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PREFACE

sketches.

¢
S e
The contents of the book are framed by keepM{_m e
syllabus prescribed by various Universities of India. The
therefore prove to be useful to students preparing either for Degree

or Diploma examinations or for examinations governed by various
other professional bodies.

The unique feature of the book is that it is written completely
in Metric Units. The subject matter is arranged in proper sequence
so as to maintain the continuity of the subject. Typical questions
follow each chapter. -

| take this opporturity to express my sincere thanks to all
good friends who have helped me in writing this book. | am
especially grateful to Dr. U.R. Bhatt for his valuable guidance
and suggestions. | am also highly grateful to Shri R. C. Patel of
Charotar Book Stall, who took keen interest in all aspects of
publishing this book. | am also obliged to Anand Press for such
decent printing and finishing of the book.

Suggestions to improve the utility of the book will be gratetully
received and incorporated in the subsequent editions.

584, Thengawada S. C. Rangwala
Raipur

Ahmedabad - 1

August 15, 1970

SECOND EDITION

The text of first edition has been exhaustively and extensively
revised and new matter is added practically in almost all the
chapters to make the book up-to-date.

| take this opportunity to thank all my good friends for sending
rie their valuable suggestions for improving the text-matter.

It is hoped that the book will become more popular among
5 student community by the new additions, it now contains.

Ahmedabad — 15
March 24, 1980 S. C. Rangwala
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25 e S A THIRD EDITION
it ¥ %ﬁ?étﬁti&iﬁas been thoroughly revised and enlarged. An
A H—atterfipt hasAbeegl] made to make the book up-to-date by adding
\‘;‘;&' .the_substanti i ifew material covering entire syllabus in Bridge
" \{2A Engineering dffafmost all the Indian Universities as well as Polytechnic
NX: dhstitutions.“ A"good number of examples have been also added

et hg Eag*6f some chapters.

dtis hoped that the book should become more popular among
the student. community by the- new additions, it now contains.

January 3, 1984 K. S. R.

SIXTH EDITION

It is indeed a privilege to present this Sixth Revised and
Enlarged Edition of this popular and highly acclaimed book. The
substantial new material and a few questions are added, where
| necessary, in the respective chapters.

We express our sincere thanks to the teachers for their valuable
Suggestions as well as the students for their excellent response
-to this .unique book. -

The authors would be grateful to the readers of this book to
receive their suggestions and comments for further improvement

o)

&

of the book.
Ahmedabad - 380 015 ) S. C. R.

. . ) . . ' P- s- Rl -v'
SEVENTH EDITION

- It is indeed a pleasure to present the Seventh Edition of this
K Popular book which provides a unified treatment of the topics on
H\ the subject of Bridge Engineering. As this book has now entered |
| in its Seventh Edition, proves the appreciation and the popularity |
| of the book by the teachers and the students of aimost all the
Technical Institutions of our country. '

. We feel confident that this edition will be of immense use
and will assist to both the teachers and the students.

Suggestions to improve the utility of the book are always

welcome! . |
‘Sada’ Mangal' s.C.R.
12, Gokul Park, Polytechnic K. S. R.
Ahmedabad - 380 015 P. S. R.

April 25, 2002
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General: \

A bridge is an arrangement made to cross an obstacle |
in the for'm of a low ground or a stream or a river or over |
a gap without closing the way beneath. The bridges areg

required for the passage of railways, roadways, footpaths
and even for the carriage of fluids. |

It is quite evident that the development of the science
of bridae .engineering has taken place with the development
of human civilization. In the beginning, the men used fallen
trees or wooden logs to funclion as the bridges.

The science of bridge engineering developed with
varied degrees in different countries. Some of the Roman
bridges in ltaly are among the fine bridges of the past. In
the eighteenth century, France was the most powerful
country of continental Europe and because of its prosperity
and taste in art, it has produced numerous and the finest
bridges during this period. It is really a pleasure to see the
existing eighteenth century bridges in France. :

The bridge over the river Nile built by Means, the king
of Egypt about 2650 BC was the earliest bridge on record.
After five centuries, another bridge was built by Queen
Semiramio of Babylon across the river Euphrates. The oldest
existing arch dating back to about 350 BC and consisting
of 20 pointed arches each of 7.5 m span is at Khorsbad
in Babylonia.

The earliest construction of permanent bridges started
around 4000 B.C. The lake dwellers of Switzerland are said
to be the pioneers of timber—trestle construction. The Indiqns
also developed the prototype of the modern suspension
bridge at about the same time.

Timber gave place to iron as the building material in
eighteenth century. The first iron bridge of 30.5 m span was
built in 1779 over the Severn in Coalbrookdale, England.
The arch bridges were developed simultaneously by the
Romans and Chinese.

The Roman arch bridges date back to 200 B.C. The
Chao—Ct_\.gw bridge situated at a distance of about 350 km
from Beijing is supposed to be built around 600 A.D. and
is perhaps the longest lasting single span of 37.4 m vehicular
bridge at present. )
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The coming up of railways in the nineteenth century
completely changed the concept of bridge engineering.
The immense technical progress in the bridge engineering
took place during this period and the bridges assumed the
form of structures with designed loads. '

- At present, the bridge engineering has become a
specialized subject by itself. Following are the important
factors which are responsible for putting the subject of bridge
engineering on the scientific footing:

(1) advances made in other branches of engineering
such as hydraulics, soil mechanics, structural
engineering, etc.; - :

{2) advent of new materials of consiruction;

(3) concept of new design ideas in theory;

(4) improvement in the methods of construction;

(5) increase in loads of railways and highways: etc.

In the chapters to follow, an attempt will be made to
explain the basic concepts of the bridge engineering.

Development of bridges:

The primitive and prehistoric man had non-vegetarian
habits. He used to live on prey of animals. He was always
in search of food and shelter. Early morning, he would
leave his abode in search of food and by evening, he

1
.

|

i
i

i

used to come back with his prey, roast it and share it

with his wife. By going out every morning and coming:

the field-path. With the passage of time, the traffic
necessitated the development of good earth roads; and
as more time passed, the road bridge was constructed
where a road came across a stream or a river. It is
therefore understood that the bridges were probably the
first structures constructed by the human beings. Thus,
the development of the bridge construction is closely
associated with the history of human civilization.

The exact period of development of bridges in different
countries of the world cannot be accurately predicted. But
it can be safely said in general that the development of
bridges was rapid in some countries, while it was lagging
in some other underdeveloped countries.

‘back every evening, he made a narrow way known as

The development of bridges of the following four main:

types can be put in the diagrammatic forms as shown in

charts of fig. 1-1 to fig. 1-4:
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CHART SHOWING DEVELOPMENT OF ARCH BRIDGES

Natural rock arches Natural stepping stones
A
Artificial stepping stones .
A
Stone slabs on stepping
Corbelled arches stones or rough piers
J/ Stone beam bridges
l
True arches Stone cantilever bridges
J SR )
)
Masonry arch bridges
!
¢ -l A
R.C.C. arch bridges Steel arch bridges
- Fi16. 1-1

CHART SHOWING DEVELOPMENT OF SUSPENSION BRIDGES

Monkey—trains, over—hanging
branches and creepers
l
Rope bridges
d

Suspension bridges
Fic. 1-2

CHART SHOWING DEVELOPMENT OF
SIMPLY SUPPORTED BRIDGES

Simply supported construction

Continuous construction
' 12
! 1
Cantilever construction Rigid frames

3

Combinations of cantilever
and continuous constructions .

Fic. 1-3
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CHART SHOWING DEVELOPMENT OF
TRUSS AND GIRDER BRIDGES

Accidentally fallen trees

2

Purposely felled trees

Two or rr"!.ore felled trees
and transverse platform
l
Timber beams on stepping
stones or rough piers

Timber beam bridges on
timber piles or crib piers

4 1 C
Timber cantilever Timber truss Cast—iron beam bridges
bridges , bridges l
l Plate girder bridges
Steel truss J

bridges R.C.C. girder bridges
. _

Prestressed cement concrete

girder bridges
Fic. 1-4

(1) Arch bridges (fig. 1-1)

(2) Suspension bridges (fig. 1-2) o

(3) Simply supported bridges (fig. 1-3)

(4) Truss and girder bridges (fig. 1-4).

It is quite evident that the idea of developing a particular
type of bridge came to man by observing many such instances
of natural behaviour. The natural rock or caves or steps

formed by erosion of the loose soil ultimately led to the
concept of arch bridges as shown in chart of fig. 1-1.

It was observed that even monkeys form the monkey—

trains, one monkey linking with . another for getting across
a long gap over the tree-tops. The suspension bridges

are nothing but 3 development of the monkey—trains or

connecting together creepers hanging from trees for
crossing, as shown in chart of fig. 1-2.

The development of simply supported bridges is shown
in chart of fig. 1-3.
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The tree which fell down accidentally across a stream
is understood to be the earliest example of beam or girder
type bridge and ultimately, the truss and girder bridges
were developed as per sequence shown in chart of fig. 1-4.

The most common naturally available materials used in
the early stages of bridge construction were timber and
stone. It is not possible at present to find traces of the
ancient bridges constructed of timber because it is a
perishable material. However, some traces of old bridge
structures made of stone can be found all over the world,
mostly in the form of arches, because the stone is fairly
indestructible. During the late eighteenth century or so, the
timber bridges were covered by suitable material to give
them protection against weather. Then, the cast-iron
substituted timber or stone and the first cast—iron railway
bridge was built by George Stephenson in 1823 on the
Stockton—-Darlington railway line. This material was again
replaced by wrought-iron and then by mild steel.

The introduction of steel in bridge construction gave
ample opportunities for designing and forming various forms
of efficient steel trusses and many important bridges of the
world were constructed of steel trusses of different
patterns. The steel cantilever bridge over river Hoogly at
Calcutta, constructed in 1943 with a main span of 457 m,
is considered to be one of the longest cantilever bridge in
the world.

‘ The inventions of reinforced cement concrete or R.C.C.
and pre-stressed cement concrete have given a wide field
to these materials in bridge construction because of the
fact that they can be moulded with confidence in any
architectural form. Practically, all the important bridges at
present are constructed in almost all the countries of the
world with R.C.C. or pre-stressed cement concrete. The
latest entrants in the field of bridge engineering are the
steel box girder and cable—stays.

In India, the earliest major bridges were built as part
of the railway system. The PBritish Engineers made good
use of the cast-iron and wrought—iron particularly for long
spans and for bridges in/the Indo—Gangetic plain. They
also relied on local matg’rials such as brick and stone.
They constructed a large’ number of arch bridges which
are still in workable condition even though there has been
considerable increase in the wheel load passing over the
bridges. The iron bridges built by the British Engineers
have since been re-built particularly the superstructure portion.
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The need for the development of roads was felt in Indig’
in the early part of twentieth century and the governmenit!
focussed its attention. for the construction of road bridge’s.;
By this time, the concrete has come up as a versatllev
construction material and hence, the road engineers went
in more for either arch or R.C.C. bridges. ‘

|
" The pre-stressed concrete came up in the early forties:
of the century and in India, the railway and road engineers
started to make use of this versatile material in the:
construction of bridges. The first pre-stressed concrete
bridge was built by the Indian Railways near Siliguri on
the Assam Rail Link project. Similarly, the first pre—stressed
road bridge in India was built across river Palar near Madra_s.
The Indian road engineers have better knowledge of this
material and they are able to build pre—stressed concrete
bridges with spans upto 140 m.

The" construction of third Godavari Railway Bridge is .
perhaps the only bridge of its kind in the world where bow~—
string arch girder using concrete has been constructed for
a long span of 97.55 m, which clearly shows that the |ndian
engineers are not lagging behind the bridge engineers in .
more advanced countries. Another finely executed long span
bridges are Brahmputra Bridge at Tezpur, 5.575 km |ong
Mahatma Gandhi Setu across the Ganga near Patng and
cable-stayed bridge at Calcutta. The Railway Engineers, on
the other hand, are not so enthusiastic about this mataria)
and it is understood that the longest pre-stressed concrete -
bridge on the Indian Railways has span of only 24 m.

Changing Scenario in Design and Construction of
bridges:

The trends in the design and construction of bridges
have been changing from time to time. They depend upon
the following factors: '

(i) advancement of design concepts and technology;

(i) awareness of environmental influence on the behaviour
of materials, etc.;

(iii) changing attitudes towards aesthetics in bridges;

(iv) increasing knowledge of the properties and behaviour
of new materials;

- (V) changing requirements of traffic and communication;
and

(vi) improvement in various construction techniques.
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The new trends in the design of bridges are sophistication
and very accurate analysis. The need of sophistication
has arisen because of the following factors:

(i) Availability of Computer Aided Design (CAD) for quick

and accurate analysis;

(i) Efforts to make maximum use of local resources
with appropriate technology;

(iii) Increasing awareness of durability, serviceability
and constructibility, inspection and maintenance,
aesthetics and quality assurance;

(iv) Increasing knowledge of other forces acting on
structure which very much affect the analysis and
design;

(v) Use of new materials having high strength; and

(vi) Use of very large spans.

With the help of computer, it is now possible to
design many complex structural forms for different Joad
combinations. This has resulted in the better analysis of
structures. The properties of materials are also known
better and hence both the things have allowed engineers
to adopt higher stress in materials and to reduce overall
margin for safety. Another major change in design of bridges
is the adoption of limit state concept instead of working
stress concept.

The two notable developments in bridge construction
techniques are:

(i) use of cantilever construction method; and

(ii) use of push launching of the entire superstructure.

Several bridges have been designed and constructed in
India with the help of these techniques.
tyzzsiﬁcation of bridges:

The bridges can be classified by many ways with respect
to a particular quality or condition. Following are such
various classifications of the bridges: alan g 0%

(1) According to the flexibility of superstructure, the
—— bridges are classified as fixed—span bridges or
movable bridges. D— '

(2) According to the position of brid loor relative to
the formation level and the highest flood discharge,
the bridges are classified as deck bridges, through
bridges or semi-through bridges. —




According to the interspan relations, the bridges ére
‘classified as simple; continuous or cantilever bridges.
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According to the form or type of superstructure, the

‘bridges are classified as arch, bow=Siring girder, -

rigid frame or suspension bridges. f

According to ‘the materials of construction used for .
superstructure, the bridges are classified as cement
concrete, masonry, steel or timber bridges.

According to the method of clearance for navigation, -
the bridges are classified as bascule, cut—boat, lift,"'
swing or traversing bridges. '

According to the expected utility period of service,

- the bridges are classified as temporary or permanent

bridges.
According to the function, the bridges are classified

- as road, railway, road—cum-railway or pipe-line bridges. |

According to the method of connections adopted,
the steel bridges are classified as riveted, weided
or pin—connected bridges. - = —

According to the length of span, the bridges are

~ classified as culvert, minor, major or long span

(11
£12)

+13)
A14)

It is
number

bridges.

According to the degree of redundancy, the bridges
are classified as determinate or indeterminate'b‘r'[dges.

According to the level of crossing of highways and
railways, the bridges are classified as over bfidgeé
or under bridges. "

According to the alignment, the bridges are classified
as straight or skew bridges.

According to the loadings, the road bridges andé
culverts are classified by the I.R.C. as Class AA,
CJass A and Class B bridges. o

thus seen that the bridges can be classified in a;
of different ways. The classification of bridge with |

reference to the size has been done differently in our
country by the road and rail engineers. According to the
road engineers, the bridges are classified on the basis of
lineal waterway as follows:

(1) Culverts ... Upto 6 m.

(2)
(3

Minor bridges ... 6 m to 30 m. :
Major bridges ... Over 30 m.
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According to the Indian Railways, the bridges are
classified as follows:

(1) Major bridges ... Total waterway more than 18 m
or having any span of clear
waterway of-12/ m or over.

(2) Minor bridges ... Total waterway less than 18 m
or having any span of clear
waterway less than 12 m.

(3) 'Important bridges ... Those major bridges having
total waterway of 18 m and more;
or more than 110 m?2.

The cross—drainage structures for the purpose of
investigation are grouped into the following three categories
in our country:

(1) Culverts and minor bridges having lineal waterway
upto 30 m. ’ ‘ '

(2) Major bridges having lineal waterway exceeding 30 m
but on stable rivers and canals.

(3) Important bridges having lineal waterway exceeding
30 m but on major rivers or tributaries which are
shifting in nature or which present some problems
of stability.

J@rtance of bridges:

The bridges serve as the most useful links on the land
connecting big towns and cities and hence, in case of war
or calamities, the destruction of bridges stops the mobility
of army or essential goods. The site of a bridge should
therefore be properly selected with respect to strategic
considerations and all proper precautions and measures
should be taken to maintain the bridges in the perfect
working order.

(The subject of bridge engineering is given special
attention during the course of military training due to the
fact that the army should be capable of putting quickly the
new bridges while advancing and of destroying the existing
bridges while retreating.1<

The construction of bridge in a road or rail project
is the costliest part and hence, it calls for the utmost
economy. It takes the longest time for completing and
requires careful planning, considerable amount of forethought
and detailed study of various aspects.
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It may also be noted that the bridges across rivers
and streams are the most vulnerable because any major
damage to the structure can completely upset the total
communication system.

It is for this reason that no undue risk can be taken
in their design and construction. The economy in bridge
construction as well as its long life can be successfully
achieved only by the use of proper materials, effective
supervision and economic method of construction.

. /Iﬂentiﬁcation of bridges:

To have the uniform policy of numbering the cross—
drainage works along a highway, the Indian Roads Congress
have prepared the code IRC: 7-1971 for identifying or
numbering the culverts and bridges. According to the provisions
of this system, the culverts and bridges on a road are
numbered in serial order, the number being expressed as
a fraction. The numerator of the number indicates the kilometre
in which the structure is situated and the denominator
indicates the kilometre-wise serial number of the strycture.

For instance, the fourth cross—drainage structure in ninth
kilometre (i.e. between kilometre stones 8 and 9) will be
designated as 9/4. The number of the structure is inscribed
near the top of the left hand side parapet wall as seen
by the road users in the end elevation when approaching
the structure from each direction. For structures having
railings without parapet walls, separate pillars are constrycted
to inscribe the structure number. If any new culverts are - -
to be introduced between any two existing ones, say
between 4th and 5th culverts in km 30 (i.e. between kilometre
stones 29 and 30), then the new culverts will be designated

30 ﬂ—~ y eftc.

4-1 4-2 ;
The above practice of identification of bridges developed
by the specifications and standards committee of the |ndian
Roads Congress has proved of great help to the staff
employed for the maintenance and inspection of bridges.

}l‘elimipary data to be collected:

The careful investigation at the preliminary stage gvoids
many expensive errors at a later stage. Hence, the investigation
process should be carried out diligently and with extreme -
care to avoid the occurrence of ‘serious mistakes in the
bridgé project. Following data_should be collected and
suitably analysed by the engineer—in—charge of the investigation -
of a bridge site:

as
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(1_)_ava||abllsty of electric power;
(2)_availability of materials of constructlon

(3) availability of skifled and unskilied labour for different
" jobs of bridge construction;

(4) _characteristics and hydraulic data of stream or river;

g_5l_detalls of public_utility services such as telephone
cables, water supply lines, etc. to be accommodated
in the bridge cross—section;

(6) details of the existing bridges on the same_ river; .

(7) facilities required for housing labour during the bridge
construction;

(8) location of the nearest G.T.S. bench mark with its
reduced level;

(9) means of transport to carry the materials;

(T0) name of the river and location of the bridge site;

(11) nature of road_traffic_at the bridge site;

(12) navigational requirements:

(13) need for large scale river training works;

(14) possibility of earthquake disturbances;

(15). present and future traffic;

(16) reasons for constructing the bridge;

(17) safety and aesthetic considerations;

(1__8L subsoil conditions; etc.

Selection of bridge site:

"Following are the factors to be carefully considered while
selectmg the ideal site for a proposed bridge:

" (1) Connection with roads

(2) Firm embankments

(3) Foundations

(4) Materials and labour

(5) Right—angle crossing

(6) Straight stretch of river

(7) Velocity of flow

(8) Width of river,

Each of the above factor will now be briefly described.

(1) Connection with roads: (The bridges are
constructed to connect the roads on either side of a river.
The bridge site should therefore form a proper link [between
the roads on either side of a river. The bed of approaches
connecting ends of bridge with the roads should be dry and
hard.}]The approaches at the bridge site should be such that
they do not involve heavy expenditure. The approaches
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should avoid the cutting across the built-up area or religious
structures because the acquisition of the land and structures
"will be expensive time-—consuming and sometimes may cause
social problems..

"Xﬁ) Firm embankments: The embankments on_the
upstream side and downstream side of hridge site_should
be firm, high, permanent, _solid,_straight and_well-defined.
Such“embankments are not disturbed at the time of heavy
floods/and they do not allow the course of river to alter.

\(3) Foundations: The nature of soil at the bed of
river at bridge site should be such that good foundations
are available at reasonable depths for the substructures of
bridge. THe site subject to minimum scour should preférably
be chosen.

(4) Materials and labour: The site of the proposed
bridge should be so located that the materials _and
labour required for the construction of bridge aresggglv

availabie.JThe transport charges for materials and labour at
the bridge site should be minimum. )
(5) Right-angle crossing: At bridge site, the direction
of flow of water should be nearly perpendicular. to the
centre—line of bridge. Such a crossing is known as the right-
angle crossing or square crossing or normal crossing ?"d
it is desirable to have such a crossing as far as possible
because of the following facts: )
~ (i) It grants a smooth flow of water. S
(i) it permits the construction of segmental wing
walls and return walls_with minimum sharp angled
structures and théreby, the formation of eddies and
Ccross currents are avoided.
<~ (iii) It provides the shortest lengt idge_span
as well as the [ength of the pier and abutments.
The skew or slanting bridges are not desirable and they
are usually avoided for the following reasons:
(i) Itis difficult to construct the skew bridges, especially
) the skew arch bridges.
(i) The depth of bridge foundations is likely to be more
__as the foundations are to be subjected to the scour.
(_"') The design of skew bridges is complicated-
(iv) The maintenance of skew bridges is_difficult. s
(v) The passage of water under the skew bridges is not
smooth and whirls or currents are produced.
(vi) The piers of the skew bridge have to resist excessive
water pressures. o




Introduction 13

(6) Straight stretch of river: The river should have
a straight stretch over a reasonable long: distance on
the upstream side and downstream side of the bridge site.]
Such a straight stretch of river ensures smooth and uniform
flow of water and it allows smooth navigation. The curved
stretch of river is not desirable as it creates problems during
construction and maintenance of the bridge.

(7) Velocity of flow: It is .very important to check
that the velocity of flow at bridge site is proper. If velocity
of flow is less than a particular value, the silting will occur
and on the other hand, if it is more than a particular value,
the scouring will occur_lAs a matter of fact, the velocity
of flow at bridge site should be between the range of non-—-
silting and non—scouring velocities. The permissible velocity
depends on the nature of bed of river. Table 1-1 shows
the permissible velocities for different types of beds of river.

TABLE 1-1 :
PERMISSIBLE VELOCITIES AT BRIDGE SITE

Rock and boulders 250 to 500

(B) Width of river: it is quite evident that the width
of river indicates length of bridge. it is desirable to have
minimum width of river at the bridge site. The smaller the
width of river, 'the cheaper will be the.bridgea

The conditions stated above are for an ideal site of
a bridge. But in practice, it is difficult to obtain a site which
will fulfil all these conditions. Hence, every case has to be
studied independently and out of a number of alternatives,
that site is to be recommended which satisfies most of the
conditions for an ideal site. In this connection, the best
guide would be the study of particulars of the existing
bridges on the same river especially with respect to the
foundation details, clearances, physical features, etc.

1. Very fine sand 60 to [0

2. Fine sand and loose clay Upto 50

3. Coarse sand 50 to 100 \ /'
4. Fine gravel, sandy or stiff clay 100 to 150 / /
5. | cClay with sand _ 150 A
6. Clay 200

7. Soil withrock and coarse gravel 150 to 250

8.

/
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It will also be interesting to make enquires about the
bridges that have been overtopped or breached since their
construction or any other type of failure of the bridge.
For bridges of small magnitude, it would be reasonable
to study particulars of such bridges within a radius of
about 10 km. But for larger bridges, it would be appropriate
to collect the particulars of bridges situated at a distance
of about 50 km to 60 km. ‘

Stages of investigation:

- The investigations for important or very major bridges
are carried out in the following three stages:

I.  Reconnaissance or technical feasibility stage.
ll.  Preliminary or techno—economic feasibility stage.
lll. Detailed survey and project report stage.

It is necessary to see that a near ideal bridge site is
chosen and various factors are studied during the investigations
in each of the above stage. The data to be collected and
the importance of each of the above stage of investigation
will now be briefly described.

« Reconnaissance or technical feasibility stage:r
In this stage, the entire length of the river within the
area to be interconnected has to be studied so as to
find out a number of probable sites satisfying the various
considerations for locating a bridge. The number of factors
satisfied by each site are noted and those sites which
satisfy most of the favourable factors are selected for
further consideration in the next stage.

The factors to be studied in this stage can be mentioned
as follows:

«(t) estimating the benefits that will accrue from the
likely traffic to pass over the bridge;

(2) gathering data about the behaviour of the river at
such sites by studying the available reports;

(3) holding discussions with local knowledgeable people;

(4) making an assessment of construction problems:;

(5) -studying the existing pattern of traffic:

(6) study of available maps;

(7) visits to the various possible sites so as to understand
the local features; etc. }

It should be possible at this stage to narrow down the

ch.oice to three. or four alternative sites for the proposed
bridge. - ’
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VHL Preliminary or techno-economic feasibility stage:
In the second stage, an attempt is made to bring out
in full detail the comparative merits and demerits of the
various alternative sites which are considered feasible in
the first stage. The study of such a table would help
in choosing the best site of the bridge. It is also necessary
to work out the estimated costs of various alternative sites
and such estimation should be done carefully so that the
final cost may be within a range of plus or minus 15
per cent of the final cost. For this purpose, some minimum
field measurements are taken and detailed study of maps
of the area is made.

The details to be obtained for each site should be
tabulated with respect to the following aspects:

41} construction and maintenance problems;
(2) distance from important city or town;
(3) expected duration of construction;
«{4) length of approaches;

(5) length of bridge;

-(6) nature of flow at site;

(7) nature of foundation strata;

-(8) rate of return or benefit cost ratio;
~(9) saving in detours involved, if any;
_{10) total construction cost of bridge;
£11) volume of anticipated traffic; etc.

Depending upon the length of the river to be covered,
the techno—economic feasibility study can generally be
completed in a period of about 4 to 5§ months.

All. Detailed survey and project report stage:
Out of possible alternatives, the final selection of bridge
site is made and in this stage, full investigations with
respect to all the items are carried out for the selected
site. (The detailed studies are made for ground Survey,
hydrological data, soil exploration, period of construction.
volume of traffic, structural design, detailed estimate, return
on investment, construction schedule, etc.)—

Finally, the project report containing large number of
drawings and necessary details is prepared in such a shape
that the sanction to the project can be issued; funds can
be allotted; field organization can be set up; and the work
regarding the preparation of tenders can be immediately
started.
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In case of very major bridges, it is necessary to carry ‘
out the model studies because it is difficult to predict the
behaviour of the river after a structure is put up across [t.
A scale model prepared in a hydraulic research station is
helpful in forecasting the behaviour of the river due to ?he
obstructions caused by the embankment on either side.
and by the piers. ’

The river behaviour is dependent on many imprecise
variables and the experiments on the model are conducted
to arrive at the best and most economical combination of
the waterway and the protective measures.

Depending upon the time required for completing 2
model study and for carrying out the detailed- soil-boring
tests, the time required for the project report preparation
will be about 15 to 24 months.

Alignment:

After the site of bridge is decided, the next step is tt‘;
set out or align the centre-line of bridge. Following aspec
of the bridge alignment should be carefully studied:

A1) Alignment on curve '
—2) Control of highest flood level
3) Effects of silting and scouring
{4) Layout of approaches

- A5) River training works

}ﬁ) Skew bridges.

(1) Alignment on curve: |In hilly areas, it is not pOSS'ble
to avoid the alignment of bridge on a curve. In such caseésS;
it is necessary to adopt R.C.C. or steel girders for the
Superstructure and it should be seen that the axis of each
pier is nearly parallel to the centre—line of river.

(2) Control of highest flood Ilevel: The highest
flood level or H.F.L. of river plays a great role in fixing the
height of bridge. It is possible to control H.F.L. either by -
diversing the extra flood water or, by constructing a storage
reservoir on upstream side of the river. It is found that with

controlled H.F.L., the design of bridge with adverse alignment
can be accurately made.

(3) Effects of silting and scouring: The necessary
Precautions should be taken along the bridge alignment

to bring down the effects of silting and scouring to- the
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,
to form right-angle or square crossing. The layout of approaches
is made with suitable curve radii so as to cause the least
inconvenience to the traffic using such approaches.

#.

f—Cumed Approach

Right ‘Angle or
Square Crossing

Curved Approach

Layout of approaches
Fig. 1-5

(5) River training works: If necessary, the river
training works should be carried out to form what are known
as the nodal points i.e. points of minimum displacement
in a system of stationary waves, along the bridge alignm?“t-
A nodal point is defined as the location where the river
regime does not normally shift. The natural nodal points
are established by the river flow over the years. The channels
of the river shifting its course at the nodal points will be
minimum and thus, the stability of the structure is insured.
For this purpose, it is desirable to carry out experiments
on the models to decide exactly the location of artificial river
training works along the river. '

(6) Skew bridges: As far as possible, the skew bridges
should be avoided. However, if it is not possible to adopt
the right-angle crossing, great care should be taken in the
design and execution of skew bridges. The analysis and
design of a skew bridge, especially when the skew angle
is more than 15°, are more complicated and rigorous than
those of a right-angled bridge. The conditions which force
the adoption of skew bridges are excessive cost of land,
acquisition for approaches, existing road alignment, length
of bridge, nature of flow, importance of bridge, etc.
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“ . Following four precautions should invariably be taken in
the design of skew bridges: :

) It is preferred to arrange the piers parallel to the
axis of river. -

i) The entry and exit of water below the skew bridge
should be smooth.

Jiif) The skew alignment should not be curved as it is
difficult to construct and maintain the curved bridge.
The additional force due to the centrifugal action will
come into play in case of the curved bridge.

(iv) The skew should be restricted to 30°.

Traffic requirements of highway bridges:

Following are the requirements of traffic which are to~ be
considered in the design of highway bridges:

(1) Alignment

(2) Central verge

(3) Footpath

(4) Lighting

(5) Parapets and handrails
(6) Roadway width

(7) Safety kerbs

(8) Sight distance.

- (1) Alignment: The sitting or locati i
should fit in with the general rogd alignmfeg?. l?fmtg;e rte)ggigrs
the adoption of skew bridges. It js the general practice
to adopt the skew bridges of small angle for small bridges
and to adopt square crossings with suitable approaches
for long bridges.

(2) Central verge: In the interest of safety and
traffic flow, it sometimes becomes desirable to segregate
or separate traffic of two directions by the provision of a
central verge. The width of this strip should be kept low
from the economic point of view. But it should not be less
than 1200 mm.

(3) Footpath: The provision of footpaths on either
side of brigge will make the movements of pedestrians safe
on the bridge and it will result in the reduction of fatal
accidents on the bridge. The width of footpath will be decided
by the volume of pedestrian traffic and importance of the
bridge. For rural areas, the minimum width of footpath
should be kept as 1500 mm and it should be suitably
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increased in the case of urban areas. The capacity of
1500 mm wide footpath can be taken as 108 persons per
minute and it should be increased at the rate of 600 mm
for every additional capacity of 54 persons per minute.

(4) Lighting: The lighting on bridge should be .
carefully designed with respect to distance between adjacent
posts, height of post, surrounding environment, importance
of bridge, etc. : ’

(5) Parapets and handrails: The provision of solid
parapets or handrails should be made on either side of the
bridge to grant safety to the bridge users and to define the
width of bridge.

(6) Roadway width: The minimum roadway widths
required for vehicular traffic and cycle tracks are mentioned
in table 1-2.

TABLE 1-2
ROADWAY WIDTHS

1. Vehicular traffic

(i) Single lane bridge 425

(i) Two-lane bridge 750

(iii) Multi-lane bridge 350 for every additional

lane over two lanes

2. Cycles

(i) ‘Without overtaking 200

(i) With overtaking 300

The highway bridges are designed as one-lane, two-
lane or muitiple of two-lanes. The required roadway width
can be decided from the following considerations:

(i) Vehicles : 1000 vehicles per hour per lane width of
3750 mm.
(ii) Cycles : 3600 cycles per day for two—lane (2000 mm).

(7) Safety kerbs: It is desirable to provide a safety
kerb of size about 600 mm X 225 mm on either side of
the roadway. A typical section of safety kerb is shown
in fig. 1-6.

(8) Sight distance: The provision of enough sight
distance on the highway bridges will ensure the stopping of
vehicles without collision. It is measured between points
1200 mm above the roadway along the centrelines of both
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the nearside -and offside lanes of the bridge. it should be
Seen that the sight distance is not reduced below the
Minimum limit due to obstructions such as shrubs, piers,
abutments, etc. This precaution is necessary especially: in

case of underpasses.

Inner Face of
Parapet or Railing

175 mm (Minimum)—s4 & be— ;L

2Smm
ry

H——225mm{Minimum ):

200mm

Jkoad Surface

Safety kerb
Fic. 1-6

caTable 1-3 shows the stopping distances for different
Ss of roads with different design speeds.
TABLE 1-3
SIGHT DISTANCE

-Other district roags $
Major district roags 80 10

National ang state highways 100 150

Waterway of a bridge:

of J,';jg';";%t ig‘]portant factor to be decided in the design
1S e : . .

for the bridge determination of the waterway required

or i
which the veste culvert. The area under a bridge through

Following s the relation between waterway, maximum

~ flood discharge and permissible velocity:
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“-

where A = Waterway in m2
Q = Maximum flood discharge in m3 per second
V = Permissible velocity in m per second.

The lineal waterway is obtained as follows:

c-

where L = Length of waterway
d = Average depth of water at bridge site.

The value of lineal waterway so obtained is provided
under a bridge. If piers or intermediate supports are provided
for the bridge, the sum total of spans between successive
supports should be equal to the lineal waterway. The natural
waterway is thus the total of lineal waterway and widths of
supports of bridge.

To work out waterway of a bridge, it is necessary to
arrive at a suitable value of maximum flood discharge of
the river. We will now briefly discuss the methods of determining
or calculating the maximum flood discharge of the river.

Maximum flood discharge: avg ¢ toth

[ Wherever possible, -the maximum flood discharge at
bridge site is found out from at least two different _methods
and the higher of the fwo values is adopted as the discharge
for designing the bridge. If the value by two different methods
differ by more than 50% the maximum design discharge IS
limited to 1.5 times the lower estimate. This is due to the
fact that from point of view of economy, it is not d'eswab,'le
to design the bridge for flood of extraordinary high n:utensﬂ);_
which will rarely occur due to reasons such as failure o
dam or tank on the upstream side of bridge site.

(lt is considered reasonable to design bridges for ﬂoogs
occurring once in 100 years)and to design culverts for floo 3
occurring once in 20 years. The design aspects shouc:
however ensure that the likely damages due to rarer floods
are brought down to the minimum possible extent.

Following are the two methods of calculating the maximum
flood discharge:

(1) Direct method

(2) Indirect method.

The salient features of each of the above method will
now be briefly described.
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Measurement of velocity of flow: The velocity of flow is
measured by one of the following methods:

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

Average -area of cross-section =

(a‘) By application of Chezy's formula:
‘According to Chezy's formula,

where v ='Velocity of flow in m per second

' (o] Chezy's constant

m - = Hydraulic mean depth

IEET Slope of hydraulic grade line.

" The above formula was given by French engineer Chezy
in 1775. Following points should be noted:

(i) For finding out the value of m, let my, m, and ms
be the respective hydraulic mean depths and Py, P2

and P3. be the respective wetted perimeters of cross—
sections 1-1, 2-2 and 3-3, as shown in fig. 1-7 and fig. 1-8.

m1+m2 +m3

Then, 'm 5
, A
where my = 31-
Az
"= 5
A3
ﬂ73 = ‘P;

(i)) The slope of hydraulic grade line or hydraulic gradient,
as it is called, is obtained as follows:
D
3200
where D = Difference in levels between upstream and

downstream 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.

i =




«
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Kutter's formula:

0 4 000155 1

i N
1+JL@3+&£EQ Q)

Jm i NNl e
where N is called the rugosity factor or roughness coefﬁci:ent
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.
Bazin's formula:

r LS «

c . 1576 21533
K
1.81 + —

L

where k is Bazin's constant and its value varies.from 1.54
to 3.17, depending on the condition of bed and
sides of river.

The formula was given by Bazin in 1897.

(b) By direct observation:

Following procedure is adopted to obtain the velocity
of flow by the direct observation:

(i) The two lines, as shown in fig. 1-9, are marked across
the river with the help of ropes. The distance between thes‘e
two lines depends on the width of river. But it is usualiy
kept as 15 m to 30 m.

(ii) The width of river between these fwo lines is suitably
divided, usually in three sections, as shown in fig. 1-9.

G =

A }[—dee
e
g l l g
/1
LI LA |
1 ¢ 1 2 1 3 5p
L~
g | l E
| | l
V
/ | |
Rope—j( 4

Measurement of velocity of flow by direct observation
Fic. 1-9
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(iii) The time taken by a surface float or a velocity rod :

to trdvel from one line to the other is noted. The surface .

float is shown in fig. 1-10 and it is to be adopted for small

rivers. The velocity rod is shown in fig. 1—-11 and it is to

- - -be adopted for large rivers. The surface floats are made
. of:light materials such as cork or drift wood and they are

fQéTllé'rally of diameter varying from 80 mm to 160 mm. The

velocity rods are made of hollow metal tube or wood and

they are. generally of diameter varying from 30 mm to

50 mm. The velocity rods are provided with weight at their

bottom so that they can float vertically with their top just
above the water surface. They are made of adjustable

lengths: to' suit the different depths of water.

' y—Surface Floats——
T ﬂ_ " B

— — —

— m— o— ——— — om— m——  er—— —

—— s - mmm— o mm— o——

River Bed—_
VA A A A A A A A v AV A A A A AV 4V 4

Surface float
Fic. 1-10

T—(—Velocily Rod

_— e— — o
— e — )t b— — L
— ee— — —
— . e ) e e -

- \XTeigi;t——»u —————

River Bed—y
VAVAENAN AV A A A AV A A A 4V A A A 4
Velocity rod
Fic. 1-11

(iv) Let ty, t, and t; be the time in seconds taken by

surface float or velocity rod to travel from one line to the
other. . :

Th'en, )

) . t1 + 12 + f3
Average time = — seconds.

|
i
|
:
f
J:
|
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(v) Velocity of flow in cm per second is then obtained
as follows: :

_ distance travelled in_cm
time in seconds

Following points should be noted:

Velocity

(1) When surface fioats are used, they give surface velogity
and hence, to obtain mean velocity, the following correction
is to be applied:

Mean velocity = e X surface velocity
where e

0.8, if surface velocity is less’'than 90 cm/sec.
= 0.9, if surface velocity exceeds 90 cm/sec.

(2) The velocity rods give directly the mean velocity and
hence, no correction is necessary, when they are used.

(3) The special instruments, known as the velocity
meters may be used to obtain directly the velocity of flow.
The meter is lowered from a boat and by applying
formula for the meter, the mean velocity of flow can be
worked out.

(2) Indirect method: Following are the two indirect
ways of estimating the maximum flood discharge:

(i) Rational method
(i) Use of empirical formulae.

(i) Rational method: The upstream area from the bridge
site which contributes to the. water of river is known as
its catchment area. A careful study of the catchmept arqa
is made and the following three factors are combined in
the form of an equation:

(1) Catchment area
(2) 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 into small sections with reference to the rainfall
and topography. Then, the discharge or runoff from each
section 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 measured

by the standard instruments which are known as the rain.

gauges. They may be non-automatic or automatic. The
Simon's non-automatic rain gauge is commonly used in
India. The rain gauge stations should be evenly distributed
over the area so as to obtain the representative figure of
rainfall for the entire area. For hilly areas, they are situated
nearer‘and for plain country, one station is provided for an
area of -about 130 km2. The rain gauge stations should not
be obstructed by roofs of buildings, large trees, etc.

