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1 Claim. (CI. 72-68) 

This invention is concerned with the provision of im 
proved reinforced concrete structures or structural mem 
bers whereby the weight of such structures or members 
can be considerably reduced for a given load carrying 
capacity. The use of light-weight concrete structural 
members which are formed with a light-weight aggregate 
or have an aerated or cellular structure has previously 
been proposed. Owing to the relative weakness of such 
concrete in both compression and shear as compared 
with conventional concrete and its low adhesion to steel 
it has been proposed to employ reinforcement in the 
form of wires, wire mesh or perforated or expanded 
sheet metal. A disadvantage of wire, or mesh reinforce 
ment is that it offers a small surface for adhesion so 
that a large amount of wire is necessary, and also the 
wires tend to cut into the concrete under load. The 
edges of expanded sheet metal when this is used also 
tend to cut into the concrete. Concrete reinforced in 
the above manner cannot be satisfactorily sawn since the 
saw causes vibration of the reinforcement with a con 
sequent loss of adhesion. Also reinforcement of the 
above character is not self-supporting except in short 
spans and usually requires a number of intermediate Sup 

It is an object of 
the invention to overcome the foregoing disadvantages 
in a simple and effective manner. 

In conventional reinforced concrete structures the con 
crete in those parts which are under tension contributes 
nothing to the tensile strength of the structure or mem 
ber, this being provided entirely by the steel reinforce 
ment. This is because when the steel is economically 
loaded, the concrete in which it is embedded is stressed 
beyond its ultimate tensile strength. The greater the ratio 
between the ultimate tensile strength of the concrete and 
its modulus of elasticity the more the steel reinforcement 
can be stressed without risk of fracturing the concrete. 
Many of the known light-weight concretes although com 
paratively weak under compression are proportionally 
stronger under tension than conventional or dense, con 
crete. Furthermore, some light-weight concretes have 
alow modulus of elasticity and the ratio of their ultimate 
tensile strength to it is from three to five times the corre 
sponding ratio for conventional or dense concrete. Also 
the ratio of the modulus of rupture to the modulus of 
elasticity of certain light-weight concretes is from four to 
six times the corresponding ratio for dense concrete. It 
is accordingly a further object of the invention to provide 
an improved concrete structure or structural member 
based on the foregoing considerations. 
A further object of the invention is to provide an im 

proved reinforced concrete floor, roof or like structure 
which is lighter for a given strength than conventional 
structures. Concrete floors where moulded in situ or 
made up of previously cast units such as beams or slabs, 
require a continuous covering layer usually a screed of 
sand and cement mixture which is applied after assem 
bly of the units and affords a smooth and flat surface 
upon which the floor covering such as blocks or tiles 
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is laid. This screed layer increases the dead load of the 
floor but does not enhance its load bearing capacity in 
any way owing to poor adhesion between layer and floor. 
This is due largely to the fact that the layer must be ap 
plied as a fairly dry mixture to a surface which is no 
longer in so-called green condition. Also it is difficult 
to remove dust and dirt from the concrete under the 
usual conditions on site. It is accordingly a further ob 
ject of the invention to utilise such applied layer to in 
crease the strength of a floor, roof or like load bearing 
structure. 

According to the invention a concrete structure or 
structural member is composed at least in part of light 
weight concrete having embedded therein reinforcement 
comprising metal members of relatively thin sheet form 
shaped and arranged to afford a relatively large surface 
for adhesion per unit length as compared with their 
cross sectional area. - 

According to a further feature of the invention a rein 
forced concrete structure or member for resisting bend 
ing loads is provided having a composite character in 
which the member containing the tension reinforcement 
lying on one side of the neutral axis comprises light 
weight concrete of a character capable of carrying a 
substantial proportion of the tension and the remainder 
of the member or structure, i.e. that part lying on the 
other side of the neutral axis, is formed from a denser 
concrete suitable for resisting compression. - 

According to a further feature of the invention the 
part of the said structure or member containing the ten 
sion reinforcement comprises a concrete of which the 
ratio between its modulus of rupture and its modulus 
of elasticity is substantially greater than that for con 
ventional or dense concrete. . 

According to a further feature of the invention a floor, 
roof or like structure comprises pre-cast units of rein 
forced concrete arranged side by side and bonded to an 
applied continuous layer of sand and cement or similar 
mixture to provide a load bearing combined structure 
of increased strength and stiffness. Preferably the said 
bonding comprises metal elements which are partially 
embedded in the upper part of the unit and are adapted 
to lie flat on the surface thereof for transport and storage 
purposes, said elements being adapted to be raised to 
provide a secure bond between the unit and a subse 
quently applied layer of cement mixture or the like. 
The invention will be best understood from a considera 

tion of the following examples. 
In the accompanying drawings: 
Figure 1 is a cross sectional view of part of a composite 

floor structure constructed in accordance with the in 
vention; M 

Figure 2 is a longitudinal section of one of the ele 
ments of Figure 1; 

Figure 3 is a cross section through a concrete beam 
having angle section reinforcing members in accordance 
with the invention; 

