-to-rise. In this manner, the box culverts can be joined lengthwise end-to-end, and
sealed, to form the desired run for a particular application. One exemplary box culvert is
illustrated inthe ‘255 Applicationpreviously incorporatedherein by reference. However, as
described below, the principles of the present invention are not limited to forms for forming
box culverts, or even to modular forms, and accordingly can equally be applied to any
external compactionform for forming virtually any hardened, concrete-type product.

Returningto FIG. 1, in the illustrated system 10, the pallet 12 is operable to
mold one of the faces of a concretebox culvert. The core 14is encircled by the pallet 12and
is operable to mold the inner circumferential surface of the box culvert. The jacket 16 is

supported on the pallet 12 and is operable to mold the outside circumferential surface of the
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box culvert. The header 18 encirclesthe core 14 and is operableto slide between the core

14and thejacket 16to mold the other face of the box culvert. As subsequently described in
detail, the external compaction of the concrete is provided by the displaceable vibratory
panels of the present invention. In the illustrated system 10, the inventive panels are
provided on the jacket 16 and are configured to displaceablyvibrate at or about a resonant
fi-equency, thus providing optimal compaction of the concrete for the preferred thickness of
the box culvert. However, it is within the ambit of the present invention to provide the
displaceable vibratory panels on the system components other than the jacket 16 or in
addition to the jacket 16. For example, for applicationsrequiring a finished culvert having
a thickness larger than one-half meter, the vibratory panels of the present invention are
preferably included on both the jacket 16 and the core 14to optimize compaction.

Thepallet 12,the core 14, and the header 18are conventional components of
a culvert forming system and can be variously configured in any suitable manner known in
the art. Accordingly, these componentswill onlybe briefly described with the understanding
that those of ordinary skill in the art can readily configurethese components in any suitable
manner to cooperate with the inventive jacket 16 detailed below. The illustrated pallet 12,
core 14,and header 18are preferablymodular componentsconfigured in accordancewith the
principles of the preferred embodiment disclosed in the ‘255 Application previously
incorporated by reference herein as is necessary for a complete understanding of the present
invention. Particularly, the pallet 12 and the header 18 preferably include a plurality of
segments removably coupled together by the inventive keyed system disclosed in the 255
Application. The pallet 12 and the core 14 cooperatewith thejacket 16 to provide an annular
recess into which the concrete is poured. The header 18isconfigured to fit within the recess
to complete the form in which the concrete will be molded to fonii the finishedbox culvert.
Thejacket 16 operates as described in detail below to compact the concrete as it is molded
within the form.

Thejacket 16is supported verticallyon the pallet 12 and is operableto mold
the outside circumferential surface of the box culvert. Theillustratedjacket 16is a modular
jacket and includes four corner sections (with only the corner sections20, 22, and 24 being
shown in FIG. 1) and four spacer sections 26, 28, 30, and 32 removably interconnectingthe
corner sections. The spacer sections 26 and 30 are virtually identically configured and the
sections 28 and 32 are virtually identically configured. The sections 28,32 are differently

dimensioned from the sections26,30. As detailed below, these differingdimensionsrequire
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some slightly differently configured components. However, the sections 26,28,30,32 are
similar in constructionin many important respects and therefore only the section 26 will be
describedindetail with the understandingthat the sections28,30,32 are similarlyconstructed,
except where noted below. The corner sections20,22,24 are similar to the spacer section 26
in many importantrespects, however, the differenceswill be detailed below after the section
26 has been described in detail. The illustrated spacer section 26 broadly includes a
stationaryframe 34, a displaceable vibratory panel 36, aplurality of spring assemblies38, 40,
42,44, 46,48, 50,52, 54,56, 58, 60, 62, 64, 66, and 68 shiftably coupling the panel 36 to the
frame 34, and a vibrator 70 coupled to the panel 36 for reciprocating the panel 36 relative to
the frame 34.

In more detail, and turning to FIGS. 2-5, the frame 34 is arigid frame that is
configuredto be supported on the pallet 12and orientedverticallyrelative to the pallet 12and
thus the ground. The illustrated frame 34 includes a pair of substantially flat, vertically
extendingsidewalls72 and 74. The sidewalls72,74 are horizontally spacedfrom one another
and are fixedlyjoined by atop plate 76, an upper back plate 78, an upper transverse support
80, a lower back plate 82, a lower transverse support 84, and a bottom plate 86. Each of the
sidewalls 72,74 presents a forward-most edge 72a and 74a, respectively (see FIG. 5). The
sidewalls 72,74 are configured to supportthe frame 34 on the pallet 12 and to cooperatewith
the header 18 to properly position the header 18. In this regard, the top of each of the
sidewalls 72,74 angles from the top edge toward the forward-most edge 72a,74a to define a
ledge 72b and 74b, respectively, adjacent the forward-most edges 72a,74a. The top plate 76
is shaped to complement the top profile of the sidewalls72,74. In this manner, the frame 34
presents an angled top surface that slopesto a ledgeto facilitate positioning the header 18 at
leastpartially supported on the ledge (see FIG. 1). The bottom of each of the sidewalls 72,74
Is L-shaped to define a foot portion 72c and 74c, respectively, that is recessed from the
forward-most edge 72a,74a. In this manner, the sidewalls72,74 are configuredto engage the
pallet 12 and thereby support the frame 34 thereon. For purposes that will subsequentlybe
described, each of the sidewalls 72,74 is notched at the bottom adjacent the forward-most
edge 72a,74a.