The readings for record of “daily rainfall are taken at an
interval of 24 hours. The monthly rainfall and yearly rainfall
can then be worked out from the data of daily rainfall.
From the records of rainfall, the maximum intensity of
rainfall of catchment area of the proposed bridge site is
obtained.

~(3) Runoff coefficient: The rainfall on an area is expressed
as so many centimetres over the entire area for a certain
fixed interval of time. But all the water coming down from
the rainfall is not available for further use. Some quantity
of it is lost in evaporation or percolation or transpiration.
The evaporation is the loss of water from land and water
surfaces back to the atmosphere due to action of heat of
the sun. The percolation indicates the loss of water penetrated
into the soil. The transpiration is the loss of water caused
by the leaves of the growing vegetation. The net quantity
of water which remains on surface after all the losses is
termed as the surface runoff.

The term runoff coefficient is used to indicate the ratio
of surface runoff from an area to the total rainfall op that
area in a fixed interval of time. 7'(1;he value of rynoff
coefficient varies from 0.20 to 0.70 and it shoylq pe

carefully decided as it depends ggc:m::mfbination of so
many factors and its prediction tribute to 1?1; f;:)m Sxact
science. The factors which con ood flow
are as follows: aller the catchme.t '
() fre 1,?,;,‘,’;”\,'3,:363; the_coefficient of runoff ang yeo

versa.

E t: It is very essentj

7 (2 istics of catchmen:- . 'al to

7 (2) gtﬁ:ragtegs:lafs; tﬁe characteristics of catchment areq
y in de affect the value of runoff

as they considerably - .
he s to be studied are size, s|o e,
coefficient. The matter imate, etc. i

vegetation, porosity, ¢l

LI
ce
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(3) Condition of ground at the time of rainfall: If ground
is dry at the time of rainfall, it will absorb more water
and coefficient of runoff will be small. For ground
wet at the time of rainfall, reverse will be the case.

(4) Intensity of rainfall: If it rains heavily in short
duration of time, the soil 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 between successive showers: The smaller
the interval between successive rainfall showers, the
greater will be the coefficient of runoff and vice
versa.

(6) Season of rainfall: The rainfall during hot season
gives less surface flow than that during cold season.

(7) Yearly rainfall: The greater the annual rainfall, the
greater is the runoff coefficient and vice versa.
Let A = Area of catchment in hectares
I = Maximum intensity of rainfall in cm per hour
for duration of time of concentration
P Coefficient of surface runoff
Q = Maximum flood discharge in m3 per second.
Then, the general equation becomes as follows:
Q=KAIP
where K = Constant which permits the expression of three
factors in convenient units.
In this case, with units as mentioned above,

1 1
= L x L xIxP
Q = 10000 A X oo X zop X [
- AP
36

Hence, K is equal to -3%
Problem 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 cm per hour
Runoff coefficient ; : 60 per cent
Permissible velocity : 120 cm per.second

Average depth of flow : 180 ¢cm.
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Solution:
- " R
- .In the given problem,
A = Area of catchment in hectares
= 600 hectares
';I = Maximum intensity of rainfall in cm per hour
=1 cm
P = Runoff coefficient
L. . =080
tence,
~Q = 'Maximum flood discharge in m3 per second
- _ 600 x 1x0.60
36
= 10.00 m3 per second.
Q 10.00
Wat_erway‘= v = —1'56-
= 8.33 m2.
8.33
Lineal waterway = av. depth of flow %’23 = 4.63 m.
Two spans each of 3 m will be sufficient. ...... Ans.

- The most important rational method which is now
universally adopted is the unit hydrograph method. It was
presented as early as 1932 by Le Roy K. Sherman. This
_method is laborious and time—consuming because it
requires the collection of extensive data and if the discharge
data for the site are not available, the discharge observations
will have to be made for two or three seasons. This method

therefore requires actual observations of the discharge at

the site for some period and also rainfall data spread over
some years.

A unit hydrograph is defined as a hydrograph representing

PO

a unit depth, say 1 cm, of runoff from a rainfall of some

unit duration and distributed over specific area.

The ordinates of the unit hydrograph, within close
approximate limits, are proportional to the volume of surface

runoff resulting from the rainfall of unit duration, irrespective:

of the'amount of such rainfall. Following are the two limitations

of this method:
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(1) Discharge data: It can be applied only for situations
where part discharge data at the site and sufficient rainfall
data are available. Alternatively, sufficient time should be
available for making discharge observations at the site at
least for one representative season. .

(2) Size of catchment area: The storms beyond a
certain area will not cover the whole catchment area during
unit duration. It is therefore considered safe to apply this
method directly for catchment areas of size not exceeding
25000 km?2,

(i) Use of emgiricai formulae: For finding out the maximum
ficod discharge, certain empirical formulae have been
developed by many eminent metereologists and engineers
by past observations in similar areas. These formulae
directly give the maximum flood discharge of a river.
Following are the commonly used three empirical formulae

in our country:
(1) Dickens formula:

Q= CA3/4
(2) Ryves formula:
Q= CA23
(3) Inglis formula:
Q 1A
- JA+10.36

Maximum flood discharge in m3 per second.
A = Area of catchment in km?2

C = Constant depending on the nature of the
catchment and its location.

Following points should be noted in connection with the
use of empirical formulae:

. (1) The values of constant C for Dicken's and Ryve's
formulae are different. It depends on the characteristics of
catchment. It is less for flat catchment and more for hilly
catchment. .

where Q

(2) Dickens formula is. originally devised for the
conditions in Central India. This formula was published as
a professional paper in Indian Engineering Journal, Vol. Il,
1965. Colonel Dickens selected the catchments of different
sizes and made his observations on data available from the
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rivers in Central India. He also found that his formula was
applicable to areas having an annual mean rainfall of 600 mm :
to 1250 mm in North India. The value of constant is more :
for rivers with residual soil formed by the decomposition
of the basalts and it is less for rivers with alluvial drift soils.
The value of constant C varies from 11 to 22.

(3) Ryves formula is originally devised for conditions in
the old Madras Presidency where soil is of residual type
formed from metamorphic rocks. Ryves was an engineer
working in Madras and he developed his formula by
collecting data of rivers in Souihein !ndia. The value of
constant incraasee-as the distance of river from the coast’
increases. Its value is taken as 6.5 for flat tracks near the
coast, 8.5 for areas between 25 km and 50 km of the coast
and 10 for limited areas near the hills.

(4) Inglis formula is originally devised for the old
Bombay Presidency. Colonel Inglis was working in the then
Bombay Presidency and he published Technical paper No.
30, Bombay PWD, 1930 on the subject, 'A Critical Study
of Run—off and Floods of Catchments in Bombav Presidency’,
He had collected the statistical data of 65 sites in Bombay-
State and by plotting the graph of the discharge for
corresponding areas, he had evolved his formula. His

original formula was later on modified slightly, as mentioned
above, for the fan shaped catchments.

(5) The Bea_le's and Whiting's curves can also be used
to find out maximum flood discharge. The envelope curve
for the design flood discharge for Indian rivers has also
been evolved by Kanwar Sain and Karpov of the Central
Water and Power Commission. They have drawn fwo separate
curves—one for North Indian rivers and the other for those

in South India. These curves directly give discharge against
area of catchment.

It should however be remembered that these empirical
formulas are over simplified and they give reliable results
only if correct value of C is adopted. The reliable value of
constant C can only be obtained by a careful study of
catchment area with respect to flood occurrence for a long,
time and it is still doubtful whether such a value of constant
can be applied with success to entirely different region,
Hence, the reliability of empirical formulas for estimating the
maximum flood discharge is extremely limited in practical

field and the limitations of this method can be summarized
as follows:
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(1) It is not possible to apply this method universally.

(2) It is very difficult to fix the constant of formulas and
there is no exact procedure or theory for accurately
predicting the value of constant.

(3) The empirical formulas do not take into consideration
the frequency of flood.

Number of spans:

The number of spans for a bridge should be carefully
decided by considering all the aspects of bridge such as
cost of construction, nature of flow, importance of bridge,
materials available, etc. Following important points are to
be remembered while deciding the number of spans for a
bridge:

(1) Alternative proposals: It is desirable to prepare 3 or
4 alternative proposals of number of spans for a bridge and
then, the one which is most economical, convenient and
suitable, should be recommended.

(2) Foundations for piers: The foundations available for
piers also play an important role in determining the number
of spans for a bridge. The piers should rest on firm and
stable soil.

(3) Odd number of spans: It is desirable to adopt odd
number of spans for a bridge. The velocity of flow is the
highest at centre of length of a bridge. An odd number of
spans will provide an opening in the centre of length of
a bridge. The pier in the middle of stream is likely to be
hit directly by the swiftest part of the flow and it is also
subjected to very deep scour.

(4) Span: It is desirable to have spans as large as
possible. In other words, the number of spans should be
restricted to as few as possible especially in mountainous
regions where torrential velocities prevail. It will allow smooth
passage of flood water. But there is considerable rise in
the cost of a bridge beyond a certain span. On the other
hand, the small spans will require more piers and hence,
the waterway under the bridge will be seriously obstructed.
A compromise between these two conflicting situations
should be properly made.

Preliminary and finai project drawings:

Following preliminary drawings will have to be prepared
and studied in the initial- stages of the bridge site
investigation:
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(6) Soil profile: The borings should be taken at the
approximate locations of abutments and piers along the
. bridge so as to get an idea of subsoil conditions indicating
the location of water table and its depth, thickness and
composition of each soil strata, etc. It should also indicate
the levels of bed, bank and depth of soil suitable for
the resting of the foundations. For culverts and minor
bridges, a simple soil investigation will be sufficient. The
normal practice adopted for the major bridges is that the
investigations are conducted upto a depth equal to 1.5
times the proposed width of foundation below the proposed
bottom of foundation. .

The detailed final project drawings of the bridge showing
the construction details should be ready before the construction
work of the bridge is started. In addition to the structural
and working drawings of the project, it is necessary to
prepare a detailed site plan of the project containing the
following informations:

(1) catchment area;

(2) direction of the flow of water;

(3) formation level of the roadway;

(4) ground levels along both the banks of -the river for
a reasonable distance, say about 150 m or so;

(5) highest flood level, ordinary flood level and low
water level;

(6) maximum clear lineal waterway required;

(7) maximum discharge in the river;

(8) maximum expected or observed depth of scour;

(9) maximum velocity of flow of water;

(10) name of the river or stream; :

(11) names of the towns at either end of the bridge;

(12) north line;

(13) position of bench mark used as datum;

(14) radius of curvature of the approach road;

(15) results of trial pits or bore holes along bridge site

indicating various strata of soil,

(16) topographical features of the roundabout area;

(17) width of approaches;

(18) width of bridge; etc.

Choice of bridge type:

There is no hard and fast rule for selecting a particular
type of bridge in all cases. As a matter of fact, the various
possible alternatives can be worked out and the ultimate
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choice should be made for that type of bridge which will

4
Ve

give the maximum benefits and would involve favourable .

conditions for its construction. in general, the bridge should
be aesthetically pleasing in appearance, strong enough to
carry- the traffic and other incidental loads, economical, etc.
Some of the aspects which influence the choice to be made
between different types of bridges are as follows:

(1) Approaches: The formation level and length of
approaches at bridge site will also have considerable
influence on the choice of a particular type of bridge.

(2) Availability of funds: If the fund available is not
sufficient to put up a high level bridge, the small submersible
bridge or causeway may be recommended instead of totally
abandoning the project for lack of money.

(3) Climatic conditions: If the environmental conditions
are unsuitable or unfavourable, certain types of the
bridges cannot be constructed. For instance, if the climatic
conditions at bridge site are likely to accelerate the process
of corrosion, the steel trusses cannot be adopted.

(4) Economy in construction: 1If the river is wide, the
economy in construction can be achieved by putting up a
road-cum-rail bridge in two tiers instead of two separate
bridges, namely, highway bridge and railway bridge, 4 will
result in the economy in construction.

(5) Foundations: The soil conditions at bridge sijte may
bring down the possible alternat]ves and under such
circumstances, the choice of a particular type of bridge i
to be made from such limited alternatives only. s

(6) Navigational requirements: If it is desired tqo have
more vertical clearance for satisfying the naVigationa|
requirements of the community or locality, certain types of
bridges such as arch bridges, suspension bridges, etc, will
only have to be selected.

(7) Specialized firm: If the tender for long bridge is inviteq
on competitive basis with freedom to submit the alternative
designs by the tenderers, it is likely that the type of bridge
to be selected finally will be influenced by the specialization
achieved by a particular firm for a certain type of bridge.
Each specialized firm will try to convince about the adaptibility
of its design for a particular bridge site.

(8) Type of traffic: The choice of bridge type will also
be governed by the nature of traffic. For instance, the
steel trusses are preferabie to the suspension bridges for
railway traffic. Normally, the bridge forms part of an overall
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project like the construction of a new road or a new railway
line. Hence, the traffic forecast is made for the project
as such and it will help in determining the size of bridge
i.e. the number of lanes or tracks to be provided. It should
be seen that the type of bridge is such that the volume
of traffic that will develop for a future period of say about
30 years is accommodated without any additional work

or

o dobd

10.
11.

12.
13.

reconstruction of the bridge.

QUESTIONS

What is a bridge? Mention the factors which are responsible
for putting the subject of bridge engineering on scientific
footing.

Briefly outline the development of bridges.
Mention the ways in which bridges are classified.
What is meant by the identification of bridges?

What preliminary data should be collected and analysed

by sngineer—in—charge of the investigation of a bridge
site?

What are the factors to be considered while selecting
the site for a proposed bridge?

Mention the permissible velocities for different types of
beds of river.

Describe in detail the various stages of investigation
for important bridges.

Describe the aspects to be studied with respect to
bridge alignment. :

Explain briefly how waterway of a bridge is determined.

How is maximum flood discharge of a river determined
by direct method?

What are the traffic requirements of highway bridges?

Write short notes on:

(1) Changing scenario in design and construction of
bridges

(2) Importance of bridges

(3) Skew bridges

(4) Chezy's formula

(56) Rain gauges

(6) Unit hydrograph.
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14.

15.
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How is maximum flood discharge of a river determmed :
from the study of catchment area'? :

Mentlon ‘the formulae . whlch are commonly used .to

~ work - out the maximum flood discharge. -

‘What are the. factors which affect the value of runoff

- coefficient?

17.

18.

19.

20.

21.

22.

23.

What are the points to be remembered while deciding

- the number of spans for a bridge?

Mention the preliminary drawings which are to be
prepared and studied in the initial stages of bridge site

~investigation.

Enumerate the informations to be accommodated in the
detailed site plan of the bridge project.

What are the aspects which influence the choice of type
of bridge? '

A new culvert is constructed between the 4th anq

' 5th: eulverts in tenth kilometre i.e. between kilometre

stones 9 and 10. State the correct desngnatlon from the
following alternatives: _ _ ,

10 10 _10 .10 10
r, =, AL A

4 4-1 5-1 1-4 : .[ns-ﬁ

4 -1
From the list given below, find- out the |dent|f|
which suggests a new ‘culvert constructed bet
2nd and 3rd culverts on a highway between kllomet.-n
stones 80 and 81: e

81 80 80 80

Mz=7 @75 @358 75

Catl on

Differentiate between the following:
(1) Minor bridges and major bridges

- (2) Natural waterway and lineal waterway

(3) Sounding poles, lead lines and sounding machines
(4) Surface float and velocity rod

(5) Total rainfall and surface runoff

(6) Evaporation, percolation and transpiration

(7) Preliminary and final project drawings.
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24. Give reasons for the following:

(1)
(2)

©)
@)

(5)
(6)
()
(8)
(9)
(10)

(11)
(12)

(13)

(14)

(15)
(16)
(17)
(18)

(19)

The development of bridge construction is closely
associated with the history of human civilization.

The subject of bridge engineering is given special
attention during the course of military training.

The skew or slanting bridges are usually avoided.

It is very important to check that the velocity of
flow at bridge site is proper.

All the water coming down from the rainfall is not
available for further use.

It is desirable to adopt odd number of spans for
a bridge.

There is no hard and fast rule for selecting a
particular type of bridge in all cases.

The Indian Roads Congress have prepared the
code for identifying the culverts and bridges.

The bridges across rivers and streams are the
most vulnerable.

The approaches should avoid the cutting across
the built-up area or religious structures.
It is desirable to have normal crossing.

In case of very major bridges, it is necessary to
carry out the model studies.

The construction of bridge calls for the utmost
economy.

In technical feasibility stage, the entire length of
the river within the area to be interconnected has
to be studied.

The stability of the bridge structure at the nodal
points is insured. :

The lead line should be soaked in water for about
an hour before it is used for taking soundings.

The electronic echo sounders directly measure the
depth of water.

The value of runoff coefficient should be carefully
decided.

The unit hydrograph method is laborious and
time—consuming.
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General: oo

glr"le foundations are ‘required to distribute equally qnd
uniformly the total Ioad of the bridge on the soil. The design
of. bridge foundations .in general should conform to the
standard specifications and code of practice for bndﬁs
prescribed in IRC bridge code section—7 (IRC:78-1983
In this chapter, brief descriptions of the foundations for
bridges ‘in particular will be given.

The topic of foundations is very extensive and hence, for-

detailed description, the reader may refer to the author's
book on 'Building Construction'.

Essential requirements of a good foundation:

~ Following are the three basic requirements to be fulfilled
by a foundation to be satisfactory:

(1) Location
(2) Stability
(3) Settlement.

(1) Location: The foundation structure shoul;l be so
located that it is able to resist any unexpected future influence

which. may adversely affect its performance. This aspect
requires careful engineering judgement.

(2) Stability: The foundation structure should be
stable or safe against any possible_failure.

(3) Settlement:":l'he foundation structure should not
settle or deflect to “such an extent so as to impair its
usefulness. It js, however, difficult to define the objectionable
amount of settlement of deflection. It should also be seen
that the differentia settlement is so limited as not to cause
any damage to the structure__.l '

The term differential settlement is used to indicate the
non-uniform Settlements of different points of the same
foundation or of two independent foundations. It is mainly
due fo prevailing foundation bed conditions at site, :

The above three requirements are . independent of
each other and for the foyundation structure to be
satisfactory, all the three conditions should be simultaneously
satisfied. :

=
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General principles of design of bridge foundations:

Following three factors influence the design of bridge
foundations:

(1) Bearing capacity of soil
(2) Frictional resistance
(3) Scour.

A1) Bearing capacity of soil: The bridge foundations
should be taken to such a depth that the soil at that depth
has sufflcuent safe bearing capacity to wﬂhstancj" the load
coming upon it without any settlement. It is therefore
necessary to decide carefully the soil strata with requisite
safe bearing capacity. If W is the total load on bridge.
found?Ntion and A is the area of bridge foundation, the

ratio A should be less than or equal to the safe bearing

capagcity of soil. ple jourdsdion
A2) Frictional resistance: Some foundations resist
the load coming upon them by the friction..offeted..by..the
surroundmg soil. In such cases, the bridge_foundations
should bé taken upto suitable depth so that enough frictional

resistance is developed “to resist the load coming on_the
bridge foun datic ons

A3) Scour: (I'he term scour is used to indicate the
increase in depth in vertical direction of the bed of river.
Such increase in depth mainly occurs due to the currents
of flowing water, bed material, alignment_of_ river, flood
discharge, bed slope, direction of flow, shape of pier, etc.
The scouring action of the current is not uniform all along
the bed width. It is not so even in-straight reaches! There
is deeper scqgﬁhgp‘ﬂp[mal at_the piers or other obstruttions
and also af bends. Hence, it is necessary fo detérmine the
maximum scour depth and the bridge foundations should
be taken beyond tois. mxnmummdepahna'f“‘“»scau““fﬁ"‘r e ferm

scour should not be confused with erosion which indicates
the horizontal widening of river)

The empirical formulae are used to work out the depth of
scour. Following are two commonly used empirical formulae:

(i) For normal sites having stralght currents and slightly
contracied watérway: ~—~

N 2.1

\) s = IE—Xm or ---~Tz1~. whichever is greater

- i Vv - \ . 1
where s = maximum depth of scour below H.F.L.

d

il

maximum depth of bed of river below H.F.L.
- avb vel. Q""M ow'chy @

. -t Agdr artan dxt’phﬂ-
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vy = average velocity of flow under trlue bridge
v = average velocity of f[.;w in the river

m hydraulic mean depth.

(i) For bad sites having diagonal currents and appreciably
contracted waterway: - .

s = 1.5dvy or 2.9mv, » Whichever is greater
v v

where the meanings of s, d, Vi, Vv and m are same as above.
It should, however, be noted that precautions should be

taken to minimize the effect of scour. Following are such
precautions:

i) If the river bed consists of sand, it will be desirable
to provide sheet piles on the upstream and downstre:am
sides of the bridge to reduce the chances of scouring.

Aii)) The bed of river@.!._b.ﬂdgg~s_,j_g_e_s_,n9,uld,b£‘,,,cpvered
v with particles of suitable weight and shape.

(iii) The flow of at bridge site should be a_stream
v line flow and not a TurbulehT-TIowW

(iv) The piers should be so shaped that the formation
of eddies and currents is avoided.
Av) The river bed on upstream side, portion below the

bridge and downstream side should be suitably
pitched with heavy and long stones.

\/.(vi) The velocity of flow at bridgg_‘fiﬂtg_rs_hgqlq,,ge non—

i scouring. ,
- Avii) T8 prevent scouring, the piles can be driven in the
river bed. )
In  addition to the empirical formulae mentioneq
above, there are various methods for the determinaﬁorl

of maximum scour depth. But the method which .has Qained
wide popularity”in India is based on the following Lacey's
regime equation:

1/3
ES = 0.473° (?)

Normal depth of scour in m below H.F.L.
Discharge in m3/sec.

= Lacey's silt factor.

The value of Lacey's si[t factor
calculated from the expression,

f = 1.76 -m ,
where m = Mean diameter of the bed material in mm.

‘ﬁom
Il

is approximately
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Table 2-1 gives the values of f which are commonly
adopted in practice.

TABLE 2-1
VALUES OF LACEY'S FACTOR

1. | Very fine silt 0.052 .40
2. | Fine silt

(Godavary River Western India) 0.081 0.50
3. | Fine silt ° 0.120 0.60
4. | Fine silt

(Kistna Western Deita Type) 10.158 0.70
5. | Medium silt 0.233 0.85
6. | Standard silt 0.323 1.00
7. | Medium sand 0.505 1.25
8 Coarse sand 0.725 1.50
9. | Fine bajri (pebbles) 0.988 1.75
10. | Medium bajri (pebbles) 1.290 T 200
11. | Coarse bajri (pebbles) 2.422 275
12. | Medium gravel 7.280 4.75
13. | Small boulders 50.10 12.00
14. | Medium boulders 72.50 15.00
15. | Large boulders 188.80 24.00

For the natural streams, the maximum scour depth is not
uniform and it is obtained by the following expression:

Smax = S X R ‘
where spax Maximum scour depth

s Normal scour depth
R Constant.

Table 2-2 gives the values of R under different conditions
of flow. '

TABLE 2-2
CONSTANTS FOR MAXIMUM DEPTH OF SCOUR

1. For straight reach 1.27
2. At moderate bend 1.50
3. At sharp or severe bend 1.75
4, At right angled bend 2.00
5. At upstream noses of guide banks 2.75
6.

At the noses of bridge piers 2.00
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the value of silt factor f —
scour depth when the bridg
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It has also been observed that the maximum scour in
case of abutment occurs at the upstream corner, whereas
in case of piers, it occurs at the downstream nose end.

When the linear waterway is less than the regime depth,
the value of normal scour depth with contracted waterway
is given by the following expression:

(WJ 0.61
51 = 8

L
where s; = Normal scour depth with contracted waterway
W = Lacey's regime width of river

L = Width of waterway below bridge.

It may be noted that Lacey's regime surface width of
river in m is given by the expression,

W =48./g
where Q. = Flood discharge in m3/sec.
Problem 2:1.

The flood discharge under a bridge is 750 m3/sce.
bridge site is at right angled bend. Assuming Lacey's

factor for river bed as 0.85, calculate the maximum sc
depth.

Solution:
Smax = S X R

The
Silg
our

In the given problem,

Q 750 m3/sec

f =0.85

R = 2.00 (from table 2-2).
Substituting,

]

1/3
Smax = 0.473 (,750.) 00 =
max b s 9.07 m.
Problem 2-2.

A bridge is proposed to be constructed

i i across an
alluvial stream carrying a discharge of 250 m3/sec.

Assuming
1.00, determine the maximum

e consists of 4 spans, each
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Solution:

Lacey's regime surface width of river is given by the
expression,

w =48 Jq.
Substituting Q@ = 250 m?3/sec

W = 4.8 /250

= 75.89 m.

The bridge consists of 4 spans of 20 m each.
= L =4 x 20 = 80 m.
As L >WwW

Normal scour depth = Regime depth

173 1/3
PR [?) L (250) _2.98 m, say 3 m.

As the bridge has got four spans, it will have three piers
and two abutments. The maximum scour depth will occur
at th.. noses of piers and it will be worked out by the
following equation:

Smax . = '8 X "R ‘Where R"'="2.00
Smax = 3 X 2 =6 m.
Problem 2-3.

‘If the bridge in the above problem consists of 3 spans
each of 20 m, what will be the maximum depth of scour?

Solution:
In this case,
W = 75.89 m as above.
The bridge consists of 3 spans of 20 m each.
L. =13 . %si2045.60 m.

As L < W, the normal scour depth with contracted
waterway will be obtained by the expression,

.61
W 0
sy = S J)

0.61
4 (75.8@)
60

3.46 m.

Il
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i three spans, it will have two piers
andAthLhth::tlr?\ge?utz.as'rlg:tmaximufn scour deptr} in this case
also will ‘occur at the noses of piers and it will be worked
out by the following equation:

Smax = 81 X R
where R 2.00
3.46 x 2.00
=6.92 m.........

Subsoil exploration:

The determination of the correct subsoil exploration at

the proposed bridge site is necessary for the following
reasons:

(1) 1t assists the designer to make an economic design
| of the foundations for the bridge piers and abutmentsg
f consistent with the existing subsoil conditiong_

(2) It avoids the defects in the bridge structures Which
would have occurred because of lack of the Subsojj)
information. . ¢ h ‘

(3) It gives the correct idea o € nature of stratg
underlying at various points a'long the bridge

(4) The subsoil information assists the °Mpeting
contractors to quote their rates correctly,

The data to be collected during subsoil exploration j ol
depth of rock bed, enginelering.qua““?esr ct’;bslguf ang l‘o:fe
nature and depth of soil deposits, v;?\oth o :tcatmn"ets'
At the preliminary_stage, it will beB L when thg a ge'\ere‘
idea of the nature of soil strata. tL)‘ . € brig Y
is finally selected, the detailed su Sg'l Informatijgp, she »
be gathered by employing any suitable methoq of sqlla

'i
?
|
\
v
b
S
§

exploration. bsou
Following are the methods commonly adopte oby.
soil samples for getting the information of the Subsgij) °°ﬂdiﬁéam
(1) Test pits: A square pit, known as a tria| pjy or g 4
pit, with side as about 1.50 m, is excavated ypi, g o test
at which sufficient hard soil is avallablg. The Varioyg stepth
of the soil can be inspected, studied and rata

Classijf;
accordingly. This method is useful when the harg ss?ir'e'd
available with a maximum depth of 1.50 m, Is

(2) Probing: It consists of driving a hollo
steel rod or an iron rod into the ground. The materia
caught or stuck up is examined. This method is useful to
examine the ground for a maximum depth of 3 m.

w tube or a
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(3) Auger boring: An auger may be of post hole type
or screw type or shell type. They all work in the same way.
The samples are taken out in the augers and they are
examined for identification and grain size analysis. When
the auger is to be driven in loose sand, it becomes essential
to prevent the collapse of the loose material, when the
auger is being withdrawn. A casing is a thin metal tube
_having a slightly bigger diameter than the auger and.it is
driven ahead of the auger. The lengthening of the casing
can be done by connecting one pipe to the other. With the
help of this method, it is possible to inspect the ground
for a depth of 6 m to 8 m and in case of loose sand, the
auger may be useful even upto a depth of 15 m or so.

(4) Wash boring: The term wash boring is used to
denote a method in which a casing is driven into the ground
and the material inside the casing is washed out and
brought to the surface for inspection. The results obtained
by igis process are reliable when depths are about 30 m
to m. ,

At intervals, usually 1.50 m to 2 m or whenever the
stratum changes, the washing is stopped, the tube lifted
up and a tube sampler is attached to the drill rod or inner
tube is driven into the soil below to collect the undisturbed
samples. The wash boring can then be continued further
after lowering the tube again.

(5) Test piles: Sometimes, the test piles are driven into
the ground to obtain the information of the solid strata. With
the help of this process, it is not possible to know definitely
the kinds of strata through which test piles pass, as the
material is not available for inspection. But the factors such
as resistance of soil to driving of piles, load bearing data
and any other available local information serve as useful
guides.

(6) Deep boring: For important works, the deep boring
is done with the help of either percussion boring machine
or core drilling machine. The information obtained is plotted
in the form of a core chart. In percussion boring, the soil
is broken up by repeated blows by a chisel or bit dropped
from above. The casing pipe may be used for extending
the bore. The water may be added to the hole at the time
of chiselling for easing the material, if it is hard. The
samples collected in percussion boring are normally disturbed
and as the material gets broken up and pulverised, this
method is not suitable for careful investigation.
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If -there is rocky stratum below, the core drilling is

'adopted. The water is circulated down the hollow rod to

which the drill is "attached. The core drill is designed in
such a way that a continuous recovery of the core can be
achieved and these cores are retained as samples.

© (7). Geophysical method: In favourable circumstances,
the geophysical method is adopted to know the nature of
soil strata. The geophysical method may either be seismic
or electrical.

Testing of soil samples:

Table 2-3 shows the various laboratory tests which are
usually carried out on the soil samples for determining the
properties mentioned against each test.

" The tests 4, 5 and 7 provide general characteristics of
the soil and they give an idea of excavation problems. The
test no. 1 also helps in determining the silt factor nNecessary
for working out the scour depth.

The test nos. 3, 6 and 7 with SPT (standard Penetration
test) values, help in determining the frictional Propertieg
sinking difficulties and the bearing capacity of the soil.

~_The test nos. 2 and 8 help in the determination of 4,
likely settlement. The test no. 1 gives an idea of the chemic N
property of the soil and suggest the presence of any harmfal
gases likely to be encountered during excavation. |t will al ol
assist in predicting whether the soil is likely tqo S
adversely the foundation material of steel or Concrete cct

TABLE 2-3

Soluble salts in rock Sample

for erodibility
2. | Consolidation Compressibility
3. 4 Direct shear and triaxial Shear strength for Non-cohesiye
soil or any sail
Liquid limit and plastic limit Consistency
5. | Mechanical and wet analysis Grain size distribution
6. | Spcific gravity and dry
density Void ratio and unit weight
7. | Unconfined compression Shear strength of cohesive soil
8. | Vane test Shear strength and sensitivity of cla
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Following site tests of the soil samples can also be

carried out for getting first hand information about the nature
of soil:

(1) Plate bearing test: This test is carried out to. determine
the bearing capacity of the soil for . shallow foundations.

(2) Standard penetration test (SPT): This test is usually
dope simultaneously with the collection of the sample by
using the same sampling tube. '

(3) Vane shear test: These tests have to be carried out
in clayey soil for determining in—situ value of shear strength
especially for sensitive clays which lose part of their strength
even when disturbed slightly. g :

Types of foundations:

The bridge foundations can be divided into the following
three categories: E

(1) Spread foundations
(2) Pile foundations
(3) Caissons.

Each of the above type of foundation will now be briefly
described.

(1) Spread foundations: [The . spread foundations
are sometimes referred to as the open foundations. as .the
construction work is to be carried oul in open excavation.
In case of spread foundations, the concrete footing is Provu;led
with suitable projections. As the construction work is to be
carried out in open, the spread foundations are adopted
where depth of water is not more and good soil is available
at shallow depth_~] v

EFOHOWing two precautions should’ be taken in the
design of spread foundations:

(i) 1t should be seen that no tension develops between
the foundation bed and soil. For this purpose, it should be
verified that the resultant force on the footing passes through
the middie—third portion of the base. -

(iiy The projections of concrete footing will be functioning
as cantilevers and they will be subjected to uniform or non—
uniform resistance from soil. In cases where reinforcement
is not used, the depth_of these. projectians. should be such

that bending moment and shear force due to cantilever
\ear force antiiey

action are safely resisted by them. |

—

In actual practice, the different sections of the concrete
footing are assumed by reference to similar bridges. The




;0 R Bridge €ngineering
i/ effects .of various forces on them is then calculated. The
: . most suitable ‘section is then adopted.
oo (2) Pile foundations: The term pile foundation is used
i . to- describe a construction for the foundation of bridge piers
~ which in turn is supported on the piles. The piles may be
placed separately or they may be placed in the form of a
cluster throughout the length of the pier. The pile foundations
are adopted when the loose soil extends to a great depth.
The- load of the structure is transmitted by the piles to hard
stratum below or it is resisted by the friction developed on
the sides of piles. The piles are generally driven vertically
or in near vertical position. .
The materials commonly used to construct the bridge
P> pigks are cast-iron, cement concrete and steel.

The cement concrete possesses excellent compressive
strength. With the advent of reinforced cement concrete, the
R.C.C. piles are becoming more popular and they are fast
replacing piles of other materials. The R.C.C. piles are
divided into fwo groups:

(i) Cast-in—situ concrete piles
(ii) Precast concrete pile\sf

(i) Cast-in-situ concrete piles: In case of cast-in—sity

concrete piles, a bore js dug into the ground by inserting

, a casing. The bore js then filled with cement concrete after
plaqnp_g relnforcement, if any. The casing may be kept in
position or it may be withdrawn. The former piles are known

as the cased cast-in-situ concrete piles and the latter piles

are known as the uncased cast-in-situ concrete piles.

| (ii) Rrecast Concrete piles: The precast concrete piles are
manufactured in factory and they are then driven into the
ground.. A bore jg dug into the ground by inserting steel
shell. If shell is |ef in place, it is called a shell pile. If shell
is removeq, it is known as shell less pile. The precast
concrete piles may . 1o tapered or parallel-sided. They may

bet Square, octagona) or round in shape. The square and
octagon are cast in_horizontal forms and the round
piles_are cast in vers:

z T Generally square and circular
section piles are preferred to other shapes.

Design steps for precast R.C.C. piles:
(1) Collect the required data like load, width and length
of pier, size and spacing-of-piles, materials, etc.

(2) Depending on load and spacing, carry out the arrangements
of piles and pile cap. ' '
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(3) Design pile  reinforcements .
reinforcement, lateral reinforceme pedNof pies
near pile head and near pile e by assuming
suitable data and by applying di
as per |S:456-1978.

(4) Finally design pile cap by computi
bending moment and reinforcement required:

(3) Caissons: The word caisson is derived from the

French word caisse meaning a box. In Civil Engineering, a
caisson is defined as structure which is sunk_ through
ground or water to exclude water and semi—fluid__rl'zateriai
during the process of excavation of foundations and which
subsequently becomes an integral part of the substructure.
Fig. 2—1 shows the chart of classification of caissons.

Caissons ﬁl 3-53

J:
L l l
Box caissons Wells Pneumatic caissons
(open at top and (open at top (closed at top and
closed at bottom) and bottom) open at bottom)
b 4 U
Single Multiple Cylinders
or
Monoliths

Chart showing classification of caissons

Fig.2-1

(i) Box caissons: A box caisson is open at top and
closed at bottom. The box caissons may be built of reinforced
concrete, steel or timber. The box caissons are suitable

when the velocity of flow of water is_slow and the depth
of water is about 6 m to 8 m.

(i) Wells: A well is a caisson which is open at top as
well as at bottom. It is provided with a cutting edge at the
bottom so as to facilitate sinking. The shape of a well is
generally decided by the requirements of the superstructure
and it may be rectangular, circular or of any other shape.

When few intermediate piers are to be constructed, th
dimensions of a single well become excessive due to heavy
loads. In such cases, instead of a single well, a number
of wells is provided. The pockets formed are used as
dredging wells and the size and layout of these dredgl_ng
units mainly depend on the nature of soil through which
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i r.the well ‘has If the number of wells is two, it is

tocpass.
;'Q-Kﬁ‘UWn‘:’"a"s-ftWJn{%ell and two wells may be combined to
'« form. an_elliptical/ well in plan. If the number of wells is
= very large, /a':-‘;pfonolith is formed.

) JMhen to be sunk too deep becomes slender
ires. bigger dimensions. It then becomes
excessively heavy in weight. In such cases, the metal wells
are used instead of masonry or R.C.C. wells. Such a metal
well of circular cross—section. is known as a cylinder and
it should ‘be strong enough to resist the lateral pressure
and side thrust.

The  well foundation is favoured where large spans
requiring deep foundations have to be provided. There is
skill available throughout India for sinking wells and in many
cases, it bgcomes the most economically viable alternatjve
under the prevailing Indian conditions mainly for the
following two reasons:

(1) The labour is cheap.

(2) The mechanicaj equipment is costly.

(ii) Pheumatic caissons: A pneumatic caisson is open
at bottom and closed at top. The compressed air is ysed
to remove water from the working chamber and the foundation
work is carriéd out in dry conditions. The pneumatic caissons
become useful when it is not possible to adopt wells. Sych
a condition may arise due to various factors such as goil
to be tackled is of unusual properties or it contains boy|ders,
buried timber,_masonry_etc. The pneumatic caissons zre
adopted for-depths of “water ranging from 12 m to 35 .
Cofferdams: :

. A cofferdam is defineq as a temporary structure which

Is constructed so as to remove water from an area and make

it possible to car on th ] k under rea
dry conditions, v € construction wor Sonably

Following are the
(1) It should pe
(2) The design ,

requirements of a cofferdam:

€asonably watertight.

! Nd layout of a cofferdam should be

st;zh that the totq| cost of construction, maintenance
a hpu'mpmg IS minimum.

(3 "msj' g#,gr.bde'ﬁesigned for the maximum water—level
and e Ssliuctive forces so as to make it stable
again “fsﬂng,"oyerturnihg and sliding.

(4) It is generally Constructed at site .of work.

(56) It should be so arranged that it facilitates easy dismantling
and re-use of the materials.
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~The factors which would influence the selection of a
particular type of cofferdam can be enumerated as follows:

(1) availability of the materials of construction of the
cofferdam in the vicinity of site of work,

(2) availability of the transport facilities,

(3) depth of water at .site of work, S

(4) extent of area to be protected by the' cofferdam, :

(5) nature of bed on which the cofferdam is to rest,

(6) possibility of overtopping by floods, tides, etc,,

(7) possibility of scour due to the reduction of waterway

caused by the construction of cofferdam, -
(8) velocity of flowing water, etc. e

The materials used in the construction of a cofferdam
are earth, timber, steel and concrete. A wide variety of
different types of cofferdams is available. The brief descriptions
of the most common types of cofferdams are as follows:

(i) Dikes: A dike is an embankment of some material.
The materials commonly employed for the construction of
a dike ate earth, rock and sand-bags. The dikes are generally
employed for a short duration, particularly to enable the
construction of a more durable cofferdam behind them.

(i) Single wall cofferdams: A single wall cofferdam is
suitable when available working space. is limited and the
area to be enclosed is small. A single row of piles is used
on either side of the cofferdam. A single wall cofferdam
is ‘suitable upto the maximum depth of water of 25 m.

(iii) Double wall cofferdams: When the area to be enclosed
is large, it becomes essential to provide the double wall
construction so as to give stability to the cofferdam.

