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To all whom it may concern:
Be it known that I, EveeNE H. ARNOLD, of

the city of Wheaton, in the county of Dupacre'-

and State of Illmms., have invented certain
new and useful Improvement% in Bridges, of
which the following is a full clear, and exa,ct
specification. |

This invention relates to 1mprovements 1n

bridges in which arched metallic beams ex-

tend from abutment to abutment and are em-

bedded in concrete or other plastic materials

- which subsequently set and harden.
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Prior to my invention these metalhc arched

beams have been formed by arranging flat
bars of iron the one above the other at a dis-
tance apart without any connection between

them or else by rigidly connecting said bars

by vertical rods or zigzag bars between and
rigidly riveted or bolted at intervals of both
of said beams, the purpose being to have the
two beams perfectly rigid - agalnst any pres-

sure or strain tending to 1ndependently move |

the one vertically toward the other, and also

in which the arched beams thus tormed are

rigidly embedded in the concrete, are continu-
ous throughout their length, and therefore
rigid a,ﬂ*amst any endwise movements at any
and all times, and which in some instances sev-
eral arches of a bridge. structure are rigidly

connected the one with the other by cross-bars,

the opposing ends of which are respectively
bolted to adJacent arches. There are also
prior structures in which the arched beam is

formed of several short sections of I-beams,
the ends of each opposing section being sup-

ported upon transversely-extending I—beﬂ,m%

also forming between adjacent arches, the
arches themselves each being broken, so to

speak, into a number of segments of a circle
instead of being on the are of a circle con-

tinulng throuﬂ'hout the arch, as in the struc-

tures first above referred t_o, and a perfect
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rigidity of the arch as a whole being secured
by the employment of wedged plates forced

between the ends of- the arched ribs and the
transverse I beams or girders, the rigidity of

the said structure bemo' turther increased, as
is also the arches first “above referred to, bv
wedges driven between the extreme ends of

the arched beams and the rLbudancuants

Al the structures above Ieterred to are ob-

Jectionably expensive, which 1s due, for ex-

ample, in the structure first referr ed to to

the use of the numerous bolts and expensive

cross-bars . and their riveting and, on the other
hand, to the employment Of a larwe number

of transverse I beams or 0‘1rdels and their

wedging of the girders ¢f a sectional arch sup-
ported thereon, and -besides such arches are

owing to their extreme rigidity prevented
when loaded from pr oper initial settling to
place, and that when in use this rigidity does
not prowde tor at all compensating for the

dlf_’ference in expansion between concrete and
iron while the bridge is settling to place, and
as result there is either an undue strain to the
arched beams, the prevention of the equaliz-
ing ofaload throu ghoutthearch, or a cracking

“and dlsplacement of the concrete or other plafs-

tic filling during and after the drying period
thereoft." |

One of the objects of my invention is to dis-
pense with the necessity of using flat iron and
sectional I-beams for the arched metallic
beams of a bridge structure and instead there-

of to provide for the utilization of railroad-

rails, and thereby devices which, in propor-
tion to the cost of flat and I-beam structur es,

are substantially stronger, more durable, and

readily joined in lengths thrOughout the length
of an arch and which when used 1n pairs with
the one rail above the other provide against

‘the necessity of arigid connection, and thereby

permit of a suﬁment spring to enable a bridge

When ﬁmshed with its filling of concrete to

in an uninjured condltlon set 1tselt on bemﬂ

loaded.
A further object is to 'secule together each

pair of rails or ribs forming the arched me-
tallic beam in such a manner that the one di-
rectly supports the other and that they can-
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not spread apart, but that the one may have

an independent movement toward the other
or that both may amultaneously move toward

‘the other should occasion require.
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Another object is to equalize the dlﬁerence _

between the contraction and expansion, as far

‘as may be necessary for the best results, of the

metallic ribs and the concrete, and partlcu-
larly when the bridge is settling to place un-
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der aload, and thisby devices which are cheap,
easily obtamed andc readily put in place.

A still further object is to provide a simple |

and effective means for permitting the bridge

to settle to place against the abutments—and |

which will limit the settling of the bridge to

- a fixed point with reference to the abutment
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and without preventing the movement there-
from under a rising of the arch of the bridge.

Another object 1s to provide an arched me-

1in such manner that said sections may be joined
by simple and effective means of cheap con-
struction and so as to form, in effect, a con-

15 tinuous structure throucr'hout its lencrth and

breadth.

