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ABSTRACT: Methods of and apparatus for manufacturing 
thin-walled, ferrocement bodies such as boat hulls by means of 
reusable, cooperable molds between which a cementitious 
mixture is injected by a novel pressurization device. 
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APPARATUS FOR MAKING MOLDED BODIES 

While concrete is relatively weak in resisting bending or 
tension stresses as compared to it strength in resisting com 
pressive stresses, it has long been known that when metal rein 
forcing material is embedded in the concrete, a remarkable 
improvement in the strength of the concrete occurs. Indeed if 
a thin concrete panel is properly reinforced, such panel takes 
on much of the strength of the reinforcing material and 
behaves more like the latter in resisting stresses than it does 
like concrete alone. This principle has been increasingly util 
ized in the manufacture of boat hulls characterized by their 
great strength, virtually indefinite life with little or no main 
tenance, low material cost and surprisingly low weight. 

I-Ieretofore, however, the manufacture of boat hulls from 
ferrocement, a name given to a thin panel of metal reinforced 
concrete which exhibits more of the characteristics of metal 
than it does of concrete, has been by hand, with attendant high 
labor costs and wide variations in quality dependent upon the 
skill and dedication of the labor employed. 

SUMMARY OF THE INVENTION 7 

It is an object of the present invention to reduce the manu 
facture of ferrocement boat hulls and other suitable bodies to 
a science rather than an art by not only reducing the total 
amount of labor required but also reducing the skill required 
of that labor which remains. By greatly reducing the ,human 

' element factor, more consistent, satisfactory results are ob 
tained and, by mechanization, production is greatly increased 
with much lower unit costs. 
The foregoing advantages of the instant invention are ac 

complished by providing cooperating molds between which 
the reinforcing material is positioned before injecting cemen 
titious material between such molds. Novelty resides in the 
steps followed . in disposition of the reinforcing material 
between the molds and subsequent injection of the cementi 
tious material; in the manner of reuse of certain identical mold 
members with a cooperating mold member; in the manner of 
precuring the molded body prior to its removal from one of 
the mold members and its subsequent curing separated from 
the mold on which it was precured and in the novel 
mechanism employed‘in injecting the cementitious material 
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and in other apparatus employed in carrying out the invention. - 
The foregoing and other advantages will readily become ap 

parent from a study of the following description and from the 
appended drawings, and in these drawings: 

DRAWING DESCRIPTION 

FIG. 1 is a generally diagrammatic side elevational view of 
apparatus embodying the present invention, 

FIG. 2 is a top plan view of the apparatus seen in FIG. 1, 
FIG. 3 is an enlarged sectional view generally corresponding 

to the line 3—3 of FIG. 1, 
FIG. 4 is an enlarged, broken, fragmentary sectional view 

generally corresponding to the line 4—4 of FIG. 1, 
FIGS. 5 and 6 are views similar to FIG. 4 but at later opera 

tional stages, and ’ 

FIG. 7 is a fragmentary view similar to FIG. 5 but showing 
further preferred structure. 

DETAILED DESCRIPTION 

With reference to FIGS. 1 and 2, there is shown apparatus 
comprising a plurality of substantially identical male mold 
members 10 through 19 having an exterior configuration cor 
responding, in the present instance, to the interior con?gura 
tion of a boat hull to be molded, Such male mold members are 
adapted to circulate in the counterclockwise direction (see 
FIG. 2) along suitable conveyor rollers 20 and, while a total of 
ten male mold members areherein disclosed, a greater or 
lesser number may be employed where circumstances war 
rant. . 
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2 
Positioned above, and in registry with the male mold 

member 11, is a ?xedly positioned female mold member 21 
having an internal cavity corresponding to the exterior con 
?guration of the boat hull to be molded. Disposed beneath the 
female mold 21 is an elevator 22 in the form of a hydraulic 
cylinder whose function is to raise a male mold (the mold II 
in the position of parts shown) to cooperating relation with the 
overlying female mold 21. As will later appear, when a male 
mold is elevated to cooperating relation with the female mold, 
a space is provided therebetween into which cementitious 
material in plastic form may be injected to form a boat hull. 
Mounted above the female mold 21 is a novel device 23 for 

injecting cementious material into the space between the 
cooperating mold members and, while such device will later 
be described in detail, it will suffice for the moment to know 
that such device communicates with the hull-de?ning surface 
of the female mold by a plurality of conduits 24 terminating in 
spaced-apart injection nozzles or openings 24.1 at such mold 
surface. 