(iv) Cellular cofferdams: The cellular cofferdam is. _que
of steel sheet piles and it is proved successful in unwatering
large areas. The cells are generally 10 m to 15 m in diameter
and they are placed at a centre to centre distance of about
12 m to 18 m. The cellular cofferdams are suitable upto the
maximum depths of water of 10 m to 15 m. ’

(V) Rock-filled crib cofferdams: A rock—filled crib cofferdam
consists of timber cribs. A crib is a box or cell open at
the bottom and it essentially consists of framework of
horizontal timbers laid in alternate courses. The pockets
thus formed are then filled with rock or gravel or earth to
give stability to the crib against overturning and sliding. The
rock—filled crib cofferdam is suitable when depth of water
is about 10 m to 20 m.

o e s ——
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- (vi) Concrete cofferdams: The concret?1 coffegggrr:\su :erg
actually: small concrete dams and they anef rdams. The
economically on many jobs of the concrete co g los and
framework usually consists of the precast R.C.C. ?:I > and
sheets. The precast R.C.C. sheet piles are provide with
suitable edges. The ‘main_-disadvantage of a °°"f_’ ted
cofferdam is that it is costly. But when it is to be mcor;:’c:n?cal
as part-of @ permanent structure, it proves to be econ .

(vii) Suspended cofferdams: Sometimes, a ?Of{efda:‘se';
designed in such a way that a single unit o I' ltsd sed
several times. The cofferdam as such is lifted, floate .
placed in another position as soon as its purpose is served.

Such cofferdams are known as the suspended cofferdams
or movable cofferdams.

1 QUESTIONS

i. What are the three basic requirements for a bridge
foundation to be satisfactory? :

2:~ Mention . general principles of the design of bridge
foundations. .

methods; » ‘
4." Explain in brief the various laboratory and site tests
‘which are ‘carried out .on the soil samples.

5. Describe the construction of spread foundations for the
bridges. )

3. ‘Why subsaoil exploration is necessary? Describe its various

6. Discuss the utility of piles as the bridge foundations.
7. Write short notes on: '

(1) Depth of scoyr

(2) RV.C.C. piles

(3) Wells

(4) Dikes

(5) Rock-filleq crib cofferdams
(6) Pneumatic Caissons.

8. What is a caisson? Describe its various types.

9. Define a COfferdam and briefly describe its various types.

10. The flood discharge under a bridge is 370 m3/sec. The
bridge site is at severe bend. Assuming Lacey's silt
factor for river bed as. 0.60, calculate the maximum
scour depth. (Ans. 7.05 m.)



11.

12.

13.
14.

15.

16.
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A bridge site is proposed to be constructed across an
alluvial stream carrying a discharge of 325 m3/sec.
Assuming the value of silt factor f = 1.10, determine
the maximum scour depth when the bridge consists of 3
spans, each of 30 m. ~ (Ans. 6.30 m.)

If the bridge in problem no. 11 consists of 2 spans
each of 35 m, what will be the maximum depth of
scour? (Ans. 7.16 m.)

What are the requirements of a cofferdam?
Enumerate the factors which would influence the
selection of a particular type of cofferdam.
Differentiate between the following:

(1) Test pits and test piles

(2) Auger boring and wash boring

(3) Spread foundations and pile foundations

(4) Cast—in—situ and precast concrete piles

(5) Twin well and monolith

(6) Box caisson and pneumatic caisson

(7) Cofferdam and caisson

(8) Scour and erosion.

Give reasons for the following:

(1) The bridge foundations should be taken beyond
the maximum depth of scour.

(2) The determination of the correct subsoil exploration
at the proposed bridge site is necessary.

(3) When the auger is to be driven in loose sand, a
casing is driven ahead of the auger.

(4) The spread foundations are adopted where depth
of water is not more. :

(5) It should be verified that the resultant force on the
footing passes through the middle—third portion of
the base.

(6) If the river bed consists of sand, it will be desirable
to provide sheet piles on the upstream "and
downstream sides of the bridge.

(7) It is not possible to know definitely the kinds of
strata through which the test piles pass.

(8) The cofferdam should be designed for the
maximum water level and other destructive forces.

(9) The percussion boring is not suitable for careful
investigation.

(10) The well foundation is favoured in our country.




Chapter 3
SUBSTRUCTURES
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General:

The components of a bridge can be split up into three
parts, namely, foundations, substructures and superstructures.
The components designed to carry the total weight of the
bridge are known as the foundations. The components of
the bridge upto the level of bearings and above the leve|

of bearings are respectively known as the substructures and
the superstructures—.j'

In this chapter, the substructures of a b_ridge will be
discussed and the topic of superstructures will be Covered
up in the subsequent chapters 4 and 5.

fFollowing are the three substructures of a bridge:

I.  Abutments
Il. Piers

Y azast C ol

-

SO

. Wing walls.

Each of the above substructure will now be discusseq
in detail.

I.EAbutments:

Definition: The end support of a bridge Superstructure
is known as an abutment.

Functions: An abutment is provided for the following
three purposes:
To wonnect

(1) to finish up to bridge so that it can.be
£2) to retain_the earth filling, and

{3) to transmit the reaction of superstructure to the
foundations. '

TYyPes: The abutments are classified in the following
two ways:

put for use;

(1) Accordin

” g to the layout in plan
(2) Accordin

9 to the type of. superstructure.

1) According to the | in plan: The abutments
be with o wic. /ayout in plan: may

——=2C without the wing walls.
When the apy

tments are with wing walls, they may be
of three lypes as shown in fig. 3-1 to fig. 3-3. Fig. 3-1
shows an aEUt,me"t with straight wing walls. In this case,
the wing wall is in line with abutment Such an abutment
is unsuitable for bridge with waterway as the flowing water
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| is likely to damage the embankment behind the wing wall.
Hence, such type of abutment is adopted for railway-or

street crossings.

<—Straight Wing Wall

Abutment\
Centre-Line of Bridge—\-.

Straight Wing Wall—>] «

Abutment with straight wing wall rn
Fig. 3—1 4 —)-’

Fig. 3—2 shows an abutment with splayed wing wall. Such
an abutment is very common for the bridge with waterway .
as it permits smooth entry and exit of water under the bridge.

Splayed Wing Wall
/' ptay: . g |

Centre-Line of Bridge
~<— Abutment

Abutment —>

Splayed Wing Wall

Abutment with splayed wing wall
Fig. 3-2

e W m . e
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‘Fig. 3-3 shows an abutment with return wing wall and
it is also referred to as U_abutment as T resembles the letter
U in plan. In this case, the wing walls are parallel to_the
centre—line of bridge and such an abutment proves to be
economical Tor Ttvers having “steep and rocky banks and
not subject to erosion. .

Return Wing Wa"ﬁ
a ‘ Abutment [ 6 \L
B! ™ Centre-Line of Bridge— -
il _______ N
' C L Abutment :

‘—————Return Wing Wall

_ Abutment with return wing wall
: Fic. 3-3

It is however not suitable for rivers or §Lf_e_§m.§_§§u__biected
to heavy floods ~as considerable portion of,embankaé~ﬁ
outsilie"The wing walls remains unprotected from fthe
Scouring dction—of water' and it will not be safe becays

there is™5™fendency  for the flood water to damage tpq
embankment. The abutments with Wing Walls “suffer " frq
thée™fo owing drawbacks: ' i

() 1t requires special care for the construction of
connection between the abutment and wing Walls
to prevent cracks.

N Ld B

5

:1 4

"
AT
G

() They tend to restrict the flood prism and hence
the scour js increased and the upstream flood leve|

'S raised. The increased depth of scour may requir
deeper foundations. o

Straight Abutment—>

—_— —_—

— — — —

|~ Straight Abutment

Straight abutment
Fic. 3—4
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When the abutments are without the wing walls, they
may be of two types as shown in fig. 3—4 and fig. 3-5.
Fig. 3—4 shows a straight abutment without wing walls.
Such an abutment will be useful for bridges without
waterway or with negligible waterway. -

7

a | - Tee Abutment—>- 1
: Centre-line of Bridge - p

Tee Abutment

Tee abutment
Fic. 3-5
Fig. 3—-5 shows a tee or T—abutment as it resembles
letter T in plan. The head of T—abutment supports the
bridge and its stem carries the roadway for some distance be
yond the embankment of river. It is usually not recommended
because of the following disadvantages:
(i) 1t does not protect the embankment of river.
(ii) 1t gives a rigid formation over its stem portion.
(iii) It is uneconomical. - :
(iv) The quantity of masonry required for its construction
‘ works out to be more in proportion to its function.

\ Agproach Level [“ 3’?‘"“ Wall or Dwarf Wall

e Earthy 1
" Filling.." - -

—<—Face Batter

River
e iver Bed

A SR YA R T
s> ‘Foundation Concrete®. !,
L a., o ®in’ A g 4&°

Abutment of a girder bridge
. Fie. 3-6 ;
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. (2) &\;cording to the type of superstructure: The abutments
may be provided for a:girder bridge or an arch bridge.
Fig.. 3—6 _shows a typical cross-section of an abutment
for a-girder bridge. A bed block of concrete is provided
with a bearing plate to receive the end of girder. The
breast wall or dwarf wall is constructed upto the approach
level. The .weep” holes at different levels are provided to
drain off water which gets access to the earth filling. They
are provided at vertical intervals of 1 m and at horizontal
spacings of 2 m. They are arranged in a staggered manner.
The back side may be vertical or stepped. The face may
be vertical or battered.

Table 3-1 shows the recommended face batter for
different -heights..

~ TABLE 31
‘ FACE BATTER

i

~ Upto 6 m-.--

6mto12m : 1.in 24
. 12 mto 18 m 1.in 12
4, . Above 18 'm - -1in -6

Fig.. 3-7 shows a typical cross—section of an abutment
for an arch bridge. The face is usually vertical. But it may
be battered ‘or stepped, if necessary. The spandrel filling
is carried out upto the approach level.

L

7

S

\ Arch

44l <Bed Rlock

S Farih Ll
-.. Filling ... ..

Py eep_Holes | ¢ Face Vertical

Body of River Bed
Abutmfnt

."... "'..-‘.. | ".‘::" i
O I A X -#’s | <~Foundation Concrete

Abutment for ;1\ arch bridge
\ Fie. 37 1
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Forces acting on an abutment: Following forces in
" addition to its own dead weight act on an abutment: . -

(1) live load surcharge,

(2) pressure of earth filling,

(3) reaction from supersturcture,
(4) seismic load,

(5) tractive effort,

(6) water pressure, and

(7) wind load.

(1) Live load surcharge: The position of live load .on
earth which is retained by the abutment causes pressure
on the abutment. The pressure so developed is uniformly
distributed and it is known as the live load surcharge.

(2) Pressure of_earth_filling: The earth retained by the
abutment causes pressure and the amount of earth pressure
is worked out with the help of suitable formula.

' (3) Reaction_from_superstructure: The rfeaction from
superstructure is calculated and it may be vertical or
inclined. Such a reaction includes the dead load of
. abutment, impact force and Jive load. ' .

. (4) Seismic_load: If the bridge is located in earthquake
zone,.suitable allowance will have to be made for the seismic
load in the design of abutment.

(S) Tractive effort: The forces developed by the application
of brakes of vehicles which move on the superstructure of
the bridge, are transmitted to the abutments through suitable
bearings. The combined effect of such forces is known as
the tractive effort. '

(6) Water pressure: The effect of water pressure on an
abutment is not appreciable and it is, therefore, usually
neglected in the design of an abutment.

(7) Wind load: The wind also does not create appreciable
effect on an abutment. Hence, it is the usual practice to

neglect the wind load in the design of an abUtment-

Conditions of stability: An abutment may fail either
by crushing or overturning or sliding. Following conditions
of stability should, therefore, be satisfied:

(1) Grushing: For masonry abutments, no tension should
be developed at any section. For this purpose, it should
be seen that the resultant of all forces . above a particular
section passes within the middle-third width. of section. It
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'should -also be ascertained that the compressive stress

developed at all sections is less than the permissible load
on the masonry.

(2) Overturning: If the balancing moment is not adequate,
an abutment may overturn about the longitudinal axis or the
transverse axis.

(3) Sliding: The resistance to sliding at all sections of
; .the abutment should be more than the force tending to
a cause sliding of the abutment. The sliding of any horizontal

w section may take place either in the transverse or the
longitudinal direction.

Considering the total load to be supported, type of
superstructure, nature of flow, bearing capacity of soil and
various other factors affecting the design of foundation, the
dimensions and depth of the footing for the abutment should

L be carefully decided. o ST
s - - Dimensions: The various dimensions of an 'abutment
2 such as- batter, height, length and top width are deCided
™ ;as mentioned below. In general, it may be stated that th
dimensions of an “abutment should be decided by combin; e
the theoretical approach "with: practical considerationg n
. (1) Batter: The face batter, if any, is provided as sy
in table 3—-1. Sometimes, the uniform batter is Provided
earth’s side instead of footings. For arch bridges, the Trautwi o
formula for batter on earth side is as follows: ne's

ggesteqd

Batter on earth side = 1 in 23-X.1S€.
: span

Thus, for an arch bridge having rise and span ag 250 m

and 15 m respectively

24 x 2.50
15

Batter on earth side = 1 in
=1 in 4.

(2) Height: The height of an abutment is fixed y
the difference between the bed |

formation level of the road or

b
evel of river banks ang th:

railway line.

(3) Length: The length of an abutment is represented
by the overall width of the bridge including footpaths
It also depends on the use of bridge. For a railway bridge,
the length of an abutment will depend on the number of
tracks, the gauge and the distance between the centre—line

of tracks. For a road bridge, the length of an abutment will
depend on the lanes of road.

, if any.
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(4) Top width: The top width of an abutment depends
on the span of the bridge. But it should not be less than
500 mm in any case. For girder bridges, the top width
should be sufficient to accommodate the bed block and
breast wall. For arch bridges, the various empirical formulas
are used. The Trautwine's formula, which is commonly used,

is as follows:

r a
E = 5 + 10 + 0.60
where E = top width in m

r radius of soffit in m
a rise in m,

Definition: The intermediate supports of a bridge
superstructure are known as the piers.

Function: The only purpose of providing piers is to

divide the total length le_spans with
Wa the stream or river. "

Types: Following are the usual types of the bridge

piers:
1) Column bents |
(2) iers .
(3) Dumb-bell piers ’/,“/"

(4) Rile bents
(5) Solid piers

(6) Trestle bents.
longnudma! Ream-\

oot path ) t
Q ~ Roadway ¥ X Parapet—>|

W BB . B
Transverse Beam \ [ |
}’ocketls

Columns

Bmce—f \

River Bed } »
77, ////l(/_Ln_///‘/ 7 b7>
Column bents

Fic. 3-8
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(1) Column bents: A column bent type of pier is adopted,
if the longitudinal beams or girders of the_ superstructure
of bridge are_ closely spaced. The term bent is used to
indicate a supporting frame consisting of vertical members
and braces.-The transverse beams are provided to support
the longitudinal beams and two_.or_more calumns on.a_solid

A PRI SRR

foundation are constructed to support the transverse beams
as shown i fig——3-8. v

The pockets formed between the longitudinal beams
may be \used 10 carry gas pipes, sewage_pipes. or water_
-pipes. The column benté““é"?é"’l%hter than the masonry piers

nd are used for continuous spans.

(2) Cylinder piers: A cylinder pier consists of mild steel

cylinders connected by the horizontal and diagonal
bradings as shown in fig. 3-0. 1hese piers are adopted
when %ounﬁatibns are of steel cylinder caisson type. The
concrete iS_poured_in_the_sieel cylindérs™afteT beihg sunk

1 ders of the bridge through suitable

and~they support the gir

bea’rings.

Fectpath
LY Rouduay, Porapec~]
L-(—Girders————r]j
= Bearings >
X Steel
i Bracing
Steel Cylinders Filled
up with Concrete
River Bed—+
77 a1t 77777 /_1_“__J:777—
Cylinder pier
Fic. 3-9

(3) Dumb~bell piers: A dumb-bell pier has an appearance
of a_dumb-bell j.e. a weight for exercises, in plan. I{ is
adopted when the superstructure of bridge is supported on
the twin girders. A" column is provided below &ach gitder
and the columns are connected by thin diaphragm wall

along their height as shown in fig. 3-10."""" S
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Foatpath 2
v Roadway—\‘\ Parapgt +l
Girder - \'l . T Girder
Rearing - > |
Bearing—""
Thin— =¥
= Thin s i , :
£ Diaphragm £ D'a"’"\fm .
= Wall 3 !
) L) .
@i » Column->- !
iver Be
L "/.L:—:}/. ol” 77 7—1—31_“_:'-7'
Elevation Sec. on AB
Dumb-bell pier _
Fic. 3-10
Footpath . ‘ : ‘
l Roadway—\ Parapet—tl 4
< - —Girders ——1 ) ' | ‘r
l Pile Cap ) . J
.
Bracing
Pile—> . < Pile
River Bed
7 T 77 }7 77
[ ' O
I o
\ ) W)
\VJ - v
Pile bent _
Fic. 3—-11

Following are the advantages of the dumb-bell piers:
() As compared ‘to_its mass, a dumb-b elm,pler gives

maximum_moment of_ inertia.
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(ii) The design of dumb-bell piers is simple and it leads
to the light reinforcement.
(iii) They are light_in_weight as compared to the solid
mass concrete piers.
(iv) They are very much suitable when the well foundations
o are adopted.

—ETEC T —————

(4) Pile bents: In case of pile bents, the girders of
superstructure. of bridge are supported on R.C.C. or steel
piles. A pile cap is provided to connect piles..at. the top
and they are suitably braced along their height as shown
in fig. 3—11, Theé Ppile Beénts are used for low_piers over™
unstable or muddy ground.ﬁ

(5) Solid piers: In case of solid piers, the piers copsist
of the masonry or cement concrete of solid section

ghout =—entire Tength ol pier. Such type  of
construction. of piers is .very 2,29.!!..@1' in the bridge
construction, mainly for fwo reasons: o

(i) 1t can be used for any type of superstructure of the

bridge. . Lo

(i) It provides excellent resistance to the actions of

floating bodies. -
MM

4
|
P

Rz,
|<~Centre-Line of Bridge
Upstream - .

Ease-Water

I
8 e l
(30 to 60 - .
/7
|
|

Cut Water
Dewnstream »

Cut—water and ease—water .
Fig. 3-12

The ends of solid piers may be rectangular. But they
may be given any suitable shape to make the entry and
passage of water easy and smooth. The end or nose of
pier on upstream side is known as the cuf-wafer and that

on downstream side is known as the ease-watfer as shown
in fig. 3-12.

The cut-waters are usually triangular in shape. The
cut—-waters need not be very long and they should be:
carried down to the base. The ease-—waters are usually
semi-circular or they may consist of two parabolic arcs.’
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If, at the time of floods, there are chances of damage
to cut—waters, due to striking of floating debris, the noses
of cut-waters may be protected by fixing steel angles. The
provision of cut-water and ease—water in the structure of
solid piers results in the following advantages:

(i) The eddying effect of current of water is minimized.

(ii) The effect of horizontal pressure diue to the current
of water is reduced.

(iii) The natural movement of the water is disturbed to
the minimum possible extent.

(6) Trestle bents: A trestle is a framed pier and it
consists of vertical, horizontal and diagonal members as
shown in fig. 3-13. The trestle bents may be of steel or
concrete, the former being very common. The trestie bents
are useful for constructing piers for a bridge along a viaduct
or in case of flyovers and elevated roads. A deep valliey
having non—perennial stream or river is known as a viaduct.
The trestle bents with considerable height and narrow
roadway are usually inclined for additional stability, as shown
in fig. 3—13. The wide base at bottom resists wind pressure
in a better way. The inclination is about 1 in 4 to 1 in 8
i.e. 2560 mm to 125 mm per metre height. The trestle bents
are suitable only yvhere the channel bed is fairly firm and
not suited to rapid streams on stony beds. They induce
scour which can be reduced by providing pitching in the
bed. They are less stable than the solid piers.

Roadway
l Y 1

Girder-- > 1 ) o

t-Steel Trestle

‘ River Bed
_’7],”’4””;5’}”

Trestle bent
Fic. 3—-13




68 . Bridge €ngineering

Forces acting on a pier: Following forces in addition
to its own dead weight act on a pier:
(1) ‘reaction from superstructure,
 (2) seismic load,
(3) ftractive effort,
" (4) water pressure, and N
(5) wind load. .

(1) Reaction from superstructure: This force is the same
as in case of an abutment.

(2) Seismic. load: This force is the same as in case of
an abutment.

(3) Tractive effort: This- force is the same as in case
of an' abutment. - :

‘ (,:t) Water pressure: The pressure on pier due to water
consists of the following three types:

£ (i) “dynamic effect developed due to the ve
/ , . water; . :
+ (i) impact pressure developed due to the cross—currents
w'hich are set up near the bottom of pier; ang
(iii) static pressure due to the head of water.
(5) Wind load: The effect of wind on moving loads and

on the superstructure on pier height above water level
worked out. ' '

locity of

A ol aat i o

is

In some cases, the pier will also have to

resis
following forces: t the

(1) bugyancy of submerged part of the substructure
which can be neglected for piers anchored to rocks
by the dOWel's;

(2) force due to collision of the vessels in the
rivers; and

(3) longitudinal force due to resistance in bearings.

Conditions of stability: The conditions of stability

for a pier are the same as those mentioned in case of an
abutment.

navigable

Dimensions: The various dimensions of a pier such
as batter, height, length and top width are decided as
mentioned below. In general, it may be stated that the
dimensions of a pier should be decided by combining
theoretical approach with practical considerations.
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+ (1) Batter: In some cases, the sides of a masonry pier
are provided with uniform batter. The value of batter varies
from 1 in 12 to 1 in 24. The greater value is usually adopted
for low piers and the smaller value is usually adopted for
high piers. :

(2) Height: The height of a pier is fixed up by the

difference between the level of river bed and the formation -

level of the road or railway line. It should, however, be
seen that sufficient freeboard or clearance to the extent
of about 1000 mm to 1500 mm is maintained between
the bottom of superstructure and the highest flood level
(for non-submersible bridges) or normal flood level
(for submersible bridges). :

(3) Length: The length of a pier should be at least equal '

to the width of bridge (excluding cantilever projections, if
any) plus the widths of cut-water and ease—water.’

(4) Top width: The top width of a pier depends on span.
But it should be sufficient to accommodate two bearings
for the pier with a clearance of about 150 mm. In any case,

it is the usual practice to provide a minimum width of about
750 mm. : :

Location: The location of piers or spacing of piers
should be carefully decided by considering thexfollowmg
iImportant requirements:

(1) It is desirable to have the piers nearly parallel t
the direction of the flow of river.

(2) The piers should be located in such a way th.att tl:ey;
cause the least obstruction to the flow of water.

(3) The piers should rest on the solid and St?b'g
foundations. For this purpose, the results Obta'gee
from trial pits or boring along the length of bridg
should be properly studied and analysed.

Abutment pier: In case of an arch bridge having ta
number of spans, every fourth or fifth pier is desngned, o
resist the inclined reaction due to dead load on one side
and no load on the other side. Such a pier is known as
an abutment pier as shown in fig. 3—-14 and it is of bigger
dimensions than the ordinary piers. The provision of an
abutment pier affords the following two advantages:

(1) The construction work of arch bridge can be
carried out in sections. It proves to be speedy
and economical.

or

e ey A
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(2) The effect of any failure of an arch due to
earthquake: or flood or any other reason can easily
be localized, when an abutment pier is provided.
Such an effect does not extend from one end
of the bridge to the other. But it stops at the
abutment pier.

y— Parapet
Roadway—y
9 (73
3 S
a. -
> S
g g
3 3
B;d (s (]
7T T JWJ "’frﬁ

ey ey o oy o v ar av o e o oy S/

Abutment pier
Fic. 3-14

HI. Wing walls:

Definition: The abutment can be either buried or its
front face can be left exposed. In the latter case, the
walls constructed on either side of an_abutment to

supWﬁﬂ’fﬁﬁ?ﬁent are known as_the
wing walls. S s TR S A

Functions: A wing wall has mainly to perform the
following two functions:

(1) to provide_a smooth entry into the bridge site; and
(2) to support and protect the embankment.

Types. Followmg are the three types of wing walls.;
(1) Straight wing wall

(2) Splayed wing wall
(3) Return wing wall.

Each of the above type of wing wall will now be briefly
described.
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exlrart val

(1) Straight wing wall: When the wing walls are

constructed in line with the abutment, as shown in fig. 3—1
they~are Known as the straight wing walls. Such type of
\snng wall is fqund to be econgmical when there is no
anger of washing of the material from the bank of river.

This type of wing wall is suitable for small bridges WhiC
are constructed across the drains having low banks.

(2) Splayed wing wall: When wing walls are given
inw‘_’lﬂ-ﬁ'a—". as shown in fig. 3—-2, they are known
as the “splayed wing walls. The wing walls_may...alse-be
curved, instead--of--being-sptayed. The_splay or inclination

is usually 45° and such types of wing wall$ offer—the
following three advantages:

() It is not necessary for the splayed wing walls to

have additional protections such as rubble filling

_and pifching of the ~embankment. . '

(i) The height of splayed wing_wall_may be changed

from_point _to_point_along. is.enaip, 1t may ave

“minimum height at the far end from the abutment

and maximum height equal to that of the abutment

at the end near the abutment. Such an arrangement
reduces the cost of splayed wing wall.

(iii) They provide smooth_entry and exit to the flowing water.

The splayed wing walls are best suited when the width
g‘; road is to be reduced while crossing the bridge orh at
aces t the approach.
where two gr %rr;ore pr?,gds meet at the app

1: When arws

.(3) Return wing wall: A
99_-4 as. shown in fig. 3-3, the wing walls are known as
the Fetari—wing walls. Such wing walls are pre erred to the
splayst—wiwg==Walls~Tn case of very high embankments.
When the return wing walls are adopted, it is possible 1o
Suitably extend the parapet walls on either side of the bridge
beyond the abutment. The return wing walls are taken
sufficiently inside so that the earth slope along them termun terminates
outsidé the watérway. These walis confine the formation of
the approaches and add to_their strength.

Forces acting on a wing wall: Following forces act
on a wing wall:

(1) dead load,

(2) live load surcharge,

(3) pressure of earth filling,
(4) seismic load, and

(5) water pressure.
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(1) Dead load: The dead load indicates the weight of
wing wall and it depends on the material of which the
wing wall is composed.

(2) Live load surcharge: This force is the same as in
case of an abutment.

-’(3) Pressure of earth filling: This force is the same as
in case of an abutment.

"(4) -Seismic load: This force is-the same as in case of
af abutment. - o

(5) -V'\f/ate'r‘ pres'sui‘é: The effect of water pressure on a
wing wall is not appreciable and it is, therefore, usually
neglected in the design of a wing wall. ‘

_ Conditions of stability: The conditions of stability
for a wing wall are the same as those mentioned in the
case of an abutment.

+ -Dimenslions: The various dimensions of a wing wall
such‘-‘as;batter, height, length and top width are decided
as m‘eqtloned below. In general, it may be stated that the
dimensions of a wing wall should be decided by combinin
the theoretical approach with practical considerations 9

(1) Batter: The sides of wing walls may be provided wi
uniform  batter. The value of batter may vary from 1 ivr\:ltz

to 1 in 12. In case of return win wall, the face j
vertical. g ® Is kept

" (2) Height: The height of wing wall should be suffici
tof_f rqtain thﬁ fearth filling. It is possible to vary the hf;'gﬁf
of wing wall from point to point as in case of th
wing walls. ' © splayed

(3) Length:. The shortest length which will allow win

wall to function properly is worked out by consideri
following three levels: y ‘dering the

(i) bed level of river or stream,
(i) for‘mation level of road or railway line, and
(iii) natural ground level of embankment.

In practice, the contour plan of the bridge site is drawn
and from .it, the correct economic length of wing wall is
worked out. The wing walls should always be founded on
the. natural ground and they should not be made longer than

(equired‘. They should permit the earth of the approach
filling to be trimmed to its natural slope.
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(4) Top width: The top width depends on the type of

wing wall. But in any case. it should not be less than
500 mm.

Precautions: Following two precautions should be
taken during the construction of wing walls:

(1) Gap: The wing walls are rarely designed to take part
of abutment load. In that case, they are rigidly connected
with the abutment. In all other cases, the wing walls and
abutments act independently. It is, therefore, most essential
to have a clear gap of about 6 mm width between these
two structures and this gap is then sealed by bitumen.

(2) Weep holes: To drain off water which gets access to
the earth filling, sufficient weep holes should be provided
in the body of wing walls as in case of the abutments.

Setting out for piers and abutments:

It is important to see that the positions of the piers and
abutments are carefully set out. It is also necessary to check
them periodically during construction for ensuring proper
alignment and centre-to—centre distance. If this precaution
is not taken, the girders may not fit at the time of final
laying in position unless they are to be cast-in—situ. in the
latter case also, it may result in one span becoming longer
than the designed span and may require strengthening.

Each setting out problem will have to be tackled in its
own way. Following are some of the guide lines to be observed
in the setting out process;

(1) Bench marks: It is desirable to use the existing GTS
bench marks for reference, wherever possible. If it is not
possible to refer to the GTS bench marks, suitable additional
bench marks connecting to the GTS bench marks may be
carefully established.

(2) Positions of reference points: The positions of
principal reference lines and level pegs should be selected
in such a manner that they can remain in an accessible
position during the progress of work. They should also
pe readily visible and should be in such a position that
they are not disturbed until at least the abutments have
been built. It should also be possible to transfer them
on the completed abutments.

(3) Principal reference lines: For a bridge, the principal
reference lines are the longitudinal centre—line and the transverse
centre-line. For a bridge on curve, the tangent points of
the curve should be established by pegs and also by pegs
which are provided to define the direction of the tangents.



74 . Bridge €ngineering

(4). Replacting original points: If the original points are
disturbed due to any reason during the progress of work,
they should be carefully replaced and checked before the
original points are removed or covered.

Materials for substructures:

Following are the three common materials of construction
for the various substructures:

(1) Cement concrete
(2) Masonry
(3) Steel.

(1) Cement concrete: The mass cement concrete
is an ideal material for various substructures. The usual
proportion of cement concrete is M 10 or 1:3:6 i.e. one
part of cement, three parts of fine aggregate and six parts
of coarse aggregate by volume. If it is desired to save
in the quantity of concrete, the use of displacers or large
blocks of stones is recommended.

Where tension is likely to occur, the reinforcement is
placed in cement concrete and it is then referred to as
reinforced_ cement concrete or R.C.C. construction. The abutments
and wing 'walls of R.C.C. may be designed with or withouyt
counterforts. The beams placed at suitable spacing for support
are known as the counterforts. For R.C.C. piers, the main
reinforcement is vertical and secondary reinforcement is in
the form of rings which bind the main reinforcement.

The pre-stressed concrete can also be used for piers
particularly on viaducts with tall piers." The mix to be adopted
should be according to the design requirement.

(2) Masonry: The substructures may be constructed

either of brick masonry or stone masonry. Following points
should be noted:

~

(i) For small spans, the brick masonry is preferred. Byt
for large spans, the stone masonry is adopted.

(i) The mortar used in the construction of stone or
brick masonry should be of sufficient strength. The
leanest proportion of the mortar to be used is of
proportion (1:4). ,

(iii) The stone masonry is adopted where good

- stones are easily available and the brick mason
is adopted where good bricks are available. If the
river carries moving debris, the bridge structure of
brick is damaged considerably affecting its strength
and with age, the appearance also suffers.
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(3) Steel: The steel can only be used for the piers
and it is generally used in the construction of the trestle
bents. o

In general, it should be observed that while selecting

the type of material for the substructure, the relative merits

and demerits with regard to the economy in material and
- the difficulty in construction should be suitably analysed
alongwith the aesthetic requirements.

Bridge Inspection:

The main aims of bridge inspection are assurance of
safety, economic planning and protection of national wealth.

Following are the main objectives of bridge inspection:
(1) Budgeting of available funds.

(2) Identification of actual sources of deficiencies ‘at the
earliest possible stage. : '

(3) Planning of classification of bridges, maintenance,
repair and reconstruction activities, traffic regulations,
etc. ' '

(4) Providing information to the researchers, designers
and construction agencies regarding performance of
materials, design criteria, construction techniques and
new areas requiring research, development and
standardization. ,

The existing system of bridge inspection in India is

based on the Manual for Maintenance and Inspection of
Bridges published in 1978 by Indian Road Congress. The
frequency of inspection is recommended as once in a

year.

QUESTIONS
1. What are the substructures of a bridge? Mention the
functions of each of them. :
2. Discuss the various types of abutments. -
3. What are the forces acting on an abutment?
4. Define the following:

Abutment; Pier; Wing wall; Abutment pier; Cut-water;
Ease—water.

5. What are the conditions for stability of substructures?
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Explain how the following dimensions are decided in

‘case’ of abutments piers and wing walls:

Batter, Height, Length, Top width.
Describe the usual types of bridge piers.
What are the advantages of dumb-bell piers?

' Mention the forces acting on a pier.
" How is the location of piers decided?

1.

Write short notes on:

o ‘(1') Abutment pier

12.
13,
14,
15.
16.
17.
18.

19.

(2) Trestle bents
(3) Tee abutment
(4) Splayed wing wall

~ (5) -Column bents
. (6) Soliq_piers.

Explain the various types of wing walls.
State' the forces: acting on a wing wall.

~What are the precautions to be taken during the

construction of wing walls?

Explain - the imporfance of setting out for pierg and
abutments and suggest some guide lines for the same.

Write a brief note on the materials of construction for

- the substructures.

What are the aims and objectives of bridge inspection?
‘Give sketches of the following:

(1) Abutment for a girder bridge
(2) Abutment for an arch

(3) Dumb-bell pier

(4) Cylinder pier,

Differentiate between the following:

(1) Foundations, substructures and supersturctures
(2) Abutmgnt and pier

(3) U-abutment and T-abutment

(4) Cylinder piers and solid piers

(5) Cut-water and ease water

(6) Pile bent and trestle bent

(7) Straight, splayed and return wing walls.
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20. Give reasons for the following:

(M
)

3
(4)

()
(6)
(7
(8)

(9)
(10)
(11

An abutment with the straight wing wall is
unsuitable for bridge with waterway.

An abutment with the splayed wing wall is very
common for bridge with waterway. :

The Tee abutment is usually not recommended

Sufficient weep holes are provided in the body of
abutments and wing walls.

The solid piers are very popular in the brldge
construction.

The provision of cut-water and ease-water is
desirable in the structure of solid -piers.

In case of an arch brldge having a number of
spans, the abutment piers are provuded

The water pressure and wind load are usually
neglected in the design of an abutment.

The cost of a splayed wing wall is less.
The return wing walls are taken sufficienvtly inside.

It is important to see that the positions of the
piers and abutments are carefully set out. -
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Ql? aP ter 4 FIXED-SPAN
SUPERSTRPUCTURES

o 3ID-CEE-CEE- G CEE-CRECEe-Gae~Cae-<e-Eae-&e<a

General: lassified

The superstructure of a bridge-can broadly be cture and
into two categories, namely, fixed—span superstruc
movable—span superstructure.

In case of fix\ed-span superstructures, the sqperstructuri
remains in a fixed position and most of the bridges aretho
this category. In case of movable-span SUperstructu;es, e
superstructure is lifted or moved with the help of some
suitable arrangement. h fixed—span

In this chapter, the bridges with t e v
superstructurespwill It:he discusged and the bridges with the
movable-span superstructures will be discussed in the
next chapter. ]

Following are the various types of bridges with the
fixed—span superstructures:

l. Simple bridges

It.  Continuous bridges

. Cantilever bridges

-IV. " Arch bridges

V. Bow-string girder type bridges
VL. Rigid frame bridges
VII. Suspension bridges

VIil. Cable—stayed bridges.
&imple bridges:

In case of simple prig es, the sban is simply supported
and they are sometifnesgreferred to as the independent-
span bridges. Depending upon the position of superstructure,

the simple bridges are divided into the following three
categories:

(1) Deck bridges
(2) Through bridges
(3) Semi-throygh bridges.

(1)kDGCk bridges;: For any bridge, the following two
levels are to be carefully decided:

(i) Formation level: The ground level of approaches is
to be taken into consideration for fixing the formation level
of road or railway line.
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¥ (ii) Highest flood level or H.F.L.: While making the
calculations for maximum flood discharge, the H.F.L. for the
river or stream is determined.

cl

If it is possible to accommodate the superstructure of
bridge between these fwo levels with suitable allowance for

clearance, as shown in fig. 4-1, the bridge is known as the
deck bridge.

. yo—Formation Level )[—~Superstmrture
. T A
, ST
—— | L HFL ) ¥

~—-- Piers—>-

N

-Deck bridge
Fic. 4-1 J

(2)kThrough bridges: Sometimes the difference
between the formation level and H.F.L. is not sufficient to
accommodate the superstructure of bridge. In such cases,
the superstructure projects above the formation level, as
shown in fig. 4-2. Such a bridge is known as the through
bridge.

—Formation Level y—Superstructure

Through bridge
Fic. 4-2 )

L(:i) Semi-through bridges: When the superstructure
of bridge projects partly above the formation level and partly

i evel, as shown in fig. 4-3, it is known
g:Ioﬂ\:\; ﬂ::r:v?—r;?vzlgghl bridge and it is thgs an .intermediate
type between the deck bridge and through bridge.

Out of three types of simple bridges, the deck type
proves to be economical. Following are the advantages of
a deck bridge:
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E -Formation Level —Superstructure

\

<—— Piers —>-

et

Semi—-through bridge
Fic. 4-3
(i) Effect of horizontal forces: The effect of various
horizontal forces such as tractive effort and wind load will
be comparatively less on a deck type bridge than that on

"a through type bridge.” The deck bridge gets this advantagt’i

as its superstructure is situated below the formation leve
of road or railway line.

(it) Erection: For steel bridges, it proves to .be easier tO
erect the superstructure of a deck bridge than that of a
through bridge.

(i) Natural scenery: A deck bridge grants better view
of the surrounding scenery. and hence, it is preferred to the
through bridge for carrying the highway traffic.

__ (V) Width of bridge: The total width of a deck bridge will
® €qual to its actual width, as shown in fig. 4-4. The total
Width of a through bridge will be equal to the actual width
of brldge plus width of superstructure on either side, as
sl'.lown In fig. 4-5. Thus, the total width of a through bridge
Wwill be more than that of a deck bridge. Hence, for the same
mtdth of bridge, the weight of superstructure in case of
rough bridge will be more than that of a deck bridge.

R o Width Of‘ SUPEI'sNuclure-:m .
! 1
l |

B

|
<—————Width of Bridge

] Y I

Plan of deck bridge
Fic. 4-4
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. +—H-_—Width of Sc\:perstructure'm L

- [

~<——Width of Bridge———-

Plan of through bridge
Fic. 4-5

Il. continuous bridges:

. When the bridge is designed to continue unbroken over
Intermediate supports, it is said to be continuous bridge.
Fig. 4-6 shows a continuous bridge..

When the design of a bridge is made on a continuous
Span, it is found that the bending moment anywhere in
the span is considerably less than that in case of a simply
Supported span. Such reduction of bending ~moment
ultimately results in the economic section for the bridge.
But to take maximum advantage. of a continuous span, it
IS essential that the following fwo conditions are satisfied:

(1) Facilities for erection
(2) Hard soil.

Superstructure

AIW > '
A o A

< Fnd Support i End Support—>-

N
[4

\lntermediate
Supports

Continuous bridge
Fic. 4-6

(1) Facilities for erection: For steel bridges, the
girder for continuous span will be of a fairly heavy weight.
Hence, it is necessary to have suitable facilities at bridge
site to erect such girders.

L
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(2) Hard soil: A continuous bridge is an indeterminate
structure. Hence, a slight sinking of any support considerably
alters the designed values of bending moment and shear
force at various sections along the span of bridge. It is,
therefore, necessary to check that the foundations of supports
rest on hard and firm soil. At places where there are
chances for foundation to sink or settle, the continuous
bridges are not adopted.

Following are the advantages of R.C.C. continuous
girder bridges over simply supported girder bridges:

(1) As the bearings are placed on the centre—lines of
piers, the reactions at piers are transmitted centrally.

(2) It is found that the continuous girder bridge suffers
less vibration and deflection. _

(3) The continuous girder bridge requires only one
bearing at each pier as against two bearings for
simply supported girder bridge.

(4) The depth of decking at midspan is reduced and it
may prove to be useful for overbridges where the
headroom is of prime consideration.

