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To-all whom it May Coneern:
Be it known that I, RoBErT A. CUMMINGS,

a resident of Beaver, in the county of Beaver:

and State of Pennsylvania, have invented a
new and useful Improvement in Metal-and-
(Conerete (3irders and the Like:; and I do here-
by declare the following to be a full, clear,
and exact description thereot..

My invention relates to composite girders,
arches, and the like formed of cement, con-

crete, beton, or similar material with metallic .
‘strengthening members embedded therein.

The invention consists in general in the pe-

culiar arrangement and shape of the strength- | toward the opposite face of the girder.or arch,

ening members in the body of a girder or

ar ch so as to eff GOUVBIY take care of both the
bendmg moments 1n a girder, arch, or the

like, as well as the shear and other stresses
therein.

My invention relates to that class of beams,
oirders, arches, or the like having the larger -
portion ‘thereof tormed of cement, concrete, be- |
ton,orsimilar cementitious subst‘mces and hav— |
ing embedded therein metallic strengthening

members Heretofore these metallic memberq
have been arranged to act as tension members

for the girders ‘md take care of the bending |

(irders, *u*ches, '
and the like of thl% construction are also lia-

moments occurring therein.

ble to shearing tractureson horizontal or other

lines, and especially near the ends thereot,

and it has heretofore been the practice to em-
bed in concrete gircders, and especlally near
the ends thereof, metallic pieces, loops, or

stirrups arr anged atan angle and whose func--

tion 1t 18 to take care of the horizontal shear.
These stirrups or loops, however, have been
formed as pieces separate from the metallic
tension members, and difficulty 1s experienced
in holding them in place while filling the ce-
ment around the same. Furthermore, as they
are separate from the tension members, they
do not efficiently carry the stresses into said
members.

My invention relates to this o‘eneral class

of eirders, beams, arches, and the like; and

1ts ob]ect 1sto so arrange the metallic str ength-
ening members as to eﬁ'ective]y take care of
the horizontal or other shear and also so as to
properly distribute the metal to most etfect-

horizontal or other shear occurring

tallic strengthening members.
tail perspective view through one of the spac-
ing-pleces.
section through a continuous girder construct-

a 95
similar view of a simple girder, showing a

ively take care of the bending moments and
other stresses in a girder.

To these ends one feature of the invention
consists 1n embedding 1n the concrete or simi-
lar body of the girder, arch, or the like a plu-
rality of metallic strengthening members hav-
ing stirrups or loops formed integrally there-
with or at least rigidly secured thereto.

Another feature of the invention consistsin

providing a plurality of metallic strengthen-
ing members of varying lengths and having
end portions, preferably loopsorstirrups, pro-
jecting diagonally upwardly or downwardly

these projecting portions taking care of the
| at the
ends of the girder and in arches, while the
horizontal portions of said members belng ot
varying length give the maximum amount of
metal at or near the central porfion of a gircer
or near the ends of an arch, where the bend-
ing moment 1s greatest. |

The invention also consists 1n one or more
metallic members formed as an endless loop

or a bend of metal, so that the bent-up por-

tion forms a stirrup.

The invention also COHSISt% in placing one
or more of these members in an inverted po-
sition near the upper face of the girder or arch,
and especlally over the point or points of in-
termediate support of a continuous girder.

The invention also consists in other details

of construction and arrangement, which will

be hereinafter described and clalmed
In the accompanying drawings, Figure 1 is

a longitudinal vertical section through 2, Sil-

ple girder constructed according to my inven-
tlon.

8 is a transverse section through the same.

Fig. 2 1sa plan view of the same.

Fig.

