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UNtTED STATES PATENT OFFICE.

CONSTANT ELIET, OF LORIENT, FRANCE, ASSIGNOR TO HIMSELF, AND
GUSTAVE LOUIS MOUCHEL, OF LONDON, ENGLAND.

CONCRETE FLOOR.

SPECIFiICATION forming part of Le‘ttersgP&tenﬁ No, 681,364, dated August 27, 1901,
Application filed November 16, 1900, Serial No, 36,704, (No model.)

[

- To all whom it may cornceriv:

Be it known that I, CONSTANT ELIET, civil
~engineer, of 24 Rue Bellefontmne, Lor1ent
Flance heve invented certain new and usef 111
Improvements in Concrete Floors, of Whloh
“the following is a specification.

This mventron relatesto im provements in
concrete floors; and it hasfor its object to con-

struet such floors with strengthening skele-

IO

tons composed of rodsor bars of ANy Cross-sec-
‘tion and dimensions and of any saitable

j metal embedded in the concrete of the floors
and enanﬂed iIn such a manner as to effec-

5

20

tually con ntelact the strains set up in a con-
crete floor s..rb;]eoted to shearing and bend-
ing stresses. Asafloor may be considered to

be composed of a number of beams arranged

close togetherside byside, the 1mplovements

of this 1nveotlon will be equally apphcable
to concrete beams.
According to this invention a floor is pref—

erably oonetlucted of concrete of uniform

thickness between its supports, and the re-
inforeing of the floor necessitated by the dif-
ferent strains of the various parts of a floor
is effected by arranging metal bars at those

- parts to take up the greater portion of said
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strains. Thus metal bars are arranged in
those parts of the conerete floor which are
subjected to tension because concrete has a
comparatlively low tensile strength. Moetal

bars may also be arranged in those parts of
the concrete floor which aresubjected to com-
pression; but in such cases, as concrete has:

a comparatively high compression strength,

their main object is to ecounteract the tend- )

ency of the concrete to slide upon itself and
- become disintegrated in theform of horizon-
- tallayersunderhigh bendingstresses. These

last-mentioned bars combined with the first-
mentioned bars form a kind of cantaliver, and
thereby increase the strength of the floor.
All or any of the above-mentioned bars of
one kind of strain may be continuous or suit-
ably connected together or thev may be suit-
ably disconnected. They may be straight or

curved and preferably e*{tendmn‘ over the
‘several parts of the floor sub]ected tothe said

kind of strain. Adjacent disconnected bars
of one kindof strainare preferably arranged

- When the bars of one kind of strain are con-

tinuous or connected together, they may form
a continuous curve extending from one to
another of similarly-strained parts through-
out the length of the floor.- To oountelaot
the shearinfr strains in the. floor, straight
metal bars are arranged in the concrete at
the points where the VEL]"I(LUOIIS of bending
moments are a maximum, These bars are
preferably arranged at an angle equal to or

less than a right angle to the axis of the floor,
‘considered as a beam at those points.

Concrete floors constructed -acceording to
this invention may be molded in one piece
during erection or they may be built up of
a number of floorsections or slabs construct-

ed on the same principle and connected to-

gether by grouting or in any other suitable
manner.

The tension and compression bars of any

one floor section or slab are connected to-

gether, preferably, by connections arranged

at the points of the least bending moments.
In this manner floors of large size may be
built of a number of floor sections or slabs of
convenlent size, which, having been made

long beforshand, are properly set and sea-

soned. DBy this means time and money are
saved, as there is no necessity for ereecting
complicated and costly centering for the con-
crete of the floor nor is there any necessity
for waiting for the concrete of the floor todry
and set before being put into use.

In the accompanying drawings, Figure 1 is
a vertical section on the line A B of Iig. 2,
and Fig. 2 a plan of a floor fixed at both ends.
Fig. 3 is a vertical section on the line C D of
Flg 4, and Fig. 4 1s a plan of a floor free at
both ends. Fi 12. d 18 a vertical section on the
line E F of Fig. 6, and Fig. 6 is a plan of a
floor fixed at one end and free at the other
end. Fig. 7 is a vertical section on the line

