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57 ABSTRACT 

A unitized framework of steel beams with reinforcing 
rods and stiffening brackets welded throughout, and 
made completely rigid by casting concrete within the 
framework and bonding the concrete to the frame 
work, provides a rigid panel that approximates the 
characteristics of a reinforced concrete plate while re 
quiring less concrete and less steel than prior art pan 
els for equal load conditions. The steel and concrete 
plate is constructed by arranging steel members into a 
framework, the size and shape of the desired plate, 
and welding adjacent metered ends of the members 
together. Added framework rigidity is provided by 
welding stiffening steel members at each corner. A 
plurality of reinforcing rods, spaced apart, extend 
from one side of the framework to the other. The rein 
forcing rods are first welded to a spacer bar having 
predetermined holes slightly larger than the rods and 
are then welded to the steel members. Added lateral 
support is provided for the reinforcing rods by welding 
several additional rods to the opposite sides of the 
framework substantially perpendicular to the first set 
of reinforcing rods. The rigid plate construction is fi 
nalized by casting concrete into the steel framework 
which is previously prepared with a mounting agent. 
The resulting unitary steel and concrete plate requires 
less concrete and less steel than normal panels when 
subjected to equal loads. 

7 Claims, 8 Drawing Figures 
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METHOD OF MANUFACTURING REINFORCED 
CONCRETE PANELS 

This is a division, of application Ser. No. 24,322, 
filed Mar. 15, 1971, now U.S. Pat. No. 3,774,359. 

SUMMARY OF THE INVENTION 
This invention relates to reinforced concrete plates, 

and more particularly to steel framed reinforced con 
crete plates and methods for manufacturing them. 
Although voluminous art has been developed in the 

building construction field, concrete and steel panels 
are still manufactured with all steel members in a sim 
ple or continuous span condition. The members are all 
semi-rigid and, consequently, are free to rotate and 
twist by themselves, retarded only by the concrete rein 
forcements. In order to strengthen the forces that these 
concrete panels can tolerate, large amounts of concrete 
are employed. 

OBJECTS OF THE INVENTION 

It is a principal object of this invention to provide a 
steel and concrete panel which is a unitary rigid struc 
ture that approximates the characteristics of a rein 
forced concrete plate. 
Another object of this invention is to provide a steel 

and concrete panel which is stronger and uses less con 
crete and steel than prior art panels. 
Another object of this invention is to provide a steel 

and concrete panel of the above character which is ap 
plicable for use as walls, ceilings, and/or floors. 
A further object of this invention is to provide a steel 

and concrete panel of the above character which, when 
mounted in place, equals or surpasses the characteris 
tics of an embedded beam. 
Other and more specific objects will be apparent 

from the features, elements, combinations, and operat 
ing procedures disclosed in the following detailed de 
scription and shown in the drawings. 
The concrete and steel panel of this invention com 

prises a unitary welded steel framework with a network 
of welded reinforcing rods surroundingly reinforced by 
concrete. Resistance to twisting moments at the cor 
ners of the panel is established by welding stiffening 
members across each corner. The unitary nature of the 
panel is assured by bonding the steel framework to the 
concrete. Consequently, concrete shrinkage away from 
the steel framework is substantially reduced. The re 
sulting panel which contains steel and concrete in inti 
mate contact throughout, uses less concrete and steel 
than existing panels. The unitary rigid concrete and 
steel panel of this invention approximates the structural 
characteristics of a reinforced concrete plate. Such a 
construction far surpasses the normal prior art panel 
which at best is capable of withstanding the forces 
characteristic of beams. 

THE DRAWINGS 

For a fuller understanding of the nature and objects 
of the invention, reference should be had to the follow 
ing description taken in connection with the accompa 
nying drawings, in which: 
FIG. 1 is a top plan view of the concrete and steel 

panel of this invention, with one steel member in a 
Straightening yoke; 
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FlC. 2 is a side view partially in cross section of one 

steel member of the panel of this invention prior to 
welding of the reinforcing rod; 
FIG. 2A is a view similar to that of FIG. 2, with the 

reinforcing rod welded in place; 
FIG. 3 is a side view partially in cross section of an 

other embodiment of a steel member for the panel of 
this invention, prior to welding of the reinforcing rod; 

FIG. 3A is a view similar to that of FIG. 3, with the 
reinforcing rod welded in place; 
FIG. 4 is a perspective view of a removable pickup 

assembly mounted to a steel member of the panel of 
this invention; 

FIG. 5 is a cross-sectional side view showing the 
panel of this invention installed in a completely embed 
ded position; and 
FIG. 6 is a schematic view showing the theoretical 

moment of reduction factor for simple span and em 
bedded plates as a function of the physical constant of 
the panel. 

