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Abstract— Economy in construction is the ultimate need for
today, so we go for suitable structures to fit thgurpose. Pier-less
bridges are not new to this world. During the Cholaperiod for
their invasion across rivers, they made use of traed elephants
that swim on the surface, over which they transpoed all
elements of battle by laying planks over elephantsSimilarly in
China, pontoons which float due to buoyancy similato elephants
used in chola period. This paper also includes floatg bridges
which are pierless and whose design has been moddi to
withstand more load and achieve more economy. Theggidges
are made of suitable concrete sections and are camious in
length so that they could connect island and maintad even over
sea which eliminates the cost of pier and makes tligidges more
economical.
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I. INTRODUCTION

Floating bridges were even built in olden ages with
help of boat like structures as supporting piersregular
intervals and decks were placed on it. Here the@esbtidge
transfers its load due to buoyancy.

As we propose to built a bridge across a naturaindge
like rivers or some obstruction, we have to consitle height
of piers constructed above the ground level as a&lbelow
the ground level as a part of foundation. When ae diers
for bridges crossing deeper rivers then the hewfhpiers
would be very large. Even if the river bed is oftdmed rock
then the depth up to which the piers have to lok dader the
ground level as foundation is also so high. So agale it
leads to a large excavation cost for drilling pilexler water
as well as constructing piers for such great hsigaven if we
construct like this we must increase the dimenswipiers
drastically to avoid buckling or go for many pieats shorter
intervals to reduce the load over the piers. Sarder to
reduce the cost and make the bridge more economiao
for floating bridges now, which is made of concreted it
floats based on the principle of buoyancy. In {héper more
economical section has been designed which wililcedhe
stress on section.

IIl. BUOYANT FORCES
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When an object is kept in a fluid, the fluid exeatforce in the
upward direction called buoyant force. The buoyiante is
due to pressure exerted by the fluid on the objast.the
pressure increases with increase in depth, thesyme®on the
bottom surface of an object is always greater tharforce at
the top surface, which results in a net upward ocalled
buoyant force. The buoyant force exists based erotfject’s
condition whether it floats or sinks. Now considefloating
cube, but we can analyse the same for an objettisha
submerged.
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Figure 1

In a cube, although a similar analysis results shene for
complicated objects, the object experiences foocesll of its six
sides. On each side, force is obtained by multiglyimessure
with area of the side and its direction is normathie same side
and acts towards inside of the object. The forcéherieft side is
tricky to calculate because the pressure is difteeg different
levels. Luckily we need not calculate it because tioirce is
equal-and-opposite to the force on the right s®ieilarly, the
forces on the front and back cancel. The forceegaviertically
and it is function of depth. As the depth increafmse also
increases proportionately. Hence we get a largerefai the
bottom surface than the upper surface.
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[ll. EFFECT ON VOLUME BY INCREASE IN PRESSUR

cofferdam consists of air initially at latmosphepiessure.
But when it is lowered into the water at a depthl®Mm, the

pressure acting on the air increases to almost 2dtioh is
R WiGE G REECYONE SRR equal to 10.4m-of water. Since the pressure hasledunow
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As we go deeper into water, the pressure due terwat — Y
increases by the equationgerh. So according to Boyle's law, YA *‘
as pressure increases volume decreases, whiclatesd shs pa— RN
PV=constant. If the air in a container of certaimlune is // - - \\\
exposed to atmosphere, it would experience a pressul VA T
atm. When the container is immersed to a deptiOofrh the e—— e

pressure due to water now is 2atm (since latm=10fm
water). Now the pressure has doubled so that volhase
become half so that PV remains still constant. Bu¢ to

decrease in volume there is no loss of mass instead the

container is compressed and density of air is ddadled.

IV.COFFER DAMS WITH ‘H’ SHAPED DESIGN:

Figure 3

Fig.3 shows the ‘H’ shaped structure of cofferdamvhich
the upper portion of ‘H’ makes use of law of buogato float
and lower part floats due to the property thatcaimpresses
when immersed in water. Coffer dam is a large Wokection
which floats based on law of buoyancy. The lowert [ud

Figure 4(b)

While seeing through the pressure distributionten t
walls of a ‘U’ shaped coffer dam (Figure 4(a)),istjust a
triangular distribution with max at the base offeofdam. But
in the case of ‘H’ shaped structure the maximunuczonly
at the mid half and not at the base. When we coctstr ‘U’
shaped coffer dam of height X then the maximumsaneson
the walls of coffer dam would bggX wherep is the density
of water and g is the acceleration due to gra®tyt.in case of
‘H’ section (Figure 4(b)), when the total height tiie
structure is X then the walls of coffer dam woulgherience a
maximum pressure less thagX. This reduction in pressure
is due to the air acting on the lower side of ‘Hiiash would
give a pressure in the direction away from the svalid this
pressure would try to expand the lower part volumewater
outside the lower part tries to compress the lovedume as a
result of which stress acting at lower part is ddasbly
reduced and economy is achieved.

Similarly the lower part contains some water upttegain
level which would oppose the force acting on thdisaaf dam
due to water outside the lower part.

