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SECTION-B BRIDGES
INTRODUCTION
DEFINATIONA bridge is a structure providing passage over an obstacle
without closing the way beneath. The required passage may be
for a road, a railway, pedestrians, a canal or a pipeline. The
obstacle to be crossed may be a river, a road, railway or a
valley.
COMPONENTS OF A BRIDGE
There are different types of bridge. Different bridge types
contain different parts. FOllowings are the main parts of a
bridge:
•
•
•
•
•
•

Deck
Abutment
Pile
Pier
Girder
Rail Track

To give a preliminary idea of these bridge parts a brief
description of each part is given below.
Deck
A deck is a fundamental part of any bridge to pass vehicle,
goods, people etc. from one side to another.
Abutment
The support provided at the two ends of a bridge is known as
an abutment.

Pile
For the bridge with pier, the pile is a fundamental component.
Pile type foundation is generally needed when the upper soil
layer is loose. Pile depth depends on the soil layer. To find the
hard soil layer which will make the structure stable, the pile is
usually extended to some depth into the hard soil layer.
Pier
Pier is the compression member which stay above the pile and
make the structure stable. Pier generally provides for span at
intermediate points.
Piers perform two main functions:
•
•

Transferring superstructure vertical loads to the
foundation.
Resisting to the horizontal forces acting on the bridges.

For bridge pier to pier, distance is the span. Water pressure is
the extra pressure which acts onto the pier laterally.
Girder (Box or I-joist)
Just like the beam, girder is used in the bridge. It can be two
types I-joist and Box. This name has been given because of
their shape. I-joist girder type is commonly used in bridges. Box
girder can be precast or cast in place and it is generally existing
in prestressed condition.
Rail Track
Normally Road traffic is the main vehicle onto the bridge but if
the train needs to be passed through that bridge rail track is the
extra component.

CLASSIFICATION OF BRIDGE
Types of Bridges
1.Classification of Bridges (According to form (or) type of
superstructures)
•Slab bridge
•Beam bridge
•Truss bridge
•Arch bridge
•Cable stayed (or )suspended bridge

2.Classification of bridges (According to material of construction
of superstructure)
•Timber bridge
•Concrete bridge
•Stone bridge
•R.C.C bridge
•Steel bridge
•P.C.C bridge
•Composite bridge
•Aluminum bridge
3. Classification of bridges (According to inter-span
relationship)
•Simply supported bridge
•Cantilever bridge
•Continuous bridge
4. Classification of bridges (According to the position of the
bridge floor relative to
superstructures)
•Deck through bridge
•Half through or suspension bridge
5. Classification of bridges (According to method of connection
of different part of

superstructures)
•Pinned connection bridge
•Riveted connection bridge
•Welded connection bridge
6.Classification of bridges (According to length of bridge)
•Culvert bridge(less than 6 m)
•Minor bridge(less than 6 m-60m)
•Major bridge(more than 60 m)
•Long span bridge(more than 120 m)
*Under revision
9.Classification of bridges (According to function)
•Aqueduct bridge(canal over a river)
•Viaduct(road or railway over a valley or river)
•Pedestrian bridge
•Highway bridge
•Railway bridge
•Road-cum-rail or pipe line bridge

Followings are the main types of bridges.
o
o
o

Truss Bridge
Arch Bridges
Suspension Bridges

o
o
o

Cable-Stayed Bridges
Slab Bridges
Box Girder Bridges

A brief description of these bridge types is given below.
Truss Bridges
Bridges with truss are made by steel two force member with
only tension and compression. No bending moment is allowed
in this structure. Most stable structural shape for truss is
triangular.
Arch Bridges
Arch bridge mainly exists in compression. Utilizes an
aerodynamic system with torsional rigidity.
Suspension Bridges
In suspension bridges, long spans can be provided which is
essential in many situations. It gives freedom to the engineer to
provide a long span with the help of a cable. Followings are the
Basic components of a suspension bridge Structural system:
•

•

•

Stiffening Girder/ Trusses: Longitudinal structures support
and distribute moving vehicle loads. Secure aerodynamic
stability of the structure.
Main Cables: Main cables are connected to girders
through hanger rope. These hanger ropes transfer the
loads from girder to the main cables. The main function of
these main cables to carry these loads to the main
towers.
Main Towers: Main cables are supported by these
intermediate vertical structures and transfer the total load
of the bridge to the foundation.