Fig. 4 is a perspective view of one of the me-
Fig. 5 is a de-

Fie. 6 1s a vertical longitudinal
ed according to my invention. Fig. 7 1s

modification. Fig. 8 is a transverse section
through the latteI. Fig. 9 1s a vertical lon-

oltu dmal section of Stlu another modification..
Tig. 10 is a tr ansverse sectlon through the 100
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shown in Figs. 16 and 17, by bending

2
same. Klo. 11 18 a plan view of still another
modification. Fig. 12 is a transverse section

through the same. Figs. 13, 14, and 15 are
vertical longitudinal sections of other modifi-
cations. Figs. 16 and 17 are plan views of
modified forms of strengthening-loops.  Kig.
18 1s a vertical longitudinal section of an arch
constructed accordinﬂ‘ to my invention, and
Fig. 19 1s a tmnsverqe sectlon throuo*h the
same. ~

In carrying out my invention the body 1 of
the girder, beam, arch, or the like i1s formed
of cement, concrete, beton, or similar cemen-
titious substances. KEmbedded in this body
are a plurality of metallic strengthening mem-
bers which are peculiar to my system, three
such members being shown 1n Kigs. 1, 2, and
3 and marked, respectively, 2, 3, and 4. These
members preferably will be of varying

lengths, as shown, and are located near the

lower face of the beam and each having a por-

tion thereof, preferably the ends 5, project-

ing upwardly toward the upper face of the
girder. These upwardly-projecting portions
take care ot the horizontal shear near the ends
of the girder. The horizontal portions take
care of the bending moments in the girder,
and inasmuch as these portions are of differ-
ent lengths the greatest amount of metal will
be at or near the middle of the girder, where
the bending moment is greatest.

The metallic members 2, 3, and 4 will pref-

erably be of either round bars of metal or of
bars of irregular outline longitudinally; but

this may be varied within wide limits, and the

number thereot will depend upon the size of
the girder or arch and character of load to be
carriecl thereby.

the bars themselves, although this is prefer-
able, as they may be separate pieces riveted
or otherwise securely fastened to the hori-
zontal portions.

The strengthening members shown in Figs.
1, 2, 3, and 6 are of the form illustrated in
Fig. 4, being formed of endless loops or bands
of metal having the two horizontal portions
thereof substantially parallel and the ends bent
upwardly to form stirrups. Instead of being
encless loops they may be constructed, as
a rod
into loop form with the ends overlapped, as

at 6, Fig. 16, or as at 7, Fig. 17. In both

- cases, however, the loops or stirrups are so

55
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arranged in the body of cementitious material
that the two members or legs of said loops are
side by side or arranged laterally in the body,
as clearly shown in Kigs. 3, 8, and 19. The
form of these members may be varied to a
consicderable extent. For instance, in Figs. 9

to 12 they are shown as mere bars 8, having
upwardly-projecting ends 9 without bemcr 1N

the form of a stirrup or loop. Pretembly,
however, some form of stirrup or-loop will
be formed at the ends of the bars.

The end portions or stirrups.
5 need not necessarily be integral portions of

- In Kigs.

764,884

7 and 8 these members are shown as formed
of ordinary bars having their ends bent up-
wardly and again downwardly, so as to form
stirrups 10. Various other forms of these
members will adapt themselves to my purpose.
Preferably the upwardly-pr 0]60131110* portions
will extend at an angle of forty-five degrees

to the horizontal, thls angle having been tound'

r ¥

by experience to be the most effective for tak-
ing care of the shear; but, if necessary or
desired, this angle may be varied. These
strengthening members may be placed in va-
rious positions.- When, however, endless
loops are used, such as ShOWD in KFigs. 1, 2, 3, 4,
6, 16, and 17, thev preferably will be armno*ed
as indicated in Figs. 2 and 3—that is, with the
longest member forming the two outside
strands and the shorter members interposed
between the same. The horizontal portions
of these members may all be in the same hori-
zontal plane, as shown in Figs. 1, 2, 8, 11, 12,
and 15, or they may be in different horizontal
planes, as shown in Figs. 6, 7, 9, 13, and 18,
either directly above each other, as shown in
Figs. 8 and 10, or arranged in any convenient
or suitable way. With these members may
be associated one or more ordinary strength-
ening members or bars. For instance, in
Fig. 1 there is shown one such bar 12 at the
t'O[J and threaded through the loops of the
main strengthening members, thus serving as
a means for holding the latter in place while
the concrete is embedded around the same.
At the bottom there may be several additional
tension members, three such members 13 be-
ing shown. In all of the other figures also
several additional strengthening - rods are
shown. I may also use with these strength-
ening members spacing-pieces 14, (shown in
Figs. 1, 2, 3, and 5,) which are preferably
plaeed at the bent portions of the members
and serve to hold the members in their proper
vertical and lateral positions during the plac-
ing of the cement between the same. Prefer-
ably these spacing-pieces will be plates uniting
the two strands of the loops and having open-
ings or notches punched out of the same for the
passage of the strengthening members and
naving the punched-out metal bent down-

