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(57) ABSTRACT 

A pre-cast concrete form for cast-in-place beams and col 
umns and a method of forming the same. The form includes 
a form body having a channel through a length thereof and 
a shear bonding key along the length, the channel being 
adapted to receive cast-in-place concrete therein to form a 
beam or column. The shear bonding key is integrally formed 
in the body and has a grooved portion and a ribbed portion 
for bonding the cast-in-place concrete to the form body. The 
form body may further include a reinforcing Stirrup tie cast 
therein and extending into the channel, adapted to Secure the 
form body to an opposed form body. The form body may 
include a plurality of Shear bonding keys and reinforcing 
Stirrup ties spaced apart along the length thereof. The 
method includes the Steps of positioning a pre-cast concrete 
form having a channel extending therethrough, pouring the 
cast-in-place concrete into the channel of the form, and 
bonding the concrete to the form with a shear bonding key 
integrally formed along the channel of the form. This 
method may further include the Step of Securing opposed 
forms together with a reinforcing Stirrup tie eXtending from 
the forms into the cast-in-place concrete. 
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CAST-N-PLACE HYBRD BUILDING SYSTEM 

CROSS REFERENCE 

0001. This application is a continuation of application 
Ser. No. 09/107,642 filed Jun. 30, 1998, which claims the 
benefit of the prior filed provisional application, Ser. No. 
60/051,195, filed Jun. 30, 1997. 

FIELD OF THE INVENTION 

0002 This invention relates to a building system includ 
ing a concrete precast form used as leave-in-place formwork 
for constructing cast-in-place concrete columns and beams 
for mid-rise and high-rise buildings located in both non 
Seismic and Severe Seismic areas. 

BACKGROUND OF THE INVENTION 

0003 Conventionally, cast-in-place (or poured-in-place) 
concrete beams and columns are poured in Wooden forms. 
After the beams and columns Sufficiently cure, the wooden 
forms are removed and discarded, creating a large amount of 
wasted lumber. Furthermore, Such wooden forms require 
extensive bracing and shoring. This method is also very time 
consuming, labor intensive and requires a large amount of 
on-site cast-in-place concrete. 
0004 Prior precast concrete leave-in-place forms have 
been inefficient due to the lack of shear transfer between the 
precast concrete of the leave-in-place form and the poured 
concrete therein. Without the complete composite bond and 
Shear transfer between the precast concrete form and the 
cast-in-place concrete therein, the combination is inefficient 
and uses excessive amounts of concrete and Steel reinforc 
Ing. 

SUMMARY OF THE INVENTION 

0005 Accordingly, a primary object of the subject inven 
tion is to provide a building System including an elongated 
U-shaped precast concrete leave-in-place form having Shear 
keys spaced apart along the length of the form that provide 
Sufficient shear transfer between the precast concrete of the 
form and cast-in-place concrete poured therein resulting in 
a truly composite Structure. 
0006 Another object of the subject invention is to pro 
vide a building System including a precast concrete form 
which eliminates extensive forming, shoring and waste. 
0007 Still another object of the subject invention is to 
provide a building System including a precast concrete form 
that reduces the amount of cast-in-place concrete that is 
required. 

0008. Yet another object of the subject invention is to 
provide a building System including a precast concrete form 
that decreases construction time and is leSS labor intensive. 

0009. A further object of the subject invention is to 
provide a building System including a precast concrete form 
that produces a high quality precise building frame and is 
aesthetically pleasing during construction. 

