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INTRODUCTION TO BRIDGES

Bridge Engineering deals with various aspects of bridge construction such as selection of
site, surveys, data to be collected, documents and drawings required for bridge project and
maintenance.

Bridge is a structure facilitating a communication route for carrying road traffic or other
moving loads over a depression or obstruction such as river, stream, channel, road or
railway. The communication route may be a railway track, a roadway, footpath, a cycle track
or a combination of them.

Components of a Bridge:

The major parts of a bridge are:

1. Substructure
2. Superstructure
3. Adjoining structure
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Substructure:

e The structure of the bridge below the level of bearing is known as the Substructure.

e The function of Substructure is to support the superstructure components and
transmit their loads safely to the subsoil.

e |t consists of the following:

a) Abutments:
» Abutments are the end supports of a bridge structure.
» It plays the role of retaining walls to resist lateral movement of earthen fill of
the bridge approach.
b) Piers:
» Pies provide intermediate support between two bridge spans.
» Piers mainly support the bridge element and transfer the load to the
foundation.
» Piers are known as compression members of a bridge.

c) Wing Walls:
» It is one of the earth retaining structures in the bridge.
» They are located adjacent to the abutments and act as retaining walls.
» The wing wall retains soil for abutment, roadway, and approach
embankment, which can be at a right angle to the abutment or splayed at
different angles.

Superstructure:

e The components of the bridge above the bearing are known as superstructures.
e |t consists of the following:

a) Beams and girders:

» Both have a similar function to support the roadway and prevent bending.
Girder is also one type of beam support. Where loads are heavy girders are
used instead of beam support.

» Beam has arectangle cross-section, whereas girders have composed of I-
shaped cross—sections with two load-bearing flanges and a web
for stabilization.

b) Bearing:

» Abearingis provided between the bridge girderand the piercap. The
main function of the bearing to allow free movement or vibration of the top
superstructure and reduce effect stress to reach the bridge foundation.

c) Arch & Cable:

» Arches are used forarch bridge construction and cableis used
for suspension, cable-stayed bridges, etc. For different types of
bridge construction arches and cables play a vital role.




d) Parapet Wall & Handrails:
» The parapetis one of the safety components of any bridge which prevent the
vehicle from falling off where there is a drop.
» It is also useful for restricting views, preventing rubbish from passing below,
and acting as a noise barrier.
e) Flooring:
» It is top surface of bridge roadway on vehicle travel. It is made of concrete or
a bituminous road.

Adjoining Structures:

It consists of the following:

a) Approaches:
» It isstructured and constructed at the starting or ending of any bridge. Its main
function is to provide smooth and easy entry or exit from the bridge.
b) Guard Stones:
» They are used to restrict traffic on a particular lane or sometimes as road railing
but are generally positioned to protect a specific object, such as acorner of a
street or the side of a gate.

« The Superstructure

» The Foundation
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Classification of Bridges:

1. Based on Materials used for construction:

a) Timber bridge:

>
>
>
>
>

Bridges are constructed using timber materials are called timber bridges.
These types of bridges are constructed for short spans.

Timber bridges are not sufficient for heavy loading.

Itis designed for pedestrians, low weight transport.

These types of the bridge are constructed where timber is easily available.

b) Masonry Bridges:

» Inthe Masonry Bridge stones and bricks are used as construction materials.
» Masonry bridges are durable as compare to Timber Bridge. It is suitable for
a shorter span.




c) Steel Bridge:

YV VY

Steel bridges are constructed using steel cables or bars.

Steel bridges are moredurable as compare to Timber Bridge.

They can also carry a heavy load and are suitable for a long span.

Steel bridges are built for many

projects like railways, highways,for supporting gas lines, pipelines, oil lines,
etc.

d) Reinforced Cement Concrete Bridge:

V VYV V

In RCC Bridge, Reinforced concrete is used as a construction material.

This type of bridge is more stable and durable.

Itis suitable for long—span as well as heavily loaded traffic.

Nowadays RCC-type bridges are widely used. It isgenerally used
for constructing fly-over and highway bridges.

e) Pre-stressed Concrete Bridge:

Y V VY

Pre-stressed concrete is placed under compression before applying the loads.
The construction of  apre-stressed bridge deck slabis made with
the use of concrete blocks.

This type of bridge is suitable for short to long spans.

The pre-stressed concrete bridge is having a heavy load—carrying capacity.

A pre-stressed concrete bridge is requiring high tensile steel, which s
more expensive than ordinary mild steel.
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f) Composite Bridge:

» The bridges constructed by the combinations of more than

one or two construction materials are known as Composite bridges.

