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CHAPTER

VIII.

Of the Abutment and Bearing Piers.
adequate abutments it is clearly impos¬
Without
sible for the most judiciously constructed arch to stand :
indeed so entirely does the very existence of the bridge
depend upon their strength and immobility , that it is
hardly permitted to be said that they can be made too
substantial . And if an engineer be at all pardonable for
employing a profusion of materials in ' any part of a
bridge, it is, I conceive, in the constructing of the abut¬
ments.
Mathematicians have given various theorems for cal¬
culating the size of abutment piers ; of most of which the
following, I believe, will be found to be nearly the sub¬
stance.
Suppose BEFD (fig. 29) to be an abutment pier of
a bridge, of a rectangular shape , and constructed with
materials of uniform density : and let ACP « represent
an arch of equilibrium pressing against the pier at the
angular point A (or springing). Now draw the tangent
line GR to the point A of the curve of direction of the
forces ; then if the force or pressure of the arch, in the
direction of the tangent , be as AG , and half the weight
of the abutment pier as the perpendicular line DG , the
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arch and abutment pier will be in perfect equilibrium,
and there will be no tendency in the pier to turn upon
the angular point D.
Now put the pressure of the arch equal P ; and the
weight of the proposed quantity of materials with which
the abutment is to be built equal 2 W :
= c
And put OR , the subtangent ,
b
=
,
OA , the semi-span
AB, the height of the pier
a and
to the springing,
BD , the required width ofl_
the base of the pier, )

= r.

:
Then as OA : OR : : GS : AS v b : c : : x : —
b
cx

that is, AS = -y

= rx.

= .rx l + H 4 .
And AG = (aS ’ + GS*!*) =
DG = BS ( = AB —AS) = a — r x.
r *i : a —rx.
Therefore as P : W : : AG : DG : : x X 1+
^ X 1+ »*1*
=
Whence we get P Xa —rx Wx
Pfl
•
,
that is x — wxf + ^ i P+ r '
Therefore having proposed the weight of the pier, we
can from this theorem determine the breadth BD of
the base of the pier, and vice versa : and the resulting
line AD , will be as the force acting upon the angular
point D.
The reader will no doubt have perceived that the
above theorem supposes the presence of three indispen-
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sable conditions :— 1st, That the whole of the abutment
pier is inseparably bound and connected together , so as
to form as it were one compact body of solid rock;
2dly, That the angles of the abutment and arch at A
and D are of impenetrable hardness , so that no force
or resistance can make any impression upon them ;
3dly, That the ground or substratum under the base of
the abutment is also so impenetrably hard , that if the
pier be turned by any force on its angle D , it shall not
sink, in the smallest degree, into the substratum.
It is scarcely necessary to remark that the presence of
these three indispensable conditions is absolutely impos¬
sible ; therefore a blind reliance on a theorem of that kind
would most likely be productive of ruinous conse¬
quences . It is useless to say that this, like all other theo¬
rems, requires some qualification before it can be applied
to practical purposes , because the sort of qualification
that would be necessary to render this a safe guide in
practice, would be quite subversive of its very principle :
indeed so completely inapplicable is it to the intended
purpose , that it forms a memorable instance of the in¬
utility, not to say danger, of the mere mathematician un¬
dertaking to write theorems for the use of the practical
engineer.
It is not my intention to detail any general rule for
forming the abutments of bridges ; but I shall confine my
observations to the describing of such an abutment as I
conceive will be adequate to the support of an arch of
230 feet span as here proposed for the new London
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Bridge , supposing
stratum.

the foundations to be on a soft sub¬

Fig . 27 represents a longitudinal section of the pro¬
posed abutment , with part of the adjacent arch . The
bottom of the timber cradling is about 21 feet below low
water mark , and is supposed to be two or three feet
beiow the surface of the natural blue clay . From this level
the masonry commences . The whole of the work be¬
tween the two vertical lines KR and VB forms an in¬
tegral part of the abutment :— the length from R to B is
feet ; the whole height from B to V , 77 feet.
And taking into the calculation the extended wings on
each side of the abutments , the timber cradling , foot¬
ings, &c. &c., it is proposed that the whole weight of the
abutment shall be equal to 24,000 tons.
65