The upper back plate 78 is rigidly and sturdily fixed between the sidewalls
72,74 by gussets 78a and welds 78b. The back plate 78 includes a plurality of apertures
formed through the plate 78 and configured to slidably receive the spring assemblies
38,40,42,44,46,48,50,52. The upper support 80 extends between the sidewalls 72,74 and is
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configured to couple and reinforce the sidewalls 72,74 (e.g., formed of an angle iron
weldment, etc.). The lower back plate 82 is similar in configuration to the previously
described back plate 78 and is fixed between the sidewalls 72,74 by gussets 82a and welds
82bforslidablyreceivingthe springassemblies54,56,58,60,62,64,66,68. However,the back
plate 82 is U-shaped to provide adequate clearance for the vibrator 70 as detailedbelow. The
lower support 84 is configured similar to the upper support 80 described above and extends
between the sidewalls 72,74 to couple and reinforce the sidewalls 72,74. However, unlike
the upper support 80, the lower support 84 is configured to receive a pair of pallet locators
88. In one manner known in the art, the pallet locators 88 facilitate properly aligning the
jacket section26 onthe pallet 12during assemblyto achievethe desiredwidth for the annular
recess. Thebottom plate 86 extendsbetween the foot portions 72¢,74c of the sidewalls72,74
and is channel-shaped to enhance the strength and support of the plate 86. In this regard, the
lower support84isreinforced by trusses 90 coupled between the support 84 and the plate 86.

The remaining components of the jacket section 26, including the panel 36,
the spring assemblies 38-68, and the vibrator 70 are all supported on the frame 34.
Accordingly, the frame 34 must be sufficientlyrigid and sturdy and is therefore preferably
formed of a sturdy metal (e.g., an iron alloy such as steel, etc.). However, as further detailed
below, the principlesof the present invention significantly reduce the vibratory forces acting
onthe frame 34 during the compaction of the concrete culvert during formationover the prior
at forming systems. In this regard, the frame 34 could be formed of substantially lighter
weight materials (e.g., lighter weight steel, aluminum, etc.) than prior art frames. However,
it is within the ambit of the present invention to modify existing prior art frames for use in
the jacket 16 (e.g., adding the back plates 78,82, etc.). The frame 34 remains generally
stationaryduringthe compaction of the concrete culvert during formation. Inthis regard, the
frame 34 is preferably rigidly coupled to the frames of the adjacentjacket sections(e.g., the
corner sections including the comer section 20) during assembly, such as by bolting or the
like. Because the illustrated forming system 10 is modular, the frame 34 is preferably
removably coupled to the adjoining frames, however, the frames could be permanently fixed
together. Additionally, the frame 34 could also be coupled to the pallet 12, such as with
clamps or the like. The frame 34 could be variously configured so long as the frame is
operableto support the remaining components of the jacket and remain relatively stationary
during compaction of the concrete.
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The panel 36 is associated with the frame 34 and, as will be detailed below,
is displaceable and vibratory relative thereto. The panel 36 engages the concrete during
formation of the box culvert for both molding and compactionof the concrete asthe concrete
is molded. In more detail, the illustrated panel 36 is a substantially flat, uniform panel
presenting aplanar front surface 36a and an opposed, planar back surface36b. The surfaces
36a,36b are coextensivewith the panel 36 and each other. The front surface 36a engagesthe
concrete during formation of the box culvert. The panel 36 includes orthogonal outer most
edges extending transversely between the surfaces 36a,36b. In this manner, the illustrated
panel 36 isrectangularin configuration. As indicated above, thejacket section26 cooperates
with adjacent jacket sectionsremovably coupled thereto to define the forming surface for
molding the outer circumferential surface of the box culvert. Accordingly, the outer edges
of the panel 36 are preferably configuredto extend over the forward-most edges 72a,74a of
the framewalls 72,74 so asto be substantially evenwith the outer margins of the walls 72,74.
In this manner, the plate 36 is configured to closely abut the outer edges of the adjacent
panels to generally prevent concrete from seeping between the abutting panels without
hindering the vibratory displacement of each of the panels. In this regard, the illustrated
panel 36 is preferably formed from machined steel that is finished once the panel 36 is
assembledto the frame34 to ensure smooth edgesthat are coextensive with the outer margins
of the frame walls 72,74.

