. 1 - CONCRETE BUI LDI NG FRAME CONSTRUCTI ON APPARATUS NHHIINWIMLkground
of the Invention The present invention relates to the construction of

multi- |level concrete building structures and, nore particularly, to
apparatus for such construction in which a deck suqﬁgé% f or mwor k assenbly

for a structural cCPRFREEESBUELPING KBAKE CONST rted from

the | evel above for the
DISCLOSURE

Background of the Inventio

The present invention relates to the construction of multi-

5 1level concrete building structures and, more particularly,
to apparatus for such construction in which a deck support
formwork assembly for a structural concrete slab is lowered
into position and supported from the level above for the
making of the next lower structural concrete slab.

10 The vertical frame elements of concrete building structures
generally are made up of columns (which may be concrete,
structural steel, or a composite of both concrete and steel)
connected together via slabs of reinforced concrete. These
slabs are the principle horizontal frame members for the

15 building. It is common to incorporate rebar and/or post
tensioned -beams. in such structural concrete slabs. These
slabs act not only as integral parts of building frames of
multi-level concrete buildings, but also to define
floors/ceiling soffits.

20 The most common way of constfucting level dividing slabs in
concrete multi-story buildings, is to construct formwork at
a desired elevation for the level, install rebar and/or post
tensioning tendons, and then £ill the formwork with concrete
which is allowed to cure. It is typical to build the slabs
25 sequentially in a "bottom-up" approach (one above the otner).



5 A major advantage of the "top-down" approach to the
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frames of And, indeed, it is  not necessary for the concrete frame
construction workmen to have access to such upper floors after
the forms are lowered. Other advantages are that buildings
can be built to zero lot line without having to £ly forms over
15 adjacent buildings. The system is extremely cost efficient

because it requires so few workers and because of the speed

of erection. Full 8’0" floor-to-ceiling heights can be

achieved with 8’6" (or less) floor-to-floor heights.

It should be noted that the broad concept of constructing

20 horizontal slabs in a "top-down" manner has been used in the
past in other types of construction which cannot be used in
constructing buildings of significant height. Reference is
made, for example, to U.S. Patent Nos. 3,194,532; 3,275,719;
and 4,029,286. In such arrangements the slab is not a ductile

25 diaphragm. The criteria for these other types of construction
are completely different, and it is not obvious how those top
down approaches will work in an arrangement in which the slab
is a structural ductile diaphragm part of the frame in
addition to dividing levels. Mbreover, the apparatus is

30 different and is incapable of use for top-down concrete
building construction.

The invention also includes a wheel for rotating the roll
threaded rod. Such wheel has a center portion which is
adapted to engage the roll threaded rod in a generally non-
35 rotating manner, which center portion is circumscribed by a
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_ 5 respectively, of a washer especially designed for the
mul ti-1level ,concrete buildings, but also to define floors/ceiling soffits.

The nost coﬁﬂﬁ?q&ﬁPQﬁ constructing level dividing slabs in concrete
mul ti-story buildings, is to construct formmrk at a desired el evation for

t he | I, i | b Lonj.@g. t d.th filJd th

Formuor k W Btort i don enfefded BockiBRa 2 Yigv' BRRARRA IS dciiha, ey’ e

sl abs sequeted lepdircleddw simeupingppréain Fite Wdoafter qunurete is
poured and set;

10 FIG. 7A is a plan view of a preferred embodiment of ‘a wheel
of the invention used to turn a rod to be described and lower
the form assembly:;

FIG. 7B is a sectional view of the wheel of FIG. 7A showing
the same in engagement with a rod:;

15 FIG. 8 is an enlarged sectional view of a coupler for a pair
of axially aligned rods; '

FIG. 9 is a nut pulling apparatus of the invention;

FIG. 10A is an elevation view of an alternate hanger
arrangement;

20 FIG. 10B is a plan view of the alternate hanger arrangement
of FIG. 10A;

FIG. 11 is an elevation view illustrating a preferred

embodiment of the invention in which slabs are made above

grade level for a multi-level concrete building structure;
25 and

FIG. 12 is an enlarged sectional view similar to that of
FIG. 5, showing an alternate arrangement for supporting a
threaded rod.
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100- feet deep As J.llustrated J.n FIGS 1 and 2, the decks

_2- Wen the slab f floor ievel is mad e for rk to, su the
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or other floors are built below grade level, it is commbn to excavate to
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interaction with the structural slabs is provided. Such

10 network includes a plurality of generally vertical columns
23 which extend upward from a stable base. In one realization
of the invention, the steel columns were secured to bedrock
by the formation of a grid of 5 to 8 foot diameter concrete
caissons which served as foundations for the columns. Cages

15 of reinforcing steel were provided in the holes augured for
the columns 23. Then tremied concrete was inserted in the
holes to displace a polymer driller’s mud that had been used
within the holes to prevent the sides of the same from caving
in. Enough concrete was poured in the holes to cover the

20 steel columns from bedrock to the elevation of the bottom
slabs to be formed.

As mentioned earlier, the invention particularly relates to
concrete construction in which the slabs act not only to
define the floors/ceiling soffits of the various levels, but
25 also act as primary horizontal structural diaphragms. A
significant aspect of the invention is its use in the making
of such horizontal structural slabs in a top-down arrangement
with the repetitive use of the same deck formwork assembly.
This is unusual in that the building will not have a permanent
30 structural frame at the location at which slabs are made (or
at any level below the same). It only does so after a slab
is poured and cured at such location. 1In the traditional
"bottom-up" approach this is no problem since the structural
frame of a building is completed all the way from the
35 foundation to the top as the slabs are made. In contrast,
when the horizontal structural slabs are made in a top-down
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. and then termlnates in an anchor or end nut 31. Such nut is
Summary of the Invention present invention relates to apparatus for
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heavily greased to permit rotation of the roll threaded rod

26 and, hence, nut 32, with respect to flange 29. A plurality

of shoulder nuts 28 to be embedded in the concrete slabs

15 defining other levels are also provided on the rod as
illustrated.

It will be recognized that there often is a significant load
on the threaded rods, and in many situations it is desirable
to facilitate the turning of the same. Washer 35 is

20 especially designed to coopératé with grease to permit such
rotation. FIGS. 5A and 5B are enlarged views of such washer,
showing that it has radial grooves 36 on opposite sides of
a center plate 37. Each groove on one side defines a channel
for the distribution of grease from the rod to the side of

25 the washer associated with such groove. As illustrated, the
grooves 36 on one side have a circumferential component in
one direction, .whereas the grooves on the opposite side of
the plate have a circumferential component in the opposite
direction. Because of these opposite circumferential

30 directional components, grease will be distributed in both
directions of rotation of the threaded rod.

In the below-grade arrangement being described, before the
deck formwork assemblies for a slab are lowered, the volume
of material (earth) for the next lower level is excavated.
35 The excavation is to the level, for example, indicated at 33
for bays 27 and 39. The wvolume excavated includes_ the
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57 can be provided connecting two adjacent threaded rods 26
to be forned and a rcﬂ% t hr eaded r od ext%ndln B%tmeen he deck for maor k
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The shoulder nut attachment/threaded rod arrangement is used
in the preferred arrangement being described, not only to
lower and support the deck formwork assembly itself, but also
to provide the support necessary to transmit the load of the

15 poured and curing concrete slab to the concrete slab above
the same. That is, as is best illustrated by the bay 38, the
threaded rods 26 extend upward to the concrete slab
represented at 44 and support not only the formwork assembly
12, but the poured concrete'for the next lower slab.

20 In some instances it is desirable to transmit the loads
encountered by a deck formwork assembly and the concrete
supported by the same, to more than one higher completed slab.
FIG. 8 illustrates a coupler 61 joining axially aligned
threaded rods 26 for this purpose. It will be noted from

25 FIG. 1 that the upper threaded rod is connected to the
shoulder nut 28 at the upper structural slab, whereas the
lower threaded rod is suitably received within the shoulder
nut in the lower slab. With this arrangement, the loads on
each deck formwork assembly will be transmitted to the two

30 adjacent upper slabs as long as the threaded connections all
are tight.

After the shoulder nuts in a completed slab are no longer
being used, they can be pulled from the slab. FIG. 9
illustrates a nut pulling arrangement. Such arrangement
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respect to particular slab is conpletely finished.) It will be
appr eci at ed ]itha’-'ts tdpsirable khass tbﬁearﬁ-\}é’h‘tlﬁﬁﬁnﬁa(ﬁqﬁpc%teéﬁ'tﬁ1§¢ REidn of

bui | di ngs f rsgdneisidalve theah ocatildhedayppest apdthel et fy&aﬂ_e&fa)ﬂ
el enments of the apparatus en bl e the deck for rk a .senti@/% e Iowered
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construgied L SUPPALLa Wi IeRE {958 B35 TP K WY RS PEKILL A1 Sy
the same as that described when the nut 28 is embedded within,
or placed on top of, the upper structural slab itself.

