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[57] ABSTRACT

An apparatus, for erecting concrete structures, partic-
ularly cylindrical structures, such as silos. The appara-
tus includes axial form sections with the structure
beng erected by pouring concrete into one form sec-
tion consisting of inner and outer forms with a second
portion of the structure being poured in a second set
of forms mounted on top of the first set. Further por-
tions of the structure are poured by removing the
lower set of sections and setting them on top of the
upper set of sections, and continuing this shifting of
forms until the structure is completely erected. A cen-
ter pole erected on the axis of the structure includes
winches for lifting the forms and a plurality of radially
extending braces can also be included on the center
pole for bracing the forms against movement.

14 Claims, 8 Drawing Figures

76

28

2g | S TTTTTTT T a2 _7 = hzs|| 104
/ ‘.44 = %




PATENTEDDEC 11073 3,778,204
SHEET 1 OF 4

INVENTOR
EWALD D KUCK

BYWWML Ricdeerts

ATTORNEYS



PATENTEDOEC 11073 | 3,778,204
SHET 2 OF 4

116 12-K
122N
124~ \Q 4.124
I \
120 120
[~ ¢
A ;
88—t ; 1E:]
77J// g
V] ]
g ]
¢ %
£—~|14 IIO~A
INVENTOR
' EWALD D. KUCK
F | 6= 3

BY%MW

ATTORNEYS



PATENTEDOECT 11373 ' 3,778,204
SHtel 3 0F §

. lll
44

\ /142
72/ \
Fie=6

148

140

I
\

INVENTOR
EWALD D KUCK

BY»WM.M ket

ATTORNEYS

47



PATENTEDUEE? 1073 . 3,778.204
SIEET & OF 4

W27 72 LA e iR
" \ / ==

INVENTOR
EWALD D. KUCK

BY»WWW

ATTORNEYS



3,778,204

1

APPARATUS FOR ERECTING CONCRETE
‘ STRUCTURES

BACKGROUND OF THE INVENTION

The present invention relates to an.apparatus for
erecting concrete structures, partlcularly cylmdncal
structures such as silos.

The erecting of a structure such as a silo requires a
great deal of form work unless slip casting is resorted
to. Slip casting, however, requires considerable appara-
tus and fairly complex controls to maintain the forms
in continuous motion and for this reason slip casting
techniques are not relied on to any great extent for the
erection of silos and the like. To use conventional
forms to erect a silo requires considerable form setting
which is time consuming and expensive.

A primary object of the present invention is the pro-
vision of an apparatus for erecting concrete structures
such as silos and the like which is economical and rela-
tively rapid and in which the setting of forms is made
relatively simple.

Another object of this mventlon is the provision of an
apparatus for erecting concrete structures such as silos
in which only two basic sets of forms are required with
the individual forms being used several times in the
erection of a single structure. '

A still further object of this invention is the provision
of an apparatus for erecting silos in which the silo in-
cludes a ladder column integrally formed on the side
thereof.

These and other objects and advantages of the pres-
ent invention will become more apparent upon refer-
ence to the following detailed specification taken in
connection with the accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWING

. FIG. 1 is a fragmentary view showing the apparatus
set up preparatory to pouring the first ring for the struc-
ture;

FIG. 2 is a somewhat schematic planned view looking
down on top of the form arrangement for the structure
and illustrating how the .inner and outer forms can be
collapsed-to remove them from the structure;

FIG. 3 is a fragmentary sectional view drawn at en-
larged scale showing how the form sections: of the
structure are arranged to be mounted in superposed re-
lation;

FIG. 4 is a perspective view showing a part of the
structure for manipulating the form sections;

FIG. 5 is a perspective view showing an alternate
form of the portion of the structure located above that
shown in FIG. 4;

FIG. 6 is a fragmentary view showing an arrangement
that can be employed for supporting outer form sec-
tions;

FIG. 7 is a fragmentary sectional view illustrating an
alternative approach for holding the form sections in
superposed relationship which allows those forms to be
used in constructing various diameter structures; and

FIG: 8 is a cross sectional view of the modification of
FIG. 7.

