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NOTES

BHAVESH ANAND DHAIRYA

BRIDGE ENGINEERING



sH.NO. CULVERT

BRIDGE

1

g

These components of a culvert
are comparatively simpler and
include concrete boxes or
cells, pipes, a top deck or slab,

and supporting parts.

The culvert is generally a
tunnel-like structure that allows
water to pass under a roadway

ofF railway.

These Culverts are usually

culvert load.

These basic components of a
bridge( Parts of a bridge | are
superstructure, substructure,
and deck [transfers surface load

to other components).

The bridge is a passage agk?‘
transportation over a Q‘
body of water or,

obstruction x‘

Abutmr d Piers are the

embedded in the soil, which ting structures of a
bears the major portion of thg ;5| :

Culverts are totally e
structures that ma Emi-
circular, ar, elliptical or

pear-

q?%ﬂ Is an enveloping

stticture that consists of two

sides, a roof, and a floor.

The length of culverts is
typically not more than &

meters.

Mol required a deep

foundation in the culvert.

A bridge is usually straight and

linear assage.

The bridge contalns no floor.

A bridge spans from & meters

to more than 120 meters.

Construction of a deep and
strong foundation is very
important in building a bridge.
A foundation along the entire

breadth supports the bridge.



n

12

These Culverts are built at less
than 20 feet high aver the

obstruction.

Culverts may be pre-

constructed or built on the site.

The Culverts are simpler in
structure and design, so it can
be constructed with less time

and labor,

The construction of a culvert
may be done with a low
budget.

A culvert may be Eﬂ@d

to accomim atewws

both over er the deck.

En%bs. like box
| . have sharp corners
are unsuitable for high-

velocity vehicles.

A culvert is constructed when
water needs to be conveyed
through tunnels or channels

under a roadway.

Culverts prevent waterlogging,
flood, and ercsion, and allows
water to flow its natural course

under a roachway ar raibway,

Page 2

These Bridges are constructed
at a helght of more than 20
feet.

Bridges are usually constructed
in the site or pre-constructed in

smaller parts.

The Construction of bridgn&k E

generally requires a |

and manpower. ?8

This stan::l designof a

are elaborate and

¥, hence its construction
equires a substantial budget.

This only way of transportation
is over the deck of the bricge.

Bridges may withstand heawy
and speeding vehicles.

A bridge is built over a body of
water that is large and has

variable flow.

Bridges provide an easler route
of transportation that saves

time and reduces distance.
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BRIDGE iNTPODUCTION

General: \ e I%:\
. ; rrangement made to cross an g
Abride 1s an @ q %\ er

d or a stream or a riv
in the form of a Imn_uf groun ‘
Ia“ ;ﬂp without closing the way beneath. The

required for the passage of railways, roadw

and even for the carriage of fluids. Q

are

Definition:

A culvert is defined as all bridge constructed over
a stream which remain®.dr¥ for most part of the year. A
culvert is thus a cr rainage work having a total length
not exceeding 6 ween the faces of abutments or

extreme ventw ndaries when measured at right
angles to the axisvof ventway.

The u?ﬂs are provided as the cross drainage
structures the following two cases:

draining small pockets or catchments with no
finite stream channels and also where the height
of the bank is small, and

(2) for small streams with rigid boundaries or semi-rigid
boundaries.
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Bridge Components and Their Function:

The main components of a bridge are

1. Substructure
2. Superstructure
3. Adjoining structure >

Componenets of Bridge & Their Function
L LR STRUCTURE |

_l_

i) Substructure: E

The components of the bridge % level of bearings is known as Substructure, It

consists of the following. @
The function of the s%lu e Is to support the superstructure components and transmit
their loads swhmll.

ii) Ab ts:

It Is a structure mostly used for bridge and dam as substructure at the ends of a

bridge span or dam and on that superstructure is rest. Bridge with a single span has two
abutments that offer vertical and lateral support. It also plays the role of retalning walls to
resist lateral movement of the earthen fill of the bridge approach.



(VIR SISO ISl SEmser

The abutment can also be defimed by the structure supporting one side of an gech. oF v

masonry used to resist the lateral forces. %
iii) Piers:

LTS m suppart

Piers provide intermediate support between two bridge spans. Bridgg

the bridge superstructure element and transfer the [oad to the fo

Pier must be strong to handle the horizontal as well as lateral, krown as

compression members of the bridge.

Pier must be strong to handle the horiz ell as lateral. Piers are known as

compression members of the bridgg.

iv) Wing walls:

It is one of the earth re ctures in the bridge, They are located adjacent to the

abutments and act as gt 2 walls. Wing wall retains soll for abutment, roadway and
approach emb £ hich can be at a right angle to the abutment or splayed at

different angNg.

ET:-:# r -_ o .Iir?'-

T L Fi
a

Wing Walls

- W
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(2) Superstructure: ( Bridge Components )
The components of the bridge above the bearing are known as superstructure.

It consists of the following.

i) Beams, girders:

Both have a similar function to support the roadway and prevent bending. Girder is also one

type of beam support. Where loads are heave girders are used instead of beam support. 3 ?\

Beam has a rectangle cross-section, whereas girders have composed of |I-shaped ETDQ

sections with two load-bearing flanges and web for stabilization. \

A bearing is provided between bridge girder and pier ca ain function of bearing to
allow free movement or vibration of the top supersiru d reduce effect stress to

ii) Bearing:

reach the bridge foundation.
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iii) Arch, Cables:

Arched and Cable both have specified used. Arched are used for arch bridge construction
and cable are used for suspension, cable-stayed bridge, etc. For different types of bridge
construction arches and cable play a vital role.

iv) Parapet wall, handrail:

The parapet Is one of safety component of any bridge which prevent the vehicle frnx%

off where there Is a drop. It is also useful for restricting views, to prevent rubb
passing below, and to act as noise barriers.

v) Flooring: %;
Its top surface of bridge roadway on vehicle travel. It is made of cong % minous

road.

3) Adjoining structures: . FQ

It consists af the followings:

i) Approaches: é
It is a structured constructed at Lh% E ending of any bridge. Its main function is to

provide smooth and easy entry or oM bridge.

S

It is a structured consifugled at the starting or ending of any bridge. Its main function is to
provide smooth angd edsy

ii) Guard Q&
They .@d to restrict traffic on the particular lane or sometimes as road railing but are

generally positioned to protect a specific object, such as a corner of a street or the side of a
gate.

try or exit from bridge.
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Difference between

Bridge and Culvert

SRINQ. CULVERT BRIDGE

4

These components of a culvert  These basic components of a
are comparatively simpler and  bridge( Parts of a bridge ] are
include concrete boxes or superstructure, substructure, ?‘

cells, pipes, a top deck or slab,  and deck [transfers surf 3]
and supporting parts. to other components

The culvert is generally a The bridge is aga
tunnel-like structure that allows  transportat rge
water to pass under a roadway  body of physical
of railway. ctiorn

These Culverts are usually ‘ nts andl Plers are the

embedded in the soll, supporting structures of a
bears the major portiohofgthe  bridge.

culvert load.
Culm%&ag enclosed A bridge Is usually straight and

hat may be semi- linear assage,

st
l@:ﬁmular. elliptical or
Q shaped.

X
X

The culvert is an enveloping The bridge contains no fioor,
structure that consists of two

sides, a roof, and a floor.

The length of culverts is A bridge spans from 6 meters
typically not more than & to more than 120 meters.
Mmeters.

Mol required a deep Construction of a deep and
foundation in the culvert, strong foundation is very

impartant in building a bridge.
A foundation along the entire
breadth supports the bridge.




ldentification of bridges: %ﬁ
To have the uniform policy of numbering k%:; 2 i
drainage works along a highway, the Indian Roa ress
have prepared the code IRC: 7-1971 for jdehtifying or |
numbering the culverts and bridges. According %’ﬂmﬂsinﬂﬁ
of this system, the culverts and bridges road are

numbered in serial order, the number
a fraction. The numerator of the number i

g expressed as
tes the kilometra
in which the structure is siluate nd¥the denominateor
indicates the kilometre-wise seri Qber of the structure.
For instance, the fourth crué age structure in ninth
kilometre (i.e. between kilo stones 8 and 9) will be
designated as 9/4. The nu of the structure is inscribed
near the top of the lef side parapet wall as seen
by the road users in % d elevation when approaching
the structure from eachydifeclion. For structures having
railings without para lls, separate pillars are constructed
to inscribe ’H"‘-E%t ctUre number. If any new culverts are

to be introd etween any two existing ones, say
between 4théa culverts in km 30 (i.e. between kilometre

stones 29 ), then the new culverts will be designated
3 Q 30 3
y  ele.
as —\ o

Tia,above practice of identification of bridges developed

» the specifications and standards committee of the Indian
s Congress has proved of great help 1o the staff
&

loyed for the maintenance and inspection of bridges-

!
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selection of bridge site:

Following are the factors to be carefully co while
selecting the ideal site for a proposed bri &

(1) Connection with roads %‘

(2) Firm embankments \2\

(3) Foundations Q

(4) Materials and labour

(8) Right—angle crossing Q

(6) Straight stretch of riv%

(7) Velocity of flow

(8) Width of river.

Each of the above r will now be briefly described.