Cable-Stayed Bridges

It has a lot of similarities to the suspension bridge. But there are
few differences between a suspension bridge and cable-stayed
bridge. In this case, bridge mainly carries the vertical loads
acting on the girder. The purpose of the stay cables is to
provide intermediate support for the girder and it helps to span
a long distance.
Slab Bridges
It is the most common type of bridge. Use in every place where
the span is not so long.
Box Girder Bridges
It's a box type girder different from normal I girder and it can
easily resist more amount of torsion. This type of bridge
contains top deck, vertical web, bottom slab. Box girder bridge
can be subdivided into three basic categories:
1. Single cell box.
2. Multicell box.
3. Box with struts supporting a cantilever deck.
The characteristics of an ideal site for a bridge across a
river are:
a. straight reach of the river.
b. Steady river flow without cross currents:
c. A narrow channel with firm banks
d. Suitable high banks above high flood level on each side.
e. Rock or other hard in erodible strata close to the river bed
level.
f. Economical approaches danger of floods, the approaches
should be free from obstacles such as hills, frequent
drainage crossings, scared places, graveyards or built up
areas or troublesome land acquisition
g. Absence of sharp curves in the approaches;
h. Absence of expensive river training works;
i. Avoidance of excessive underwater construction

Selection Criteria For Bridge Site
Different studies performs during PRELIMINARY SURVEY are:
•
•
•
•
•
•
•
•
•

Topography
Catchment area
Hydrology
Geo-technical data
Seismology
Navigation
Construction resources
Nearby bridges
Traffic data
TOPOGRAPHY
Details can be obtained from Survey of India Map.
In addition, one cross section each across the river at the
selected sites should be taken.
CATCHMENT AREA
This will also get from the same map (Survey of India)
Used mainly for the flood analysis.
HYDROLOGIC PARTICULARS
Study about the low water level, highest flood level , slope of
surface of water, flood velocity and discharge of river.
Data obtained from local enquiries or from the data available
for the nearest gauging site from irrigation or flood control dept.
GEO-TECHNICAL AND SEISMIC DATA
Study perform to get the stability of the river, location of faults,
their activity and their likely repercussions on a major structure
to be put up and particulars of past earthquakes in the site
vicinity.
Study perform also to get soil classification, grain size and
depth at which hard strata is likely to be met with.

Mainly Augur boring test is used to collect the soil samples and
further to study its engineering properties.
NAVIGATIONAL REQUIREMENTS
Some kind of navigation will exist on almost all major rivers.
Study investigate about the size, density and volume of traffic
of vessels and boats so that it can be safely cross the river
without any nuisance to both the vessels and bridge.
CONSTRUCTION RESOURCES:
Investigation includes availability of quarry, skilled labor and
need for special equipment such as crushers, batching plants,
handling equipment etc.
DETAILS OF OTHER BRIDGES ACROSS THE RIVER
Study conducting mainly to correlate general criteria used for
selection of sites and design of that bridge.
Also to get the behavior of the river at existing bridges on either
reach. Will help considerably in determining the protection
works, depth of foundation, type of foundation etc required at
each site.
TRAFFIC STUDY
If the alternative locations can be separated by a considerable
distance, the volume and type of traffic that will pass at each
location may be different in some cases.
Economic Point of View.
Detailed traffic survey have to be conducted to get awareness
of growth of traffic, density, volume and future possibilities of
expansion of traffic lanes etc.
WATER WAY
: Width of waterway between the extreme edges of water
surface at H.F.L. measured at right angles to the abutment face

