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CONCRETE CASTING SYSTEM

The present invention pertains to an apparatus for integrally casting
monolithic concrete structures, and in pérﬁcular, to an 'automated apparatus
constructed to mold five-sided structures.

Molding box-like modulaf concrete units has pré'vi'oukly been achieved by

' manual and semi-automated systémﬁ using réfﬁoVéble forms which are assembled

for. pouring and disassembled for rel&éing the forms from the cast product.

Int-spme Systéms, the forms are'assembl.ed 'manually; One example of a
ﬁfm 2 system is described in U.S. Patent No. 3,841,596 to Cull. The Cull patent
‘show;én. inner core and exterior form ':Which are connected by hangar.bar.s and
~ bolts. Derﬁo'untabl'e. corner forms join interior 'péh'els together with a series of
ciips to form the inner core. Screw jacks are utilized as adjustable stiffening struts

between the interior panels and the base.
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In other systems, the. forms and panels are moved by various automated and
* manual devices incluoing hydraulic pistons and screw.jacks. The following patents |
exemplify prior art systems for casting modular concrete units.

U.S. Patent No. 3,680,824 to Kesting discloses a casting system including
an interior form and an exterior form. The exterior form is defined by exterior
‘panels which are mounted to scaffolds by pivoting guide links attached to brackets.
Likewise, the interior form includes panels which are attached to an inner
framework by a plurality of pivoting links. Hydraulic cylinders are provxded to
move the inner and extenor panels between the casting and release positions.’

U.S. Patent No. 3,822,853 to Shelley diseloses a casting system which
comprises several embodiments for expanding and conuacting an inner core, but
which utilizes simple trussed members for the exterior forms. Most of the
variations of the inner core feature c'ol_la.psib:le Léshaned members which are moved
by operation of screw jacks or ny_draul_ic .pist:on_.s._ _ The Shelley patent aiso discloses

a comner, for_m which is actuated by a screw ja_c_k 50 as 10 move x'n concert with the

panels ‘The exterior forms are srmply rolled along a base.

,,_UJS Patent No. 3, 853 452 to Delmonte dlscloses a machine in which a

superstructure supports a plurahty of i interior and exterior wall forming panels and

oomer panels which are interlocked together. Inner and outer hydrauhc cylinders

mounted to the superstructure move the interior and exterior panels toward and

away froni each other. | | |
The _pridr art systems do not provitle an efficient, mﬁable eusﬁng system.

with sufficient structural integrity to ensure that the forming eletnents avoid the
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forming of roﬁgh and uﬁsightly'seams in the éoncrete structure. Further, in the
prior art, grout (i.e., a wﬁenﬁtious-mnoff of excegs water, member, sand, etc.)
tends to seep into and form on the parts of the form and cause the form and
thereby resist release of the casting. As can be appreciated, this lack of structural

integrity in the forms has been particularly troublesome in the casting of large,

- monolithic concrete products. Prior systems have not been able to adequately

withstand the high pressures associated _with casting oversized of concrete
products. |
E INV ION
The present invention pertains to a system for casting monolithic, seamless
concrete products with interior caviﬁes. The system comprises an outside jacket
and an inside ‘mold core each of which is movable between open and closed
f)ositions.
- In accordance with one aspect of the invention, a plurality of base linking
actuators are interoonnectéd between the jacket and mold core to tighten the mold
allevmeleakage -along the lower region of the mold. These actuators are
' kyfastened to- the inside core for movement with the core panels toward
and aﬁ}ay from the outer jacket. These base linking actuators selectively engage
‘ the outside panel members for tightening: and releasing the moid.. Preferablj, the
actuators each includes a rotating hook connector for grasping and/or abutﬁng a
. bracket fixed to an outer panel.
In ‘accordance with another aspect of the present invention, the system

includes corner linking actuators which span the joints defined along the corners
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of the jacket pahel. members to enhance the _structufél-. integrity of the outside
jacket. In the preferred construction, the comer._linking actuators are mounted to
one of the outer panel members for movement therewith and selectively coupled
to the adjoining pﬁnel. |

In aocordanbe with another aspect of the invention, the system includes a
lid to effect casting of ﬁve-sided structures. In this construction, the system
further includes a lower pallet for supporting the cast product. The pallet is
vertically movable between a casting position and a release position by actuators
mounted in the base. Raising of the pallet after hardening df' the: cast product |
effects release of the product from the lid. |

In accordance with another aspect of the invention, the system comprises
a series of fluid cylinders which are cooperatively driven to move the various
elements of the mold into and out of an efficient, reliable. strong casﬁng mode
which alleviates the problem of undesirable leaking: The system is coordinated |

to minimize reliance on manual activity

%‘heseandf other objects, advantages, and features of the "p_resem invention

inore: fully ‘understood and appreciated by referenice to the written

'Speciﬁ(mtionf and appended-drawings.