DETALED DESCRIPTION 

A concrete and steel panel 20 according to this in 
vention can best be seen in FIG. 1. Panel 20 comprises 
an outer peripheral framework 21 of L-shaped (angle 
section) steel members 22, 24, 26 and 28. One end of 
steel member 22 and one end of steel member 24 are 
mitered and welded together to form a semi-rigid cor 
ner. The remaining corners of framework 21 are simi 
larly mitered and welded. By welding the steel mem 
bers together, the rigidity of peripheral framework 21 
is increased along with its resistance to bending mo 
rentS. 
Additional rigidity is provided to framework 21 by 

welding steel stiffeners 30 to adjacent steel members at 
each corner. The use of stiffeners 30 is included in the 
preferred embodiment since it substantially increases 
the framework's resistance to bending moments. Fur 
thermore, although angle section beams are shown in 
FIG. 1, it should be obvious to one skilled in the art that 
any steel beam, such as channel, I section, etc., can be 
successively employed in carrying out the principles of 
this invention. 
When steel members 22, 24, 26, and 28 are mitered 

and welded together along with the stiffening members 
30, the steel members have a tendency to warp and 
twist. To prevent twisting and assure that each steel 
member is straight and in the desired angular relation 
ship with the adjacent members, a straightening yoke 
assembly 70 is employed. Yoke assembly 70 comprises 
a straightening yoke 71 and adjustable bolts 72 and 
nuts 73. Bolts 72 are placed through the plurality of co 
operating holes in steel member 22, with nuts 73 on 
both sides of the steel members. By tightening nuts 73 
against steel member 26 at the plurality of locations 
along its length, applying either tension or compression 
to the steel member, as required, the complete straight 
ness and angular relationship of steel member 22 is as 
sured. Although yoke assembly 70 is shown only for 
steel member 22, similar yoke assemblies are provided 
for steel members 22, 24 and 28 to assure that frame 
work 21 is completely straight and the desired angular 
relationship between the steel members is properly 
maintained. It should be obvious to one skilled in the 
art that clamps, turnbuckles and similar equipment can 
be employed in lieu of or with the bolts. 
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The next requirement in producing rigid concrete 
and steel plate 20 is to secure a network of reinforcing 
rods to framework 21. First, reinforcing rods 32 are 
placed in spacer bar 35 and then into spacer bar 37. 
Spacer bars 35 and 37 are shorter in length than the in 
side dimension of steel members 24 and 28, and con 
tain a plurality of holes having a diameter slightly 
greater than the dimension of reinforcing bars 32. The 
holes in spacer bar 35 are located a position that will 
assure that the central axis of each reinforcing bar 32 
is substantially perfectly aligned with the center of 
gravity on the vertical leg of steel member 24. As will 
be more fully explained below, the reinforcing bars 32 
are welded to spacer bar 35 and then to steel member 
24 substantially along its center line of gravity. The 
center line of gravity for each steel member is well 
known in the art, and generally refers to the line defin 
ing the center of gravity of individual cross-sections of 
said steel member. 

In the preferred embodiment, the reinforcing bars 32 
comprise deformed or notched peripheral surfaces. 
The use of deformed reinforcing bars presents a sub 
stantially greater surface area for holding interaction 
with the concrete. If desired, steel cables can be used 
in place of reinforcing bars 32. Reinforcing bars 32, 
after having been welded to steel member 24, lie within 
framework 21 in a limp, sagging condition. In order to 
straighten reinforcing rods 32 and assure that reinforc 
ing rods 32 remain in a substantially straight condition, 
the reinforcing rods 32 are first circumferentially 
welded to spacer bar 37. The straightening operation 
can best be seen by referring to FIGS. 2 and 2A. 