(1) Connecti th roads: The  Dbridges are
constructed to c% t the roads on either side of a river.

The bridge site Id therefore form a proper link between
the roads on @cr side of a river. The bed of approaches
connectin s of bridge with the roads should be dry and

L‘Ihard. The roaches at the bridge site should be such that
¥ do t involve heavy expenditure. The approaches



2 Bridge Englneering

should avoid the cutting across the built-up area or

will be expensive, time-consumin
social problems.

(2) Firm embankments: The emban
upstream side and downstream side

be firm, high, permanent, solid,
Such embankments are not disturbed at the time of hea
floods and they do not allow the course of river to

(3) Foundations: The nature of soil al the
river at bridge site should be such that good fou

are available al reasonable depths for the subst
bridge. The site subject to minimum scour sho
be chosen,

(4) Materlals and labour: The . proposed
bridge should be sg located that th aterials and
labour required for the constructio

ngof brifige are easily
available. The transport charges for ats and labour at
the bridge site should pe minimun
(5) Righ t-angle crossing:
of flow of water should be n
centre-line of bridge, Such a
angle crossing or square %
it is desirable tg have
because of the following/Tatis:

(i) It grants a smooth flow of water,
(i) It permi '€ construction of segmental wing
~walls ad i

m walls with minimum sharp angled
strucidires . and lhereb'f, the f
cro

kments an the

straight and well-define ;

dge site, the directian
L'Perpendicular to  the
[08s5ing is known as the right-

crossing as far as possible

ormation of eddiesg and
ugrents are avoided.
(iii) | ovides the sho

rtest length of th i
? Il as the length of th!a\EI piu i opge spag
He
ly
|

€ and abutments,
W or slanting bridges are ng

T | t desirable ang they
ar Ny avoided for the following reasons:
Mt is difficull to construct the sk

ewW bridges, e i
the skew arch bridges. g specially
(i) The depth of bridg

. e foundations s likely to be maore
as the foundations are o be subjected to the scour.
(iii) The design of skew brig

i ges is Complicated.
(iv) The maintenance of skew bridges |s diffi

cult.
(v) The passage of waier under the skew bridges is not
smooth and whirls ar currents are produced.
(vi) The piers of the skew bridge have 1o resist excessive
water pressures,

of bridge site shoylg

Mg or normal erossing and

3
b

T LS
S S LT S

S

=

:.:.I,
i

religioyg
structures because the acquisition of the land and structureg
g and sometimes may cause

-, !l

Page 3
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(6) Straight stretch of river: The river should have
a straight stretch over a reasonable long distance on
the upstream side and downsiream side of the bridge site,
Such 2 straight stretch of river ensures smooth and uniform

flow of water and it allows smooth navigation. The curved
{ desirable as it creates problems during

stretch of river is no ‘
construction and maintenance of the bridge.

7) Valocity of flow: . It 1s very Important to c E?s
that the velocity of flow at bridge site is proper. If velaci

articular value, the silting oclur

flow Iis less than a p
a if it is more than a parti Value,

and on the other hand,
the scouring will occur. As a matter of factglh elocity
of non-

of flow at bridge site should I:'.l‘E between the, ra
silting and non—scouring velocities. The p RS
depends on the nature of bed of rive
the permissible velocities for different t:

PERMISSIBLE IDGE SITE

: e : s e *~'~12;‘.'*‘=-=-:‘-:;“-4:;1'*+>$$.’.?;h-1;g;xo3 Je

e e o | incmpersecond
1. Very fine sand 60 to a0
2, Fine sand and lan = Upto - 50
3. Coarse sand S0 te 100
4. Fine grave %:v stiff clay 100 te 150
5. Clay wi % 150
6. Cla 200
1. oil Wwithwfck and coarse gravel 150 te 250
8. 250 to S00

% nd boulders
. idth of river: It is quite evident that the width

imum width of river at the bridge site. The smaller the
th of river, the cheaper will be the bridge.

ﬂh;li'.ge conditions 5tlaied_ qbnve are for an ideal site of
will f?f?l' But in practice, it Is difficult to obtain a site which
Elud[:dii all these condilions. Hence, every case has 1o be
that site f{ldﬂpendentfy and out of a number of alternatives,
““nditinn; ftt:n be rgcnmmelnded which satisfies most of the
Quide we !dnr an ideal site. In this connection, the‘best
fidges uu hbe the s[udy of particulars of the existing
foundatic n the same river especially with respect to the
n details, clearances, physical features, elc.

ver indicates length of bridge. It is desirable to have
&d

Page 4



The characteristics of an ideal site for a bridge

across a river are: \}

a. straight reach of the river. \Q"
b. Steady river flow without cross cur\rg%?
c. A narrow channel with firm ban

d. Suitable high banks above hj od level on each
side.

e. Rock or other hard in %E:e strata close to the

river bed level.
f. Economical ap EE’TES danger of floods, the
approaches shioul® be free from obstacles such as

hills, freq@(ainage crossings, scared places,
graveya or built up areas or troublesome land

acqLh n

d. ence of sharp curves in the approaches;

h. Absence of expensive river training works;

i. Avoidance of excessive underwater construction.

Page 5
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Alignment:

: ' is decided, the next step i
site of bridge Is ed, : S g
set ift}tezrth;ign the centre-line of bridge. Fﬂ“DWan aspey,
of the bridge alignment -should be carefully sty l?\

(1) Alignment on curve
(2) Control of highest flood IE‘UIE[ Q a
(3) Effects of silting and scouring

(4) Layout of approaches \2\

(5) River training works Q |

(6) Skew bridges. 9
(1) Alignment on curve: Y areas, it is not possible
to avoid the alignment of bri on a curve. In such cases,

it is necessary to adopt ‘L. or steel girders for the
Superstructure and it shd

‘ € seen that the axis of each
pier is nearly parallel?‘&

€ centre-line of river.
(2) Controt

al/ Righest flood Jeve]: The highest
flood level or Hg¢ f river Plays a great role in fixing the
height of bri ) is

- > Possible to control H.F.L. either by
diversing th a floo

_ d water or by constructing a storage
reservoir stream side of '
control| '

49 ffects of silting and g¢ uring: ecessary
~ precaltions should be S o The

: en along th j alignment
to bring down the effects it g Ddge .
minimum possible extent
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(4) Layout of approaches: If the existing road
alignment is such that it results in an inclined alignment, the
curved approaches may be adopted, as shown in fig. 1-5,
1o form right-angle or square crossing. The layout of approaches
:s made with suitable curve radii so as to cause the least
inconvenience to the traffic using such approaches.

¢ Curved Approach 4 E

t: A*»
l i
e "*»o\z\

Right Angle or v . N

Squnre Emsiing H"@“gﬂ ent

Curced Approach %

\

Layout hroaches
&, 1-5
o

(5) River training Works: |f necessary, the river
training works should carried out to form what are known

= F
"

as the nodal point . points of minimum displacement
in a system of %1 ry waves, along the bridge alignment.
A nodal poigl #s “defined as the location where the river
regime doe normally shift. The natural nodal points
are estabfsh&d by the river flow over the years. The channels

shifting its course at the nodal points will be
and thus, the stability of the structure is insured.
is*purpose, it is desirable to carry out experiments

F
%ﬂg works along the river.

(6) Skew bridges: As far as possible, the skew bridges
Eh“”ld be avoided. However, if it is not possible to adopt
the,"ﬂhl—angle crossing, greal care should be taken in the
gﬁsfﬂn and execution of skew bridges. The analysis and
i:”QH of a skew bridge, especially when the skew angle
" More than 15°, are more complicated and rigorous than

°se of a right-angled bridge. The conditions which force
© adoption of skew bridges are excessive cost of land,
:?q”i_ﬁitiun for approaches, existing road alignment, length

bt‘l’dgﬂ'. nature of flow, importance of bridge, elc.

models to decide exaclly the location of artificial river

Page 2
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16 Bridge Engineerir
Following four precautions sh Qvariahly be taken in
the design of skew bridges:

(i) It is preferred to arr@ the piers parallel to the
axis of river.

(i) The entry and e@ water below the skew bridge

difficult nstruct and maintain the curved bridge.
force due to the centrifugal action will
com play in case of the curved bridge.

should be restricted to 30°.

should be sm?h, N
(iii) The skewgq ent should not be curved as it is
ighal



Page 4

Maximum flood discharge:

Wherever possible, the maximum flood di
bridge site is found out from at least fwo differ
and the higher of the two values is adopted ag_t
for designing the bridge. If the value by fwo di Te
differ by more than 50% the maximum desi

ischarge
nt methods
discharge is
Ws is due to the
it is not desirable
to design the bridge for flood of exdra@rdinary high intensity
asefis such as failure of
dam or tank on the upstream_side of bridge site.

It is considered reasonable\io design bridges for floods
occurring once in 100 yea to design culverts for floods
occurring once in 20 The design aspects should
however ensure that the hkely damages due to rarer floods

are brought down minimum possible extent.
Following are th€ fwoe methods of calculating the maximum

flood discharqet
(1) Dire ethod

2) | d%e: method.
Th?\%\enl features of each of the above method will

no riefly described.
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. irect method, the areg
(1) Direct method: In direc e
EJ‘-DEE—]sEE‘tiﬂ-ﬂ upto the highest flood level or H.F.L. ang the
velocity of flow are determined. The multiplication of are,
and velocity gives the maximum flood discharge,

Measurement of area: Following procedure is ai‘.‘lrupteq o
measure the area of cross—section upto the H.F.L. at bridge site.