FIG. lisa top plan view of the mold system of the present invention with
the component's' in the closed, casting position, shown wit_h'o_nt the lid.
FIG. 2 is a top plan view similar to FIG. 1 but with the components in the

Opeh, release position, shown without the lid.
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FIG. 3 is a detailed fragmentary, inside perspective view of an inside
corner form component of FIG; 1 shown in its expénded position.
FIG. 4 is a cross-SéCtibnal view of the system taken along line 4-4 of
FIG. 1 showing only the forming panels, lid and base.
FIG. § is a cross-sectional view of the system taken along line 5-5 of
FIG. 1.
FIG. 6 is a partial cross-sectional top view of the corner jacket cylinder at
.the'base of the system of FIG. 1. | |
FIG. 7isa partial cross—sectionél side view o.f the corner jacket cylinder
_of FIG. 6. |
' FIG.8isa d'emiled. view of the flop-gate connector of FIG. S shown in the
engaged position. |
FIG. 9 1s a de;ailed'view- of the flop-gate 'c.onne.ctof similar to FIG. 8

shown in the disengaged position.

' _FIG. 10 is a top plan view of the ballet’ for the system of FIG. 1.
FIG 11 is a cross-sectional cut-away view' of the system taken along
L fine: 1 l—ll of FIG. 1 shown in the closed casting position.
' . "-'FIG'; 2isa crbss—Sectionél-cut-aWay- view similar to FIG. 11 but shown

in the open release position.-

' FIG. 13a’is a detailed top plan view of a lid lug mechanism shown in
conjunction with selected components of the inside comer form FIG. 3.

' FIG. 13b is a frontal view of the lid lug mechanism of FIG. 13a.

FIG. 13c is a side view of the lid lug mechanism of FIG. 13a.
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In the pmfe@ embodiment, a niold_ sys__tém*ZO for__ cas_ting a monolithic
concrete product 22 is defined by a base 24, an inside mold core 26, an outside
jacket 28 and a pallet 32. Base 24 provides a solid foundation for supporting the

~ internal core of the machine. To ensure a lével cast, base 24 includes threa-ded
leveling screws 30. The present system. is espeéially'designed for the casting of
four or five sided products. The products are cast to have four side walls 23
defining a recfangular shape and possibly a tbp, or a fifth side. Nonetheless, it
will be understood that any desired shape-may be produced with accompanying
adjustmehts to the components of the system.
| Reference is made throughout the description to a clo;ed casting ' position
and an open release position. The closed casting position refers to the
configuration of the system when all of the componer_lts are moved to form a mol(i
cavity 34 into which concrete may be poured (FIGS. 1, 4, 5 and 11). The open

release position. refers to the configuration of the system when the components are

my fmm the cast product in order to strip the panels and remove the
from the mold system (FIGS. 2 and 12).. |

- Outside. jacket 28 preferably. comprises two L-shaped panel members 36

which are arranged in a rectangular configuration.. The apexes 38 of panel

members 36 are disposed at diagonall.y opposing. corners of ;ohtside jackei'28.
Panel members. 36 are .shppor:ed. on rollers (not shown) for movement along
supports 39 between the open ax}d closed positions. A pair of comer base
cylinders 40, which are preferably hydraulic, extend from the fixed base 24 to -
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apex 38 of each panel member 36. Comer base cylinders 40 are shown in
phantom lines in FIGS. 1 and 2, and best illustrated in FIGS. 6 and 7. Each

corner base éylinder 40 is preferably secured on a diagonal to a corner of base 24

‘and brace 42. Cylinder 40 comprises a piston rod 44 attached to a bracket 46

fixed at apex 38 to a panel member 36. ‘Each panel member 36 is moved from an
open release position to a closed casting position, and back, by the reciprocating
movement of piston rod 44.

The two remaining diagonaily opposing corners of outside jacket 28 are.
defined by facing portions of panel members 30 (FIGS. | and 2). The facing
portions are selectively coupled together by a series of vertically s;i'aced hydraulic
corner linking cylinders 50. Corner linking cylinders 50, which are preferably
hydraulic, are affixed to one of the paﬁek- members 36.and selectively fastened to
the other of the panel members by latches 48. Latches 48 preferably comprise a
clevis- and clevis pin arrangement for easily separating and joining panel

‘members 36.. However,: other types of latches could be used. - Comer pull-up

52£oﬂi'oomev linking: cylinders 50 each. includes a bracket at its free end to-

E Mtoalatch:«t& Once corner base cylinders 40 have drawn panel members 36
of jacket 28 into the closed position; each. of the. brackets are latched by insertion

~.of ‘a clevis pin to thereby latch panel members 36 together. The comner linking

cylinders 50 are then actuated 1o tighten the comners against each other. Movement

