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In the construction of high-rise buildings using reinforced concrete, a core,

which is typically the lift or stair well provides the required stiffness fo prevent
sheering at the footings through twisting of the building. The core is usually cast
using jump form or conventional casting techniques and as it is constructed, the
20 individual floor structures are also cast in situ and extend out from the core. On
completion of the various storeys of the building, the perimeter wall is installed
between adjacent storeys and finished from the exterior of the building with the
aid of external scaffoiding. The peripheral wall is usually made from a block or
glass construction and is supported by the individual floor structures of the
25 building.

It is well recognised that being able to minimise the construction time can
provide substantial cost savings. Accordingly, it is a continuing aim to refine
construction techniques to provide more efficient systems which minimise the
construction cycle times.

30 An aim of the present invention is to provide a new construction technique

for reinforced concrete multi-storey buildings. A particular aim of the invention is
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enables the simultaneous construction of multiple storeys of the building.

15 In a particularly preferred form, the perimeter wall is formed using a
slip-form or jump-form casting technique. This has the advantage that it enables
the perimeter wall fo be constructed without the need for external scaffolding.
Moreover, because of the smooth finish provided by a jump-form formwork
system, the amount of finishing required to the wall is substantially minimised. [n

20 particular, the external wall can merely be skim-coated and painted since the
system formwork can achieve a smooth surface. This eliminates the erection of
external scaffolding for finishing work since plastering of the external wall is not
necessary. In the present invention, the finishing work can be carried out by
using gondolas suspended from the roof following completion of the structure of

25 the building.

The concrete slab which completes the floor structure of the individual
storeys of the building may be cast on-site or formed from precast elements. In a
particularly preferred form of the invention, the concrete siab is formed from a
combination of precast elements with a cast in situ topping. With this

30 arrangement, preferably the beams, the precast elements and the cast in situ
topping form a monolithic structure. Preferably, the floor structure includes both

top and bottom steel reinforcement with the top reinforcement being formed in the
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apart reinforced concrete elements which are interconneclted by steel
reinforcement. In use, the concrete columns are positioned and the floor
15  structure of the building is constructed to extend between these respective
concrete elements.

In a further aspect, the invention relates to a precast reinforced concrete
column for use in a multi-storey building, the column including a plurality of
aligned reinforced concrete elements, the elements being spaced apart and

20 interconnected by steel reinforcement, wherein the respective elements form the
column for a respective storey of the building and wherein the spacing between
adjacent elements provides a gap to enable a floor structure to be constructed
between the adjacent elements.

Preferably the precast column is adapted to receive the edge region of at

25 least one precast beam, the beam being adapted to form part of the floor
structure. In a particularly preferred form, the concrete column is adapted to
receive and support a plurality of beams within the gap between the adjacent
elements.

An advantage of the precast column of this aspect of the invention is that it

30 enables the construction of a structural joint of a beam between adjacent columns
without requiring any coupling devices such as splice sleeves or the like to

continue the reinforcement into the adjacent column. In this aspect of the present
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the adjacent elements;

(ii) providing at least one precast reinforced concrete beam;
(i)  locating a region of the or each beam in the gap; and
(iv) making a structural joint by casting concrete into the gap so as to form a
15 unitary structure between the column elements and the or each beam.
Preferably each beam is supported at an edge region of an upper surface
of the second element. Preferably, the edge region is recessed to provide a seat
or pocket for receiving the beam.
In one form the steel reinforcement interconnecting the first and second
20 elements extends entirely through a central region of the elements which is
adjacent to the recessed edge region of the second element. In another form, at
least some of the reinforcement extends through the edge region.
In one form, at least one of the beams includes exposed'reinforcement
which extend into the recess on locating that beam in position. In the case where
25 the steel reinforcement interconnecting the elements of the columns extends
through the edge region, the reinforcement extending from the beam, is
positioned so that there is no obstruction with the column reinforcement when the
beam is located in position. In a particularly preferred form, the steel
reinforcement interconnecting the elements of the column extends through a
30 central part of the recess and wherein the reinforcement from the beam is offset
from the centre of the beam so as to ensure that there is no obstruction on

positioning of the beam.
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Figure 12. Figure 1 illustrates a typi Hem ng pl an
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| oadi ng i nduced in 25 coltums at different heights. In addition, the
configuration of Higere basladgpicahsforey framing plaasofan btiitding shade in wttorduacy
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each designated 17. The elenents 17 are spaced apart from one another so as
to form recefdle praseshinyestiorsi gned to accommodate a part of the floor
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adj acent
Figure 4 is a detailed plan view of a first precast beam-column joint of the