With these ends in view my invention con-
sists of certain features of novelty in the con-
struction, operation, and arrangement of parts
by which said objects and certain other ob-
Jects hereinafter appearing are attained, all as
tully described with reference to the accom-
panying drawings, and more partmu]arly
pointed out 1n the claims. |

In the said drawings, Figure 1 1llustrates a
detailed longitudinal section through about
one-halt of an arch and a portion of the abut-
ment of a bridge embodylng my invention,
with one set of the arched metallic beams,
with their bonds shown in full lines and pro-
jecting into the body of the abutment; Fig.
2, a transverse section on the line 2 2 of Kig.
1; Kig. 3, a similar view to Fig. 1 of a modi-

fied form of the structure shown in Fig. 1;
, an enlarged detailed view illustrating

Fig. 4
the use at the center apex of the arch of a
transverse metallic beam and a soft metallic
packing between said beam and the opposing
ends of the arch formed in two sections. Fig.
5 1llustrates a detailed view of the abutment-
plate shown in Fig. 3, opposing the ends of
the arched metallic beams, and more particu-
larly illustrating a convenient means of form-
ing said plate; Fig. 6, a transverse section
through a bridge structure containing my in-
vention and at a point between the extreme
ends thereof, and Fig. 7 a detail section of
plates 5. | |

Similar numerals of reference indicate the
same parts in the several figures of the draw-
Ings.

1 indicates the upper rib, and 2 the lower
r1b, of an arched metallic beam containing my
invention, which said beams are preferably of
steel railroad-iron, which may first be heated
and then bent to the desired curve which the
arch is designed to have, said railroad-rails
when Several lengths are used belng prefer-

ably secured to Uether at their meetmcr ends by
fish-plate and bolts ordinarily emplayed for
jointing rallroad-rails; but it will be no sub-
stantial departure from my invention, as here-
inafter described, to substitute any other form
or kind of iron-msuchj for example, as I-beams

ualhc concrete bridee structure in sections and
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or other &Ilﬂ'le-lI’OIl or, Tor that matter, flat iron
bars.

After the ribs 1 and 2 are properly formed
and spaced apart to form an arched metallic

‘beam, with one of the ribs directly above the

other, they are then bonded together by bonds

3 at proper and desired intervals, which bonds
consist of strap-iron and may be wire-wound

about the ribs and fastened in any suitable

manner, as indicated in Fig. 2.

With an arched metallic beam constructed

as above described and embedded in concrete

or other plastic, subsequently drying and
hardening, materially the one rib directly sup-
ports the other and uniformly throughout the
lengths of both against the strain thereon,
both of the weight of the structure as a whole
and the load which it may be at any time car-
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rying and distributes this strain throughout

both ribs instead of centering it at one or
more Intervals thereof, as occurs when two
ribs similarly arranged are rigidly jointed by
bars or rods.

Fig. 1 indicates a structure embodying my
invention, 1n which the arched metallic beams
are 1ndicated as being continuous throughout
the arch, with the ends thereof projected into

and embedded in the abutment 4, which is in

these structures usually concrete, but may be
of masonry.

For some purposes the projection and em-
bedding of the arched metallic beams in the
abutment may be desirable or sufficient; but
In practice where the arched structure as a
whole 1s of considerable lenoth and very heavy
and subject to heavy loads I prefer to oppose
the extreme ends of the arched metallic beams
by lead or other soft metal 5* constituting a
facing for metallic plates 5, preferably chan-
nel-iron pieces, which latter, as indicated 1n
Kig. 5, may be given the desired form by cut-
ting V-shaped notches 6 in the flanges thereot,
as Indicated in Fig. 5, so as to form an angu-
lar bend 7 at the lower end of this channel-iron
plate, upon which the lower rib of the arch

‘may rest and have a bearing.

The concrete or masonry “of the arch is so
formed asto firmly support the plate in a plane
on a radial line to the curve of the arch and

‘at a right angle to the direction of the move-

L L]

ment of the respective ribs in their effort to
straighten out under load and so that the re-
sistance offered by the contact of the ends of
the ribs against the plate will be equalized 1n
the straightening -out process, while at the
same time the channel-iron plates provide a
stop, IImiting the endwise movement of the
arched metallic beams.

In constructing a bridge the channel-iron
stops are so ar rancred as-to have a filling of
lead between them and the ends of the ribs
for equalizing the compression and enable the
bridge to subsequently settle to place, while
at the same time sald channel-iron provides
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not only stops, but confines the metallicarches

against movement and holds them in place

while filling in the concrete. In other words,
there 1s a deelred flexibility provided, which

is oftentimes necessary between an arched |

structure and its supporting-abutments. As
a further means of giving a flexure and

strength to this arched structure, but more

important as a means of equalizing the differ-
ence between the contraction and expansion

of the metallic arched beams and the con-

crete in which they are embedded when either
or both are from any cause expanded or con-

tracted, T employ at the center or apex of the

arch an I-beam 8, extending transversely of
the arch and on end between the flanges of