- of the panel members.due to actuation of the corner linking cylinders is nominal,

and in the preferred embodiment ranges between 1/4 and 3/8 of an inch. This
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arrangement effectively prevents any unwanted grout leakage from. the outer
comers. . - | o :
The construction of outside jacket 28 (FIG. 5) inc_ltids forming panels 56
and an outer framework 57. Framework 57 includes a series of vertically spaced
- exterior walers 54, and exterior columns 58, both of which are preferably I-beams.
Exterior walers. 54 are positioned between exterior forming panels 56 and
columns 58. Near the base, exterior bracés_ 60 also connect the bottoms of (
exterior columns 58 to-the bottom of exterior forming panels 56.
Inside core 26 includq:-' a plurality of interior panels 62 linked by four |
inside corner forms 64, the structures of which are described in detail in U.S.
Patent No; 5,230,907, the entire contents of which are herein incorporated by
reference. Reference is made to FIG. 3 which illustrates a single inside comer
form 64 in detail. - Each comer form 64 is compﬁﬁed of a plur.ality' of slide
plates 68, 70 and a V-shaped corner skin plate 72. All of these piates 68, 70, 72
~ extend the entire hefgh‘t of comer form 64.and cooperatively interact to form the

? ';-'Wallfz'surfaew--at the corners of inside.core 28. Comer skin plate 72 is a

ed: member having an external:face 74 and an internal face 76. Comer skin
plate: 72 can have. other configurations. if -a different’ internal: corner shape is
:iesired-. In any event, corner:skin pl_ate. 72 is: fixedly secured-along its marginal
edges 77 to a pair of spaced apart; converging: inner slide plates 68.

' Each inner slide plate 68 defines an internal, wall 78 and external wall 0,
a top edge 82, and a front wall 84. Front wall 84 is preferably oriented at an

angle of approximately 25° to internal wall 78. In addition, front wall 84 is_' _
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" steppéd to define a recessed section 86, a shoulder 88, and a molding face 90.
Recessed section 86 is édapted to receive margindl edges 77 of corner skin
plate 72. Shoulder 88 is dimensioned to equal substantially the thickness of corner
skin plate 72 so that external face 74 of skin plate 72 is subst_ﬁntiélly aligned with
molding face 90 to form a relatively' smooth, clean inner wall surface for the
'c.oti'crete casting. Corner skin plate 72 is pret_'efably- welded into place against
recessed section 76 of front wall 84. Each outer slide plate 70 defines an inner
wall 92, an outer wall 94, and é front wall 96. .Fron"t wall 96 is stepped to includ§

a recessed section 98, a shoulder 100, and a molding face 102. Recessed
section 98 and shoulder 100 are adapted to receive the _marginal edge of side skin .
plate 104 which is preferably welded into place.
'FIG. 3 shows inside corner form 64 in its expanded position, that is, its .

closed casting position. Exterhal face 74 of corner skin plate 72, molding face 90
of inner slide plate 68, fnolding face 102 of outer slide plate 70, and side skin
- platee104 are all substantially aligned so that a- relatively smooth and clean inner

wall surface can be formed: In addition, side skin plate 104 will be

ly aligned with the adjacent interior panel 62.” To facilitate the requisite
: ?xpénding- and éonu‘actin'g‘".mwements of the inside: corner form 64, inner ahd
outer "slide plates 68, 70 are structured to slide- relative to Onf: another. Inner
wall 92 of outer slide plate 70 is'in abutting relation with outer wail 80 of inner
slide plate 68. The'en'gaged slide plates 68, 70 are coupled together by a

'recta_ngular'sli'de lug feqeived in slots (not shown) in slide plates 68, 70 for



WO 96/14193 PCT/US95/14605

-10-

ensuring alignment .of' the plate members and limiting the relative slidiﬂg |
movement between the two plates. _ o |
At least one driving assembly. 108_is provided to control and actuate the
~ movement of slide plates 68,. 70. Preferably, a series of driving assemblies will
be .secured to each set of slide plates 68, 70 with one driviné assembly mounted
near the top of plates 68, 70, and one positioned near the bottom theredf, with any
necesSary ‘number in between. Each driving assembly include’s' a squaring
arm 110, a pair of brackets 112, a pair of slide lugs 114 (Which are similar to tﬁe
slide lugs used to between slide plates 68, 70), and an actuator or co’me; forin
cylinder 66. Squaring arm. 110 is a substantially L-shaped member which
.comprises a pair of orthogonal legs 116, 118.. Coupled to the distal end of each
leg 116 is a substantially L-shaped bracket 112 having.an arm with two
sections 118 and 120. The. first section 118 over_lies..bne of the legs 116 of
squaring arm 110, and the second section. 12(1 tapers. toa distal poin.t (not shown).