BRIEF SUMMARY OF THE INVENTION

The invention pertains to an apparatus for erecting
structures of concrete, particularly cylindrical struc-
tures, such as silos, in which inner and outer form sec-
tions are provided into' which concrete is poured and
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on top of which form sections other form sections are
mounted for receiving further concrete. Following the
pouring of concrete in the last mentioned form sec-
tions, the lowermost sections are removed from the
concrete which has been poured therein by collapsing
the inner section inwardly and the outer section out-
wardly whereupon the sections are then elevated and
disposed on top of the previously upper sections and a
further portion of the structure is then: poured. The
forms are progressively moved from lower positions to
upper positions with additional portions of the struc-
ture bemg poured until a structure of the. requnred
height is completed.

The apparatus employed includes a center pole sup-
ported on the axis of the structure to be erected and in-
cluding winch means or the like for lifting the form sec-
tions and also including a plurality of radially extending
brace members for supporting the form sections and a
working platform for workmen.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings somewhat more in detail,
in FIG. 1, a center pole 10 is mounted on the vertical
axis of a cylindrical structure, such as a silo, which is
to be erected. Concentrically arranged with pole 10 is
an inner form section 12 and an outer form section 14.
The annular space 16 between the form sections is
adapted for having concrete poured therein to form a
portion of the structure to be erected. According to
well known practices, reinforcing iron in the form of
rods or screen can be placed in space 16 prior to pour-
ing concrete therein and the reinforcing. would nor-
mally extend out of the top of the form sections so as
to be engageable by the concrete of the next portion of
the structure which is poured.

The inner form section 12 is braced at the bottom by
the radial members 18 which have their radially inner
ends connected to pole 10 and their radially outer ends
connected to form section 12 near the bottom as by
bolts 20.

The upper portion of inner form section 12 is
adapted for being engaged by the radial members 22.
The radially outer ends of members 22 are notched as
at 24 for engagement with a brace ring 26 extending
about the inner side of form 12. The radially inner ends
of members 22 are pivotally connected to a hub mem-
ber 28 which is vertically slidable on pole 10. Hub
member 28 is movable from its full line position in FIG.
1 up to its dotted line position 28’ therein and this will
cause the members 22 to assume a substantially hori-
zontal position with their notched outer ends at 24 sup-
portingly engaging the brace ring 26 near the upper end
of inner form section 12.

Located above hub 28 on pole 10 is a support struc-
ture 30 having at the bottom a lower ring 32 which sup-
ports the inner ends of radial members 34 which, at
their radial outer ends, terminate a substantial distance
inwardly from inner form section 12. Support 30 in-
cludes an upper ring at 36 and connected between ring
36 and a point near the outer ends of horizontal mem-
bers 34 are braces 38 which hold members 34 in a hori-
zontal position. Members 34 are adapted for support-
ing planks 40 which form an annular walk-way about
the inside of the structure being erected.

Members 34 are preferably reinforced along the bot-
tom toward their outer ends by metal plates 42 and ad-
jacent the radially outer ends of members 34 are con-
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nected the dependant U-shaped members 44 through
which the members 22 slidably extend. The members
44 support the outer ends of members 22 during recip-
rocating movements thereof as hub 28 moves vertically
on post 10.

Support 38 has a motor driven winch 46 thereon
from which a cable 48 leads upwardly to pass over a
pulley 50 on the upper end of pole 10. After cable 48
passes over pulley 50 it leads downwardly to a free end
52. The free end 52 of cable 48 is engageable with a
hook 54 on hub 28 so that hub can be power operated
when moved vertically upwardly. When the hub 28 is
in its upper form bracing position, it can be made rigid
with pole 10 or it can be fixed to some part of support
30 and cable 48 can then be detached therefrom.

Support 30 is also slidable on pole 16 and may be
held in any adjusted position thereon as by a pin 56 ex-
tending through holes in support 3¢ and pole 10.

Ring 36 advantageously has pivoted thereto an in-
clined plate 58 having an aperture therein through
which pole 10 extends. Plate 58 forms a transom latch
so that, if pin 56 is removed and support 30 is not oth-
erwise supported, plate’ 58 will prevent the support
from sliding downwardly on pole 10.

Support 30 can be moved upwardly by connecting
end 52 of cable 48 to a hook 60 carried on an upper
support structure generally indicated at 62, and then

_pulling pin 56 out of support 30 and operating winch
46 to cause support 30 to move upwardly to a new posi-
tion where pin 56 can be reinserted through support 30
and pole 10.