G H of Fig. 3, and Fig. 8 is a plan of a modi-

fication. Fig. 9 is a vertical section on the
line I J of Fig. 10, and Fig. 10 is a plan of a
floor built up of ready-made sections. Figs.
11 and 12 are vertical sections, and Fig. 13 is
a part plan showing details. Fig. 14 is a ver-
tical section of a cantaliver floor with cement
pavement Fig. 15 1s a vertical section on

to overlap each other at their adjacent ends | the line K L of T I‘w 16 and I'ig. 16 is a plan
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o 681,364

and 11, embedded in the conerete of the floor

of a sectional floor resting freely on its end 11 . _
over each beam, constitutes a skeleton canta-

supports. Fig. 17 is a vertical section of a

sectional floor resting freely on one end sup- | liver which is supported by the beam and 7o
port and fixed at the other end. ' which is eonnected by the central skeleton
s Referring first to IFigs. 1 and 2,12 3 are oirder, composed of the central curved por-

successivespansof a concrete floor supported | tions of the bars 6 11, to the cantaliver or the
by beams 4 and 5. These spans are molded | other beam. 12 represents straight bars of
in one piece with one another and with the iron,steel,or olher metal,ofany suitablecross- 75
beams 4 5, so that the middle span 2 is to be | section and dimensions, embedded in the con-

io considered as a floor fixed at both ends—that | crete of the floor. They are arranged paral-
is to say, at the junctions with the adjacent | lel to one another horizontally over the sup- .
spans 1 3 in the vertical central planes of the porting-beams 4 5. They ald1n taking up the
supporting-beams 4 5. 6 represents bars of | tensile strains at the points where these are at do .

15

iron, steel, or cther metal of any suitable ¢ross-

section and dimensions embedded in the con- | p

crete of the floor-span 2 and arranged par-
allel to one another, as indicated in full lines

their maximum—namely, over the beams or

oints of support where the ends of the floor
are rigidly fixed. 13 represents bars em-
bedded parallel to one another in the concrete

in Fig. 2. These bars 6 take up the tensile | of the lower portion of the floor, over the sup-

strains in the span 2. For this purpose they | porting-beams 49, to help to take up the com-
20 arearranged in the center of the span as near | pression strains abt these points. 14 repre-

as practicable to the lower surface of the | sents short bars of iron, steel, or other metal,

Hoor; and each bar is continued thenece in both | of any suitable cross-section and dimensions;

directions in an upward curve, having its | embedded in the concrete parallel to one an- go

30

tical planes of the beams 4 9.
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concave side facing upward to the horizontal

center plane of the floor, (indicated by the
points 7 8,) whence each bar is further con-
tinued in an upward curve, having 1ts con-
cave side facing downward to the points 9 10,
which are located as near as practicable to the
npper surface of the floor in the central ver-
From these
planes, which may be considered as dividing
the span 2 from its adjacent spans 1 and 3,
the bars 6 are continued in downward curves
to near the lower surfaces of their respective
gspans 1 3 in a similar manner to that shown
in span 2. Each tension-Lar 6 is preferably

made continuous from end to end of the floor.

either by being made in one complete length,
as shown, or by being made up of successive
shorter lengths connected together in any
suitable way orsimply overlapping each other
at their ends. 11 represent barsof iron, steel,
or other metal, of any suitable cross-section
and dimensions, embedded in the concrete ot
the floor-span 2 and arranged parallel to one

‘another, as indicated in dash-dotted lines in
Fig. 2. These bars 11 take up principally

the horizontal shearing strains and also 1n
art the compression strains arising in the
span. These compression-bars 11 are ar-
ranged in the reverse manner to that of the

tension - bars 6—that is to say, each bar 11
starts from the upper central portion of the

span 2 and is continued thence in both di-
rections with a downward curve, having its

concave side facing downward, to the planes

7 8, whence the downward curve of the bar
is continued with its concave side facing up-

ward to the points 9* 10°, located as near as
practicable to the lower surface of the floor

in the central vertical planes of the beams 4
5. TFrom these points the bars are carried
into the adjacent spans 1 3. 'I'he barsllare

preferably also made contintious in the same
way as deseribed in connection with the bars
6. The combined arrangement of the bars 6

ner.
up, respectively, the tension and compression

other in vertical planes, to take up the shear-
ing strains. These bars 14 are arranged
closer together over the supporting-beams 45
and farther apart in the center of the spans.
They may be quite straight, but they are pref-
erably hooked at their upper ends as shown
at 143, to overlap the bars 12. The bars 14
may also be hooked at their lower ends to
overlap the bars 13. A few only of these bars
14 are shown in Kig. 2. o