When a new bridge is to be constructed, a designer has all the
freedom to provide waterway as required. As per IRC-5,
waterway (W) should be equal to Lacey’s regime waterway (P) given
by the equation:
P =W= 4.8 Qd 1/2 (3) where
Qd = design flood discharge in m3 /sec,
P = Wetted perimeter in meter.
W = Linear waterway in metre (for wide river W is almost equal to P
)
The code also stipulates that the waterway so found should also be
compared with linear waterway at HFL corresponding to design flood
discharge and the minimum of the two should be adopted as the
clear waterway under the bridge.
The methodology for determining waterway under different
situations is discussed briefly underneath.
Economic Span :
The span of a bridge may be so determined that the total cost
of the bridge is a minimum. The span to satisfy this condition
is called the economic span. The total cost of
the bridge consists of the cost of the substructure and that of
the superstructure.
Freeboard : The difference between H.F.L. (allowing afflux)
and foundation level of road embankment on approaches.
Clearance : The shortest distance between boundaries at a
specified position of bridge structure.
AFFLUX:
Afflux is an increase in water level that can occur upstream of a
structure, such as a bridge or culvert, that creates an obstruction in
the flow. The afflux is illustrated in Figure 1 for a bridge structure

located in a watercourse. The dashed line represents the normal
water surface for the undisturbed watercourse. The solid line
represents the water surface when the structure is present. Afflux is
shown as the maximum increase of water level above normal depth
in the undisturbed stream. Note that the afflux differs from the
headloss across the structure, as the latter varies depending on the
upstream and downstream locations of measurement
SCOUR DEPTH
Scouring can be defined as a process due to which the
particles of the soil or rock around the periphery of the
abutment or pier of the highway bridge spanning over a water
body, gets eroded and removed over a
certain depth called scour depth
.

Depending upon nature and depth, bridge foundations can
be classified into the following types:
•

Spread or open foundation.
• Pile foundation.
• Well foundation.
• Caisson foundation

Pier foundation
A pier foundation is a collection of large diameter cylindrical
columns to support the superstructure and transfer large superimposed loads to the firm strata below. It stood several feet
above the ground. It is also known as “post foundation”.
Types of Bridge Piers
Based on the Structure of Piers
iers are categorized into two major types based on its structure which
include solid piers and open piers. These types are further classified
into several types:
1. Solid Piers

Solid piers possess solid and impermeable structure, and usually
constructed from bricks, stone Masonry, mass concrete or reinforced
concrete. Solid piers are categorized into solid masonry piers and
solid reinforced concrete piers

. 2. Open Piers
Open piers permit the passage of water through the structure and
classified into the following types:
2.1 Cylindrical Piers
Cylindrical pier is constructed from cast iron or mild steel cylinder
which are filled with concrete. This type of pier is suitable for bridges
with moderate height. In certain cases, horizontal and diagonal steel
bracing may be used to improve stability.

2.2 Column Piers or Column Bent

This type of pers is suitable for bridge with significant height. It
consists of a cap beam and supporting columns forming a frame.
Column bent piers can either be used to support a steel girder
superstructure or be used as an integral pier where the cast-in-place
construction technique is used.
The columns can be either circular or rectangular in cross section.
They are by far the most popular forms of piers in the modern
highway system.

2.3 Multicolumn or Pile Bent
Multicolumn or pile bent or frame bent piers are composed of two or
more column that supports a cap. Isolating footing is used for this
type of piers if the spacing between columns are large otherwise
combined footing would be more suitable. There is a problem of
debris collection when the water is allowed to flow between the
columns.