The support 62 referred to above comprises a tubular
member slidable on pole 10 and adapted for being
clamped in position as by clamp 64 or locked against
movement by removable pin 66. Support 62 has a plu-
rality of cable drums 68 rotatable thereon as illustrated
in FIG. 5 or about an axis parallel thereto as shown in
FIG. 1 and each having a respective cable 70 entrained
thereabout. Each cable 70 leads outwardly along a re-
spective boom 72 to a pulley 74 and then drops down-
wardly to a free end 76.

Each boom 72 is supported at its inner end on sup-
port structure 62 and is held in horizontal position by
a brace 78 each of which is secured at its inner end at
80 to the upper end of support structure 62 and at its
outer end at 82 is connected to the respective boom.

Support structure 62 has the aforementioned hooks
60 on the top engageable by free end 52 of cable 48 by
means of which structure 62 can be adjusted vertically
on pole 10 if so desired by releasing support 62 from
pole 10 and operating winch 46.

FIG. 5 will show that the cable drums 68 are fixed to-
gether and connected to a gear 69 meshing with a pin-
ion 71 that is driven by a motor 73. Motor 73 is prefera-
bly reversible so that the cables leading from drums 68
can be reversibly actuated.

Similarly, FIG. 4 will show that winch 46 includes a
reversible drive motor 57 for reversibly actuating cable
48.

Referring now to FIGS. 2 and 3, in FIG. 2 inner and
outer form sctions 12 and 13, respectively, are shown
in working position in full lines. Each of these form sec-
tions is preferably made up of segments bolted together
at the ends and forming a cylinder. For example, inner
section 12 may be made up of the segments 13 having
angles 15 at the ends interconnected by bolts. Similar
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segments are employed in connection with outer form
section 14.

In the construction of a silo it is customary to include
a vertical passageway along the outside within which a
ladder can be mounted and along which passageway
there are provided doors, or windows, opening to the
interior of the silo. The form arrangement of FIG. 2
takes this into account by having short panels 90 pro-
vided in the inner form section and similar short panels
92 opposite thereto in the outer form section. These
panels may be replaced with blocks which interrupt the
circumference wall of the structure and provide the
doors or windows referred to.

The ladder column along the outside of the silo is
provided by the arcuate inner member 94 and the arcu-
ate outer member 96 carried by the outer form section
and arranged in radially spaced relation so that when
the forms are filled with concrete this region is also
filled with concrete and the column along the side of
the silo in which the ladder is to be mounted will
thereby be formed.

In FIG. 2 the dotted outline shown for each of the
inner and outer form sections shows the sections when
they have been collapsed in a direction away from the
concrete therebetween. In respect of the inner section,
the section is unbolted where a pair of the angles 15
join and then the section is resiliently collapsed in-
wardly into the dotted line position indicated at 98.
With the inner form section thus collapsed, it can be
elevated and re-expanded on top of another form sec-
tion thereabove.

As will be seen in FIG. 1, the inner form section 12
is provided with eyes 100 which are adapted for being
engaged by the free ends 76 of cables 70 so that thé
inner form section 12, after being collapsed inwardly,
can be lifted upwardly and then expanded and rested
on top of a form section thereabove.

Similarly, the outer form section 14 can be opened
and collapsed to the dotted line position indicated at
102 in FIG. 2 and then eyes 104 (FIG. 1) availed of for
permitting the outer form section to be elevated by ca-
bles 70 to above the next form section thereabove and
then expanded back to its original diameter and rested
on top of the form section therebeneath.

When both of the inner and outer form sections have
been raised up and expanded back to their original di-
ameters and are in place on top of the form sections
therebeneath, structure 30 can be elevated to a new po-
sition and members 22 again expanded into supporting
relation with the upper region of the inner form sec-
tion. The lower part of the most recently placed form
section is supported on the top of the form section
therebeneath so that members 18 can remain in their
original position near the bottom of post 10 during con-
struction of the first two layers.

The outer form section will have its lower end sup-
ported on top of the outer form section therebeneath
and the upper edge can be supported by bolting it to
inner form section 12, or the upper end of the outer
form section can be left unsupported.