Steel member 28 comprises a vertically extending leg 
27 and a horizontally extending leg 29. Since leg 29 is 
longer than leg 27, the center line of gravity on leg 27 
is very close to the line of intersection of the two legs. 
When the steel member being employed has a low cen 
ter of gravity, reinforcing rods 32 will be welded to 
both legs 27 and 29. 
To assure the substantial straightness and secure 

welding of reinforcing rods 32, the reinforcing rods are 
first cut, if necessary, to allow the terminating end of 
the reinforcing rods 32 to abut leg 27 of steel member 
28 when the rods 32 have been straightened. Spacer 
bar 37 incorporates a plurality of bolts 42 which pass 
through cooperating holes in leg 27 of steel member 
28. Nuts 43 are threaded onto bolts 41 and tightened 
against the outer edge of yoke 71 or leg 27. 

In order to straighten reinforcing rods 32, the nuts 43 
are rotated causing spacer bar 37 and reinforcing rods 
32 to be drawn toward leg 27 of steel member 28. This 
process is continued until reinforcing rods 32 are sub 
stantially straight throughout their entire length. 
As shown in FIG. 2A, the reinforcing rods 32, while 

maintained in their substantially straight position, are 
securely welded to steel member 28, with the central 
axis of the reinforcing rods 32 substantially aligned 
with the center line of gravity of steel member 28 on leg 
27. The terminating ends of the reinforcing rods 32 are 
welded to leg 27 of member 28, and the portion of the 
reinforcing rods 32 that is in contact with leg 29 of 
member 28 are securely welded to member 29. The 
ends of rods 32 are similarly welded to members 24 and 
28 to assure that rods 32 are securely welded and will 
remain in a substantially straight condition. 
The straightening of reinforcing rods 32 and the 

welding of the rods along the centerline of gravity of 
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4 
the steel members are extremely important. The sub 
stantial straightness of rods 32 provide assurance that 
the panel of this invention when longitudinally tilted up 
or hoisted and placed in position will substantially pos 
sess the structural characteristics of a column. The 
welding of the rods at the centerline of gravity of the 
steel members provides assurance that any deflection 
of the panel of this invention causes the compressive 
forces generated to pull the steel members at their cen 
ter of gravity, thereby preventing rotation of the steel 
members. 

In FIGS. 3 and 3A, the welding operation of reinforc 
ing rods 32 to a steel member 60 having a centerline of 
gravity substantially above the intersecting legs of the 
bracket can best be seen. Steel member 60 comprises 
a vertically extending leg 61 which is substantially 
greater in length than horizontally extending leg 62. 
Consequently, the centerline of gravity on leg 61 is at 
a point substantially above leg 62. Although steel mem 
ber 60 depicts an angle member, it is obvious to one 
skilled in the art that steel members, such as channel, 
I section, etc., would have the higher centerline of grav 
ity depicted by member 60. 
A plurality of holes would be drilled on leg 61 of 

member 60 having a diameter slightly larger than the 
diameter of reinforcing rods 32 at an axis coinciding 
with the centerline of gravity of member 60. Spacer 
bars similar to the above-described spacer bars 35 and 
37 are employed. However, the holes through which 
reinforcing rods 32 pass are juxtaposed to the holes in 
leg 61 and are substantially aligned therewith. Once re 
inforcing rods 32 have been securely welded to one end 
of steel and concrete plate 20, rods 32 would be 
straightened, using the spacer bar and the cooperating 
bolts and nuts as described above. The only difference 
in straightening and welding rods 32 when using mem 
ber 60 is that the rods 32 are not cut prior to straighten 
ing and, instead, advance through the hole in leg 61 
during the straightening operation. 
After rods 32 have been substantially straightened, 

rods 32 are circumferentially secured to the inside face 
of leg 61 of member 60 by weld 65, best seen in FIG. 
3. The portion of rods 32 which extend beyond the out 
side face of leg 61 of member 60 are burned off and 
then secured to the outside face of leg 61 by plug weld 
64, best seen in FIG. 3A. 