(i) The information regarding the hefgh! of the hiﬂh&sl
flood level is carefully gathered and it is confirmed, wh :
possible, by flood marks. If there is railwayllrar.:k ; %h@
bridge sile, the signs of the highest flood disch ul

: vould
usually be available in the form of marking railway
Cross—drainage works. However, in case of new formatiop
in undeveloped or sparsely inhabited area engineer

during investigation has to decide the hei
flood discharge by contacting the elderiing
area and by observing the river ba
on tree trunks, etc.

(1) Usually, three widths of r re selected, as shown
in fig. 1-7. In addition to one * dge site, one exira js
selected on upstream side a as on downsiream side:
The distance between the site and the position of
exira width is about 18

of the highesy
itants of the
posits of debrig

ks

&F - *
\2\ 3
t Measurement of aresg
Fig. 1-7

(iii) Along the widlhs so marked, the levels of bed of river
are taken. These levels are plotted to a scale and
cross—sections, as shown in fig. 1_g, are obtained. The
hydrographic surveying is used for Measuring the soundings

ya h are the vertical downward distances from the
whic of water to the river bed. The soundings are |ocated
surface ations either entirely from boat or entirely from
by ﬂti-lsa?': or from boat as well as from shore.
the S

S e L B

hfﬁﬂﬂm—}}i—lﬁﬂﬂm%
T o R e R el T e Y R . o
L Rt

’
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The depth of wat
help of sounding poles,

mMm and lengy
5mto 8 m. They are suitable for < 9th of aboyt

and quiey waters.
The lead lines, also known as soundin

form of lengths of hemp, cotton or brass chai " the
with a sounding lead at

- tis proyi
e the end. The sounding lead js ¢
of lead and it is conical i

N shape. Its weig
to 120 N depending upo

0
n the depth of water and th rength
of the current of water. The |ine IS graduated a should
be kept dry when not in yse. But the line she ‘
in water for about an hour

before it is used for k oundings
so that it attains its tested length. The lead |j

are usually
used for depth over abouyt 6 m.

The sounding Mmachines in the form attery—operated
and electronic echo soy

nders are noweava able. They directly
measure the depth of water. The 15 of echu-suunding
lies in recording the interval o

beiween the emission
of sound impulse directed to _th
and the reception of the %\ echo reflected from the
Machines are reliable, quick
and convenient to use evem
However, their ﬂaiibra@a should be checked frequently
Is to avoid errors,

oltom of the sea or river
bottom. The echo-soun inc
n the weather js unfavourable.
against trial measumem
(iv) The hei %he H.F.L. is marked on the cross—
sections as sh% fig. 1-8, -

Plotting of cross—sections
Fic. 1-8

then
(v) The areas of cross—sections upto H;E-al_s; :::’rimss-
Worked out. If Ay, Az and Aj represent t:e aaverage St
Sectiong 1-1, 2-2 and 3-3 raspeciwa!y. the
nrnsﬁ—sectinn is obtained as follows:

Page 6
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A

+ A, + A
Average area of cross—section = ! e 2

3

Measurement of velocity of flow: The velocity of flow j
measured by one of the following methods:

(a) by application of Chezy's formula, or
(b) by direct observation.

(a) By application of Chezy's formula: ]?s

According to Chezy's formula,
v =C Jmi \2
where v = Velocity of flow in m per Se I?\
C = Chezy's constant \?\
m = Hydraulic mean depth
i = Slope of hydraulic gr :

The above formula was giveg rench engineer Chezy
f

in 1775. Following points sh noted:

(i) For finding out th %ﬂ of m, let my, my and mj;
be the respective hy mean depths and Py, F;
and P; be the respgclive wetted perimeters of cross-
sections 1-1, 2-2 an-::?%h as shown in fig. 1-7 and fig. 1-8.

Then, m =

1

where nﬁ%’
N g,

\2\22 P2
A_a

b Ps

m3=

m1 + ma

(ii) The slope of hydraulic grade line or hydraulic gradient,
as it is called, is oblained as follows:

D

' = 3200
where D = Difference in levels between upstream and

downsiream sections 2-2 and 3-3. Refer
fig. 1-7.

(iii) Chezy's constant is very complex and its value can
be obtained either by Kutter's formula or Bazin's formula.

Page 7
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ter's formula:
Kut oy, 000188 . -1
+——

N
c = : <

N ( n-nﬂiﬁﬁJ
14 —| 23 4 ==
Jm i

where N is called the rugosity factor or roughness coefficient
and its value varies from 0.02 to 0.03, depending

on the condition of bed and sides of river.

This formula was given by Kutter in 1869, ! Q '
e 15-7-*.5)2r <<:3..
1.81 4 32: \\\

Bazin's formula:
F m ‘

where kK Is Bazin's constant and its valu JeEnes from 1.54
lo 3.17, depending on the of bed and

ion
sides of river.
The formula was given by Ba n 1897.
(b) By direct observalion:

Following procedure is ad
of flow by the direct ocbservat

to obtain the velocity

(i) The two lines, as shoWmin fig. 1-9, are marked across
s. The distance between these

the river with the help of
itwo lines depends un%b width of river., But it is usually

kept as 15 m to
(ii) The widl river between these fwo lines is suitably
divided, usually 4m three sections, as shown in fig. 1-9.

4 Repe #
A [ [ A |
| 2
'l 4 ,
\2\ y g
#

/17
d | l 2 I 3 el
/] b 7
: | | = W
L
1 | | lf
/ | r #

s Rﬂn’-‘ﬂ—;{

Measurement of velocity of flow by direct observation
Fiec. 1-9
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(iii) The ti :
o dravel frs Me taken by a surface float or a velocity ro

i M one line to the other is noted. The syrf,."
f!uat IS shown in fig. 1-10 and it is to be adopted for :::“
rivers. The velocity rod is shown in fig. 1-11 and it ig l“
& adopted for large rivers. The surface floats are Mag,
of light materials such as cork or drift wood and they are
generally of diameter varying from 80 mm to 160 mm, T3,
velocity rods are made of hollow metal tube or wood ang

they are generally of diameter varying from 3{;%

50 mm. The velocity rods are provided with weight &ir
bottom so that they can float vertically with theis {Op, jusy
above the water surface, They are made ﬂ\ table

lengths to suit the different depths of water

—Surface Floati—="7

P r—
—

=L —

— —

e — —

—— — m— i =

v T T TEr P LT AN

G. 1-10

[ }<—Velocity Rod

— E— S S

e e . Tt —

Hiuerﬂedum
T S o S A i o N i B S e i o

Velocity rod
Fig. 1-11

be the time in se
surface float or velocity rod (o travel from Tnnedslh::k?untl?g

ty + 1 ;
Average time = ' '2 *13
3 seconds,

Page 9
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(v) Velocity of flow in cm per second is then obtained
as follows:
dista tr
Velocity = nce travelled in cm

time in seconds
Following points should be noted:

and hence, to obtain mean velocity, the following corr

is to be applied: i
Mean velocity = e x surface velocity

(1) When surface floats are used, they give surface ~.uale$~

where e = 0.8, if surface velocity is less than mi/sec.
= 0.9, if surface velocity exceed cmisec.
(2) The velocity rods give directly th Y% velocity and

hence, no correction is necessary, w@ y are used.
(3) The special instruments, 0 as the velocity

meters may be used to obtain di the velocity of flow,
The meter is lowered from ° at and by applying
formula for the meter, the m elocity of flow can be

worked out. :
(2) Indirect math% lowing are the f{wo indirect
axl

ways of estimating t mum flood discharge:
(i) Rational %lh
h

(ii) Use of al formulae.

(i) Rati r% od: The upstream area from the bridge
site which/Zcen utes to the water of river is known as
its cafch rea. A careful study of the catchment area
is ma pd the following three factors are combined in
the f? an equation:

atchment area
% ) Maximum intensity of rainfall

(3) Runoff coefficient.

(1) Catchment area: The ridge line is marked on the topo
sheet and with the help of a planimeter, the catchment area
of the river on the upstream side of the proposed bridge °
site is worked out. If the catchment area is large, it should
be divided inte small sections with reference to the rainfall
and topography. Then, the discharge or runoff from each

Seclion should be worked out separately and added together
to get the total discharge.
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(2) Maximum intensity of rainfall: The rainfall is measurg,
by the standard instruments which are known as the ry
gauges. They may be non-automatic or automatic. Ty,
Simon's non-automatic rain gauge is commonly used ;
India. The rain gauge stations should be evenly distribute,
over the area so as to obtain the representative figure
rainfall for the entire area. For hilly areas. they E:;E:I}ualeﬂ
nearer and for plain couniry, one station is provided for

area of about 130 km2. The rain gauge statin?rsﬂessl.mq_gt ?‘
be obstructed by roofs of buildings, large ,
t

The readings for record of daily rair}:aflngrielﬂ = f"i
interval of 24 hours. The monthly rainfa auf : inf::|l|“
can then be worked out from the data %ﬁﬂsily I

From the records of rainfall, the maximu ty
rainfall of catchment area of the propos d ge site jg
obtained.