15  building of Figure 1;
Figure 5 is an elevation view of the joint of Figure 4;
Figure 6 is a detailed plan view of a second precast beam-column joint of
the building of Figure 1;
Figure 7 is an elevation view of the joint of Figure 6;
20 Figure 8 is a detail plan view of a third beam-column joint of the building of
Figure 1;
Figure 9 is an elevation view of the joint of Figure 8;
Figure 10 is detailed plan view of a precast beam-wall joint of the building
of Figure 1;
25 Figure 11 is an elevation view of the joint of Figure 10;
Figure 12 is a schematic plan view of an alternative joint detail of the beam
and column and perimeter wall of the building of Figure 1; and
Figure 13 is a detailed elevation view of the beam-column joint of
Figure 12,
30 Figure 1 illustrates a typical storey framing plan for a high rise reinforced
concrete building 10 which in the illustrated embodiment is for residential

apartments.



5  elenents. Wth this construction, the respective el enents—17 of the
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appreciated that whilst the 5 illustrated units oreys, other

si zes could be enpl oyed. Each8ol um unit is adapted to be

connected 1o 1ts Al HAlingCf) WBAUY b Mhimeter Wl 1 QAOSEEIE SORI Shef a

rei nforcenent in resp lve units. e ustrate orm

| oner end 2GifRbrd h2 el stalicass iveld 3| attlofidicts aie fooied fromireinferced wonceete
splice sleeves (not shown) which are arranged to receive steel

r ei nf or cemerandL8relcastiim it upingta e farmdermwerkigdemend 25 of the

i mmedi at el y adj acgnt ,cql.um uni . [ janal
view of the fl oo‘rlﬁ%q PH@?'U%&L%%”?W 'P%Wi‘?? ALy tlerrrll af:il%at?r é‘egﬁ'ﬁ@ sltrﬁgtnl’ggiq&\'l(‘:'?ﬂdes
a precastg b e I RligopdcNesbrierete Rofmias 24 @nbich dmsthe rillustratedi tu
t oppi ng %32.q$ﬁlejdt8(§)pgf%%gasg;gils cast in situ and bi ndsa?he various parts 15

t oget her so émbbdinfentfareodiffstantiatad by dbe gefrrenes G {0 CR. f The codirppg @ige

I or ol ST LT L oL oL O, BT L Sy o e
rel nforcemrﬁ%@i%ﬁémﬂp%m& s%%?in more BEGRTRiowean20 whereas the top
n e cas

rei nforcene Fis part o toppi ng 22. 20 Figures 4
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floor structure as will be discussed in more detail below.

The columns are aligned throughout the building and are formed from
precast reinforced concrete column units 16. In the illustrated form, each column
unit spans three storeys of the building and comprises three separate elements,

20 each designated 17. The elements 17 are spaced apart from one another so as
to form recesses which are designed to accommodate a part of the floor
structure 15 so as to enable the floor structure to extend between the adjacent
elements. With this construction, the respective elements 17 of the column
unit 16 each span between adjacent floor structures 15 of the building.

25 Fach column unit is precast with steel reinforcement 19 which
interconnects the adjacent elements 17. It is to be appreciated that whilst the
illustrated units span three storeys, other sizes could be employed.

Each column unit is adapted to be connected to its adjacent column unit by
interconnecting the steel reinforcement in the respective units. In the illustrated

30 form, the lower end 26 of the column unit 16 includes suitable couplings, such as

splice sleeves (not shown) which are arranged to receive steel reinforcement 18



the el ements is positioned to extend through a central reglon 32 of t
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respecti ve beans.
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into the recesses 42, 43 between the upper end 31 of the | ower colum
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this arrangerrent an additional beam 2 extends fromthe colum

el enent ampilng %leoned In the recess 42 adjacent to the beam 20" at
right angle Lo th| To, accommodat.e this rran enent e recess
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Turning firstly to the arrangements illustrated in Figures 4 and 5, two
15 beams 20' and 20" are aligned with a column unit 16 and adapted to extend
outwardly from opposite sides 28, 29 thereof.