Prior to injection of cementitious material between the 
female mold member and a cooperating male mold member, 
metal reinforcing material must be positioned to be embedded 
in the cementious material and as illustrated in FIGS. 1 and 2, 
a network of reinforcing material 25 is positioned on the ex 
terior of the male mold member 10. ' i _ 

With reference to FIG. 4 wherein the male mold member 10 
is fragmentarily shown in enlarged detail, the reinforcing 
material and its method of use is as follows: A plurality of 
metal rods 26 are disposed in spaced, side-by-side relation on 
the male mold to extend transversely from gunwale to gunwale 
across the keel of the hull to be formed. Preferably, the male 
mold will be formed with grooves 27 for receiving and thus ac 
curately locating respective rods 26. At the stern, located on 
the left as. viewed in FIG. 4, the rod 26 will extend from the 
gunwales and forwardly across the hull bottom for juncture, 
preferably by welding, to the nearest intersecting transverse 
rod 26. Any suitable means may be employed to retain the 
rods 26 assembled with the male mold and, as herein illus 
trated, a series of magnets 28 may be embedded in the male 
mold member. Such magnets may be permanent magnets or 
electromagnets as desired. In the event the rods 26 are of non 
ferrous material, the magnets 28 may be replaced by a suitable 
staple gripping mechanism which desirably would be designed 
to sever the staples used to hold the rods in place at a later 
operational stage. ’ 

Following disposition of the rods 26 on the male mold, one 
or more layers of metal mesh 29 will be overlaid upon the rods 
26 over the entire working surface of the mold. Mesh 29 will 
preferably be spot welded to the rods 26; however, tie wires 
may also be used for this purpose if desired. ' 
With the layers of metal mesh 29 secured over the rods 26, a 

plurality of metal rods 30 will be disposed over the mesh 29 in 
spaced side-by-side relation to extend from the bow of the hull 
to be formed, along both sides of the hull, and across the stern 
thereof. Rods 30 will preferably be welded to the layers of 
mesh 29; however, here again, the rods may be wired in posi 
tion if desired. After the rods 30 have been affixed, they will in 
turn be overlaid with one or more layers of mesh 31 which 
may be identical to mesh 29. Mesh 31 will, of course, also 
cover the entire working surface of the mold and will be 
welded, or wired, to the rods 30. 
Turning now to mold 11 (FIG. I) which, since it was earlier 

in the position of mold 10, has been covered with the reinforc 
ing material 25 as hereinabove described, the elevator device 
22 will now be actuated to raise the mold 11 to cooperating 
relation with the overlying female mold member 21 as seen in 
FIG. 3. Precise alignment of the mold members may be as 
sured as, for example, by guide pins 32 carried by the male 
mold member and closely receivable in respective sockets in 
the female mold member. 
With the male mold member 11 thus positioned in 

[cooperating relation with the female mold member 21, a ce 
mentitious material in plastic, uncured form will be injected 



3 
by the device 23 through the conduits 24 into the space 
between the cooperating mold members to completely ?ll 
such space and embed the reinforcing material 25. As seen in 
FIG. 5, the interior of the female mold member 21 is provided 
with spaced-apart ribs 33 generally coextensive with and in 
opposed relation to respective rods 26 of the reinforcing 
material 25. Such ribs, as will be evident, bear against the 
mesh 31 to insure that the latter is spaced slightly from the 
hull'de?ning surface of the female mold member so that such 
mesh will be embedded in the cementitious material C in 
jected between the mold members. Following injection of the 
cementitious material between the mold members, male mold 
member 11, now covered with a'thin layer of cementitious 
‘material in which is embedded the reinforcing material 25, 
will now be lowered by the elevator 22 to the position seen in 
FIG. 1. 
Mold 12 (FIGS. 1 and 2) illustrates the stage of the opera 

tion after the cementitious material has been deposited on the 
male mold and the latter has been shifted to the right, along 
the conveyor, from beneath the female mold member 21. 
Note that the exterior of the body of cementitious material at 
this time (see also FIG. 6) has grooves 34 therein caused by 
the previously described ribs 33 in the female mold member. 
Such grooves, of course, are undesirable in the outer surface 
of a boat hull and therefore such grooves are adapted to be 
hand ?lled with uncured, plastic cementitious material to pro 
vide a hull body B whose outer surface is perfectly smooth as 
shown on the mold 13. 
The hull B is now permitted to set up, or precure, for as long 

as necessary to permit its removal, without damage, from its 
mold. Assuming that the hull B on male mold 14 has been 
adequately precured, such mold will be inverted, by a suitable 
hoisting mechanism not herein shown, over a form 35 con?gu 
rated to receive the hull. Upon inversion of the mold, the hull 
will, of course, gravitate therefrom to rest in the form 35. The 
form 35 will now be shifted as shown in FIG. 2 for ?nal curing 
of the hull. Such ?nal curing may take place in a natural en 
vironment or may, if desired, take place under closely con 
trolled conditions of temperature and humidity. 