(5) The expansion joints required will be less.

(6) There is reduction in cost as less quantities of
concrete and steel are required.

Following are the disadvantages of R.C.C. continuous
girder bridges over simply supported girder bridges:

(1) The design is more complicated as it is a statically
indeterminate structure.

(2) The detailing and placing of reinforcements are to
be carried out with extreme care.

(3) The placing of concrete and removal of formwork
are to be executed carefully in proper sequence.

Ili. Cantilever bridges:

- A cantilever bridge is formed of the cantilevers
projecting from the supporting piers. The ends of a cantilever
bridge are treated as fixed. A cantilever bridge combines
the advantages of a simply supported span and a continuous
span. For long spans and deep valleys and at places where

it will not be practicable to use centering, the cantilever
bridges are more suitable.

The construction of a cantilever bridge may either t
of simple type or of balanced type. Fig. 4—-7 shows
cantilever. bridge with simple construction. The ends
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cantilever just meet at the centre of span. Fig. 4—8 shows
a cantilever bridge with balanced type of construction. In this
case, the hinges are provided at the points of contraflexure
of a continuous span and an intermediate_simply supported
span is suspended between these two hinges.

premame

; —
—Cantilever Smn-——)-i%—-canuleuer Span

Cantilever bridge with simple construction

Fic. 4-7 - _
4

r Span—>

<« Cantilever Span—3»<—Simply ——»p—Cantileve!
Supported )
Span

Cantilever bridge with balanced type construction

Fic. 4-8

A modified form of this type can be constructed in
R.C.C. with two cantilevers on either side of the pier apd
providing a suspended span as shown in fig. 4-9. The size
and shape of the counter-weighted cantilevers are
determined after trying several possible combinations. The
usual length of cantilever span is about one—fifth to one-third
of the main supported span.

—>{Suspended —

}_' Span
—L | 1

-«-I—

t+} --Supported Span—r~

b - l‘-i-ﬂ

Cantilever Span

< Pier. >

A Lo

Bridge with counter—-weighted cantilevers
Fic. 4-9
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However, this type of construction demands extreme I
care and skill in its design and elaborate detailing of -
reinforcements. But it affords the various advantages over o
simply supported construction such as fewer expansion i
bearings, reduction in quantity of steel and concrete, piers i
of moderate dimensions, lower initial and maintenance
costs, etc. o

" IV. Arch bridges:

In case of arch bridges, the road or railway track is
carried on arches. The rise of the arch is kept as large as
possible so as to reduce the horizontal thrust and to economise
on the design of the piers, abutments and foundations. It
is usually kept not less than one-third span, but in no case
less than one-fifth span. It is also desirable to choose a

simple shape for the arch. It will facilitate its setting out
and construction.

Classification of arches: The bridge arches are
classified as follows:

(1) according to condition of spandrel,

(2) according to number of hinges,

(3) according to shape, and

(4) according to width.

(1) According to condition of spandrel: Depending upon .

the condition of space above the arch and below the M‘i
formation level, the arches are classified as filled spandrel
arch and open spandrel arch. ,/

/—Formation Level

L It T 1 1 1
I N O I |

Filled spandrel arch e
Fic. 4-10 :

Fig. 4-10 shows a filled spandrel arch. The side walls ‘
are taken upto the bottom of formation level and the interior :
portion is filled up either by earth or any other suitable
filling material upto the road formation level. A filled spandrel
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arch is suitable when ratio of rise to span is small. If rise
to span ratio is above a certain limit, a filled spandrel arch
proves to be uneconomical as it will, require excessively
heavy side walls and considerable amount of filling.

Fig. 4—11 shows an open spandrel arch. The flooring of
bridge is supported either by beams and columns or by
arches and columns. The main arch supports the columns.
The space between the columns is kept open. This type
of arch is aesthetically good and it provides a beautiful
structure specially in a narrow valley or gorge. -

1 | )Z—Formanon Level

..(
/

Vv

Columns

Open spandrel arch
Fic. 4-11

An open spandrel arch is suitable when ratio of rise to
span is high and it proves to be economical because of
the following reasons®

(1) There is considerable reduction in the dead _load
of the structure as the filling material is not requn:ed.
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 as
three-hinged arch, two-hinged arch, one-hinged arch and
hingeless or fixed arch.
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" Fig. 4-12 sKbws a ifiré8-hinged arch. It contains hinges
at crawn and .springing points. A three-hinged- arch is
stricturally, stable and is adopted when ‘it is difficult:v‘.to
obtain hard- soil within a regggnab'le depth or where the.
foundations arer dikely; to: yield. -

MWE Uisddvdhtage ~of this type of bridge is that the
thickness at the quarter points is more than that at spring.
Hence, the masking is required for aesthetic purposes.
The three-hinged arches -are ‘sometimes provided only
while using the steel arches.

Hinge

" Three—hinged arch,
Fic. 4-12

Fig. 4-13' shows ‘a two-hinged arch. It contains hinges
at the supports i.e. pier or abutment. The two-hinged arches
are simple for analysis as there is no bending moment
at the support and only reactions are transmitted to the
Supports. They are easily adaptable for the construction
of concrete and steel arches. The bow-string girder arch

in R.C.C. is also treated like a two-hinged arch for the
Purpose of design.

: Hinge
R—Arch ¥

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.

y—Hinge

-Arch

One-hinged arch
Fic. 4-14

Fig. 4-15 shows a fixed arch. It does not contain any
hinge. It is adopted where hard unyielding soil is available
for the supports of an arch. It is the most commonly
employed arch especially in masonry and it provides a very
good aesthetic appearance. It is, however, difficult for
analysis. But it is economical and can be adopted for long
spans also.

Arch

Fixed arch
Fic. 4-15

(3) According to shape: The bridge arches can also be
classified according to the shape of arch. The commonly
adopted shapes of bridge arches are semi — circular,
segmental, pointed, semi—elliptical and multi-centered. At
places where sufficient height is available, the pointed or
semi-circular shapes can be adopted.

For medium span lengths, the segmental or parabolic
profiles will be more appropriate. For long spans, the multi—
centered shapes are found to be convenient.

(4) According to width: Depending upon the width of
arch in the transverse direction of bridge, the arches are
classified as barrel type or rib type.

Fig. 4-16 shows a barrel type arch bridge. The widths

of arch and bridge are the same and it resuits in the
formation of a barrel.
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The bow-string girder type bridges are therefore very
suitable for multiple spans and at places where the available
clearance is restricted.

Fig. 4-18 shows an R.C.C. bow-string girder bridge and
it can be adopted for spans of 30 m to 45 m.

d
Arch Rib Susperiers

)'/

7 1 LTfe E h

R.C.C. bow-string girder bridge
Fic. 4-18

Suspenders

- Steel bow-string girder bridge
Fic. 4-19

Fig. 4-19 shows a steel bow-string gi i d
, - g girder bridge an
it can be adopted for spans of 120 m to 240 m,.
VL. Rigid frame bridges:

In case of rigid frame brid ithi
. ges, the monolithic portal
frames are designed for the superstructure and substructure.

Following are the iti -

bridge: favourable conditions for a rigid _frame
(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.
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Fig. 4-20 shows an R.C.C. portal frame. Suitable
reinforcement may be provided as required. The bridge may
consist of single portal or continuous portals. The R.C.C.
portal frames are -suitable. for spans upto 15 m or so.

)[—Formalion Level

I} - .
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R.C.C. portal frame
“Figr4-20. " ©
Fig. 4-21 shows a steel frame. It may suitably be braced
as required. The bridge may consist of single portal or
continuous portals. It is possible to construct steel portals
in short time and they are suitable at places where the cost
of construction for the abutments is high.

teho. .

" “ faw BTN K—Formation Level
[N N 74 NN\NV
) <-Portal
777 77777777 77

Steel portal frame
Fic. 4-21

In addition to the advantages offered by the continuous

bridges, the rigid frame bridges grant the following
additional advantages:
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(1) i are rigid, it gives more stab.ility
o f;s t::'ee ::S:::gora‘: compgred to independent pler§
of the. same dimensions. .
(2) The bearings at supports are not requnr_ed. t
(3) The view for the traffic below the bridge is the leahs
obstructed in view of the slender dimensions of the
Supporting piers.
VIl. Suspension bridges:

Suspension bridges are ideal solution for .bridging lep;
in hilly areas because of their simple construction technolog
and capability of spanning large gaps.

The suspension .bridge consists of a hanging catbhle -
which is anchored at the two ends. The cable takes the
shape of a catenary between two points of suspension.
The flooring of bridge is supported by the cable by vn:tmi;
of tension developed in its cross—section. The .vertlcta
members, known as the suspenders, are provided IO
transfer the load from. bridge floor to the suspension cable.

The cables are usually of chains or steel wire I‘OI-LeS-
The suspenders are usually of twisted wire ropes ‘and they
are connected with the cable by loops. Depending upon

the site conditions, the side span to main span ratio varies
from 0.17 to 0.50. :

The suspension bridges may either be unstiffened or
stiffened. Fig. 4-22 shows an unstiffened suspension
bridge. It can be adopted for light traffic and for foot bridges
where dead load wil| be just sufficient to prevent any
appreciable change in the shape of bridge.

~> Side Span M————_ Main Span———»; Side Span j«—

Suspenders | Tower

T e — — —
——.—.———_—-—
—

—

T e e e —

-A@L

Unstiffened suspension bridge
Fic. 4-22
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Fig. 4-23 shows a stiffened suspension bridge. The
stiffening girder assists the cable to become more rigid
and to prevent changes in shape and gradient of the roadway
platform. It is, therefore, adopted for heavy traffic. The load
from the bridge floor is transferred to the stiffening
girder and it is conveyed to the cables through the
suspenders.

—>i Side Span \«——————Main Span————>1 Side Span <—

j~Cable “Suspenders

LStiffening Girder ~<-Tower

Stiffened suspension bridge
Fic, 4-23

Following are the advantages of the éuépension bridges:

(1) The construction of piers in bed of river is avoided.

(2) The design is comparatively simple.

(3). They are economical in cost as compared to the cost
for other bridges.

(4) They are light in weight. A

(5) They can be constructed for long spans exceeding
600 m and can be considered as competitive for
spans down to 300 m.

(6) They can be easily and rapidly constructed.

(7) They present better architectural effect.

Following are the disadvantages of the suspension
bridges: '

(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.
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(3) The superstructure cost proves to be higher than‘
other types of spans particularly in span ranges
of less than 250 m. '

Suspension bridge is one of the earliest technologies:
known to mankind and it is originated in the Indian sub—
continent more than 2000 back. The suspension bridges
with longer and longer spans have been developed. In
1816, a suspension bridge with a span of 124 m was
built in Philadelphia, U.S.A. and the longest suspension
bridge having a span of 1400 m has been constructed
In 1982 for the Humber bridge in U.K. As a matter of fact, the
Suspension bridges can be theoretically constructed for
as large a span as 3000 m, ‘

Viil. Cable-stayed bridges:

The cable-stayed bridges became popular in France
during the earlier part of eighteenth century. However, after
the collapse of the Dryburgh-Abbey Bridge, U.K. in 1818
and the Saale River Bridge, Germany in 1824, the French
scientist Navier recommended that suspension bridge be
built as alternative to cable-stayed bridges. After World
V\flar Il, the European community reviewed the development
g~dcable_5tayed bridge. The first modern cable-stayed

ridge was the Stormsund Bridge built in 1955 in Sweden.

The first three maij . - ted
i : Jor cable-stayed bridges constructe
lt:‘ui::‘ ?n l:rsi;_t,ed States were the Pa)s:co — Kennewick Bridge
Luling BridB across the Columbia River in Washington, the
Louisiana: ge built in 1983 across the Mississippi River In
across th’e ?ﬁioth,:- Ea?gt Huntington Bridge built in 198€;

major cable— Ver in West Virginia. At present, -abou

the Uniteg State:_tayed bridges have been constructed in

The cable— . o .
bridges exc:ptSttiyed bridges are similar to the suspension

- at there d in the cable-
stayed are no suspenders
tovyers tlz,'fg:: and the cables are directly stretched from
anchorage is ot With the decking. Thus, no special external
suspension br;:’equred for the cables as in case of the
done in the 'dges because the anchorage at one end is
dirder and at the other on top of tower.

Each anchorage jp girder introduces horizontal and

vertical forces. The ¢rqgq girders or diaphragms take up

: e stiffening girders are designed to

take bending stresses and a|so g compressive force which

is induced by the horizontal component of the force in
the cable. '
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Fig. 4-24 and fig. 4-25, show the cable—stayed
bridges. The cables can be arranged with two plane system

or one plane system as shown in fig. 4-24 and fig. 4-25
respectively.

Pylons or Towers
Cables Cables
Main Girder
) | p—
Pnerﬂ ‘&Pier

Cable—stayed bridge with two plane system
Fic. 4-24

Pylons or Towers

Cab!es Cables
Main Gvrder

l"ﬂ ﬁ”‘"

Cable-stayed bridge with one plane system
Fic. 4-25 :

The two plane system requires additional widths to
accommodate the towers and deck anchorages. In case of
one plane system, the anchorage at deck- level can be
accommodated in the traffic median and it results in the
least value of the total width of deck. The one plane system
is also more aesthetically pleasing because it provides an
unobstructed view on one side of the motorist or vehicle
driver. On the other hand, a side view of the bridge in the
" two 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.
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The stay—cables are the principal structurgl eleme.r]t_js
because they play an important role in the design, stability
and performancé of the structure as a whole. They can be
manufactured in one of the following three systems:

(1) locked coil wire ropes or stranded ropes, or
(2) long—lay spiral strand cables, or
(3) parallel or semi-parallel wire cables.

The deck in case of the cable-stayed bridges IS
supported either by a number of cables meeting in a bunch
at the tower, known as the fan form or by joining at
different levels on the tower, known as the harp form.
The use of multiple cables facilitates smaller distances
between points - of supports for the deck girders and it
results in the reduced structural depth. The cable—stayed
decks are less prone to the wind induced oscillations than
the suspension bridges because of the damping effect
of the .inclined cables.

The bridge deck may be in the form of steel box

girders or R.C.p. girders or prestressed concrete girders.
The concrete girders. possess the following advantages:

(1) As their damping effect is very high, the vibration
effects are also small, A
(2) They possess much higher stiffness and hence, they

exhibit Comparatively less deflection.

The oni dr . d
concrete bri)c'ige:Wback in the use of R.C.C. or prestresse

is their heavy weight.

’ may take form depending on the
struc any for P

form;ugglc:s‘we'l as aesthetic considerations and the
columns A‘~Tm°.n Use are single column, pair of separate
affects 't’he‘ hra-me'a"dportal frame. The slope of the‘caple
to ' provide az'(?.-".‘ﬁf towers and it is the usual practice
point of con tional heights for the towers above the

necti bt i
architectural a:g;'::an:; the cables for getting better
T - ’ .
for shpea:sabtze tStayed bridges have been found economical
and hence :)hg 300 m, They require light substructures
However, due t},’ :;ﬁt,.fOUnd economical for longer spans.
high and hence, they llever effect, their deflection is rather

. a s
on the railways. re not preferred for very long span

The towers-

Following precautidns

. should be taken in the
construction of the Cable-sta

yed bridges:
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(1) Corrosion protection: It is necessary to exercise
extreme care for the protection of the cables from corrosion.
The mere painting will not be sufficient. For this purpose,
the cables are placed in tubes which are also tightly
connected to the anchorages. The tubes are made of black
polythylene and they are found to be good and are expected
to need no maintenance for 40 to 50 years, if properly
handled during transport, erection and injection.

The other alternative is the use of the stainless steel
tubes. Recently, fusion—-bonded, epoxy—coated strand has
been developed to improve corrosion protection. The first
appearance of epoxy-coated strand for a stay cable was.
in 1986 on the Bayview cable—stayed bridge across the
Mississippi River in lllinois. Epoxy—coating is applied to
a strand by an electrostatic deposition method.

(2) Sag of cable: The use of cables requires their
correct design and stressing because the sag of cable
under its own weight introduces a complication.

(3) Voids: The voids around the wires or strands.in
the cables must be filled with anti-corrosive material like
cement grout by injection after the stressing.

Cementitious grout is commonly used because of its
inherent alkalinity, which produces a passive film on the
surface. Grouts. used for stay cables generally possess
good workability and have few air voids which help to
retain their volume after placement and have sufficient
strength. They also exhibit minimum bleeding, good
fluidity and bonding. Water used for grout must be free
of harmful substances such as nitrates, sulphide_s,
sulphates and chlorides. Admixtures are generally in liquid
or powder form and produce good quality of grout in a

short mixture time. ‘

Several different grout materials have been used in
the cable-stayed bridges in foreign countries. A petroleum
wax blocking compound has been developed and is use\d
in France. ‘

A polybutadiene polyurethane grouting material was
used to provide crack—free grout in Japan. Polymer
cementitious mortar has also been used on cable-stayed
bridges in Japan.

Role of cable sheath in cable-stayed bridge:

The cable sheath has to fulfil the following three principal
functions:
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(i) To serve as a corrosion barrier for the stressing steel

in the cable.
-(ii) To serve as formwork for injecting grout.

(iii) To contribute to the live load bearing of the cable
forces through its longitudinal stiffness.

The following are the properties required for a good
sheathing material:

(1) Compatibility with the environment.

(2) Low creep characteristics.

(3) Non-reaction with the grout material and steel.

(4)- Resistance to damage during shipping, handling,
. fabricating, installation and grouting.

(5) Resistance to fatigue from cyclic stresses.

(6) Resistance to intrusion of water,’ gas, etc.

(7) Resistance to uitraviolet degradation.

The following point ' i the
. ! s should be kept in mind for
reliable corrosion protection of cable—stayed bridges:

M lge stresses to corrosion protection system
ponents during transportation, fabrication and

g‘:tag:,atign may be serious and hence, they must
@ Nsidered for double corrosion protection.

D ili .
. ) r.:aubrlaeblsIlty .of the sheathing is critical during the

in corrﬁn-”ce life. Failure of the sheathing can result
in cemes'PP of steel tension elements embedded
from ronttious grout. Steel sheathing is protected
the steg) hlon t?y coating. If corrosion perforates
Protection Sseathmg’ the effectiveness of corrosion

(3) 1t is .
moistugéfi't?Ult to install and maintain completely
Permeable gbht sheathing. The cementitious grout is
to crackip €cause it is very thin and it is.subject
very Iimite% Under dynamic loading. Thus, it offers
Hence, neyr otection from the outside environment.
corrosion Materials which can provide better

Protection, should be developed.

(4) The projecy

He shoulq iNspector should be trained properly.
inspection tbe_ familiar with the specifications,
echniques, proper installation and

crucial problems 1 |
cable-stayed brid;'e‘?t can affect the durability of

o . - L
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The largest suspension bridge of the world, Akashi
Kaikyo Bridge spanning the Akashi Straits linking Honshu,
the main island of Japan, with the island of Awaji was
opened for traffic on April 5, 1998. Salient features of
this bridge are given below:

M

(2)
(3
(4)

(5)
(6)

(7

(8)

The bridge was designed against 4.1 m/s tidal
current, 50 m depth, poor supporting conditions and
heavy sea traffic.

The bridge ensures safety against winds of about
80 m/s and earthquake of 8.5 on Richter scale.

The bridge runs across 3934 m strait and total
suspended length of the bridge is 3910 m.

Laying down caisson method was used to reduce
works on the hard natural conditions encountered
on sea. In this method, 80 m dia. circular steel
caisson shells were floated and towed to their sites,
positioned and held in place with sea—floor anchors
before sinking on to previously prepared bearing
strata and then pumped full with concrete.

The towers are 288 m high, nearly as tall as the
Eiffel Tower of Paris.

The two main parallel-wire cables, having diameter
of 1.1 m were erected with prefabricated strand
method. A strand consists of 127 high strength
galvanized wires which were fabricated in factory
and transported to the site to be stretched from
one anchorage to another.

About 200000 tonnes of steel have been used for
superstructure and 1.42 million cubic metre of concrete
for substructure. Everyday, 1990 cubic metre of concrete
was poured. ’

The concrete mix developed and used in this
bridge has following specifications:

Low heat cement (clinker 30% slag 70%) 260 kg

Lime stone powder 150 kg
Fine aggregate (sea sand) 615 kg
Coarse aggregate ‘ 1137 kg
Water 145 litres
Napthelene bésed super plasticizer 8.8 litres
Concrete 35 Mpa

Modified alkyl carbonyl oxide air entrainer.
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. e, s ine at
- The “concrete was pumped usmgaa six inch pip
a maximum discharge rate of 68 m?3/hour.

: 2d

The foundation stone of the proposed Cab'e—lztizy?n.
bridge across the river Hooghly at Calcut!a wast Jo e in
1972. But the actual construction of the bridge s ?he two
1979 due to the difference in opinion between the an
foreign consultants, Lua of Germany and Freman ?urthef
Palmer of the U.K. The construction work was ur e
delayed by technical difficulties in laying one ‘;a'so
foundations about 30 m below the river bottom an :

. . on
by an accident which damaged a sophisticated pyl
erection crane. :

This bridge is helq by 152 rope wires or :ggle"‘:
between four 135 towering pylons and standing large
above the high water level of the river to a.|19w l?:'nes
Ships 10 pass under it. The symmetrical sliding ¢ the
of the hanging capjes connecting the two banks o This
river make the bridge both aesthetic and functional. e
giant bridge of about Rs. 350 crore is opened for tra o
from 10-10-1992 and it is one of the longest cabl-e_Stay ill
bridge with middle span as 457.2 m. The bridge W

facilitate the economic development of Howrah whic
has been Ianguishing under the zhadow of city of Calcutta
for the last 300 years.

u.P.,
le~stayed road bridge at Hardwar, :
on 19‘y(37—15388. The salient features of this
"OWS:

Pan of i i 0 m. The tower legs
have section :)291 .b%d?“e >|<$ 11.:150 m with total height
of tower from the bed level as 28.20 m. ;
@ The para)e Wire cables were manufactured unde
2::":“? Controlled factory conditions and after coiling

re

ere
i + the sta —cables were properly cov
:vvlet?eattarpa“““e fgr intermediate storage. The reels

i i the
trucks,hrans‘m"ed to the construction site by

The first cap
was inaugurated
bridge are ag fo

(1) The s

s
On at site was done by means of crane

and wincheg ifted at the tower

- Th ble was lifted a .
anchorage by me:nsczf a crane and guided with the
help of g \:

" deck and pulleys

at the top o?ltr:\::/\er";nset:getg ;)Sidteh?he anchor correctly
into the bearing plate. i

(4) The parallel wire caples were given the triple
corrosion protection as follows:



Fixed-Span Superstructures 101

(i) The protection oil was applied on the wires as
a temporary measure. This oil does not have
any negative influence on the wires.

(i) The wire cables are enclosed in high density
polythylene ducts.

(iii) The final element of corrosion protection was
the injection of grout into the pipe. The grout
consisted of portland cement of predetermined
quality and special additives. After a number of
tests performed at site before grouting, the following
approved mix design was used for the entire
grouting operation:

100 kg cement.
32 litres potable water, and
1 kg admixture.

Materials for superstructures:

Following are the common materials for the construction
of various superstructures: :

(1) Cement concrete
(2) Masonry

(3) Steel

(4) Timber.

. (1) Cement concrete: The cement concrete is a
popular material' for the construction of superstructures.
It is usually provided with the reinforcement in suitable
directions. The technique of R.C.C. has given the engineer
a wide scope of the design for bridges. At present, the
pre—stressed cement concrete has come in the field and
its adoption results in considerable’ reduction in sections
of various members of the superstructure. In case of
pre—stressed concrete bridges, the use is made of high-
strength steel generally coupled ‘with high—strength
concrete. The pre—stressing of steel and concrete
considerably improves the behaviour and strength of a
concrete bridge. The pre—stressing of steel enables it to
work at a higher stress level and pre—-compressing the
concrete delays its cracking. The new concepts, techniques
and methods have been developed for pre-stressed
concrete bridges.

Table 4-1 shows the maximum spans upto which a
particular type of cement concrete bridge can be recommended.
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TABLE 4-1
CEMENT CONCRETE BRIDGES

1. R.C.C. arch bridge 200 m
2. R.C.C. bow-string girder bridge 45 m
3. R.C.C. cantilever bridges with balanced
. type construction 30 m
4, R.C.C. continuous bridge 45 m
S. R.C.C. deck type girder bridge 20 m
6. R.C.C. filled spandril fixed arch bridge 35 m
7. R.C.C. open spandril rib type bridge 60 m
8. R.C.C. portal frame bridge 18 m
9. Pre—stressed concrete arch bridge 150 m
10. Pre-stressed concrete continuous bridge 110 m
11. Pre-stressed concrete girder bridge
) simply supported 55 m

For highways, the R.C.C. bridges are found most suitable
for small and medium spans and the pre—stressed concrete
bridges for long spans. For railways, the R.C.C. bridges are
used upto 10 m span and pre—stressed concrete bridges
upto 24 m in our country.

(2) Masonry: The brick masonry or stone masonry is
generally used in the construction of arches for bridges of
moderate span. The masonry work should be carried out
in rich cement mortar. As the masonry is weak in tension,
it must be checked that no tension develops in any
portion of the arch under the worst combination of dead
load and live load. .

tabl?l?n:lj;gléz to be used for brick masonry should be
copper—colour d°" ground-moulded, well—-burnt in Kkilns,
edges. The eh, free from cracks and with sharp and square
clear rin iry should be uniform in shape and should give

9ing sound when struck with each other. They

shoul _ !
0T:e bet Well-soaked in the water before their use.
hard, du:a%?:sartg be used for stone masonry should be

lough and should be of uniform shape.

;rfhea); Z’}Z‘;'db,?g ;Vet“eﬂ before placed in position. In case
their natural bgd& he stones should be laid or fixed with
er n _ Pedding planes normal to the direction of
pressure. This is du? to the fact that thrust in an arch is
passed from voussoir to voussoir and hence, the natural

bedding planes should be paraliel to the radiating centre—
line of the voussoir.
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(3) Steel: The strength and durability of mild steel
have made it suitable for adoption as construction material
for superstructures. The steel bridges may either be rolled
steel beam bridges or plate girder bridges or trussed bridges.

Table 4-2 shows the maximum spans upto which a
particular type of steel bridge can be recommended.

TABLE 4-2
STEEL BRIDGES

1. Steel arch bridge ~ 500 m
2, Steel bow-string girder bridge 240 m
3. Steel cable suspension bridge 1200 m
4, Steel plate girder bridge 30 m
5. Steel rolled beam bridge 10 m
6. Steel truss bridge 180 m

‘The use of steel bridges for the highways in our country
has almost been given up except in the form of composite
decks with steel beams and R.C.C. slabs. The other two
reasons for this change are as follows:

(i) It is difficult to maintain and protect the steel
bridges from the environmental effects.

(ii) There is general shortage of steel.

The steel bridges are, however, unavoidable for very
long cantilever type of spans and for suspension bridges.

The Indian Railways prefer the steel bridges for spans
beyond 25 m because of the following reasons:

(i) The behaviour of steel to the dynamic loads is
known with reasonable accuracy.

(ii) They are easy to construct.
(iii) They are light in self-weight.

(4) Timber: For unimportant bridges and at places
where the timber is cheaply available, the timber may be
used as material for construction of superstructures. The
timber to be used for the bridges should be of the best
quality, well-seasoned and free from cracks, knots, flaws,
shakes and other defects.

The weakest portion of ‘timber construction is the
connections and hence, every effort should be made for the
proper detailing of joints of the various members of the
timber construction.
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The wooden road bridges are classified atz the temrt)grabrg
bridges as per I.R.C. Bridge Code and aey tirionsider-
designed for Class B loading. It is not necessdr)tl) o o
the impact load in the design of wooqen ro&fi u:' Qz_l-ways
wooden bridges, however, are not suitable for the rail
under the present conditions of loading.

The wooden road bridges of span about 64 m are
constructed in Canada and U.S.A. But with modern Ioadlr;gnss:
it is not feasible to adopt the wooden bridges for spa"\
exceeding 45 m. The wooden bridges are not "suusg
recommended on important roads in our country beca
of their following disadvantages:

(1) The connections are to be secured with fastenlngs
of cast-iron or steel.

(i) The factor of safety for the timber bridges is taken
as 4 to 5.

(iii) T_ﬁe life of timber bridges is short because mz
timber gets easily deteriorated when exgosed to
weather agencies like sun, rain and wind.

(iv) The- strength of timber is not uniform in ali the
: directions.

(V) The timber components are to be arranged with

: respect to the direction of load in such a way that
excessive stress is not developed in the direction
N ‘which the timber is the weakest.

(vi) They are easily liable to fire.

(vii) They cannot be constructed for large spans.
Composite bridges:

So.me.ﬁ"f‘eS, a bridge is constructed by a combination of
two dissimilar Materials. Such bridges are known as the
composite bridges ang they are adopted when it is found
that.a particular Material, .if used alone, is likely to resuit
0 an unusually large section. Under such circumstances,
the weak materia) js strengthened by combining it with
another material, The common examples of composite
construction are: -

(1) concrete beams reinforced with steel bars,

(2) precast pre-stressed concrete girder with cast-in—situ
R.C.C. slab, ‘

(3) rolled steel joists topped by a cast-in—situ R.C.C.
slab, etc. ,
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Following are the advantages of the composite bridges:

(1) It leads to the reduction in deflections and vibrations.
(2). It leads to speed in construction.

(3) It proves to be economical

(4) It results in better quality control.

(6) The cost of foundations for the abutments is reduced.
(7) The cost of transportation is minimized.

(8) The overail depth of beam for a composite construction
is reduced and it leads to savings in lengths of
approaches.

QUESTIONS

Enumerate various types of bridges with the fixed—span
superstructures.

Describe the various types of simple bridges.
What are the advantages of a deck bridge?

What are the continuous bridges? Where are they
adopted?

What are the advantages and disadvantages of the
R.C.C. continuous girder bridges over simply supported
girder bridges?

Describe the cantilever bridges.
How are the arches classified?

Mention the advantages and disadvantages of the
arch bridges.

Describe the bow-string girder type bridges.

. Write short notes on:

(1) Through bridges

.(2) Filled spandrel arch

(3) Barrel type arch bridge

(4) Semi-through bridges

(5) Bridge with counter—weighted cantilevers
(6) Continuous bridges

(7) Cantilever bridges

(8) Arch bridges

(9) Cement concrete bridges

(10) Steel bridges.
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11.

12.

13.
14.

15.

16.
17.
18.

19.
20.

21,

22.
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Enlist” the properties required for @ 9
material in cable-stayed bridges. d for the reliable
Which are the points to be kept in m'nbridges?
corrosion. protection of cable—stayef'. frame bridges.
Write an explanatory note on the rigid
Give sketches of the following:
(1) Deck bridge
(2) Open spandrel arch
(3) Steel bow-string girder bridge
(4) R.C.C. portal frame
(5) Suspension bridge
(6) Semi—through bridge
(7) Rib type arch bridges. . eir
What are the suspension bridges? ~ Mention th
advantages. .
Explain in detail the cable-stayed br,dges. d bridges.
Explain the role of cable sheath in cable—staye tion of
Write a brief note on the materials for constructi
Superstructures: idges?
What are the disadvantages of wooden bridges?
Write a critical note on the composite bridges.
Differentiate betwee
(1) Deck, through
(2) Continuous bri
(3) Three—hinged
(4) Arch bridge a
(5) Unstiffened a
(6) Filled spandr
(7) Barrel type
(8) Two plane

Cable-stayeq
Give reasons for
(1) A deck bridg

n the following: -

and semi-through brl.dges

dge and cantilever bridge .

arch and fixed arch .

nd bow-string girder bndqe \

nd stiffened suspension bridges

el arch and open spdandrel arch

and rib type arch bridges

system yapnd one plane system for
bridges.

the following: .

e is preferregd to through bridge for

carrying the highway traffic. . ;
(2) For the same width of bridge, the weight o
superst

. . e
fucture in case of a through bridge is mor
than that of a deck bridge. .

s
(3) At places where there are chances for foundation

. 9 t
to sink or settle, the continuous bridges are no
adopted. _




(4)
(%)
(6)
(7)

(8)
)
(10
(11)
(12)

(13)

(14)

(15)

(16)

(17)
(18)

(19)
(20)
(21)

(22)
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If rise to span ratio is above a certain limit, a filled
spandrel arch proves to be uneconomical.

The noise, which is very common in case of steel
bridges, is almost absent in the arch bridges.:

It becomes necessary to provide heavier sections
for the abutments and piers of an arch bridge.

In case of a stone arch bridge, the stones should
be laid or fixed with their natural bedding planes
normal to the direction of pressure.

An open spandrel arch generally proves to be
economical.

The supports of bow-string girder type bridges
require lighter sections.

A stiffened suspension bridge is adopted for the
heavy traffic.

Every effort should be made for the proper detailing
of joints of various members of the timber bridge.
It is not possible at present to adopt the ‘wooden
bridges for spans exceeding 45 m.

The effect of various horizontal forces such as
tractive effort and wind load will be comparatively
less on a deck type bridge than that on a through
type bridge.

The cantilever bridges are more suitbale for long
spans and deep valleys,

The rigid frame bridge gives more stébility.to the
supports as compared to the independent piers of
the same dimension.

The masking is required for a three—hinged arch
bridge.

The life of timber bridge is short.

No special external anchorage is required for the
cables of the cable-stayed bridges.

The stay—cables are the principal structural elements
of the cable-stayed bridges.

The use of steel bridges for the highways in our
country has almost been given up.

The Indian Railways prefer the steel bridges for
spans beyond 25 m.

The cable—stayed decks are less prone to the wind
induced oscillations than the suspension bridges.
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MOVABLE-SPAN

. SUPERSTRUCTURES
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!
General: :

4

In case of bridges with movable—span superstructures,
it is so arranged that the superstructure of the bridge does
not remain in a fixed position permanently. But it is possible
to move the superstructure so as to put the bridge out
of use, when necessary. It sometimes so happens that the
ships may have to pass through the high level bridges
requiring the provision of very high clearance. Such bridges
will require very high approaches or  highly graded
approaches even if the maximum clearance is to be prOV]ded
in the middle portion only. Where the traffic on the bridge
is such that suspension of traffic for a short duration on
the road or railway will not materially affect the overall
traffic, the high level bridges are built with decks with
minimum clearance above H.F.L. for normal passage of water
and the middle one or two spans or the entire span will

be provided with girders which can be moved for clearing
the navigation vessels.

It should be remembered that the movable bridges
represent specially designed structures and it is therefore
necessary to pay special attention to the machinery
involved and the housing, operation and maintenance of
such machinery. If an attempt is made to reduce the weight
of bridge by using material such as aluminium alloy, the
reduction in dead weight of the structure will considerably

bring down the cost of ired for the working of
the “bridge f power require

Following are t

he various bridges with movable—span
superstructures:

I.  Bascule bridges

Il.  Cut-boat bridges
lll.  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.
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I. Bascule bridges:

in case of a bascule bridge, the entire superstructure
is rotated in a vertical plane about a horizontal axis. Suitable
rack and pinion arrangement and counter—-weights are
provided for easy operation of hinge at the bank end of
the bascule. An angle of 70° to 80° with the horizontal is
formed, when the bridge is in the lifted position.

— Hinge \

Single bascule bridge
Fic. 5-1

' Hinge \ f Hinge

e e e e e e e e e cme e—
— — w— e — tmm—— et mmmm e eeemm
e e e e e e e —— e m —ew e
—— e e et m— om—m ewve cmmm emeem e

s e e e e e e eme e e e e

N N N N N N N N

Double bascule bridge
Fic. 5-2

. Depending upon the width of channel, the bascule
bridge may either be single or double. Fig. 5-1 shows a
single bascule bridge and fig. 5-2 shows a double bascule
bridge. It is quite evident that fwo smaller leaves of the
double bascule bridge can be raised faster than a single
larger one of the single bascule bridge and in addition, the
double bascule bridge will require smaller counter-weights
and moving parts. The bascule bridge may either be of deck
type or through type.
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The bascule bridge is generally favoured as it possesses
the following advantages especially over the swing bridge:

(1) 1t can be opened easily and rapidly.

(2) It.is easy to construct another bascu!e adjacent to
the existing one in future, if need arises.

(3) Its initial cost is low.

(4) The opening can be adjusted in the sense that it
can either be made large to allow large vessels or
can be made small to allow small vessels.

(5) When it is in the lifted position, the entire span of
bridge is available. Hence, the vessels get more
space for navigation.

The only drawback of this bridge is that its working
is seriously . disturbed, when the wind is blowing with
high velocity.

1. Cut-boat bridges:

The arrangement of cut—boat bridge is provided for boat
bridges i.e. when the superstructure of brid.ge is resting on
the boats. It is so arranged that some portion of thp ent[re
span of bridge can be moved on the downstream side with
the help of cables attached to adjacent portlons‘as shown
in fig. 5-3. This small portion is specially designed and

cODStrUCted' Cables

/] VRN N
/ N
/ N
/] : N
g v ) >
\ 1 p s N
|F\ al S
e a°
' ﬁ*{' Boat Positi
o ut-Boat Posit onl
b‘ = -\j
Plan
Cut-boat bridge
Fic.5-3
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The cut-boat bridge is provided when it is necessary
to provide some passage for the navigation traffic. When
the ships pass out, the movable—span is pulled back and
it is placed in its normal position.

lil. Flying bridges:

In case of flying bridges, a boat or a raft is attached
to a suspended cable by means of the swinging cables.
It is so arranged that the boat makes an angle of about
55° with the direction of flow. The suspended cable is
stretched across the river and it is kept above the level
of the highest flood of the stream.

Tot|ner Tower

)
/ N
4’ w'"e'jko }Z—Suspended Cable L éj
y \
A Swinging Cables N
Vs N
/ = N
A §§ N
. e
Boat o°
Road 1 Road
551,]
j N
N

Plan of a flying bridge
FiG. 5-4
The boat moves from one bank to the other by the
pressure exerted by current of flow. When the boat

reaches the other end, the direction of swinging cables
is changed.

The flying bridges can be used only to carry light
passenger traffic. They can be adopted for short spans
only and at places where enough materials are not
available for the construction of permanent bridge across
the stream and the available funds are also too small.

IV. Lift bridges:

In case of lift bridges, the whole span is vertically lifted
up by means of suitable arrangement of the pulley and
counter-weight as shown in fig. 5-5.

The towers are provided on either side with sheaves or

grooves. The rigid trusses of the bridge are moved up
and down by the cables which. pass over pulleys mounted
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at the top of the towers and the pulleys in turn are connected
to the c%unter—weights, at the other end. When the truss
is lifted up in vertical plane, it allows navigation in the
channel. A light over—head truss is generally provided at
the top connecting the two towers. Such an arrangement
results in better bracing and it permits support to a walkway
during maintenance work. The lift bridge compares very:
favourably with the bascule bridge and is found to be cheap,
in cost for long spans.

Lifted Position Pulley

Tower-)—’ N\ < Tower
KT K T 771

NININLZ 70y ’

VI T A A
i X / )
cunter weights

’Y'+ 'fl

-3

< Cable
77T 7T 77 CUR N N
Lift bridge
Fic. 5-5

Following points should be noted:

(1) Number of towers: The total number of towers may
bg two or four i.e. one on either side of bank or two on
either side of the bank. .

(2) Construction: The lift bridges are simple to design
and construct. It is also easy to operate them.

_(3) Overhead trusses: To give more rigidity to 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 the
yvudth of.stream or river. But if the width of stream or river
is more, |t. may even form the part of total length of the bridge.

_(5) Wind pressure: The effect of wind pressure on a lift
bridge is not appreciable and as such, its working is not

seriously disturbed even when the wind is blowing with
high velocity.
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V. Swing bridges:

In case of swing bridges, a central pier is provided with
suitable bearings or rollers. The superstructure consists of a
pair of steel trusses and it can be rotated in a horizontal plane
.about a vertical axis by some suitable equipment. Fig. 5-6
shows plan and elevation of a swing bridge. The dotted lines
indicate the position of the bridge after rotation.