(3) Runoff coefficient: The rainfall on & ea is expressed

i : = area for a cerlaip
as so many centimetres over the ; :
fixed interval of time. But all the 4e coming down from

the rainfall is not available for ihe .USE' Some q_uan_tily
of it is lost in evaporalion arcolation or transpiration,

The evaporation is the los ter from Ia_m-:l and water
surfaces back to the at e due to action of heat of

the sun. The percolationyndibates the loss of water penetrated

into the soil. The ¥ n%mn is the loss of water caused

by the leaves of thexgrowing vegetation. The net quantity

of water which:ﬂ: 2int on surface after all the losses is
n

termed as th e runoff.

coefficient is used to indicate the ratio
, | from an area to the total rainfall on that

area | interval of time. The wvalue of runoff
coeffi %aries from 0.20 to 0.70 and it should be
ecided as it depends on a combination of so

actors and its prediction becomes far from exact

:e. The factors which contribute to the flood flow
are” as follows:

(1) Area of catchment: The smaller the catchment area,

the smaller will be the coefficient of runoff and vice
Versa.

(2) Characteristics of catchment: It is very essential to
study in detail the characteristics of catchment area
as they considerably affect the value of runoff
cuefficignt, The matters to be studied are size slope,
vegetation, porosily, climate, elc. |
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3 Condition of ground al the time of rainfall: If ground
{ ie dry al the time of rainfall, it will absorb more water

and coeflicienl of runoff will be small. For ground
wel at the time of rainfall, reverse will be the case,

(4) intensily of rainfall: If it rains heavily in sht.:rrt
duration of time, the soll does not get opportunity
to absorb all the water. It thus increases the surface
flow and consequently, the coefficient of runoff is

also increased.

(5) Interval belween successive showers: The s %r'
the interval between successive rainfall showersithe
greater will be the coefficient of runoff Q vice
versa.

(6) Season of rainfall: The rainfall dl_xr‘
gives less surface flow than that du

(7) Yearly rainfall: The greater -@ | rainfall, the
greater is the runoff coefficient \@apd vice versa.

Let A = Area of catchment i ares
Mnfall in cm per hour

I = Maximum intensit

for duration of of concentration
P = Coefficient of su runoff
étscharge in m3 per second.

Bt season
Id season.

Q = Maximum flog
Then, the general equ?g becomes as follows:

QO =K A I
where K = Co @hich permils the expression of three -
fa% convenient units,

In this c% h units as mentioned above,
1 1
=\1 e ==
OQ 0o A il w Fw P

3600
_ AP
R E
% e, K is equal to aE
Pr

em 1-1.

From the following data, calculate lineal waterway required
for a bridge to be constructed across the river:

Catchment area : 600 hectares
Maximum intensity of rainfall 1 em per hour
Runoff coefficient : 60 per cent
Permissible velocity © 120 cm per second

Average depth of flow : 180 cm.
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Qpapter 4 FIXED-Spy,

SUPERSTRUCTURE,

General: .
The superstructure of a bridge can broadly be classjs,

into fwo categories, namely, fixed—span SUPEfstrUﬂtHT?ﬂ
Ure

movable—span superstructure.
" In case of fixed-span superstructures, the su
remains in a fixed position and most of the bri
this category. In case of movable—-span supers
superstructure is lifted or moved with the
suitable arrangement.

in this chapter, the bridges i the fixed—spap
superstructures will be discussed an% bridges with the
movable—span superstructures wwill discussed in the
next chapter.

Following are the wvario pés of bridges with the

fixed-span superstructures;
I Simple bridges 5?“

I l@

S

dare gf
ures, the
of S0me

Continuous b

V. Bow—shi girder type bridges
VI. Rigid, e bridges

Il. Cantilever ,
IV. Arch hriées

Vil ion bridges
VI —stayed bridges
1. Sim bridges:

cdse of simple bridges, the span is simply $uppﬂﬂed
ey are somelimes referred to as the independent

SE\
an bridges. Depending upon the position of superstructuré
e simple bridges are .divided into the following threé
categories:

(1) Deck bridges
(2) Through bridges
(3) Semi-through bridges,

(1) Deck bridges: For any bridge, the following tw?
levels are to be carefully decided:
i§

(i) Formation level: The ground level of approaches 'J
to be taken into consideration for fixing the formation ¥
of road or railway line.
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Fixed-Span Superstructures

. " 19
(ii) LHIQ#ES! flood lavel or H.EL: ;

calculations for maximum flood disnﬁalr'gewrl:;ﬂl—in;“mg i

river or stream is determined. 1 -F.L. for the

If it is possible tg dccommoda

. te the superst
br.d?:nl;:t‘":ieghigiﬁﬂ_ two levels with suitahlepallt}w:ltﬁir: f::f
clea e, N in fig. 4-1, the bridge is k :
R bricoe. nown as the

1—Formation Level

- - Superstructure ?‘
N T o <\
B T e IR

~<——Plers—3-

Deck brid

Fic. 4-

(2) Through bridges:

between the formation level
accommodate the superstr

the superstructure prnie&

shown in fig. 4-2. S
bridge.

imes the difference
INH.F.L. is not sufficient to
re of bridge. In such cases,
ove the formation level, as
bridge is known as the through

1—-Fur riop Level o Superstructure
'

| @ {_pam_:

~~h‘*\ﬂ—r“?‘((
@ Through bridge
Fig. 4-2

g tructure
3 mi-through bridges: \When the SUpers

of h{ﬁl:llges;rnjgcts paﬂly above the formation Ie;el_ta'_ir;dkﬂzilrz.:

below the formation level, as shown in fig. 4-3, It Bl
as the semi—through bridge and 1l is thushagﬁl; gr
type between the deck bridge and throug ge.

i tvpe
Out of three types of simple bndgei,e tggvad;r-:i;ﬁfpﬂ
proves to be economical. Following are t

a8 deck bridge:

R
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r~Formation Levl W Superst ructure
s e
skl Bl

“— Plers ——3-
Semi-through bridge .-\
Fle. 4-3
(i) Effect of horizontal forces: The effe }\ ar
i
W

horizontal forces such as tractive effort ar

be comparatively less on a deck type
a through type bridge. The deck bridge
as its superstruclure is situated be
of road or railway line,

(ii) Erection: For steel bridg
erect the superstructure of a
through bridge.

(iii) Natural scenery:

is advanty
formatian leve

proves to be easier
bridge than that of a

bridge grants better viey
of the surrounding sce nd hence, it is preferred to the
through bridge for c the highway ftraffic.

(iv) Width of bride. Whe total width of a deck bridge wil
be equal to its gctudl width, as shown in fig. 4-4. The lof
width of a th bridge will be equal to the actual widlh

idth of superstructure on either side, &

of bridge 5 _
shown in,fiee . Thus, the total width of a through bridg
9an that of a deck bridge. Hence, for the same

will be j j
width dge, the weight of superstructure in case
th ridge will be more than that of a deck bridge
% g rﬁ_—_—wm:h i 5|u|:|=u.=rﬂmrtuu-.:;_r|r o
:2 |
. | !
|
S

++_4—WMhﬂHM$—*—|
| 1
l 1 1

T i

Plan of deck bridge
Fig. 4-4
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Width of Superstructure
i ¥ e o —t ¥ e

“——Width of Bridge— .|

1l &

Plan of through bridge

Fic. 4-5 E
II. Continuous bridges:
When the bridge is designed to captin unbroken over
intermediate supports, -‘

it is said to¢be\continuous bridge.
Fig. 4-6 shows a continuous bridje’

When the design of a brid

en e made on a continuous
span, Il 1s found that the e%m moment anywhere in
the span is considerably | n that in case of a simply

supported span. Such reduclion of bending moment
ullimately results in :he?y omic section for the bridge.

Bul to take maximury, advantage of a continuous span, it
is essential that th wing fwo condilions are satisfied:
(1) Facilities %e ection
(2) Hard % _
A /——Superﬂmﬂl-lﬂ
% ; ‘- = :-1: B .
@ 'y r A S

End § ¢ Lr— /7( End Support —»-

Intermediate
Supporls

Conlinuous bridge
Filg. 4-6

i the
(1) Facilities for erection: For steel bridges,
Uirder o continuous span will be of a fairlylr_ijﬁﬂvft ”;Er;g;;
.-E"Eé- it is necessary to have suitable facilities a
e to erect such girders.
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A confinuous bridge is an i”date_r"'llnai
1l sinking of any support ﬂﬂnﬁlﬁErahlﬂ
lues of bending moment and Shen
s along the span of bridge. |t iEr
al the foundations of suppg-
Al places where there ar&
k or settle, the E‘.Dnﬁnunu:

ag

(2) Hard sofl: ;
siructure. Hence, a sligl
alters the designed va
force at various seclion
therefore, necessary to check th
rest on hard and firm soil.
chances for foundation to sin
bridges are not adopled.

' are the advantages of R.C.C. contj m‘
e orted girder bridgess *

girder bridges over simply supp

(1) As the bearings are placed an the cen s o
piers, the reactions at piers are transmit entrajjy

(2) It is found that the continuous gir;:lé
less vibration and deflection.