As mentioned previously, the apparatus of the invention is
particularly applicable to the formation of above-grade levels
15 for concrete multi-story buildings. FIG. 11 is a plan view
schematically illustrating such an arrangement, generally
referred to by the reference numeral 76. The specific design
has twenty above-grade levels (19 floor/soffit slabs and one
roof slab). The construction includes bays, two of which are
20 shown at 77 and 78 surrounding a core bay 79. The core bay
is designed for stairwells, elevators, etc. and includes
lightweight bracing represented at 81 to support those core
elements which are installed before the structural slabs are
formed with the invention. The building structural frame
25 includes a plurality of vertical columns 82 akin to the
columns 23 of .the below grade construction described
previously. Each of the columns 82 is made up of column
sections 83 which are joined as illustrated at 84 in the field
in accordance with conventional techniques. Each of such
30 columns can be concrete, sﬁructural steel, or a composite of
both, for example, concrete encased in a metal tubular shell.
Such columns are supported via footings 86 or the like in
accordance with conventional techniques depending upon local
conditions. Temporary bracing represented by lines 87 is also
35 provided to aid in supporting the columns 82 until the
horizontal structural frame slabs are formed in accordance
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5 slabs of the bulldlng frame prov1ded by the 1nventlon greatly
| evel de first

next | ower sl ap
Lo or o of R LTt Ene eens RuEESPn BranSanFen oLF  ALso qadhlgRcrhe
| evel . At t acdmienéteussracteupeotodpe icompleted Sin & muthirshosted time.

tranﬁnit loadfttﬁﬁffcgeugggk %h%%‘after the next lower slab is made, it

is not necessary for the workmen involved in the frame/slab

10 construction to have access to the other, higher 1levels.

Thus, the invention makes it appropriate for a contractor

constructing such a building to provide complete access for

sub-contractors to each of the floors following, in essence,

the construction of the structural slab. That is, as soon

15 as a slab is completed the interior walls, curtain walls, the

interior finishing, etc. can be completed. Thus, when the

instant invention is utilized, a building can be completely

finished in little more time than is required to construct

the frame for the same. Even making the frame is simplified

20 in view of the ability to support the horizontal slabs for
one level from the next higher level.

As mentioned at the beginning of the detailed description,
Applicant is not limited to the specific embodiments described
above. Various changes and modifications can be made. As
25 mentioned previously, the specific embodiments are exemplary,
rather than exhaustive. The claims, their equivalents and
their equivalent language define the scope of protection.
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lubricant along said face during such relative rotation.
A maj or advantage of the "top-down" approach to the construction of a
‘concrete building is the speed and sinplicity of the actual construction. -
Upper fl oof7s, oimhe Blp@astatus mmlclsaliab§ Tfmrtthlee' s'.amﬂulda‘.m kepluradd tycan be

finished ( S dows/ iQsat éiprg, ile
t he constr%?{ Pg% % l%g Q%Q% fé'lt‘é@!l’a [ ng ace. 2!:1'1 & eé d Std%p)t \#c:t
necessary ffor sedestivedne engag. neb saIchy Fodo oDV Aer §ana1\/§oé;@¢m-t 0
such upper floors after the forns are | owered. O her advantages are that
bui | di ngs
1% The apparatus of claim 1 wherein said support is a slab
form support arm attached at said level immediately above said
level to be defined, to a generally vertical column of a
support network for said slabs so as to impart load from said

deck formwork assembly to said column.

15 9. The apparatus of claim 8 wherein the length of roll
threaded rod extending between said deck formwork assembly
and said support at said level immediately above the slab to
be formed is selectively changeable.

10. The apparatus of claim 9 wherein said slab form support

20 arm includes a securance portion for rigidly securing the arm
to said column, an elongated upper arm rod extending from said
securance portion with an end thereof pivotally secured to
said securance portion, a forearm rod pivotally secured to
and cantilevered from an opposite end of said upper arm

25 portion, and a hand portion extending from said forearm rod
adapted to hold an attachment which interacts with said roll
threaded rod to provide said support.

11. The apparatus 6f claim 1 wherein said support is threaded
interiorly thereof and said roll threaded rod is provided with
30 threads which mate with and engage the interior threads of
said attachment whereby rotation of said roll threaded rod
relative to said attachment results in changing the length
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be b _(lb) a bearilng pll_ate which is engageabl?lbo‘%h with said ds_lab
can be bui_lt, to.zer of: lipe without havi t I e, ove acent
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t ypes of SR tWidh WY & Spqot be used in constructing buildings of
si gni ficant htglrégﬁt .l Reference 1s
18. The apparatus of claim 17 wherein said attachment is
threaded interiorly thereof and said rod is provided with
threads which mate with and engage the interior threads of
15 said attachment whereby rotation of said roll threaded rod

relative to said attachment results in said length reduction.

19. In an arrangement for forming generally horizontally

suspended slabs for a multi-level building structure,

apparatus fof attaching a roll threaded rod at one level for
20 a formwork assembly for a slab to be formed, comprising:

(a) means for securing the same to said roll threaded rod:

and

(b) means for supporting said apparatus at said one level.

20. The apparatus of claim 19 wherein said means for securing

25 said apparatus tp said roll threaded rod includes a plurality
of threads within the interior of said apparatus matingly
engageable with associated threads on the exterior of said
roll threaded rod.

21. The apparatus of claim 19 wherein said means for
30 supporting said apparatus includes a shoulder which is adapted
to engage a collar at said level.

22. In an arrangement for forming generally horizontally
suspended slabs for a multi-level building structure, a washer
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slab;
made, for e anple t ent Nos 194, 532; 275 719 and 4,029, 286.

S. P

In such arr gerﬁ?r?tdts st"r?é’%qta §iagnsn %tHﬁEPFFBtdf%’ﬁtﬁ%ﬁg‘?nr threaded, for .
t hese ot herrddy Rafbedfderdnisi rumat ldvhc'xreecé:@mlteieelsnacb dedigring ahd Iftldcﬁ:' not
obvi ous how,t hose tqg éﬁ) es_Ww g bag a;ra ene i_n_which
the slab i &% S849,Ae¥ ﬁ %pﬁ?%@?ﬂ%ﬁ Ot i@ PPamE MR d&ntq on to
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use for t°%&¥aM}6¥Ym£ﬁ£SaB&h'Qbﬁgsa¥%§’§¥§dfﬁad with threads on the

exterior thereof which mate with and engage the interior

threads of said attachment whereby rotation of said roll

threaded rod relative to said attachment results in a change

15 of the 1length of roll threaded rod extending between said
deck formwork assembly and said attachment.

28. The apparatus of claim 27 further including a plurality
of places along the length of said roll threaded rod for
engaging the same to provide said rotation, and a wheel which

20 engages said roll threaded rod at said places for said
rotation.
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" The invention also fncludes a wheel for rotating the roll thredded rod.
Such wheel has a cefiterggporti on which is adapted to engage the g ol
threaded rod inja g |1y non- rotating manner, which center fportion is

ci rcunscri bed a gripping wheel. A plurality of spokes corgnectt he
gri ppi no—whee t e center portion to transmt turning notio
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at each colum.| m ‘“\\‘m“ portlon of the assenbly 12 also includes a

pair of end I- 8 whi ch support "the remai nder of such assenbly. Each
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protective pocket 19, the purpose of which will be described in nore detail
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DISCLOSURE

Background of the Invention

The present invention relates to the construction of multi-

5 level concrete building structures and, more particularly,
to apparatus for such construction in which a deck support
formwork assembly for a structural concrete slab is lowered
into position and supported from the level above for the
making of the next lower structural concrete slab.

10 The vertical frame elements of concrete building structures
generally are made up of columns (which may be concrete,
structural steel, or a composite of both concrete and steel)
connected together via slabs of reinforced concrete. These
slabs are the principle horizontal frame members for the

15 building. It is common to incorporate rebar and/or post
tensioned beams in such structural concrete slabs. These
slabs act not only as integral parts of building frames of
multi-level <concrete buildings, but also to define

floors/ceiling soffits.

20 The most common way of constfucting level dividing slabs in
concrete multi-story buildings, is to construct formwork at
a desired elevation for the level, install rebar and/or post
tensioning tendons, and then £ill the formwork with céncrete
which is ‘allowed to cure. It is typical to build the slabs
25 sequentially in a "bottom-up'" approach (one above the otner).
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site, a wateMakipg; ePPRERCH: feserilef ARU¥F vunding the site at which such

sl abs i’ire to be nade. Such barrier wall 21 is sinply a slurry wall, and in
an i npl enent ati on of theinveg%ionforé go n of a multi-Ilevel
under ground garage, the wall héah Ve Ei 8rry wal | that was
100-feet deep. As illustrated in FIGS. 1 and 2, the decks are dowelled and
poured into &g SLULENeRhiedtFoR ¥8YWR¥s?fo apparatus for constructing
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the generally horizontal structural slabs of a multi-story
building from the "top-down", rather than from the bottom-up.
More particularly, the apparatus includes a deck formwork
assembly for supporting concrete and defining a desired
configuration for the bottom of a slab of the building
structure, a support for the deck formwork assembly at the
level of the building structure immediately above the slab
to be formed, and a roll threaded rod extending between the
deck formwork assembly and the support at such higher level.