L—
Pier Eiand
N__River Bed
Elevation
m 1N
[ n
T )\
,/ Puer—\H Steel Truss—* t
, 7171 | I .

g | 1 LI : N
y 11 (B N
AW & | 11/

/ L Seel Truss N—=7 \
/ i 1l N

Il
t
LL L

Plan

Swing bridge
Fic. 5-6 >

Following points should be noted:

(1) Flooring: Depending upon the alignment of road, the
flooring of bridge may be placed at the top or bottom boom
of the trusses.

(2) Locking arrangements: The bridge should be provided
with such locking arrangements that it remains parqllel'to
the flow during open position and that it remains in line
with road in normal position.

(3) Position of pier: It is usually so arranged that the
pier divides the length of bridge into two equal spans. But
if it is not possible to have equal spans, the shorter span
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should be provided with necessary extra weight to
counterbalance the -excess weight of longer span. '

The swing bridge is not favoured at present because
of its following disadvantages:

(1) Land trafficc When the swing span is rotated, there
is no protection to the land traffic at the water edge.

(2) Navigational capacity: The bridge divides the wider
waterway into two narrower halves and hence, the
navigational capacity of the waterway is reduced.

(3) Obstruction to the flow of water: The pier causes
obstruction to the flow of water and it deflects the currents
of water towards the banks.

(4) Time of operation: The bridge has to be swung for
ninety degrees even to allow passage to a small vessel.
Thus, it requires a long time for each operation.

VL. Transporter bridges:

In case of transporter bridges, a moving cage is suspended
from an overhead truss with the help of cable or wire ropes
as shown in fig. 5-7. The overhead truss rests on two
towers and it contains rails for cage to roll. The cage Is
loaded with persons or goods and it is then allowed to move
from one end to the other end of river. This type of bridge
Is used within a harbour area to provide an arrangement
for shifting of men and materials across a channel.

,_/——Ouerhead Truss

Tower ~<Tower
~<-Cables
-
~<-Cage
P A . N

—————————
——————————
—————————
e e am o — e . ——
—————————
——————————

Transporter bridge
Fic. 5-7
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The transporter bridge behaves more or less as a ferry
than a bridge for the vehicular transport.

VIil. Traversing bridges:

In case of traversing bridges, it is so arranged that the
whole bridge can fully-or partly be rolled forward or
backward across the opening as shown in fig. 5-8. The
bridge is provided with rollers on the approaches. The
traversing bridges are now obsolete.

Deawn Position— %—-Normal Position

KX~ XK™XK~™T X
‘ INZINZVN/Z N/

L/NtP /N L /ZN L7\ |

NV ===

Rollers  °} — — — — —_ —.

Traversing bridge
Fic. 5-8

QUESTIONS
1. When are the bridges with movable—-span super—structures
necessary?

2. Enumerate the various bridges with movable-span
superstructures.

3. Describe the bascule bridges and mention their advantages.
What are the cut-boat bridges?

Write short notes on the following:

(1) Transporter bridges

(2) Traversing bridges

(3) Double bascule bridges

(4) Lift bridges.

Explain the flying bridges.

Describe the lift bridges.

What are the swing bridges? ~
What are the disadvantages of swing bridges?

o

© 0N
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10.

11.

12.
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Give sketches of the following:

(1) Single bascule bridge

(2) Cut-boat bridge

(3) Lift bridge

(4) Swing bridge. .

Differentiate between the following:

(1) Single bascule bridge and double bascule bridge

(2) Cut-boat bridge and flying bridge
(3) Lift bridge and swing bridge
(4) Transporter bridge and traversing bridge.

Give reasons for the following:

(1) The bascule bridge is generally favoured over the
swing bridge.

(2) The working of a lift bridge is not disturbed even
when the wind is blowing with high velocity.

(3) The swing bridge is not favoured at present.

(4) It is necessary to pay special attention to the

machinery involved in the working of the movable
bridges. '

(5) A light overhead truss is generally provided at the
top connecting the two towers of a lift bridge.
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Definition:

A culvert is defined as a small bridge constructed over
a stream which remains dry for most part of the year. A
culvert is thus a cross drainage work having a total length
not exceeding 6 m between the faces of abutments or
extreme ventway boundaries when measured at right
angles to the axis of ventway.

The culverts are provided as. the cross drainage
structures in the following two cases:

(1) for draining small pockets or catchments with no
. definite stream channels and also where the height
of the bank is small, and

(2) for small streams with rigid boundaries or semi-rigid
boundaries.

According to function or purpose, the culverts may be
classified as highway culverts or railway culverts. The
design aspects for these two classes will be different. The
individual cost of each culvert may be small. But in all
important highway or railway projects, the total cost 9f all
cross drainage structures in the form of culverts will be
substantial. ‘ :

In this chapter, the topic of culvert will be briefly
described.

Waterway of a culvert:

The general principles which are to be observed in the
design of the waterway of a culvert can be mentioned as
follows: :

(1) 1t shoJld be assumed as flowing only half full when
the approach channel is wide and narrow; and can
be taken as 3/4 full, if the banks are steep and the .
channel is narrow. ‘

(2) It should be large enough to carry the flow without
any appreciable heading up at the entrance.

(3) It should be placed in such a way that there is
adequate 'cushion above the top of the culvert,
specially pipes and arches.

(4) The velocity through the culvert should be limited
to 150 cm/sec:
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For working out the waterway of a culvert, the following
formulas are generally adopted:

(1) For catchment area upto 40 hectares:

(i) A = 0.09 C Suitable for Deccan conditions and
permissible velocity of about 3000 mm
\ per second.

(i) A = 0.029C Suitable for North Gujarat conditions
and permissible velocity of about
1500 mm per second.

(2) For catchment area from 40 to 280 hectares:

(i) A = 0.05 C +1.63 Suitable for Deccan conditions
and permissible velocity of about
3000 mm per second.

(i) A = 0.0255 +1.63 Suitable for North Guj§rét
conditions and permissible
velocity of about 1500 mm
per second.
where A = area of waterway in m2
C = catchment area in hectares.

Types of culverts:

Following are the six different types of culverts:
(1) Arch culverts

(2) Box culvens

(3) Pipe culverts

(4) Slab culverts

(5) Scuppers

(6) Causeways.

Each of the above type of culverts will now be briefly
described. N

(1) Arch culverts: An arch culvert of stone masonry
may be adopted for span ranges of 2 m to 6 m. Fig. 6-1
shows an arch culvert. The arch culvert is provided with
the abutments, wing walls and parapet.

(2) Box culverts: In case of box culverts, the

rectangular boxes are formed of masonry, R.C.C. or steel.

The R.C.C. box culverts are very common and they consist
of the following two components: ' ’

(i) The barrel or box section of sufficient length to
accommodate the roadway and the kerbs.
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(ii) The wing walls splayed at 45° for retaining the
embankments and also for ,guiding the flow of
water into and out of the barrel.
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Fic. 6—1
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Fig. 6-2 shows an R.C.C. box culvert with {wo openings.
Following points should be noted:
(i) Foundations: The box culverts prove to be safe
where good foundations are easily available.

(ii) Height: The clear vent height i.e. the vertical distance

between top and bottom of the culvert rarely exceeds 3
metres.

(iii) Span: The box culverts are provided singly or in
multiple units with individual spans ranging from 1 m to 4 m.
When the total span exceeds about 6 m or so, it requ.ires
thick sections which will make the construction uneconomical.
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(iv) Top: Depending upon the site conditions, the top
level of box culvert may be at the road level or it can even
be at a depth below road level with filling of suitable
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Pipe culvert
Fic. 6-3

(3\) Pipe culverts: For small streams crossing the
road or railway embankments, one or more pipes may be
placed to act as the culvert. The diameter of pipe is kel{'t
not less than 300 mm. The exact number of pipes and their
diameters will depend on the discharge and height of bank.
The. pipe culvert is useful when there is no defined channel
as in case of flat country. Fig. 6-3 shows a typical pipe
culvert. The pipes are the cheapest and quickest form of
culvert to construct and they are provided when the discharge
is low, say upto about 10 m3/sec.

Following points should be noted while designing pipe
culverts:

(i) Concrefe bedding: It is necessary to provide the
concrete bedding of suitable depth below the pipes.

) .(ii) Construction at ends: At both ends of pipe culvert,
it is preferable to provide masonry head walls with arch
at top- when the depth of filling is small. The construction
of head walls at the ends of the road formation width assists
to retain the earth and prevents the stream water to damagée
the embank.ment. If the depth of filling is more, it will not
be economical to provide high head walls and in such
cases, the length of the culvert should be increased in such
a way that the embankment, with its natural side slopes,
is accommodated without high retaining walls. In both the

cases, the splayed wing walls may be provided alongwith
the head walls at the ends.

(iiiy Earth cushion: An earth cushion of minimum depth
of 450 mm should be provided at the top of pipes.-

~
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(iv) Material of pipe: The pipes may be of R.C.C., cast—iron,
steel or wood. The cast-iron pipes are suitable upto a
diameter of 750 mm and R.C.C. pipes are suitable upto a
diameter of 1800 mm.

(4) Slab culverts: A slab culvert consists of stone
slabs or R.C.C. slab, suitably supported on masonry walls
on either side, as shown in fig. 6-4. The slab culverts of
simple type are suitable upto a maximum span of 2.50 m
or so. However, the R.C.C. culverts of deck slab type can
economically be adopted upto spans of about 8 m. However,
the thickness of slab and dead weight may sometimes prove
to be the limiting factors for deciding the economical span

of this type of culverts.
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The construction of slab culverts is relatively simple as
the framework can easily be arranged, reinforcc—;ment.can be
suitably placed and concreting can be done eas.lly. Thls' type
of culvert can be used for highway as well as railway bridges.

Depending upon the span of culvert and §ite cqnditions.,
the abutments and wing walls of suitable dimensions may

‘be provided. The parapet or hand rail of at least 750 mm
height should be provided on the slab to define the width
of culvert. )

(5) Scuppers: A scupper is the cheapest type of culvert
and it is provided when the width of stream to be crossed
is only about 900 mm to 1000 mm. It is used on unimportant
roads. A typical scupper is shown in fig. 6-5. The abutments
are constructed with coursed dry rubble masonry and to
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reduce the width at the top, they are corbelled from both
the sides till a gap of 500 mm to 600 mm remains. The
gap is then covered up by stone slab or R.C.C. slab. The
hand packed dry stones are laid over the slab as well as
around the scupper. The retaining walls are constructed on
both the ends of the scupper.

/—Pamnet
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le<—50 to 60—>1 |
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Coursed L 90 1000—>
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SIS TP T7 777 77 777777777 72777277
Scupper
Fic. 6-5

A scupper is thus a miniature form of causeway and
it is often preferred to small culvert in hill sections. It Is,
however, not suitable for use on the steep gradients.

_ (8) Causeways: The topic of causeways will now be
discussed in detail. -

. Definition: A causeway is defined as a small submersible
bridge at or about the bed level which will allow the floods
to pass over it. It is also known as an /rish causeway or dip.

Types: The causeways are broadly divided into the
following two categories: { j

(i) Low level causeway ( ;

(i) High level causeway.

_ The low level causeway or L.L.C. is a small submersible
bru‘{gez without openings. It is also known as a flush causeway
as it is situated at bed level of a stream. Fig. 6-6 shows
a low Ieyel causeway. If the road surface of the L.L.C. is
made simply by spreading the stones only, such a
construction is known as the metal dip and it is adopted
for roads of not much importance.
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The high level causeway or H.L.C. is a small submersible
bridge with openings. Fig. 6-7 shows a high level causeway.
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Necessity: For most of the small streams which are
crossed by roads of secondary importance, the construction
of a bridge on the basis of maximum flood discharge is
not justified. It is also found for such streams that the high
flood is occasional and the normal flow is very little or the
bed is dry most of the time. In such cases, it becomes
economical to construct a permanent btidge across the
stream to take up the average or normal flood discharge.

Thus, the causeways are found to be most suitable where
low cost is the main consideration such as village roads,
minor district roads, hilly areas, roads sponsored by community
projects, etc. It is quite natural that the submersible bridges
are not to be adopted for State highways or National highways.

1 4
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It is quite evident that the whole bridge will be subme;‘ged'
at the time of maximum flood and traffic will, thereﬂorec,l
have to be suspended during the duration of maximum I:'DI‘
discharge. The approaches of the causeway are gener i\sl-
provided with a gradient of 1 in 20 and strong pavm%ter
provided at the top surface so that the velocity of w d
at the time of maximum flood does not dislodge the road.

It is also to be seen that the formation level of road on

either side of the causeway is higher than the highest flood
level or H.F.L. ‘ .

Conditions to be satisfied: Following conditions, if

satisfied, justify the construction of a causeway across the
steam: ,

(i.)"DePth of water: The seasonal flow of water in the

stream should not be more and the depth of water should
be very small.

(i) Highest flood discharge: It is essential to check tl;at
the highest flood discharge does not flow in the streamb or
more than 8 to 10 days in a year and also for a ?Ut
4 to 5 hours ‘continuously during these days. It should also
be seen that the stoppage of traffic due to the passage
of high floods is not likely to exceed 3 days at a time and
not more than 18 days during the course of the year.

(i) Normal flood discharge: The normal or average flood
discharge of the stream should not be more than 40 per
cent of the highest flood discharge.

Data to be collected: Following data should be collected
before the Project of causeway is taken in hand:

(i) availability of fund, -

(i) flood ‘statistics of the stream for 10 to 12 years,

(iii) importance of road, .

(iv) nature of traffic, etc.

Design of H.[.

C.: Following procedure is adopted in the
design of H.L.C.:

(i) The cross-section of the stream is drawn.

(ii) - The normal flood
section and area
is worked out.

discharge is marked on the cross~
of waterway upto normal flood level.

(iii) From the cross-section, the wetted perimeter. upte:
normal flood level is calculated.
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(iv) The slope of bed of stream at the site of causeway
is determined.

(v) From the above details, the velocity of flow at the
site of causeway is calculated.

(vi) The suitable section of causeway is assumed
according to the tentative arrangement of the
openings.

(vii) If the normal flood level is accommodated in the
openings with suitable clearance, the assumed
section is adopted. Otherwise, suitable adjustments
are made in the assumed section of the causeway.

(viii) The H.F.L. is plotted on the cross—section of cause—
way. The strong concrete foundations should be
provided on the approaches upto the H.F.L..

QUESTIONS

Define a culvert and where are they provided?

What are the general principles to be observed in th
design of the waterway of a culvert? -

State how the waterway of a culvert is worked out.

Write short notes on:
(1) Arch culverts
'(2) Pipe culverts

(3) Slab culverts

(4) Scuppers.

Describe the box:-culverts.
Define a causeway and describe its types.
What is the necessity of providing a causeway?

State the conditions to be satisfied and data to be
collected for a causeway.

Describe the procedure of design of H.L.C.

Give sketches of the following:
(1) R.C.C. box culvert

(2) Pipe culvert

(3) Scupper

(4) Low level causeway

(5) High level causeway.
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Differentiate between the following:

4]
(2)
3
(4)
(5

Minor bridge, major bridge and long span bridge
Arch culvert and box culvert

Pipe culvert and slab culvert

Low level causeway and high level causeway
Flush causeway and metal dip.

Give reasons for the following:

4
2

)

(4)
()

The construction of slab culverts is relatively simple.

The causeways are found to be most suitable
where low cost is the main consideration.

The approaches of the causeway are provided with
strong paving.

If the span of box culvert exceeds 6 m, its
construction proves to be uneconomical.

At both ends of pipe culvert, it is preferable to
provide masonry head walls with arch at top when
the depth of filling is small.
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General:

The

top surface of bridge floor is covered up with

suitable flooring material. In this chapter, the various flooring
materials suitable for bridge floors will be discussed.

Factors affecting the choice of flooring material:

Following factors should be carefully considered while
deciding the type of flooring material for the bridge:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

availability of local materials and labour,
climatic conditions,

fund available for flooring,

importance of the bridge,

intensity of traffic,

nature of the bridge,

nature of traffic, and

use of the bridge.

Requirements of a good flooring material:

Following are the requirements of a good ﬂ°9ring
material for a bridge:

(1)

(2)
(3)

(4)
&)

(6)
(7)
(8)
(9)
(10)

It should be able to absorb the vibrations and impact
caused by the traffic.

It should be capable of being easily drained. .
It should be cheap.in construction as well as In
maintenance.

It should be fire—proof.

It should be non-absorbent, dust—proof and non-—
slippery during monsoon.

It should be strong and durable.

It should grant a sense of safety to the bridge users.

It should not create noise when traffic passes over it.
It should not give glare to the traffic. .
It should provide a smooth riding surface for the traffic.

Types of floors:

The

bridge floors may broadly be divided into the

following two categories:

(1)
(2)

Open floors -
Solid floors.
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Each of the above type of bridge floor will now’
described in brief.

(1) Open floors: In case of open floors, the spa
between the main girders is covered by the required ‘pa
of floor only and the remaining space, as such, is kept.op
Hence, no flooring material will be required for such flo

and as such, the open floors will not require any drainag
provisions.
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The open floors are adopted for the railway bridges
which are situated outside the limits of town or city. Fig.- 7-1
shows the plan of a typical open floor for a single track
railway bridge. The open floors can be easily inspected and
they prove to be economical.

(2) Solld floors: in case of solid floors, the top surface
of the floor of highway bridge or railway bridge is covered
up by a suitable flooring material.

Flooring materials:

[J
lI
ll
]
[
i

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

(1) Jack arch
(2) Mild steel buckle plates
"(3) Mild steel plates
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(4) Mild steel troughs

(5) Reinforced cement concrete

(6) Timber.

Each of the above type of flooring material will now be
briefly described.

(1) Jack arch: In this type of floor, the cement
concrete arches are constructed and these arches rest
on the lower flanges of mild steel joists as shown in fig. 7-2.
The joists in turn rest on R.S. beam.

F!ooringw
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Jack arch floor
Fic. 7-2

The joists are placed at a distance of about 800 mm
to 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.

(2) Mild steel buckle plates: The mild steel buckle
plates are bent in the form of an arch and they are available
in the standard sizes. The thickness of buckle plates varies
from'6 mm to 11 mm and the rise is about 60 mm to 90 mm.
The space above the buckle plates is filled up by the asphalt
or concrete. The minimum depth of filling at the crown
should be 75 mm. The buckle plates are connected as
shown in fig. 7-3.

. - F!ooring—\ : _ \

\—Buckle Plate

Buckle plate floor
Fic. 7-3
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The buckle plates may be fixed either between the
main girders or between the cross—girders. If they are fixed
between the main girders, the cross—girders and stringers
will not be required. If they are fixed between the cross—
girders, only the stringers will be eliminated. '

. The buckle plates flooring is very common for the
highway bridges.

(3) WMild steel plates: In this case, the flat mild steel
plates of thickness about 15 mm, are provided to act as
flooring material for the bridge. The steel plates are suitably
supported and enough holes are provided to drain off the
rain water. '

(4) Mild steel troughs: A trough is a steel section
prepared in a particular shape as shown in fig. 7—-4. The
trough floor is similar to the buckle plate floor except that
the troughs are used in place of the buckle plates. The
troughs are usually filled up with concrete with a depth of
. about 75 mm above the top of trough. A bituminous layer
is provided over the concrete.
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Fic. 7-4

The troughs may be fixed transversely or longitudinally.
as in case of the buckle plates. In the first case, the troughs.
are _flxe.d 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 troqgh ‘flooring ‘is used for road bridges or railway
bndggs. If it is to be adopted for a road bridge, a wearing
coat is provided over the bituminous layer. If it is to be
adopted for a railway bridge, the ballast is spread over the
bituminous layer. Alternatively, the sleepers may directly be
placed over the troughs and the troughs may be filled up
with the ballast instead of the concrete. "
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(5) Reinforced cement concrete: In case of R.C.C.
floor, a slab of suitable thickness is provided with necessary
reinforcement. The R.C.C. flooring is not adopted for the
railway bridges. But it has become very popular for the
highway bridges.

(6) Timber: In case of the timber flooring, the wooden
planks of suitble thickness are used. However, they are liable
to catch fire. The wooden floor is light in the weight as
compared to the floors of other materials. The wooden floor
is suitable for the foot-overs only to carry the light traffic.

Following points should be noted in connection with the
timber flooring: '

(i) Arrangement: The wooden p‘lanks are placed slightly
in an inclined pasition as shown in fig. 7-5. :

. —Wooden Planks.
[~
/

Timber floor
Fic. 7-5

(ii) Layers: The wooden planks may be. placed either
in single layer or double layer. For single layer, the minimum
thickness is 75 mm. For double layer arrangement, the
minimum thicknesses of upper and lower layers should
respectively be 40 mm and 75 mm.

(iii) Life: If wood of superior quality is used and if
wooden planks are well maintained, the timber flooring is
quite durable and it can have a useful life of 5 to 10 years.
However, they are liable to catch fire.

(iv) Weight: The timber flooring is light in weight as
compared to other flooring materials.
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Drainage of floors:

The bridge floors should be given necessary slope in
the transverse direction and the holes or space should be
kept at the edges to drain off the water. If this precaution
is not taken, the water collected over the bridge floor may
cause inconvenience and discomfort to the bridge users.

QUESTIONS

1. Mention the factors which affect the choice of flooring
material.

2. 'What are the requirements of a good flooring material?
What are the two types of bridge floors?

4. Describe the use of following materials as the flooring
materials for the bridges:
(1) Jack arch
(2) R.C.C.
(3) Timber.
5. Discuss the use of mild steel buckle plates, plates and
- troughs as flooring materials for the bridges.
6. Write short notes on:
(1) Drainage of bridge floors
(2) Open floors
(3) Flooring of mild steel troughs
(4) Timber flooring.
7. Differentiate between the following:
(1) Open floor and solid floor
(2) Mild steel buckle and mild steel trough
(3) Jack arch floor and R.C.C. floor.
8. Give reasons for the following:
(1) The open floors will not require any drainage provisions.
(2) The open floors are adopted for the railway bridges.
(3) The timber flooring is used for the light traffic only.

w

(4) Suitable arrangement is made to drain off the water

for the solid floors. '

(5) A suitable elastic material is provided at the top of

jack arch floor.
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General:

A bridge is to be designed for the worst effects produced
by various forces, loads and stresses which are acting on
it simultaneously. The loads on the bridges are partly imposed
by the vehicle and the user and partly by nature. It was
found necessary to lay the standards for the guidance .of
the engineers to design the bridge structure so that uniformity
is maintained in designing the same.

In 1903, the Swiss Institute of Engineers and Architects
introduced for the first time the provisional standard
specifications for the bridges. It was followed in 1910 by
Austria, France and Germany. The standards have now been
laid down all over the world both by the railways and
highway departments.

The public roads and railways in India are mar!aged
and controlled by the Government and hence, the bridges
to be constructed for roads and railways are to be
designed as per standards set up by the concerned
authorities. For highway bridges, the standard specifications
are contained in the Indian Roads Congress (I-B-C-)
Bridge Code and for railway bridges, the Indian Railway
Standard (I.R.S.). Bridge Rules are framed to accommodate
the standard specifications. The Bureau of Indian S.tanda‘rds
(BIS) has also framed specifications for certain types
and conditions of bridges and they are to be followed,
whenever applicable. ‘

To facilitate easy working, the Indian Ro.ads Congress
has issued printed booklets containing drawings for slabs
and beams for standard spans and also for piers and
abutments of normal heights. Similarly, the Resgarch I?eSIgn
and Standards Organisation (RDSO) of the Indian Railways
has evolved drawings for standard spans a]nd also
computer programmes for the design of piers and
abutments. The detailed design is therefore carried put
only in respect of the bridges with long spans and having
very deep waterways. ‘

It may be mentioned that the structural design of a
bridge is a subject by itself and the only thing intended
to cover up in this chapter is to mention the broad outlu;\e
of loading on the bridges.
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~Following are the various such forces, loads and stresses
acting on a bridge:
I.  Buoyancy pressure
i. Centrifugal forces
.- .Dead load
IV. Deformation stresses
V. Earth pressure
" VI. Erection stresses
VIl. Impact load
VIl. Live load
IX. Longitudinal forces
X. = Secondary stresses
Xl. Seismic load
Xil. Temperature variation forces
XUl Water pressure -
XIV. Wind load.

It may be mentioned that none of the forces mentioned
above, ‘except the dead load and the live loads in the static
state, can be precisely estimated and hence, the empirical
or semi—empirical methods have been evolved for working
out these forces. Such formulas are generally based on
‘experience and to a certain extent, on the observations:
made on the models.

Each of the above force,
briefly described.

1. Buoyancy pressure:

The effect of buoyanc
bridge, only if the strata
words, if the bridge found
and impermeable strata
buoyancy in the desi
be remembered whi|
are as follows:

(1) The effects of
the design of an

load or stress will now be

y is considered in the design of
of soil are permeable or in other
ations are resting on homogeneous
of soil, on provision is made for
gn- of bridge. The important facts to"~
€ considering the force of buoyancy

buoyancy are to be considered in
i abutment, especially the abutments
of a submersible bridge. In such a case, it is assumed
that the filling behind the abutment is washed away
or removed by the scouring action. ‘
(2) For the design of submerged masonry or concrete
structure the buoyancy effect through pores is
limited to the extent of 15 per cent of the full
buoyancy effect. .
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(3) For the design of submersible bridges, the full buoyancy
effect on the superstructure, piers and abutments
is to be considered.

(4) If member under .consideration displaces water
only, the reduction in weight due to the buoyancy
for that member is taken as equal to the volume
of the displaced water.

(5) If member under consideration displaces silt or sand
in addition to water, the reduction in weight due to
buoyancy for that member is workdd’ out by taking
into account the two factors, namely, (a) upward
pressure due to the submerged weight of silt or
sand and (b) full hydrostatic pressure due to a depth
of water equal to the difference in levels between
foundation of member under consideration and free
surface of water. For finding out upward pressure
due to the submerged weight of silt or sand, the
Rankine's theory is applied by assuming suitable
angle of internal friction. In case of (b), the free
surface of water is worked out for the worst condition.

~ Il. Centrifugal forces: '

When a road or a railway bridge is situated on a curve,
the effect due to centrifugal force is to _be considered in
the bridge design. Following formulas are adopted for the
road and railway bridges: ‘

(1) Road bridges:

2
c = 1;” s\;ls R o
where C = Centrifugal force in kilonewtons acting normally
at the point of action of the wheel loads or in
kilonewtons per m length in case of uniformly
distributed live load .

W = Live load in kilonewtons in case of wheel loads
or in kilonewtons per m length for uniformly
distributed live load

V = Designed vehicle speed in km p.h.

R = Radius of curvature in m.

The horizontal load due to centrifugal force is considered
to be acting at a height of 1200 mm above thg level of the
carriageway and it is not to be increased for the impact effect.
(2) Railway bridges: '
wv 2

C = ——
12.95 R
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where C = Horizontal load due to centrifugal force in
’ kilonewtons per m length

W = Equivalent uniformly distributed load in
- kilonewtons per m length

V = Maximum speed in km p.h.

R = Radius of curvature in m.

The horizontal load due to centrifugal force is con§|icllzl"leecll
to be acting at a height of 1830 mm above. the r?l MG
for B.G. and a'f"a.height of 1450 mm above the rail level for M.G.

The expression for both types of bridge in m.k.s. system
will be as follows:

c - w2
' 127 R

where  C and W will pe taken in tonnes instead of kilonewtons.
. Dead load:

The dead |oag indicates the load of structure itself. ;t
depends on Various factors such as live load to be carried,
length of Span, working stresses adopted in the design, etc.
It has to pe initially assumed for the design purpose.

rules are followed:
(1) The deagq. load of the structure is assumed by

reference to suitable empirical formulas or by
comparison to similar existing structure. )

(2) After the design is finalized, the actual weight of
Structure g worked out. If there is appreciable
dlfference between the actual and assumed dead
loads, . the design is revised accordingly.

Somé of

tr iri [o]

. res are as follows:
(1) Unwin’s formyja;

W = 20:#
_— r .
= Weight of one span in tonnes excluding weight
- or Cross—girders and flooring
_ ad to be carried in tonnes

P

L

I = Ratio of span to depth
f

c

where W

= Working stress in tonnes per cm?2

= Constant which varies from 1200 to 1400 for
plate girders and from 1700 to 1900 for trusses,
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(2) American formula for plate girders:.

P L
W= 32344q
where W = Weight of plate girder in kg
P = Total live load carried in kg
L = Span in m
d = Total depth of girdér in cm.

(3) American formula for trusses:

b - 1.83 L2
e —— + —
1.62 20

where W = Weight in kg per m excluding weight of cross—
girders and flooring

P Live load in kg per m2 \

b Clear width of roadway in m

L = Span in m. |
(4) R.C.C. arches:

W =164 cCL

w

03 P+ 25 b +

where W = Average dead load in kg per m2, including
weight of the wearing surface and weight of
fill above the crown .
L = Spanin m
C = Constant. It depends on the ratio of rise to span

of the arch. Its values for rise to span ratios

of 1,1 and 1 are respectively 12.40, 10.40
4 6

and 9.00.
(5) R.C.C. slab bridges upto 6 m span:
W =425 + 148 L

where W = Dead load in kg per m2 including load of
wearing surface of 195 kg -per m?2

L = Span in m.
(6) R.C.C. slab and T beam bridges:
W =425 + 82 L

where W and L are as above. This formula is adopted
for spans from 6 m to 15 m.
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IV. Deformation stresses:

Any bending stress which is developed in a steel member
either due to vertical deflection or rigidity of the joints is
termed as the deformation stress. The deformation stresses
are to be taken into consideration for steel bridges only.
The steel bridges are to be designed, manufactured and
erected .in such a way that the deformation stresses are
brought down to a minimum possible level. For the purpose
of assumption only, the deformation stresses may be taken
as not less than 16 per cent of the live load and dead load
stresses. The deformation stresses are to be ignored in case
of prestressed girders of steel.

V. Earth pressure:

- The components of bridge which are required to retain
earth should be designed for suitable earth pressure. The
position of live load on earth causes pressure which is
known as the Jive load surcharge and it should be properly
considered in the design of bridge.

The LLR.C. recommends the theory of Coulomb with a
slight modification. The height of the centre of pressure
above bottom is to be taken as 0.42 of the height of wall
above the base instead of 0.33 of that height as per Coulomb's
theory. It should also be seen that a bridge structure ‘is
designed for a minimum horizontal pressure equivalent to
the one exerted by a fluid weighing 4800 N per m3.

- The design of abutments of the railway bridges is based
on the Rankine's principles. The use of Rankine's theory
may be considered conservative. But the Indian Railways
have adopted this theory considering the vital nature of
the bridge structures.

VI. Erection stresses:

When'the_ structure is being erected, some stress is likely
?o occur in its various members. The stress so developed
in the member may be of different type than the one which
develops during the normal use of the member. The erection
stress .shou'ld" be checked and if it is not within the
permissible limit, adequate provision should be made in the
design for offering resistance to it.

VIi. Impact load:

The stresses developed due to fast moving heavy
vehicles over uneven surfaces in case of road bridges or
due to trains moving over uneven rails in case of railway
bridges are known as the stresses due to impact.
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Foltowing points should be noted in connection with the
impact load: }

(1) Depth of floor: If the depth of solid floor of bridge
is more, the effect of impact is less.

(2) Filling of arch: In case of spandrel-filled arch
bridges, the effect of impact is considerably reduced due
to absorbing power of filling.

(3) Footways: The footways are not designed for the
impact load. _

(4) Hammer blow action: In case of road bridges, the
hammer blow action is absent. Hence, the impact effect due
to hammer blow action is more prominent in case of the
railway bridges than in case of the road bridges.

(5) Span: The -impact load is inversely proportional to
the span. It is, therefore, smaller on a large span than on
a short span. -

(6) Speed of vehicle: The impact load, within certain
limits, increases with the increase in speed of the vehicle.

The provision made in the design of a bridge for impact
is expressed as a fraction of the live load stress. Such @
fraction is termed as the jmpact factor or -coefficient of
impact. The analytical method of finding out the impact
factor is very complex. The various empirical formulas are,
therefore, framed to work out impact factor and it is observed
that results obtained by the application of these formulas
are fairly accurate. o

Following are the commonly used empirical formulas for
the impact factor:

For road bridges:
(1) Road organization of Great Britain:

I = 80
90 + 1.64L (n + 1 ’ . : 0.70
where I = Impact factor, subject to a maximum of 0.
L = Span in m
n = Number of traffic lanes.
(2) Indian Roads Congress: ’ -
(i) For LR.C. Class A or B loading:
4.5 _ (for R.C.C. bridges of spans less than)(
=51 3 m with a maximum value of 0.50
Fq 9 (for steel bridges of spans less than)
- = 13.5 + L \3 m with a maximum value of 0.545
where [ = Impact factor
L = Span in m.
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: /
When the span exceeds 45 m, the impact factors’ for
R.C.C. bridges and steel bridges are taken respectively as
0.088 and 0.154. The curves as shown in fig. 8-1 may be
used to determine the impact percentages for the highway
bridges designed for the Class A and Class B loading of I.R.C.
54-50 % For L<3m

/SO % For L 3

[J 4

. 50 \

- < 40N
] K Steel Bridges
& 30 P / .

g 3 R 1540 % Fer L > 45m

-é 10 R C.Br fdges\\" 8-80 %o For L > 45m
00 5 IO lLSJO 25 30 35 40 45 S50 55 60

Span L in Metres
Curves showing impact percentages for
‘R.C.C. and steel bridges
Fic. 8-1
(i) For ILR.C. Class AA loading:
Table 8-1 shows the impact factors for I.R.C. Class AA
loading.

Following points are to be noted in connection W|th the
impact factors for the I.R.C. loadings:
(i) The impact allowance should be made for the desugn
of bearings.
(i) The substructure is designed partly for impact load
and depending upon the depth, a reduction factor
is applied to the impact factor as shown below:

Bottom of bed block .. 0.50

For the top 3 m of the .. 0.50 decreasing
substructure below the uniformly to zero
bed block Zero

For portion of substru—- .. 0.00

cture more than 3 m
below the bed block

(i) If there is filling of any material including road crust
of depth not less than 600 mm, the allowance for
impact may be reduced to one—half as worked out
from above considerations.

(iv) The span covered by the load should be taken as
the effective span length.




Loading on Bridges 141

TABLE 8-1
IMPACT FACTORS FOR I.R.C. CLASS 44 LOADING

(a) Main girders
having effective
spans greater

than 9 m:

R.C.C. bridges 0.10 upto 40 m span | 0.25 for spans upto 12 m;
and 0.088 upto and | varying from 0.25 to 0.088
above 45 m span | for spans between 12m

and 45 m; and 0.088 for
spans greater than 45 m.
Steel bridges 0.10 for all spans 0.25 for spans upto 23 m;

varying from 0.25 to 0.154
for spans between 23 m
and 45 m; and 0.154 for
spans greater than 45 m.
(b) Floor system and
main girders having
effective spans
less than 9 m:

R.C.C. bridges or 0.25 for spans 0.25
steel bridges upto § m linearly
reducing to 0.10
for spans of 9 m.

For railway bridges:

(1) Railway organization of Great Britain:
120

1= S0+ 1e4L(n + 1)
where I = Impact factor
"L = Span in m

n = Number of tracks.
(2) Waddell's formulas:

165
I 3.28 n L+ 150
where I = Impact factor
L = Span in m

n = Number of tracks.
For electric railways, with 'n’ number of tracks, the
formula is as follows:
I‘ 120
3.28 n L + 175
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(3) Indian Railway Board: F

The Indian Railways treat this as dynamic augment and
it is taken as an addition to the live load equivalent to sthe
coefficient of dynamic augment (CDA) or impact factor I
multiplied by the live load which gives the maximum bending
or shear force in the member under consideration. The value
of I specified now is based on the extensive tests carried
out by the Indian Railways and it is applicable for speeds
upto 160 km. p.h. on B.G. and 100 km p.h. on M.G.

8
(6 + L}

Loaded length of span in m for the position of
the train giving maximum stresses in the
member under consideration.

Then, I =x X i

where I = Impact factor or coefficient of dynamic augment
(CDA)

x = Multiple whose values are given in table 8-2.

Let i =015 +

where L

For narrow gauge track,
01.5

I - e——l

) T 915+ L
where I and L are as above.

TABLE 8-2
IMPACT FACTORS—L.R.B

Broad gauge | Single track 1.00 1.00
and Main girders of
metre gauge | double track spans

with two girders - 0.72 0.72

Intermediate main
girders of mulitiple
track spans 0.60 0.60

Cross-girders carrying
two or more tracks 0.72 0.72

For foot bridges, no allowance is made for the impact.
For railway pipe culverts, arched bridges, R.C.C. culverts,
slabs and girders for all gauges, the provision for impact
is made as follows:
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(i) For depth of fill more than 900 mm:

J =050 % (0.15 + —B—J subject to a maximum
(6 + L)) of 0.50.

The depth of fill is the distance from the underside of
the sleeper to the crown of an arch or the top of a slab
or a pipe. When the depth of fill exceeds 900 mm, the
impact factor should be uniformly decreased to zero within
the next 3000 mm of fill.

(i) For depth of fill less than 900 mm:

d) 0.15 + —2 }
2 - = .
( 0.90 x 0.50 X% ( (6+L)

where d = depth of fill in m. _

The impact factors for (i) and (ii) conditions mentioned
above are applicable to both single and multiple track
bridges. For multiple track arch bridges exceeding 15 m in
span, only two-third impact factor is to be considered.

VIIl. Live load: ,

. It is evident that maximum live load will depend on the
sntuapon of structural member under consideratiop. In
practice, the standard loadings are framed for convenience
in the design of bridges. '

Following are such standard loadings: -

For road bridges:

(1) British Standard or B.S. unit loading: Fig. 8-2 shows
the unit loading that is adopted as per B.S. specifications.
The minimum number of units recommended to be taken
in the design of all the bridges is 15. :

I

g ¥ & 2 F 2 £ ¥

2 £ 8 %8 % &5 % B
TS T T 1T 1 1 IR

—..| rL_ l—-

N7 5.70 NN T U S S S $7
=) 124 =)
n -~ . =
-3 M3 M3 M3 moke3 ma-3 eI mc I mak 3 m

B.S. unit loading
Fic. 8-2

(2) Indian Roads Congress: As per old |.R.C. speci-
fications, there were two types of loadings, namely
standard loading and heavy loading.
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Standard loading: As per standard loading, a load (of
1.13 t per m length of each traffic lane plus a eoncentrated
load of 6.10 t were taken for determining the maximum B.M.
The minimum value recommended to be adopted for spans
upto 6 m was 6.78 t.

Heavy loading: As per heavy loading, a load of 1’.’93 t
per m length of each traffic lane plus a concentrated load
of 7.10 t for computing B.M. for 10.16 t for computing S.F.,
were taken. The minimum value recommended to be
adopted for spans upto 6 m was 11.58 t.

The ILR.C. has revised the old standard to meet with
the requirements of the modern traffic. As per revised |.R.C.
recommendations, the loadings are divided into the following
four categories:

(i) Class AA loading
(ii) Class A loading
(iii) Class B loading
(iv) Class 70R loading.

(i) Class AA loading: The L.LR.C. class AA loading is
based on the heavy military vehicles likely to run on cqrtqln
routes. It is to be édopted for bridges within municipal limits
in certain existing industrial areas, certain specified highways,
etc. It is the usual practice to design the structures on
National and State Highways for Class AA loading. It is also
desirable that the structures designed for Class AA loading
should be checked for Class A loading because under certain
conditions, it is likely to get heavier stresses under
Class A loading. '

In Class AA loading, the following two types of vehicles
are specified:

(@) Tracked vehicle
(b) Wheeled vehicle.

085m 085m
¥ oy et oy
Total Weight of 70 ¢
H=3-60m—» P F T\
H—7-20m——y 38, HF20m—> Gf,
Fe——2.90 m—————> -~

I.R.C. Class AA loading—tracked vehicle
Fic. 8-3
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Fig. 8-3 shows the tracked vehicle. It consists of a
packed load of 70 t which is equally distributed over two
tracks of 0.85 m width. The length of vehicle is 7.20 m
and out to out distance between the tracks is 2.90 m.