Figure. 4 is a cross section through a concrete girder 
having reinforcement of inverted trough section; 

Figures 5, 6 and 7 are cross sectional views of suitable 
reinforcing members. m 

In carrying the invention into effect according to one 
convenient mode as applied by way of example to a 
floor structure comprising concrete beams laid side by 
side as shown in Figures 1 and 2, each of the beams is 
composed of a lower section 1 and an upper section 2. 
In this example the beam is about 1' in width and is 
intended to have an effective span of 14 and to carry a 
load of 80 lb. per sq. ft. The lower section 1 of the 
beam which constitutes the tension Zone constitutes a 
major portion of the depth of the beam 1, 2, e.g. about 
three-fourths of such depth in the form shown, and is 
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moulded from a light-weight concrete in which is em 
bedded longitudinal tension reinforcement elements 3. 
Each element 3 consists of angle section steel of rela 
tively thin gauge to afford a relatively large surface 
for adhesion to the concrete per unit length as compared 
with its cross sectional area and is disposed with the 
exterior angle of the section facing the direction of ap 
plied load. The light-weight concrete forming the sec 
tion 1 consists of a mixture of light-weight aggregate and 
cement in the proportions of 7:1 by volume, the aggre 
gate being relatively coarse, say 38' to 4' screen size. 
Also the mixture may include reinforcing fibre of a 
suitable character to increase the strength under tension. 
The moulding of the beam is continued to form a section 
2 above the neutral axis of the beam with a denser con 
crete consisting of a mixture of light-weight aggregate 
and cement in the proportion of 5:1 by volume and also 
including about 30% of fine material to afford a relatively 
high compressive strength. Such fine material may con 
veniently comprise ground aggregate. The light-weight 
aggregate for the section 2 is less coarse than that of the 
section 1 say about 4' screen size. Any suitable light 
weight aggregate may be employed for the sections 1 
and 2 and these may comprise expanded clay or shale 
products, pumice or the like. Each of the beams is 
moulded with a recess 4 along one longitudinal side there 
of and a corresponding mating projection 5 along the 
opposite side thereof. 
The upper section 2 of the beam constitutes a minor 

portion of the depth of the beam, e.g. about one-fourth 
of such depth in the form shown, and is also provided 
with two (or more) metal or steel reinforcing rods which 
are of relatively light section sufficient to prevent possible 
breakages during handling and transport. Other forms 
of reinforcement may be employed if desired. Also, 
in the moulding of this section or beam there are pro 
vided a number of metal bonding elements comprising 
strips 7 of metal having holes by which they are threaded 
upon the rods 6. These bonding strips are bent sub 
stantially at right angles as shown on the left hand side 
of Figure 2 so that they lie flat on the upper surface of 
the composite beam and do not interefere with the stor 
age, transport or handling thereof. The beams so formed 
are laid side by side to form a floor with the adjacent 
recesses and projections 4 and 5 interengaged as shown 
in Figure 1 and thereby relative vertical movements of 
the units are prevented. By reason of the relatively soft 
character of the light-weight concrete as compared with 
ordinary concrete, the beams can be forced sideways 
into close engagement so that such relatively vertical 
movements are prevented in a particularly effective man 
ner. After the beams have been placed in position to 
form the floor, the bonding strips 7 are prized up as 
shown at 7a on the right hand side of Figure 2. A 
screed or layer 8 composed of cement or sand mixed 
with water to give a fairly dry mixture is then applied to 
the upper surface of the assembled beams and is allowed 
to set. This mixture should be fairly dry to prevent 
contraction on setting and consequently the permissible 
compression stress in this section is limited to about 600 
lbs. per sq. in. By reason of the bonding afforded by 
the strips 7 the assembled units and the applied layer 
constitute a monolithic or unitary structure. In the ex 
ample given, the weight of the composite beam prior to 
the addition of the layer 8 would be in the neighborhood 
of 27 lbs. per sq. ft. It is found that by the use of a 
suitable light-weight concrete for the section a sub 
stantial proportion for example up to 30% or more of 
the total resistance of the beam to bending is constituted 
by the light-weight concrete below the neutral axis. In 
such an arrangement the steel reinforcement 3 can be 
stressed economically i.e. the minimum amount of rein 
forcement is employed and a part of the tension load is 
carried by the light-weight concrete so that a beam of 
the same size can be stronger than one moulded in con: 75 to position in the mould, e.g. by recesses in the mould 

4. 
ventional dense concrete. In this example the heat con 
ductance of the beam would be about .2 British thermal 
units per degree Fahrenheit per hour per sq. ft. Also, 
owing to the high insulating properties of the light con 

5 crete and its softness as compared with conventional con 
crete, the beam is highly resistant to fire and the concrete 
does not crack or flake when exposed to high tempera 
tures. . . 

The effects of plastic yield considerably influence the 
10 distribution of stress in the component parts of the beam 

as described above. Initially, the stress in the tension 
reinforcement may be about 10,000 lbs. per sq. in and 
the concrete under tension may provide about 55% of 
the resistance to bending. With continuous loading and 

15 in the course of time, the stress in the steel may rise to 
say 18,000 lbs. per sq. in. and the concrete under tension 
will then take about 28% of the bending moment. If 
the concrete below the neutral axis were not capable of 
taking a proportion of the tension load about 40% more 

20 steel reinforcement would be required and it will there 
fore be seen that very considerable economy in steel rein 
forcement is afforded by the invention. 