TR P e Y

(When reference is made herein to making a concrete's(ﬁctural
slab or constructing the same, this terminology is meant to
encompass the provision of formwork for such slab, the
installation of rebar or the like in such formwork, and the
pouring and curing of concrete for the same, but not
necessarily the many other steps that have to be accomplished
before one can say that the construction procedure with
respect to a particular slab is completely finished.)

It will be appreciated that the structure of the invention
facilitates construction of buildings from the top-down. That
is, the support and roll threaded rod elements of the
apparatus enable the deck formwork assembly to be lowered from
one level to the next lower level for the making of the next
lower structural concrete slab.

Most degirably, the apparatus of the invention is constructed

REPLACEMENEcS#ifdpdrt the deck form assembly during the making of such

2 2 APR 1996

next lower slab, from the level defined by the first slab.

THIS, SHEET HAS BEEN " This Sheet Has Been Replaced

—mae 1 {R




‘A general 1% or (REIPT stad¥antager rafie Baewo! kOBrdeun!imaPPEParh: ket EBR

with the struséngtrustibsn i'6fPraVvidhbretSUGnINIMY K disncithdesspepdur ahit y

of generally
one realizat

served as fo

-

vertjcal, col 23 .whi ch extend ward from a abl e base. |
PRt REchheoRctiRd CORSEIUS AT Wb ee 80 s BRGPoC
by the formttloem stracgurdlofslalishs Bofothedisamet diavenbeehe magiess oran whech

n
k

| f he f el ' t
orovided i n herhered oy, FRackR Rt P 6 G0 oY B CFLEL. o

i nserted I tekc.) while the construction of lower slabs is taking place. .

15

20

25

30

And, indeed, it is not necessary for the concrete frame
construction workmen to have access to such upper floors after
the forms are lowered. Other advantages are that buildings
can be built to zero lot line without having to fly forms over
adjacent buildings. The system is extremely cost efficient
because it requires so few workers and because of the speed
of erection. Full 8’0" floor-to-ceiling heights can be
achieved with 8’6" (or less) floor-to-floor heights.

It should be noted that the broad concept of constructing
horizontal slabs in a "top-down" manner has been used in the
past in other types of construction which cannot be used in
constructing buildings of significant height. Reference is
made, for example, to U.S. Patent Nos. 3,194,532; 3,275,719;
and 4,029,286. In such arrangements the slab is not a ductile
diaphragm. The criteria for these other types of construction
are completely different, and it is not obvious how those top
down approaches will work in an arrangement in which the slab
is a structural ductile diaphragm part of the frame in
addition to dividing levels. Moreover, the apparatus is
different and is incapable of use for top-down concrete

building construction.

The invention also includes a wheel for rotating the roll

REPLACEMENTISHEEBe rod. Such wheel has a center portion which is

adapted| to engage the roll threaded rod in a generally non-

ZbBPRﬂ%t ingy manner, which center portion is circumscribed by a
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but al so act as ﬁrl mary horizontal structural aao A

e attachment when an effort 1s made to reduce such length
while the bearing plate is engaged with the slab. The
apparatus further includes an attachment itself. Such
attachment includes means for securing the same to a roll
15 threaded rod and means for supporting such apparatus at the

level from which the formwork assembly is to be ‘attached.

Other features, details and advantages of the invention either

will become apparent or will be described in connection with

the following, more detailed description of preferred
20 embodiments of the invention.

Brief Description of the Drawing
With reference to the accompanying drawing:

FIGS. 1A-1D provide an overall elevation view schematically
illustrating a preferred embodiment of the invention used for

25 making structural slabs below grade level;

FIG. 2 is a partial sectional view illustrating more
specifically a preferred arrangement of interfacing a formwork

assembly of the invention with a slurry wall;

FIG. 3 is a broken away, somewhat schematic isometric view
30 __of the preferred embodiment of FIG. 1, with a showing in

REPLACEMENT SBEntom of a concrete slab at one level above, made with a
oqmyork assembly as illustrated:

£
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10 FIG. 7A is a plan view of a preferred embodiment of a wheel
of the invention used to turn a rod to be described and lower
the form assembly:

FIG. 7B is a sectional view of the wheel of FIG. 7A showing
the same in engagement with a rod:

15 FIG. 8 is an enlarged sectional view of a coupler for a pair
of axially aligned rods;

FIG. 9 is a nut pulling apparatus of the invention;

FIG. 10A is an elevation view of an alternate hanger
arrangement; o

20 FIG. 10B is a plan view of the alternate hanger arrangement
of FIG. 10A; '

FIG. 11 is an elevation view illustrating a preferred
embodiment of the invention in which slabs are made above
grade level for a multi-level concrete building structure:;

25 and
REPLACEMENI‘I%{FEEZ is an enlarged sectional view similar to that of
22 APR 1?59% ./ showing an alternate arrangement. forlgup_;_ao__rt_lng a
thre jd rod. ' '
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1u¢éﬂt?bnﬁla?neameﬁamwang1dgsdn}ptmwn is asxempkarey| rhther
on of. the frame for the building is the upper part, i.e.,
%%?%he¥ 3“?Fé§§ have al ready been nmade. It will be

t hough, that the construction of the horizontal slabs at the

FIG. 1 illustrates not only the major aspects of a preferred
embodiment of the apparatus of the invention, generally
referred to in both FIG. 1 and FIG. 3 by the reference numeral
11, but also the method of use of the same. Although
specifics of the invention are described in detail with
respect to the construction of structural slabs below grade
level, it will be obvious to one of ordinary skill in the
field that the invention is also applicable to above grade
construction and which of these specifics are applicable to
the construction of structural slabs above grade level.

The apparatus illustrated in FIG. 1 includes a deck formwork
assembly 12 for supporting concrete for a structural slab.
Such assembly includes an upper platform 13 against which
concrete for a structural slab to be made is poured. As best
illustrated in FIG. 3, such platform includes a raised central
portion 13 to define a slab soffit, which portion is defined
by a membrane formed, for example, from plywood supported by
a frame made up primarily of 2 x 6 joists 14 which, in turn,
are supported by steel bar joists 16. Dropheads 17 are formed
at each column. The support portion of the assembly 12 also
includes a pair of end I-beams 18 which support the remainder
of such assembly. Each I-beam 18 (only one of which can be
seen in FIG. 2) terminates in a protective pocket 19, the
purpose of which will be described in more detail hereinafter.

he invention is used for making slabs below grade, i.e.,
iﬁﬁ the level of the ground, at a location in which

iflicant egress of water is to be expected, e.g., a coast

B
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slab acts as a structural phragmthat ties the colums together 'in a
rigid framework while the soil beneath the slab is excavated for the

COHSLL:JCt :c o @%ﬂ%}%ﬂf})%é%al etetuctili®l Fremid petaiaid eFf aodemng donmwor k
coserntly | ory e L SUeL! Gkt QU Shiarile, "o oveL Lexgldan 0o Ehls
10 network includes a plurality of generally vertical columns
23 which extend upward from a stable base. In one realization
of the invention, the steel columns were secured to bedrock
by the formation of a grid of 5 to 8 foot diameter concrete
caissons which served as foundations for the columns. Cages
15 of reinforcing steel were provided in the holes augured for
the columns 23. Then tremied concrete was inserted in the
holes to displace a polymer driller’s mud that had been used
within the holes to prevent the sides of the same from caving
in. Enough concrete was poured in the holes to cover the
20 steel columns from bedrock to the elevation of the bottom

slabs to be formed.

As mentioned earlier, the invention particularly relates to
concrete construction in which the slabs act not only to
define the floors/ceiling soffits of the various levels, but
25 also act as primary horizontal structural diaphragms. A
significant aspect of the invention is its use in the making
of such horizontal structural slabs in a top-—down arrangement
with the repetitive use of the same deck formwork assembly.
This is unusual in that the building will not have a permanent
30 structural frame at the location at which slabs are made (or
at any level below the same). It only does so after a slab
is poured and cured at such location. 1In the traditional
p" approach this is no problem since the structural
AGEMW@HE%f a building is completed all the way from the
oundatlioh to the top as the slabs are made In contrast,
orizontal structural slabs are made in a top-down

is Sheet Has Been Replaced
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deck formassenbly 13 is .
The invention enables a deck formwork assembly for one level
to be lowered to the next lower level to be made, and as each
level is constructed the support for the formwork assembly
is provided at the level that has just been defined. Most
15 desirably, the support is provided by the slab itself by an
attachment of the invention embedded within the same to
transmit the loads encountered during construction of the next
lower slab, to such upper slab. This procedure is best
illustrated in FIGS. 1A-1D which show the bays of adjacent
20 slabs being made. (It will be appreciated that such figures
are not true-to-life in that a single slab pour will include
several bays in one level.) Each deck form assembly 13 is
suspended from the level above via threaded rods 26 at each

corner.

25 The level above a level to be made provides'support for the
deck form assembly. With reference, for example, to bay 27
of FIG. 1A in this embodiment, such support takes the form
of a shoulder nut 28 which is embedded in the concrete slab
for the bay. In this connection, each of the threaded rods
30 26 mates with the interior threads of the corresponding nut
28. Each rod also has a plastic sleeve 30 extending from the
nut through the slab to protect the rod from concrete when
it is poured and to define the axial hole through the slab
REPLACEMENTn@ifddsary for the road.

lace
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of the form assembly A washer 35 is provided which is
heavily greased to permit rotation of the roll threaded rod
26 and, hence, nut 32, with respect to flange 29. A plurality
of shoulder nuts 28 to be embedded in the concrete slabs
15 defining other 1levels are also provided on the rod as

illustrated.