Fig. 8-4 shows the wheeled vehicle. The maximum load
for single axle is 20 t and for double axles at 1200 mm
centre, it is 40 t. The maximum wheel load is 6.25 t.
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I.R.C. Class AA loading—wheeled vehicle
Fic. 8-4 :

After considering the vehicles likely to cross the bridge,
the choice is made either for tracked vehicle or wheeled
vehicle. It is to be assurmed for the design purpose that
no other live load covers any part of the carriageway of
bridge, when a train of tracked vehicle or wheeled vehicle
is passing over it.

The nose to tail spacing between two successive vehicles
should not be less than 90 m and the minimum clearance
between the road surface of the kerb and the outer edge
of the wheel or track should be as shown in table 8-3.

TABLE 8-3
CLEARANCE BETWEEN KERB AND OUTER EDGE OF WHEEL

380 and above

Less than 550
550 and above

30

60}
120

Single lane bridges

Muiti-lane bridges
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/

(ii) Class A loading: The I.R.C. Class A Ioadmg is based on
the heaviest types of commercial vehicle which is considered
likely to run on ‘the Indian roads. Hence, all important
permanent road bridges and culverts, which are not coyered
by Class AA Ioading, are to be designed for Class A loading.

2m 2m P
e8I m——i ¥ 149>tV 1 d - Opnrd ’
E £
e 0:4m >t T — .
H—E 2 First Second = o
_ 1Mi»imum : Engine Bogie Bogle Minimum a1
b ¢4
—_
ST T
e 5™ 43 m m Axle_|oads
in Tonnes
LS O £ A T .4 4
(r-3 Ay == © © @ lb Class A =&
Iy L2 Zo S F F FClasp 22

I.R.C. Class A and Class B loading
Fic. 8-5

Fig. 8-5 shows the train for Class A loading. It consists
of an engine and two bogies. The specified axle loads with .
‘specified distances are also shown in fig. 8-5. The axle
loads are assumed to act simultaneously so as to cause
maximum stresses. The train is assumed to move parallel
to the length of bridge. No other live load is to occupy any
part of the carriageway of bridge when the standard train
is.crossing the bridge.

The ground contact area of the wheels for axle loads
shown in fig. 8-5 for Class A and Class B loadings shall
be as glven in table 8—4.

TABLE 8-4
GROUND CONTACT AREA OF THE WHEELS

1.4 250 500
6.8 200 380
2.7 150 200
4.1 150 300

1.6 125 175
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The minimum clearance f between the outer edge of the
wheel and the face of roadway kerb; and the minimum
clearance g between the outer edges of passing or
crossing vehicles on multi-line bridges shall be as given
in table 8-5. . :

TABLE 8-5
MINIMUM CLEARANCES fand g

550 to 750 15 for all carriageway Uniformly increasing
widths B from 40 to 120
Above 750 -do - 120

Following points should be noted:

(a) Footways: The footways and floors of bridge, which
are accessible only to pedestrians and animals, are to be
designed for a live load of 4 kN per m2. The footways of
bridges near crowded towns or at pilgrimage centres or at
places where fairs are held seasonally, the design is based
on a live load of 5 kN per m2,

(b) Successive trains: The minimum distance between
the successive trains shall be 18.4 m and no live load shall
cover the space between the successive trains. The standard
loads are to be arranged in such a manner that severest
bending moment or shear is produced at the. section under
reference.

Traffic lanes: The specified wheel load train is for single
lane of 3.048 m width. For design purposes, the traffic
lanes upto 3.6576 m width will be considered as single
lane of 3.048 m width and traffic lanes from 5.4864 m
to 7.3152 m width shall be considered as double lanes
of 6.096 m width. For other road widths i.e. from 3.6576 m
to 5.4864 m and width exceeding 7.3152 m, the
corresponding fraction shall be applied.

(ili) Class B loading: The method of application ?nd
other details of class B loading are same as class A loading.
it is to be adopted for the design of temporary structures
such as timber bridges, etc.

(iv) Class 70R loading: This is an additional loading
which is sometimes specified for use in place of Class AA
loading. The letter 'R' indicates revised classification apd it
is based on one of the various other hypothetical ‘vehicles
as per revised classification. This loading consists of tracked
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vehicle and wheeled vehicle. The tracked vehicle is similar
to I.R.C. Class AA loading except that ground contact length -
is 4.57 m, length of vehicle is 7.92 m and minimum spacing
between successive vehicles is 30 m. The wheeled vehiclé
is 156.22 m long and it contains seven axles with the loads
totalling to 100 tonnes. In addition, the effects on the components
due to a bogie loading of 40 tonnes are also considered.

- For railway bridges: .

(1) Cooper's class loading of America: The Cooper's
standard loadings are specified for the railway bridges by
the American Engineers' Association and many existing
bridges in India are designed with Cooper's standard
loadings. Fig. 8-6 shows Cooper's E-60 loading. The
uniformly distributed load of 9 t per m at the end is
to be taken for the remaining length of span upto a
maximum of 182.88 m. The other loadings such as E—40,
E-50, etc. can be easily prepared. For instance, for E-50
loading, multiply axle loads of E-60 loading by the factor

0
20 _ 0.833.
60
3
- s = b - s s e - G D D -t ed - - §.
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Cooper's E-60 loading
Fic. 8-6

(2) Indian Railway Board: The Indian Railway Board,
Ministry of Railway, Govt. of India, has specified the standards
of live loading to be adopted for three different gauges,
namely, B.G., M.G. and N.G. The I.R.S. Bridge Rules contain
various standards in detail and they also furnish tables
giving the equivalent uniformly distributed loads (E.U.D.L.)
in tonnes on each track and also the impact factors
applicable for different spans. Hence, for ordinary bridges,
the designer can safely adopt these E.U.D.L. because these
loads are framed to give maximum moments and shears
as would be obtained by the use of more complicated wheel
loads. Thus, the design procedure is considerably simplified

by E.U.D.L.
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The standards of loading for the Railway Bridges are
grouped as follows:

(1) B.G. . (a) Main line
(b) Branch line
(2) M.G. . (a) Main line
(b) Branch line
(3) N.G. . .. ‘(a) ‘H' class (Heavy)

(b) 'A' class Main line
(c) 'B' class Branch line.

For foot-bridges and foot—paths on the railway bridges,
the live load due to pedestrian traffic including impact is
taken as 4.80 kN/m2 of the foot—path area. Following live
loads are assumed for the design of main girders or trusses
of the railway foot-bridges: :

(1) For effective span of 7.50 m or less, the live load
is taken as 4.10 kN/m2.

(2) For effective span between 7.50 m and 30 m, the
intensity of live load is estimated as gradually
reducing from 4.10 kN/m2 for 7.50 m to 2.90 kN/m2
for 30 m.

(3) For effective span exceeding 30 m, the live load
is worked out by the application of the following
formula: .

P = (13.3 + @9) (__17 = W)
L 1.4
where P = Pedestrian live load in kg/m2
L = Effective span of the bridge in m

W = Width of the foot—-way in m.

If the pedestrian live load is expressed in kN/m?2, the
expression would be as follows:

P = (13.3 + 4—0—0) (-w«—-—” = W)
L 13

If the width of side kerbs is less than 600 mm, no
other live load is to be considered. But for. side keu:bs
having width of 600 mm or more, a lateral load acting
horizontally at the top of the kerb and of value 7.50 kN
per m run should be taken in addition to the pedestrian
load of 4.80 kN/mZ2.
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IX. Longitudinal forces:
It is necessary to make suitable provision in the design 615

road bridge or railway bridge for the longitudinal forces
which develop from any one or more of the following causes '

(1) the braking effect resuilting from the appllcatlon of
brakes on the vehicles;

(2) the frictional resistance offered to the movement of
free bearings due to variation in temperature or any
other causes; and

(3) the tractive effort caused through the acceleration
of the driving wheels of the vehicles or locomotives. -

ln lndla the following rules are observed:
(1) For road bridges.

The braking ‘effect is computed as follows for worklng
out the longifudinal forces:

(i) For single lane and two-lane bridge: It is taken as
equal to 20% of the first train load plus 10% of the loads
in succeeding trains or parts thereof on any one lane only.
For this purpose, the train loads in one lane only are
considered. If the ‘entire first train is not on the full span,
it is taken as 20% of the loads actually on the span. The
allowance for impact is not included in this computation.

- (ii) For multi-lane bridge: In case of bridges with lanes
more than two, it is taken as equivalent to the amount
worked out as per provisions in (i) above for the first two
lanes plus 5% of the loads on the lanes in excess of two.

The force due to braking effect is assumed to act along
a line parallel to the roadways and 1200 mm above it and
hence, it is transferred to the bearings accordingly.

The longitudinal force at free bearings due to the
frictional resistance is worked out by multiplying the sum of
the dead and live load reactions at the bearing with the
appropriate coefficient of friction.

(2) For raillway bridges:

The Indian Railway Board Bridge Rules contain tables
giving values of longitudinal forces for different spans and
for different standard loadings for different gauges of the
Indian Rallways Suitable values for longitudinal forces are
to be taken in the des:gn by referring to these tables.

X. Secondary stresses:

. In case of R.C.C. structures, the secondary stresses are
developed due to the followmg causes:
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(1) deformation of certain members,
(2) movement of the supports,

(3) shrinkage in concrete,

(4) time yield in concrete, etc.

In case of steel structures, the secondary stresses are
developed due to the following causes:

(1) application of Ic;ads at intermediate points in a panel;

(2) cross—girders being connected away from the panel
points;

(3) eccentricity of the connections of floor and beams;
(4) effect of wind load on end posts of through bridges;
(5) movement of the supports; etc.

The bridges should be designed and constructed in such
a way that the secondary stresses are brought down to a
minimum level. For other cases, necessary allowance should
be made in the design for the secondary stresses.

Xl. Seismic load:

When a bridge is situated in a locality which is likely
to be affected by earthquakes, necessary allowance IS to
be made in the design of bridge for seismic load. The bridge
is provided with structural features which are capable of
resisting the effects of earthquakes.

The seismic load is taken as a horizontal force equal
to a certain percentage of the weight of structure. Th.e
equation to find out the lateral force due to earthquake is
as follows: )

S =x W ‘ '
where S = Lateral force due to earthquake
x = Seismic coefficient for the region
W = Weight of mass under consideration ignoring

reduction due to buoyancy or uplift.

For the purpose of determining the seismic coefficient,
the country is divided into five zones and tabler 8-6
shows the horizontal seismic coefficients to be adopted
for different zones according to the type of soil. The zone |
consists of areas which are not liable for earthquake
damage. The zone V consists of areas subjecte:d to
severe earthquakes. The other zones comprise areas in the
intermediate category between the above two extreme cases.
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: TABLE 8-6
HORIZONTAL SEISMIC COEFFICIENTS

1. l 0.00 0.02 0.02
2. ] 0.02 0.02 0.04
3. 1 0.04 0.05 0.06
4. - v 0.05 0.06 0.08
S. Vv 0.08 0.10 0.12

The important facts to be remembered while considering
the seismic load are as follows:

(N

(2

(3)

(4)

(5)

The seismic load is considered to act in any horizontal
direction through the centre of gravity of the structure
as a whole and it is suitably and conveniently divided
among members of substructures and superstructures
for the purpose of design. The effect of the. worst
combination of seismic load with other loads is to
be considered. The vertical seismic coefficient, if to
be considered in the design of a bridge, may be
taken as half of the horizontal seismic coefficient.
For superstructure of bridge, the seismic force due
to live load in the direction perpendicular to the
traffic is only considered and the one in the direction
of traffic is ignored.

In case of piers of a bridge, the seismic force is
assumed to- act separately in direction parallel to
the current of flow and in traffic directions.

The superstructure of a bridge, especially in zones
IV and V, should be suitably anchored to the piers
so- that dislodging of its bearings is prevented at
the time of an earthquake.

For piers of a bridge, the seismic load may be
worked out on the basis of depth of scour caused
by mean annual flood. For the purpose of design,
it may be assumed that the mean annual flood and

. earthquake do not occur simultaneously.

(6)

(7

If masonry arch bridges are to be built in zones
Ill, IV and V, they should not have spans greater
than 10 m.

The bridges such as bascule bridges and suspension
bridges are to be carefully studied with respect to
the effect of seismic load.
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XIl. Temperature variation forces:

Due to variation in temperature, the length of a structure
is affected. If the change in length of a member due to
variation in temperature is restrained, the temperature
stresses are developed. But .if allowance is kept to
accommodate such change in length, the structure will not
be subjected to temperature stresses.

The stress due to change in temperature is given by
the following expression:
s =e at .
where s = Stress due to change in temperature in kg per
cm?2
e = Modulus of elasticity in kg per cm2
a = Coefficient of expansion per degree centigrade
and it should be taken as 11.7 x 10-€ for steel

and R.C.C. structures; and 10.8 x 10-6 for plain
concrete structures

t = Variation of temperature in °C.
Following points should be noted:

- (1) Concrete structures: In case of concrete structures,
it is necessary to consider the interval between the air
temperature and the interior temperature of massive concrete.
Unless otherwise specified, the range of temperature for
concrete structures is taken as follows:

For moderate climate + 1.1°C.
For cold climate + 7.2°C.

(2) Metal structures: Unless otherwise specified the range
of temperature for metal structures, is taken as follows:

For moderate climate - 1.1°C to + 48.9°C.
For cold climate - 17.8°C to + 48.9°C.

(3) Temperature variation: The temperature at the time
of construction or erection of bridge should bq considered
as base for counting the temperature variation. It is necessary
to see that the temperature variation is decided by studying
the meteorological records of the locality in which the bridge
is to be constructed.

Xill. Water pressure:

The portion of bridge which is submerged in running

water is designed for horizontal forces of the water current.

The water pressure is calculated by considering the hydraulic
principles.
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For piers parallel to the direction of the water current;

the intensity of pressure is given by the following formula:
: _ 2

P = Kw X V-

. 2g

Intensity of pressure due to water current in N

where P =
per m2 :
w = Unit weight of water in N per m3 :
V = Velocity of the: current in m per second
g '= Acceleration due to gravity in m per sec?2
K = Constant.

With the usual values of w = 9.81 x 103 N/m3 and
g = 9.81 m per sec?, the above equation reduces to:

= 35 V2 _
P=K X 981 x 10 x.2x9.81 = 500 KV2.

The value of V is assumed to vary linearly from zero .
at the point of maximum scour to the square of the
maximum velocity at the free surface of water. For this
purpose, the maximum velocity at surface is to be taken
as equal to 2 times the maximum mean velocity of the
current.

The value of constant K will depend on the shape of
pier and its value is to be adopted as shown in table 8-7.

TABLE 8-7
VALUES OF CONSTANT X

1. | Square ended piers 1.50
2 Circular piers or piers with semi-circular ends 0.66
3. Piers with triangular cut and ease waters
’ ‘with included angle between the faces as
’ 30°or less 0.50
more than 30° but less than 60° 0.50 to 0.70
more than 60° and upto 90° 0.70 to 0.90
4. Piers with cut and ease water of equilateral
arches of circles 0.45
- 5/ Piers with arches of the cut and ease waters
' intersecting at 90° 0.50
6'.' Trestle type piers 1.25
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When the current of flow strikes the pier at an -angle
i.e. when the pier is-not parallel to the direction of flow
of water, the velocity of the current is resolved into {wo
components—one parallel and the other normal to the pier.
The pressure on face area of pier is worked out by
considering the parallel component of velocity of the current
and the pressure on side area of pier is worked out by
considering the normal component of velocity of the current.
The pressures are computed by adopting suitable value of
K in the above formula.

In order to provide for the possible change in the direction
of the current of flow, the bridge piers are designed for
inclination of 20 degrees on either side to the existing
direction of the current of water.

X1V. Wind load:

The wind load is directly proportional to the square of

the velocity and it is expressed as follows: -
P = Kv2

Wind pressure in N per m?2
Velocity of wind in km p.h. _ ,
Constant which depends on meteorological
conditions and nature of surface exposed to
wind. Its value varies from 0.051 to 0.095.
112 km p.h. and K = 0.080
0.080 x (112)2 ]
1003.52, say 1000 N per m2.

The provision for wind load is made in the design of
bridge as follows:

For road bridges: A

(1) The wind pressure is considered for _the varioqs
components of bridge such as cross—girders, stringers, main
girders, etc. .

(2) The wind pressure is considered on thg moving
vehicles of live load. The wind load is assumed to act. at
a height of 1500 mm above the roadway on the moving
vehicle and for highway bridges, its amount is taken as
about 3 kN per m. It should be observed that for the purpose
of their calculation, the clear distance between the trailers
of a train of vehicles is not omitted.

(3) The effect of wind load is neglected for plate girders,
R.C.C. slab and beam construction, slab of R.S.J. upto 18 m
span, etc. But in all such cases, the lateral bracing is
provided to resist a horizontal wind load of about 9 kN per m.

where

X<

For

<
wunn
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For raillway bridges:

The basic wind pressure is determined either from the:
meteorological records or by referring to suitable table and
no live load is to be considered when the basic wind:
pressure at deck level exceeds the following limits:

, B.G. bridges e < 1.5 KkN/m2 '
M.G. and N.G. bridges .. .. 1.0 kN/m2 '
Foot-bridges e . 075 KkN/m2,

The effect of wind pressure is considered as a horizontal
force acting in such a direction that the resultant stresses
are the maximum for the member under consideration. The
other design aspects of wind load are contained in the
Indian Rallway Board Bridge Rules and they should be
followed in the design of all the railway bridges.

Design of bridge foundations:

The design of bridge foundations is made by keeping
in mind the forces, loads and stresses enumerated above.
For bridges with open foundations and well foundations, the
permissible increase in the pressure on soil under the
various combinations of the various forces, loads and
stresses is adopted as follows: "

(1) The maximum bearing pressure due to any
combination of forces, loads and stresses under item
nos. I, I, 1Il, Vv, VI, VIII, IX, Xil and XIll should be
worked out and it should be seen that this maximum
bearing pressure does not exceed the safe
bearing capacity of the soil.

(2) When the effect of seismic load (item no. XI) or wind
load (item no. XIV) is considered in addition to the
forces, loads and stresses of item nos. I, I, 1, V,
VII, VIll, 1X, XlI and XIlll, it should be seen that the
maximum bearing pressure on soil does not exceed
by 25 per cent of the safe bearing capacity of

' the soil.
(3) The seismic load and wmd load are assumed not
.. to act simultaneously.

(4) For the purpose of design of bridge foundations, the
deformation stresses (item no. IV), erection stresses
(item no. VI) and secondary stresses (item no, X) are
ignored.

It may be mentioned that the world's longest road bridge

exists in India. It was constructed with a total cost of about
Rs. 46 crores and its length is 5.575 km. It is designated
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as Mahatma Gandhi Sethu on the Ganga and it connects
north Bihar with the state capital Patna. It was completed
in March, 1982. The bridge is spanning over 46 pillars. It
consists of 45 spans of 121.06 m and two end spans of
62.53 m. It has a two-lane traffic system with a provision
to expand it into four lanes. The superstructure consists of
balanced cantilevers with an articulated bearing at
mid-span. Each girder is made up of a single cellular box
with depth varying from 7.9 m at piers to 2.16 m at the
centre. The single circular wells have been used as foundation
for carrying the cellular piers. The wells are of 1256 m
outside diameter with steining thickness of 1.85 m.

The Pamban road bridge, completed in 1988,
connecting the island of Rameswaram with the main land
in Ramanathpuram district of Tamil Nadu provides an
excellent example of engineering achievement. This is
India's only road bridge across the sea. It stands on 74
open foundations of which 64 are in the sea. It is about
2.4 km long and it is located at a distance of about 52 m
south of an existing railway bridge. It also provides a
navigation span of 115.21 m and to facilitate ship traffic,
a vertical clearance of 17.68 m has been provided above
the high tide level at the navigation span. There is a
pedestrian platform also and from somewhere in the middle
can be seen Gundukkal—the spot where Swami Vivekananda
set foot on the country on his return from the U.S.A.
after attending the Congress of World Religions.

QUESTIONS

- 1. Enumerate the various forces, loads and stresses which

are to be considered in the.design of a bridge.

2. What are the important facts to be remembered while

considering the force of buoyancy?
3. Write short notes on:
(1) Buoyancy pressure
(2) Deformation stresses
(3) Earth pressure
(4) Erection stresses
(56) B.S. unit loading
- (6) Cooper class loading of America
(7) Coefficient of impact
(8) Class 70R loading
(9) E.UD.L.
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10.

11.

12.

13.
. considering the seismic load in the design of bridges?
' Explain how temperature variation forces are considered

14.

15.

16.

17.

18.
19.

: design of a bridge?

Bridge Engineering
How is provision made for the centrifugal forces in the,

What is dead load? Mention some of the important’
empirical formulas which are used to find it.

What are stresses due to the impact?
Define the impact factor. Mention empirical formulds'

' which are used to work out the impact factor for road|

bridges and railway bridges.

What are the points to be noted in connection with
impact factors for the 1.R.C. loadings?

What are |.R.C. specifications for the live load for road
bridges?

How is provision made for the live load in railway.
bridges as per I.R.S. Bridge Rules?

What are the causes for the development of Iongltudmal
forces? Explain the provision made for the longitudinal

‘forces in the design of bridges in India.

How do the secondary stresses develop in concrete
structures and steel structures?
What are the important facts to be remembered while

in the design of a bridge.

How is provision made for wind load in the design of
road bridges and railway bridges? ,
How are seismic load and water pressure considered
in the design of a bridge?

Give sketches of the following: .

(1) Tracked vehicle of I.LR.C. class AA loading

(2) Wheeled vehicle of I.LR.C. class AA loading

(3) Train for I.LR.C. class A loading.

Write a critical note on the design of bridge foundations,

Differentiate between the following:

(1) LLR.C. Bridge Code and I.R.C. Bridge Rules
(2) Dead load and live load

(3) Deformation stresses and erection stresses
(4) Impact load and impact factor

(5) Tracked vehicle and wheeled vehicle

(6) Zone | and zone V for seismic coefficients.
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20. Give reasons for the following:
(1) the impact load is smaller on a.large span than

(2)

(3)

(4)

(5)
(6)

on a short span.

It is desirable that the structures designed for
Class AA loading should be checked for Class A
loading also.

For ordinary railway bridges, the designer can
safely adopt E.U.D.L. as contalned in the LLR.S.
Bridge Rules.

The bridge piers are designed for water pressure
with an inclination of 20 degrees on either side
to the "existing direction of the current of water.

The superstructure of a bridge, especially in zones
IV and V, should be suitably anchored.

The detailed design is carried out only in respect
of the bridges with long spans and having very deep
waterways.
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TEMPORARY BRIDGES
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Definition:

The temporary bridges are defined as the structures
which are constructed to cross a river or a stream in place
of permanent works. Such bridges become useful when it
is not possible to construct a permanent bridge due to
shortage of money, time, good materials or skilled labour.
The temporary bridges are often constructed on diversions
during the reconstruction of an existing permanent bridge.
The. useful life of a temporary bridge is estimated as about
10 years.

In this chapter, the brief descriptions of the various types
of the temporary bridges will be given.

Materials used:

The temporary bridges are generally constructed of
timber. But it is possible to have temporary bridges made
of hemp ropes, old rails, old telegraph posts, steel wires,
etc. According to the Indian Roads Congress, all timber
bridges are classified as temporary structures. The timber
used in the construction of temporary bridges should be
well-seasoned and free from any defects. It is also essential
to have careful site inspection and control on the workmanship
during their construction. The wooden bridges are likely
.to be easily damaged by fire or rot. The use of green
timber should be avoided as it will shrink, lose weight,
crack and warp. The available sizes and lengths of individual
timber pieces should also be kept in mind as that would
affect the spans for trestle bridges and panel lengths for
trusses.

Fastenings used:

The fastenings which are used in the construction of
temporary bridges are bolts and nuts with washers, drift
bolts, hemp or wire ropes, iron spikes, nails, screws and
patented connectors such as split rings, spike grids, etc.
The bolts are to be provided with at least two steel washers
having diameter equal to at least 2.5 times than that of bolt.
The drift bolt is a round steel piece without head or point.
The spikes should be driven in such away that they force
their way into the connecting piece of timber. The patented.
connectors of different designs are being used increasingly
in the important temporary bridges.
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Types: .

The temporary bridges can broadly be divided into the
following three categories:

. Bridges with intermediate supports

l. Bridges without intermediate supports

Ili. Floating bridges.

Each of the above category of bridges will now be briefly
described. .

I. Bridges with intermediate supports:

The intermediate supports for the temporary bridges are
in the following forms:

(1) Crates

(2) Cribs

(3) Pile bents

(4) Trestles.

(1) Crates: A crate consists of four vertical poles which
are connected at top and bottom by the horizontal members.
The bottom is provided with planks and the sides are
provided with wire netting so as to form a tray like structure
for filling brushwood and stones to keep the crate in position.
An inclined pole is sometimes provided on the upstream
side to work as the cut-water. Fig. 9-1 shows the framework
of a typical crate. ,

¢

Cut.Water Vertical Poles
’ . | __—Planks
A,
Crate
Fig. 9-1

The crate is constructed on the river bank. It is provided
with wire netting on all sides. It is floated to the site and
filled with brushwood or stones.

(2) Cribs: A erib is a box and it essentially consists
of a framework of Horizontal timbers laid in alternate courses.
The bottom of crib is provided with planks. The pockets
thus formed are then filled- up with stones to give stability
to the crib against overturning and sliding. The timber to
be used in the construction “of cribs may consist of rough
logs or heavy lumber of the old sleepers from the railway.
Fig. 9-2 shows a typical crib.
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The cribs are useful as piers when the current of wat
is swift. They are constructed of cheap materials and they
do not require skilled labour for their construction. Thus, *
they are found to be cheap and economical. o
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Crib
Fic. 9-2

The crib is constructed on the river bank. It is then
floated on site and filled up with stones till it rests on the
bed or river. The width of crib should be equal to the width
of roadway plus 500 mm or so.
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Pile bent
Fic. 9-3

(3) Pile bents: A pile bent is a group of piles and
the number of piles in pile bent will depend on the load
coming on the pier. The piles are of wood and they are
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driven sufficiently deep so as to rest on firm ground. At
suitable height, the piles are cut off and provided with pile
cap or transom as shown in fig. 9-3. Suitable bracing may
be provided as required. The pile bents are useful for deep
streams with soft bed material. It is found that the pile bents
form strong and stable piers.

(8) Trestles: The trestles may either be two—legged
or three-legged or four-legged. A two-legged wooden
trestle is in common use. Fig. 9-4 shows a typical two—
legged wooden trestle to carry a live load of 8.40 kN
per m, the centre to centre distance between the trestles
being 4500 mm. A transom is fixed horizontally across
the legs near their tops and a ledger is fixed across the
feet of legs.

The diagonal braces are provided in between transom
and ledger. Such a construction grants the stability to the
trestle against spreading and sinking. The three—legged
trestles are adopted when the river bed consists of mud.
But they are not suitable for uneven bottom surfaces of
river bed. It also proves difficult to place them in position.
The four-legged trestles, when placed at intervals, grant
longitudinal stability to a two-legged long bridge. But they
are heavy structures and.hence, they are difficult to place
in position. '

= 3m >.i_L
o
X [ Transom Dia. 250 mm ] 1

Diagonal Braces

450 m

Ledger Dia. 100 mm
r—Riuer Bed N

Two-legged wooden trestlé
Fic. 9-4
The trestles are useful as piers when the height does
not exceed 6 m or so and when the bed of river consists
of fairly firm and level ground.
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For dry beds or rivers with shallow depth of water, the
trestles are constructed at site. Otherwise they are constructed:
on the river banks and carried on the boats to the site and
lowered down in position.

Il. Bridges without intermediate supports:

The temporary bridges may be designed to span the full
width of river or stream with the help of the following:

(1) Cantilevers
(2) Suspension bridges
(3) Trusses.

(1) Cantilavers: |n case of a timber cantilever bridge,
the layers of timber logs are projected from each bank such
that each layer projects about 1.50 m to 3 m from the layer
just below it, as shown in fig. 9-5. The process of arranging
the layers is continued till a gap of width about 4 m to
6 m remains. The gap is covered with the help of the road
bearers to complete the bridge. The road surface is given
suitable finish.

' ' Roadway .
: : Wire Tie .
Timber Pole 4 to 6‘% m
Y1
Y 474 = J L gRa——
= ‘_I_J:qg 5
c= all N ==3
cZ- IS0 to 3 m g |
Timber logs "\ — — — — — — — —

Timber cantilever bridgé
Fic. 9-5

The timber cantilever bridges are very much useful and
economical in the hilly areas where the timber is easily
avaijlable and traffic is light. Following are the advantages
of the timber cantilever bridges:

_+ (i) It is possible to increase the load bearing capacity
of the bridges by providing timber poles and wire
ties as shown in fig. 9-5.
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(ii) No costly constructional materials are required in
the construction of the bridges. :

(iii) No skilled labour or supervision is necessary during
the construction of the bridges.

(2) Suspension bridges: For crossing small streams
or valleys, the timber suspension bridges may be provided
in the hilly area. The bridges can take up light traffic and
they are usually not stiffened. Following are the three types
of timber suspension bridges:

(i) Ramp bridge
(ii) Sling bridge
(iii) Trestle suspension bridge.

(i) Ramp bridge: In case of a ramp bridge, the roadway
rests on cables as shown in fig. 9-6. As the bridge is
connected with the banks by ramps or sloping lengths, it
is known as ramp bridge. The bridge floor is provided with
wooden planks. This type of bridge proves to be cheap in
cost because it requires small quantities of materials and
can be completed in short time with unskilled labour. The
only disadvantage of this type of bridge is that it does nqt
possess stiffness and hence, it is distorted when the traffic
moves over it.

Timber Pole

Rope
/-WOwen Planks

Ramp bridge
Fic. 9-6

(ii) Sling bridge: In case of a sling bridge, the roadway
is supported on rope slings or cables. The bridge floqr
consists of wooden planks which are supported at their
ends on wooden beams. On either side of roadway, a
wooden beam is provided. The wooden beam is connected
to the cable through suspenders as shown in fig. 9-7. The
cables are taken over the towers and they are then suitably
anchored into the ground. The bridge railing is fixed to the
suspenders.
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The load from the bridge floor is transferred to the
wooden beam and it is conveyed to the cables through'
the suspenders. This is the common type of temporary
suspension bridge. '

Cable
e S}Spenders Tower

4

]lIII/?}' 'AI\\TT1

2_Wooden Beam

Sling bridge
Fic. 9-7
(iii) Trestle suspension bridge: In case of a trestle
suspension bridge, the cable supports the trestles as shown
in fig. 9-8. The trestle suspension bridge does not distort
under traffic, but its weight is comparatively more.

Tower

1777777

Trestle suspension bridge
Fic. 9-8

(3) Trusses: For long span timber bridges, the trusses
are employed and with the help of timber trusses, it is
possible to construct timber bridges for spans upto 14 m
:o 18 m. Fig. 9-9 to fig. 9-12 show some of the timber
russes.

~ King—post truss
Fic. 9-9
Fig. 9-9 shows a king-post truss and it is useful for
the through type bridges.
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Fig. 9-10 shows a trussed beam with one strut and
fig. 9—11 shows a trussed beam with two struts. Such trusses
are useful for the deck type bridges.

| )

W

Trussed beam with one strut

Fic. 9-10
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Wooden girder
Fic. 9-12

Fig. 9-12 shows a wooden girder which can be used
for spans upto 18 m. For connecting wooden members, the

steel plates are employed and for taking tensile stresses,
the steel rods are provided.

ill. Floating bridges:

In case of floating bridges, the superstructure of bridge
is supported on floating supports and hence, a modern
floating bridge essentlally consists of the following two
parts:

(1) Floating supports or pontoons

(2) Superstructure.

The floating supports are placed at regular intervals
along the bridge with their main axis parallel to the current

of the river and they are designed in such a way that they
possess enough buoyancy to take up the live load on the
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bridge. The spacing of pontoons should neither be too close .
nor too far. In the former case, there will be obstructioh-
to the floating debris in the river and it may cause danger
to the safety of bridge. In the later case, the sizes of
members of the superstructure will become uneconomical.
Hence, the design should aim at appropriate spacing of
pontoons to achieve the maximum benefits with the
minimum cost. Sufficient anchorage should be provided to
the pontoons on upstream and downstream sides so as to
maintain the alignment of bridge against the river currents.

The superstructure provides the roadway and when all
parts are connected, it forms a continuous member. The
load of vehicle moving on the bridge is conveyed to the
pontoons on either side of the roadway.

The general requirements of a floating bridge can be
enlisted as follows: ‘

- (1) It should be composed of strong, durable and non—
corrosive material.

(2) It should be connected to the banks of river with
properly designed adjustable ramps so that the rise
or fall of water level in the river will not disturb the

~. functioning of bridge.

(3) It should be possible to easily replace the damaged
parts of the bridge. - )

(4) The bridge should be of such composition that it
can be easily constructed and dismantled.

(5) The bridge should contain minimum number of
different types of components.

(6) The components of the bridge should be inter—
‘changeable,

(7) The level of completed bridge should be low,.if it
is desired to conceal it at short notice as in case

- of war,

" (8) The size and weight of each component of bridge
should be such that it can be easily handled and
moved.

Following are the advantages of the floating bridges over

the fixed bridges:

(1) It is possible to construct, use and dismantle a
floating bridge between sunset and sunrise. Such
facility proves to be extremely useful in war time
to cross the streams or rivers without the knowledge
of the enemy. '

-
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(2) They can be built at places where it is not possible
to place crib or piers. '

(3) They can be constructed speedily. As a matter of
fact, these bridges can be assembled and used
during hours of darkness and can be dismantied
before sunrise. They are thus less vulnerable to
enemy attack than the fixed bridges.

Following are the situations which are considered
favourable for the construction of floating bridges:

(1) to accommodate the temporary traffic during
festivals in the holy river bed;

(2) to facilitate the movement of army across. stream,
lake or river during war times; '

(3) to serve the locality where the traffic is minor and
seasonal and the river itself is subjected to floods
during short periods only, not exceeding 3 months
of the year, when the traffic on the road can safely
be suspended.

(4) to serve the purpose of a permanent bridge, except
during monsoon, at places where it is not possible
to put up a permanent bridge for lack of funds or
some .such reasons;

(5) to transport men and materials for the construction
work of the permanent bridges; etc. o

Depending on the type of floating support, the floating
bridges are of the following three categories:

(1) Boat bridges

(2) Pontoon bridges

(3) Raft bridges.

(1) Boat bridges: |n case of a boat bridge, the
superstructure of bridges is supported on the boats. The
boats are longitudinally connected by the trussed beams
which are known as the gunwales. At the outer edges of
boats, the gunwale pieces are provided to act as bearing
plates for gunwales as shown in fig. 9—13. The transverse
wooden planks are laid over the gunwales to form the roadway.

To impart rigidity and safety to the bridge, the following
precautions are taken:

(i) The boats may be provided with anchors on upstream

side and downstream side. :

(i) The complete bridge is stiffened by providing two

longitudinal cables which run along the outer edges
of boats. '
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(iii) The two gunwale pieces of the same boat are connect
together with the help of crossed beams.

(iv) The two sides of the roadway are provided with

parapet of steel or wooden poles with steel chain

or rope passing through them.

Gunwale Pieces

Boat bridge
Fic. 9-13

(2) Pontoon bridges: A pontoon bridge is similar to
a boat bridge except that the pontoons are used in place
of boats as supports of the bridge. A pontoon is a boat
with flat bottom and in recent application, inflatable rubber
pontoons have been used in place of the conventional
wooden or metal barges. The pontoon bridges are used as
the temporary bridges across wide rivers.

The pontoon bridges are superior to the boat bridges
and they can carry more load as compared to the boat
bridges. But the cost of pontoon bridges is comparatively more.

(3) Raft bridges: A raft bridge indicates a bridge made
of rafts. A raft is a flat floating mass of wooden logs. Thus,
the superstructure of a raft bridge is similar to a boat bridge.
The substructure consists of barrels or casks which are
connected to the gunwales at their tops. The raft bridge
is, therefore, sometimes referred to as the barrel bridge. A
barrel or cask is a hollow metal drum which is floating n
the water. The long spars may be laid across the top of
barrels or casks to maintain them in line. Fig. 9-14 shows
a raft bridge.

In addition to the above usual types of the temporary
bridges, sometimes the unit-type construction or Bailey
bridges are also adopted. The superstructures of these
bridges are normally made up of assemblable units which
can be carried in units, assembled and launched in a short
period over a gap. The unit-type construction bridges are
useful under the following circumstances:
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(1) The damage has occurred to a permanent bridge
due to the apprO?Ches or even a part of the bridge
is damaged leaving a wide gap.

(2) The traffic has ©een suspended and the permanent
repairs to the bridge are likely to take a long time.

(3) The short-term movement of gn army is required.

Gunwale Pi¢§¢’
"

-7 VAN
Gunwales Barrel
Raft brid
FiG. 9-1?;e
QUESTIONS
’_——\

Define a temporary bridge and Mention the materials and
fastenings employed M 1S consiryction. :

How can temporary bridges be constructed with
intermediate supports’ :

Write short notes on:

(1) Cribs

(2) Trestles

(3) Sling bridge

(4) Ramp bridge

(5) Pontoon bridges

_(6) Boat bridges

(7) Unit-type bridges.

Describe the timber cantilever pridges.

Discuss the temporary Suspensijon .bridges.

How are trusses useful in the construction of temporary
bridges? ‘

Give sketches of the following:

(1) Crate

(2) Pile bent

(3) Two-legged wooden trestle

(4) Trestle suspension bridge

(5) Boat bridge

(6) Raft bridge.
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10.
11.

12.
13.

14.

15.
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What are the essential parts of a floating bridge?
Mention the general requirements of a floating bridge. .
What are the advantages of floating bridges? '
What are the favourable situation for the construction
of a floating bridge?

Describe the various types of floating bridges.

What are the precautions to be taken to impart rigidity
and safety to the boat bridges?

Differentiate between the following:

(1) Crate and crib

(2) Pile bent and trestle

(3) Ramp bridge and sling bridge

(4) Boat bridge and pontoon bridge

(5) Raft bridge and barrel bridge.

Give reasons for the following:

(1) An inclined pole is sometimes provided on the
upstream side of the crate.

(2) The timber cantilever bridges are very much useful
and economical in the hilly area.

(3) The spacing of pontoons in case of floating bridges
shouid neither be too close nor too far.

(4) The pontoon of floating bridge should be
provided with sufficient anchorage on upstream
and downstream sides.

(5) The floating bridge should be connected to the
bank of river with properly designed adjustable

.

ramps.

(6) The floating bridges prove extremely useful in war
time. :

(7) The pockets formed in the cribs are filled up with
stones.

(8) The long spars may be laid across the top of
barrels or casks of a raft bridge.

(9) The use of green timber should be avoided in the
construction of wooden bridges.

(10) The floating bridges are less vulnerable to enemy
attack than the fixed bridges.
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Definition:

The devices which are provided over the supports of
bridge to accommodate the changes in the main girders
due to deflection, temperature, vertical movement due to
sinking of the supports, shrinkage, prestressing creep, etc.
and to transmit the load from the superstructure to the
substructure in such a way that the bearing stresses
induced in the substructure are within permissible limits
are known as the bearings. Thus, the bearings are provided
for the distribution of the load evenly over the substructure
material which may not have sufficient bearing strength
to bear or take up the load of superstructure directly.

In this chapter, some of the salient features of this
important component of the bridge structure will be
discussed.

Purposes:

Following are the purposes or objects of providing
bearings in a bridge: :
(1) to absorb movements of girder, '
(2) to allow for angular movements of girder due to
deflection under the load,
(3) to allow for longitudinal expansion or contraction
due to changes in the temperature,
(4) to distribute the load on a large area,
(5) to keep the compressive stress within safe limits,
(6) to make movements of girder harmless,
(7) to rotate at supports to accommodate the deflection
of a simply supported girder under load,
(8) to simplify ‘the procedure in design.
(9) to take up the vertical movement due to sinking
of the support,

(10) to transfer horizontal forces developed due to
application of brakes to the vehicles, etc.