The vertical line ST passes through the centre of gra¬
vity of the whole mass , and is placed 27 feet from the
vertical line KR . It will be observed that the centre of
gravity is not near the middle point of the abutment , but
is placed more forward by taking away the large opening
at W : the reason of which will be explained presently.
Now let /’H be the curve of direction of the forces
of the arch , commencing at the middle point r of the
voussoir at the crown , and intersecting the vertical line
KR at the point H : draw the tangent HE ^ to the
point H of the curve , intersecting in E the vertical line
ST , that passes through the centre of gravity . And let
Eg be the resulting line of tiie forces of the arch acting
in the direction Ef, and of the forces of the abutment
pier acting in the vertical direction ET.
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. Then let W be equal the whole weight of the abut¬
ment pier, instead of half the weight as before ; and let
a be equal to ET, and not to RH ; and putting P still
equal the pressure of the arch in the direction of the tan¬
- : then our
=
gent HE/ ( = 14,000 tons) ; and x Tg
preceding theorem will become of some use ; for

x —W X

Pa
: =
np )i + Pr

Ti

;
=
Now putting P = 14,000 ; W = 24,000 ; a 26
and r the ratio of the semi-span to the subtangent = ’63,
we shall have x — Tg = 9 '8 feet. Consequently the
pointy of the resulting line T g will be very near the
middle of the base or platform RB of the abutment
pier ; it being only about 4 feet 6 inches behind that
point . And the pressure P of the arch will be to the
whole weight W of the pier, as EZt to kg. By making
the point g of the resulting line of the forces come so
near to the middle of the base RB , we not only preclude
the possibility of the abutment turning upon the external
angle B, but likewise prevent all chance of the back
part of the abutment pier at B sinking more than any
other part into the soft substratum . For as the vertical
pressure on every part of the base must, from the position
of the point g, necessarily be nearly equal, it follows that
the whole pier, if it sink at all, will sink uniformly,
which is an object of very great consequence to the
strength and duration of the structure.
If the vertical line ST, which passes through the centre
of gravity, had been placed in the middle of the pier, then
the point g would have been thrown so much the
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further back towards the angle B ; consequently , sup¬
posing the absolute weight to remain the same, the abut¬
ment would not then have been so efficient to resist the
thrust of the arch.
The absolute weight of the abutment has been taken
at 24,000 tons, which is about double the lateral pres¬
sure at the crown of the arch : and this sort of propor¬
tion will serve as a tolerably safe guide in determining
the weight of abutment piers generally. It must however
be noticed that this proportion should vary inversely as
the vertical line TE : moreover, the breadth of the base
should likewise be taken into consideration.
In forming abutment piers on soft substrata , there are
two inconveniencies to be particularly guarded against:
the first is the tendency of the external angle of the pier
pressing or sinking into the soft soil ; and secondly, the
liability of the whole pier sliding or moving in a hori¬
zontal direction . It is evident therefore that something
more is wanted besides mere absolute weight, to preserve
the immobility of the pier ; and that is, breadth of foun¬
dation or base ; for in proportion to the surface of ground
covered by the pier so much less will be the power of any
force to remove it : and it is by this means only that
we can obtain a secure remedy for the above two evils.
Having provided a sufficient mass or weight of mate¬
rials in the abutments , as also such a breadth of base as
shall remove all apprehension of the pier turning over
or sliding on its foundation by the effects of the lateral
pressure, we have now to consider of the best means of
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binding or connecting the whole of the masonry together,
in such a manner that no one part shall have a tendency
to move without carrying the w'hole pier with it ; for
unless this is accomplished , there would still be very
little security for the structure . The method usually
adopted for this purpose , is the employing of what is
termed vertical bond ; a method which succeeds perfectly
well to prevent the horizontal beds from sliding on each
other , when the line of direction of the forces does not
make a very considerable angle with the perpendicular;
but whenever (as in the case under examination ) the line
of direction Hf makes a large angle with the vertical
line, this method is certainly quite inadequate.
The plan proposed for the new London Bridge, to
secure the above-mentioned object , is the introduction of
notched or joggled stones as shown at fig. 30 : the me¬
thod of using which will be easily understood from the
following description.
The timber platform RTB (fig. 27) being prepared
of longitudinal and transverse timbers, and firmly bolted
down to the bearing piles ; the two transverse pieces of
oak timber, of large dimensions (x and y ), are to be
notched into the longitudinal beams, and firmly bolted
down. Two series of the joggled stones of the same
quality as the voussoirs, are then to be formed in the
body of the pier ; one a, b, c, d,c& . against the piece of
timber x, and ranging to the upper end of the voussoir
at i ; and the other mt n , o, p, c& . ranging to the lower
end of the voussoir of the springing k. These two series

joggled stones are to range quite across the abutment
pier, from side to side ; the spaces M and N are to be
composed of masonry of nearly equal quality with the
joggled stones themselves.
By this method it is quite impossible for any of the
courses to slide, or that any part can move without car¬
rying the whole of the pier, together with the platform
and bearing piles, along with it ; unless the pressure be
sufficiently great to crush through the solid stone from
a to btig
( . 30) ; which is altogether improbable . One
great advantage of this plan is, that the horizontal bond,
with the other parts of the work, is very little impaired
thereby, as all the work is still laid in nearly regular
courses.