It will be recognized that there often is a significant load
on the threaded rods, and in many situations it is desirable
to facilitate the turning of the same. Washer 35 is

20 especially designed to cooperaté with grease to permit such
rotation. FIGS. 5A and 5B are enlarged views of such washer,
showing that it has radial grooves 36 on opposite sides of
a center piate 37. Each groové on one side defines a channel
for the distribution of grease from the rod to the side of

25 the washer associated with such groove. As illustrated, the
grooves 36 on one side have a circumferential component in
one direction, whereas the grooves on the opposite side of
the plate have a circumferential component in the opposite
direction. Because of these opposite circumferential

30 directional components, grease will be distributed in both
directions of rotation of the threaded rod.

In the below-grade arrangement being described, before the
deck formwork assemblies for a slab are lowered, the volume

——ef—??tFrial (earth) for the next lower level is excavated.
BEPLACQM§NT HE x¢avation is to the level, for example, indicated at 33
22 APR %55

vs 27 and 39. The volume excavated includes the
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Each of the t aded _rods 26 er m _nat %e i.s . .threadably connected tghéhe

deck fornmorfng SBRENF PReaRcasTas? Y depicted for the bay 39, by
workers 40 and 41 schematically shown respectively applying

an impact wrench 42 and a spud wrench with a cheater 43 to
10 the end of two of the rods 26.

Once the deck formwork assemblies for a concrete slab are
stripped from the concrete soffit at one level, they can be
lowered into position to form the next lower slab. That is,
the length of the threaded rod extending between the form
15 assembly and the nut is increased. Each of the threaded rods
28 is provided with spaced machined areas or notches
represented in FIG. 1 at 46, for engagement to adjust the
elevation of the deck form at the threaded rods. The spacing
of the machined notches on the threaded rods 46 should be such
20 that one is assured to have a machined notch in easy range
for use by a worker. FIGS. 72 and 7B illustrate a turning
wheel 47 which is particularly designed to engage such a
machined notch 46 and rotate the associated threaded rod.
The wheel 47 includes a center portion 48 adapted to engage
25 a machined notch 46. Such center portion includes a slot 49
which is closable by a rotating latch 51. A weighted gripping
wheel 52 circumscribes the center portion and is connected
to the same by a plurality of spokes 53. It will be
appreciated that turning of the weighted wheel will transmit
30 turning motion of the same to the center portion and, hence,
to any threaded rod engaged by the same.

owerrd (after excavation) for reuse at the next lower level.
gﬁﬂg step\of making a structural slab with the 1nventlon.1s
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hence, to the main end beam 18 of the forn1as A washer
provi ded 1@hi &k gcreed at an appropriate location and elevation therefor.

The shoulder nut attachment/threaded rod arrangement is used
in the preferred arrangement being described, not only to
lower and support the deck formwork assembly itself, but also
to provide the support necessary to transmit the load of the

15 poured and curing concrete slab to the concrete slab above
the same. That is, as is best illustrated by the bay 38, the
threaded rods 26 extend upward to the concrete slab
represented at 44 and support not only the formwork assembly
12, but the poured cohcrete for the next lower slab.

20 In some instances it is desirable to transmit the 1loads
encountered by a deck formwork assembly and the concrete
supported by the same, to more than one higher completed slab.
FIG. 8 illustrates a coupler 61 joining axially aligned
threaded rods 26 for this purpose. It will be noted from

25 FIG. 1 that the upper threaded rod is connected to the
shoulder nut 28 at the'upper structural slab, whereas the
lower threaded rod is suitably received within the shoulder
nut in the lower slab. With this arrangement, the loads on
each deck formwork assembly will be transmitted to the two

30 adjacent upper slabs as long as the threaded connections all

are tight.

shoulder nuts in a completed slab are no longer
, they can be pulled from the slab. FIG. 9
Avhlﬁgsrtsg a nut pulling arrangement. Such arrangement
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heavily greased to permt rotation of the roll threaded rod 26 and, hence,
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10 direction will result in the length of the same extending
between the bearing plate and the nut being reduced, so that
a pulling force is supplied to the nut whenever an effort is
made to reduce such length while the bearing plate is on the
slab. Once the nuts have been removed, the columns at a
15 particular level defined by a suspendéd slab can be encased.
as is common.

It will be recognized that in some situations it is desirable

to make use of the lowering enabled by the invention even

though it is not desired to apply the load of the concrete

20 to be poured to the slab at the higher level. In many
instances the slabs will not be designed to provide such load

support and will be incapable, for example, by being too thin,

of providing the desired support. Moreover, in some of such
situations, it either is impractical or undesirable to use

25 couplers as discussed above to transmit the load to more than

one slab. FIGS. 10A and 10B show an alternate arrangement

for supporting the threaded rods without use of already formed
(constructed) slabs. That is, an articulated support arm,
generally referred to by the reference numeral 66, is

30 connected via pins 67 to one of the columns, represented at

23. The arm 66 terminates in a cup 68 configured to interact

with a nut 28 for a roll threaded rod 26. It will be
I} 51 9] ed that for each deck formwork assembly to be
RH&ACEME §§§ﬁ: , there will be four of these support arms 66, one
2‘35 APIE1998ch of the corners of the deck formwork assembly. The
arm 66 is adapted to be infinitely adjustable relative to the

|
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one direction, whereas _the grooves on the O_Eﬁosite side of the plate have a

ci rcunf er ent FBP cBhEBRERE | AoBRe EBpoBREE JdFREY¥EFBROUGR.-Becatite Witl thRse
opposi t eroci apppeetiatedathat the lowering of the form, etc. is essentially

the same as that described when the nut 28 is embedded within,
or placed on top of, the upper structural slab itself.

As mentioned previously, the apparatus of the invention is
particularly applicable to the formation of above-grade levels

15 for concrete multi-story buildings. FIG. 11 is a plan view
schematically illustrating such an arrangement, generally
referred to by the reference numeral 76. The specific design

has twenty above-grade levels (19 floor/soffit slabs and one
roof slab). The construction includes bays, two of which are

20 shown at 77 and 78 surrounding a core bay 79. The core bay
is deéigned for stairwells, elevators, etc. and includes
lightweight bracing represented at 81 to support those core
elements which are installed before the structural slabs are
formed with the invention. The building structural frame

25 includes a plurality of vertical columns 82 akin to the
columns 23 of the below grade construction described
previously. Each of the columns 82 is mad‘e up of column
sections 83 which are joined as illustrated at 84 in the field

in accordance with conventional techniques. Each of such

30 columns can be concrete, structural steel, or a composite of
both, for example, concrete encased in a metal tubular shell.

- Such columns are supported via footings 86 or the like in
accordance with conventional techniques depending upon local
conditiens. Temporary bracing represented by lines 87 is also
REPLMEMEH;% d| to aid in supporting the columns 82 until the
65,0 tal structural frame slabs are forr_t_i_ed in accordance
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rotation of thup ttoehiderhls obs forméd bel hangiade ther angsrefitobetemgporary

descri bed, b |es for a slab are | owered, the
Hr Sl Sfiiodet HHOTRRK @SPRL)

vol une of nmateria e nex wer level is excavated. The
excavation is to the |evel, for exanpl e, indicated at 33 for bays 27 and

39. The volgys, E’é‘i’ﬁ\éﬂ&‘ali 8255488 1 RRcorporate the 1ightweight bracing
10 for the columns in the core bay. Moreover, the temporary
bracing in the other bays at each particular level will be
removed just before the form assemblies are lowered to the
particular level having such bracing. In the schematic
arrangement illustrated, four slabs have been made.

15 In some situations, the number of levels to be formed makes
it impractical to provide enough shoulder nuts 28 in a
protective pocket 19 for all the levels to be made. This is
particularly true in multi-story, above grade construction
projects. In such a situation it is desirable to be able to

20 provide a split shoulder nut which can be installed on a
threaded rod after the threaded rod is in position, thus
eliminating the need to have it already installed on the rod.
FIG. 12 is a sectional view showing such an arrangement. The
nut 91 is made up of two halves, 92 and 93, bolted together

25 via bolts 94 extending through mating flénges 96. Although
not shown, it will be recognized that there are similar mating
flanges 96 and bolts 94 diametrically opposite those
illustrated.

It is also desirable in some situations that a shoulder nut

30 be utilized that is not embedded in the concrete. As
illustrated in FIG. 12, a shoulder nut 28 is threaded upside

down on the threaded rod and bears tightly against a bearing

plate 97. If desired, such shoulder nut can include an
REPLACEMEN@,&J’LE,E;,‘ n (not shown) for facilitating gripping of the sleeve
30 sojthat removal of the shoulder nut w1ll result also in
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schemati cal | y; depiet fd-E8Ea)e £B2Y R wB¥KkhBR involved in the frame/slab

10 construction to have access to the other, higher levels.
Thus, the invention makes it appropriate for a contractor
constructing such a building to provide complete access for
sub~-contractors to each of the floors following, in essence,
the construction of the structural slab. That is, as soon

15 as a slab is completed the interior walls, curtain walls, the
interior finishing, etc. can be completed. Thus, when the
instant invention is utilized, a building can be completely
finished in little more time than is required to construct
the frame for the same. Even making the frame is simplified

20 in view of the ability to support the horizontal slabs for

one level from the next higher level.