The outerledge, 122 of bracket 112 engages ancLsecures preferably by welding,

-pjate 104 in-place.. The inner tapered edge (not shown) of second
#8120 of bracket 112 is secured, again preferably by welding, to the outer
‘wall 94, of outer slide plate 68. As is.known in the prior art, brackets 112 are
;ecured,__td securing. plates 140 which are bolted to c‘omplémeqtary securing plates
- (not shown) of interior panels 62. The overlapping por_tiqns.of bracket 112 and
squaring arm 110 — namely, first section 118 and the distal end of leg 116 of
squaring arm 110 - are provided with a pair of cotreéponding. slots (not shown).

In the same manner as with slide plates 68, 70 discussed above, the slots anﬂ
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corresponding slide lugs 114 limit relaﬁve ﬁ0vemmt and ensure proper orientatioﬁ
of the squaring arm 110 with brackets 112. K
.The inside comer form 64 is expanded and contracted by corner form
cylinder 66, which is preferably a hydraulic cylinder. The distal end of piston
rod 124 is provided with a clevis 126 which recei.ves the base 128 of squaring
arm 110 between a pair of bp_posed members- 130. Preferably # recess 132 is
-pfovided in squaring arm 110 to facilitate the position of clevis 126. A pivot
- pin 134a is received. through aligned holes to couple clevis 126 to squarmg
“arm 110. In a similar amngemeﬁt,’ corner form cylinder 66 is also provided with
a clevis 136 which receives'a forward gusset membér 138, Gusset member 138
is generally triangular in shape and is welded to the interior face of comer skin
plate 72. A pivot pin 134b is received: through alignect‘ holes to couple gusset -
- member 138 and corner skin plate 72 to-corner form cylinder 66. In operation of
comner form 64, reciprocaﬁon of rod 124 moves comer skin plate 72 back and

* forth from the closed casting position (i.e. fully expanded) to the open release

-(i.e. fully contracted) via relative movement of the slide lugs within the
ve:slots of both the slide bli‘tes-and squaring-arms and brackets.
The ﬁ:m‘aining construction of inside core:26 includes interior forming
| ;)anefsf" 62 and interior columns 142 (FIGS. 5, 11 and-12). The forming paneis
define the four walls extending between the comers: In between interior panels 62
and columns 142 are a series of vertically spaced interior walers 144. I-beams are
preferably used- for interior walers 144 and columns 1'42..' Similar to the outside

jacket, near the base, interior braces 146 connect the bottoms of interior forming
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. panels 62 to the Bottoms of interior columns 142. This reinforced construction
ensures the overall integrity of the mold system. ¢ |

| Preferably two series of middle cylindér’s-_l48, preferably hydraulic, span
the middle portion of inside _éore 26 (FIGS. 1, 2, 5, 11 and 12). Middle
cylinders 148 and their rods are affixed to opposing interior cbl_u'mns 142 such that
reciprocation of the middle cylinders moves th.el.opposing columns and inside
panels back and forth. The middie cylinders 148 in conjunction with cylinders 66

~ in corner forms 64 function to expand and contract inside core 26 between the
open release position and the closed casting position: - Movement of each of tﬁe
opposing interior panels in the preferred embodiment is approximately 13/16 of an
inch. As with comner. linking, cylinders 50, a series .of- middle- cylinders 148 are
vertically spaced in the middie portion of inside core 26 (FIGS. 5, 11 and 12).
Also similar to comer linking cylinders. 50, the number of series of middle

- cylinde_rs 148 may vary.

Spa.ced-alqng the base of mold system 20 are a plurality of base supported

i cylinders- 150 which are preferably. hydraulic. - Base linking cylinders 150
. ; to the.bottoms of interior columns 142, by brackets 152 such that they
.m&e. w:th the contraction: and expansion .of the inner core. ‘Base linking
: '.cjflinders 150 are .movably supported by- appropriate’ framework in the base.
Rods 154. of these base linking cylinders: 150 each preferably has a rotating flop-
gate connector 156 at its free end for selectively engagingajacket bracket 158.
Nevertheless, other adjﬁstable connectors could be used. Each jacket bracket 158

extends downward from the bottom of an exterior forming panel 56.
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| FIGS. 8 and 9 illustrate a flop-gate connector 156 and jacket bracket 158
in the engaged and_ disengaged positions. Each flop-gate connector 156 preferably
has a hook 156a for eﬁgag_ing a pin 160 which eXtend_s horizontally from jacket
bracket 158._ To set up mold system 20 in the closed casting position, ﬂ:)p-gate
connector 156 is rotated such that the hook 156a can engage pin 160. Once the
connection is made, rod 154 is retracted by base linking cylinder 150 to provide
a tightenihg or squeezing force between outside jacket 28 and inside mold cofe 26.
Wﬁen # series of base linking cy}inde_t_s 150, each with its c':orrgsporiding ﬂop—gate
connector 156 and jacket bracket 158, are disposed around mold system 20, the
additional tightening or closing force provides an improved structural integrity
which is able to alleviate unwanted grout leakage problems. Tightening or
squeezing ihe outside jacket together thh the inside mold core in this manner does
not result in appreciable -' moyemeni- of the structure towa_.id one another but
prpvides increased strength to the assembly. Mold cavity 34 is reinfprced by the

action of base linking cylind'erS 150 to ensure that exterior forming panels 56 and

reior 't:'qm_ir_lg_ p_anels 62 can withstand the pressures of the poured concrete.

umber of base linking cylinders 150 used in mold system 20 will vary

dééén&ing upon the size of the cast product, and.other factors.