It is important to note that members 24 and 28 must 
be straightened after each welding operation as previ 
ously described for member 22 using yoke assembly 70. 
The straightening operation on the steel members must 
be performed for each steel member after every weld 
ing operation on that member to assure and maintain 
the member substantially straight and in the desired an 
gular relationship with its adjacent members. 
The next step in the construction of steel and con 

crete panel 20 is to place reinforcing rods 34 substan 
tially perpendicular to reinforcing rods 32 extending 
from steel member 22 to steel member 26, Reinforcing 
rods 34 are welded at their ends to steel members 22 
and 26, while also being welded to reinforcing rods 32 
at each point of contact. After straightening steel mem 
bers 22 and 26 with yoke assembly 70, the semi-rigid 
framework is moved to the casting bed. At this point in 
the construction of the panel, the semi-rigid framework 
is capable of being a beam by itself. However, all mem 
bers are free to individually rotate and twist, since they 
are merely in a simple span condition. 



S 
The final step required to construct rigid panel 20 is 

to cast concrete 36 within the confines of framework 
21. Prior to pouring of the concrete into framework 21, 
the entire interior steel framework is thoroughly 
cleaned to remove all scale, rust, etc. Various methods 
may be employed to clean steel framework 21, such as 
sand blasting, wire brushing, or pickling. 
After steel framework 21 is clean and dry, a commer 

cial bonding agent, which will create a bond between 
concrete and steel, is brushed, rolled, or sprayed onto 
the inside legs of steel members 22, 24, 26 and 28, 
along with spacer bars 35 and 37. After the required 
time has elapsed with epoxy applied to become tacky, 
concrete 36 is cast within the confines of framework 
21. 
The use of epoxy on steel framework 21 prior to cast 

ing of concrete 36, provides assurance that steel and 
concrete will bond together. In prior art steel frame 
concrete panels, no provision was made for the shrink 
age of the concrete. As a result, the steel members were 
free to deflect under load prior to contacting the con 
crete reinforcement. By placing a bonding agent onto 
cleaned steel members prior to casting of the concrete, 
concrete shrinkage is substantially eliminated and 
thereby gaps between the concrete and the steel are 
prevented. The resulting effect is the creation of a uni 
tary steel and concrete panel which possesses the struc 
tural characteristics of a concrete plate. 
Concrete and steel panel 20 is now a completely rigid 

unitized structure which approximates the characteris 
tics of an embedded beam. Regardless of whether or 
not a beam is in a fixed position, the beam bends under 
load, either dead or live. consequently, a deflection Oc 
curs. In panel 20, in order for a deflection to exist, two 
sides must move towards each other. Therefore, if 
beams 22 and 26 are put in tension, they would tend to 
pull beams 24 and 28 together. However, movement of 
beams 24 and 28 towards each other places concrete 
36 in compression. Since the entire panel 20 is rigidly 
unified, the major moment generated by these forces is 
at the corners of panel 20. Since each corner contains 
a stiffening bracket, the forces generated are resisted 
and the midpoint of beams 22 and 26 have less deflec 
tion than the exact midpoint of the panel. 
Since the unitized steel and concrete panel 20 sub 

stantially reduces deflection, the panel's resistance to 
moment is substantially increased and consequently a 
thinner concrete slab is required while providing a 
panel of greater strength. Furthermore, it has been 
found that the steel and concrete panel of this inven 
tion may be lifted within two or three days after it has 
been cast. To assure bonding between the concrete and 
steel, members 24 and 28 are straightened and a slight 
tension is placed on 32. As the concrete sets and starts 
to shrink, the tension is reduced. 

If beams 22 and 26 were substantially greater in 
length than beams 24 and 28, an additional stiffening 
and attachment rod 80 would be welded to the steel 
members substantially at their midpoint. This type of 
reinforcing rod provides the added stiffness required to 
allow all components to act together, while also provid 
ing an additional surface to which interior panels may 
be welded. 