As mentioned at the beginning of the detailed description,
Applicant is not limited to the specific embodiments described
above. Various changes and modifications can be made. As
25 mentioned previously, the specific embodiments are exemplary,
rather than exhaustive. The claims, their equivalents and
their equivalent language define the scope of protection.
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workers 40 dnrizontblnt suspendsshwwlakspder ieyelspof iy BHltdsdevel

wench 43 ang,a Sinyl ELRctuye! hcgmgm%thg 43 to the end of two of the rods
26. Once the deck forrrwork assenbl i es concrete ab are ﬁ_elggp from

the concr et €&of & t98FK o FOTMFEIK atsfﬁs?/ml% 58 | SWEPSE Jrﬂ% 588 8% or m
the next |0\ﬁfﬁ{ﬁb; alldds iirad tdiﬂwﬂﬁjlgté\tmntfmrtﬁheadﬂdtmmdoﬁm Sldim et

ods 28 1o O GO IATIY BAERHCREM ned arcas of notohes ool
(b) a support for sald deck formwork assembly at the level
10 of said building structure immediately above the slab to be

formed with said deck formwork assembly; and ,
(c) a roll threaded rod extending between said deck formwork
assembly and said support at said level immediately above the

slab to be formed.

15 2. The apparatus of claim 1 wherein said support is an-
attachment for said roll threaded rod embedded in the concrete
of the slab immediately above the slab to be formed.

3. The apparatus of claim 2 further® including means for
removing said attachment from said slab.

20 4. The apparatus of claim 1 wherein the length of roll
threaded rod extending between said formwork assembly and said
support at said level immediately above the slab to be formed

is selectively changeable.

5. The apparatus of claim 4 wherein said support is threaded
25 interiorly thereof and said roll threaded rod is provided with
threads which mate with and engage the interior threads of
said support whereby rotation of said roll threaded rod

relative to said attachment results in the length change.

6. he apparatus of claim 5 wherein said roll threaded rod

REPLACEMENT BHEE el

relatile to.said deck formwork assembly for said roll threaded
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represent ed TYPEICaN aiong spif 5ﬁ§§gSH§HP9t§%ﬁﬂlﬁﬁ1%$%Y%LE$E?Féﬁ“of t he
deck format the threaded rods. The spacing of the machi ned notches on the
th ded 46 h.th [ '

ot oh in casy’ ramierSEPREEchs of BlndR®s ThBSR e ARG £ PRIy
turni ng wheedf FPAagegRlongpdhe dengithy ofesagderold thyagdeduradaadarhrded
notch 46 andedPisd fedtfvéby 06hGa§ingNEcaRoFod Ot JibvYiieetafd +HELHEBR.

center portion 48 adapted to engage”a nachi ned notch 46. Such center
portion includes a slot 49 -
10 8. The apparatus of claim 1 wherein said support is a slab

form support arm attached at said level immediately above said
level to be defined, to a generally vertical column of a
support network for said slabs so as to impart load from said
deck formwork assembly to said column.

15 9. The apparatus of claim 8 wherein the length of roll
threaded rod extending between said deck formwork assembly
and said support at said level immediately above the slab to

be formed is selectively changeable.

10. The apparatus of claim 9 wherein said slab form support
20 arm includes a securance portion for rigidly securing the arm
to said column, an elongated upper arm rod extending from said
securance portion with an end thereof pivotally secured to
said securance portion, a forearm rod pivotally secured to
and cantilevered from an opposite end of said upper arm
25 portion, and a hand portion extending from said forearm rod
adapted to hold an attachment which interacts with said roll

threaded rod to provide said support.

11. The apparatus of claim 1 wherein said support is threaded
interiorly thereof and said roll threaded rod is provided with

30 threads which mate with and engage the interior threads of
_said-atEachment whereby rotation of said roll threaded rod
REPLACEMENL SHE Le to said attachment results in changing the length
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which is | AREAYLRY Eheofamendq RXIVide iR ¥PEabLSR1 ppi ng wheel 52

circunscribes the center portion and is connected to the sane by a

I it f 53. [ i1l b ecjated that nj f the.
el ght ed” vihekl - wi TRes FRROFPES, A A AEt breoretst DarkifEhEha cehPling
portion and, férencennectimg t hadddetilodtbngaded bypd heosamsimElar skglli s
made defini %Pe%&%!&' 1rc§<fg\e/agﬁ‘%‘é‘ﬁﬁ]ig{dg‘t E2BmPe N QWG e 1 aéﬁ&&e@a&l%.s ;g%@lalf or

reuse at the next Tower ep of making a structur W th
t he i nventi ovmhediately above the slab to be formed.

10 14. The apparatus of claim 1 further including a wheel which
engages said roll threaded rod for rotating the same to change
the length of said rod extending between said formwork

assembly and said support.

15. A wheel for rotating a roll threaded rod which extends
15 between a formwork assembly for concrete during the formation

of a slab of a multi-level building structure and a support

for said roll threaded rod, comprising:

(a) a center portion adapted to engage said roll threaded

rod in a generally non-rotating manner relative to said roll
20 threaded rod:

(b) a gripping wheel circumscribing said center portion; and

(c) a plurality of spokes connecting said gripping wheel to

said center portion so as to transmit turning motion of said

gripping wheel to said center portion.

25 16. The wheel of claim 15 wherein the length of roll threaded
rod extending between said formwork assembly and said support
is selectively changeable and wherein said roll threaded rod
further includes a plurality of places along its 1length
adapted to be engaged by said center portion of said wheel

30 to provide said rotation.

REPLACEMENW.SHEEpp ratus for removing an attachment in a slab of a
el building structure embedded in said slab during
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r epeated f or(be)ac ha_sﬁeaabl..ln%'lﬁlsatr%p‘)”eqll%rll olns i3 gragpera_‘el?sleentbeoc}: }b;y _tag/ss agg 5’%&%6.
The inventi &9 §adsatipshmesnti.cthe 1argtibeobisaid amst exdernding begweenced.

As is illustadiceBehRihgypbhte ks 28¢ hothchfef@MEtng AW Lo WAL

' as illustrateqd.. It wll " be appreclated,
two adj acent th a?EFfE&%§=%% applied to san attachment Jﬁ%n an effort

al t hough nof* EHowt;
10 is made to reduce said length while said bearing plate is

engaged with said slab.

18. The apparatus of claim 17 wherein said attachment is
threaded interiorly thereof and said rod is provided with
threads which mate with and engage the interior threads of
15 said attachment whereby rotation of said roll threaded rod
relative to said attachment results in said length reduction.

19. In an arrangément for forming generally horizontally

suspended slabs for a multi-~level building structure,

apparatus for attaching a roll threaded rod at one level for
20 a formwork assembly for a slab to be formed, comprising:

(a) means for securing the same to said roll threaded rod;

and

(b) means for supporting said apparatus at said one level.

20. The apparatus of claim 19 wherein said means for securing

25 said apparatus to said roll threaded rod inéludesaiplurality
of threads within the interior of said apparatus matingly
engageable with associated threads on the exterior of said
roll threaded rod.

21. The apparatus of claim 19 wherein said means for
30 supporting said apparatus includes a shoulder which is adapted
to engage a collar at said level.

REPLACEMB®- SHERY 4n arrangement for forming generally horizontally
suspen slabs for a multi-level building structure, a washer
22 APR 1996 This Sheet Has Been Replaced
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that a simlar screed rail connects the other two threaded rods of each
form assenbl3a. A Tie rappatstisrof alidimaiznghecedadeaghcafi saadechahnalst he

| ength of t p screed at an appropriate |ocation and
el evation t[gﬁeéiﬁéb#ﬂ Qﬁo grEQS £ attachment/t hreaded rod arrangenent is

used in the preferred arrangenent being described, not only to | ower and

support the geck gy 'Q@&fé&é”@#ycjhéﬁﬁ'iz ‘?&Eré‘iﬁoséi)dp&%kdﬁaéhé ﬁé.'PPo”
necessary to transmt oured _and curing concrete slab
t he concr et @SPeppeassy £aces which 1nd1v1dually engage said nut and sald
10 part, and channels are provided extending radially of both
of said faces for distributing lubricant along the same during

such relative rotation.

25. The apparatus of claim 24 wherein each of said channels
is a groove within its respective face, which grooves are
15 arcuate in nature and all on one face have a circumferential
component in one direction which is the opposite of a
direction of a circumferential component of the grooves on

the opposed face.

26. In an arrangement for forming generally horizontally
20 suspended slabs for a multi-level building structure, an

attachment apparatus comprising:

(a) a nut portion which includes interior threads to engage

a threaded rod; and

(b} an engagement portion for engaging said nut to prevent
25 the same from moving linearly with respect to said rod.