' In addition to the four side walls, mold system 20 has the capacity for
integrally casting a top wall or fifth side, which is referred to herein by

- numeral 166. Mold. system 20 includes a lid 168 supported oh inten'br panels 62
and lid support beams 170 disposed on rollers 174, 178 (FIGS.. S, 11 and 12).

The opposed interior columns 142 which cooperate with middle cylinders 148
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inclgde roller bearings 172 at their top ends upon which rollers .174 are disposed.
The corresponding interior panels 62 also include canfilevered roller bearings 176
having rollers 178. A number of lid support beams 170 spah the space between
interior panels 62 and are each supported by a roller bearing and roller

~ arrangement. Lid 168 includes a chamfer 180 afound the edges, preferably
of 45°.

" In order to ensure that lid 168 remains stationary d-espité‘ rhovemen; of
various components of inside core 26, éspecially inside corner forms 64. A lid lug
mechanism 181 is provided at each corner of inside core 26 (FIGS. 13a-13C). Lil..'i.
lug mechanism 181 is best understood by consideration of FIGS. 3, 11 and 12.
For ease of explanation; FIGS. 13a-13c illustrate a lid lug mechanism 181 in
relative isolation from thé components of comer form 64, Each mechanism 181
is mounted to corner skin plate 72 and inner slide plaies 68 by a gusset member

183 and truss-like bracé 185. A lid lug’ centering slide guide 187 provides a

channel 189 which guides a slide lug 114 tHerein. As corner form 64 is retracted.

114 slides inward in channel 189 and under lid 168 which of course

its uﬁdef?surfaéé (not shown) for
coopeiaﬁng with slide lug 114. “Each l"'r'd"_.l'u'g' mechanism ‘181 includes a stop
n;ech_anism to limit the extent of movement of lug 114. When lid lug mechanisms
181’ are provided at each corner, inside corner forms 64 can bé' expanded to a
desired 'pOint, and the exact extent of expansion: can be repeated in subsequent

opetations.
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For certain projects it is preferable to cast a channel-like footﬁrint 182 in
top, or fifth side 166 around the periphery of its topesurface. In the cast product,
footprint 182 is adapted to receive side walls 23 of a similar cast product placed
thereabove or other structural features to facilitate staéking and building.
Footprint 182 is also used as an absolute dimension and squaring gauge since the
size of thé footprints in finished products of a particular casting run should be
identical. In order to .form footprint 182, a beam array 184 having downwardly |

~ extending footprint molding beams 186 is placed on the poured conérete such that
the molding beams correspond to the periphery of the cast product. A portion of
such a beam array 184 and a molding beam is shown in FIGS. 5, 11 and 12.
Beam array 184 is lowered onto the mold assembly once the concrete has been
poured, and is attached. to columns 58 in ény suitable manner; bolts being
preferred. Beam array 184 is preferably dimensioned. to be 3/16 to 1/4 of an inch
smaller in_Width and length. than the space defined by exterior columns 58. In this
manner, when the.bolts are tightened, exterior columns 58 are pulléd inward very

YOnce the product has hardened, beam array 184 is separated from

.-.5&: by loosening: the bolts: - When:the bolts are: loosened, the exterior
colt;n;ms:.. return - to- their plumb- positions once again.: The beam array is then
'hoisted. away or otherwise removed from the-a'ssemb_l,y leaving behind footprint 182
in the cast product.. '

Pallet cylinders 162, which are preferably hydraulic, are mounted on the
base such that their rods 164 are attached to paliet-32 on their free ends. | An

example of a pallet cylinder is best shown in FIG. 4. Pallet 32 forms the base for
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receiving the poured concrete. When pallet 32 is lowered to the base for casting,
pallet éylinder rods 164 preferably are retracted into cylinders 162 to their bottom-
out .points. During the set-up and casting process, ﬂ;e pallet'.cylind'ers remain in
the bottomed-out 'position. When the system is actuated to move to its casting
position, the outer and inner panels are pressed agﬁinét the sides of the pallet.
Once the cast product has hardened and the inner and outer panels retracted, the -
pallet cylinders are actuated to raxse the cast product and strip top, or fifth side |
166 from the lid 168.