0010 Still further object of the subject invention is to 
provide a building System employing precast Waffle panels 
as flooring which provide the composite Structural floor 
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which is intimately married to the concrete beam and 
column Structure during pouring of the cast-in-place con 
crete of this hybrid system. 
0011 Yet a further object of the subject invention is to 
provide a building System employing precast column forms 
that present half-column shells having reinforcing Stirrup 
ties cast therein which extend outwardly from each form So 
that when two forms are joined together into a shell, the 
Stirrup ties of each form overlap and interlock with the 
cast-in-place concrete to form a unified column. 
0012 Yet a further object of the subject invention is to 
provide a building System having columns to which the only 
added reinforcing required is that used to tie one column 
level to the next through the beam/floor section. 
0013 These objects are attained by providing a concrete 
form including a form body having a channel through a 
length thereof and a shear bonding key along the length, the 
channel being adapted to receive cast-in-place concrete 
therein to form a beam or column. The Shear bonding key is 
integrally formed in the body and has a grooved portion and 
a ribbed portion for bonding the cast-in-place concrete to the 
form body. The form body may further include a reinforcing 
Stirrup tie cast therein and extending into the channel, 
adapted to Secure the form body to an opposed form body. 
The form body may include a plurality of shear bonding 
keys and reinforcing Stirrup ties Spaced apart along the 
length thereof. 
0014. Additionally, these objects may be attained by 
providing a method of forming a concrete cast-in-place 
beam or column, including the Steps of positioning a pre-cast 
concrete form having a channel extending therethrough, 
pouring the cast-in-place concrete into the channel of the 
form, and bonding the concrete to the form with a Shear 
bonding key integrally formed along the channel of the 
form. This method may further include the Step of Securing 
opposed forms together with a reinforcing Stirrup tie eXtend 
ing from the forms into the cast-in-place concrete. 
0015. Other objects and advantages of this invention will 
become apparent from the following description taken in 
connection with the accompanying drawings, wherein is Set 
forth by way of illustration and example, an embodiment of 
this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of a building frame 
constructed using the building System which is the Subject of 
this invention. 

0017 FIG. 2 is a perspective view of a precast spandrel 
beam form of the Subject building System. 
0018 FIG. 3 is a perspective view of a precast interior 
beam form of the Subject building System. 

0019 FIG. 4 is a sectional view of a shear key of a beam 
form of the Subject building System. 

0020 FIG. 5 is a partial perspective view of a precast 
concrete column form of the Subject building System. 
0021 FIG. 6 is a partial perspective view of a joint 
between two precast interior beam forms and a precast 
column form. 
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0022 FIG. 7 is a partial perspective view of the joint of 
FIG. 6 showing floor paneling installed therewith. 
0023 FIG. 8 is a partial perspective view of the joint of 
FIG. 7 now having reinforcing bar and dowels within the 
beam and column forms. 

0024 FIG. 9 is a partial perspective view of the joint of 
FIG. 8 showing the cast-in-place concrete beams and col 
umns of the Subject building System. 
0025 FIG. 10 is partial perspective view of the joint of 
FIG. 9 showing an additional cast-in-place column. 
0.026 FIG. 11 is a partial perspective view of a joint 
between a column form and a precast Spandrel beam form. 
0.027 FIG. 12 is a partial perspective view of the joint of 
FIG. 11 but with an additional spandrel beam form. 
0028 FIG. 13 is a sectional view of a cast-in-place 
concrete beam mounted between two cast-in-place columns 
and floor paneling. 
0029 FIG. 14 is a sectional view of a cast-in-place 
column. 

0030 FIG. 15 is a sectional view of a cast-in-place 
interior beam mounted on a cast-in-place column and Show 
ing the clamp and brace Support used therewith in the Subject 
building System. 

0.031 FIG. 16 is a perspective view of the clamp used 
with the cast-in-place columns. 

0.032 FIG. 17 is a sectional view of a cast-in-place 
Spandrel beam mounted on a cast-in-place column and 
showing the clamp and brace Support used therewith in the 
Subject building System. 

0033 FIG. 18 is an underside perspective view of a 
waffle panel floor of the type shown in perspective from 
above in FIGS. 7-10. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0034 Abuilding frame 10, as in FIG. 1, is constructed of 
precast forms 12 and cast-in-place concrete in accordance 
with the present invention. Preferably, the flooring is com 
prised of concrete waffle panels 14 as disclosed in my U.S. 
Pat. No. 4,181,286. 