2.4 Pile Pier or Pile Bents
Pile pier is the modification of multicolumn bent and used for the type
of bent on low height and short span structure. So, pile pier or pile
bents are specified when the ground is unstable and the low piers are
required.
2.5 Trestle Pier or Trestle Bent
Trestle pier is composed of column with bent cap at the top. It is
suitable for bridges in locations where river bed is firm and water
current is slow. It is also employed for flyovers and elevated roads.

3. Masonry Piers
This may include stone masonry and brick masonry. Masonry piers
are generally massive that may lead to obstruction of linear waterway
and increase the loads on foundations.

Masonry solid shaft piers are built on open raft foundation where the
possibility of scour is nil. Pile foundations are also possible for such
type of piers.
4. Mass Concrete Piers
Similar to masonry piers, Mass concrete piers massive which in turn
obstruct linear waterway and increase loads on foundation. Pile
foundations can be used for mass concrete piers.
Additionally, open raft foundation is used for mass concrete solid
shaft piers provided that scouring is not anticipated. In mass concrete
piers, no reinforcement is required from structural considerations but
nominal reinforcement is provided for temperature and shrinkage
effect.
5. Reinforced and Prestressed Concrete Piers
Reinforced concrete or prestressed concrete piers have small crosssectional area compare with masonry and mass concrete piers. That is
why such pier require much less foundation area in addition to
offering less obstruction to waterway.
Reinforced concrete or prestressed concrete cellular piers arc suitable
for major bridges where both the span and the depths are considerable
and the self-weight of the piers should be as minimum and the section
modulus as maximum as possible.
For reinforced concrete piers, the percentage of longitudinal
reinforcement should neither be less than 0.8 nor more than 8 per cent
of the gross cross-sectional area. Where brick and stone materials arc
costly, it is generally found economical to use reinforced concrete or
prestressed concrete piers.
Abutment

A bridge's abutment is a support structure used to distribute
weight and connect it to an embankment.
Four Types of Bridge Abutments
Let's take a few moments to look at the four types of bridge
abutments.
1. Typical Gravity Abutment
The typical gravity abutment is the most common type of
abutment, and it includes the bridge seat, backwall, footing, and
wing walls to hold the bridge's deck while including a retaining
wall for the embankment. Usually, the wing walls are placed
parallel to the bridge seat or at a slight, backward angle into the
embankment.
2. U-Abutment
This U-abutment is a form of abutment that differs from a
gravity abutment in the angle of the wing walls. These are
placed at a perpendicular angle to the bridge seat, extending
toward the embankment and away from the bridge.
3. Spill-Through Abutment
Spill-through abutments usually support the bridge
periodically through its span. While they do not include wing
walls or a backwall to retain the embankment, the deck rests on
a beam supported by columns or a short wall. Water or
roadways are able to pass between the supports. The length of
the support structure varies to accommodate the distance
between the level bridge and the changing terrain below.
4. Pile Bent Abutment
The pile bent abutment is a variant on a spill-through
abutment that replaces the wall-like supports with a series of
piles, or columns, to hold the support beam.

WING WALL

wing wall (also "wingwall" or "wing-wall") is a
smaller wall attached or next to a larger wall or structure.
Wing walls can be classified according to their position in plan
with respect to banks and abutments. The classification is as
follows:
1. Straight Wing walls: used for small bridges, on drains
with low banks and for railway bridges in cities (weep
holes are provided).
2. Splayed Wing walls: used for bridges across rivers. They
provide smooth entry and exit to the water. The splay is
usually 45°. Their top width is 0.5 m, face batter 1 in 12
and back batter 1 in 6, weep holes are provided.
3. Return Wing walls: used where banks are high and hard
or firm. Their top width is 1.5 m and face is vertical and
back battered 1 in 4.[2] Scour can be a problem for wing
walls and abutments both, as the water in the stream
erodes the supporting soil