To set up the mold system for casting, base 24 is secured and' leveled by
adjusting leveling screws 30. .Pallet 32 is lowered tb the base by retraction of
pallet cylinder rods 164 into pallet cylinders 162. Inside c_ore"26 is then expanded
to its fullest extent by simultaxieous expansion of middle cylinders 148 and comer

- form: cylinders. 66 so that interior pane_ls-62‘ and corner plates- 72 of inside corner
forms 64 abut-the interior surfaces of pallet 32." The lid lug mechanisms 181

enable the-inside corner forms to contract-and expand to an exact point, while

ini g lid 168 in a stationary position. - In this way, the exact movement of

_ _ : & corner forms can be repeated in each subsequent operation. The fully
expanded éoﬁditidn of the. inside core cylinders: preferably .corresponds to their
closed casting position. - When inside. core-26:is in its'closed casting position, the
édges of lid 168 are in aligﬁment with interior p‘anel's.-62-., - At the same time as thé |
‘inside-core 26 is expanded, outside jacket 28 is closed by :mbving panel members |
36 inward by contraction of comer base cylinders 40. The panel members 36 are

" moved together until exterior forming panels 56 abut the outer surface of pallet 32. -
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The cylindefs 40, 58 and 66 are preferably all fed from the same source and at the
same time such that the hydraulic fluid travels to the points of least resistanqe.
The corner latches 48 are then latched and comer linking cylinders 50 retracted
to ﬁghten the latched relationship of the panel members. Base linking cylinders
150 are placed in éngagement with jacket brackets 158. Once the connection is
made, linking cylinders 150 are contracted to tighten the relationship of inside core
26 to outside jacket 28. Although only nominal movement may result from
contracﬁon of linking 'cyli,r'lders 50, 150, their squeezing. force enhance§ the
integrity of the overall system and alleviates grout leaks. Mold cavity 34 is now
defined between exterior panels 56 and interior panels 62 for receiving the poured
_concrete.

“The concrete is then poured into the mold cavity 62. If only fohr sides are
desired, the concrete is stopped before the top of panels 62 are reached. If a five-
sided product is desired, then concrete. is. also poured over lid 168. After the
concrete is poured or.'pux.nped into mold cavity 34. hodks may be added by

ti'én_ab-mans' to top, or fifth. side. 166 for. use: in later removing cast

goeuc 22 from mold system. If desired, top beam array 184 is hoisted into place
witt; -mblding beams 186 positioned to form footprint 182 on top, or fifth side 166.
The beam array is connected to exterior cdl'umns 58, and the concrete allowed to
harden.. |

Stripping cast product 22 from mold. system 20 -is accomplished by
performing the operations explained above in the reverse order. An advantageous

feature of the present invention concerns the function of the flop-gate connector
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during the stripping operation. When the cast is compiéte,- ‘each flop-gate
connector 156 is disengaged from its respective jacket bracket '15'8- by a slight
expansion of li_ﬁking cylinder rod 154. The fiop-gate connector can then be rotated
so that contact with j'acket bracket 158 can be avoided when jacket panel
members 36 are moved outward by expansioh'-:of comner base cylinde_rS 40.
Anqther advantageous feature of the invention concerns stripping top, or fifth
side 166 from lid 168. When beam array 184 has been_ removed and the
" components of rﬁold system 20 are in the opeﬁ-- release position, corner base '
cylinders 40 are expanded-to'push- jackets 54 outward. “The upward movement of
pallet 32 by cylinder 162, and thus cast product 22, strips the un'derSide of the top,
or fifth side 166 from lid 168. The casting can then be removed from mold.
system 20 by hoisting using conventional hardware such' as éables or inserted
hooks, and the mold system can be easily set up to perform-‘ the operation again.
All of the _cylihderﬁ in the preferred: embodiment are tied to a single fluid |

source and controlled in a knon- manner by a four section stack valve. The |

power source is used to drive the corner base cylinders 40, comer form

__ 66, and middle cylinders 148 so that the: hydraulic. fluid flows to the
| placesof Iéast;resistance in- expanding andi--coﬁtracting-= the mold forms. This |
'constructibn' prevents binding problemi between: interacting sets of .cylinders'. It
is contemplated that multiple power sources and corresponding control system may
also be used. In addition, all of the cy.l_inder_s may be designed or adjusted to

“bottom-out” at either end of the stroke in order to: insure’--obnsistency in the length

of expansion and contraction.
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The above description is that of a preferred embodiment of the invention.