The beams 20 are arranged to be supported on an upper end 31 of the
element 17 of the column unit 16. The upper end 31 has a stepped configuration
to provide recesses 42, 43 at edge regions 33 of the element 17 which are

20 adapted to receive respective ones of the beams20' 20" The steel
reinforcement 19 which extends across the adjacent elements 17 to interconnect
the elements is positioned to extend through a central region 32 of the elements
thereby leaving the edge regions 33 free to receive the respective beams.

The recesses 42, 43 are both of a height which is approximately equal to

25 the height of beams 20/, 20". Each beam locates on an upper bearing surface 34
of the respective recesses 42, 43 and is placed on a thin mortar bed to assist in
transfer of stresses. Furthermore the bottom reinforcement 24 of the beams
project out from their respective ends 30 and in the illustrated arrangement, a
piate 35 is welded on to the exposed end of the steel reinforcement 24 to anchor

30 the reinforcement to the end of the beam.

Once the beams 20 are located in position, the half planks 21 are installed

on temporary props (not shown) and the upper reinforcement is positioned in



The joint of Figure 6 and 7 is constructed in theyaapR, MK AR | Oi Nt of
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15 and to nmake the fl oor structure 15, incorp i ans 20,

20" and 20"', unitary wth the adjacent g elements 17 of the concrete
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perineter wall 11 and the floor structure 15. The wall 11 includes a recess
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placement of the beams 20', 20",
16 The joint of Figure 6 and 7 is constructed in the same way as the joint of
Figures 4 and 5 with the topping being cast into the recesses 42, 43 and between
the elements 17 to form the slab 25 of the floor structure 15 and to make the floor
structure 15, incorporating the beams 20', 20" and 20", unitary with the adjacent
elements 17 of the concrete unit 16.

20 A further variation is illustrated in Figures 8 and 9 where the third beam 20"
is again incorporated. However in this arrangement the beams are configured
with the columns to form a T-shape with the beam 20" being aligned with the
column element 17 whereas beams 20' and 20" extend transverse to the column
element. Again, the recess 42 is enlarged to accommodate the beams 20' and

25 20" and reinforcement 37 is included to extend through the recess 42.
Completion of the floor structure and the construction of the joint between the
beams of the column unit 16 is completed in a similar fashi.gn as to the earlier
embodiments.

The floor structure 15 is coupled to and supported by the perimeter wall 11.

30 Figures 10 and 11 illustrate a detailed view of the connection between the
perimeter wall 11 and the floor structure 15. The wall 11 includes a recess 38

which is arranged to receive the edge of the beam 20 so as to enable the
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and scaffol ding (not shovvn) and the steel reinforcenent 23 for the concrete

5 topping i wallidn erected. The beam 20 is then coupled to the top
rei nforcenent by ncrete s thep cast
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the colum apdatii®d | QRS the Preddst! ESIUAMENRY & cast in situ wall 11. In this

arrangement, the bottom reinforcement 24 of the beams project outwardly and
15  upwardly beyond the ends 30 of the beam 20. Similar to the earlier embodiment,
the precast columns include recesses 42, 43 which are formed at the upper
end 31 of the respective column elements 17. However, in this arrangement, the
body of the precast beams are not supported on the bearing surfaces 33 of the
recesses. Rather they extend laterally adjacent to the column recess 42, 43 with
20 only the extension of the bottom reinforcement extending into the recess 42. This
arrangement allows adequate clearance to simplify the placement of the beams
by enabling the beams to be swung into position through a horizontal plane as
iflustrated in Figure 12.
As can be seen in Figures 12 and 13, the bottom reinforcement 24 is offset
25 from a centre of the beam 20. This is done to ensure that as the beam is swung
into position it does not obstruct with the reinforcement 37 which extends through
a central region of the respective recesses 42, 43.
Once swung into position, the beams are supported temporarily by props
and scaffolding (not shown) and the steel reinforcement 23 for the concrete
30 topping is then erected. The beam 20 is then coupled to the top reinforcement by
stirrups 44. Concrete is then cast in situ to complete the floor structure and to

form the structural joint between the column and the floor in a similar manner as
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using gondolas suspended from the roof. The windows are fixed from within the
15  building. No external scaffolding is required.