0.035 Precast forms 12 are preferably used for the con 
Struction of mid-rise and high-rise buildings located in both 
non-Seismic and Severe Seismic areas. The forms 12 in 
combination with cast-in-place concrete 16 form a building 
System that can be designed as a Special Moment-Resisting 
Frame (SMRF) system or a dual system (combination 
SMRF and shear wall system) for buildings located in severe 
Seismic regions. A dual System is recommended for any mid 
to high-rise location with potential Seismic activity or high 
wind load. In such systems, a Waffle-CreteCR cast-in-place or 
precast shear wall system is used to provide at least 50% of 
the lateral load resistance and a ductile moment frame is 
designed to resist the remaining lateral load. Typically, the 
Shear walls are located at the perimeter of Stair and elevator 
cores. The System can also be designed as an ordinary 
Moment-Resisting Frame (OMRF) for structures in non 
Seismic locations. 
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0036 Precast forms 12, as seen in FIGS. 2 and 3, are 
filled with cast-in-place concrete 16 to form a beam 20. See 
FIGS. 9, 10 and 13. Beams 20 can safely span a width of up 
to 40 feet and include exterior spandrel beams, see FIGS. 2 
and 17, and interior beams, see FIGS. 3 and 9. Two opposed 
precast forms 12, as seen in FIG. 5, filled with cast-in-place 
concrete 16 form a column 22. See FIG. 14. 

0037 Precast forms 12 are elongated forms unitarily and 
integrally molded of concrete having a Substantially 
U-shaped croSS-Section. Given their shape, each form 12 
includes first and Second Spaced apart legs 30 and 32 
extending parallel to one another and connected by bridging 
member 34 which extends between corresponding ends of 
legs 30 and 32 to present a channel 36 therebetween. 
0038 Each form 12 also includes a plurality of spaced 
apart shear keys 38 integrally formed on the interior Surface 
thereof. Each key 38 preferably extends continuously from 
the free end of leg 30 along bridge member 34 and through 
second leg 32 to its free end. Shearing keys 38 are substan 
tially Z-shaped and include a rib portion 40 that extends into 
the channel 36 and a groove portion 42 that extends into the 
form 12. See FIG. 4. Keys 38 are preferably spaced apart 
151 on center. 

0039 The shear key design also provides support for the 
reinforced, bars used during the molding of forms 12 and 
later for Supporting and holding the cast-in-place reinforce 
ment bars the proper distance from the Surfaces of the 
precast leave-in-place form 12. 

0040 Both column and beam forms 12 include reinforc 
ing bar stirrup ties 50 molded integrally therein. See FIGS. 
13 and 14. The free ends of stirrup ties 50 molded within 
column forms 12 extend from within legs 30 and 32 of 
column form 12 into channel 36. See FIG. 5. Stirrup ties 50 
are spaced apart from each other and from shear keys 38. 
Preferably, one stirrup tie 50 is molded between each shear 
key 38 or as required by engineering design for Stirrups. 

The Construction Process 

0041. The construction process begins with the produc 
tion of the precast U-shaped forms 12. Shear keys 38 are 
integrally molded with forms 12 whether forms are to be 
used as beams 20 or columns 22. Reinforcing bar ties 50 are 
also molded integrally within forms 12. After an overnight 
curing period, forms 12 are demolded from plastic and 
aluminum molds. 

0042 Columns 22 include two forms 12 placed together 
to present a column shell with the free ends of one forms 
legs 30 and 32 contacting the free ends of the opposed 
form's legs 30 and 32, with the channels 36 presenting a 
hollow passage therethrough. See FIGS. 6-8, 11 and 14. 
0043. Forms 12 are then erected as beams 20 and col 
umns 22 with minimal shoring and bracing. In this regard, 
See FIGS. 15-17 which show column clamp 60 used to 
Secure opposed column forms 12 together as a column 22 
and the brace 62 used to support the beams 20 and columns 
22. More specifically, beam forms 12 can typically Span 
twenty feet between temporary pipe column brace 62. Tem 
porary Steel angle clamp 60 is used at the top and bottom of 
each column 22 to provide diagonal bracing and lateral 
Support to the System during cast-in-place concrete place 
ment. Thus, very little concrete patching or rubbing is 
required. 
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0044) When the precast forms 12 and waffle floor panels 
14 are in place, braced and Shimmed, reinforcement bars and 
dowels are positioned within forms 12. See FIGS. 7 and 8. 
The cast-in-place concrete 16 is then poured into forms 12 
to create beams 20 and columns 22. See FIGS. 9 and 10. 
The precast forms 12 are designed to carry the weight of 
precast floor panels 14, associated forming dead loads 
during concrete placement and wet concrete. 
004.5 The cast-in-place concrete 16 fills the groove por 
tion 42 of each shear key 38, and the rib portion 40 of each 
shear key 38 extends into the cast-in-place concrete 16. In 
this way, the shear keys 38 sufficiently bond the form 12 to 
the cast-in-place concrete to create an integral, unitary 
Structure, i.e., beam or column. Columns 22 additionally 
rely on the bonding action of stirrup ties 50 to sufficiently 
Secure opposed forms 12 together for final hybrid column 
performance. 