Various alterations and changes can be made without départing from the spirit and

broader aspects of the invention as set forth in the appended claims.
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CLAIMS

1. An apparatus for integrally casting a five-sided monolithically poured

concrete module having four side walls and fifth side wall, comprising:

a pallet including pallet members collectively defining the cross-sectional

shape of the side walls, the thickness of each said pallet member corresponding to

the thickness of the side walls of the concrete module;

an inside mold core disposed within said pallet comprising a plurality of _

interior panels and corner forms for molding inside surfaces of the side walls; |

- means for moving said inner panels and said corner forms between a closed

casting position and an open release position, said inside mold core abutting -

against said pallet in said closed casting position;
an outside jacket disposed outside of said pallet comprising two L-shaped
panel members cooperatively arranged to gerierally envelope said .pallet and inner

‘mold core, said pan_el members comprising exterior panels for molding outside

| £ the-'v)élls;

mms for moving said L-shaped panel members between a closed castihg
pc.)s-s-iti;in. and an'open release position, said outside jacket abutting against the pailet
in said closed casting position, said inside mold core and said outside jacket
defining a mold cavity therebetween for receiving the concrete in said closed
casting position;

a lid overlying said inside mold core for moldiﬁg the inside surface of the

fifth side wall; and
| Sheet Has Been Replaced
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means for linking said inside mold core to said outside jacket and providing
an increased closing force during casting to strengthen said interior panels and éaid

exterior panels defining said mold cavity.

2. The apparatus of claim 1 which _furth& includes a plurality of rollers
dispos‘éd at thé.top of said inside mold core for supporting said lid thereon,
wherein said lid includes means for guiding said rollers when said interior panels
are moved, said guiding means includes stops to ensure that said lid is properly

positioned.

3. The apparatus of claim 1. which further includes a fixed base and
wherein said means for moving said exterior panels comprises a corer base fluid
cylinder fastened to the fixed base and to the apex of each said L-shaped panel

member.

4 The apparatus of claim 1 wher_ein.said:. outside jacket further comprises
lmkmg __f"luid cylinders and cooperating comer latches, wherein said corner
lmkmg cylinders and said corﬁer latches link adjacent ends of said L-shapéd panel
R ‘members, and-_. wﬁerein said: corner linking cylinders are actuated to tighten and
‘strengthen said outside jacket at said diagonally opposing corners to ensure against

leakage..
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5. .Th"e apparatus of claim 1 wherein each said inside corner form
comprises a central comer member for forming and éhaping the inside comer of
the product, and said means for moving said interior panels comprises a fluid _
middle cylindér disposed between opposing ones of said interior p‘é.ﬁeis such that
re_ciprocation of said middle cylinder results in ' movement of said opposing ones
of said interior panels, and said means for mdving' said inside corner fbrm _

- comprises an inner corner cylinder coupled with said central corner member to
reciprocate said central corner member bethen an expanded casting 'positiox-x and: | '.
a retracted release position, and wherein said middle cylinder and said inner cotner
cylinder cooperatively expand-irito the _c]osgd casting position, and said middle
cylinder lan'd éaid inner corner cylinder cooperatively retract into the opern felease

position.

6. The apparatus of claim 1 wherein said means for linkin'g' said inside

- mold core and sald outside jacket ¢ compnses a series of fluid base linking cylinders

' and arranged in spaced intervals along-said inside mold core and a
jacket brackets fastened-to and arranged: in: correspondmgly spaced
inter\}él-s along said’ outside jacket, eaclr said baselinking cylinder having an-
a:ij'ustable cbﬁnector for selectively engagingf::a cofrespOnding'bge of said jacket
brackets, wherein when said inside mold core-and: said outside jacket are in the
closed casting position each of said connectors is engaged to said corresponding

one of said jacket brackets and said basé linking cylinders are actuated to provide

increased i i ting.
inc closing force dur-mg casng " This Sheet Has Been RTlaced
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7. The apparatus of claim 1 further comprising a fluid pallet cylinder in
. the base for lowering said péllet to the base prior to’ casting, and for raising said

pallet to release the top wall of the module from said lid.

8. A mold system for integrally casting a monolithic concrete ‘product
having a plurality of walls and an internal cavity, comprising:

. a mold core an'd a jacket defining therebetween a mold cavity for feceiving
concrete, said mold core including a plurality of interior panels for molding the
inside surfaces of the walls of the concrete product, said 'jacket including a
plurality of exterior panels for molding the outside surfaces of the walls;

interior actuators engaging and moving said interior panels of said mold
- core between a closed casting position and an open release posiﬁon;
" exterior actuators engaging and moving said- exterior panels of said jacket
between a closed casting position and an open release position; and

linking actuators: spanning said mold cavity and’ engaging said mold core

-

-jacket and providing an increased closing: force during casting to

migthen said interior panels and said exterior panels of said mold cavity.

9. ‘The mold system of claim 8 wherein said li‘rikin"g actuators are fastened |
to one of said mold core and said jacket for movement therewith and selectively

engaged with the other of said mold core and said jacket.

This Sheet Has Been Replaced

TR




wossness [N ININIARDOIY  pesssiecs
* c L M K *

2. THIS SHEET HAS BEEN
REPLACED

10.  The mold system' of claim 8 wherein said jacket comprises two L-
'shaped panel members arranged in a generally rectang_uiar configuration and corner
latch assemblies to connect said panel members at diagonally opposing corners of

said mold cavity.