(3) The conlinuous girder bridg ires only ong
bearing at each pier as aga@‘#ﬁ bearings fqr
simply supported girder brjdge.

(4) The depth of decking at« an is reduced and j
may prove to be usef verbridges where the
sideration.

headroom is of prni
(5) The expansion jﬂié’%uired will be less.

(6) There is reductig!
re required.

concrete and
Following are Ee Isadvantages of R.C.C. continuous
=5

girder bridges o mply supported girder bridges:
(1) The ddsi more complicated as it is a statically

ind ipate slructure.
(2) T iling and placing of reinforcements are lo

arried out with extreme care.

(3 e placing of concrete and removal of formwork
are o be executed carefully in proper sequence.

Cantilever bridges:
A cantilever bridge is formed of the cantilevers
ojecling from the st.rppa_::ning piers. The ends of a cantilever
::rhndge are lrealed as fixed. A cantilever bridge combines
e advantages of a simply supportied span and a continuous

span. For long spans and deep valleys and at places where

't will not be practicable to u
i se centering, ilever
bridges are more suitable. g, the cantil

The construction of a cantilever bridge may either be’

of simple type or of balanced i
: 1 ‘ type. Fig. 4—7 shows @
cantilever bridge with simple nnnslruc:lingn. The Ee:dﬁ of

cost as less quantities of |

Page 5
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Flred-Span 5 Uperstructuras

uction. In this
of contraflexura

imply supported
ges,

95281 the hinges are provided at (he points
n:r 5 conlinuous span and ap intermediate g
:pan is suspended belween these fwg hin

< —Cantilever Span-—s-{< Cantilever Span—- Q

Cantilever bridge with simple cnnsfru%

Fic. 4=7

re—Cantilever Span—y<— Simply —anl ilever 5pan—-

Sups,;mr

Cantilever bridge with %ed type construction
—8

A modified form /s type can be constructed in
R.C.C. with two canfileWers on either side of the pier and
providing a suspeqdeg¥, span as shown in fig. 4-9. The size

counter—weighted cantilevers are

and shape o

determined a ng several possible combinations. The
usual lengt Ttilever span is about one—fifth to one—third
of the mﬁ ported span.

v — g
S =

F+—Supported Span—i-|

“ -

Cantilever Span

e P gr————

i,
T

Bridge with counter—weighted cantilevers
Fic. 4-9

Page 6
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struction demands extre
and elaborate detailing °©
0

a4
However, this type of con

care and skill in s design .
reinforcements. But it affords the various advanlages “‘"&[

i h as fewer ex Yer
simply su ported construction suc pans;
hea‘:i:gs. feduclian in quantity of sie;ei and concrete, Ple?-

initial and mi“tﬁnant:

of moderale dimensions, [lower
costs, elc.
Iv. Arch bridges:

In case of arch bridges, the road or railway tratk
carried on arches. The rise of the arch is kept as |
o as to reduce the horizontal thrust and to g. ”ﬂsme.

possible s

on the design of the piers, abutments and fn:-, lons.

is usually kept not less than one—third span. 0 Ccas

less than one-fifth span. If is also desirabie choose ,
It will facilit setting oy

simple shape for the arch.
and construction.
cClassification of arches: The
classified as follows:
(1) according to condition 0O drel,
(2) according to number,_of\hinges,
(3) according to shap
(4) according to wi

(1) According fo c?‘ n of spandrel: Depending upon
d
re

ge arches are

the condition of above the arch and below the
formation level, as are classified as filled spandrel

arch and op ndrel arch.
[Fnrmrinn Level

Filled spandrel arch

Fic. 4-10
Fig. 4-10 shows a filled spandrel arch. The side walls |

are }ake_l'l upto the bottom of formation level and the interiof
Fﬂ_ﬁmn is filled up either by earth or any other suitablé
illing material upto the road formation level. A filled SPE“drEI
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is EU“Ehle Wh&n ratio a5

arch g of rise to span | i
ratio is abov g iy s small, If
1o span € @ certain limit, a fijled spandre| arllz:

be uneconomi : ,
roves 10 Mmical as it will re ;
heavy side walls and considerable amnur?lui;? fﬁ;ﬁesswely

Fig. 4-11 shows an o g

Pen spand i
pridge is supported either b‘rpheﬂ:r?; arch. The flooring of

arches and columns. The ma and columns or by

in arch
the space between the columns SUpports the cn!ur@
tiful

: Is kept i
of arch is aesthelically good and i pfuvﬁliin.aj-;l-%{
structure specially in a narrow valley or gorge

%&en spandrel arch

Fic. 4-11
An ope drel arch is suitable when ratio of rise to
span is Jui nd it proves to be economical because of
the followi reasons;
(1 ere is considerable reduction in the dead load

f the structure as the filling material is not required.
% It will thus reduce the costs of arch and foundation.

(2) The main arch may be made of rib type and two
or more independent narrow ribs may. be provided
to support the bridge. Further, these ribs may be
made deeper and they may be suitably reinforced.
All such measures will result in the reduction of
bending moments and tensile stresses.

(2) According to number of hinges: Depending upon the
number of hinges provided, the arches are classified a;
three—hinged arch, two-—hinged arch, one—hinged arch an
hingeless or fixed arch. :

Page 8
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Fig. 4-12 shows a three—hinged arch. It conlaing p,;.
at crown and springing points. A three-hinged 5, Oty
structurally stable and Is adopled when It s diffigy, "
obtain hard soll within a reasonable depth or wher, Ih'fl

L

foundations are likely to yield.

The disadvantage of this type of bridge is {hy the

thickness at the quarter points is more than that at
Hence, the masking is required for aesthetic purg, :

The three-hinged arches are somelimes proyj

be.
while using the steel arches. Iy

|
Th “hinged arch

at the supports 4 ier or abutment. The two-hinged arches
are simple f ysis as there is no bending moment
at the sup d only reactions are transmitted to the
supporls, Ware easily adaptable for the construction

of concr d steel arches. The bow-siring girder arch
in R,C® is also treated like a two-hinged arch for the

pﬁ\n design.
@ Hinge
Arch T

Fig. 4-13 shows gtwn—hinged arch. It contains hinges
s

Two-hinged arch
Fic. 4-13
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Fig. 4—14 shows a one-hinged arch. It contains only one

hinge at the crown,

sy~ Hinge

Arch ?‘
One-~hinged arch Q‘
Fic. 4-14 \
Fig. 4-15 shows a fixed arch. It does t?nntain any
hinge. It is adopted where hard unyieldin s available
for the supports of an arch. It is tH pst commonly

Empmyed amly especially in masonry an provides a very
good aesthetic appearance. |t inger. difficult for

analysis. But it is economical and be adopted for long
gpans also.

% Fixed arch
Fic. 4—-15

A ifig to shape: The bridge arches can also be
classif cording to the shape of arch. The commaonly
adop e%?napes of bridge arches are semi — circular,

femfal, pointed, semi-elliptical and mulli-centered. At
s where sufficient height is available, the pointed or
i—circular shapes can be adopted.

o2

fer)

For medium span lengths, the segmental or parabalic
For long spans, the multi=

profiles will be more appropriate.
Centered shapes are found to be convenient.

] idth: i idth of
(4) According to width: Depending UPOH the wi

arch in the trangsuerse direction of bridge, the arches are
classified as barrel type or rib type.

Fig. 4-16 shows a barrel lype arch bridge. Tlhe ?urid:lI::
of arch and bridge are the same and it results in

£ IE'~“l'l'!‘na|=t'u:m of a barrel.

it
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] i
Front Flevation % s'ﬁ'fﬂﬂﬂ on Ap
Barrel type arch
Fic. 4-16
Fig. 4—17 shows

a rib type . The ribs which are ;
the form  of curved beams rovided to Suppor I
flooring of bridge.

fue ™

L, N _I____m__ﬂq
\2\ Front Elevation Section on A

Rib type arch bridge

Fig. 4-17
"
Advantages: Following are the advantages of |
arch bridges: "
(1) Aesthetic effect: If suitable shape is given 10
arch, it fits easily with th
can thus b

. nes
e natural surroundings. The arc
€ used to de
(2) Design: The a

: ecl
velop desired architectural eff
rch

: Iy o
section is to be designed ;‘LgM
_ st and radia| shear. The effect of bending
'S Practically eliminated

Page 11
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: The areh brid
3) Gorges ges are found lo b
glJ":'ble for deep gorges with the embankments of hn::l :;z:'t
Maintenance: The arch b A
HE,::”m bt ridges are comparatively
(] '
: With suitable materi .
(5) Span erial of construction, the arch
cection can be designed for quile a reasonably long span.

g) Vibrations: Due to heavy mass of the structure, the
ﬂbmtinna due to impfﬂﬂl forces are practically eliminat
cunseﬂ“e”"y' i_h& noise, which is very common in.;% aof
steel bridges, is almosl absent in the arch brid ;

of

pisadvantages: Following are the d:‘sac\ tages

the arch bridges:

(1) Inclined _reacﬁans: The reaclions are Eined in case
of the arch bridges. It becomes, therefo ecessary to
rovide heavier sections for the abud and piers to
resist the inclined reactions.