27. Apparatus for forming a plurality of generally

horizontally suspended slabs for levels of a multi-level

building structure comprising:

(a) a deck formwork assembly for supporting concrete and
30 defining a desired configuration thereof for the bottom of

a._slab of said building structure;
REPLACEMENT SHEET
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. slab;
the same. That_ is, as is best ilJustrated by the bay 38, the _threaded rods

26 extend %Mrﬁalgosuﬁﬂ%rtc‘?ﬁk’?‘ét@ aqitarhngnte So% &R i Ted Lt reFAsst t

Inot onlly L heré@r@mpéadeaSﬁbtuewoneﬁétéhegfnenéedlaana@ftleufﬁ@r ltlhb;e T

ower sla nstances it i s_desira 0 t. t oa

encount er ed %\9 %agcheYSinﬂ\Bpﬁd&§§§a‘gl PROVE t%meec%i] REppHOIrrEs ‘bPhe

same, talomor ¢e) hasabdeahtgbhmentnpledned tdranddd Cipﬂeribni;y'r thexeafcard er

61 joining ax ah! Yo} eRGdaULUISS £O85o2BrE0 aull S/ UH PlFeadl Bhl lete
exterior thereof which mate with and engage the interior
threads of said attachment whereby rotation of said roll
threaded rod relative to said attachment results in a change

15 of the 1length of roll threaded rod extending between said

deck formwork assembly and said attachment.

28. The apparatus of claim 27 further including a plurality
of places along the length of said roll threaded rod for
engaging the same to provide said rotation, and a wheel which
20 engages said roll threaded rod at said places for said

rotation.
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top roof slab is fornmed by hanging the rods fromtenporary bracing
supporting the colums. Each structural slab will incorporate the

l'i ght wei ght braci rgpNCRETH BELLHING FRANE CCONSTRYCYIONDARPARATUShE
tenporary bracing in the other bays at each particular level will be

renmoved just before the formassenblies are |lowered to the particular |evel
havi ng such braci ng. In the schencbhISCEOSUWRBenent illustrated, four slabs
have been made. In sone situations, the nunber of levels to be formed nakes

Background of the Invention

The present invention relates to thé construction of multi-
level concrete building structures and, more particularly,e.
to apparatus for such construction in which a deck support
formwork assembly for a structural concrete slab is lowered
into position and supported from the level above for the
making of the next lower structural concrete slab.

The vertical frame elements of concrete building structures

generally are made up of columns (which may be concrete,

structural steel, or a composite of both concrete and steel)

connected together via slabs of reinforced concrete. These

slabs are the principle horizontal frame members for the

building. It is common to incorporate rebar and/or post

tensioned beams in such structural concrete slabs. These

slabs act not only as integral parts of building frames af
multi-level concrete buildings, but also to define

floors/ceiling soffits.

The most common way of constructing level dividing slabs in
concrete multi-story buildings, is to construct formwork at
a desired elevation for the level, install rebar and/or post
tensioning tendons, and then fill the formwork with concrete
which is allowed to cure. It is typical to build the slabs
sequentially in a "bottom-up" approach (one above the other).
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above grade construction projects. In such a situation it is desirable to
be able to provide a split shoul der nut which can be installed on a
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need to have it already installed on the rod. FIG 12 is a sectional view

showi ng such an arrangenent. .The nuyt 91 i s nade uR of two halyes, 92 and
93. bol ted %eﬂlﬁ?ﬁe? lnvention relates to apparatus for cons ructing

the generally horizontal structural slabs of a multi-story
building from the "top-down", rather than from the bottom-up.
More .particularly, the apparatus includes a deck formwork
assembly for supporting concrete and defining a desired
configuration for the bottom of a slab of the building
structure, a support for the deck formwork assembly at the
level of the building structure immediately above the slab
to be formed, and a roll threaded rod extending between the
deck formwork assembly and the support at such higher level.
(When reference is made herein to making a concrete structural
slab or constructing the same, this terminology is meant to
encompass the proVision of formwork for such slab, the
installation of rebar or the like in such formwork, and the
.pouring and curing of concrete for the same, but not
necessarily the many other steps that have to be accomplished
before one can say that the construction procedure with
respect to a particular slab is completely finished.)

It will be appreciated that the structure of the invention-:
facilitates construction of buildings from the top-down. ‘That
is, the support and roll threaded rod elements of the
apparatus enable the deck foi'mwork assembly to be lowered from
one level to the next lower level for the making of the next
lower structural concrete slab.

Most desirably, the apparatus of the invention is constructed
to support the deck form assembly during the making of such
next lower slab, from the level defined by the first slab.
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finished (partitions, windows/curtain walls can be installed,

etc.) while the construction of lower slabs is taking place.

And, indeed, it is not necessary for the concrete frame

construction workmen to have access to such upper floors after

the forms are lowered. Other advantages are that buildings

can be built to zero lot line without having to fly forms over

adjacent buildings. The system is extremely cost efficient

because it requires so few workers and because of the speed

of erection. Full 8/0" floor-to-ceiling heights can be

achieved with 8’6" (or less) floor-to-floor heights.

It should be noted that the broad concept of constructing
horizontal slabs in a "top-down" manner has been used in the
past in other types of construction which cannot be used in
constructing buildings of significant height. Reference is
made, for example, to U.S. Patent Nos. 3,194,532 .3,275,719;
and 4,029,286, In such arrangements the slab is not a ductile
diaphragm. The criteria for these other types of construction
are completely different, and it is not obvious how those top
down approaches will work in an arrangement in which the slab:
is a structural ductile diaphragm part of the frame in
addition to dividing levels. Moreover, the apparatus is
different and is incapable of use for top-down concrete
building construction.

The invention also includes a wheel for rotating the roll
threaded rod. Such wheel has a center portion: which is
adapted to engage the roll threaded rod in a generally non-
rotating manner, which center portion is circumscribed by a



ext ensi on (REXERhowR) “Form TR 119 &1 r?g}:tgar‘frb“be.nntg' Cﬁ e & NRE @ eddet At

renoval of ip& shabldSualuremprplrappiratiigdngiudes asrodhor emgaglingf such
sleeve. It yhélattadfpiht hatatﬁ@nl.@ﬁpp Gl rriad aby U@eémﬁégﬁchtwwl%n

transferred, through tﬂf ugskge down nut and bearin | at e he

struct ural §§aﬁng geable bo with the slab and the attachment The
length of the rod extending between the bearing plate and the
attachment is reducible whereby a pulling force is applied
to the attachment when an effort is made to reduce such length
while the bearing plate is engaged with the slab. The
apparatus further includes an attachment itself. Such
attachment includes means for securing the same to a roll
threaded rod and means for supporting such apparatus at the
level from which the formwork assembly is to be attached.

Other features, details and advantages of the invention either
will become apparent or will be described in connection with
the following, more detailed description of preferred
embodiments of the invention.

Brief Description of the Drawing

With reference to the accompanying drawing:

FIGS. 1A-1D provide an overall elevation view schematically
illustrating a preferred embodiment of the invention used for
making structural slabs below grade level;

FIG. 2 is a partial sectional view illustrating more
specifically a preferred arrangement of interfacing a formwork
assembly of the invention with a slurry wall;

FIG. 3 is a broken éwéy, somewhat schematic isometric view
of the preferred embodiment of FIG. 1, with a showing in
phantom of a concrete slab at one level above, made with a
formwork assembly as illustrated:;
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poured and set;

FIG. 7A is a plan view of a preferred embodiment of a wheel
of the invention used to turn a rod to be described and lower
the form assembly:

*

FIG. 7B is a sectional view of the wheel of FIG. 7A showing
the same in engagement with a rod;

FIG. 8 is an enlarged sectional view of a coupler for a pair
of axially aligned rods;

"FIG. 9 is a nut pulling apparatus of the invention;

FIG. 10A is an elevation view of an alternate hanger
arrangement;

FIG. 10B is a plan view of the alternate hanger arrangement
of FIG. 10A;

FIG. 11 is an elevation view illustrating a preferred
embodiment of the invention in which slabs are made above
grade level for a multi-level concrete building structure;
and

FIG. 12 is an enlarged sectional view similar to that of
FIG. 5, showing an alternate arrangement for supporting a
threaded rod.
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embodiment of the apparatus of the invention, generally
referred to in both FIG. 1 and FIG. 3 by the reference numeral
11, but also the method of use of the same. Although
specifics of the invention are described in detail with
respect to the construction of structural slabs below grade
level, it will be obvious to one of ordinary skill in the
field that the invention is also applicable to above grade
construction and which of these specifics are applicable to
the construction of structural slabs above grade level.

The apparatus illustrated in FIG. 1 includes a deck formwork
assembly 12 for supporting concrete for a structural slab.
Such assembly includes an upper platform 13 against which
concrete for a structural slab to be made is poured. As best
illustrated in FIG. 3, such platform includes a raised central
portion 13 to define a slab soffit, which portion is defined
by a membrane formed, for example, from plywood supported by
a frame made up primarily of 2 x 6 joists 14 which, in turn,
are supported by steel bar joists 16. Dropheads 17 are fqnmed'
at each column. The support portion of the assembly 12 also
includes a pair of end I-beams 18 which support the remainder
of such assembly. Each I-beam 18 (only one of which can be
seen in FIG. 2) terminates in a protective pocket 19, the
purpose of which will be described in more detail hereinafter.