In the floor shown in Figs. 3 and 4, In
which the conecrete span 15 is not molded 1n
one piece with its supports 16 17, but rests
freely thereon, the bending moments are least
at the supportsand are greatest at the center,
while the shearing strains are greatest at the
supports. Consequently the tension-bars 13
are arranged near the lower surface of the
floor and are made straight. The compres-
sion-bars 19 are led in a downward curve in
both directions from the ceunter of the upper
part of the floor,with the concave side of the
curve facing downward to the theoretical
bearing-centers of the supports 16 17, where

| the ends of the bars 18 and 19 are preferably

connected together in any suitable way con-
veniently by passing rods 20 21 through the
adjacent ends of the bars 18 19, the ends of
these bars being bent to form eyes to recelve
said rods. These bars may, however, be con-
nected together in any other suitable man-
22 23 are horizontal straight bars to take

strains in the lower and upper parts of the
center of the floor. 24 represents vertical
straight bars to take up the shearing strains
in the floor. |

Figs. 5 and 6 illustrate the application of
this invention to a concrete floor 25,which is
supported at one end by and molded In one
piece with a beam 26 and which at its other
end rests freely on a support 27. In this case
that half of the floor which is nearest to the

beam 26 is provided with a metal cantaliver-
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flamewmk constmcted as shown in Figs. 1

and 2—that is to say, with curved tension- | zontal center line of the fl
“bars 6, curved compression-bars 11, and with | slab 41 is eonstructed with curved tension-

horizontal upper straight bars 12 and lower
bars 13 for taking up, 1espeet1vely, the ten-
sion and compression strains, and also with
straight vertical bars 14 for takmﬂ* up the
shea,ring strains. That half of the floor near-

~esttothe support 27 will haveits metal frame-

work constructed as shown in Figs, s and 4—
that is to say, with straight tension-bars 18

~and curved compression-bars 19 .connected

£S5

together at their ends 1n any suitable way on
the support 27 by means of a rod 20. It will
also have straight horizontal bars 22 extend-
ing across the lower central portion of the
span and straight horizontal bars 23 extend-

- ing across the upper central portion of the

20

~and which issupported on and molded in one

30

~across the floor;

35

40

span. 1l4and 24 are the straight vertical bars
to take the shearing strains near the beam 26
and support 27, respectively. Itispreferred

to connect the bars 6 1Stogether and the bars

11 19 together and also the bars 13 22 to-

gether either by means of suitable connec-

tions or, as shown, by making the said bars
continuous.

Figs. 7 and § illustrate a floor 28, whose
length is not more than about twice its width

piece with four beams 29 30 31 32, arranged
at right angles to one another.

and compression bars both lengthwise and
but as the use of curved bars
has been found to be very inconvenient in

this particular case it is preferred to employ

straight horizontal bars 33, extending from
end to end of the floor, with shorter straight
horizontal bars 34 in the lower portion of the
floor and short straight horizontal bars 35 in
the upper portion of the floor in one direc-
tion, and in the other direction to employ in

- the lower part of the floor straight horizontal

45
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bars 36, extending from end to end of the
floor, and in the upper portion of the floor
shorter straight horizontal bars 87, while an
increased number of vertical straight bars 14
are used. |

Kigs. 9 and 10 show a floor-span,

r

xed at

both ends, built up of a number of floor sec-

tlons or slabs constructed beforehand on the
prineiples of the arrangement shown in Figs.
1 and 2 and. supported by two transverse
beams 38 39.
of example, the three floorsections or slabs
40 4142,
on their respective supporting-beams 33 359,
are constructed with a metal framework on
the cantaliver system described with refer-
ence to Ifigs. land 2. 453 1ndicatesthecurved
compression-bars, and 44 indicates thecurved
tension-bars,arranged asdescribed,andshown
in these figures, and leading, respectively,
from the lower and upper central portions of

the slabs to near the horizontal center lines
of the ends of the said slabs, where the said
bars project from the conerete respectively |

_ In this case
it would be logical to arrange curved tension

I shall describe first, by way
The slabs 4042, arranged centrally

3

[ in the form of eyes 45 46, Sltu&ted in the hori-

The center

0o0r.

bars 47 and compression-bars 48, which are
similarly carried out from the ends of the
slab and are formed, respectively, with eyes
49 50, situated in the horizontal center line
of the floor. Rods 51 52 are passed through
the eyes 45 46 50 at the ends of the slab 41.