After the hull B has been removed from the male mold, the 
latter will be inverted once again and recirculated for use _with 
the female mold. Molds 15 through 19 illustrate various, suc 
cessive male mold member positions prior to disposition of 
reinforcing material 25 thereon and subsequent cooperation 
thereof with the female mold 21 to form another hull body 
thereon. 7 

Turning now to the speci?c construction of the injection 
device 23 as seen in FIGS. 1, 2 and 3, such device is shown to 
comprise a pressure-resistant tank 36 generally coextensive 
with the cavity in the female mold member 21. Disposed 
within and lining the interior of tank 36 is a ?exible bladder 
37. Attached to the underside of bladder 37 and preferably at 
the center portion thereof is a relatively large diameter pipe 
38 for passing plastic, uncured cementitious material. Pipe 38, 
of course, passes through an opening in the wall of the tank 36 
and communicates with the interior of the bladder but not 
with the interior of the tank. Pipe 38 extends from the bladder 
37 to a mixer 39 (FIG. 2) and a check valve 40 is interposed in 
pipe 38 for a purpose to appear. Mixer 39 is adapted to mix 
the various constituent materials making up the cementitious 
material and is adapted to pump such material through the 
pipe 38, past the check valve 40, and into the bladder 37. 

Extending through the wall of tank 36 and from the lower 
portion of bladder 37 and in communication with the interior 
of the latter but not with the interior of the tank, are the previ 
ously mentioned conduits 24 which terminate in respective, 
spaced-apart injection nozzles 24.1 at the inner surface of the 
mold cavity. Extending from an upper portion of tank 36 is a 
conduit 41 in communication with the interior of the tank but 
not with the interior of the bladder 37. Conduit 41 extends 
from the tank to a suitable source of fluid pressure, such as a 

’ hydraulic pump unit, seen at 42 in FIG. 2. 
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4 
In operation and assuming a lower male mold is positioned 

in cooperating relation with the female mold as seen in FIG. 3, 
uncured cementitious material in an amount somewhat 
greater than that required to ?ll the space between the two 
mold members will be pumped through the pipe 38 into the 
bladder 37. 
When suf?cient cementitious material has been pumped 

into the bladder, pressurized hydraulic ?uid will be introduced 
into the tank 36 through the conduit 41. With hydraulic ?uid 
under suf?cient pressure within the tank and about the 
bladder 37, the latter will be collapsed, as seen in phantom 
lines, thus forcing the cementitious material through the con 
duits 24 and into the space between the two molds where it 
diffuses through the interstices in the reinforcing material. It 
will be noted that the check valve 40 in the pipe 38 functions 
to prevent the cementitious material being forced from the 
bladder to the mixer. 

Since it may be necessary to maintain the molds together, 
and to also maintain hydraulic pressure on the bladder, for 
some time after injection of the cementitious material in order 
to allow the latter to begin to set up suf?ciently that it will stay 
in position on the male mold as it is lowered from the female 
mold cavity, it is essential that the cementitious material 
remaining in the bladder 37 and in the conduits 24 and the in 
jection nozzles 24.1 be ?ushed out before another injection 
operation is commenced. Accordingly, after the male mold 
member bearing the hull of cementitious material thereon is 
moved from beneath the female mold member, the bladder 
may be ?lled with water through a suitable inlet line 43 which 
intersects the pipe 38 and is provided with a valve 44 for con 
trolling flow of water therethrough. As the bladder is ?lled 
with water, the hydraulic fluid within the tank and about the 
bladder will be allowed to return to its source so that the 
bladder will again be fully distended. 
With the bladder ?lled with water and with any cementi 

tious material remaining therein from the previous injection 
operation, hydraulic pressure will again be admitted to the 
tank to again collapse the bladder. Valve 44, of course, will be 
closed before hydraulic fluid is again admitted to the tank. 
This will force the contained cementitious material from the 
bladder the conduits 24 along with the water with which the 
bladder was ?lled. The bladder will be collapsed completely 
by hydraulic pressure to ensure complete ejection of the water 
so as not to dilute the next batch of cementitious material to 
be charged into the bladder. 
With the bladder 37 and conduits 24 thus flushed clean, (it 

may also be advisable to manually hose out the female mold 
cavity at this time), the next male mold member with the rein~ 
forcing material 25 thereon may be shifted beneath the female 
mold member and raised to cooperating position therewith. 
The bladder 37 may again be charged with cementitious 
material as before and such material then injected between 
the mold members as previously described to form another 
hull body. 
While the construction thus far disclosed contemplates 

forcing the cementitious material through conduits 24 ter 
minating in simple openings 24.1 in the face of the female 
mold cavity, it may be desirable to control flow of such materi 
al through individual ones of such openings. 
With reference to FIG. 7 which shows elements similar to 