It will be understood that the dimensions of the parts 
of the composite beam or unit described above may be 

25 widely varied. If the applied layer 8 is from one half 
to one inch in thickness it is found that an adequate 
bond will be afforded by from one to four steel bonding 
strips 7 for each superficial square foot. A further ad 
vantage of bonding the applied layer 8 is that this 

30 prevents disturbance of the floor surface which might 
be caused by cracking or lifting of the applied layer. 
Another mode of carrying the invention into effect as 

applied to a simple or non-composite light-weight con 
Crete beam or the like is shown in Figure 3. The reins 

35 forcement comprises a series of right-angle section steel 
strips 10 extending along the length of the beam and 
forming a horizontal series across its width. It will be 
seen that by the inverted arrangement of the strips 10, 
vertical shear forces will not cause the strips to cut into 

40 the concrete since the bearing area per unit length is 
large as compared with the cross-sectional area of the 
metal, these areas being related to the vertical loads. 

In Figure 4 there is shown a girder of light-weight 
concrete reinforced in the upper zone by two inverted 

45 channel section steel strips 12 and a lower series (in 
the tension zone) of three similar strips 12. - ' & '4 
The reinforcing strips may have sections as shows 

in Figures 5, 6 and 7. The tensile strength of these 
Strips can be chosen over a wide range by changing the 

50 gauge of the metal so that the strength can be matched 
with the adhesion between the metal and the concrete. 
Thus it is not necessary to employ a greater cross-sec 
tional area of metal than necessary in order to obtain 
sufficient adhesion surface. - . . . . . . . . . v ... . 

The lighter the concrete, the more necessary it is to 
distribute the stresses between it and the reinforcement, 
and hence the size of the reinforcing members should 
vary inversely as the density of the concrete. As ex 
amples, the size of right angle sections may be varied 

G0 from 4' by 4' for use in light-weight concrete ha ing 
a density of 70 lbs. per cubic foot to sections of 1' by 1. 
for concrete of 20 lbs. per cubic foot density. The thic 
ness of the steel from which the angles are made may 
vary from 16 standard wire gauge (.064') to 28 (.0148'). 
In general the heavier sheet is used for the smaller angles 
and the lighter sheet for the larger angles. Thus the 4.'' 
by 4' angles for denser concrete may be from 16 to 20 
standard wire gauge in thickness, whilst the 1' by 1'.' 
angles for the lightest type of concrete may be of 24 
and 28 gauge sheet. Similar considerations apply to 
reinforcement according to Figures 6 and 7. At these 
forms of reinforcement are self-supporting over rela 
tively long spans without sagging, and they are easy. 
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end members, and if necessary intermediate supports of 
suspension or cradle form may be employed. 
The reinforcement may be variously shaped and ar 

ranged provided always that it affords a relatively large 
surface per unit length, as compared with its cross 
sectional area, for adhesion with the concrete. This in 
vention accordingly enables the weight of reinforcement 
required to be reduced as compared with known practice 
without danger due to breakdown of its adhesion with the 
concrete. Also units having reinforcement of this kind 
can be cut with a saw without damage. 
A particular advantage of structures or structural 

members according to the invention is their high thermal 
insulating capacity. This high thermal insulation arises 
from the possibility of using a very low density concrete 
in the tension zone which constitutes about two-thirds of 
the depth of a beam. Thus more particularly in roof 
and floor constructions, where the temperature difference 
above and below may be high, there is a very real ad 
vantage in a construction which is inherently a good 
heat insulator. 

I claim: 
A reinforced concrete floor comprising a plurality of 

pre-formed reinforced masonry slabs, each slab having 
a recess along one longitudinal side thereof and a cor 
responding mating projection along the opposite side 
thereof, said slabs being laid side by side with the slabs 
in abutting relationship and the projection of each slab 
fitting the recess of the adjacent slab, each slab com 
posed of a lower layer and an upper layer, the said 
lower layer being formed of a lightweight concrete in 
which are embedded longitudinal tension reinforcement 
elements, each of said elements being of relatively thin 
gage steel of angular cross-section to afford a relatively 
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large surface for adhesion to the concrete, the said upper 
layer being of substantially less thickness than the lower 
layer and formed of a denser concrete, said upper layer 
including a plurality of metal reinforcing rods and a 
plurality of metal bonding elements comprising strips of 
metal threaded upon said rods, and a continuous sur 
face layer of concrete overlying the said edge abutting 
slabs, said surface layer being denser than said intermedi 
ate layer, the thickness of said surface layer being less 
than that of the adjacent underlying layer, said strips 
being embedded in said intermediate and said surface 
layer and bonding them together, the lower lightweight 
concrete layer constituting the major portion of the 
tensile zone of said floor and being capable of carrying 
a substantial proportion of the tensile stresses therein. 
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