This changes in design would greatly reduce thesure
acting on walls of coffer dam as a result of whadonomy is
achieved.

VI.PRESSURE DUE TO COMPRESSED AIR:
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In order to calculate the pressure in the lowet palume
and the height upto which the water has risen & lgwer
volume, we have to equate the total pressure ahdeppto
which the structure has sunk.

B

G

Compressed Air

]

Figure 5

Considering an idealized H shaped section (Figliréeb
the height of air in the lower volume be ‘X' ancetheight of
lower volume be ‘H’. By Boyle’s Law PV=constant.itial
Pressure is 10.3m of water (Atmospheric pressuré)laitial

; 3 A .
volume is kA m~ where ‘A’ is plan area. Once the section,

has been immersed into the water, amount of airldvbave

reduced to ‘X x A’ and let the pressure be ‘h’ mwadter.

Now equating according to Boyles’s law, we get
10.3xHxA=hxXxA

Therefore the pressure of compressed

air in terms of water =—
According to Pascal’s law, the pressure at depthdire is
constant and equal to (D+10.3)m of water.This pmesss

equal to pressure in the compressed air h (pregstieems of
head of water) plus (H-X)m of water. Thus equatirgget

——+H-X=D+10.3
= D+10.3

10H+HX-X’= DX+10.3X
Rearranging, we get
X2+ (D-H+10.3) X-10.3H=0
Therefore solving this equation

Since the value of X can't be negative we take othlg
positive value.

Therefore

and water would have risen in the lower part uptrotn the
flange of the section. Hence, the compressed adymes
pressure to expand the lower part while water datswill

compress the lower part, thus compressed air ingdaeces
the compressive stress acting from outside regultim
economy. In addition to this water which has rigeto the
lower part would reduce the compressive stress foaiside
by applying pressure on the inner sides of wall.

Pressure in compressed air =

VII.STABILITY ANALYSIS:

For an H shaped section the condition of stabléibgum
is that, Centre of buoyancy B should lie above @emtre of
gravity G. Centre of gravity of the whole sectidasl at a
distance of (D-H) from the water surface. Centréwadyancy
B which is the Centre of gravity of displaced wdtes at a

distance of from the water surface. The condition of
stable equilibrium is that, Centre of buoyancy Budd lie
above the Centre of gravity G. Hence for stabldliggium
(D-H) > (refer Figure 5)
But at the time of erection it needs some lateral

supports to avoid toppling till its weight and uptst has been
balanced.

VIII.MATERIALS USED:

Steel of grade used in ships which are resistant to
corrosion due to water and have good compressremgth
can be used here.

The deck of the bridges can be of any type depegndin
pon the strength and life time of bridge.

These coffer dams and deck are precast and brdoght
erection point using heavy ships.

IX.ERECTION:

Coffer dam has to be carried using heavy shipshéo t
place where small piers have to be placed at reduiiervals
across the coffer dam. Over these piers deck obtidge has
to be placed and the traffic load over the bridgmgfers to
the coffer dam through the deck and small piers.

Like this we place many coffer dams at regularrireés
and decks are placed over it. These decks are ctthbéy
tension cables to make it stand still and coffemslaare
connected to the river bed by means of tie rodsfour
directions to avoid toppling of the ‘H’ shaped sture. The
decks are made of pre stressed concrete using thesi®n
cables to provide pre stress and these tensiorsaoe also
used connect the decks.

X. NUMERICAL CALCULATION:
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Consider a section of unit length: The downwaraédor

due to H section=
14m3=14x7850=109.9ton

(600.2m)+( 10 O 0.1)(2)

Volume of compressed air =

D=10m (fully immersed case)

H= (5-0.1) m=4.9m

Therefore X=2.77m
Consider the upward force
due to buoyancy = (5-0.X60m =
294m3 of water

= 294x1000kg of water
force = 294 ton force

Consider upward force
due to compressed air = 2x60m3 of air

=166.2m3 of compressed
air = 166.2x1000kg of water
=166.2 ton force

Total upward force =294+166.2=460.2ton
force Total downward force= 109.9 ton force

(460.2-109.9) =350.3 ton per metre of section

Xl. PERFECTIONS:

Since the stress would be more concentrated at
corners of coffer dam the corners have been fidléteavoid

stress concentration. In addition to these pedasti sensors

have to be provided to ensure that the volumerahaide the
lower part is above a particular level, so thatftitee exerted
by the air in the lower part remains potential.

XII.CONCLUSION
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the

Thus an attempt has been made for design of ecaabmi
section which could withstand more compressive sstre

compared to normal boat like structures of Chinasd U
shaped coffer dams which float on lakes. This desggluces
the stress acting on the structure by opposingohnepressive
stress and reducing the total stress acting onaking it to be
economical. Hence the capacity of sections to wétits load
has improved considerably and it can be used téraotine
traffic these days. These bridges could be builbsx large
lakes which would avoid a long ride around the miemd
reaching the other side of lake. Hence it agairvgsao be
economical.
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