In order to further facilitate the prevention of concrete from seepingbetween
the panels during formation of the box culvert, the panel 36 also includes gasket-receiving
channels 92 and 94 fixed (e.g., with gussets 92a and 94a, respectively) to the inside of the
back surface 36b, and extending along, and adjacent to, the entire forward-most edges
72a,74a of the frame walls 72,74 when the panel 36 is assembled to the frame 34 (see FIGS.
3 and 5). The panel 36 also includes a gasket-receiving channel 96 fixed to (e.g., with
gussets 96a) the back surface 36b along the bottom edge that rides in the notch in the
sidewalls 72,74. Each of the channels 92,94,96 is configured to receive corresponding
gaskets 98, 100 and 102, respectively. The illustrated gaskets 98,100,102 are formed of
rubber and are configured to generally seal against the frame walls 72,72 and the pallet 12,
respectively. Each of the gaskets 98,100,102 is sized and dimensioned to engage the back
surface 36b and extend therefrom sufficientlypast any gap between the panel 36 and the
forward-most edges 72a,74a (as detailed below). In this regard, the illustrated gaskets
98,100,102 are at least about fifteen millimeters thick, although any suitable thickness could
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be used, Althoughnot illustrated,the panel 36 could also include a gasket along and adjacent
the ledges 72b,74b extending under and along the top plate 76. The panel 36 could be
variously configured to prevent seepage of concrete around the panel 36. However, it is
important that the sealing method does. not interfere with the displaceable vibratory
functioning of the panel.

As indicated above, the panel 36 is displaceableand vibratory relative to the
frame 34. In this regard, the back surface 36b of the panel 36 must be sufficiently spaced
from the forward-inost edges 72a,74a of the frame sidewalls72,74 to enable the panel 36 to
vibratewithout iiiterferinglyengagingthe sidewalls 72,74. Accordingly, the illustratedpanel
36, when assembled to the frame 34 as detailed below, defines correspondinggaps 104and
106 between the back surface 36b and the forward-most edges 72a,74a, respectively, of the
frame sidewalls72,74. Theillustrated gaps 104,106are preferablyuniform, and for purposes
that will subsequently be described, are preferably greater than .55 millimeters. In this
regard, the illustrated gaps 104,106 are each substantially about two millimeters. It is
believed a gap diinensioii of two millimeters is sufficientto enable the panel 36 to vibrate
relative to the frame 34 at or about a resonant frequency as described below, yet is
sufficientlysmall enough to generally prevent concrete from undesirably seeping between
the panel 36 and the frame 34. However, the gaps 104,106 could be alternativelyconfigured,
such as varying the gaps at the bottom to provide a slightly tapered surface to facilitate
subsequent stripping (in the system 10this could be accomplished by adjusting the spring
settings detailed below rather than having to machine the taper into the panel itself).
Additionally, because vibration at a resonant frequency is desirable, the panel 36 must be
sufficientlyflexible to enable such vibration, yet sufficiently sturdy to both withstand such
vibrationand to mold the conereteas it forms. As indicated above, tlie panel 36 is preferably
formed from machined steel and suitable dimensions for the illustrated panel 36 are
preferably about one-third inchthick (e.g., eightmillimeters) and presenting about a two foot
width dimension (e.g., 610 millimeters) and a six foot height dimension (e.g., 1824
millimeters). However, it is within the ambit of the present invention to variously size and
dimension tlie panels to provide any desired dimensions for the jacket sections. For
example, the spacer sections 28,32 include panels having a one foot width dimension(e.g.,
305mm) and the corner sections include panels having three and one half feet by two and a
half feet width dimensions (e.g., 1095mm by 638mm).

10



WO 2004/074201 PCT/US2004/004817

10

15

20

25

30

As indicated above, the vibrator 70 is coupled to the panel 36. Particularly,
the panel 36 includes a vibrator mounting bracket 108 fixed to the back surface 36a and
configured to rigidly receive the vibrator 70. In more detail, the mounting bracket 108
includes amountingpad 110that is spaced from the back surface 36b by a gusset 112. The
pad 110presents aplurality of bolt-receiving apertures for coupling the vibrator 70 thereon.
The gusset 112is configuredto not interferewith the apertures. The gusset 112 fixes the pad
110to a mounting plate 114 that is welded to the back surface 36b of the panel 36. Itis
within the ambit of the present inventionto utilize conventional accessorieswith the panel
36, such as lift hole pins (not shown) for facilitating lifting the form. However, it is
important that these accessories are configured to not interfere with the vibratory
displacementof the panel 36.

As previously indicated, the plurality of spring assemblies 38-68 shiftably
couple the panel 36 to the frame 34. The spring assemblies 38-68 support the panel 36 on
the frame 34 and enable the vibratory displacement of the panel 36 relative to the frame 34.
Each of the spring assemblies 38-68 are virtually identically configured and therefore only
the spring assembly 38 will be described in detail with the understanding the spring
assemblies40-68 are similarly constructed. Turning to FIGS. 5 and 6, the spring assembly
38 broadly includesa collar 116, a shaft 118, a spring 120,a bushing 122, a locking washer
124, aring nut 126, a pair of flat washers 128 and 130, a pair of spring discs 132 and 134,
and a pair of end nuts 136and 138. In more detail, the illustrated collar 116 is fixed to the
back surface 36b of the panel 36 by a plurality of welds 116a and is configuredto threadably
receiveone end ofthe shaft 118(e.g., internallythreaded) and configuredto guidinglyengage
one end of the spring 120. The shaft 118 is fixed relative to the panel 36 and shiftable
relative to the frame 34. In this regard, the illustrated shaft 118 includes external threading
on each of its ends and one end thereof is threaded into the collar 116. The shaft 118 is
configuredto cooperate with the shafts of the other spring assemblies 40-68 to supportthe
weight of the panel 36 on the frame 34. Inthisregard, the illustratedshaft 118 is a steel shaft
having a one inch diameter.