With respect to the sections being supported in su-
perposed relation, in FIG. 3 the upper end of a lower
outer form section is indicated at 110 and resting
thereon is an upper outer form section 112. FIG. 3 also
shows the upper end of a lower inner form section at
114 and the lower end of an upper inner form section
at 116.
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Each of the inner and outer form sections has fixed
thereto and extending around the top a channel mem-
ber 118 and secured to the outer edge of the channel
member is a ring 120. The lower edge of each of the
form sections has a box like ring 122 secured thereto
which fits inside the respective ring 120 -and rests on
top of the respective channel 118 of the form section
therebeneath. The form sections at spaced points
around the upper edges may be provided with hooks
124 which engage over rings 122 and hold the.form
sections in assembled relation. ‘

FIGS. 7 and 8 illustrate a scheme alternative to that
shown in FIG. 3 for connecting a lower form section
160 to an upper form section 158 which is applicable
to both inner and outer form sections. An angled brace
ring 156 analogous to the brace ring 26 of FIG. 1 ex-
tends circumferentially around the lower form section
160 and is permanently affixed thereto. A connecting
member of T-shaped cross section 152 having a pair of
slots therein for accepting a pin 154 from each of the
lower and upper form sections serves to hold those two
sections together. The connecting member 152 is of T-
shaped cross sectional configuration for rigidity and is
slotted to accept the pins 154 to compensate for slight
misalignment problems between the lower form section
160 and the upper form section 158. This slotting fur-
ther allows the use of the same form sections and con-
necting members in the construction of structures of
varying diameters.

It is often desirable that the forms and other equip-
ment used in the present invention be sufficiently flexi-
ble to allow the construction of, for example, different
silos of different diameters. Form sections are typically
four foot lengths, however, the provision of some frac-
tional form sections or panels allows the same basic set
of-form sections to be used to construct 16, 20 and 24
foot silos. The pins 154 may fall at different points for

" these differing diameter structures and thus it is desir-

able that the T-shaped connecting member 152 be slot-
ted rather than merely being provided with circular
holes. In making the equipment more flexible so as to
allow the construction of different size structures it
may also be desirable to make the radially extending
members and form section lifting structure adjustable
if the range of silo diameters desired exceeds the limia-
tions of the equipment as previously disclosed.

FIG. 6 shows a manner in which the booms 72 could
be availed of for supporting the upper ends of outer
form section 140. Each boom 72 is provided with an
extension member 142 rigid with the respective boom
and pivotally dependant from the outer ends of the ex-
tension members 142 are the rods 144 having clamps
146 at the lower end for engaging the channel members
148 extending about the upper edge of outer form sec-
tion 140.

Advantageously, two of the members 144 are pro-
vided on each extension member and these extend
downwardly in diverging relation from the outer end of
the respective extension so that form 140 is support-
ingly engaged at a plurality of circumferentially spaced
points about the top thereof. The arrangement of FIG.
6 is generally employed only for the first and lowermost
form section of the structure which is formed and form
sections of the structure above the first form section
are generally supported and located on each other. As
mentioned, the outer form section can be located on
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the internally supported inner form section by bolts or
spacer members or the like.

The erection of the building according to the ar-
rangement disclosed herein is relatively rapid and effi-
cient and considerable economy is realized because not
more than two of each of the inner and outer form sec-
tions'is required. ‘

Modifications may be made within the scope of the
appended claims.

What is claimed is:

1. -Apparatus for use in erecting substantially cylin-
drical concrete structures, such as silos, and compris-
ing; a center pole stationarily mounted on-the axis of
the structure, inner and outer form means concentric
with said center pole and radially spaced from each
other and adapted for receiving concrete therebe-
tween, each of said inner and outer form means com-
prising axial sections adapted to be mounted in super-
imposed relation and each being in the form of a cylin-
drical member, said inner sections being collapsible in-
wardly and said outer sections being collapsible out-
wardly, each axial section having first alignment means
at the bottom and second alignment means at the top,
the said first alignment means on the bottom of an
upper axial section. cooperating with the said second
alignment means on the top of an axial section therebe-
neath so as to locate the said upper sections on the sec-
tions therebeneath, a slidable tubular support on said
center pole, locking means for securing said tubular
support in selected positions on said center pole, radial
booms having their inner ends connected to said tubu-
lar support and having their outer ends disposed over
said form means, winch means including a cable drum
on said tubular support having cables extending out-
wardly along said booms and leading downwardly from
the outer ends thereof, and means for connecting the
free ends of said cables to spaced points about said sec-
tions whereby the lower ones of a pair of superimposed
said sections can be collapsed and then lifted in col-
lapsed position to above the other one of the said pair
and then expanded to operative position and mounted
on the upper end of the said other one of said sections,
each set of inner and outer axial sections at the same
level being adapted to receive concrete therebetween
prior to mounting the next set of inner and outer axial
sections thereon and each set of inner and outer axial
sections being adapted to be moved upwardly following
the supply of concrete to the space between the inner
and outer axial sections mounted on top thereof.