Any suitable connections other than rods and

eyes may also be used to connect the bars to-
gether. 12 indieates the bars for taking up
the vertical shearing strainsin the upper por-
tion of the slabs. The corresponding bars of
adjacent slabs are arranged to project info
the space between ihe slabs, where they are
connected together by any suitable means,
preferably by means of rods 53, which pass
through the eyed ends of the said bars.

70

75

8o
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(Shown more clearlyin Fig.11.) 13 indicates -

the bars for taking up the shearing strains in
thelower portions of theslabs. 14indicatesthe
vertical barsfortaking uptheshearingstrains
intheslabs. 12* and 13*are bars for tﬂ,klﬂﬂ'up

the transverse shearing strains in the upper.

and lower parts, respectwely, of the slabs.
The slabs 40 42 are conveniently secured

{ on the beams 38 39 by allowing some of the

vertical bars 14 to project with their lower
ends 14° below the lower surface of the slabs
and arranging vertical bars 38*, embedded
in the beams, to project beyond the upper sur-
face of the beams and filling the space be-
tween the beams and the slabs and between

54, whereby a firm connection 1s producea
between theslabsand the beams. I'ransverse
horizontal bars 55 are embedded in the slabs
and project into the space between the slabs

and may be connected in any suitable man-
ner, preferably by rods 56, passing through
_ Grout 57 is run into the
spaces left all around the slabs, whereby a

their eyed ends.

firm jointis produced between adjacent slabs.
If desired, corresponding bars 13 of adjacent

slabs may also be formed with eyes and con-

nected together by means of transverse rods
58, as shown in Fig. 12, or they may be con-
nected together in any other suitable man-
ner. -Figs. 12 and 13 show a method of ob-
taining additional firmness of joint between
the slabs and the beams, which consists in
forming lugs 39 on the under side of the

slabs, said lugs bearing upon the beams. The
space between the slabs and the beams and:
around and between the lugs is then filled

with cement 54, which also surroundsthe rod
ends 14°. The rods 14 are arranged to pro-
ject with their upper ends 14* beyond the up-

per surface of the slabs for the purpose of

being embedded in, and thereby securing an
upper pavement of cement 60, Kig. 12,
Fig. 14 shows a cantaliver-floor carrying
an upper pavement composed of ready-made
slabs 61, formed with lugs 62

space into which project the hooks 14 of the

, resting on the
upper surface of the flo oor, S0 as to leave a

90
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and aroand the bars 14° and 38* with grout .
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bars 14. I
floor by means of grout 63, run in between the
slabs and the beams or supports, and the said
slabs are also connected to one another by
orout joints 65*.

Figs. 15 and 16 show a floor resting freely
on supports at its ends and made up of three
sections or slabs 64 65 66. The two end slabs
64 66 are constructed, in accordance with the
principles described with reference to Kigs.
3 and 4,with straight horizontal tension-bars
67 and curved compression-bars 68, connected
at their outer ends in any suitable manner,
preferably by means of eyes and rods 69.
The central slab 65 hasstraight longitudinal
tension - bars 70 and straight longitudinal
compression - bars 71. The tension-bars 70
are connected at their ends by rods 72 to the
tension-bars 67 of the other slabs, and the
compression-bars 71 are connected at their
ends by rods 73 to the compression-bars 68 ot
thesaid slabs. 74 indicates longitudinal bars
to take up the tensile strains. They may

similarly be connected to the corresponding

bars in the other slabs. 75 indicates trans-
verse bars.

. Fig. 17 shows a floor comprising a slab 76,
which is fixed over the support 77, and a
slab 78, which rests freely on a support 79.
The slab 78 is constructed with straight ten-
sion-bars 18 and curved compression-bars 19
in its left-hand half and with curved tension-
bars SO and curved compression-bars 81 in its
right-hand half. The tension-bars 18 and 80
form continuous bars, which are carried up
to the horizontal center line of the end of the
slab, where they are connected by a rod 51 to
the corresponding tension-bars 44 of the slab
76. The compression -bars 19 and 81 also
form continuous bars which are similarly
connected to the corresponding compression-
bars 43 of the slab 76. 82 Indicates trans-
verse bars in each slab.