When the invention is used for making slabs below grade, i.e.,
below the level of the ground, at a location in which
significant egress of water is to be expected, e.g., a coast
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A generally vertical structural frame network of columns for
interaction with the structural slabs is provided. Such
network includes a plurality of generally vertical columns
23 which extend upward from a stable base. In one realization
of the invention, the steel columns were secured to bedrock
by the formation of a grid of 5 to 8 foot diameter concrete
caissons which served as foundations for the columns. Cages
of reinforcing steel were provided in the holes augured for
the columns 23. Then tremied concrete was inserted in the
holes to displace a polymer driller’s mud that had been used
within the holes to prevent the sides of the same from caving
in. Enough concrete was poured in the holes to cover the
steel columns from bedrock to the elevation of the bottom
slabs to be formed.

As mentioned earlier, the invention particularly relates to
concrete construction in which the slabs act not only to
define the floors/ceiling soffits of the various levels, but
also act as primary horizontal structural diaphragms. A
significant aspect of the invention is its use in the making
of such horizontal structural slabs in a top-down arrangement
with the repetitive use of the same deck formwork asseﬁbly.
This is unusual in that the building will not have a permanent
structural frame at the location at which slabs are made (or
at any level below the same). It only does so after a slab
‘is poured and cured at such location. In the traditional
"bottom-up" approach this is no problem since the structural
frame of a building is completed all the way from the
foundation to the top as the slabs are made. In contrast,
when the horizontal structural slabs are made in a top-down
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diaphragm that ties the columns together in a rigid framework
while the soil beneath the slab is excavated for the

construction of the next lower ‘level.

The invention enables a deck formwork assembly for one level
to be lowered to the next lower level to be made, and as each
level is constructed the support for the formwork assembly
is provided at the level that has just been defined. Most
desirably, the support is provided by the slab itself by an
attachment of the invention embedded within the same to
transmit the loads encountered during construction of the next
lower slab, to such upper slab. This procedure is best
illustrated in FIGS. 1A-1D which show the bays of adjacent
slabs being made. (It will be appreciated that such figures
are not true-to-life in that a single slab pour will include
several bays in one level.) Each deck form assembly 13 is
suspended from the level above via threaded rods 26 at each
corner.

The level above a level to be made provides support for the
deck form assembly. With reference, for example, to bay 27
of FIG. 1A in this embodiment, such support takes the form:
of a shoulder nut 28 which is embedded in the concrete slab
for the bay. In this connection, each of the threaded rods
26 mates with the interior threads of the corresponding nut
28. Each rod also has a plastic sleeve 30 extending from the
nut through the slab to protect the rod from concrete when
it is poured and to define the axial hole through the slab
necessary for the rod.
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in the congty &6 to the flange 29 and, hence, to the main end beam 18
of the form assembly. A washer 35 is provided which is
heavily greased to permit rotation of the roll threaded rod
26 and, hence, nut 32, with respect to flange 29. A plurality
of shoulder nuts 28 to be embedded in the concrete slabs
defining other 1levels are also provided on the rod as
illustrated.

It will be recognized that there often is a significant load
on the threaded rods, and in many.situations it is desirable
to facilitate the turning of the same. Washer 35 is
especially designed to cooperate with grease to permit such
rotation. FIGS. 5A and 5B are enlarged views of such washer,

‘showing that it has radial grooves 36 on opposite sides of
a center plate 37. Each groove on one side defines a channel

for the distribution of grease from the rod to the side of

the washer associated with such groove. As illustrated, the

grooves 36 on one side have a circumferential component in

one direction, whereas the grooves.on the opposite side of

the plate have a circumferential component in the opposite-
direction. ‘Because of these opposite circumferential

directional components, grease will be distributed in both

directions of rotation of the threaded rod.

In the below-grade arrangement being described, before the
deck formwork assemblies for a slab are lowered, the volume
of material (earth) for the next lower level is excavated.
The excavation is to the level, for example, indicated at 33
for bays 27 and 39. The volume excavated includes the
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an impact wrench 42 and a spud wrench with a cheater 43 to
the end of two of the rods 26.

Once the deck formwork assemblies for a concrete slab are
stripped from the concrete soffit at one level, they can be
lowered into position to form the next lower slab. That is,
the length of the threaded rod extending between the form
assembly and the nut is increased. Each of the threaded rods
28 1is provided with spaced machined areas or notches
represented in FIG. 1 at 46, for engagement to adjust the
elevation of the deck form at the threaded rods. The spacing
of the machined notches on the threaded rods 46 should be such
that one is assured to have a machined notch-in easy range
for use by a worker. FIGS. 7A and 7B illustrate a turning
wheel 47 which is particularly designed to engage such a
machined notch 46 and rotate the associated threaded rod.
The wheel 47 includes a center portion 48 adapted to engage
a machined notch 46. Such center portion includes a slot 49
which is closable by a rotating latch 51. A weighted gripping
wheel 52 circumscribes the center portion and is connected-
to the same by a plurality of spokes 53. It will be
appreciated that turning of the weighted wheel will transmit
turning motion of the same to the center portion and, hence,
to any threaded rod engaged by the same.

As a slab is made defining a level, the deck form can be
lowered (after excavation) for reuse at the next lower level.
The step of making a structural slab with the invention is

The
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rods of each form assembly. A carrier 58 for a vibrating
screed 59 can travel along the length of the rails to position
the screed at an appropriate location and elevation therefor.

The shoulder nut attachment/threaded rod arfangement is used
in the preferred arrangement being described, not only to
lower and support the deck formwork assembly itself, but also

to provide the support necessary to transmit the load of the

poured and curing concrete slab to the concrete slab above
the same. That is, as is best illustrated by the bay 38, the
threaded rods 26 extend upward to 'the concrete slab
represented at 44 and support not only the formwork assembly
12, but the poured concrete for the next lower slab.

In some instances it is desirable to transmit the loads
encountered by a deck formwork assembly and the concrete
supported by the same, to more than one higher completed slab.
FIG. 8 illustrates a coupler 61 joining axially aligned
threaded rods 26 for this purpose. It will be noted from
FIG. 1 that the upper threaded rod .is connected to the
shoulder nut 28 at the upper structural slab, whereas .the’
lower threaded rod is suitably received within the shoulder
nut in the lower slab. With this arrangement, the loads on
each deck formwork assembly will be transmitted to the two
adjacent upper slabs as long as the threaded connections all
are tight.

After the shoulder nuts in a completed slab are no longer
being used, they can be pulled from the slab. FIG. 9
illustrates a nut pulling arrangement. Such arrangement
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direction will result in the length of the same extending
between the bearing plate and the nut being reduced, so that
a pulling force is supplied to the nut whenever an effort is
made to reduce such length while the bearing plate is on the
slab. Once the nuts have been removed, the columns at a
particular level defined by a suspended slab can be encased

as is common.

It will be recognized that in some situations it is desirable
to make use of the 1owerihg enabled by the invention even
though it is not desired to apply the load of the concrete
to be poured to the slab at the higher level. In many
instances the slabs will not be designed to provide such load
support and will be incapable, for example, by being too thin,
of providing the desired support. Moreover, in some of such
situations, it either is impractical or undesirable to use
couplers as discussed above to transmit the load to more than
one slab. FIGS. 10A and 10B show an alternate arrangement
for supporting the threaded rods without use of already fprmed '
(constructed) slabs. That is, an articulated support arm,
generally referred to by the reference numeral 66, is
connected via pins 67 to one of the columns, represented at
23. The arm 66 terminates in a cup 68 configured to interact
with a nut 28 for a roll threaded rod 26. It will be
appreciated that for each deck formwork assembly to be
supported, there will be four of these support arms 66, one
at each of the corners of the deck formwork assembly. The
arm 66 is adapted to be infinitely adjustable relative to the
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appreciated that the lowering of the form, etc. is essentially

the same as that described when the nut 28 is embedded within,
or placed on top of, the upper structural slab itself.

As mentioned previously, the apparatus of the invention is
particularly applicable to the formation of above-grade levels
for concrete multi-story buildings. FIG. 11 is a plan view
schematically illustrating such an arrangement, generally
referred to by the reference numeral 76. The specific design
has twenty above-grade levels (19 floor/soffit slabs and one
roof slab). The construction includes bays, two of which are
shown at 77 and 78 surrounding a core bay 79. The core bay
is designed for stairwells, elevators, etc. and includes
lightweight bracing represented at 81 to support those core
elements which are installed before the structural slabs are
formed with the invention. The building structural frame
includes a plurality of vertical columns 82 akin to the
columns 23 of the below grade construction described
previously. Each of the columns 82 is made up of column '
sections 83 which are joined as illustrated at 84 in the field
in accordance with conventional techniques. Each of such
columns can be concrete, structural steel, or a composite of
both, for example, concrete encased in a metal tubular shell.
Such columns are supported via footings 86 or the like in
accordance with conventional techniques depending upon local
conditions. Temporary bracing represented by lines 87 is also
provided to aid in supporting the columns 82 until the
horizontal structural frame slabs are formed in accordance
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for the columns in the core bay. Moreover, the temporary
bracing in the other bays at each particular level will be
removed just before the form assemblies are lowered to the
particular level having such bracing. In the schematic
arrangement illustrated, four slabs have been made.