Masonry Bridge
a bridge whose main loadbearing structures are made of natur
al stone, brick, or concrete blocks. Such a bridge is always arch
ed, with massive supports. The main loadbearing element of a
masonry bridge is the arch, over which is built the spandrel, whi
ch in turn supports the bridge roadway. The spandrel is made fr
om a gravel or crushed stone backing held in by lateral (side) w
alls made of concrete masonry or stonework or in the form of a
n open structure of small arches resting on crosswalk.
The advantages of a masonry bridge are its architectural attractiveness and its durability. Masonry bridges are known thath

ave been in use for more than 1,000 years. The basic shortcom
ings that limit the use of masonry bridges are their complexitya
nd labor-intensiveness of construction. A variation of a masonry bridge is the concrete bridge, which has an arch made of
cast concrete

Steel Bridge
Steel bridges are constructed using steel bars or trusses or steel cables.
These are more durable and bear heavy loads.

Concrete bridges
Concrete arch bridges may consist of either a single arch
or multiple arches supported by abutments and
intermediate piers. Simple, easy to construct. Well-suited
for spans up to 50 feet. For longer spans, continuity with
abutments and piers can mobilize frame action.

Types of Loads Considered for Design of
Bridge Structures
Various types of loads are considered for design of bridge structures.
These loads and their combinations decides the safety of the bridge
construction during its use under all circumstances. The design loads
should be considered properly for perfect design of bridge. Different
design loads acting on bridges are explained below.

1. Dead load
2. Live load
3. Impact load
4. Wind load
5. Longitudinal forces
6. Centrifugal forces
7. Buoyancy effect
8. Effect of water current
9. Thermal effects
10.
Deformation and horizontal effects
11.
Erection stresses
12.
Seismic loads

1. Dead Load
The dead load is nothing but a self-weight of the bridge elements. The
different elements of bridge are deck slab, wearing coat, railings,
parapet, stiffeners and other utilities. It is the first design load to be
calculated in the design of bridge.
2. Live Load
The live load on the bridge, is moving load on the bridge throughout
its length. The moving loads are vehicles, Pedestrians etc. but it is
difficult to select one vehicle or a group of vehicles to design a safe
bridge.
So, IRC recommended some imaginary vehicles as live loads which
will give safe results against the any type of vehicle moving on the
bridge. The vehicle loadings are categorized in to three types and they
are

IRC class AA loading
• IRC class A loading
• IRC class B loading
IRC Class AA Loading
This type of loading is considered for the design of new bridge
especially heavy loading bridges like bridges on highways, in cities,
industrial areas etc. In class AA loading generally two types of
vehicles considered, and they are
•

•
•

Tracked type
Wheeled type

3. Impact Loads
• The Impact load on bridge is due to sudden loads which are
caused when the vehicle is moving on the bridge. When the
wheel is in movement, the live load will change periodically
from one wheel to another which results the impact load on
bridge.
•

To consider impact loads on bridges, an impact factor is used.
Impact factor is a multiplying factor which depends upon many
factors such as weight of vehicle, span of bridge, velocity of
vehicle etc. The impact factors for different IRC loadings are
given below.

4. Wind Loads
• Wind load also an important factor in the bridge design. For
short span bridges, wind load can be negligible. But for medium
span bridges, wind load should be considered for substructure
design. For long span bridges, wind load is considered in the
design of super structure

5. Longitudinal Forces
• The longitudinal forces are caused by braking or accelerating of
vehicle on the bridge. When the vehicle stops suddenly or
accelerates suddenly it induces longitudinal forces on the bridge
structure especially on the substructure. So, IRC recommends
20% of live load should be considered as longitudinal force on
the bridges

6. Centrifugal Forces
If bridge is to be built on horizontal curves, then the movement of
vehicle along curves will cause centrifugal force on to the super
structure. Hence, in this case design should be done for centrifugal
forces also.
Centrifugal force can be calculated by C (kN/m) = (WV2)/(12.7R)
Where
W = live load (kN)
V = Design speed (kmph)
R = Radius of curve (m)
7. Buoyancy Effect
Buoyancy effect is considered for substructures of large bridges
submerged under deep water bodies. Is the depth of submergence is
less it can be negligible.