An advantage of the construction system according to the invention is that
it enables faster cycle times by the use of precast internal load bearing members.
Furthermore, the use of precast column units which span a plurality of storeys of
the building further increase the cycle times as it enables the simuitaneous

20 construction of multiple storeys of the building.

A further advantage of a preferred form of the invention is that the column
elements do not include a corbal to support the beam and that their width is the
same as the precast beams. This simplifies the precasting process as it enables
both the beam and the column to share a linear precasting steel mould. Further

25 advantages are obtained by simplifying the column-beam joint detail which again
speeds up the construction time. Finally by constructing the yval!s in situ, using a
system jump formwork system eliminates labour intensive and costly plastering
and external scaffolding.

It will be understood that various alterations, modification and/or addition

30 may be introduced into the construction an arrangement of the parts previously

described without departing from the spirit or ambit of the invention.
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The claims: .
1. A method of constructing a multi-storey building including the steps:

casting in situ a reinforced concrete perimeter wall;

providing precast load bearing members including precast reinforced
concrete columns and beams;

locating the concrete columns within the perimeter wall;

supporting the beams on the concrete columns; and

establishing a concrete slab over the beams to form an individual floor
structure of the building.
2. A method according to claim 1 wherein at least some of the beams are
also supported on the cast perimeter wall.
3. A method according to either claim 1 or 2, wherein the beams are
supported on the columns or the cast perimeter wall at their end regions.
4, A method according to any preceding claim wherein the concrete slab
includes a combination of precast reinforced concrete planks with a cast in situ
topping, the planks being located over the beams and the topping being cast over
the planks so that the planks and beams combine with the topping to form a
unitary structure.
5. A method according to any preceding claim wherein the perimeter wall is
cast in advance of the placement of the internal load bearing members.
6. A method according to any preceding claim wherein the internal load
bearing members include reinforced concrete column units, each column unit
having an upper and lower end and being adapted to extend over a plurality of
the storeys of the building and wherein the column unit is located within the
perimeter wall and wherein respective ones of the precast beams are supported
on the column unit at predetermined spaced intervals between its upper and
lower ends. '.
7. A precast reinforced concrete column for use in a multi-storey building, the
column including a plurality of aligned reinforced concrete elements, the elements
being spaced apart and interconnected by steel reinforcement, wherein the

respective elements form the column of a respective storey of the building and
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8. A precast column according to claim 7 wherein the element located

immediately below said gap includes an upper end which incorporates at least
5 one recess adapted to receive a precast reinforced concrete beam, said beam
being arranged to form part of said floor structure.
9. A precast column according to claim 8 wherein at least a majority of the
steel reinforcement extends through a central region of the respective concrete
elements and wherein the or each recess is located adjacent to said central
10  region.
10. A precast column according to either claim 8 or 9, wherein at least some of
the steel reinforcement extends through at least one of the recesses.
11. A concrete column according to any one of claims 7 to 10, wherein the
column includes opposite distal ends, at least one of the distal ends incorporating
15  exposed reinforcement to enable the column to be connected to a like column.
12. A method of forming a structural joint between a precést reinforced
concrete column and a precast reinforced concrete beam, the method including
the steps of:
() providing a precast reinforced concrete column, the column including first
20 and second elements which are vertically aligned which the first element
being disposed above the second element, the elements being spaced
apart and interconnected by steel reinforcement to provide a gap between
the adjacent elements;
(ii) providing at least one precast reinforced concrete beam;
25 (i) locating a region of the or each beam in the gap; and
(iv) making a structural joint by casting concrete into the gap so as to form a
unitary structure between the column elements and the“or each beam.
13. A method according to claim 12 wherein each beam is supported on an
upper surface of the second element.
30 14. A method according to claim 13 wherein the upper surface of the second
element is recessed to provide a seat for receiving and supporting at least one

said beam.
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17. A method according to claim 16, when dependent on claim 14, wherein
steel reinforcement interconnecting the first and second elements extends
through said seat, and wherein the steel reinforcement extending from the beam
10 s offset from a centre of the beam so as to be spaced from the reinforcement
extending through the seat on positioning of that beam.
18. A method according to any one of claims 12 to 17, wherein the beam is

located in the gap by being swung through a generally horizontal plane.