2. An apparatus according to claim 1 which includes
means carried by said pole at.the bottom and support-
ingly engaging an inner section disposed at the level of
the bottom of the pole on the inside thereof near the
bottom.

3. An apparatus according to claim 1 in which said
pole includes brace means mounted thereon and
adapted for supportingly engaging the inside of an
inner section to support the sectidon while concrete is
supplied to the space between it and an outer section
at the same level, said brace means being collapsible
radially inwardly to disengage from a respective inner
section and being expansible radially outwardly to en-
gage a respective inner section, said brace means when
it is collapsed permitting movement of collapsed inner
sections upwardly through the radial space between the
outer ends of said brace means and a said inner section

at the same level.
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4. An apparatus according to claim 3 in which said
brace means comprises a hub reciprocable on said
pole, a plurality of radial brace elements pivoted at
their inner ends to said hub and adapted at their outer
ends to engage the inside of an inner section at circum-
ferentially spaced points, guide means for said brace
elements near the outer ends thereof and in a common
horizontal plane, and means for moving said hub along
said pole while said guide means remain at the same
level to cause the outer ends of said brace elements to
move between radially inner and radially outer posi-
tions.

5. An apparatus according to claim 4 which includes
a support member on said pole, radial and horizontal
support elements connected at their inner ends to said
support member and at their outer ends being spaced
radially inwardly from a said inner section at the same
level, said guide means being carried by said support
elements on the underside thereof, said support ele-
ments being adapted to support plank members form-
ing a work platform surrounding said pole.

6. An apparatus according to claim 5 in which said
support member is adjustable along said pole in the ver-
tical direction.

7. An apparatus according to claim 1 in which said
~ tubular support is adjustable along said pole and said
winch means comprises an inner part, a drive motor on
said tubular support connected to drive said inner part,
a plurality of rotatable sheaves having a common axis
and supported by said inner part and driven by said mo-
tor, and a cable on each sheave leading therefrom
along a respective boom.

8. An apparatus according to claim 6 in which said
tubular support is adjustable along said pole and said
winch means comprises an inner part, a drive motor on
said tubular support connected to drive said inner part,
a plurality of rotatable sheaves having a common axis
and supported by said inner part and driven by said mo-
tor, and a cable on each sheave leading therefrom
along a respective boom, a second winch on said sup-
port member having a drive motor and a drum driven
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thereby, a pulley on the pole near the top, and a cable
leading from said drum over said pulley and then down-
wardly and adapted for connection to at least one of
said tubular part of said winch means, said support
member, and said hub, and means for selectively lock-
ing said support member and said tubular part of said
winch means and said hub to said pole.

9. An apparatus according to claim 8 in.which at least
said support member includes a transom latch connect-
ing it to said pole and preventing dropping of the sup-
port member on the pole. ‘

10. An apparatus according to claim 1 which in-
cludes means adapted for connection to the outer ends
of said booms and including rods extending down-
wardly therefrom for supporting engagement with the
upper end of a said outer section.

11. An apparatus according to claim 1 in which each
said section in the form of a cylindrical member is sepa-
rable along an axial line at one side to permit collapsing
of the respective sections.

12. An apparatus according to claim 1 in which said
alignment means include first rings on the bottoms of
said sections on the outside thereof with respect to the
space between the sections, and second rings on the top
of each section for engagement with the outer side of
a said first ring on the bottom of a section resting
thereon.

13. An apparatus according to claim 12 which in-
cludes hook elements on the top of at least each outer
section adapted to engage over the said first ring on the
bottom of an outer section resting thereon.

14. An apparatus according to claim 1 wherein said
first alignment means on the bottom of an upper axial
section and said second alignment means on the top of
an axial section therebeneath are pins permanently af-
fixed to said upper and said lower axial sections and
further comprising at least one connecting member
passing over at least one pin of each of said upper and

said lower axial sections.
* * * * *