oi

In a few instances of the formation of abutment piers,
the method has been resorted to of radiating the courses
of stone according to what has been conceived to be the
line of the forces (something upon the principle of what
has been showm, in the former part of this work, to be
the true principle of constructing an arch of equilibrium).
But this plan of radiating the courses in the abutment is
completely a work of supererogation ; and it is strange
that it should ever have been thought necessary to intro¬
duce the principle in the constructing of abutments,
where the solid mass of the work rendered such a pre¬
caution unnecessary ; while it is entirely neglected in the
construction of the arch , where its introduction is so very
essential. Besides many other inconveniencies, the ra¬
diating the courses would completely destroy all hori-
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zontal bond with the face and other parts of the struc¬
ture.
The masonry at L may be of very inferior quality ; it
should however be in regular courses, as it will serve to
communicate a portion of the horizontal thrust to the
series of land arches at QY . But the whole of the work
above may be of the coarsest description of rubble ma¬
sonry, as its principal utility is to furnish weight and so¬
lidity.
But, notwithstanding all the precaution that can be
used to bind and connect the wdiole of the abutment
together in one compact solid mass ; yet, considering the
nature of the substratum in the site of the new London
Bridge, it may not be sufficient to resist entirely 'the im¬
mense lateral pressure of an arch of 230 feet span : for
although there would not be the slightest danger of the
pier turning upon the exterior angle, or that it can be
forced to any considerable extent from its true situation;
still, if nothing but a compressible earth embankment
be placed against the back of the abutment , there may
arise such a degree of motion as will prove injurious to
the equilibrium of the arches.
It however happens that the approaches of the bridge
here proposed , would require to be formed on a series
of land arches similar to the Southwark and Waterloo
Bridges. If the foundation of these arches be constructed
with sufficient care, and made to press firmly against the
back of the abutment , it will form precisely that sort of
resistance that is wanted ; for it will be almost the same
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as an extended breadth of the foundation of the abut¬
ment pier itself.
Nothing can so completely secure the immobility of
an abutment pier (standing on a soft substratum ) as a
great breadth of foundation ; as by that means it lays
hold of and unites itself with so large an extent of the
soil, that it may defy the effects of lateral and all other
external forces . But mere -weight or mass alone will in
such a case give but very inadequate security.
Of the Bearing Piers.
The bearing or water piers of a bridge usually engage,
and not without reason , a very considerable share of the
attention of the practical engineer : it appears however
that the great object of care in forming these parts of a
bridge, is, that they be made of a sufficient size and
strength to support adequately the perpendicular pres¬
sure which they will have to bear, and to resist immoveably all shocks and external violence to which they may
be ex posed from floating bodies, &c., at the same time that
they be so formed as to cause the smallest possible im¬
pediment to the current of the water and to navigation.
Formerly it was the custom to make the bearing piers
of a bridge so wide and massy as to be capable of
serving for abutment piers if required ; as in the event of
Us being necessary to remove one of the arches for re¬
pairs or otherwise . A more jndicious consideration of
the matter has, however, led to the abandonment of this

contracted notion, and to the adopting of a plan more
consistent with convenience and good taste ; therefore
the plan now is to make them no larger than what is ab¬
solutely required for the purposes before described.
It is generally recommended that the width of the
bearing piers should have a certain relation to the span
of the arch, similar to the depth of the voussoirs : but,
from the nature of the current , the depth of the bed,
description of the substratum , and other circumstances,
this proportion must necessarily vary a good deal in
different cases. The width here proposed for the piers
of the new London Bridge is 28 feet ; which is 4 feet
wider than those of the Southwark Bridge, and 8 feet
wider than those of the Waterloo Bridge.
The area of a pier 53 feet long by 28 feet wide is
1484 superficial square feet, independent of the catwaters. Each pier will have to sustain the load of one
whole arch ; which we have already stated is equal to
15,000 tons ; and this added to the weight of the pier
itself to low water mark, will be about 20,000 tons ;
w'hich will be equal to a pressure of 13§ tons per foot
super on the area of the pier at low water mark ; a pres¬
sure much less than half what the voussoirs at the crown
of the arch will have to sustain . Therefore there cannot
be the most remote apprehension of the above pier
being insufficient to sustain the load.
We have now, however, to consider whether this
great weight may be sustained by the pier without any
injurious sinking into the substratum ; for it is to be ob-