(2) Indeterminate structure: An
structure with only exception of th
Hence, the designed stresses_a
if there is a slight settleme any support,

(3) Rise: It is evident he rise of arch will have 1o
be accommodated betweehn, the formation level of road or
railway line and the sp ing level of arch. If the level of
approaches is very loyy, it becomes uneconomical to provide

an arch bridge.
V. Bow-strin @&r type bridges:

The bow<Sif girder type bridge derives its name from
its shape_\‘[k rch rib and tie respectively resemble bow
and strir? flooring of bridge rests on ties and the load

e

1 is an indeterminate
a three-hinged arch.
siderably altered, even

is tran Y to the arch rib through suspenders. Suitable
bracik y also be provided in case of steel bow-string

e bow-string girder type bridge removes the following
two disadvantages of the arch bridges:
(1) The horizontal thrust is resisted by ties. Hence, the

reactions at supports are vertical and not inclined as in case
of the arch bridges. As a result of vertical reactions, the

supporis require lighter sections.

(2) The bow-string girders project above the formation
level of road or railway line. Hence, the question of
8ccommodating the rise between the level _::f approaches
and the springing level of arch does not arise.

Page 12
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00 Bridge 9 .

The bow-5
suitable for mu

idges are therefora

) : type br
tring girder 1yp laces where the EVEIiFaEh-"
le

itiple spans and at p

clearance Is restricted. . .
ows an R.C.C. bow—string girder bridge

ed for spans of 30 m
Suspenders

Fig. 4-18 sh o 45 m. - °2hy

it can be adopl

Arch Rib

7 i LT?:

%Steel bow-string girder bridge
Fic. 4-189
i%ﬁ'—d‘& shows a steel bow-string girder bridge and
it e adopted for spans of 120 m to 240 m.
i

it
% gid frame bridges:
In case of rigid frame bridges, the monolithic portal

frames are designed for the superstructure and substructuré.

Following are the favourable conditions for a rigid framé
bridge:

(1) It is not possible to provide an arch bridge.

(2) The bearing capacity of soil is low.

(3) There is restriction of headroom over the full span

(4) The roadway is wide,.

(5) The span is small.

i
|
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. 4-20 shows an R.C.C. portal frame
] F;?,;gmeﬂt may be provided as required. The bri

91

Suitable

d
t of single portal or continuous portals. Theglg.tr:?‘;

1 siE "
;g?ial frames are suitable for spans upto 15 m or so.
L F;—memian Level .
Irl-%: ST W T BT T e
..‘p:-??. = . {'::'. : --I'/r_)(
I '.,_ -.ll'

'l ~—Portal ‘ ! .q

R.C.C. portal fr
Fic. 4-20

in short time and they are 'S Able at places where the cost
= ents is high.

—Formation Level

A@ A

Portal

7 T T A S e For

Teda T N: A
g d ."'.l_

=
T
[ Ll
| A

Steel portal frame
Fic. 4-21

In addition to the advantages offered by the continuous
h”d.g'*ﬁ. the rigid frame bridges grant the following
additional advantages:

Page 14
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(1) As the conneclions are rigld, it gi:ures More
to the supporis as compared to deF"E'th Blahir
of the same dimensions. nt |q_=:|5'

(2) The bearings al supports are not requirgy y

(3) The view for the traflic below the bridge jg t
abstructied in view of the slender d'me"'shnf Iﬂ&l]

)

supporting piers. r”h
Vili. Suspension bridges: v
Suspension bridges are ideal solution for brig 0
in hilly areas because of their simple constructig by
and capabilitly of spanning large gaps. Dlng}

The suspension bridge consists of a

which is anchored at the fwo ends. The N\cable Pai Capy,
shape of a catlenary between fwo pc-ine\ Es

a a ¥ Eus fis

The flooring of bridge is supported cable bi'&"'ﬂ_mn_

of tension developed in its cross— on Ve
er

members, known as the suspenders, are proyjg. "

transfer the load from bridge fl .& the SUspension idh'“
: a

The cables are usually ins or steel wire r g

The suspenders are usuall isted wire ropes am:mu-f5

=

are connected with the scabfe”by loops. Dependi
the site conditions, th ' pan to main EDEF:l ra;ir::gvum"
from 0.17 to 0.50. w
The suspensign Bfidges may either be ]
. | unstiffe
stiffened. Fig 2 shows an unstiffened suspr;?'nziw
bridge. It ca%dupted for light traffic and for foot hr'rdg:

where de will be just sufficient t
_ 0
apprecia ge in the shape of bridge. FEEIS M

QE
?\
X4

Span H—— Main Span— .\ Side Span .

= T ower

Unstiffened 5Us
Fic. 4-22

Pension bridge
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03
. 4-23 shows a stiffened sUs
F‘E;, girder assists the cable Pension bridge. The

o be '
5lig"‘:ng?euEni changes in shape and gradfe?*u{im;? thrgﬂrl;fadrﬁ;d
antmrm It is, therefore, adopted fgr heavy traffic. The !nag
p2 " ihe bridge fluor s transferred fto the  stiffenin
'ﬁ?er and It i85 conveyed (g lhe cables through thg
guspﬂnderﬁ'

54 Side Span 1<

—Main Span

/. \{{"hh Suspenders
i |

NS WAV AVATAVAVAWE
g t—StIﬂerﬂng Girder

e T T IR

Stiffened sus ion bridge
Fi 3

Following are the adv es of the suspension bridges:
(1) The constructio f piers in bed of river is avoided.

{2) The desig omparatively simple.
(3) They argse mical in cost as compared to the cost
idges.

for ot

(4) The% ight in weight.

(5) an be constructed for long spans exceeding
< m and can be considered as competitive for

s down to 300 m.

ey can be easily and rapidly constructed.
They present better architectural effect.

ndFuIluwing are the disadvantages of the suspension
ges:

(1) There are very few suppliers of bridge cables and
machined sockets, which are essential parts of a
Suspension bridge.

(2) Painting is essential for all steel components at
regular intervals,

¥ Slde Span ?\
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Q4 ridg

be hij

uperstructure cost proves tn_ gher

(3) Irhﬂeﬁtﬁpeﬁ of spans particularly in spanp ra.],h“ﬂ
of less than 250 m. Ge,

sion bridge is one -:Jfrthe ea_irlrest techngl.

knniﬁsﬁsnmankind gnd it is originated in the Indian c;?:'ga

continent more than 2000 back. The suspension briug“

with longer and longer spans have been develgpg, 9%

1816, a suspension bridge with a span. of 124

built in Philadelphia, U.S.A. and the longest su% 3y
nst

‘ ' has been » oy
bridge having a span n_f 1400 m et
in 1982 for the Humber bridge in U.K. As a mattg) act lﬁu

n cted [E

as large a span as 3000 m.
Viil. Cable-stayed bridges:
The cable—stayed bridges beca opular in Fry

n
during the earlier part of eighteenth,cemury. However, Hﬂ:
the collapse of the Dr:.rburgh—ﬂ Bridge, U.K. in’ 1gy,
and the Saale River Bridge, Gefmasty in 1824, the Frep,
scientist Navier recommende suspension bridge p,
built as alternative to cab yed bridges. After Wy
War |l, the European c ity reviewed the developmey
of cable-stayed bridge. e first modern cable—stayg,

bridge was the Storm Bridge built in 1955 in Swedeq |

The first three jor cable—stayed bridges construcey
in the United Stat€s “were the Pasco — Kennewick Bridge
built in 1978 the Columbia River in Washington, the
Luling Bridgé bui in 1983 across the Mississippi River in

Louisiana; dsthe East Huntington Bridge built in 1985
across &%ﬂ io River in West Virginia. At present, abou
15 maj ble—stayed bridges have been constructed in

suspension bridges can be theoretically §‘

Page 17
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the 4Unifed States.
hé cable-stayed bridges are similar to the suspension

idgdes except that there are no suspenders in the cable-|
Stayed bridges and the cables are directly stretched from |
towers to connect with the decking. Thus, no special externa |
anchorage is reguired for the cables as in case of the |
suspension bridges because the anchorage at one end is|

done in the girder and at the other on top of tower.

Each anchorage in girder introduces horizontal and |
verlical forces. The cross girders or diaphragms take UF

the vertical forces. The stiffenin : i |
take bending stresses and a g girders are desig S

¢ induced Iso a compressive force whic
.11 by the horizontal in

compon force
the cable. ent of the
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o 4-24 and fig.

T s
i A BS . The cables can be Errar ﬂw the Cable-

I:r::"':::f:'IE plane system as zp nged with g 22
0

; OWN in fig 4., Pl@ne system
IESFEEINEW' 9: 4-24 ang fig. 4-25
Pylons or Towers

Cables

Main Girder b

LL
Pier
A e

Cable—stayed bridge with two plan
_ Fic. 4-24

Pylons or Towers Q
Cables Q ables
Main Gir%
1 i
s AR A
Gable—s%%idge with one plane system

Fic. 4-25
The tw Q?'E system requires additional widths to
anmmmqﬁ% e

towers and deck anchorages. In case of
stem, the anchorage at deck level can be
ated in the traffic median and it results in the
e of the total width of deck. The one plane system
more aesthetically pleasing because it provides an
tructed view on one side of the motorist or vehicle
driver. On the other hand, a side view of the bridge in the

'wo plane system gives the impression of the intersection
of the cables.