which are supported and confined the ends of-

the ribs opposing each other at that point

transversely along the arch; but instead of

having the ends oi: the ribs abut against the

~ web 9  of the I-beam I interpose between said
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web and the ends of the ribs and on both
sides of the web a packing of lead or other
metal, which is substantially more easily com-

pressible than the metal of which the ribs are

formed and which operates in the settling of
the bridge to place or under a heavy load to
equah.ce to a substantial degree the differ-

ence between the compre551b111ty of the ribs

and the concrete, as will be more fully ap-
preciated by bearing in mind that the ratio
of compression ot steel inversely is about

thirty, concrete seven, and lead one, and that

by interposing the lead between the steel at
the apex of the arch a substantial and desir-

able equalization between the ratio of com-

pression of the steel and the concrete is estab-
lished, and with the result that the liability of

the concrete to fracture either at the time or

subsequently to the settling of the arch to
place 1s secured.

As indicated in Fig. 6 the concrete 4, 1n
which the arched metallic beams are embed-
ded, is for economy preferably made in sec-
tions and with considerable space between
each section, but finally made substantially

continuous by bridging the space between

these sections with corrugated, expanded, or
other sheet metal 11 in a number of layers or
of sufficient thickness for the desired resist-
ance, and subsequently covered with con-

‘crete, macadam, or other covering 12.

The bridge structure shown in Fig. 6 is in-
tended to support a tram or other rail way, as

indicated by the rails 13 and ties 12, a foot-

walk 14, projected laterally beyond the arch,
and a roadway between the footwalks and on
each side of the tramway, the line 15 indicat-
ing the level of afilling of concrete, macadam,
or other material below and above the level
of the rallway-ties 12, which also serves to
hold in place the sheet metal or other bridg-
ing between the arches.

be no departure from my invention to have

claim, and desire to secure by Letters Patent,

beams and forming a

It would, 11owever, -

the arches continuous laterally instead of in
sections and to support thereon concrete, ma-

cadam, or other materials for the loadway or
tra,mwa,y

Having described my mventlon, what T
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1. Ina bl idge, an arch of concrete or other -

‘masonry having embedded therein arched me-
tallic beams, eaeh composed of two ribs of

bars, rails, or other iron, arranged one above

wire, or other straps wound around both ribs,
substantially as described.

2. In a bridge, an arch of «woncrete or other
masonry, having embedded therein ribs ar-
ranged one above but separated from each

75
but separated from each other, and bonded by
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other and by the masonry, and composed of

railroad-rails or other iron, said ribs being -
bonded together by metallic straps wound

around them and at intervals of the length
thereof, substantially as described. -

3. The combination in a bridge of metallic

arched beams consisting of rails or bars of iron

arranged one above but separated from each
.90

other, and bonded by straps wound around
both of them with a filling of concrete, or other
masonry, of abutments, and plates supported
by said abutments opposing the ends of the
support therefor, and
preve,nting an endwise movement of the beams
in settling to place, or when heavily loaded,

_subetentlelly as described.

4. In a bridge, an arch of concrete or other
masonry, ar ched metallic beams embedded
therein in combination with a transverse I or
other metallic beam arranged between and
supporting the ends of the arched beams at

the apex of the bridge, and a lead or other

metallic filling at a point between said ends,
and the web of said transverse bea,m, substan-

tially as described.
5. In a bridge, an arch of concrete or other
masonry in transverse, separated sections, hav-

ing embedded therein arched metellic_bea,ms, |
the space between said sections being bridged

by slabs of metal or other matemal and the
continuous surface thus formed bemo* covered

by concrete, macadam or other paving mate- -
rial, substantially as described.

- 6. In a bridge, an arch of concrete or other
masonry having embedded therein arched me-
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tallic beams, each composed of two ribs of

‘bars, rails or other iron, arranged one above
but separated from each other, bonds of wire.

or straps wound around both of said ribs in
combination with an abutment, a plate mount-
ed upon said abutment in a pla,ne on a radial
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lme to the curve of the arch, a soft-metal fac- -

ing thereon forming a seat for the end of the

beam, substentmlly as described.

7. In a bridge an arch of concrete or other -
masonry having embedded therein arched me-
tallic beams, each composed of two ribs of
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bars, rails or other iron, arranged one above
but separated from the other, and bonded to-
gether by wire or other strap, wound around

both ribs in combination with a transverse I- |

beam at the apex of the arch, asoft-metal pack-
Ing supporting one end of said beam, a soft-
metal packing between said ends and beam, an
abutment, a plate mounted thereon, support-

ing the opposite end of said beams, and a soft-

| metal packing between the ends of the beams xo

and sald plate, substantially as described.
EUGENE H. ARNOLD.
Witnesses: '

M. B. ALLsTADT,
A. D. LaTHROP.
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