Pre — Stress Bridge is one of the best examples of composite material because
Pre-stress girder overlaying the RCC deck slab in which RC

slab and Girder are two different kinds of materials.

>

2. According to Purpose:

a) Aqueduct:

» Anaqueduct is a structure, which is used to transport water from
one place to another place over an obstacle.
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b) Foot Bridge:

» Foot Bridge is generally constructed for humans to cross the roads or rail
route or any canal by foot.

» Vehicles are not allowed in this bridge
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c) Railway Bridge:

» Railway Bridge is used for the movement of trains over an obstacle.
» Inthat case, Steel Bridges are widely used.

d) Highway bridge:

» High way or road Way Bridge is used for road transportation.
» These are constructed over rivers or another routes to allow road way traffic.
» Girder type bridges are used as highway bridges over rivers or canals.




3. Based on Level of Crossing:

a) Over Bridge:

» To pass over another route (railway or highway), a bridge is constructed to
allow traffic. This is called over bridge or fly over bridge.

b) Under Bridge:

» If over bridge is not possible, an underground type bridge is constructed
to pass another route. This is called under bridge.

4. Based on Span:

a) Culvert Bridge:

» When the bridge span length is below 6meters then it is called as Culvert Bridge.




b) Minor Bridge:

» If the bridge span length is in between 8 to 30 meters, then it is called minor
bridge.

c) Major Bridge:

» For major bridge, the span is generally about 30 to 120 meters.

d) Long Span Bridge:

» When the span of bridge is more than 120 meters then it is termed as long span
bridge.
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5. Based on Span Relation:
a) Simple Bridge:

» Simple bridge is like simply supported beam type which consist two supports at
its ends. For shorter spans, simple bridges are suitable.

b) Continuous Bridge:

» If the bridge span is very long, then we have to build more supports in between
end supports. This type of bridge is termed as continuous bridge.

c) Cantilever Bridge:

» Cantilever types of bridges have only supported at one end and another end is
free to space. Generally, two cantilever portions are joined to make way to the
vehicles or humans.
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6. Based on Position Of Floor:

a) Deck Bridge:

» In case of Deck Bridge, super structure or floor of bridge is positioned in
between the high flood level and formation level.

b) Through Bridge:

» In case of through bridge, Super structure of bridge is completely above the
formation level.

c) Semi-Through Bridge:

» If the super structure of bridge is partly above and partly below the formation
level, then it is called as semi-through bridge.

12




7. Based on Alighment:
a) Straight or Square Bridge:

» Straight or square are the bridges which are at right angles to the axis of the
river.

b) Skew Bridge:

» Skew bridges are not at right angles to the axis of the river.

Requirements of an ideal bridge

An ideal bridge meets the following requirements to fulfil the three criteria of efficiency,
effectiveness and equity.

e |t serves the intended function with utmost safety and convenience.

e |tis aesthetically sound.
e |tis economical.

13




BRIDGE SITE INVESTIGATION AND PLANNING

Selection of Bridge site

The selection of a site for bridges requires considerable investigations.

1. A site which is on a straight reach of the drainage should be selected. The curved reach of

drainage should be avoided as far as possible.

The stream at bridge side should have permanent, firm, straight and high banks.

The stream at the Bridge site should be well defined and as narrow as possible.

The site should be sufficiently away from the confluence point.

There should be no scouring and silting of the stream at the bridge site.

A site which offers a square crossing should be selected as far as possible.

The site which offers more advantageous foundation condition should be preferred.

A site which is sufficiently away from the landslides and subsidence should be preferred.

The site should not interfere adversely with any other bridges, weirs, regulators, dams, etcin

the vicinity.

10. There should be a minimum obstruction to natural waterway at the bridge site.

11. The stream at the bridge site should be free from costly river training works.

12. The bridge should provide proximity to the direct alignment of the communication
route to be served.

©WONOUEWN

Bridge Alignment

Depending upon the angle which the bridge makes with the axis of the river, the alignment
can be of two types:
a) Square Alignment: -
e Inthis, the bridge is at right angle to the axis of the river.
b) Skew Alignment: -
e In this the bridge is at some angle to the axis of the river which is
not a right angle.
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BRIDGE HYDROLOGY

Determination of Flood Discharge

As per IRC recommendation the maximum discharge which a bridge on a natural stream
should be designed to pass should be determined by the following methods:-
e From the rainfall and other characteristics of the catchment.