The spring 1201s configured to cooperate with the uniformly similar springs
of the other spring assemblies 40-68 to enable reciprocation of the panel 36 by the vibrator
70 (as detailed below). The spring 120 is received between the collar 116 and the bushing
122 and encircles the shaft 118 to yieldably bias the panel 36 away from the forward-most
edges 72a,74a of the frame 34 to definethe previously described gaps 104,106. As detailed

11



WO 2004/074201 PCT/US2004/004817

10

15

20

25

30

below, the stiffness of the spring 120will impact the number of springs required to support
the panel 36 on the frame 34 to provide the desired vibratory displacement of the panel 36
by the vibrator 70. Inthisregard, the spring stiffnessis preferably sufficientto enablethe use
of a minimal amount of springs while still enabling the desired reciprocation in a cost-
effective manner. For example, the illustrated spring 120is formed of a spring steel (e.g.,
En42 steel) wire preferably having a shear modulus of generally about 80e’ N/m?, a wire
diameter of about one inch (e.g., .0254 m), and four active coils presenting a mean coil
diameter of four inches (e.g., .1016 m). The springs of the other spring assemblies40-68 are
similarly and preferably uniformly configured. However, it will be appreciated that
manufacturingtolerancesmaynot enableall the illustrated springsto have an exactlyuniform
shear modulus. As will subsequently described in detail, the actual shear modulus of the
springs will impact the number of springs needed to provide the desired vibratory
displacementofthe illustratedpanel 36. As detailedbelow, if all of the springs included the
preferred shearmodulus given above, the desiredvibrator displacement of the panel 36 could
be achievedby the vibrator 70with only thirteen springs supportingthe panel 36 on the frame
34. Althoughthe spring 120 could be variously configured,the spring stiffness will directly
affect the number of springs required to provide the desired vibratory displacement of the
panel.

Thebushing 122isslidably received over the end of the shaft 118distal to the
panel 36 and is configured to engage the spring 120to facilitate isolating the movement of
the spring 120between the bushing 122 and the collar 116. Particularly, the bushing 122is
urged by the spring 120 against the upper back plate 78 of the frame 34. The bushing 122
is configured to allow the shaft 118 to shift relative to the bushing 122. The bushing 122
includes a bed< recess 122a Configured to receive the locking washer 124 and the ring nut
126when assembled. The locking washer 124 and the ring nut 126 enable the spring 120to
be preloaded (depending on the stiffness of the spring used) and cooperate to facilitate
isolation of the movement of the spring 120without shearingthe shaft 118. Particularly, the
ring nut 126is threaded onto the distal end ofthe shaft 118 to engage the locking washer 124
between the bushing 122 and the back plate 78. In this manner, the spring 120 urges the
bushing 122 against the locking washer 124 and the ring nut 126. The distal end ofthe shaft
118 shiftably extends through the aperture in the back plate 78 until the ring nut 126 and the
bushing 122 engage the back plate 78.
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As previously indicated, the shaft 118 supports the panel 36 on the frame 34
and must enable the spring 120to adequately vibrate the panel 36 relative to the frame 34.
Particularly, the end nuts 136 and 138 are threadablyreceived on the distal end of the shaft
118exterior to the back plate 78 to retain the shaft 118 supported on the back plate 78. The
end nut 138 is a cap nut that locks against the end nut 136. The end nut 136 must be
sufficiently spaced from the back plate 78 to enable the shaft 118 to shift sufficiently to
enable the desired displacement of the panel 36 relative to the frame 34, yet enable the
desired supporting function of the shaft 118. In this regard, the illustrated flat washers
128,130and the springdiscs 132,134 are slidablyreceived on the distal end of the shaft 118
and spacethe end nut 136 sufficientlyfrom the plate 78 while enablingthe shaft 118to shift
relative to the plate 78 to enable the displacement of the panel 36. As detailed below, the
illustratedpanel 36 preferably displaces at least about .55millimeters relative to the forward-
most edges 72a,74a of the frame sidewalls 72,74 within the gaps 104,106. The illustrated
spring discs 132,134 are therefore configured to enable and maintain this .55 millimeter
displacement. The illustrated spring discs 132,134 are Belleville washers having at least a
oneinch inner diameter and cooperatingwhen loadedto yieldably flex about .55millimeters.
Suitable Belleville washers are available from Key Bellevilles, Inc. of Leechburg,
Pennsylvania as Catalog nos. B27 or HDS27.

Aspreviously indicated, the spring stiffness of the spring 120 (and the similar
springs of the assemblies 40-68) is preferably sufficient to enable the use of a minimal
amount of springs while still enabling the desired reciprocation of the panel 36 in a cost-
effective manner. Particularly, the number of springs necessary to enable the desired
reciprocation is directly related to the spring stiffness, the characteristics of the panel
material, and the desired frequency of vibration. In this regard, it has been determined that
the number of springsneeded to vibrate a particular panel at a desired frequencyis generally
estimated by the following fonnula:

N =(32nm*D*W)/(Gd*)

wherein,
N = number of springs needed
n = number of active turns in each spring
T =22/7
f = frequency of reciprocation of panel (Hz)
D =mean coil diameter of each spring (m)
W =weight of the panel (kg)
G = shear modulus of spring material (N/m?)
d =wire diameter of each spring (m).
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For purposes that will subsequently be described, it has been determined that for the
illustrated panel 36, the desired reciprocation for optimizingthe compaction of the concrete
with a .55 millimeter displacement is a vibration at sixty Hertz. As detailed above, the
illustrated spring 120 has four active turns, a mean coil diameter of .1016 m, and a wire
diameter of .0254 m. The illustrated steel spring 120 has an ideal shear modulus of
80e¢’N/m®. As indicated above, the panel 36 is a steel panel having and area of .008m x
.610m x 1.824m. From the known specific gravity of steel (7.8gm/cc), the weight of the
panel 36 can be derived. Although the panel 36 also includes the other steel components
fixed thereto, such as the collars (such as the collar 116), the channels 92,94,96, and the
mounting bracket 108, these components are not included in the weight W of the panel, but
rather the weight W is only in respect to the surface area of the forming surface 36a that
engages the concrete multiplied by the thickness of the panel 36. As shown in the Table 1
on the page below, plugging these known parameters into the above equation yields the
number of springs needed under ideal conditions for the panel 36 (e.g. in the column entitled
"2' Jacket"):

14
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TABLE 1: IDEAL CALCULATIONSFOR VARYING JACKET SECTIONS

1 2’ 3 4’ Corner
Details Jacket | Jacket Jacket Jacket Jacket
5 [ Fluttering Panel Size
Thickness t M)| 8x103 8x 103 8x10° 8x107 8x10°
Width b (M)| 0.3048 0.6096 0.9144 1.2192 1.734
0.638+1.095)
Height ‘h M) 1.824 1.824 1.824 1.824 1.824
10 | Operational Condition
Acc™ Due to gravity '8 (M/s?) 9.81 981 9.81 9.81 9.81
Acc” of Vibration gl (M/s?) 8¢g 8g 8g 8g 8g
Frequency of Excitation :f (rad/s)| 2mx60 27xX60 2mx60 2mx60 271X60
Material Properties of the Panel . . . R
15 Young’s Modulus of Elesticity -E  (N/M?) 210x10 210x10 210x10 210x10 210x109
) 7800 7800 7800 7800 7800
Density p (KgM¥»
_ _ 0.3 0.3 0.3 0.3 03
Poisson’s ratio Bl
Derived Parameters
Weight of Panel CW Kg)|[ 34.69 69.38 104.3 139 197.8
20 | =txbxhxp
Total stiffness needed K (N/M) [ 4.93x10° | 9.86x10° | 14.83x10° 19.8x10° 28.2x10¢
=Wxf*
Details of spring
No. of active coils ‘n 4 4 4 4 4
25 | wire dia. of spring d oD | 20007 20x103 20x10° 20x10 20x10°
Mean dia of spring D oDl 8ox10? 80x10" 80x10° 80x10° 80x10°
Shear modulus G (N/M%) | 80x10° 80x1o9 80x109 80x 109 80x109
Spring stiffness Ks (N/M) | 781.25x10% | 781.25x10° | 781.25x10% | 781.25x10% | 781.25x10°
=Gd*/8nD?
30 | Output Parameters
No. of Springs required :N 6.31 12.62 19 25.34 36.09
=(K/Ks)
No. of springs rounded off 6 13 19 26 36 (14+22)
Deflection of the panel: S (mm)| 0.552 0.552 0.552 0.552 0.552
35 | =(gl/®) 10°
Force required to achieve
above deflection & ‘g’ level :F (KN) 2.72 5.45 8.2 10.93 15.56
Kx6x 10°¢

40 Table 1includes the calculation of the number of springs N for six foot tall jacket sections
having the various width dimensions listed. The estimated number of springs N provided are
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based on the assumption that all of the springs have the ideal, uniform shear modulus given.
The illustrated panel 36 is atwo foot wide panel and the number of springsN needed under ideal
conditions is shown in Table 1as thirteen springs.

Theillustrated panel 36, however, includessixteenspringassemblies 38-68, not
thirteen spring assemblies. This is because, as indicated above, the shear modulus for the
springsin applicationisrarely ideal, at least not uniformly ideal for all of the springs. The shear
modulus G shouldbe actuallymeasured for each of the springsthat will actuallybe used in the
jacket prior to arriving at the final design. Once the actual spring modulus is measured, it can
be used in the above formula and recalculatedto arrive at the actual number of springs needed.
Inthis manner, the panel 36 is illustrated as having sixteen springs to more closelyresemblethe
inventive panel in actual practice.

As indicated in Table 1, it will be appreciated that the above formula can be
derived from the proposition that N =K/Ks, where K is the total stiffness needed and Ks isthe
actual stiffness of one of the uniformly designed springs. Both K and Ks can be derived using
the geometric details and material properties of the panel and the spring design, known
operational conditions, and intermediate derived parameters. The panel details and properties
include the above described panel dimensions and the density of the panel material, as well as
Youngsmodulus ofelasticity (e.g., 210e’N/m?) and Poisson's ratio (e.g., 0.3). The springdesign
details include the factorsn, d, and D defined above, as well as the shear modulus of the spring
material. The operational conditions include the acceleration due to gravity g (e.g., 9.81m/s%),
the acceleration of vibration gl (e.g., 8g), and the frequency of excitation fe (in rad/s =2fm).
The total stiffiiess K = fe?W. The designed stiffness Ks =(d*G)/(8nD?).