In principle, the cable—stayed bridge essentially consists
of the following three elements:

(1) bridge deck,
(2) pylons or towers, and
(3) stay-cables.

s
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l QDEIPL'GF 0 MOVABLE-Sp,,
SUPERSTRUCTURE,

S -B-DS-2-00-503-290-00)-D05-290-200- 20 (e e (e e e Hﬁ—fﬁ%ﬁ_{%

General:
In case of bridges with movable-span superstryc

D it is so arranged that the superstructure of the bri gx

not remain in a fixed position FEI"I'I'IEII'IE!'I“}I". But it i Ez
t
&

d
R, Sl
to move the superstructure so as 1o put the dge o,
of use, when necessary. It somelimes so hapmRews that the
E .

ships may have to pass through the hig bridge,
requiring the provision of very high cleara ch bridge
will require very high approaches ghly grade

NS to be provyi
affic on the hriggg
| short duration on
ally affect the overa||
" built with decks with
for normal passage of Water
pans or the entire span w|
wch can be moved for clearing

approaches even if the maximum cleags
in the middle portion only. Where thé

the read or railway will not
traffic, the high level bridge
minimum clearance above H
and the middle one or 4
be provided with girdegs
’ the navigation vessegls.

It should be  remgmbered that the movable bridges

represent speciallyzdesigned structures and it is therefore
necessary 1t y special attention to the machinery
invalved a ousing, cperation and mainienance of
such ma f an attempt is made to reduce the weigh
of bridg Ising material such as aluminium alloy, the

reduct in dead weight of the structure will considerably

brin the cost of power required for the working of
the
J[ollowing are the various bridges with movable—span
erstructiures:

I Bascule bridges

ll. Cut-boat bridges
Ill. Flying bridges

IV. Lift bridges

V. Swing bridges

VI. Transporter bridges
VIl. Traversing bridges,

Each of the above type of bridge will now be brieflY
described in this chapter.



I Movable-Span 5Up¢fshU:tur¢5
10
goule bridges: i
pa bascule brid

b ase of a rdge, the entire sy
F?at‘;d in @ z.r&rtlt."-al plane about 4 horizonta] El?z:rsérl:’i?a“l-;e
510 it pinion arrangement and -::-::unter-—weughts :
fﬂsk'dﬂd for easy operation of hinge at the bank e dare
Ffﬂué.assule. An angle of 70° 1o gp° With the il

i £l o : horizont
;Eﬁnad- when the bridge is in the lifted PDSit]un‘na' is

S

i

@ Double bascule bridge

Fig. 5-2
De

bridgapendinﬂ_ upon the width of channel, the bascule
Sing|a hma? either be single or double. Fig. 5-1 shows a
bridge 1. Ul bridge and fig. 5-2 shows a double bascule
Qoup|e " is quite evident that two smaller leaves of the
large, bascule bridge can be raised faster than a single
 toyp °M® Of the single bascule bridge and in addition, the
| ang, 9ascule bridge will require smaller counter-weights
- pe uwl U parts. The bascule bridge may either be of deck
. hrough type.
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Bridge Englneering
th ThE bagclﬂe bridge Is gE.'r'IEI"E|I'j||' favoured as itrpnsaeh
e fnl!nwing advantages especially over the swing h"idg:.
(1) It can be opened easily and rapidly. '

(2) It is easy to construct another bascule adjacen |
the existing one in future, if need arises,

(3) Its initial cost is low.
(4) The opening can be adjusted in the sense thyy i

can either be made large to allow large vess I?\

can be made small to allow small vessels,

(5) When it is in the lifted position, the entirgaspag
bridge is available. Hence, the vessels@.mme
space for navigation.

The only drawback of this bridge is %NG\ working
I o

is seriously disturbed, when the wind wing with
high velocity.
Il. Cut-boat bridges: Q

The arrangement of cut—-boat is provided for boai
bridges i.e. when the superstruc bridge is resting on
the boats. It is so arranged 1t e portion of the entire

the help of cables attach djacent portions as shown
in fig. 5-3. This small is specially designed and
constructed.

span of bridge can be mnv?u! the downstream side with
n

)‘{ \A ~—Post

e
— E— e m— e

 — — — — —
Boals S T T e TR

Flevation

?‘f Boats
- g H‘ﬁ—

| T
| Eiﬁ
[ Fa
I & gﬁa
- I~Cut.Boat Fnsiﬂml
=/

Plan

Cut-boat brig
Fig. 5-3 §o

1
s <
|
==
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t,_.bﬂﬂt hfldﬁ'ﬂ' s prnvided 111
he cu "'l"‘:"hﬂn it
p;rfﬂ"" 4 sigguuﬁastiigern;ir t:he Navigation traffic
1o 5hfF‘5 pa it ; 2 lEfEPHﬂ is pulled p= When
e * _jaced in its normal position. back ang
il FEFIFi“g pridges:
casE ﬂ'f ﬂying bridgesr a bﬂat

or a raft jg H
5 ended cable by means of '+ 15 allached
B gnanged that the boat mak v SWinging cables,

a
{0
. €5 an angle of about

Efs.:i?h the direction of flow. Th

of the
Tf'i'ﬂr T

thel—xb ){-.Suspm:led Cable

Swinging C uhlf:
=

=2
Boat : ch
3 9
Road ?\ Road
Ifgb
s

v x
| @Uf a flying bridge
% Fig. 5-4
The boa

s from one bank to the other by the
by current of flow. When the boat

pressure e her
reaches ther end, the direction of swinging cables
15 ch n :

#.J
¥
=l

N My e e
T

e

i i can be used only to carry light
i he be adopted for short spans

ger traffic. They can ;
@and at places where enough matena:; al‘:‘m;;;
Vdilable for the construction of permaneni bridge

he stream and the available funds are a
V. Ligt bridges:

In case of lift bridges, the whole sPar
ges,
i by means of suitable arrangemeﬂi of

Unter-weight as shown in fig. 5—3. e with sheaves of

Iso too small.

is verlically lifted
the pulley and

“The $ame : ither sid
rnwﬂs- ThlarE r?;dp:?uvsses of the bridge Eﬂzﬁ’gfﬂﬂunted
" down by the cables which pass gyer:t

! e sus
Ergtﬂhed across the river and it is keptnggsg liamles
sl highest flood of the stream. il i
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at the top of the towers and the pulleys in turn are co
to the counter-weights at the other end. When thn"'*‘-“ﬂﬂd
Is lifted up in vertical plane, it allows navi = 1

gation h”:['ﬁt
s. Such an arranp Ll
mits support to a wap.
lift bridge compara. t¥

channel. A light over—head truss
the top connecting the two tower
results in better bracing and it per
during maintenance work. The

b

ay
favourably with the bascule bridge and is found to b s%
in cost for long spans. i :

EY

Lifted Position Pulley
L]

\ D \
RS A\ 'e
b N T O T T I \

A e R i~ o, e

i — — — —

i — — ——

Lift bridge
Fig. 5-5
iny points should be noted:

ber of towers: The total number of towers may
be or four i.e. one on either side of bank or two of
N&K side of the bank.
(2) Construction: The lift bridges are simple fo desidf
d construct. It is also easy to operate them.

(3) Overhead trusses: To give more rigidity 10 the

bridge, the towers may be connected at their tops by the
overhead trusses.

(4) Span: The span of lift bridge may be equal to
width of stream or river. But if the width of stream uF_:j' a.
is more, it may even form the part of total length of the brl g

e |
(8) Wind pressure: The effect of wind pressure on E'H t
bridge is not appreciable and as such, its working Is

h ith
seriously disturbed even when the wind is blowing w
high wvelocily.
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V: n case of swing bridgesl

Ctl_"' ey

a :
bearings or rollers. The .~ tral pier j

8™ teel trusses and it can hEE sr‘[:faﬂtrstrumus Provided wiyh
d ical axis b Olated jp

pal’ = 4 verlical axis by some i

aho! plan and elevation of 5 Suitable eqyip©iZontal plang

5!'!1-'1"“ he position of t -Wing h”'dge. T
indruﬂiﬂ l P | he bridge after rmalj:

~1  Pier ::“_- Q‘
T . o \
Elevation Rin V
m T

I Q

-_—.—m.ﬂﬂ

I IQ \
f [,
: teel Tm;sqr H
g : \
) + -,
W + Steel
i

§
P

Swing bridge
Fig. 5-6
Following points should be obec: lignment of road, the
@ (1) Flooring: Depending upon the &'ty bottom boom
|

top or
?nring of bridge may be placed at the 1P
ol the trusses. id be prﬂ‘u”idEﬂ
(2) Locking arrangements: The br]thE rsehn?.:ins paralle! 1o
with such locking arrangements lhalthlai + remains in line
the flow during open posilion and
With road in normal position: o arranged that the

i it .. ysually S ans. But
(3) Position of pier: It 18 o two Equmhﬁter span

i in
Pler divides the length of brid9® Tl ong, the s
"It is not possible to have eq



Page 25

' 114 Bridge Englneering

should be provided wilh necessary extra weigp,

counterbalance the excess weight of longer spap 1
The swing bridge is nol favoured at present becy

of its following disadvantages: Ugy

(1) Land trafficc When the swing span is rotateq th
is no protection to the land traffic at the water edg e

(2) Navigational capacity: The bridge divides the |
waterway into fwo narrower halves and h&n& Br
navigational capacity of the waterway is reduc

he
(3) Obstruction to the flow of water: Th Er Cayg
obstruction to the flow of water and it deﬂ@ curre;z

of water towards the banks.