» By the use of an empirical formula applied to the region
» By a rational method, provided it is possible to evaluate for the region
concerned the various factors employed in the method

e From the hydraulic characteristics of the stream such as cross-sectional area, and slope
of the stream allowing for velocity of flow.

e From the records available, if any, of discharges observed on the stream at the site of
the bridge, or at any other site in its vicinity.

Empirical Methods:

The flood discharge can be evaluated by using various empirical formulae involving
area of the catchment and some coefficient depending upon the location of the
catchment.

In these methods area of a basin or a catchment is considered mainly. All other
factors which influence peak flow are merged in a constant.

A general equation may be followed in the form:-

Q=CA"

Where, Q = Peak flow or rate of maximum discharge
C = a constant for the catchment
A = area of catchment & ‘n’ is an index

Dicken’s Formula:
Q = CA3/4
Where Q = Maximum flood discharge in m3/sec
A = Area of the catchment in m?
C = A coefficient of discharge

Region Value of C e The maximum value of Cis 35.
Northern India 114 e This formula is applicable for
Central India 13.9 _ 195 moderate size catchments of river of North &
Western India 22.2-25 Central India.
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2. Ryve’s Formula:

e ltis applicable to South Indian catchments.

Q = CA%/3
Where Q = Maximum flood discharge in m3/sec
A = Area of the catchment in m?
C = A coefficient of discharge

Region Value of C
Area within 24 Km from the coast 6.75
Area within 24 to 161 Km from coast 8.45
Limited area near hills 10.00

3. Inglis Formulae

e This formula is used only in Maharashtra.

123A
Q = ———— in cumecs

T VA+104

Where, Q = Maximum flood discharge in m3/sec
A = Area of the catchment in m?

Rational Methods

e This method is applicable for the determination of flood discharge for small culverts
only.

e In order to arrive at a rational approach, a relationship has been established
between rainfall and runoff under various circumstances.

e The size of flood depends upon the following factors:

Intensity of rainfall
Distribution of rainfall
Duration of rainfall
Catchment area

Slope of catchment
Shape of catchment
Porosity of soil
Vegetable cover
Initial State of witness

VVVVYVYVVYY
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Waterway

The area through which the water flows under a bridge superstructure is known as the
waterway of the bridge.

Linear Waterway:

e The length available between extreme edges of water surface at the highest flood
level (H.F.L), measured at right angles to the abutment faces of a bridge is called the
linear waterway of the bridge.

e Thisis equal to the sum of all the clear spans.

Natural waterway:

® The unobstructed area of the river or stream through which the water flows at the
bridge site.

Due to the construction of a bridge the natural waterway gets contracted thereby
increasing the velocity of flow under a bridge. This increased velocity results into heading up
of water on the upstream of the river or stream, known as afflux.

While fixing the waterway of a bridge the following guiding principles must be kept in mind
to ensure the safety of the structure.

» The increased velocity due to afflux should not exceed the permissible velocity under
the bridge.

S.No Nature of bed Permissible velocity in m/s
1 Clay 2.10
2 Sandy clay 1.50
3 Very fine sand 0.60 to 0.90
4 Fine sand 0.90to0 0.50
5 Fine gravel 1.50to0 1.80
6 Rocky soil 3.00
7 Rock 4.20to 6.00

» There should not be too much heading up of water surface above the bridge, when it is
necessary to restrict the waterway to such an extent that the resultant afflux will cause
the stream to discharge at erosive velocities, protection against damage by scour should
be afforded by deep foundation, curtain or cut of walls, rip rap, stream bed pavement,
bearing piles, sheet piles or other suitable means.

» The freeboard for high level bridges should not be less than 600 mm.

» Clearance should be allowed according to navigational requirements.
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Economic Span

The economic span of abridge is the one which reduces the overall cost of a bridge to be a
minimum. Overall cost of a bridge depends upon the following factors:

e Cost of material and its nature

e Availability of skilled labour

e Span length

e Nature of stream to be bridged

e Climatic and other conditions

Considering only the variable items the cost of super-structure increases and that of the
sub-structure decreases with an increase in the span length. Thus most economic Span
Length is that which satisfies the following:-

The cost of the super- structure= the cost of the sub structure

The derivation for the economic span can be established on the basis of the following
assumptions:

i.  The bridge has equal span lengths.
ii.  Cost of supporting structure of superstructure varies as the square of span length.
iii.  Cost of flooring and parapets varies directly as the span.
iv.  Cost of one pier and its foundation is constant.
v.  Cost of abutments and their foundation is also constant.