In additionto the outputparameter N, as shown in Table 1,the above parameters
can also be used to calculatethe necessary displacement of the panel 36 (i.e., the amplitude of
displacement)to achievethe desired frequency, as well as the necessary forcerequired to ensure
the necessary displacement. The displacement of the panel in millimeters, 6 =(g1/f)e’. The
necessary force F =(K)(0)(1e®). It will be appreciated that the above output parameters are all
directly related to the desired frequency of vibration of the panel 36.

As detailed above, for the illustrated panel 36, the desired frequency has been
determined to be about 60hz. In this regard, the frequency preferably approaches a resonant
frequency for concrete. That is to say, where the frequencyand the amplitude of the vibration
of the concretematch, aresonant frequencyis achieved. Vibrationof the concreteat a resonant

frequencywill provide optimum compaction of the concrete. Because, the panel 36 displaces,
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the frequency at which the panel 36 vibrates is predominantlytransferred to the concrete. The
frequency of 60Hz for the illustrated panel 36 has been selected because this is the natural
frequencyinthe United Statesand thus facilitatesready cooperationof the system 10with other
power sources, equipment, etc. However, the selected frequency couldbe otherthan 60Hz (e.g.,
in Europe, the natural frequency is 50Hz, and thus 50Hz is preferred for systems utilized in
Europe). Accordingly, the desired frequency of vibration of the panel 36 has been designedto
be 60Hz. Itwill be appreciated that the displaceable panels of the present invention enable the
frequencyofvibration of the panel to be directlytransferred to the concrete, however, there may
be somefrequencyreductioninthe transfer. Nonetheless, the displaceable panels of the present
invention provide significantlymore frequencytransferred to the concrete than with the prior
art rigid panels. That is to say, the prior art panels primarily achieved only amplitude of
vibration, but no sustainable frequency. The panel 36, however, displaces to obtain both
amplitude and sustainable frequency of vibration of the concrete. Furthermore, the spring
assemblies38-68 enablethe displacementof the panel 36 to be synchronized with the frequency
of vibration to achieve at or about a resonant frequency, greatly increasing the compaction
capabilities of the panel 36.

As detailed above, once the desired frequency of vibration of the panel 36 has
been established, the desired displacementd can be derived, as well as the necessary force F to
ensurethe desired displacement. As previouslyindicated, the desired displacement of the panel
36 is .55mm. Using these parameters, and as shown in Table 1 above, the desired force F
required to displacethe panel 36 under ideal conditions is 5.45KN. In the illustrated section 26,
this force required to vibrate and displace the panel 36 is provided by the vibrator 70.
Particularly,the vibrator 70 is coupled to the panel 36 by bolting the vibrator 70 to the mounting
bracket 108. The illustrated vibrator 70 is an eccentric motor that can be adjusted, or tuned, to
provide the desired force and frequencyof vibration. In one manner known inthe art, the motor
rotates an eccentricflywheel and the eccentric flywheel includesvariously spacedpin-receiving
apertures along its eccentricperiphery. Inthismanner, pins canbe placed in the desired aperture
to tune the motor to the desired setting. Suitable motors are available from ISKCO, Ltd. of
Maumelle, Arizona as Model Nos. HKMS55LFS, HKM75FLS, and HKM75BL. As shown in
Table 1above, the necessary force F varies with the dimensions of the panel being vibrated.
Accordingly, each vibrator must be tuned to correspond to its particular panel. Because the
vibrator 70 canbe operated significantlybelow its upper operating limits (unlike vibrators used
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in prior art systems), the vibrator 70 suffers substantially less wear and thus incurs lower
maintenance needs and is longer lasting.

The displaceable vibratory panel 36 provides superior compaction of concrete
over the prior art forming systems. The inventive panel 36, unlike the prior art panels,
effectivelytransfers both amplitude and frequencyof vibration to the compactingconcrete. In
this manner, the vibration of the concrete can approach a resonant frequency for optimizing
compaction, without the need for the large amplitudes of vibrationimplemented in the prior art
panels. Thenearresonantfrequenciesenableaconsiderablylower water/cement ratio to be used
thereby increasing the strength of the finished box culvert, or reducing the amount of cement
needed. For example, while prior art forming systemsrequired at least a 1:3 water to cement
ratio, it is believed the forming system 10 can utilize as little as a 1:4 ratio although about a .26
proportion is preferred. The lower water/cement ratio provides smaller creep and shrinkage,
greater density and thus smaller permeability and improved frost resistance, greater wear
resistance and resistance to atmospheric and chemical agencies, increased moduli of elasticity
and rupture and improved bond strength. The reduced vibratory forcesneeded enablethe frame
34 to be lighter weight and still last longer and require lower undesirable maintenance. It is
within the ambit of the present invention to utilize various alternative configurations for the
panel 36 and the method of displacing and vibrating the panel relative to the frame 34.
However, it is important that the panel configuration enables the panel to be vibratorily
displaced relative to a stationaryframe.