~ (4) Time of operation: The bridge hQ%& be SWung fo,
ninety degrees even to allow pass O 8 small vesgg
Thus, it requires a long time for ea peration. :
VI. Transporter bridges:

In case of transporter bridg
from an overhead truss wit
as shown in fig. 5-7. T

ing cage is suspendeq
Ilp of cable or wire ropes
rhead truss rests on fw
towers and it contains r for cage to roll. The cage js

and it is then allowed to moye

loaded with persons or Bo¢

from one end to the%ﬁ end of river. This type of bridge
Is used within a qarBpur area to provide an arrangemen
for shifting of %nd materials across a channel.

y—Querhead Truss

Tdlepriod ~<Tower

JQ peom
X" ol
X

~-Coge
- o s s e h
__________ N
____________________ ¥
____________________ %
——————————— e -_...___.._..__._H‘w.
B

Transporter bridge
Fic. 5-7
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Movable=5pan Superstructures

orter bridge behaves more or less as W
ThE transpP for the vehicular transport. 4

pridge Q
ot Travarilnﬁ bridges:
Vil - of traversing bridges, it is so arrdfsed that the
! Gbridge can fully or partly be rg| forward or
\"hnleard across the opening as sho fig. 5-8. The

bE{GW; is prnwded with rollers on th pproaches. The
pridd .ing bridges are now obsolet

Drawn Position—y ‘Normal Position

COSON t»‘»“‘iNNMbA

X P L+ :
../ 3}

Traversing bridge
Fic. 5-8

%,



5!#“"" surface :DT hridg!e floor is
The :E.g:r'lﬂg malerial. In this chapter. COVerad Up  with
e

; he /
hms suitable for bridge floors iy h:azﬂuﬂ fioorin

lﬂﬂl = affgﬂtil‘lﬂ the choice of “'n‘ﬂ'l"ihg terial,. 4
ﬂ L
wing factors should be carefy|

: Iy consi :
Ling the type of flooring material for the ISETe\ e
E.I .

1) availability of local materials ang lab
) climatic conditions, '

(3) fund available for flooring, Q

(4) importance of the bridge,

(5) intensity of traffic,

) nature of the bridge, :\“

(7) nature of traffic, and

(8) use of the bridge.
Requirements of a good

ng material:
Following are the

material for a ‘bridge;
(1) It shm%%e to absorb the vibrations and impact
cause e fraffic.
l2) It ghouldwbe capable of being easily drained.
3) 1 wd be cheap in construction as well as in
lenance,
‘?sahuuld be fire—proof,
) |t_shuuid be non-absorbent, dust—proof and non-
@) lst“PPBry during monsoon.
S should be strong and durable.

(8) |: S:Mld grant a sense of safely to the bridge users.

19) 1 hould not create noise when traffic passes over it.

(10 “:'.Ihuuld not give glare to the traffic. _
ould provide a smooth riding surface for the traffic.

T""" of

Th »
. & b . |
%wi“ﬂ tnﬂgﬂ floors may broadly be divided Into the
Iﬂen "
Soli oors
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Bridge Englneering

Each of lhe abov
described in brief,

(1) Open floors: |In case of open floorg
between the main girders |s covered by the re the 5Dy
of floor only and the remaining space, ag such i?“'“‘*‘d ﬂaﬁE
Hence, no flooring material will be required for :EF" ﬂh“'*
and as such, the open floors will not require 5. c" fig."
provisions. ¥ drg

.
Stringers 4
T % Ty

e lype of bridge figgr will
Na

i | \Q
A1 E
Sleaper—-— -1 ] Girder
~ Main
Girder
] -
Rail -
-

- A
% Open floor

Fig. 7-1 3
TQ%S en floors are adopied for the railway bridges
a

situated outside the limits of town or city, Fig. 7-1

vs the plan of a typical open ficor for a single fract
ay bridge. The open floors can be easily inspected an
ey prove to be economical.

% (2) Solid floors: In case of solid floors. the lop suria®
of the floor of highway bridge or railway bridge is covel
up by a suitable flooring material.

Flooring materials:

: b oalt
Following are the common flooring materials which
adopted for the solid floors:

(1) Jack arch
(2) Mild steel buckle plates
(3) Mild steel plates
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Flooring

vild steel troughs e
{4; HeinfDrGEd cement concrete
5 Q
6 TmPer bove type of f @“xl

of the above type of flooring m
?I*f gescnbed- atena| e
i€’ yack arch: In this type of

arches resgt
hown in fig. 7-2.

fl
{”tﬂ arches are constructed ang he Cement
gncremwer flanges of mild stee| }Dlst

DF;E J{J|5t5 in turn rest on R.S, he%
1

Huuring—\ %

4 %Q\ R.S. Beam )(‘R'S'J' |§

?\ Jack arch floor
Fic. 7-2

Th%sts are placed at a distance of about 800 mm
o 1200 mm centre to centre. The rise of arch should be
100 mm to 200 mm and the minimum depth of concrete
at the crown should be 150 mm. A suitable elastic material
is provided at the top of arches to absorb the shocks due
to impact. '
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&
plates are bent in the f:fnieuf?mﬂh]-he m”\t“' buckie
in the sta : n arch and t ‘ '
in ndard sizes. The thickness of bigkle prr:t:;E::':z

from 6 mm to 11 mm and '
the rise is abo’60 mm to 90
The space above the buckle plates s m.‘-’ up by th?a aspr?lg:%

urj; c:lzjdnc;ete%ﬁThe minimum dept fMilling at the crown
$ao8 . mm. The bUEkf; tes are connected as

shown in fig. 7-3.

!!!!!!!!

“
“~—Buckle Plate

Buckle plate floor

?‘ Fig. 7-3
X
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30 Bridge Englneering

The buckle

. plates may be fixed ejth

E'neaim girders or between the cross-girders. Ei.fr 1h Weey,
w_"ween the ma!n girders, the Cross—girders aEF e
! not be required. If they are fixed betwee 4 Strin
girders, only the stringers will be Elfminaleqn th :

The buckle plates floori
‘ ing |
highway bridges. 4 1% Yery commoy, f.;;.’?s

(3) Mild steel plates: In this
. : case, the f :
ﬁlate's of lhm!nness about 15 mm, are prnuid;at : B
ooring material for the bridge. The steel plate 8

i

C
SUpported and enouagh holes are ¥ \‘ AT g
rain water, 2 previced $ n foatla}:?

(4) Mild steel troughs: A trough
Prepared in a particular shape as sHo
trough floor is similar to the buckle plate floor exce

- Ihe
the troughs are used in Pl ot
place he” buckle ha
troughs are usually filled up e withp:‘ﬁgﬂs. The
about 75 mm above the to epth g
I$ provided over the congre

gh. A bituminousg laye

Trough floor
Fic. 7-4

e troughs may be fixed iransversely or longitudinally

re fixed between the main girders and it results in the

elimination of cross—girders and stringers. In the second
case, the troughs are placed longitudinally across the cross-
girders and it results in the elimination of stringers.

The trough flooring is used for road bridges or railway
bridges. If it is to be adopted for a road bridge, a wearnd
coat is provided over the biluminous layer. If it is 10 be
adopted for a railway bridge, the ballast is spread over M€
bituminous layer. Alternatively, the sleepers may dirsz“'ﬁl’ 5;
placed over the troughs and the troughs may be filled
with the ballast instead of the concreie.

@a in case of the buckle plates. In the first case, the troughs
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R L LLLY

In case of the limhe |
i ar: : r ﬂﬂnfln

(6) .fsuitblﬂ feknese-are Yaad Hﬂwever.gl'hT: are linble

The wooden floor js light in th bt

|a fire. e
Fp Egli:d {o the floors of other materjals, Tha wr:::?énh; o
uﬂmﬁ?ﬂbEE for the fool-overs only 1o carry the light nxe

e 5l -

Fﬂ"?lw:,r:-?n:-mms should be noted inp cnnnet!i\, he
D v
mber

ed slightly

L Aﬁangemﬂnf: The wooden p]ankg ar %
aI[II_I]I inclined position as shown in fig, %
in

[—Wmd!n Pla ; :

Timber floor
; Fig. 7-5
(i) Layers: The wooden planks may be plamd'n?ﬂﬂ
I single layer or double layer. For single layer, the mi i
m!cknﬂaﬁ is 75 mm. For double layer arranﬂﬂmer;éw‘d
Minimum thicknesses of upper and loWer layers

Eﬁﬂctively be 40 mm and 75 mm. d if
o an
lii) Life: |f wood of superior quahw-mnet:s?lguring is
%den planks are well maintained, hd tm;ﬁ to 10 years.
® durable and it can have a useful life o

':"WE'H"E!', they are liable to catch fire. _—
is IighT in Weld

t:u,-,fgﬂ Weight: The timber floorind
red to other flooring materials.
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