In FIGS. 1 and 4, removable pickup unit 38 can best 
be seen. In the preferred embodiment, two pickup units 
38 are fixed to the outside surface of vertically extend 
ing leg 27 of steel member 28 in positions equidistant 
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6 
from each other and from the ends of member 28. If de 
sired, pickup unit 38 can be secured to any or all of the 
steel members forming framework 21. 
Pickup unit 38 comprises a substantially U-shaped 

bracket 66 comprising a pair of holes through which 
bolt 67 passes and is retained by nut 68. 
The back plate 69 of bracket 66 is bolted to leg 27 

of member 28, and incorporates a hole for cooperative 
association with bolt 41 with spacer bar 37. With 
pickup unit 38 securely bolted to leg 27 of steel mem 
ber 28 and the steel and concrete panel 20 completely 
cast, as will be described below, units 38 can be used 
to tilt up or lift the entire panel 20. Hoisting rope is 
looped around bolt 67 and secured to a lifting crane 
well known in the art. Since no tie or knot is required 
in connecting to pickup unit 38, panel 20 can be easily 
lifted without requiring adjustment for relieving slack 
in the hoisting rope. As the panel is lifted, the hoisting 
rope is free to rotate about bolt 67, thereby maintaining 
a constant tension, slack free hoisting line. After the 
panel is in the desired position, pickup unit 38 is re 
moved. 
Concrete and steel panel 20 approximates the char 

acteristics of an embedded beam, but cannot achieve 
complete embedment until securely mounted in posi 
tion. In FIG. 5, panel 20 is shown mounted in position 
as a floor member. Structural I beams 44 are mounted 
to supporting base 42 and panels 20 are mounted to 
beams 44. 

Steel beams 22 and 26 are welded along their entire 
length to beams 44. At all positions, except along the 
outer periphery of the floor being constructed, steel 
beams 22 and 26 and steel beams 24 and 28 (not 
shown) will be adjacent to each other. At each of these 
positions, steel beams 22 and 26 and beams 24 and 28 
are welded to each other as well as to I beam 44. This 
interwelded construction leaves the steel beams form 
ing the outer periphery of the floor as the only areas 
where a completely rigid structure has been estab 
lished. In order to attain the characteristics of an em 
bedded beam, triangular stiffening wedges 46 are 
welded to the steel beams forming the outer periphery 
of the floor and to I beam 44. 
With the entire peripheral framework 21 of each 

panel 20 securely welded to the framework of an adja 
cent panel or stiffening wedges 46, the end of each indi 
vidual panel as well as the entire floor structure cannot 
rotate. As a result, each panel 20 is converted into a 
double cantilevered beam, with all loads on the panels 
being converted in part to tensile stresses which are 
easily accommodated by reinforcing rods 32 and 34. 
Experimentation has shown that a weight reduction of 
about 40 percent can be achieved in manufacturing 
floor panels with strength that is equal or substantially 
greater than existing floor panels. 

It is well known in the art that the maximum deflec 
tion at the center of a simple beam is equal to w/8 for 
a uniformly distributed load. When the beam is fixed at 
both ends (embedded), the maximum moment at the 
center, under similar uniformly distributed loads, is re 
duced to wil/24, 3 times less than the normal simple 
span beams. The maximum moment at the end of the 
embedded beam is equal to w/12. 
When the beam theory is applied to plates, the maxi 

mum moments become direct functions of many vari 
ous parameters. The simplified equations for the maxi 
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mum moment at the specified location under a uni 
formly distributed load are as follows: 

M = will 2 (l) m 
M = wif24 (la) u 

Simple Span at midpoint: 
Embedded or Fixed: 

At ends: 
At midpoints: 

u is determined from the calculation of complex hyper 
bolic differential equations and is dependent upon 
many varying parameters. These parameters include 
the modulus of elasticity of steel and concrete, the mo 
ment of inertia of the plate, the size and type of steel 
members, concrete and its functions, Poisson's ratio, 
span, width, effective thickness of the panel, and the 
load placed on the panel. 

In FIG. 6, the theoretical moment reduction factor k 
is plotted as a function of u for each of the above enu 
merated equations where (li) u is a solution to the com 
plex hyperbolic differential equations based upon the 
above-enumerated parameters. - 
By referring to FIG. 6, the theoretical reduction in 

the bending moment of the panels of this invention can 
be determined. By producing the concrete and steel 
panel of this invention with a u factor equal to 3, which 
would be common, the maximum moment at the mid 
point of the panel would be 50 percent less than normal 
concrete beams. The substantial moment reduction in 
the concrete and steel panel of this invention is 
achieved by the complete unitary construction of the 
steel and concrete. By having a panel constructed so 
that it is substantially a unitary plate, the advantages of 
steel and the advantages of concrete can be incorpo 
rated to provide a new, improved panel with optimum 
characteristics. 
Although the panels discussed above have been rect 