wardly to form struts 15 for resting upon the

centering to hold the metallic members in
place while the conerete is being filled around
the same. The form of these metallic mem-
bers may be varied to a considerable extent.

For instance, in Fig. 15 the upwardly-pro-

jecting por tlons 5 areshown of varying length
and the top tension member 12 is shown curved
downwardly. In Fig. 14 the reverseis shown,

‘the upwardly—extendmo‘ portions 5 being also

of varying length and so shaped as to give to
the lower face a curved effect. It desned
the upper portion could also be curved in the
same way-by making the upwardly- projectinﬂ‘
portions 5 nearest the middle of the girder
longer than those at the ends of the 01rdel
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In many cases it may be desirable for addi-
tional strength to place some of the members
in an inverted position, as shown, for 1n-

stance, in Fig. 13, 17 indicating these ivert-

ed members whmh may be of any of the
tforms hereinbetore deseribed and may or may

not be equal in number and symmetrical In

arrangement with the members in an upright
posifion.

In the case of a continuous girder, such as
shown in Fig. 6, and which is supported not
only at 1ts ends but also at one or more inter-
mediate points, as at 18, two or more series of

strengthening members will be embedded

therem one series in each section of said con-
tinuous girder. In these continuous girders
%lso one or more metallic etreno'themno' mem-

point or points of support, preferably in an
inverted position, with the horizontal portions
thereof near the upper surface of the girder
and the inclined ends projecting downwerd y.
Two such inverted strengthening membere
are shown in Kig. 6; but the number théreof
will be varied as desu ed. As shown in Fig.

hands or loops of metal; but this is not nec-

essary, as they may be of any of the other
types of str encgthening members shown in the
drawings. These mverted strengthening
members of the continuous olrder take care
of the tensile stresses genereted in the girder
at or near the intermediate points of support
when said girders are unequally loaded.

In the formation of an arch the greatest
tensile stresses are near the abutments and
in those cases the metallic Streno"theninﬂ'
members of my system will be formed with
a curved portion 20 and an inclined portion
21, the latter being only at one end of the
members. These members will be of vary-
ing lengths and placed, as shown in Fig. 18 of
the dr awings, with the tension members exX-
tending into the abutment, so as to give the
maximum amount of metal at the abutments.
Preferably in arches some members will be
placed in upright position, while others will
be 1nverted.

1t will thus be seen that my 1mproved oird-
ers and the like, while in general like those
heretotore used, have the Tmetallic members
so arranged and of such lengths that not only
will the shear at the ends of the girder be ef-
fectu ally taken care of, but elso so that the
maximum amount of metal in the horizontal
portions of these metallic members is located
at the point of maximum bending moment or
tensile stress.

What I claim is—

1. A composite girder or the like compris-
ing a body of cementitious material, and a plu-
rality of metallic strengthening members em-
bedded in said body and extending longitudai-
nally thereof, said metallic members being
provided at one end at least with a loop or

bers 19 will be placed over the mtermedmte |

stirrup extending at an angle with reference
to the maln portion thereof, and the twomem-
bers of said loop being arranged laterally in
said body. -
9. A composite girder or the like compris-
ing abody of cementitious material, and a plu-
ehtv of metallic strengthening members em-
bedded in said body near one race and extend-
ing longitudinally thereof, said metallic mem-

_. bers having end portions of loop form pro-

jecting to ward the surface of the body toform

stirrups therein, the twomembers of said loop

being arrangec leterelly in said body.
- 3. “A composite girder or the like compris-
ing a body of cementitious material, and a plu-
rehty of metallic strengthening members em-
bedded 1n said body and extendmtr longitudi-
nally thereof, said metallic members bemcr of
different 1en0‘tbs and having end portions oi
loop form projecting towar ‘d the surface of
the body and forming stirrups therein, the
two members of said loop being arrenﬂ‘ed lat-
erally in said body.