As previously indicated, the spacer section 30 is configured similarly to the
section 26 as detailed above. However, the spacer sections 28 and 32 are alternatively
configured to provide a varying spacer dimensionfor the rise of the culvert. As indicated above,
the spacer sections 28,32 are one footjacket sections. As shown above in Table 1,the sections
28,32 each include six spring assemblies coupling the one foot panels to the frames and require
a 2.72KN force to vibrate the one foot panels at 60Hz and displace the panels the desired
S5mm. The sections 26,28,30,32 could be variously alternatively configured. However, the
above formulais preferably used to determine the number of springsN necessary to provide the
desired displacementand frequencyof vibrationconsistentwith those provided by the illustrated
section.

As indicated above, the corner sections20,22,24 are similarto the spacer section
26 in many important respects, however, these section differ from the spacer sections

26,28,30,32 in somerespects. As shown inFIG. 1,the corner sectionseach include an L-shaped
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rigid frame and a pair of independently displaceable, vibratory panels spring coupled to a
respective arm of the L-shaped frame. The pair of panels of the illustrated corner sections
20,22,24 preferably present about three and one half foot and two and one half foot widths. In
this regard, each of these panels includes a differentnumber of spring assemblies N calculated
inaccordance with the formula detailed above. Aswith the panel 36 detailed above, the number
of springs N given in the Table 1 is under ideal conditions, however, the illustrated comer
sections are shown with a larger number of springsto better reflect the actual shear modulus of
the springs as implemented. It should be noted that while the number N of spring assemblies
is important, the placement of these assemblies is not. The panels of each corner section
20,22,24 are vibrated by a separate vibrator, tuned in accordance with Table 1, and are sealed
in a manner similar to the panel 36 described above. Each of the corner sections20,22,24 is
configured to provide the preferred .55mm of displacement of each panel and to vibrate each
panel at the preferred 60Hz. It should be noted that FIG. 1 illustrates the comer sections
20,22,24 positioned so that a shorter arm of one corner and a longer arm of an adjacent corner
cooperate with a spacer section to make up each side of the forming system 10. However, in
practice, these components are preferably arranged so that the long arms of adjacent corner
sectionscooperatewith a spacer sectionto define the span sides and the shorter arms cooperate
with a shorter spacer to define the run sides. However, it is within the ambit of the present
invention to utilize various alternative configurations for the jacket 16, such as utilizing only
corner sectionswithout spacer sections therebetween.

As previously indicated, it is within the ambit ofthe present inventionto provide
the displaceable vibratory panels on the system components other than the jacket 16 or in
addition to the jacket 16. The illustrated system 10 is well suited to provide optimum
compaction of concrete having conventional thicknesses for box culverts, such as 450mm.
However, for applications requiring a finished culvert having a thickness larger than one-half
meter, the vibratory panels of the present invention are preferably included on both the jacket
16 and the core 14 to optimize compaction. Additionally, the displaceable vibratory panels
could be provided on concrete forming forms other than those utilized to form box culverts.

In operation, the core is bolted together to set the desired dimensions of the
forming surface for forming the inner-circumferential surface of the culvert. The pallet 12is
then assembled with the necessary span and rise segmentsto match the dimensions of the outer
surface of the assembled core 14. Each of the segmentsof the pallet 12engagethe outer surface

ofthe core 14. Next, the displaceablevibratorypanels ofthejacket 16are coupledto the frames
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with the proper number of spring assemblies. The frames of the jacket 16 are then bolted
together sothat the assembledjacket 16 generally matches the dimensions of the pallet 12. The
frames of the jacket 16 should engage and rest upon the pallet 12. If desired, the jacket 16 may
be clamped to the pallet 12. The segments of the header 18 are then assembled with the
necessary spanand rise segmentsto match the dimensionsof the annular recess defined between
the core 14 and the jacket 16. Next, concrete is poured into the annular recess to the desired
level. The header 18 is then slid between the core 14 and the jacket 16. The vibratory
displaceable panels of the jacket 16 are then vibrated by the tuned vibrators to provide
compaction of the concrete as it is molded. Once the concrete is sufficiently firmthe header
18can be removed, and the form-laden jacket can be removed from the core 14 and the culvert
can be treated and/or hardened (e.g., steam cured, etc.) into the finished culvert. Alternatively,
afterthe header 18isremoved, the remainder of the system 10can be disassembledby unbolting
the core 14and the jacket 16to access the box culvert.

Thepreferredforms ofthe inventiondescribedabove are to be used asillustration
only, and should not be utilized in a limiting sense in interpreting the scope of the present
invention. Obvious modifications to the exemplary embodiments, as hereinabove set forth,
could be readily made by those skilled in the art without departing from the spirit ofthe present
invention.

The inventors hereby state their intent to rely on the Doctrine of Equivalentsto
determine and assess the reasonably fair scope of the present invention as pertains to any
apparatusnot materiallydeparting from but outsidethe literal scope of the invention as set forth

in the following claims.
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What is claimed is:

1. A form for forming concrete, said form comprising:
a frame operable to remain stationary as concrete is molded in the form;
adisplaceablepanel associatedwith the frame and being operableto engage the concrete
to thereby mold the concrete;
a plurality of springs shiftably coupling the panel to the frame; and
a vibrator operable to reciprocate the panel relative to the frame while the concrete is

molded.