Importance of bearings:

It should be remembered that the successful functioning
of a bridge primarily depends on the design of its bearings.
It is observed that faulty design or improper working of the
bearings is the main cause of failure of many bridges that
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have collapsed. The design of bearing to be adopted'fdi‘
a particular bridge will mainly depend on the type of supports,;
length of the span and the type of superstructure. :

The bearings form an important component of a bridge-
and hence, extreme care and skill should be exercised in
its design, execution and maintenance. For major bridges,
the cost of bearings roughly works out to about 10 to 15°
per cent of the total cost of the bridge. Hence, there is
ample scope of achieving economy by designing the bearifgs
properly and carefully.

Free and fixed bearings:
_ The terms free bearing and fixed bearing are used to
indicate the function which is executed from a particular
bearing.

- A free bearing is free to slide or move or roll and it
thus allows longitudinal movement of the girder.

A fixed bearing is fixed in position, But it rotates according
to the deflection of the structure which is being supported
by it.. Thus a fixed bearing allows free angular movement
and it does not permit any longitudinal movement of the
girder. The design of fixed bearing depends on the length
of span, type of supports and type of superstructure.
Types of bearings:

Following are the commonly adopted bearings for the
bridges:

(1) Cement mortar pad

(2) Expansion bearing

(3) Knuckle bearing

(4) Rocker and roller bearing

(5) Rocker bearing \

(6) Rubber bearing

(7) Sliding bearing

(8) Sple plate on curved bed plate bearing

(9) Tar paper bearing.

Each of the above type of bearing will now be briefly
discussed.

(1) Cement mortar pad: This is the cheapest type
of fixed bearing which is adopted for road girder bridges
of small spans. It consists of a 30 mm thick cement grout
pad of proportion 1:1. The dowel bars in sufficient number
and of diameter about 25 mm are provided to connect the
superstructure to the bed block. The length of the pad is
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made equal to the width of girder and its breadth along
the span is kept in such a way that the pressure on the
pad does not exceed 18 N/mm2. The dowel bars are
designed to take up the longitudinal forces in shear.

(2) Expansion bearing: In case of expansion bearing,
the bottom shoe is given a circular shape. The centre of
circular surface coincides with the centre of rocker pin. The
bottom shoe rests on the bed plate. The top shoe is
provided with drill holes for fixing of the girder.

Fig. 10-1 shows an expansion bearing. It allows free
angular as well as longitudinal movement of the girder and
it is useful for girders having small spans.