In all the constructions hereinbefore de-
seribed the horizontal bars for taking up the
shearing strains may be arranged at any de-
sired angle with the longitudinal axis of the
floor. |

Beams and girders may also be constructed
according to this invention. |

Walls of reservoirs and silos, retaining-
wallg, and, in general, all walls subjected to
lateral pressure (which may be considered as
being upright floors) may be constructed, as
above described, either in one piece or of sec-
tions or slabs, in accordance with this inven-
tion by suitably arranging the supports to
take up lateral pressure. | |

What I claim, and desire to secure by Let-
ters Patent, 18— |

1. In a concrete floor, the combination of &
concrete body, curved metal tension-bars em-
bedded in said concrete body, and arranged
with their concave sides facing upward at the
center of said body, and with their concave
sides facing downward over the supports of
said body, and curved metal compression-

|
|

681,364

The slabs 61 are connected to the | bars embedded in said concrete body and ar-

ranged with their concave sides facing down-
ward at the center of said body and with their

| concave sides facing upward over the sup-

ports of said body, substantially as set forth.

2. In a conerete floor, the ecombination of a
concrete body, metal tension-bars embedded
in and connecting the parts of said body
which are subjected to tensile strains, metal
compression-bars embedded in and connect-
ing the parts of said body which are subjected

to compression strains, and horizontal metal

shear-barsembedded in the parts of said body
which are subjected toshearing strains, sub-
stantially as set forth.

3. In a concrete floor, the combination of a
concrete body, straight horizontal metal ten-
sion-bars embedded in the lower stratum of
said body, curved metal eompression - bars

‘embedded in the upper stratum of said body
and arranged with their concave sides facing

downward between the supports of said body,
straight horizontal metal shear-bars embed-
ded in the upper stratum of said body,
straight horizontal metal shear-bars embed-
ded in the lower stratum of said body and
straight vertical metal shear-bars embedded
in said body, substantially as set forth.

4. In a concrete floor, the combination of
metal tension-bars embedded in the upper
stratuam of said body over the supports there-

| of, metal compression-bars embedded in the

lower stratum of said body over the supports
thereof,horizontal metalshear-bars embedded
in the upper stratum of said body, and hori-

75
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zontal metal shear-barsembeddedinthelower

stratum of said body, substantially as set
forth. - |

5. In a concrete floor, the combination of
longitudinal metal tension-bars embedded in
said body, longitudinal metal compression-
bars embedded in said body, vertical metal
shear-bars embedded in said body and trans-
verse bars embedded in said body, substan-
tially as set forth. |

6. In a concrete floor, the combination of a
concrete body, curved longitudinal metal
tension-bars embedded in said body and ar-
ranged with their concave sides facing down-
ward between the supports of said body and
curved longitudinal metal compression-bars
embedded in said body and arranged with
their concave sides facing upward between
the supports of said body, substantially as
set forth., |

7. In a conecrete floor, the combination of a
concrete body, curved metal tension-bars em-
bedded in the upperstratum of said body and
arranged with a downwardly-facing concave

105
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125

curvature from near the highest central point

of said body to near the central points of the

| ends of said body, curved metal compression-

bars embedded in the lower stratum of said
body and arranged with an upwardly-facing
concave curve from near the lowest central
point of said body to near the central points

| of the ends of said body, and a support ar-

I30
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ranged centrally under said body, whereby | bars of adjacent bodies, substantially as set

sald body1is rendered a cantaliver carried by
said support, substantially as set forth.
3. In a concrete floor, the combination of

supports carrying said flcor, a concrete body

arranged over each support and having em-
bedded in it curved metal tension-bars and
curved metal compression-bars forming a

cantaliver, concrete bodies arranged between |
the aforesaid bodies, means for connecting

the metal tension-bars of each body with the
corresponding metal tension-bars of the ad-
jacent bodies, meansfor connectingthe metal

responding metal compression-barsof the ad-
Jjacent bodies, and cement filling up the space
between adjacent bodies and around the
aforesaid means for connecting the metal

|
compression-bars of each body with the cor- |

——

forth.

9. In a concrete floor, the combination of a
concrete body, metal tension-bars embedded
in sald body, metal compression - bars em-
bedded in_ said body, horizontal metal shear-
bars embedded in said body and vertical metal

20

25

shear-bars embedded in said body and pro-

jecting with retaining ends beyond the sur-
face of said body, substantially as set forth.

In witness whereof I have hereuntosigned
my name in the presence of two subscribing
witnesses.

CONSTANT ELIET.

Witnesses: |
ALEXANDRE LoOUIS CHARPENTIER,
PIERRE MARIE FEFEU. |
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