2. The form as claimed in claim 1,
said panel being oriented generally vertical relative to the ground.

3. The form as claimed in claim 1,
said panel presenting a concrete-forming surface and an opposed back surface,
said surfaces being coextensive with said panel,
said springs being received between the frame and said back surface.

4. The form as claimed in claim 3,
said frame including a pair of spaced outer sidewalls each defining a forward most edge

adjacent said back surface.

5. The form as claimed in claim 4,
said back surface being spaced from said forward most edges by a gap dimension.

6. The form as claimed in claim 5,

said gap dimension being about two millimeters.

7. The form as claimed in claim 5,
said back surface being entirely displaceablewithin said gap dimension.

8. The form as claimed in claim 7,
said back surface being displaceable at least about one-half millimeter within said gap

dimension.
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9. The form as claimed in claim 4,

said frame including a back plate fixed relative to said sidewalls and extending there
between,

said back plate being recessed relative to said forward most edges,

said springs being received between said back surface and said back plate,

10.  The form as claimed in claim 4,
saidpanel includingadeformable gasket extendingalong saidback surface adjacent said

forward most edges and being operable to engage said sidewalls.

11. The form as claimed in claim 1,
each of said springs being generally similarly configured and the number of springs
being proportionate to the weight of the panel.

12.  The form as claimed in claim 11,
said number of springs being generally determined by the formula:
N = (32nm*E2D*W)/(Gd*)

wherein,

N =number of springs needed

n =number of active turns in each spring

T =2217

f = frequency of reciprocation of panel (Hz)

D =mean coil diameter of each spring (m)

W =weight of the panel (kg)

G = shear modulus of spring material (N/m?)

d = wire diameter of each spring (m).

13.  The formas claimed in claim 1,
said vibrator being fixed relative to the panel.

14.  The form as claimed in claim 13,

said vibrator comprising an eccentric motor.
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15. A method of forming concrete comprising the steps of:

(a) supporting a frame relative to the ground,;

(b)  supporting a panel relative to the frame;

(c)  pouring concrete against the panel to mold the concrete; and

(d)  vibratingthe panel relative to the frame while the concrete is molded so that the
frame remains stationary relative to the molding concrete and the panel is

displacedrelative to the frame.

16.  The method as claimed in claim 15,
step (b) includingthe step of supportingthe panel in avertical orientationrelative to the

ground.

17.  The method as claimed in claim 15,
step (b) including the step of supporting the panel on the frame with anumber of springs

positioned between the panel and the frame.

18. The method as claimed in claim 17,
the number of springs in step (b) being determined by the formula:
N = (32nm2PD*W)/(Gd*)

wherein,

N = number of springs needed

n =number of active turns in each spring

T =22/7

f = frequency of vibration of panel (Hz)

D =mean coil diameter of each spring (m)

W =weight of the panel (kg)

G = shear modulus of spring material (N/m?)

d =wire diameter of each spring (m).

19.  The method as claimed in claim 15,
step (d) including the step of fixing an eccentric motor to the panel to vibrate the panel
and vibrating the panel therewith so that the entire panel is displaced at least

about one-half millimeter relative to the frame.
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20.  Amodular formingsystemfor formingconcreteinto abox culverthaving
opposite faces, said system comprising:
a core operable to mold the inside circumferential surface of the culvert;
a pallet supported relative to the ground and encirclingthe core and being operable to
5 mold one of the faces of the culvert;
ajacket supported generally vertically relative to the ground on the pallet and spaced
from the core and being operable to mold the outside circumferentialsurface of
the culvert; and
a header encirclingthe core and being operable to slide between the core and the jacket
10 and being operable to mold the other face of the culvert,
saidjacket including a plurality of sections removably coupled to each other,
each of said sections including a corresponding frame, a panel, a plurality of springs
shiftably coupling the panel to the frame, and a vibrator coupled to the panel for
reciprocating the panel relative to the frame.
15
21.  The forming system as claimed in claim 20,
each of said panels being entirely displaced relative to the frame when the vibrators

reciprocate the panels.

20 22.  The forming system as claimed in claim 21,
each of said vibrators being an eccentric motor that causes the corresponding panel to
vibrate at a frequency,
each of said motors being adjustable so that each of said frequenciescan be altered.

25 23.  The forming system as claimed in claim 22,
each of said springs being generally similarly configured and the number of springs
associated with each panel being proportionate to the weight of the panel.

24.  The forming system as claimed in claim 23,
30 the number of springs associated with each panel being generally determined by the
formula:
N = (32n7*PD*W)/(Gd*)

wherein,
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N =number of springs needed
n =number of active turns in each spring
T =22/7
f =frequency of vibration of the panel (Hz)
5 D =mean coil diameter of each spring (m)
W =weight of the panel (kg)
G = shear modulus of the spring material (N/m?)
d =wire diameter of each spring (m).

10 25.  The forming system as claimed in claim 24,

each of said motors being adjusted so that each panel vibrates at the same frequency.

26.  The forming system as claimed in claim 25,
said same frequency being about a resonant frequency.
15
27.  The forming system as claimed in claim 26,
each of said panels being displaceable at least about one-half millimeter relative to the

corresponding frame.

25
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