Having thus described the invention, what is claimed as new 
and desired to be Secured by letters patent is as follows: 
1. A concrete form, comprising: 
a form body having a channel extending through a length 

thereof and a shear bonding member along Said length, 
Said channel being adapted to receive cast-in-place con 

crete therein to form a beam or column, 
Said shear bonding member being integrally formed in 

Said body and having a groove portion and a rib portion 
adapted to bond the cast-in-place concrete to Said body 
form. 

2. A concrete form as claimed in claim 1 wherein Said 
form body is substantially U-shaped. 

3. A concrete form as claimed in claim 1 wherein Said 
form body further includes a tie member mounted to said 
body and extending into Said channel, Said tie member being 
adapted to Secure Said form body to another form body. 

4. A concrete form as claimed in claim 3 wherein Said 
form body includes a plurality of Shear bonding members 
Spaced apart along Said length. 

5. A concrete form as claimed in claim 4 wherein Said 
form body includes a plurality of tie members. 

6. A concrete form as claimed in claim 5 wherein Said tie 
members are Spaced apart from Said shear bonding mem 
bers. 

7. A building System, comprising: 
a beam including cast-in-place concrete Secured within a 

pre-cast concrete form; and 
a column including cast-in-place concrete Secured within 

opposed concrete forms, 
each said form being Substantially U-shaped to present a 

channel extending through a length thereof, and having 
a shear bonding member, 
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Said bonding member being integrally pre-cast with Said 
form, having a groove portion and a rib portion adapted 
to bond the cast-in-place concrete to Said form body. 

8. A building system as claimed in claim 7 wherein said 
opposed forms further each include a tie member mounted 
on each said form extending into Said channel to Secure Said 
opposed forms together. 

9. A building system as claimed in claim 7 wherein each 
Said form includes a plurality of Said bonding members 
Spaced apart along Said length thereof. 

10. A building system as claimed in claim 8 wherein each 
Said form includes a plurality of Said bonding members 
Spaced apart along Said length thereof. 

11. A building System as claimed in claim 10 wherein Said 
opposed forms each include a plurality of Said tie members 
Spaced apart from Said bonding members. 

12. A method of forming a concrete cast-in-place beam or 
column comprising the Steps of 

positioning a pre-cast concrete form having a channel 
extending therethrough, 

pouring cast-in-place concrete into the channel of the 
form, 

bonding the concrete to the form with a shear bonding 
member integrally formed along the channel of the 
form, a portion of the bonding member extending into 
the poured concrete and another portion of the bonding 
member receiving the concrete therein. 

13. The method as claimed in claim 12 wherein said 
positioning Step includes positioning pre-cast concrete 
forms adjacent one another in an opposed relationship, and 
Said pouring Step includes pouring cast-in-place concrete 
into the channels of the opposed forms. 

14. The method as claimed in claim 12 and further 
including the Step of Securing the opposed forms together 
with a tie member extending from the forms into the 
cast-in-place concrete. 

15. The method as claimed in claim 12 wherein said 
bonding Step includes bonding the concrete to the form with 
a plurality of Shear bonding memberS Spaced apart along the 
channel of the form. 

16. The method as claimed in claim 14 wherein said 
bonding Step includes bonding the concrete to the forms 
with a plurality of shear bonding memberS Spaced apart 
along the channel of each form, and Said Securing Step 
includes Securing the forms together with a plurality of tie 
memberS Spaced apart from the Shear bonding members. 