In some situations, the number of levels to be formed make;
it impractical to provide enough shoulder nuts 28 in a
protective pocket 19 for all the levels to be made. This is
particularly true in multi-story, above grade construction
projects. In such a situation it is desirable to be able to
provide a split shoulder nut which can be installed on a
threaded rod after the threaded rod is in position, thus
eliminating the need to have it already installed on the rod.
FIG. 12 is a sectional view showing such an arrangement. The
nut 91 is made up of two halves, 92 and 93, bolted together
via bolts 94 eéxtending through mating flanges 96. Although
not shown, it will be recognized that there are similar mating
flanges 96 and bolts 94 diametrically opposite those:
illustrated. '

It is also desirable in some situations that a shoulder nut
be utilized that is not embedded in the concrete. As
illustrated in FIG. 12, a shoulder nut 28 is threaded upside
down on the threaded rod and bears tightly against a bearing
plate 97. If desired, such shoulder nut can include an
extension (not shown) for facilitating gripping of the sleeve
30 so that removal of the shoulder nut will result also in
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concrete structure to be completed in a much shorter time.
It will be seen that after the next lower slab is made, it
is not necessary for the workmen involved in the frame/slab
construction to have access to the other, higher levels.
Thus, the invention makes it appropriate for a contractor
constructing such a building to provide complete access for
sub-contractors to each of the floors following, in essence,
the construction of the structural slab. That is, as soon

0 sald

~ as a slab is completed the interior walls, curtain walls, the.

interior finishing, etc. can be completed. Thus, when the
instant invention is utilized, a building can be completely
finished in little more time than is required to construct
the frame for the same. Even making the frame is simplified
in view of the ability to support the horizontal slabs for
one level from the next higher level.

As mentioned at the beginning of the detailed description,
Applicant is not limited to the specific embodiments described
above. Various changes and modifications can be made. As
mentioned previously, the specific embodiments are exemplary,
rather than exhaustive. The claims, their equivalents and
their equivalent language define the scope of protection.
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said building structure:;

(b) a support for said deck formwork asseﬁbly at the level
of said building structure immediately above the slab to be
formed with said deck formwork assembly:; and

(c) a roll threaded rod extending between said deck formwork
assembly and said support at said level immediately above the
slab to be formed.

2. The apparatus of claim 1 wherein said support is an
attachment for said roll threaded rod embedded in the concrete

of the slab immediately above the slab to be formed.

3. The apparatus of claim 2 further including means for

removing said attachment from said slab.

4. The apparatus of claim 1 wherein the length of roll
threaded rod extending between said formwork assembly and said
support at said level immediately above the slab to be formed
is selectively changeable.

S. The apparatus of claim 4 wherein said support is threaded -

interiorly thereof and said roll threaded rod is provided with
threads which mate with and engage the interior threads of
said support whereby rotation of said roll threaded rod
relative to said attachment results in the length change.

6. The apparatus of claim 5 wherein said roll threaded rod
has means defining an engagement surface which is rotatable
relative to said deck formwork assembly for said roll threaded

al ong
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assenbly and said support. 15. A wheel for rotating a roll threaded rod
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of a slab of a nmulti-]evel building structure and a support for said rol
t hreaded r®8 PERFRTiaigng the length of said roll threaded rod adapted

for selectively engaging such rod to provide said rotation.

8. The apparatus of claim 1 wherein said support is a slab
form support arm attached at said level immediately above said
level to be defined, to a generally vertical column of a
support network for said slabs so as to impart load from said
deck formwork assembly to said column.

9. The apparatus of claim 8 wherein the length of roll
threaded rod extending between said deck formwork assembly
and said support at said level immediately above the slab to
be formed is selectively changeable.

10. The apparatus of claim 9 wherein said slab form support
arm includes a securance portion for rigidly securing the arm
to said column, an elongated upper arm rod extending from said
securance portion with an end thereof pivotally secured to
said securance portion, a forearm rod pivotally secured to
and cantilevered from an opposite end of said upper arm
portion, and a hand portion extending from said forearm.rod-
adapted to hold an attachment which interacts with said roll
threaded rod to provide said support.

11. The apparatus of claim 1 wherein said support is threaded
interiorly thereof and said roll threaded rod is provided with
threads which mate with and engage the interior threads of
said attachment whereby rotation of said roll threaded rod
relative to said attachment results in changing the length
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gener al | y eogagdhgt thg sameetor praviide seidairdtaslilont.hreaded rod; (b) a
gri ppi ng wheel circunscribing said center portion; and (c) a plurality of
spokes connecting sai d gripping wheel to said center portion so as to
transnit t&Bni n§heoRPRATatuSaicd gliggpi dg furddert ¢ nedivdideh e CPRULTGh. 16.
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immediately above the slab to be formed.

14. The apparatus of claim 1 further including a wheel which
engages said roll threaded rod for rotating the same to change
the length of said rod extending between said formwork
assembly and said support.

15. A wheel for rotating a roll threaded rod which extends
between a formwork assembly for concrete during the formation
of a slab of a multi-level building structure and a support
for said roll threaded rod, comprising:

(a) a center portion adapted to engage said roll threaded
rod in a generally non-rotating manner relative to said roll
threaded rod; )

(b) a gripping wheel circumscribing said center portion; and
(c) a plurality of spokes connecting said gripping wheel to
said center portion so as to transmit turning motion of said
gripping Qheel to said center portion.

16. The wheel of claim 15 wherein the length of roll threaded
rod extending between said formwork assembly and said support
is selectively changeable and wherein said roll threaded rod
further includes a plurality of places along its length
adapted to be engaged by said center portion of said wheel
to provide said rotation.

17. Apparatus for removing an attachment in a slab of a
multi-level building structure embedded in said slab during
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for renoving an aftta ure
enbedded |r1s§*ddbgp§£pququﬁ§ and said attachment being reducxble whereby

a pulling force is applied to said attachment when an effort
is made to reduce said length while said bearing plate is
engaged with said slab.

18. The apparatus of claim 17 wherein said attachment is
threaded interiorly thereof and said rod is provided with
threads which mate with and engage the interior threads of
said attachment whereby rotation of said roll threaded rod
relative to said attachment results in said length reduction.

19. In an arrangement for forming generally horizontally
suspended slabs for a multi-level building structure,
apparatus for attaching a roll threaded rod at one level for
a formwork assembly for a slab to be formed, comprising:

‘(a) means for securing the same to said roll threaded rod;
and ' '
(b) means for supporting said apparatus at said one level.

'20. The apparatus of claim 19 wherein said means for securing

said apparatus to said roll threaded rod includes a plurality
of threads within the interior of said apparatus matingly"
engageable with associated threads on the exterior of said
roll threaded rod.

21. The apparatus of claim 19 wherein said means for
supporting said apparatus includes a shoulder which is adapted
to engage a collar at said level.

22. In an arrangement for forming generally horizontally
suspended slabs for a multi-level building structure, a washer



of said disk for distributing lubricant along said face during

-19- the coggErUpbl18PivE BYEAtbyhl ding to provide support through a rol
threaded rod for a formwmrk assenbly for another slab of such structure,

conprising: (a) a rod for engaging said attachment in a non-slip manner;
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attachnment, ,the Length of ' ext endi ng between sai d bearing plate and
sai d attachhg&nf Bg?ﬁg?r§8u§3E3e5§g%feby

24. The apparatus of claim 22 wherein said disk has a pair
of opposed faces which individually engage said nut and said
part, and channels are provided extending radially of both
of said faces for distributing lubricant along the same during
such relative rotation.

25. The apparatus of claim 24 wherein each of said channels
is a groove within its respective face, which grooves are
arcuate in nature and all on one face have a circumferential
component in one direction which is the opposite of a

" direction of a circumferential component of the grooves on
the opposed face.

26. In an arrangement for forming generally horizontally
suspended slabs for a multi-level building structure, an
attachment apparatus comprising:

(a) a nut portion which includes interior threads to engage
a threaded rod; and

(b) an engagement portion for engaging said nut to prevent
the same from moving linearly with respect to said rqd,

27. Apparatus for forming a plurality of generally
horizontally suspended slabs for levels of a multi-level
building structure comprising:

(a) a deck formwork assembly for supporting concrete and
defining a desired configuration thereof for the bottom of

a slab of said building structure:; L L
) O D O
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n an arrangenent orm ng generall orizonta
at said level immediately above the slab to be formed; and
(e) said attachment being threaded interiorly thereof and
said roll threaded rod being provided with threads on the
exterior thereof which mate with and engage the interior
threads of said attachment whereby rotation of said roll
threaded rod relative to said attachment results in a change
of the length of roll threaded rod extending between said

deck formwork assembly and said attachment.

28. The apparatus of claim 27 further including a plurality
of places along the length of said roll threaded rod for
engaging the same to provide said rotation, and a wheel which
engages said roll threaded rod at said places for said.
‘rotation.
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