8. Forces by Water Current

When the bridge is to be constructed across a river, some part of the
substructure is under submergence of water. The water current
induces horizontal forces on submerged portion. The forces caused by
water currents are maximum at the top of water level and zero at the
bottom water level or at the bed level.
The pressure by water current is P = KW [V2/2g]
Where P = pressure (kN/m2)
K = constant (value depending upon shape of pier)
W = unit weight of water
V = water current velocity (m/s)
G = acceleration due to gravity (m/s2)
9. Thermal Stresses
Thermal stresses are caused due to temperature. When the
temperature is very high or very low they induce stresses in the bridge
elements especially at bearings and deck joints. These stresses are
tensile in nature so, concrete cannot withstand against this and cracks
are formed.
To resist this, additional steel reinforcement perpendicular to main
reinforcement should be provided. Expansion joints are also provided.
10. Seismic Loads
When the bridge is to be built in seismic zone or earthquake zone,
earthquake loads must be considered. They induce both vertical and
horizontal forces during earthquake. The amount of forces exerted is
mainly depends on the self-weight of the structure. If weight of
structure is more, larger forces will be exerted.

11. Deformation and Horizontal Effects
Deformation stresses are occurred due to change is material properties
either internally or externally. The change may be creep, shrinkage of
concrete etc. similarly horizontal forces will develop due to
temperature changes, braking of vehicles, earthquakes etc. Hence,
these are also be considered as design loads in bridge design.
12. Erection Stresses
Erection stress are induced by the construction equipment during the
bridge construction. These can be resisted by providing suitable
supports for the members.

Culvert
A culvert is a structure that allows water to flow under a
road, railroad, trail, or similar obstruction from one side to
the other. Typically embedded so as to be surrounded by
soil, a culvert may be made from a pipe, reinforced
concrete or other material.
Types of Culverts
Following are the types of culverts generally used in construction:
1. Pipe Culvert (Single or Multiple)

Pipe culverts are widely used culverts and rounded in shape. The
culverts may be of single in number or multiple. If single pipe culvert
is used then larger diameter culvert is installed.
If the width of channel is greater than we will go for multiple pipe
culverts. They are suitable for larger flows very well. The diameter of
pipe culverts ranges from 1 meter to 6m. These are made of concrete
or steel etc..

2. Pipe Arch Culvert (Single or Multiple)
Pipe arch culverts means nothing but they looks like half circle
shaped culverts. Pipe arch culverts are suitable for larger water flows
but the flow should be stable. Because of arch shape fishes or sewage
in the drainage easily carried to the outlet without stocking at the inlet
or bottom of channel.
This type of culverts can also be provided in multiple numbers based
on the requirement. They also enhance beautiful appearance.
3.Box Culvert Single or Multiple

Box culverts are used to transmit water during brief runoff
periods. Theses are usually used by wildlife because they
remain dry most of the year. They can have an artificial floor
such as concrete. Box culverts generally provide more room for

wildlife passage than large pipe culverts. Box culverts are
usually made up of Reinforced Concrete (RCC)
4 Arch Culvert

A pipe arch culvert is a round
culvert reshaped to allow a lower profile while maintaining flow
characteristics. It is good for installations with shallow cover.
Materials used for arch culverts are RCC, Corrugated Metal or
Stone Masonry.

CAUSEWAYS
A causeway is a track, road or railway on the upper point of an
embankment across "a low, or wet place, or piece of water". It
can be constructed of earth, masonry, wood, or concrete
TYPES OF CAUSEWAYS
1.High level causeways
2.Low level causeways

Question1-Write the characteristic of ideal bridge.
2-Draw the figure of a bridge showing all comopnents
3- What are the Classification of bridge ?
4- Write about pier foundation
5-What are the load acting on a bridge?
6-Write types of abutment