- Drill Holes for Fixing Girder

Top Shoe—

~~~Rocker Pin

Bottom Shoe—>,

e Bed Plate

T
1.1
AV A e AV A AW A AN o

Expansion bearing
Fig. 10-1

(3) Knuckle bearing: In case of knuckle bearing,
the top of bottom shoe and bottom of top shoe aré given
semi—circular shapes as shown in fig. 10-2. The knuckle
bearing is adopted when it is desired to provide only for
angular movement of the girder which is fixed to the top

shoe. §Seat for Main Girder

Top Shoe—>-

v

Bottom Shoe—>
/-Bed Plate

7"‘7_.’77777’717'

Knuckle bearing
Fic. 10-2
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(4) Rocker and roller bearing: In case of néckg
and roller bearing, a rocker pin is provided between the
top shoe and the bottom shoe and it is so arranged that:
the bottom shoe rests on rollers as shown in fig. 10-3. The:
rollers are cylindrical in shape and they are free to roll on
steel bed plate. A rocker and roller bearing is therefore a
free bearing which does not slide, but which rolls as well
as rocks over a smooth bed plate. :

1
Mqin Girder %

Top Shoe—>
~<—Rocker Pin

Bottom Shoe—>
Bed Plate

Rollers ———

/s

Rocker and roller bearing
Fic. 10-3

The use of rocker and roller bearing is generally
recommended when lengths of span exceed about 15 m or
so. The important facts to be remembered in the design
of a rocker and roller bearing are as follows:

(i) The initial setting of rollers in position should be -
carefully done. Otherwise they may not remain truly
vertical.

(i) The load from the bridge should evenly be distributed
over one or several rollers in both directions,
namely, longitudinal and lateral.

(ili) The number of rollers, their diameter and the
choice of Mmaterial should be made with respect to
the load likely to come on the bearing.

(iv) The piers or abutments should be provided at their
tops with a seat in the form of bed block or bed
plate to receive the rollers.

(v) The rollers, depending upon the design, may either
be solid or ribbed. In case of a ribbed roller, the
number of vertical ribs are held together by means
of a horizontal pin to form one single roller.
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(vi) The rollers should be placed in such-a position that
their constant movement will not cause the
displacement of rollers.

(vii) The rollers should be readily accessible for
lubrication and cleaning. : .

(5) Rocker bearing: A fixed bearing which rocks
about a pin like a hinge is known as a rocker bearing. In
case of a rocker bearing, a rocker pin is provided between
the top shoe and the bottom shoe as shown in fig. 10-4.
" A rocker bearing allows only free angular movement of the
main girder and at the same time, it transmits the pressure
centrally to the bed plate.

For spans greater than 20 m or so, a rocker bearing
is provided at one end and at the other end, a rocker and
roller bearing is provided.

Main Girder - ‘
Top Shoe—>
Battom Shoe—>~
/-Bed Plate

/7 7 /777777

Rocker bearing
Fic. 10-4

(6) Rubber bearing: A rubber bearing .consists of
layers of rubber plates. The steel plates or wire—-meshes
are introduced between the successive layers anq a
minimum cover of about 5 mm of rubber is maintained
along the edges. The steel plates or wire—-meshes perform
two functions:

(i) the chance of relative sliding between the rubber
plates is avoided; and

(i) the crushing of rubber under the load is prevented.

The desired thickness of rubber bearing can be obtaingd
by selecting a proper number of rubber plates. The synthetic
rubber like Neoprene can be successfully used for preparing
rubber bearings.
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If a thick rubber bearing is provided at one end ;ndl
thin rubber bearing is provided at the other end, the former
acts as a free bearing and the latter acts as a fixed bearmg-

(7) Sliding bearing: In case of a sliding beafing, a
sole plate is provided between main girder and bed platé
as shown in fig. 10-5 and the girder is rigidly connected
to sole plate.

The bed plate is fixed rigidly with the bridge supports
by anchor bolts. The sole plate is attached to the bed plate
by bolts through the slotted holes of the sole plate. The
sliding bearing allows only longitudinal movement of the

. maln girder.
Slogi Holes
§

' N
T

Main Girder

11 | —=<——---*Sole Plate

]<¢—RBed Plate
VA S S e A GV A G

Sliding bearing

Fic. 10-5 ‘
(8) Sole plate on curved bed plate bearing: In case
. of a sole plate on curved bed plate bearing, the main girder
is fixed to the sole plate which rests on a curved bed plate
as shown in fig. 10-6. Such a bearing is useful when it
is desired to allow only free angular movement of the main
girder.

Sole Plate Main Girder &
\k 1
y~Curved Bed Plate

S S

Sole plate on curved bed plate bearing
Fic. 10-6

() Tar paper bearing: In a strict sense, the tar paper
cannot be termed as a bridge bearing. But for very small
length of span upto about 7 m or so, the tar paper can
be used to perform the functions of a bearing. The paper
offers considerable frictional resistance to displacement to
the extent of about 50 per cent to 70 per cent.

Materials for bearings:

The bearings of the bridge are made of various materials.
But following are the common materials which are generally
used to manufacture the bridge bearings:
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(1) Cast steel
(2) Lead

(3) Mild steel
(4) Reinforced cement concrete
(5) Rubber

(6) Tar paper.

The bearings of cast steel, mild steel and tar paper are
very common in India. The design of an R.C.C. bearing is
rather complicated. But its construction is cheaper and
speedy. It can be cast as soon as it is ready. The
reinforcement in case of R.C.C. bearings is usually of spiral
type so that bursting tension can be effectively resisted.

As the metallic bearings are expensive in first cost
and difficult to maintain, the recent trend is to adopt
elastometric bearings. An elastomer is either natural rubber
or a synthetic material possessing characteristics  similar
to the rubber. The synthetic rubber in common use IS
the chloroprene rubber known as 'Neoprene'. The natural
rubber has the following drawbacks:

(1) It has only moderate weathering resistance. ’

(2) It is inflammable. L

(3) It is likely to be attacked by oxygen, ozone, oils
and fuels.

Following are the advantages of elastometric bearings:

(1) It is possible to increase their resistance against
oxygen and ozone by adding antioxidants and
antioxonants. .

(2) The height of this type of bearing is minimum and
far less than that of roller or rocker bearing. 1t
thus leads to the reduction in the cost of the
approaches. : ’

(3) The removal and\replacemenl, if required, can be
carried out easily.

(4) They are easy to install, and low in first cost.

(6) They do not require positive fixing like metallic
bearings.

(6) They have better weathering resistance and are flame
resistant. ‘

(7) They require practically no maintenance.
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Bed blocks: »

* The bearings rest on pier cap and hence, there is
concentration of stresses at surfaces where the bearings are
placed. In order to distribute effectively the stresses, the
bed blocks of cement concrete are prepared to function as
seats for the bearings. A bed block is a distributing block
of rich concrete placed at the top of pier. It is usually made
about 80 mm large in all directions of the contact area. The
term bed plate is used to indicate a bed block of steel,

Maintenance of bearings:

The bearings should be properly maintained so as ‘to
keep them effective during their useful life.

In case of steel bearings, it should be examined that
the bearings have sufficient lubrication and there is residual
wet grease between moving parts or contact surfaces.
Where the oil baths are used for the bearings, it should
be checked to see whether the level of oil is correct
and the covers are properly in position so as to prevent
the entry of external material to contaminate the oil. If
" the grease or oil is badly contaminated with dust, it should
be cleaned and fresh grease or oil should be added.

The metallic bearings, in addition, should be examined
to ascertain whether:

(1) the anchor bolts are in position and not loose
or bent;

"(2) the movement is as anticipated or excessive;

(3) there is any rusting and seizing of the plates;

(4) there is any structural crack either in the constituents-
of the rollers themselves or in the supporting
members like the bed block, pier cap, etc.

The bearings should normally be greased once in three
years and the last date of greasing should be prominently
marked on the face of the girders close to the abutments.

The use of elastometric bearings has become popular
and they are being most extensively used on the road
bridges and are being introduced on large scale on small
span railway bridges also. They should be inspected to
ascertain the following: .

(1) general cleanliness of the bearings and their
surroundings with special reference to keep them
away from grease, oil, petrol, etc.: and

(2) physical condition of the pads like flattening, bulging.
splitting, creep and evidence of oxidation.
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QUESTIONS

Define a bearing and mention the purposes of providing
bearings in a bridge.

What is the importance of bearings?

What are the free and fixed bearings?

Explain the expansion bearing and the knuckle bearing.
Give sketches of the following:

(1) Expansion bearing

(2) Knuckle bearing

(3) Rocker and roller bearing

(4) Sliding bearing.

What are the important facts to be .remembered in the
design of a rocker and roller bearing?

Write short notes on:

(1) Rubber bearing

(2) Sliding bearing

(3) Sole plate on curved bed plate bearing
(4) Tar paper bearing

(5) Bed blocks

(6) Elastometric bearings

(7) Cement mortar pad bearing.

What are the materials used for bearings?

o ct i d?
How are the different types of bearings maintained?
Differentiate between the following:

(1) Free bearing and fixed bearing )
(2) Knuckle bearing and rocker bearing
(3) Expansion bearing and rocker bearing

' (4) Rubber bearing and tar paper bearing.

Give reasons for the following:

(1) The successful functioning of a bridge _primarily
depends on the design of its bearings.

(2) There is ample scope. of achieving economy by
designing the bearings of a bridge properly and
carefully. '

(3) A fixed bearing allows free angular moyement;

(4) The steel plates or wire-meshes are mtrodu_ced
between the successive layers of a rubber bearing.




182

(5)
(6)
(@)
(8)

£))
(10)

| (11)

(12)

(13)

" Bridge €ngineering

The reinforcement in case of R.C.C. bearings is,"
usually of the spiral type. L

The bed blocks are provided as seats for thg
bearings. '

The dowel bars in sufficient number are provide_'g:i'I
in the cement mortar pad bearing.

The top shoe of expansion bearing is provided
with the drill holes.

A rocker and roller bearing is a free bearing.

The initial setting of rollers in position in case of
rocker and roller bearing should be carefully done.

The recent trend is to adopt the elastometric
bearings.

The adoption of elastometric bearings leads to the
reduction in cost of the approaches.

The bearings should be properly maintained.
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MISC ELLANEQUS
TOPICS

K

General:

In this chapter, the following miscellaneous topics of
. bridge engineering will be discussed:

I Afflux

Il.  Approaches

IIl.  Bridge architecture

IV. Clearance and freeboard .

V. Combined road and railway bridges

VI. Economic span

VIl. Erection of steel girders

VIiil. Formwork for arch brldges

IX. Handrails

X. Joints

Xl. Maintenance of bridges

Xll. Posting of bridges

XIil. Rating of existing bridges

XIV. Rebuilding of bridges

XV. Testing and strengthening of bridges .

XVLI.' Training works for bridges.

1. Afflux:

Definition: The abutments and piers of a bndge cause
obstruction to the natural flow of river-or..stream. It results
in the reducfion of the natural waterway of river or stream.
Hence, the mwmm%mﬂﬂfﬁ’geﬁses
during maximum flood discharge. It is due to the fact that,
as per law of confinuity of flow in hydraulics, the multiplication
of area and velocity remains the same at al sections in
the flow of water. Now, the velodity is developed due to
head—6f-water and hence to increase the velocity,_there
is sudden rise or heading up_of water level on the upstream
side o"f"fﬁ“é bndge as shown |n fig. 11-1. Such rise of water
Ievelonthe ﬁ~_ the afflux and it

The afflux W|I| also be caused when the effectlvey Imeal
waterway of a bridge is less than the natural width of the
stream immediately on the upstream side of the bndge

R
BRI oY
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fFootpath
‘l fRoadway ~-Parapet
- e
Height of Afflux
s S| ootan
-
Pier
River Bed
VAW AT AV Anawdwawd WA A AW ANAwd VAN AN AW EAwAweewayd
Afflux
Fic. 11-1

Importance: It is necessary to calculate the afflux
while designing a bridge for the following reasons:

v (1) Increased velocity: Due to afflux, there is an increase
in the velocity of flow under the brldge it should be checked

e e -

e O T,
bﬁﬁ“”"ﬁ’?’fﬁ“’b"f .:cour and consquently, the dgpth of
foundations will also be more. S|m|IarIy, the greater the
affiuX, the more “will"b& the “Vélocity produced through the
obstructioq.

¥ (2) Protective works: If afflux is more, the protective
works in the form of guude banks or _training works, wull
be required for preserving the rlver embankments

L et e TN

v (3) Sabmersion of bridge: If due allowance is not made
for afflux, it is likely that the bridge floor will be submerged
during the period of maximum flood discharge.

, Height of afflux: The increase in velocity due to afflux
is’ governed by the following relation:

Va = J,Zg‘ ha

where "“v, = Velocity due to afflux in m per sec

.

Acceleration due to gravity in m per. sec? .
Height of afflux in m.

s
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To find out the value of h,, the following two empirical
formulas are generally used: ‘
(1) Merriman's formula:

w2 (@ (2)

where v = Natural or normal velocity of flow in the river
in m per sec

A = Natural or normal waterway under the bridge
in m2 )
a = Actual or artificial waterway under the bridge
in m2 _
A; = Enlarged area upstream of the bridge in m2.

C = Coefficient of discharge which accommodates
contraction and frictional losses occurring’ as
water passes by the piers . '

. 2
0.75 + 0.35 (%) - 0.10 (%) ‘ approximately.
(2) Molesworth's formula: S

( v2 1 a)?2
= (220 ) () -]
a= \77e ’ 65.60) A :

where v, A and a are same as above. .

It may be mentioned that these two empirical formulas
for finding height of afflux give satisfactory resuit only when
the area of obstruction is not more as compared with the
natural or normal uncontracted area.

For calculating the height of afflux, it becomes necessary
to find out the natural or normal velocity of flow in t!'\e river

- and the natural or normal waterway of bridge site. For

arriving at mean values of normal velocity‘ and nqu:nal

waterway, the measurements should be taken at sufficient

distances on the upstream side of the bridge.

Problem 11-1.

The normal velocity of flow in a river is 1:§Q m per sec.
The normal waterway under the bridge, the artificial wateryvay
under the bridge and enlarged area upstream. of the br:dge
are respectively 8000 m2, 7000 m? and 10000 m?. Assume
g = 9.81 m per sec2. Calculate the height qf\ afflug an,d
increase in velocity due to afflux by applying (i) Merriman's
formula and (ii) Molesworth's formula.
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$oluti:on.'
(i) Merriman's formula

-5 {@- ()}

where h, = Height of afflux in m

v = Normal velocity of flow in m per sec
1.50 m per sec
g = Acceleration due to gravity in m per sec2
9.81 m per sec?

A = Normal waterway under the bridge in m2
= 8000 m?2

a = Artificial waterway under the bridge in m2
= 7000 m?2

A; = Enlarged area upstream of the bridge in m2
"= 10000 m?2 ’

C = Coefficient of discharge

2
= 0.75 + 0.35 (%) - 0.10 (%) approximately

2
= 0.75 + 0.35 (—7299) - 0.10 (3999)
8000 8000

=-0.75 + 0.31 - 0.08
= 0.98.

h, = A1.50)2 ( 8000 )2 _ (sooo)
: 2'x 9.81 |\0.98 x 7000 10000
2.25 (1.36 — 0.80)

2x9.81 o
=00642 m..................... AP Ans;

Now, A Vy = ng hy
where v, = Velocity due to afflux in m per sec

g = 9.81 m per sec?
ha = 0.0642 m.

Va = /2 x 9.81 x 0.0642
h =1122 M per SsecC...........ccouveureen
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(ii) Molesworth's formula:

v2 .1 A 2
ha = (17.87 * 6‘?}5) [(5) - 1]
where h,; = Height of afflux in m
v = Normal velocity of flow in m per sec
= 1.50 m per sec
A = Normal waterway under the bridge in m2
= 8000 m?2
a = Artificial waterway under the bridge in m2
= 7000 m?2,
Substituting,

h= (2022, L) [(8000)2 i ]
17.87 65.60 7000
= (0.1259 + 0.0152) (1.306 — 1)
=00432 m.......... ... e eieiei.ie.. Ans.
Now, vV, = ,/2g hg, _
where v, = Velocity due to afflux in m per sec
g = 9.81 m per sec? . )
h, = 0.0432 m.
Substituting,

Va = 2 x 9.81 x 0.0432

=092 mper sec. .........- ' .._..v....-;...AnS-
1. Approaches: '

Any bridge carries either a roadway or a railway line.
The alignment and level of some portion of the roadway
or railway line on either side of the bridge will be required
to be suitably altered to make a connection of roadways
or railway lines on either side of the bridge.}' he agQ[ga:ch
road is defined as that part of the roadway or railway line
whose alignment will be altefed as—a result' of the™ hew
bridge to be constructed. *

Following important pdinis should be remembered in
connection with the approaches of bridge: o

(1) Borrow pits: If the approach is in filling, it is to be
seen that the borrow pits are not very near to the embankment.
If this precaution is not taken, there are chances of parallel
flow being developed which may even endanger the safety
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of the embankment proper. Depending upon the topographical
features and size of the channel, the minimum distance from .
the toe of embankment and depth of borrow pits should!
be suitably specified.

v~ (2) Construction: The approaches may either be in
embankments or in cutting. It is always preferable to have
approaches in embankment rather than in cutting. However,
when approaches are in cutting, the single span bridge or
suspension_bridge js_adopted. The soil To be used for filling
in the embankment should be carefully selected and it

should..be, seen_that _it_does_not cantain,_excessive clay.

v (3) Cost: The cost of construction of approach road is
considered as the part of the bridge project itself,

v (4) Curvature: If the approaches are situated on curvature,
it should be_seen that the curve is smooth and.easy. In
any case, the approaches with dangerous curves should be
avoided. The curves are to be provided beyond the
minimum straight length of the approaches. The_introduction
of horizontal or vertical curves should be made. in
accofdance with "ifié” rélevant I.R.C. Road Standards.

ST e L e L

v~ (5) Extension of bridge: To provide better substructuré
to the approaches, the bridge as_such is extended into the
banks for some distance.. The extended portion howéver
may not have the same type of superstructure as the bridge
proper.

« (6) Gradient: The approaches should not have gradient
more than the ruling gradient. Generally, 1 in 30 to 1 in 20
.gradient is specified for the approaches. It is désirable for
the approaches to be level for some distance beyond the
end of bridge proper. In any case, the provision of steep
gradients on the approaches should be avoided.

(7) Joint walls: The embankments of approaches should
be carefully joined with the bridge and it is desirable to
construct the joint walls between the approaches and the

bridge.

(8) Maintenance: The approaches are to be maintained
with special care especially when they are newly constructed.
The approach banks and protection works should be such.
as to involve minimum recurring maintenance expenditure.
They ‘should also be reasonably free from flood damages
because in such: cases, the approach will be put out of_use
for long periods and will involve high cost in restoration.
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V7 (9) Width and length: The approaches should normally
be made wider than the bridge. As per |.R.C. recommendations,
the approaches should _have at least a minimum straight
length_of 15 m on either side of a bridge. This minimum

length Way~be increased—imcases—wheresit=is_tequired to

provide minimum “sight distance for the desi d. Also,
the minimum-straight length of the approaches should be
surfaced for a width at least equal to the width of roadway
on the bridge itself. ' ' '

IIl. Bridge architecture: :

The essential consideration of a bridge is its functional
utility. But at the same time, it is desirable to make the
bridge design aesthetically pleasing by observing some of
the principles of architectural planning. The engineer and
architect should work together to develop good aesthetics
of bridge design. L

The foundation portion is buried and not exposed to
view always or most of the time. The piers and abutments
are exposed to view and in combination with the superstructure,
the entire bridge should provide a pleasing view.

The bridges are permanent structures which will stand
for decades and some have even been existing over a few
centuries. The bridge aesthetics is a matter of taste and
it is difficult to codify the rules to be adopted in this respect.
As in other art forms, this expression is also person_al. "A
poem does not come from a committee nor a painting from
collaboration even though there are editors and assistants

- who may influence the final work. There are enough individuals

practising bridge design as artists to justify a. belief that
personal expression can lead to better designs.
Following are some of the aspects of bridge architecture:

(1) Construction: The bridge should be constructed with such
materials and finishing items that is functionally adequate,
economic in cost and pleasing in appearance. The rendering
of exposed external surfaces should be done with taste. In
the early stages, the bridges were ‘constructed of stone
rubble masonry with components well: proportioned and left
always exposed to give a good appearance. With the advent
of bricks, the bridges were made of brick masonry to a large
extent to achieve a good aesthetic appearance. Later on,
the cast—iron which could span longer lengths was tried by
the engineers to have a pleasing appearance in combination
with the substructure. With the advent of R.C.C. and prestressed
concrete, a -new vista has been openéd for the engineers
to develop a bridge structure with strong architectural appeal.



190 Bridge €ngineering

(2) General design: The various components of bridg
such as road approaches, carriageways, footpaths, etc. shoul
be suitably proportioned with each other to develop a sense’
of beauty. The arrangement of these components should
form a harmonious mass of beauty. o

(3) Landscaping: The surrounding landscape features.
such as trees, lawns, etc. should be properly exposed to
secure a pleasant landscaping. In fact, the bridge should
be tastefully designed and thoughtfully located in harmony
with the existing landscaping of the locality. -

(4) Light and shade: The role of light and shade on
bridge at night is certainly a matter of expression. The
highways and bridges within city limits should be provided
with diffused lights so that a vehicle driver can put off his
vehicle light well ahead before reaching the bridge and can
enjoy the ride over the bridge.

(5) Lines and edges: The eye of an observer appreciates
the .lines and edges employed in the bridge structure. It is
therefore essential that all lines and edges are in good order
to contribute to the pleasure imparted by a bridge view.

(6) Proportioning: The span and depth of the bridge
should be suitably proportioned. The main dimensions and
choice of spans are however largely determined by the
functional and economic considerations. But a variation
within reasonable limits is permissible to achieve an attractive
design. In all cases, a bridge should look as effortless as
possible and not too heavy. A well proportioned bridge not
only looks attractive but also expresses a sense of achievement.

_ (7) Railings: The railings on bridge should be provided
with such design that an open view is seen while crossing
or driving over the bridge. The solid parapets may be used
only for the single span minor bridges and culverts.'

(8) Simplicity: The best bridge design should always
exhibit a certain simplicity. The unnecessary ornamentation
is meaningless in modern times because those who pass
over or under the bridge usually travel at a speed and take
pleasure in the general effect of the design. '

IV. Clearance and freeboard:

- Deflnition: The term vertical clearance is used to indicate
the vertical distance between the springing level of arch or
bottom of girder and the highest flood level. The term
freeboard at any point is used to indicate the difference
between the highest flood level after allowing for afflux, if
any and the formation level of road embankment on the
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approaches or top level of guide bunds at that point. Thus,
the vertical clearance is associated with the lowest point
of the superstructure while the freeboard is connected wnth
the approaches and bunds.

Necessity: Following are the reasons for providing
the vertical clearance in all the categories of bridges:

(1) Afflux: The height of afflux is to be accommodated
between the bottom of bridge and H.F.L. dunng the period
of the maximum flood discharge. If clearance is not provided,
there are chances for the bridge floor to be submerged at
the time of maximum flood discharge.

(2) Floating debris: During the period of the highest

floods, there will be fioating debris in river water and the -

surface of water will be in the form of waves. The clearance
is provided to allow the floating debris to pass safely under
the bridge and to accommodate the height of waves between
the bottom of bridge and H.F.L.-

(3) Navigation: For rivers, streams or canals which are
to be used for the purpose of navigation, the® clearance
should be provided so as to allow the vessels even during
the period of maximum flood discharge and it has to be
determined in consultation with the Inland Navigation Department
of the State or Union Government, as the case may be.

Provisions: For clearance, the provisions which are usually
made are as follows:

Arch bridges  .......... 300 mm s

Girder bridges  .......... ' 7600 mm to’ 900 mm
High level bridges......... 600 mm -
Navigable rivers .......... 2400 mm to 3000 mm.

With respect to the quantity or discharge of flow, the
provision for the clearance .is usually made as shown in
table 11-1.

TABLE 11-1 -
MINIMUM VERTICAL CLEARANCE

1. Below 0.30

2. From 0.30 to 3 450 ‘ 600
3. From 3 to 30 600 600
4, From 30 to ‘300 800 660
5, From 300 to 3000 1200 1200
6.

Above 3000 1500 1800
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Following points should be noted:
(1) For high level bridges, the freeboard should not be
less than 600 mm.
(2) The provision of clearance may be relaxed in case
- of the . lrrlgatlon channels at the discretion of the
engineer in charge of the project.
- (3) For structures provided with the metallic bearings,
' the clearance between the highest flood level
“including afflux and the base of bearings should not
be less than 500 mm.
(4) For arch bridges, the clearance below the crown of
’ the intrados of the arch should not be less than the
result obtained by the following equation:

Clearance = 110 X maximum depth of the water
| + 51- X rise of the arch.

V. Combined road and railway bridges:

) Sometimes, the same bridge is used to carry road as
well as rallway Such a construction proves to be economical
in the sense that instead of incurring foundation costs for
two bridges, the foundation cost of only one bridge has
to be incurred. It is quite, therefore, evident that the proposition
of a combined road and railway bridge has to be entertained
where foundation cost of a bridge forms a substantial portion
of the bridge project.
The various possible combinations with respect to the
levels of roadway and railway track are shown in fig. 11-2
to fig. 11-9, Railwar Track

Road Road

I1

Pier

A
Road and railway—same level
Fic. 11-2

Fig. 11-2 shows the road and railway on the same deck.
This type of combination is undesirable from the considerations
of track maintenance, railway operation and road traffic. It
can be adopted for bridges carrying light .road traffic and
unimportant railway tracks. -
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Fig. 11-3 shows road and railway side by side above
main girders. Fig, 11-4 shows the road and railway side by
side between main girders. As loading is eccentric, these
combinations are usually not recommended. But they are
to be considered for short bridges carrying a single lane
of road traffic and having formation levels of the road and
railway practically the same. '

Mai Main Girder
Road Rr“r‘:ggy ain Girder Railway
Pier -
Pier
M 1
Road and railway " Road and railway
side by side above ‘side by side between -
main girders main girders
Fic. 11-3 Fic. 11-4
. kailwny Trdck-
i ¢ I
. Main Girdér T
Main Girder—> Railway —<-Main Girder ‘
Track
| Road T 1 Road | Road
Pler . Pier
—/ : A
Cantilevered Railway above road
roads and over top chords
Fig. 11-5 Fic. 11-6
Fig. 11-5 shows two traffic lanes of road — one on gither
side — cantilevered from the main girders. The railway

track is carried between the main girders. This type of
combination is to be adopted for short bridges in flat country
and it possesses the following two disadvantages:
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(1) The fast road traffic cannot overtake the slow road
traffic on the bridge. :

(2) The main girders are to be designed also for the

) eccentric loading, when only one road lane is .

occupied, resulting in uneconomical sections of the
main girders.

Fig. 11-6 shows the railway above road and over top”~
chords. Such a combination is adopted in the hilly areas
for. spans upto about 75 m.

.Fig.. 11-7 shows the railway above road and between
main girders. Such a combination is adopted in the -hilly
areas for spans greater than 75 m.

Fig. 11-8 shows the road above railway and over top
chords. Such a combination is adopted for long bridges in
flat country for spans upto about 60 m to 90 m.

| A'.- —'}

Maln \
Girder | | Railway Track gl‘:g:r :
: I h o Road
/Maln Girder\
Road
Raflway Track
b d I
Pier Pier
) A A
Railway above road and Road above railway
between main girders and over top chords
Fie. 11-7 Fic. 11-8

Fig. 11-9 shows the road above railway and between
main girders. Such a combination is adopted for long
bridges in flat country and for situations where it will be
more. convenient and economical to accommodate the
road between the girders. '
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Road

Main Main
Girder Girder

Rallway Track
I I

Pier

A, .
Road above railway and between main girders
Fic. 11-9

The longest rail-cum-road bridge of Asia exists on river
Godavari in the State of Andhra Pradesh forming a link
between {wo important towns — Rajahmundry and Kovvur.
The project was a joint venture between the Indian Railways
and the State Govt. It was put into commission on
November 20, 1975 and it was constructed with a total cost
of Rs. 12.22 crores. Some of the salient aspects of this
bridge are as follows:

(1) Airlock equipment: For carrying out the work of
pneumatic caissons, the two sets of highly sophisticated
airlocks were imported from M/s Fries Sohn, Frankfurt, West
Germany, at a cost of Rs. 10.63 lakhs.

(2) Alignment: To avoid the disturbance to the thickly
populated and built-up area on Rajahmundry side, the last
six spans are laid on sharp 6° curve. For accurate work,
the sophisticated equipments such as tellurometer were
employed by staff of Survey of India Department. The
tellurometer is a compact transistorised instrument and
works on the principle of reflection of the radio waves. it
can measure straight distance upto 30 km with a maximum
error of 10 mm or 3 parts per million of the length.

(3) Foundations: The twin piers of massive concrete on
top of pneumatic caissons-are of circular section of 4.27 m
diameter. The depth of foundation is about 31 m below the
low water level so as to ensure sufficient grip in the bed
even under the conditions of maximum erosion during the
high floods. :
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_(4) High tensile steel: The huge quantity of high tensile
steel, about 173 x 103 kN, was produced in India enly and
hence, this bridge became the first bridge to be constructed
with indigenous high tensile steel.

(5) Lighting on road: For the safety of the vehicular traffic
during nights, the road bridge is provided with adequate
and well-designed illumination arrangement. :

(6) Section: The bridge carries a single broad gauge track
on the bottom deck and a double lane roadway of National
Highway Standards on the top deck. The roadway also
contains footpaths of 1.50 m width on either side. The total
width of roadway is 7.50 m.

(7) Superstructure: The steel trusses of K—type with 12 m
height are used in the superstructure. The girders were
erected by the cantilever method which allowed the work
to go on round the year without any interruption.

(8) Total length: The bridge is divided into 27 spans of
91.4 m and 7 spans of 45.7 m and the total length of
the bridge is 2.90 km. Suitable approaches are provided on
both sides.

The rail-cum-road bridge on river Godavari thus really
stands as a speaking monument of the technical know—how
and ingenuity of the Indian engineers.

VI. Economic span:

Definition: The centre _to _centre .distance. between
successive bridge supports is known as the span. The term
economic span is used to indicate the span which, if adopted,
brings down the to cost..of bridge _to..minimum_with
respect to the various factors affecting the cost of a bridge
such~as availability of materials of “corstrugtion, Tabour
charges, nature of waterway, availability. of skilled labour,
climafic conditions, etc. Tt e

A RSppreET B

Theory: It is possible to find out a mathematical
expression for the economic span of a bridge with the help
of the following assumptions: .

(1) The bridge consists of equal spans.

(2) The bridge is an arch bridge or a girder bridge.

(3) The cost of abutments_with their foundations_is

.ngarly constant. ——— undations. =

(4) The ¢ast of one pier with its foundation_is nearly |

_——

‘constant.

. -

1
]
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(5) The cost of superstructure per:span varies directly
as the square of span. This assumption ‘is based
on the fact that the design of superstructure. mainly
depends on the bending moment and. the bending
moment is directly proportional to the square of span.

Let L = Total length of bridge

L = Lgngth of one span

n = Number of span = %

P = Cost of one pier with its foundation

C = Cost of bridge excluding cost of abutments. .
Now, ’

Cost of bridge = Cost of superstructure + Cost of piers
+ Cost of abutments

C = Cost of superstructure + Cost of piers.. (i)
According to the assumption no. (5), o
cost of superstructure per span a2 = a I2
where a is the constant of variation.

EN <4;¢:_:«&mz..;e-‘;?m=~hj n a l2 . . (ii)

Cost of superstructure for n span
As n indicates number of spans, the number of piers
would be (n - 1) and hence, ‘ Lo e
cost of piers =(n - 1) P ... ....... @iily
Substituting (ii) and (iii) in equation (i)," ' s
C=naR+(n-1PFP

na (%)2 +(n-1P

2 -
- 8 L + (n - 1) P.

For C to be minimum, _
© _o ) I
dn :

aL? ¢

-5 +P=0
’72 *

‘P =a 12/ ......................... (iv)

From equation rﬁ???’”(ﬁ?)‘”,"’it is seen that the economic span
for a bridge is one which is so selected as to make the
‘cost of one. pier with its foundation to the cost of superstructure
.per_span or in 6ther words;]Tt. means that an ecoRomie. spah

is one_in_which_the cost ol one _pier is equal te onehalf
‘'of the cost of two spans which it supports. ' @
[ P © o e e "

e P
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For rivers subjected to heavy floods and at places wher
‘the foundations are to be expensive, the large spans ar
adopted. For gentle rivers and at places where good foundation
are available. at shallow depths, the small spans are adopted.:

Exceptions: Following are the cases in which it is not
possible to adopt the economic span as worked out from:
the above considerations: ’

(1) Dead load of superstructure It is found that there isf
considerable increase in the dead load of superstructure beyond’
a certain value of span. Such an increase in dead load of the
superstructure results in the increase in cost of bridge and
it also causes difficulty in the erection of superstructure.

(2) Foundations of piers: It is likely that suitable
foundations of piers are not available at the points where
the piers are to be placed as per consideration of the
economic span. As a matter of fact, the piers should be
so located as to make the best use of the foundation
conditions available at the bridge site.

TABLE 11-2
.ECONOMIC SPAN AND HEIGHT OF PIERS

R.C.C. slab on masonry piers l= 150 h
R.C.C. slab and beam on
masonry piers 1=175h
3. | R.C.C. slab on pile bents l=nh .
4. | Steel troughs on R.S. joists =150 h
5. | Steel trusses on masonry piers L 3 h
6. Masonry arch L= 2 h or more

(3) Height of piers: There is some relation between
economic span and total height of the pier. Table 11-2 shows
the approximate values of the economic spans with respect
to the lengths of piers for different types of bridges. The
term | indicates economic span and the term h indicates
total height of one pier from the underside of the foundation
to the top of pier. For an arch bridge, the height is to be
measured upto the intrados of the keystone.

(4) Increase in span: The relation for economic span
holds \good upto a certain value of span only. The cost of
pier with its foundation per metre run is directly proportionaj
to the mass of pier and it is found that there is considerabla.
‘increase in the mass of pier beyond a certain value of span_
It is therefore necessary to examine carefully the economig:
span before it is being adopted.
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(5) Miscellaneous reasons: The economic span has to be
suitably modified for various other reasons such as
navigational requirements, aesthetic considerations, etc.

Problem 11-2.

The approximate costs of one pier and one superstructure
span for a muiltiple span bridge for various lengths of span
are tabulated as follows:

10 7000

15 13815 .
20 31000
25 36000
30 41400
Determine the economic span.
Solution: .
Now, cost of superstructure o 2 = a R
where a = constant of variation
l = span.
The values of a for different costs will be as follows:
For 10 m span, a = 11%909 = 70.00
For 15 m span, a = 13815 _ 61.40
T 225 ,
For 20 m span, a = %%89 = 77.50 , : ]
For 25 m span, a = 309000 _ 5760 '
625
For 30 m span, a = 41400  _ 4600
900 .

Average value of ' : ;
a = 70.00 + 6140 + 77.50 + 57.60 + 46.00

5
312.50 _ 62.50

Average cost of pier
25000 + 28000 + 32500 + 33700 + 34800

5
= 1555999 = Rs. 30800.

For span to be economic,
Cost of one pier = Constant x (Economic span) 2

Economic span = ’_3_6928%9 =2220m. ......... Ans.
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VIl. Erection of steel girders: o
" Preliminary: Before the erection of steel girders iis

started, the following important points should be carefully
observed: ;

(1) Centering: In some cases, the centering or temporary
supports will be required for erection of steel girders so
as to take care of erection stresses, where necessary. The
centering should be safe and it should be capable of being
easily dismantled. Wherever possible, an attempt should be

made to use portion of the permanent structures as centering. |

(2) Field forces: It is absolutely necessary to organize

properly the field forces which consist of machinery, materials
and men. It should be so planned that there is no unnecessary
delay of the work. In some cases, the members of a
structure may be subjected to reversal of stresses durlng
erection as compared to the final service load stresses. The
designer should specify the precautions to be taken in the
field under such circumstances.
" (3) Machinery: The details of machinery requnred for .
~erection of steel girders should be properly worked out and
such machinery should be made available before the
startmg of work.

- (4) Measurement of span: The exact span of steel girder

should be measured at site and such measured span should
be adopted for fabricating steel girder, marking positions of
anchor bolts, bearings, etc.
. (5) Selection of method: The various methods which can
be adopted for erection of a particular steel girder should
be studied and out of many alternatives, the most suitable
method should be adopted.

Methods: Following are the methods of erection of
steel girders:

~ (1) Building out from supports

(2) Floating

(3) Lifting

(4) Rolling

(5) Staging.

(1) Building out from supports For erecting stee|

éuperstructures of cantilever type, it is possible to start the
.work from both the supports. The fwo portions are suntably

connected by a hinge at the centre. The method of building |
out from supports can also be adopted for long span simply |;

supported- steel girders, if extra additional members are
provided to take up the erection stresses.
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The method is also known as the cantilevering method
and it is used for very large spans. The erection starts

from the abutment end and the erection of the members
ahead is done: -

(i) in case of prestressed concrete construction, by

using the support on the previously erected part of
structure; and

(ii) in case of steel construction, by using a crane which
travels on the top boom of the previously erected
part of the structure. :

(2) Floating: When depth of water in river is more, the
method of floating is generally adopted. In the method of
floating, the pontoons are used to carry the steel girders.
The pontoons carry bodily the fabricated steel girders’ from
the shore and deposit them at site. Alternatively, the pontoons
may be used to act as the temporary supports for girders
while they are being pushed from the shore or support.

(3) Lifting: Following are the conditions fa’v.qq.rable for
the method of lifting:

(i) The height of superstructure above river bed should
be moderate, say 4 m to 6 m. ' ‘ '
(i) The river bed is available in dry condition for major
period of the year. o ~.
(iii) The span is within 30 m. . —
In the method of lifting, the fabricated steel girders are
brought on the river bed and are assembled on a Ievej:lled
platform which is formed by filling earth to sufficient height.
They are then lifted up and placed in position with the help
of cranes or shear legs or winches or some such a(rangements.
After placing the girders in position, the flooring and the
bracings are than field connected to the girders.

(4) Rolling: For continuous bridges and for crossing a
viaduct, the method of rolling out girders from the supports
may be adopted. In the method of rolling, the girders are
suitably rolled in position by providing necessary bearlr.ngs
on the supports. During the process of rolling, the erection
stresses are set up and it is, therefore, necessary to provide
adequate additional members to take up the erection stresses.

The method is also referred to as the incremental launching
method and it has become very popular for the concrete
girders. It can be used for both cast-in—situ construction
and for precasting. It basically consists of. the followmg;=

procedure: ;

4
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(i) The concrete bridge deck segment is manufacture
in a pre—fabrication area behind one of the abutments. |

(ii) Each new segment is concreted directly against the
preceding one.

(iii) After the segment has hardened and stressed, the
structure is jacked forward by the length of one
segment. :

(iv) The bridge unit is gradually pushed over ' the
intermediate piers.

This is a highly mechanised bridge deck erection
method. It permits considerable reduction in the investment
cost of formwork and erection plant. However, the use
of this- method is very much dependent upon the labour
and material costs prevalent in the area and the availability
of necessary equipment. It also depends upon the access
to ‘site, span length, environmental factors, construction
depth, etc. )

The incremental launching method has been used quite
extensively in our country for long spans of 90 m to 120 m
over major rivers,

(5) Staging: Following are the conditions favourable for
the method of staging:
() The depth of water in the river is shallow during
the period of construction.

. (ii)y The height of superstructure above the river bed

~should not be excessive.

- .(iii) The span should be simply supported.

The staging consists of trestle frames which may be of
wood or steel. The staging is suitably designed and after it
is constructed, the erection of steel girders is commenced
on the staging.

VIil. Formwork for arch bridges:

‘To construct arches, the centering will invariably be
required. The type and design of centering will mainly
depend on the following factors: '

(1) availability of labour for constructing and erecting the

centering,
. (2) depth of water, liability to floods, etc.,

. (3) distance required between supports of centering for
: .the passage of traffic,

(4) foundation conditions, ‘
" (5) nature and type of arch i.e. span, rise, etc.,

t



Miscellaneous  Toplcs 203

Good features: Following are the good features of a

typical design for the centering of arch bridges:

(1) The centering should be of sufficient strength and
rigidity. It will then be possible to keep such
centering in line, level and shape during construction.

(2) The centering should be so arranged that it can be
easily removed after the work is completed without
causing any damage to the arch.

(3) The centering should be so prepared that the
maximum quantity of material of centering may be
recovered. It means that the centering should have
a greater salvage value.

(4) The design of centering should be such that the
combined cost of labour and material works out to
be the minimum.

Types: The centering for the arch bridges can be classified

into the following three categories:

- (1) Steel truss centering
(2) Timber truss centering
(3) Trestle centering.

(1) Steel truss centering: In steel truss centering, the steel
trusses of suitable shape and design are used. The design
of steel trusses mainly depends on the nature of arch,
method of construction, prevailing local conditions, etc. The
handling of steel trusses may sometimes create problem.
But it can be solved by using suitable modern machinery
for the same. Following are the circumstances favourable
for the steel truss centering: )

(i) When arches are to be constructed in the rivers
subjected to frequent heavy floods, it is found that
the steel trusses will be less damaged due to the
action of floods than the other types of centering.

(i) When it is impossible or uneconomical to use trestle
type of centering, the steel trusses are used.

(iii)) When the depth of water is more, the steel truss
centering is preferred to other types. :

(2) Timber truss centering: In timber truss centering, the
timber trusses of suitable shape and design are used. Follovylnq
are the circumstances favourable for the timber truss centering:

(i) an arch is to be provided in gorge or deep valley,

(ii) the passage for traffic is required during the
construction of arch, and :

(iii) the supports for centering are to rest in deep water.
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The trusses are however expensive to frame and there
is little salvage value of the material. The timber trusses
are also likely to deform under the load. In order to employ
the timber trusses successfully, the following precautions
are to be taken:

(i) It is necessary to find out the stresses developed
in various members of the timber truss for different
loadings which may occur during the construction
-of arch. One important fact to be noted is that some
members of the truss may be subjected to reversal
of stresses and such members should be adequately
protected for the same.

(ii) One more intermediate supports may be given to the
centering to reduce the amount of deflection.

(iii) The stiffness of timber truss is very important and
it should be seen that the deflection does not
exceed the maximum permissible value.

(iv) The timber truss should be accurately designed and
carefully constructed. '

(3) Trestle centering: The term trestle centering is used
,to mean that the arch is supported by posts resting on the
ground. The best arrangement would be of the vertical
_posts. But it is possible to arrange the trestie centering in
a variety of forms as shown in fig. 11-10 to fig. 11-13.

TT 1T T

|~ ——FVertical
i Posts

o RS
Trestle centering
Fie. 11-10
Fig. 11-10 shows the trestle centering in which the posts
are vertical and they reach from ground to the arch in a
single stage. Such an arrangement is useful for the arches
of low bridges.
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. Fig. 11-11 shows the trestle centering which is b-uilt up
In tiers. Such an arrangement is useful for the arches of

high bridges. —
~—] . ’
=Vertical
1| ggs’t;ca
Upper| Tier
Lower| Tier

Trestle centering
Fic. 11-11

Fig. 11-12 shows the trestle centering with  inclined
posts. It is -adopted when it is desired to cut down the

number of foundation posts.

Inclined Posts

+
Foundation of Posts/r

Trestle centering
Fic. 11-12
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Fig. 11-13 shows the trestle centering which :is a
combination of fig. 11-11 and fig. 11-12. It is used when
it is desirable to reduce the span of stringers without
increasing the number of vertical posts.

[ Vertical
<1 | Posts

Trestle centering
Fic. 11-13

Following are the advantages of the trestle centering:

(i) As compared to' other types of centering, the cost
of trestle centering is not more.

(i) It deforms the least and hence, there are less
chances of its failure.

(iii) It is simple in construction and can therefore be
_easily built.

(iv) It possesses the greatest salvage value of the
materials used in its construction.

IX. Handrails:

-The handrails or railings are necessary on the sides of
a bridge to serve the following fwo purposes:

(1) The chances of bridge users and vehicles for
falling into the stream or river will be considerably
reduced by the presence of handrails at the sides
of a bridge.

(2y They will define the width of bridge and if properly

constructed, will impart an architectural character to
the appearance of the bridge.
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The handrails should be light in weight and they should
permit a view through them while driving on the bridge.
The handrails, parapets or posts should be designed to
resist a lateral horizontal force and vertical force each of
1.50 kN per metre run applied simultaneously at the top
of the railing or parapet. -

Depending upon the site conditions, length of bridge,
importance of bridge, etc., it is possible to find out various
alternative designs for the handrails to a particular bridge.
But in general, the handrails can broadly be grouped in
the following two categories:

(1) Panel slab and post system

(2) Post and rail system.

(1) Panel slab and post system: |n this system,
the R.C.C. vertical posts are cast monolithic with kerb at
a spacing of about 2000 mm and the space between adjacgnt
posts is filled up by placing precast slabs having attractive
pattern of holes or perforations. ]

(2) Post and rail system: |n this system the vertical
posts of R.C.C. or steel are spaced at about 2000 mm
interval and space between the adjacent posts Is filled up
by rails of suitable sections. The struts may be provided to
give rigidity to the handrail. It is possible to have different
designs of rails or grillwork. )

Following points should be noted in connection with the
handrails to a bridge:

(1) Approaches to a bridge: If the apprpa}ches.‘,tobla
bridge are on a curve or on high embankments, it is desira te
to provide handrails on both edges to such approaches to
minimize the chances of accidents.

(2) Culverts: The simple solid parapet walls of adequate
height, either in stone masonry or brick masonry, will be
sufficient for the culverts and minor bridges to serve the

urpose of handrail. The minimum height above the road
surface should be 300 mm with a thickness of at least

(3) Hill roads: The parapets on hill roads may be mgde
of dry stones with t9p course in mortar, about 600 mm high,
in small lengths -with gaps in-between.

(4) Joints: It is desirable to have joints in the handrails
at about 8000 mm intervals. The double posts with a gap
of about 12 mm between them are provided at the joints.
The expansion gap of about 25 mm is provided over a pier
petween the handrails in the adjacent spans.
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. (5) Kerb design: The design of kerb is made in” such
a way that a vehicle after hitting a kerb is deflected to
‘move- parallel to the road and thus, the chances of-vehicles
falling - from the bridge to the stream or river below are
greatly reduced. ’

(6) Submersible bridges: The handrails to be provided
for the causeways or submersible bridges should be of
collapsible nature so that during floods, they will topple
down -and lie on the bridge floor. Such an arrangement
results info minimum obstruction to the flow of water and
floating debris during floods.

X. Joints:

The bridge joints should be desngned in such a way
that they require the least maintenance and they have good
performance even with moderately high traffic of the present
day. The joint is the weakest area of bridge and if not
properly attended to, may lead to serious maintenance
problems. The joints are of the following two types:

(1) Construction joints
(2) Expansion and contraction joints.

(1) Construction joints: These joints are made
between portions of the concrete constructed at different
times due to the temporary suspension of the placement
of concrete. Such a situation may be expected because of
getting some facility in construction work or it may arise
unexpected due to the reasons such as unfavourable weather
condition, failure of machinery, etc. It also becomes necessary
to provnde the construction joint when the foundations of
adjacent parts of the structure are at different levels as in
case of junction between the abutment and wing wall.

(2) Expansion and contraction joints: These joints
are provided to take care of deformations which take place
due to changes in temperature. The expansion joints are
for the full depth of the member. The contraction joints are
usually, of smaller width and they extend only upto the part
of the depth of the slab, They are spaced closer than the
expansion joints. As per the present practice, the expansion
joints are provided at every pair of a simply supported
structure and at the end of the girders in case of continuous
and rigid .frame bridges. Thus, the spacmg of expansion
joints will depend on the span length in case of a simply
supported structure and the number of continuous spans
in other cases.

208 Bridge €ngineering
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The various types of expansion joints -have- been

developed for accommodating the expansion ranging from
25 mm to 1800 mm. -

Fig. 11-14 shows a typical expansion joint for a highway
bridge .with simply supported T-beam construction.. 'The
expansion gap is 25 mm and it is achieved by a copper
sheet 1.5 mm thick and 250 mm wide bent in the form
of a bulb in the middle portion so as to have an effective
length of 175 mm. The gap above the copper plate is
filled up with suitable resilient joint filler. This type -of
joint will allow expansion upto 22 mm. The other forms
of expansion joints are mild steel angles and plates,
finger plates, modular units, pre—fabricated modular
compression seating system, et e

Floor Leuel\ Resilient Joint Filler

L |
>

Ldppgr Sheet
250mm % 1*'SOmm

H75mm—> t+75mm->4 T zL ‘

1—25mm Expansion'éapi o ‘;._'f:‘.'

Expansion joint
Fic. 11-14

_ It should be remembered that the number of expansion
joints in the deck should be brought down to ‘a minimum
by arranging judiciously fixed and free bearings in a multi—
span bridg . . } Lo N

.

Following are the three important requirements of an
expansion joint: - S |
(1) The sufficient space must be provided for
accommodating smoothly the relative‘movements.\
(2) The gap between the adjacent sides of the
joint should be filled up or bridged in such a way
that the riding over the joint is smooth and without
jerks. . : , '
(3) The water must be prevented from entering and
leaking through the joint. . : : S
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XI. Maintenance of bridges:

;

" .After the bridge is constructed, it is absolutely/necessary
to inspect it at regular intervals and to maintain’ it in such
condition that it functions properly. The damage/to a bridge

~Structure may be either due to faulty design ‘or improper

]

construction or due to the aging of the material. It may
also occur due to external factors like floods, storms or

accidents.

The defects which develop in any one particular
component of a bridge structure can extend further slowly
and ultimately, it becomes too weak to sustain the loads. If
it is a vital member of the structure, it may fail causing
total failure of the structure.

The details of inspection vary with the type of bridge
and materials employed in its construction. The expectancy

. lives of substructure and superstructure are respectively

as 100 years and 70 years. But the overall utility of a
bridge can be drastically reduced due to faulty and poor
maintenance. As the life of bridge is quite substantial,
it is also likely that there can be a change in the traffic
pattern and a bridge designed for lower loads may have
to be subjected to higher loads.
Following are the general works of maintenance for the
major bridges:
(1) Any signs of movement of the bricks or stones
in masonry work should be carefully watched.
(2) The flood training bunds will have to be constructed
and maintained in case of some rivers.

(3) It should be seen whether the masonry has washed,
cracked or deteriorated. The cracks developed in
the masonry will have to be examined carefully to
see whether they are superficial or due to structural
failure or defect. ‘

(4) The suitable pitching is to be provided to the
embankments near bridges.

(5) The bearings of girders should be coated with oil
from time to time.

(6) The bed blocks should be inspected from time to
time and the necessary repair should be
immediately carried out.

(7) - The floor system of approaches and bridges should
“be properly maintained.




(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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The movement of foundations, if any, should be
carefully inspected and all attempts should be
made to stop such further movement.

The rivets should be carefully inspected at regular

intervals and all defective rivets should be punched
off and replaced.

The soundings are to be taken in the river bed

?nd depth of scour near the abutments and piers
Is to be detected.

The superstructure of steel girder bridges should
be periodically cleaned and painted with red lead
at least once in 5 years. The steel requires
constant attention because it is liable to corrode
due to weathering action. If corrosion is not

promptly attended, it will result in the section
becoming unsafe.

Due to fatigue some components of the steel
structure may develop cracks. In a similar way,
some members can buckle or can be' bent due
to overloading or accidents. The rivets of the joints
tend to become loose due to the holes becoming
oval. All such defects should be noticed during
routine inspection and should be attended on a
pProgrammed basis. : o

The concrete girders normally require very :ligtle
Maintenance except keeping them clean, examining

for cracks that may develop and keeping the -

bearing area thoroughly. free from dirt. Any crar?k
of structural significance can be sealed by the
Pressure grouting or other means.

The weep holes should be inspected :rggu,larly-and
they must be kept in working condition.

In case of highway bridges, the condition of_ kerbs,
Parapet walls and footpath should be exammed in
all respects. _

The entire drainage system should be inspected
for its proper functioning. The drainage -sp:opts
should be examined for any blockage, deterioration
or damage. It is also sometimes found that the
drained water is falling on a part of structure
causing damage or acceleration of deterlo.rat!ng
effect on the same. The possibility of (eallgnnng
or relocating such spots should be considered.
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It is absolutely necessary that every part of th¢ bridge
structure is kept under constant observation. For this/purpose,
a periodic or routine inspection followed by detailed technical
examination, wherever necessary, is essential. The technical
inspection, should be entrusted to specially selected and
trained personnel. Thus, the above—-mentioned maintenance
" works can broadly be grouped into the following two categories:

(1) Detailed inspection : -

(2) Routine inspection.

(1) Detailed inspection: The detailed or in—depth
inspection involves the visual examination of all superstructure
and substructure elements. It is carried out in the following
two categories:

(i) Gene(al: A check-list of items is jnspected either
visually or with the aid of standard instruments in the
general inspection. It is carried out once in 2 years.

(ii) Major: It requires close examination of elements
with the aid of access facilities. It is conducted at intervals
of 5 to 6 years or even at smaller intervals depending upon
the design of the structure.'The structural analysis of bridges
is done by experienced bridge design engineers soon after
the occurrence of calamities such as floods and earthquakes
or the passage of high intensity loadings. )

The trouble spots to be checked up during the detaile
inspection are as follows: A
“. (i) behaviour of expansion joints;

(i) cracks. in metalwork;
© “(iii) -damaged structural members;
(iv) deterioration and cracks in concrete;

-+ (v) excessive vibrations;
" (vi) ‘foundation settlement and movement;
(vii) indiscriminate past repairs;
- - (viii) inoperative expansion bearings;
" (ix) . loose connections; etc.

' (2) Routine inspection: The routine inspection
aims to look after the general examination of structure at
regular intervals and the spots having outward physical
defects are immediately repaired. The routine inspection is
-generally “applicable to short span bridges. The routine
inspection is conducted prior to the monsoons and the data
?ﬁd details are recorded on a proforma. A post—-monsoon
inspection is also conducted in order to compare the data
and check deterioration.

- 7F
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Following precautions should be taken during bridge
maintenance: : '

(1) Approaches: The painted guard rails with suitable
lights should be provided on the approaches to the bridges
so that accidents due to poor visibility are avoided.

(2) Bearings: It is necessary to see that the bearings
do not become inoperative because of poor maintenance.

(3) Lights: The bridges, especially in the urban areas,
should be provided with attractive and delightful lights.

(4) Surface dressing: It should be checkeéd that the’
periodic addition of surface dressing does not result into
the increase in dead load far in excéss of original load
adopted in the bridge design. :

Xll. Posting of bridges: . ’ T
The term posting of a bridge is used to mean the

restriction on the use of bridge so as not to disturb its safe
load carrying capacity. The posting of bridges can be

classified in the following ftwo categories: o

(1) Load limit postings
(2) Speed postings.

(1) Load limit postings: The bridge is posted by the
load limits and the load. restriction may either be in the_form
of maximum axle loads or maximum gross loads of_Veh.lclesf
The posting signs are in the form of advance warning signs
and the load restriction signs and they are placed as under:

(i) The advanced warning signs indicating the load limit
on bridge ahead, are placed about 200 m from the
abutments on either side. ' 4

(i) The load restriction signs, mentioning the load
limit, are placed about 60 m from the abutments on
either side. ’

(2) Speed postings: The restriction is put up on the
speed of vehicles on the bridge. The speed postings reduce
the impact effect and thus, the bridges can be_allgwed to
carry heavier loads by reducing the speeds of vehlcles..ln
general, the speed restrictions are not reqorn_mepded and they
should be resorted to only in the exceptional circumstances.

XIll. Rating of existing bridges: . o
The process of assessing the safe load carrying capacity
is known as rating and it has to be systematically carried
out for most of the. existing old bridges which are not
designed for the present day heavy highway  loadings.
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Following are the purposes of the rating of existing bridges:
(1) To afford safety to the traffic and public.

(2) To avoid immediate reconstruction of the existing
‘bridges leading to substantial saving of money and
materials of construction.

(3) To ensure smooth flow of traffic on the existing old
bridges without imposing serious unnecessary
restrictions.

(4) To suggest measures which would guarantee the
safe use of existing bridges during the remaining
period of their useful life.

During rating, the bridge is thoroughly inspected so
as to determine its physical condition and the inspecting
engineer must be well conversant with the design aspects
as well as construction features of the bridge structures.
The field inspections and investigations are properly
recorded in the form of detailed sketches and self-
explanatory riotes. The findings are then correctly interpreted
and suitable measures are recommended to remove the
structural deficiency of the bridge.

The collection of field data after thorough inspection
of the existing bridges is the most difficult part of rating
and it should be entrusted to the experts only. In advanced
countries like the U.S.A., the data processing and laborious
calculations required for rating are made accurately with
the: help of computers and modern non-destructive
testing equipments for giving in—depth information of a
damaged member of the structure and which cannot be
evaluated with the traditional tools during visual inspection.
" The commonly employed three such equipments are as
follows: -

(1) Magnetic particle detector: It is a portable magnetic
equipment which is available for in—situ inspection. Its use
is limited for the detection of surface or subsurface defects.
The area of the metal to be inspected is magnetised and
"~ a fine_ magnetic powder is sprinkled on the surface under
inspection. The layout of the powder formed is then analysed
to detect the defect.

(2) Radiographic equipment: It employs X—rays or gamma -
rays to detect defects in the steel bridge structures. It
requires a power source and cooling system in addition to
the X-ray tube and film. This equipment is capable of

detecting surface and subsurface defects. It provides a
permanent record. -
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§3) Ultrasonic testing equipment: This is a simple portable
equipment requiring a skilled operator. It is capable of
locating both surface and subsurface defects in the metals
including cracks, laminations, weld fusion, etc. It can also
be used for measuring the plate thickness. It is well suited
for analysing possible defects in the steel bridge elements
and joints.

XIV. Rebuilding bridges:

An existing bridge in full or in part may be required to
be rebuilt for one or more of the following four factors:

(1) Damage

(2) Excessive maintenance cost

(3) Obsolescence

(4) Weathering.

Each of the above factor will now be briefly described.

(1) Damage: The existing bridge might collapse or
severely be damaged due to heavy unprecedented floods
in the stream or river. Such floods can be caused due to
various reasons such as breach in reservoir on upstream,
increased precipitation of the catchment area, changed
pattern of the flow of river, etc. '

(2) Excessive maintenance cost: As the bridge
approaches at the end of its service life, there is increase
in its maintenance cost. Due to increased qosts_of labour
and materials, it may happen that the maintenance cost
including major repairs may become so excessive that it
may prove economical to replace the exjstmg bridge even
though it has not completed its useful life.

(3) Obsolescence: The existing bridgg may becorr!e
functionally obsolete due to grade separation or change in
the pattern of traffic or navigational requirements. The use
of heavy and large locomotives or vehicles may be one of
the main reason to replace the existing railway bridge.

(4) Weathering: Due to various weatpering .effepts
such as fumes, saline atmosphere, etc., tt)ere is dete_rlorgtlon
of the bridge structure even though it is well maintained.
uctural material can also be subjected to failure due

The str P .
to fatigue and in practice, it is extremely difficult to predict
the actual fatigue service life of the structure. Hence, some

members or parts of the structure may be subjected to more
number of load cycles than expected and they may fail or
give way far in advance of the intended service life of the

bridge structure as a whole.
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The replacement of the bridge structure may be done
in part or in full depending upon the circumstances. The
partial replacement is common in case of railway bridges
whose substructure is of masonry and superstructure is of
steel girders. The life of steel girders is normally less
and the partial replacement is carried out using temporary
arrangements and keeping the traffic moving continuously
with restricted speed.

The entire .bridge structure deserves to be replaced or
rebuilt under the following circumstances:

(1) It has become too weak to take up the present day
loads or traffic pattern.

(2) 1t has been considerably damaged due to corrosion
of reinforcement, ageing, etc.

(3) It has become structurally overstressed due to hazards
like floods, earthquake, falling of boulders, etc.

(4) Itis not suitable due to faulty design and construction
" .practices.
The most'common forms of distress in bridge structures are;
(i) Corrosion of reinforcement;
(i) Displacement of decks;
.+ (iii) Flexural and shear cracks;
.. (iv) Movement of abutments;
(v) Sinking of wells;
(vi) Snapping of prestressing cables;
(vii) Tilting of piers; and
(viii) Topping of bearings.
Repair programmes frequently use one of the following
specialised techniques:
(a) Epoxy resin injection;
(b) External prestressing;
(c) Externally bonded steel plates;
(d) Grouting, shotcreting.

~ The following repair scheme was adopted for rehabllltatlon
_of .Ellis Bridge, Ahmedabad:

€1) Asphaltic concrete wearing coat W.B.M. and lime
concrete were removed and corrugated plates were
‘exposed.

(2) New plates were welded to the portion which were
“intact..

.(3) Wherever corrosion had occurred, reinforcing plates
were added.
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(4) Reinforcement bars were placed over the cross '

girders for a width of about 1.5-m and cement
concrete was cast to stiffen the deck. S :

(5) Sand blasting was done and then steel structure-

was painted with zinc rich epoxy and aluminium
paint. : S o

XV. Testing and strengthening of bridges:

After the construction work of a bridge is completed and
before it is opened for traffic, it is necessary to test the
bridge for its stiffness and strength. '

The testing of bridge is usually carried out with the help
of a deflectometer under various conditions of loading. the
deflectometer records the deflection automatically and lt“i?
placed on the platform of instrument trestle. For taking
readings of the instrument, an observation platform, which
is entirely independent of the instrument -platform, IS
constructed on another trestle. : S

The loads are allowed to stand, to move slowly and to

run at maximum speed on the bridge.. From-the set of

readings obtained, the strength and stiffness of bridge are.
computed. s e
The present day sudden explosion of-heavy rb'a,_t_i traffic
has posed the problem of testing and strehgtheN‘lng_the
existing bridges. It is quite clear that the weakest bridge
on a particular route will be the -deciding- factor for the
capacity of road or highway. E R

Following are the methods which are applied to work -

out the safe bearing capacity of an existing bridge:
(1) Correlation method
(2) Load testing .
(3) Theoretical method. o Lo od
Each of the above method will now be briefly discussed.

(1) Correlation method: The behaviour of another
existing bridge with identical _specifications. and other
similar details is studied and its safe bea.rlng‘load is then
correlated to the bridge under consideration. ; ",‘

(2) Load testing: The safe carrying capacity o e
bridge) is worked outgby the application qf Ipads. The tests
with loads can either be proof tests or failure tests. The
.term proof tests is-used to mean the tests in which loads
exceed the usual working limits, but they do not cause any
' damage to the structure of the bridge as a whole. However,
the proof tests are recommended only for simply supported




" then finally provided
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R.C.C. girder bridges and arch bridges because of the fact
that in such cases, it is possible to conveniently associate
the results with theoretical analysis. The term failure test
indicates the application of loads which lead to the failure
of bridge.

(3) Theoretical method: The relevant data pertaining
to the bridge are collected and analysed theoretically. The
safe load of the bridge can then be computed with the help
of formulas, charts or tables.

If the results obtained during the testing of an existing
bridge are not satisfactory, necessary structural repairs
should be carried out so as to strengthen the bridge and
thus prolong its useful period. The techniques to be adopted
for the strengthening will naturally depend on the condition
of the bridge, type of bridge, etc.

The various techniques to strengthen the bridge
substructure and superstructure of different types of
bridges will now be briefly mentioned.

. Strengthening of bridge substructure: The bridge
pier is usually of masonry or any other material and when

it has been deteriorated, the strengthening can be carried
out as follows:

RS )) M§§onry pier: The loose material is scraped off and
large cavities, if any, are filled up with the cement concrete.
The surface is cleaned and a wire netting is fas.ened around
the entire masonry with the help of spikes. The surface is

with a
by using a on coat of cement mortar, preferably

(2) Other material: In this case, the coffer
?o enclose the space around the d
is taken out. A thick cement concr
provided or the old pier may be driven i
the old pier and the cofferdam to s
of the damaged pier.

dam is constructed

me of the common types of bridge
superstructure are as follows:
(1) Continuous bridges: These bridges are strengthened

by methods sir.nil.ar' to those of single span without any
remarkable variation. But care must be taken to see that

when a span is being strengthened, the adjacent span is
not weakened.
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) (2) Masonry arch bridges: For masonry arches, the
simplest way of strengthening is to remove the filling
above the arch and cast an R.C.C. slab on top of the
roughened extrados, effectively keyed into the abutments
as shown in fig. 11-15. This method is adopted when
the existing section is sound and can continue to contribute
strength. The new R.C.C. arch serves as a supplementary
section only. c

New RC.C. Arch L

old Maw.n'y. ~d‘ : '. o
| | |
Strengthening of masonry arch bridges-

Fic. 11-15 R

When the existing arch is too weak to bear any load
beyqnd its own weight, the new arch must be built several
centimetres above the existing extrados with the help of
removable shuttering as shown in fig. 11-16. The existing
arch serves only the purpose of supporting the formwerk
duru;g construction. The shuttering can be removed after
casting and curing the new R.C.C. arch. e -

Removable
Shuttering

Strengthening of masonry arch bridges
Fic. 11-16

.. (3) R.C.C. beam and slab bridges: The beams are
| 'strengthened by means of steel |-beams on each side of

. ‘the existing beams. For longer spans, the steel built-up
girders support steel cross—girders spaced at intervals
which take directly the load from the existing beams.
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(4) R.C.C. slab bridges: The simplest way to strengthen
an R.C.C. bridge is to place a slab on the top of the existing
slab. The old surface is cleaned and by providing pockets
or chases, a rough surface is formed. Then, a coat of
cement slurry is spread before laying the new slab so as
to ensure the fact that both the slabs act as monolithic.

(5) Steel bridges: These bridges are strengthened by the
usual method of concrete encasement or the provision of
extra steel plates or angles.

(6) Suspension bridges: These bridges are normally
strengthened by the additional suspension requirements
such as extra cables with fasteners.

XVI. Training works for bridges:

Objects: It is found that in most parts of our country,
the rainfall is concentrated during a small period of about
3 to 4 months of monsoon only. The variation in river
discharge is to the extent of about 50 to 100 times the
normal discharge in the river. Under such conditions, the
behaviour of rivers will be uncertain and hence, the main
purpose of river training works is to stabilize the river

channel along a well-defined alignment with a certain
cross—section.

The other objects of the river training works can be
mentioned as follows:

(1) To ensure minimum depth of flow of water for the
navigation purposes.

(2) To grant protection to the approach embankments
by deflecting the river and avoiding their erosion.

(3) To prevent flooding of the surroundin Iti
and inhabited lands. g cultivated

(4) To prevent the river from changing its course and
thereby to start flowing outside the constructed work.
(5) To provide the minimum width of river at the bridge

site so that the construction of bridge can be carried
out smoothly and economically.

Methods: Following are the commo :
nily adopted six
methods of the river training works: - 4 3

(1) Cut-offs

(2) Embankments
(3) Guide banks

(4) Pitched islands
(5) Pitching of banks
(6) Spurs.
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(1) Cut—offs: When the meandering of a river develops
to extreme conditions, in the shape of a hair-pin bend,
the land between the fwo portions of bend may gradually
dwindle to a narrow neck which may easily be cut across
by natural flood flow. This chord—channel connecting two
poﬂ_ions of bend is called the natural cut-off as shown
in fig. 11-17 and it may be made artificially to make the
river flow straight. The cut-off reduces the length to be
cross_ed. It thus shortens the distance for navigation and
reclaims some useful land or property.

——River

Cut—off
Fic. 11-17

_ (2) Embankments: They are constructed parallel to the
river banks and upto a height of about 12 m. Depending
upon the position of the embankments, they are classified
In the following two categories:

() Marginal embankments: These embankments are
constructed as close to the banks as possible so as to
provide adequate waterway during the monsoon. They
protect the marginal land from inundation caused by the
floods. They are also referred to as the dykes and they
are designed to retain water upto the maximum anticipated
H.F.L. without the possibility of overtopping and with a
view to resist all external pressures. They are also
provided with necessary freeboard, bed width, top width
and adequate slopes. The side slopes of these banks which
are facing towards the river water are pitched with stones
to bear the wave action of water.

(i) Retired embankments: These embankments are

constructed at a distance, usually on a lower ground, away
from the river banks. '
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(3) Guide banks: The guide banks are used where a
river is made to pass in a straight direction through a
restricted waterway. The guide bank system of river training
at bridges was first introduced by Mr. J. R. Bell and was
subsequently perfected by Sir Francis Spring.

The guide bank essentially consists of the following
four parts:

(i) upstream curved head,
(i) downstream curved head,

(iii) shank i.e. the straight portion joining the two curved
heads, and

(iv) slope and bed protections.

Depending upon the site conditions, the guide banks
can be classified in four ways as single guide banks, parallel
guide banks, convergent guide banks and divergent guide
banks. In essence, the construction of guide banks ensures
approximately an axial flow of water. .

Following points should be remembered in connecti
with the design of guide banks: ction

(i) Construction materials: The guide banks are constructed

from the locally available materials and th
made of sand. ey are usually

(i) Curvature at heads: The upstream curv
generally subtends an angle of about 120° to 145e°d head
::egtge c_)rfhbrldge and that of downstream hea
0 90°. The radius of downstream curved head may b
about one-half than that of the upstream curvedyhe(?ac';.e':)t

(iii) Design: The design of guide bank
that no spirals or eddies are ?ormed. ® should be such
- (iv) Length: The upstream len
be equal to or 10 per cent longer than the length of the

bridge between the abutments The downstrea
¢ . m length
guide bank should be one-fourth of the bridge leng?h. of

(v) Side slope: The side slopes are usuali .
with a free board of 1250 mmpto 1500 mr?u.y kept as 2:1

gth of guide bank should

(vi) Site: The site for guide bank should be chosen in
such a way that there is no side channel flowing parallel
to the guide bank.

(vii) Top width: The top width of guide bank should not
be less than 3000 mm.
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(4) Pitched islands: A pitched island i’s'..,Hﬁ‘f‘i’ahiﬁéia’H& Y

constructed island in the river bed andliiff is protected: -

by stone pitching on all sides. The use ¢f.pitched island -

is made when the river is flowing towards’\fo'he-.-bank--on|yx.:‘~‘.f/

and it is desired to change the position ofyit:.The islapde,
becomes an obstruction to the flow of water and_ it develops
,lurbulence which starts scouring around the island:=4tid

{hg,'nver gradually becomes deeper around the island.

Pitched island
Fic. 11-18

When the depth of water around the island becomes
sufficiently more, it -attracts the current of water from the
other side of the bank and thus, the concentration of the
current at the other side bank is reduced as shown in
fig. 11-18. The dotted arrows show the path of water flow
after the construction of pitched island. The actual design

details of pitched islands is usually carried out with the help.
of model studies: ' )

(5) Pitching of banks: The river bank in the required
length of river is cut to a stable uniform slope from .1:_1 tO_
2:1 depending upon the material of the bank and then, the
pitching or revetment is done with the help of boulders»,‘
concrete or brick blocks, brushwood, growing forest or the
natural growth of grass. Thus, the river banks are made
safe from the caving action of water. The bank !'evetment
also exerts an attracting influence by drawing the river water
towards it on account of deep scour formed at the toe of -
bank. The river channel is, in this way, held permanently
at the pitched banks. B

(6) Spurs: These are also referred to as the groynes
or transverse dykes and they indicate structu':es’ built
transverse to the river flow, extending from the river bank
towards the river. They serve the following purposes:
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o i

fis LiIBRARY ct, deflect or repel the flow of water along
=l Ace. Noa desi course.

tract the wide river channel.

W2\ —(2)_They
WENT & e )
rm a pool of nearly still water along a

FN_(3) TheyS
S Pns parygllar bank.

ey give initial approximate stréightness to the
river before approaching the bridge site.

(5) They protect the bank from which they are projected
by keeping the flow of water away from it.

(6) They restrict the side movement or meandering
tendency of the river.

The success of river training by spurs depends mainly
on the cerrect positioning and spacing of spurs and
depending on the purpose they serve, they are classified
in the following three categories:

(iy attracting spurs:
(ii) deflecting spurs; and
(iii) repelling spurs.

When a spur points downstream at an angle of about

45° to 60° with the river bank, it is called the aftractive spur

and it attracts the river flow towards the bank from which

itt, isktaken off. It thus makes the river adhere to a particular
ank.

When a spur of short length is taken i

\ ar perpendicular to
the river bank, it is known as the deflecting s i
deflects the flow locally. =y R (I only

When a spur points upstream at an an -
to 80° with the river bank, it is called thgler:;e?l?nogmssg
because such a type of spur has the property of repell'(i)nr
the river flow away from the bank. Thus, the river bang
on the side of repelling spurs is protected by the spurs
from the erosive action of water. Also, the silt deposit takes
place between repelling spurs and thus, it further strengthens
the bank. Fig. 11-19 shows the attracting, deflecting and
repelling spurs.

The spurs may be permeable or impermeable. The
permeable spurs may be made of trees, bamboos, piles
or matresses. They may be submerged or non-submerged.
They are easily damaged by the floating debris. The
impermeable spurs are built like embankments and they
do not permit appreciable flow through them.
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The length of spurs, their spacing and!

(helr inSlination .-

with the horizontal are decided suitably ibfter the - modél™
‘experiments.

3

\x

~ River .o '

Repelling
Spurs
Attracting ~—
Spurs

Deflecting—
Spurs

Spurs
Fig. 11-19

QUESTIONS

Define afflux and indicate its importance.

How is the height of afflux worked oyt? What precaution
is to be taken during. the measurement .of afflux?
What are the approaches? Mention the .important points
to be remembered for the approaches of a.bridge."

What are the aspects of bridge architecture?, . - ~

What are the reasons for - ‘Providing the - vertlcal

Clearance in all categories of brldgf'-‘s’ Mention the
usual provisions for the same.

Explain with the help of neat sketches the various Poss'b'e
combinations of rail-cum-road bridges. . .-

Define an economic span of a b"'dge and W°rk out its
expression.

What are the cases in whlch |t is not possub|e ’to adopt
an economic span? ’
Define the followmg S PP
(1) Afflux ) -
(2) Approach road ' N

(3) Freeboard

(4) Tellurometer

(5) Economic span

(6) Trestle centering

(7) Proof tests. -

n




13.

14.
15.

16.

17

18.

19.

20.

21.
22

23.

24.
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erection of steel girders,

g he points to be remembered in connection
esign of guide banks?

ign for the centering of arch bridges.
Write short notes on:

(1) Merriman's formula for workiﬁg out afflux
(2) Rail-cum-road bridge on river Godavari
(3) Erection of steel girders by staging

(4) Steel truss centering for arches

(5) Construction joints

(6) Testing of bridges

(7) Spurs

(8) Embankments

(9) Pitched islands.

Describe the various types of centering for arch bridges.

What are the precautions to be taken to make the
‘timber truss centering successful for the arches?

Mention the advantages of trestle centerin
arches. S

Why are the handrails necessary on the sides of-a
bridge? Describe the two categories of handraijls.

Give sketches of the following:
(1) Rail-cum-road bridge

(2) Trestle centering

(3) Expansion joint.

What are the important points to be note
with the handrails to a bridge?

Explain the two types of bridge joints.
Enumerate maintenance works for a major bridge.

What are the trouble spots to be checked u
detailed inspection?

Mention the precautions to be taken during the bridge
maintenance.

din connection

P during

What are the methods which are employed to work out
the safe bearing capacity of an existing bridge?
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26.
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27
28.
29,
30.

31.
32.
33.

34.
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What are the two categories of posting &dges-; -
stin

Write a critical note on the rating of exi

UL

Why is an existing bridge required to be rebunlt?

When does the entire bridge structure deserve to be
replaced or rebuilt?

Discuss the various techniques adopted to strengthen
the bridge substructure and superstructure

What are the objects of training works for bridges?
Describe the usual methods of river training works.
Differentiate between the following:

(1
@)
()

(4)
(5)
(6)
(7)

Freeboard and vertical clearance
Span and economic span ‘

Floating and rolling methods of erection of .steel
girders

Expansion and construction joints

Detailed inspection and routing inspection
Marginal embankments and retired embankments
Attracting spurs and repelling spurs.

~

Give reasons for the foliowing:

4
(2)
(3)
(4)
(5)
(6)
(7

(8)

The greater the afflux, the greater will be the
depth of foundations.

If the approach is in filling, it is to be seen that
the borrow pits are not very near to the embankment.

Sometimes, the same bridge is-used to carry the
road as well as thé railway.

There is some relation between the economlc
span and total height of the pier.

In some cases, the centering will be ‘required for
the erection of .steel girders. -

The handrails are necessary on the sides of a
bridge.

The handrails to be provided. for the causeways

or submersible bridges should be of collapsible
nature.

It is necessary to check the periodic addition of
surface dressing on the bridge floor.

..,,/ YA «223

What are the three important requ1rei‘nénts~ ofitian, . L;-';-"
- expansion joint?

br”d@’és P
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proof tests are recommended only for
supported R.C.C. girder bridges and arch

The bridge can be allowed to carry heavier loads
when speed posting is adopted.

(12) The rating of the most of the existing old bridges
should be carried out systematically.

(13) It becomes necessary to construct the river
training works at the bridge site.

(14) The river channel is-held permanently at the pitched
banks.

(15) The approaches should be reasonably free from
flood damages.

(16) The steel structures require constant attention.

(17) It is likely that the existing bridge may become
functionally obsolete.

S p—
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(2)
3)

(4)

(5)
(6)
(7)
(8)
(9)

(10)

(11)

(12)
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