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CHAPTER

I.

Of the most suitable Curves for forming the Arches of
a Bridge.
In designing a bridge of any considerable magnitude,
nothing demands greater care and circumspection on the
part of the engineer than to determine with propriety
the span, elevation and curvature of the arches . In all
erections of this kind, the arches form by far the most
prominent feature of the whole work ; and , unless they
be contrived with due regard to beauty of form, the
bridge itself, instead of being distinguished for its sym¬
metry, will be condemned as a monument of bad taste.
Beauty, however, is not the only consideration that
should be attended to, for it must be combined with a
certain conveniency of form, so that the arches may af¬
ford the most easy passage for the waters, and at the
same time present the fewest obstacles to the purposes
of a tree and secure navigation.
There are three curves which appear to combine in
B
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of beauty and conan essential manner these advantages
decided supe¬
veniency of form, and which, from their
, appear to be
riority in this respect over all other curves
by the practical
almost exclusively adopted for arches
, the elliptical,
bridge -builder . These are the circular
their infinite seg¬
and the cycloidal curves : which , with
variety of arches.
ments , present to our choice an endless
observations al¬
For brevity , I propose to confine my
, although what is
most exclusively to the elliptic curve
propriety , to
said of this will apply , with nearly equal
a circle is nothing
the circular and cycloidal curves ; for
diameters
but an ellipse, whose transverse and conjugate
near to a
very
so
are alike : and the cycloid approaches
appear necessary
segment of an ellipse, that it does not
notice of it *.
to extend this small tract by any separate
* The cycloid

beauty of
is as much admired for its singular

form,

as for its remarkable mathematical properties.
FIG . 1.
f

equal AB, the trans¬
Let ACB be a semi.ellipse; and put a
diameter ; i = Cm,
conjugate
verse diameter; c equal 2CO , the
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The ellipse , of all curves, is the most
particularly de¬
serving of notice , as no other curve can
be so advanta¬
ge abscissa ; y — Pm, the ordinate ;
and p 314159
=
, equal the
area of a circle whose radius is unity .
And Jet the segment
PCQP , cut off by a line parallel to the
transverse diameter , be equal
to three times the area of the circle C
nmp, whose radius is —■
And let PQ , the base of the segment , be
to the altitude as 3-14159
to 1 ; that is, 2y . x 3; : -14159 : 1, (
which are two known properties
of the cycloid, ) to determine the
transverse and conjugate diameters
of the ellipse.
In the first place we have y =
And y x, the fluxion of the segment PC m
= -^ x
FI.' sc c x — x1:—

And the area PC m x=

But the area PC m is, by hypothesis ,
equal to three times the se¬
micircle Cmn, whose radius is —; and the
area of the said semi¬
circle is ——: therefore 3 Cm
8
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But Pnt is equal -y = y =
3C »u - ——- X

c x — x\ = segment PC mi
consequently
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of an arch :
geously employed in forming the intrados
is con¬
at the springing of an elliptic arch , the curvature
it affords the
siderable ; and as it rises perpendicularly
-vray and as
most commodious opening , both as a vvater
the crown
a passage for craft : but proceeding towards
decreases , till it
of the arch , the curvature continually
the horizontal
approaches almost to a parallelism with
all the bold¬
lines of the bridge : by this means it unites
gracefulness of
ness of the semicircle , with a light , airy,
massy parts
figure which gives great relief to the more
And by reverting the series we have
+ 004101 + 000993 + 000271 + &c.
+
— = 99061
c = 2-4726
1-5707x2 -4726

And

a —

\ / c x x— *

= 3-2C06

1-4726

and conjugate dia¬
Therefore , if from an ellipse (whose transverse
be cut off from
there
)
respectively
meters are as 3-2006 and 2-4726
is as 1, then the double
the flat side a segment whose abscissa C m
as the altitude
respectively
is,
that
;
3-1415
as
ordinate PQ will be
be equal to
will
segment
and base of a cycloid : and the area of the
the cycloidal space.
exactly coincide , as
But the perimeters of the two curves will not
shows the elliptic
line
dark
the
where
;
is observable from the Fig. 1.
r , the cycloid is
to
P
from
:
cycloid
the
line
curve and the dotted
r to s it becomes rather
quicker in curvature than the ellipse ; from
becomes again quicker
cycloid
the
C
to
s
from
,
again
flatter ; and
than the ellipse.
however very con¬
The difference between the two curves is not
the purpose of an
for
application
siderable , and in any practical
distinguish them.
to
difficult
extremely
be
arch , I believe it would
beautiful , though the
It is not easy to say which curve is the more
ellipse appears to be the more useful in practice.

of the structure . In short, no other curve possesses such
transcendent qualities, both as to form and convenience,
for the formation of arches.
FIG. 2.

fig. s.
c

The curve ACB (Fig. 2.) is the segment of a circle,
similar to the intrados of the centre -arch of the South¬
wark bridge ; the curve ACB ( Fig. 3.) is a semi-ellipse
of the same form as the arches of the Waterloo bridge ;
the superiority of the latter of these two curves will, I
think, be apparent on the slightest inspection.
It is true that there are many other curves, besides the
three above enumerated , which have at different times
been strongly recommended for the arches of a bridge;
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such are the Parabola , Fig. 4., the Hyperbola , Fig. 5 .,
the Catenary , Fig. 6., and a tew other similar curves.
FIG . 4.