129
served that each pier at the level of low water will have
to sustain three times the weight upon the same super¬
ficies compared with the abutments : therefore unless this
inequality be compensated by extended footings and
other contrivances , it is likely to cause partial sinkings
into the substratum , an evil of great magnitude in all
structures , but more particularly in the piers and abut¬
ments of a bridge.
Fig . 28 , Plate VI . is a section across one of the piers of
the proposed bridge : the platform CD is intended to be
carried 5 feet lower than the foundation of the abutments,
or about 26 feet from low water mark to the bottom of
the timber cradling : the footings or offsets are to ex¬
tend all round 14 feet beyond the face of the pier and
cutwaters ; which will make the foundation equal to an
area of about 105 feet long by 56 feet wide. After the
coffer dam GG is formed in the usual way, it is intended
to drive a complete belt or inner dam (EE ) of perma¬
nent cast-iron sheet piling exactly to the size and form
of the required foundation : the sheet piles to reach 10
feet below the timber cradling and 10 feet above. The
excavation is then to be proceeded with, in the inner
dam to the proper depth , and the bearing piles, cradling,
and masonry executed in the customary manner.
The belt of permanent sheet piling, above described,
will be of considerable utility during the operation of
making the foundation : and after the pier is completed
it will secure the base from being injured or undermined
by any sudden violent floods : it will also have another
K

important duty to perform , the nature of which shall be
briefly explained.
Persons who have been accustomed to drive piles for
foundations , must have had frequent occasion to observe
that in piling in stiff clayey soils*, the ground always
rises and swells up in exact proportion to the solid con¬
tents of the piles which are driven down ; a plain proof
this that such kinds of substrata are never rendered more
dense or compact by the process of piling : furthermore,
if such soils be subjected to any great force, they will
not be condensed or compressed in any sensible degree,
but will, on the contrary , swell out and liberate them¬
selves w'herever they find less resistance , something si¬
milar to fluid bodies.
This latter fact is very familiar to miners, in driving
their levels and drift ways. If a level be driven, one or
two hundred yards under ground , through the solid rock,
there will be no danger of its not continuing entire for an
indefinite length of time ; but if the sides and roof only
of the level be formed in the rock, and the bottom be
cut through into a bed or substratum of clay, the con¬
sequence will be, that the clay, however strong and stub¬
born it may be, being pressed by the weight of the su¬
perincumbent rocks, will imperceptibly swell and rise
up in the level ; and unless it be continually pared down,
or prevented by some means, the level will in no great
length of time be entirely choked up.
* All clayey, gravelly or loamy soils are here comprehended
under the general term of soft substrata.
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Something analogous to this, though in a much less
degree, is likely to occur in the clayey substratum of a
large bridge or other ponderous structure ; for, although
there is no probability of the clay being compressed to
any sensible extent , yet, the great weight will tend to
press it out to the edges of the foundations , and thus lead
to a considerable sinking of the piers . But the belt of
sheet piling being driven round the edge of the founda¬
tion, and kept close thereto by the great weight pressing
against its whole area , will in great measure prevent this
swelling out of the clay from beneath the foundation,
and will, in some respects , have the same advantages as
actually increasing the spread of the foundations in ex¬
tent nearly equal to the whole area of the sheet piling.
It has already been remarked , that bearing piles driven
into stiff tenacious soils do not add much to their den¬
sity or solidity ; on the contrary , it is probable that piling
rather tends to break up and loosen such soils : the prin¬

cipal use of bearing piles is to equalize irregular sub¬
strata , or to pass through a bed of soft soil to reach one
Of greater solidity ; and thus communicate , as it were, a
foundation from a greater depth than it would otherwise
be convenient to excavate to. But the utility of driving
bearing piles into substrata of uniform texture , where
there is no danger of the soil compressing, is not so ob¬
vious. Nevertheless , bearing piles, even in soils of the
latter description , are not without some advantages ; for
a pile ]0 or 20 feet long driven down, will by the friction
of its sides have a hold of the ground nearly in proporK2
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lion to its actual superficies ; by which means it certainly

must add considerably to the solidity of a foundation.
The area of the foundation of one of the proposed
piers (see fig. 28) will be about 5880 superficial feet;
and the whole weight it will have to bear is about 26 '650
tons, or rather more than 44 tons per superficial foot.
The weight of one of the piers of the Waterloo Bridge
with its load of one arch , &c. is probably about 12,250
tons : and the area of its foundation is about 2200 super¬
ficial feet : which gives a pressure equal to 5§ tons oil
every superficial foot of the substratum of that struc¬
ture : while in the proposed bridge it is not intended to
be more than about 4 § tons per foot super . The soil
or substratum of the Waterloo Bridge, it is presumed,
is nearly of the same quality as that in the site of the
proposed new London Bridge, namely , what is called
the London blue clay. I trust , therefore , with the pre¬
cautions taken , that there could be no reasonable doubt
of the stability of piers and abutments constructed ac¬
cording to the plan here proposed.
With respect to the form of the cutwaters and some
other minor points , they appear to be of such inconsi¬
derable importance , as not to require any particular no¬
tice of them in this work.