those shown in FIG. 5, parts corresponding to those hereto 
fore described are identi?ed by the same reference characters 
as before but with the suffix a added. As illustrated, a fluid 
cylinder 45 has a piston rod 46 in alignment with the nozzle or 
opening 24.1a for movement thereinto as will appear for pur 
pose of closing the latter. Normally, piston rod 46 is retracted 
as shown whereby the plastic cementitious material Ca may 
?ow from the conduit 24a through the nozzle 24.10 to the 
space between the mold members. ' 
When, however, it is desired to close off the nozzle 24.10, 

piston rod 46 will be extended until its free end is ?ush with 
the adjoining face of the female mold cavity. In moving from 
its retracted position shown to its described extended position, 
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each piston rod 46 will push the cementitious material ahead 
of it into the space between the molds thus insuring against 
voids'in the molded hull body and, by retaining all of the 
piston rods in extended position until the male mold is to be 
lowered from the female mold, high pressure will be main 
tained upon the cementitious material mass between the mold 
members for improved density thereof. 

In order to facilitate flow of the cementitious material 
through and about the reinforcing members 26a, 28a, 30a and 
31a, vibrationmay be employed and in the embodiment of the 
invention seen in FIG. 7, the lower mold member mounts 
suitable vibration means 47. Preferably, a vibration device is 
mounted in opposed relation to each injection nozzle 241a to 
assist in dispersion of the cementitious material from the noz 
zles. 

lclaim: 
1. Apparatus for the manufacture of molded bodies, which 

comprises 
a plurality of mold members one of which is cooperable 

with each of the others to provide a body-de?ning space 
for receiving moldable material in plastic form which sub 
sequently sets to form a body, said one member being an 
uppermold member and said other mold members being 
lower mold members generally identical with each other, 

and means for relatively shifting said upper mold member 
and an underlying lower mold member toward and away 
from operable relation with each other, said lower mold 
members being successively cooperable with said upper 
mold member to form respective bodies thereon and said 
lower mold members becoming available for reuse with 
said upper mold member to form another body thereon 
when the body previously formed on a lower mold 
member has set sufficiently to permit its removal 
therefrom. 

2. The construction of claim 1 and further comprising a plu 
rality of spaced-apart injection nozzles in said upper mold 
member and in communication with said space between said 
upper mold member and a cooperating lower mold member, 
and means connected with said nozzles for forcing said 

moldable material in plastic form through said nozzles 
and into said space thus forming the body aforesaid. 

3. The construction of claim 2 wherein said means last~men 
tioned comprises a container having rigid walls, 

a ?exible liner for receiving plastic moldable material, said 
liner being disposed within said chamber and the interior 
of said liner communicating with said nozzles, 

and means for introducing ?uid under pressure into said 
container and about the exterior of said liner to collapse 
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6 
the latter and thus force said moldable material therefrom 
and through said injection nozzles. 

4. The construction of claim 3 and further comprising 
means for introducing said plastic moldable material into said 
liner. 

5. The construction of claim 4 wherein said material in 
troducing means comprises an inlet conduit connected to said 
liner, 

and valve means preventing flow of said material through 
said conduit in a direction away from said liner. 

6. The construction of claim 2 and further comprising a plu 
rality of vibratory devices carried by each lower mold member 
aforesaid to insure even distribution of said moldable material 
throughout said space between said upper and lower mold 
members. 

7. The construction of claim 6 wherein each of said vibrato 
ry devices is carried by said lower mold member in opposed 
relation with one of said upper mold member injection noz 
zles. 

8. The construction of claim 2 wherein a cutoff valve at 
each injection nozzle closes the latter generally flush with the 
body-de?ning surface of said upper mold member after each 
material injection cycle. 

9. The construction of claim 1 wherein said upper mold 
member is a female mold member and said lower mold mem 
bers are male ‘mold members, 
and wherein each male mold member has spaced-apart 

grooves in its body-defining surface for receiving respec 
tive, elongated metal reinforcing members for locating 
the same. 

10. The construction of claim 1 wherein said upper mold 
member is a female mold member and said lower mold mem 
bers are male mold members, 

wherein the body-defining surface of each male mold 
member is adapted to be overlaid with reinforcing materi 
al prior to its disposition in operable relation with said 
female mold member, 

and wherein the body-de?ning surface of said female mold 
member is provided with projections engageable with said 
reinforcing material to maintain the latter spaced from its 
surface aforesaid. 

11. The construction of claim 10 wherein each male mold 
member has spaced-apart grooves for receiving respective, 
elongated metal members forming at least a part of said rein 
forcing material. 

12. The construction of claim 11 wherein said female mold 
member projections are in opposed relation with said male 
mold member grooves. 