11. The mold system of claim. 10 which: further comprises a fixed base and
‘wherein said exterior actuators are fastened.to the fixed base and the apex of each . -
of said L-shaped panel members such that operation: of said exterior actuators .

results in movement of said exterior panel members.
12. The mold system of claim .10 wherein said- jacket comer latch
assemblies comprise corner actuators to- tighten and- strengthen said outside jacket

at said d_iagona_lly opposing. corners to dllgviate grout leakage. -

.. 13.. The mold system of claim .8 _whe_rei_n}aict mold core further includes

_ of* inside corner forms interconnecting: said- interior panels, each said
gner form comprises a comer member-for forming and sh#ping the inside
| 60mei‘- of the ﬁroduct and an actuator coupled to said corner membér to reciprocate
: ;aid_comer member between an expande&;cas_tinggpgsition-and a retracted release
position, and: wherein said interior -actuators; and: said corner form actuato'rs.

cooperatively operate to expand said mold core.into the closed casting position and

to retract said mold core into the open release position.

This Sheet Has Been Relilaced
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14. The mold system of claim 13 in which said interior actuators and said

corner form actuators are fluid cylinders. ¢

15. The mold system of claim 8 wherein said jacket includes a plurality
of brackets and said linking actuators include adjustable connectors which
selectively engage a corresponding one of said brackets to squeeze said interior and

exterior panels toward one another.

16. The mold system of claim 8 which further includes a lid for molding

_the inside surface of a fifth side wall of the cast product.

- 17. The mold system of claim 16 which further comprises a pallet
positioned between said interior and exterior panels and defining a base for the
mold cavity, and pallet actuators which engage and lift said pallet and ihereby strip

the-cast product from said lid:

18, The mold system of claim 8 wherein said exterior actuators, said
exterior actuators and said linking actuators are fluid cylinders.

" 19. A mold system for integrally casting a mo‘nolithic concrete product
having a plurality of side walls, fifth side wall and an internal cavity comprising:
a mold core and a jacket defining therebetween a mold cavity for

receiving concrete, said mold core including a plurality of interior panels for

This Sheet Has Been Replaced
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molding the inside sﬁrfaces of the 'Qalls of the concrete product, said jacket
including a plurality of exterior ‘p?mels for mb‘lding ‘the outside su_rfaces of the
 walls; |

interior actuators engaging and moving said interior panéls of said
mold core between a closed casting position and an oben release position;

exterior actuators engaging and moviﬁg said .éxterior panels of .said
jacket between a closed casting position and an open release position;

a lid for molding the inside surface of fifth side wéll of the cast
product; | |

a pallet positioned between said interior and exterior panels and
defining a base for the mold cavity; and

pallet actuators engaging and lifting' smd paliet to thereby strip the

~ cast product from said lid. -

~20. A method for integraily casting a’ monolithic concrete module

pesmonmga pallet;

prepanng a mold cavity by surrounding. the pallet. with a plurality of
exterior panels in abutting relation with the pallet, and moving a plurality of
_ ‘interior panels and in#i_de comer forms within the pallet into abutting refationship
_with the pallet; |

linking the-exterior panels-to the interior panels via a series of base linking

actuators disposed at spaced intervals along the interior panels, each base linking

* c L M s *
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actuator having a selectively engageable connector, and a series of jacket brackets
disposed at correspondingly spaceﬂ intervals along the exterior panels such that
each of said connecfors engages a corresponding one of said brackets to link the
exterior and interior panels;

actuating the base linking actuators to apply an increased closing force
between the exterior panels and interior panels to ensure against seepage;

casting the concrete product by pumping concrete into the prepared mold
cavity;

allowing the poured concrete to harden; and

releasing the concrete product from the mold cavity.

21. The method of claim 20 wherei'n. said step of surrounding the paliet
with a plurality of exterior panels includes joining adjacent ones of the exterior
panels via a series of corner linking actuators each having a latch assembly such
that adjacent ones of the exterior panels are latched together, sa;d' method fuﬁher

ising the step of actuating the corner linking actuators to tighten and

-s&i&rgt_heﬁ{_me joint between adjacent ones of the exterior panels to prevent

séepage.
)
22. The method of claim 20 further comprising the step of integrally
casting a top, or fifth side of the module including arranging a lid on the tops of

the interior panels prior to said step of preparing a mold cavity.

This Sheet Has Been Replaced




1

wosenarss A AR O e
* c L M H *

-28 -

" [THIS SHEET HAS BEEN
REPLAGED

23. The method of claim 22 wherein said releasing step comprises:

stﬁpping'the exterior panels, interior panels and inside corner forms away
from the concféte.module; and | |

stripping the top, or fifth side of the module from the lid by raising the

-pallet to separate the top, or fifth side from the lid. .
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