4. A composite girder or the like compris-

| ingabody of cementitious material, and a plu-
6, these two members are formed of endless |

k24
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rehty of metallic strengthening members em- |

bedded therein and extendmo' loncrltudmellv

thereof, said metallic members being provided
with loopsor stirrups at their ends, “and a SUP-
porting-rod threaded through said loops. '

5. A composite girder or “the like cCOmMpris-
ing a body of cementitious material, and a
metallic str engthening member embedded n
said body and extendmo longitudinally there-
of, said metallic member being a loop or band
of metal having its members arra,nﬁ*ed later-
ally in the body and 1ts end portlons bent up-

wardly to form stirrups.

6. A composite girder or the like compris-
ing a body of eementitieus material, and a plu-

95

I00

105

rahty of metallic strengthening members em-

bedded in said body and ertendmo* longitudi-

nally thereof, said metallic members being
formed of bands of metal having the two sides
substantially parallel and at least one of thelr
ends bent upwardly to form a stirrup.

7. A composite girder or the like compris-
ing a body of cementitious material, and a

IIO

plurality of metallic strengthening members

embedded in said body and extending longi-
tudinallv thereof, said metallic members be-
ing of different lencrths and having end por-
tions in the form of loops projecting toward
the surface of the body, the two members of
said loops being arranged laterally in said
body.

8. A composite girder or the like compris-
ing a body of cementitious material, and a
plurality of metallic strengthening members
embedded in said body and extending longi-
tudinally thereof, said metallic members be-
ing of different lengths and having end por-

tions projecting toward the surface of the.

body, one or more of sald members being

formed ot a band or loop of metal with the

II§
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- body only and the meeting ends of adjacent
members being adjacent to a point of inter- .

4.

sides substantially parallel and the end por-

tions bent upwardly to form stirrups.

9. A composite girder or the like compris-
ing a body of cementitious material, and a
plurehty of metallic strengthening members
embedded 1n said body and extendmo' longi-
tucdinally thereof, said members bemt)' of dif-
ferent lengths and having a pOI‘t]OIl at one
end at least projecting at an angle to the main
part thereof, some of said members being
placed in an uprwht position and others in an

1nverted position, the end portions of one or

more of said members being provided with

loops or stirrups arranged: leterally in the:

body.

10. A composite continuous girder com-
prising a body of cementitious material, and
a plura.

1

tudinally thereof, said metallic members eX-
tending for a portlon of the length of the

mediate support of the girder, having end

portions projecting upwardly, and another
metallic strengthening member or members

arranged over the point or points of interme-
diate support and embedded in the body near

the upper face thereof and having end por-

1ty of metallic strengthening membe1 S -
embedded 1n said body and extendmﬂ' longi--

764,884

tions projeetincf downwardly, said end per-

{ tions being in the form of loops having the

two members thereof a,rreno'ed I‘Lterally n

the body.
11. A composite girder or the like compris-

g a body of cementitious material, and a
phuehtv of metallic strengthening members-

embedded therein and extendmo‘ longitudi-

20

35

nally thereof, said metallic members being

formed of endless loops or bands of metal
having a portion or portions thereof bent at
an sno'le to the remainder, and spacing-pieces
secur ed to said bands.

12. A composite girder or the like compris-

| Ing a body of cementitious material, and a

plurehty of metallic strengthening members
embedded therein and extendmg longitudi-
nally thereof, said members having portions
thereot pro;]ectmcr upwardly, and spacing-
pleces secured to said members and provided
with downwardly-projecting lugs for resting
on the centering. |

In testimony Whereof I, the said RoBERT A.
CumMminGs, have hereunto set my hand.

ROBERT A. CUMMINGS.

Witnesses:
RoBERT C. TOTTEN,
EF. W. WINTER.
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