FIG . S.

FIG . 6.

All these curves unquestionably possess very considerable
beauties ; but it happens that they are principally mathe¬
matical beauties , which are not exactly what are required
by the tasteful architect , although they may be sufficient
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to recommend the curves to the favour of the geome¬
trician . The beauties of the ellipse, on the contrary , are
seen at once ; they are such as cannot fail to strike the
most ignorant and inattentive observer.
In the parabola , hvperbola , &c., it is to be observed
that the curvature is always greatest at the crown or
vertex C ; while towards the springings A and B the
curvature continually decreases , and at length acquires
a remarkable flatness, quite the reverse of the ellipse;
whence it happens that the haunches or spandrels of the
arch about N would have the unnatural appearance of
being crushed down, and thus be productive of a most
disagreeable effect. Moreover , as these curves rise at
the springings in an oblique direction , instead of per¬
pendicularly , it is quite evident that they never can
form commodious archways : for, as the openings must
be necessarily contracted on each side, a great impedi¬
ment will thereby be produced to the purposes of navi¬
gation , and to the free discharge of the waters.
But it is unnecessary to dwell any longer upon this
subject, as the numerous inconveniencies of these curves
are so very obvious that I believe they are rarely used
for any practical purpose.
Next to the form or particular curve of the arch,
nothing is of so much importance , with regard to the sym¬
metry of the bridge, as the situation of the points whence
the curvature of the intrados commences ; or what is
commonly termed the springings of the arch . If a care¬
ful examination be made of structures of this kind, I
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believe it will be found that the most admired bridges
are those in which the springings of the arches com¬
mence immediately at the surface of the water.
The reason of this is, that as it rarely happens that
piers of any considerable altitude (as compared to their
own bulk or to that of the adjoining masses) can be intro¬
duced to support the arches of a bridge ; consequently,
when they are employed at all, they generally fail of
producing any thing like a good architectural effect,
while at the same time they invariably tend to injure
the appearance of the curve of the intrados.
As a proof of this, I will refer to the two most mag¬
nificent bridges of the British empire , or probably of the
world, namely, the Southwark and Waterloo bridges.
The springings of the arches of the Southwark bridge
commence about ten feet above high water mark, con¬
sequently the altitude of the perpendicular -sided piers,
compared with the span of the arches, is too insignifi¬
cant to produce any good effect as to the general form
of the structure ; while the sort of obtuse angle CAD
(Fig . 2.), formed by the curve line C A, and the perpen¬
dicular line D A, is quite destructive of all architectural
beauty , and might not inaptly be termed the angle of
deformity.
Moreover, the abrupt termination or butting of the
intrados against the straight -sided pier A D , materially
injures the form of the curve itself : the latter appears
to have too much curvature at C, the crown, while to¬
wards the springings, A and B, the curve appears to
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degenerate into straight lines ; so that the intrados , in¬
stead of appearing to be a circular segment, as it really
is, has ail the appearance of being a true hyberbola : a
fact of which any one may easily convince himself, by
attentively observing the arches of the Southwark
bridge.
In cast-iron bridges, in which flat circular segments
are generally employed for the arches, it may perhaps
not be easy to avoid this mode of construction , as it is
desirable to keep the springings of the iron voussoirs
above the reach of the waters : a considerable part of
the bad effect might however, even in these cases, be
remedied by a judicious adoption of flat segments of
ellipses instead of circular segments • or by giving the
sides of the piers the same degree of curvature as the
intrados of the arch ; a method very frequently employed
by the French engineers.
The springings of the arches of the Waterloo bridge
commence about half-way between low and high water
mark : now, if any person contemplates this surprising
series of arches at half flood, or ebb, which is the proper
time to view' this noble structure to the greatest advan¬
tage, he cannot but feel the greatest admiration of the
fine form of their elliptical intrados : but if he take the
trouble of attentively observing the same arches at low
water, he will then be sensibly struck by an apparent
defect . This is occasioned by the short straight -sided
piers, under the springings, which then come in view'
(see Fig. 3.) : AB is the level of the springings of the
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line is DE;
semi -elliptical arch ACB ; the low water
straight -sided
and AD , BE are two small portions of
exactly
piers : now, as the eye is incapable of defining
is, that
where the curvature terminates , the consequence
with the
the straight lines AD and BE become associated
of
degree
intrados , which appears to have an unnatural
and thence
curvature between the points A and N , &c.,
arises a very conspicuous deformity.
equal the
But, in my opinion , no work of art can
arch , whether
beauty , I may say grandeur , of a large
from the
circular or elliptical , springing immediately
magical
surface of the water ; there is something almost
greatly to our
in the appearance : it is this which adds
bridges;
pleasure in viewing Blackfriars and Westminster
circumstance
and there is no question that to this same
arch is to be
Rialto
much of the fame of the celebrated
ascribed.

varying, as
Where the level of the water is constantly
arches should com¬
in tide rivers , &c., the springing of the
entire form
mence at low w'ater mark ; for although the
curtailment
of the intrados will generally suffer some
will at no
curve
from the elevation of the water , still the
; be¬
time present any thing like a defective appearance
in themselves
cause all the segments of a fine curve are
as¬
equally beautiful , provided they be not injudiciously
sociated with straight or other improper lines.

