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PREFACE.

The following puges are divided into three
chapters. The first presents by way of intro-
duction some 0f the elemmentary prineiples of
continnous girders, and the fundamental ideas
relating to the calculation of etrains. The sec-
ond gives the theory of Hexure as applied to
the rootinuots of eopalapl ceoas sccilon,
and exhiblts it in fofmule (I} to (VD), resdy
for application to apy psriicular case ; and the
third givea an example of the computation of
piraina in a cootinuoms truss of five nnegueal
spans, with some usefuol hiotsconcerning the
practical building of such bridges.

The theory of flexure indicates that, by the
nse of cootinuons instesd of single span
bridgea, a saving in material of from twenty to
forty per cent. may be effected. It is easy in-
deed to say thaf thisadvantage will be entirely
swallowed up by the effect of changes of tem-
perature, increased labor of erection, or addi-
tional cost of workmanship, but by no amount
of reasonming can such disadvantages be esti-
mated, Theory Indicates & large =aving,
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whelber or not it can be realized. may only be
determined by trial. Other nations have built
and are building continuous bridges, and thelr
experience has pot yet shown that the aystem
Is {nferior to that of single spans. The inter-
est pow prevalllng among American enginsers
in the subject, and the fact that at some recent
bridge letiings plans have been offered fora
conllouons siructure, secm to indicate that the
- gystein will also be tried here.

Thiz little book may then perhaps be of val-
ue o hridge eoginesrs, 8a well a8 to students
In groeral.

M M
Few Haven, Conn., July 10, 1878,



THEORY AND CALCULATION

or

CONTINUOUS BRIDGES.

WHENY a straight bridge consists of
several spans, each entirely independent
of the others, it is said to be composed
of simple girders. If, on the other hand,
it consists of a single truss extending
from one abutment to the other without
any disconnection of parts over the piers
it is called a continyous girder. A lond
placed upon any span of & continnous
beam influences, to some extent, each of
the other spans, and hence its complete
theory is much more complex than that
of the simple one. This very complexity
bhowever has rendered the subject an at-
tractive one to mathematicians, who,
pursuing seience for science’s sake, have
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investigated the laws of equilibrinm
which govern it. These laws with the
many beautiful consequences attending
them form one of the most interesting
chapters of mathematical analysis, and
as suck have interest avd value inde-
pendent of their application in engineer-
ing art,

It is the object of the present paper to
present in ag simple a form ag poasible
some of the main principles and laws
most needed by the engineer, and wo il-
Instrate their application as fuliy as
space Will permit to the practical de-
gigning of continunus bridges.

CHATTER 1,

The first point to be observed in oun-
sidering either a simple or continnouns
girder is that all the exterior forces
which et npon it are in equilibrinm,
The exterior forees embrace the weight
of the girder and the loads upon it which
act downward, and the pressures or re-
actions of the supports which aet up-
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ward. In order that these may be in
equilibriam, it is necessary that the sum
of the reactions of all the supports rmust
be equal to the totul weight of the girder
and ibs locd.

Thus, if a simple girder of aniform
gection and weight rest at 1t ends upon
two swpports, the reaetion of cach sup-
port will be one-half the weight. Exactly
in the center between the two supports
or abutments, let ue suppose a pier to
be placed just touching, but not pressing
against the beam, which, at that poiuot,
hazs & deflection below .a straight line
joining the two abutments. Then the
condition of things is in no way altered,
for the weight being W, cach abutment
resots with a forea + W, while the pier
bears no load. Raise now the pierso as
to lift the girder above the line of de-
flection and it receives a part of the
weight W, while .he reactions of the
abutments become fesa than § W, If
the pier be raized higher and higher, it
will at length lift the girder entirely
from the abutments and bear itseif the
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whole load W. In every position, how-
ever, the sum of the reastions of the
three supports is equal to the total load.
For example, when the throe are on the
same level it may be shown that the re-
action of each abutment iz f¢ W, and
that of the pler 1§ W.

This illuatration shows aleo that small
differences of level in the supports occur-
ring after the erection of a dridge cowuge
large variations in the reactions of is
supports and in the strains in s several
parts. A simple girder having a deflee-
tion of omne ineh, would, -if raized one
and three-fifth inches at the eenter, be
cotirely lifted from the abmtments, In
the first case the upper fiber would be in
compression, the Jower in tension; in the
second case, the upper would be in teu-
sion, the lower in compression. If the
center were ralsed only one ineh, the re-
versal would be only partial, the upper
fiber becoming subject to tension for a
ghort distance on each side of the mid-
dle. This fact often used as an argn-
ment against continuous bridges, is really




t

an objeetion only when the plers are
liable to settle after evection. Differenced
of level, previously existing, do not act
prejudieial when the bridge is built upon
the piers, and with a profile correspond-
ing to them.

The mathematical theory of the con-
tinuous girder enables its reactions and
internal straing to be found for any as-
sumed levels of the supports, provided
only that the differences of level are very
small compsared with the length of the
spans. However interesting such inves-
tigations may be in themselves, they are
of little importance in practice, since it
has been shown that when all the pointa
of swpport sre on the same lovel, the
greatest economy of material resulis.®
In all that follows, then, we shall regard
the girder as resting on level supports,
or, what ie the same thing, that it was
built with a profile corresponding to that
of the piers.

The loads upon a bridge and the reac-

_'-ﬁ'umuh;r Tﬁ-ﬂ'ﬁ:dﬂ" mﬁmﬁrﬁ?ﬁm?&ﬁ#, P, L2g,
Winklor ; Lekre der Klaatioitdt, p. 106,