angular in shape with exposed surfaces of concrete, it 
should be obvious to one skilled in the art that the pan 
els can be manufactured in any size or shape such as 
curved panels for bins, silos, or domes. Furthermore, 
the panels can be manufactured with many decorative 
surfaces by bonding stones, sand finishes, or other such 
materials to the concrete. The steel edge can also be 
decoratively changed by calking or placing bricks or 
stones along the outer panel. Furthermore, by varying 
the spacing of the reinforcing rods or eliminating rein 
forcing rods in certain areas and incorporating stiffen 
ing members, finished panels can be manufactured with 
suitably sized openings for windows or doors. Further 
more, the panels of this invention can be used as con 
crete forms or inside and outside wall forms, whereby 
concrete can be cast inside a preset gap between two 
panels. 

It will thus be seen that the objects set forth above, 
among those made apparent from the preceding de 
scription, are efficiently attained and, since certain 
changes may be made without departing from the 
scope of the invention, it is intended that all matter 
contained in the above description shall be interpreted 
as illustrative so as to obtain the benefits of all equiva 
lents to which the invention is entitled. 

It is also to be understood that the following claims 
are intended to cover all of the generic and specific fea 
tures of the invention herein described, and all state 
ments of the scope of the invention which, as a matter 
of language, might be said to fall therebetween. 
Having described my invention, what I claim as new 

and desire to secure by Letters Patent is: 

8 
1. A method for manufacturing reinforced panels, 

comprising the steps of: , , 
A. forming a peripheral closed framework of inter 
connected members of relatively high tensile 

5 strength; 
B. securing a reinforcing network to said framework 
members at a plurality of centers of gravity of the 
framework member; 

C. casting material to substantially fill the framework 
10 and surroundingly support said reinforcing net 

A rk, 
D. cleaning said framework members prior to cast 

ing; and 
E. applying a casting material and framework mem 

15 ber bonding agent to said framework prior to cast 
ing. 

2. The method defined in claim I, wherein said rein 
forcing network comprises reinforcing members of rel 
atively high tensile strength longitudinally spanning be 

20 tween at least two opposed ones of said framework 
members: 

3. The method defined in claim 2, comprising the ad 
ditional step of: 
D. straightening said reinforcing members prior to 
securing thereof. 

4. The method defined in claim 1, comprising the ad 
ditional steps of: 

D. placing said reinforcing members through a mov 
able member of relatively high tensile strength in 

25 

30 parallel spaced relationship with said framework 
member and having a plurality of cooperating holes 
substantially aligned with the centerline of gravity 
of said framework member; 

35 E. securing said reinforcing rods to said movable 
member; and 

F. advancing said movable member toward said 
framework member until said reinforcing members 
are substantially straight. 

5. The method defined in claim 1, comprising the ad 
ditional step of: 

D. straightening each framework member after a se 
curing operation. 

6. A method for erecting embedded reinforced 
plates, comprising the steps of: 
A. forming a peripheral closed framework of inter 
connected members of relatively high tensile 
strength; 

B. securing a reinforcing network to said framework 
members at a plurality of centers of gravity of the 
framework member; 

C. casting material to substantially fill the framework 
and surroundingly support said reinforcing net 
work; 

D. intimately surface bonding abutting pairs of said 
framework members to each other along their en 
tire length; and 

E. intimately surface bonding said framework mem 
bers to supporting columns to prevent all relative 
lateral and rotational motion thereof. 

7. A method for erecting embedded reinforced plates 
comprising the steps of: 
A. forming a peripheral closed framework of inter 
connected members of relatively high tensile 
strength; 

B. securing a reinforcing network to said framework 
members at a plurality of centers of gravity of the 
framework member; 

50 

55 
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C. casting material to substantially fill the framework motion thereof, and 
and surroundingly support said reinforcing net- E. intimately bonding mounting wedges to the sup 
work; porting columns and to the framework members 

D. intimately bonding abutting pairs of said frame- forming the outer peripheral surface of the inter 
work members to each other and to supporting col- 5 connected plate assembly. 
umns to prevent all relative lateral and rotational ck -k sk xk sk 
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