Let, L = Total length of the bridge
| = Span length

L
n = Total number of spans = 7

P= Cost of one pier with its foundation
Az= Cost of one abutment with its foundation
A, =Cost of one approach
T = Total cost of the bridge
According to assumptions (i) & (ii):
Cost of one span of superstructure = (a:l> + al)
There are (n — 1) number of piers, and two abutments.
The total cost of bridge = Cost of Superstructure
+ Cost of Substructure
+ Cost of Approaches

ie.

T=n((al? +axl) +24; +2A2+(n-1) P
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. L
Replacing n = 7
L
T=7 (@l + aol) + 24, #2424 (7 -1) P

L
=Lc:1I+azL+P7 -P+2A; +2A;

PL
Therefore =ail+0- 7

dr
! dl

For T to be minimum,

ar
—=0
dl
PL
Or al - l_z =0
P
Or a, = l_z
Or P=ayl?
. P
Or Economic span, /= /z

ie.

cost of supporting system of one span is equal to cost of one pier. In other words, cost of
sub-structure is equal to the cost of super-structure.

The general equation of the above method is given as:
/=K+\P
Where,
/= the length of economic span,
K= the constant,
P=the cost of one pier.

The IRC, with a little modification, has recommended the following principle:

Cost of variable part of super-structure = Cost of variable part of sub-structure
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Afflux

When a bridge is constructed, the structures such as abutment and piers cause the
reduction of the natural waterway area. Therefore, to carry the maximum flood discharge,
the velocity under the bridge increases. This increased velocity gives rise to a sudden
heading up of water on the upstream side of the stream. This phenomenon of heading up of
water is known as afflux.

e Greater the afflux greater will be the velocity under the downstream side of the bridge

and greater will be the depth of scour and consequently greater will be the depth of
foundations required.

Empirical Formulae for calculation of afflux:

(a) Marriman’s Formula:
ha =5 {{A/Ca)’ ~ (A/AL)}

Here,

h, = Afflux in metres

V = Velocity of approach in m/s

A = Natural waterway area at the site in m?

a = Contracted area in m?

A1 = The enlarged area upstream of the bridge in m?

C = Coefficient of discharge = 0.75 + 0.35(a/A) — 0.1(a/A)? approximately

(b) Molesworth Formula:

1‘:9 +0.015]{(A/a)? -1}

he =[
Here,
ha = Afflux in metres
V = Velocity of approach in m/s

A = Natural waterway area at the site in m?
a = Contracted area in m?
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Clearances

To avoid any possibility of traffic striking any structural part clearance diagrams are
specified. The horizontal clearance should be the clear width and the vertical clearance the
clear height, available for the passage of vehicular traffic.

For a bridge constructed on a horizontal curve with super-elevated road surface, the
horizontal clearance should be increased on the side of the inner kerb by an amount equal
to 5m multiplied by the super-elevation. The minimum vertical clearance should be
measured from the super-elevated level of the roadway.

Hori; i
orizontal Clearance | = Horizontal Clearance

| 825 ju— {1500 |=—

4

Maximum 3800 ——f/

Not Less Than 6800 for two
Traffic Lanes for each
Additional Traffic Lane Increase
Road width by 3000
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Minimum 5000 Ve,
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Maximum Mo ving

Dun_cn:ion.r of Level of cr' fvim
Vehicles % Road
3300 x 4500
i Half Section Showing Main 2
Single Lane Fixed Structure in the
Bridge Intermediate Portions of 40jtiple Lane
a Bridge Betdes

Free board is the vertical distance between the designed high flood level, allowing for the
afflux, if any, and level of the crown of the bridge at its lowest point.

It is essential to provide the free board in all types of bridges for the following reasons:-

e Free Board is required to allow floating debris, fallen tree trunks and approaches waves
top pass under the bridge.

e Free board is also required to allow for the afflux during the maximum flood discharge
due to contraction of waterway.

e Free board is required to allow the vessels to cross the bridges in case of navigable
rivers.

The value of free-board depends upon the types of the bridge.

S.No | Type of bridge Freeboard
1 High level bridges 600mm
2 Arch bridges 300mm
3 Girder bridges 600 to 900mm
4 Navigational streams 2400 to 3000mm
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BRIDGE FOUNDATIONS

A foundation is the part of the structure which is in direct contact with the ground. It
transfers the load of the structure to the soil below.

Before deciding upon its size, we must ensure that:

(i) The bearing pressure at the base does not exceed the allowable soil pressure.

(ii) The settlement of foundation is within reasonable limits

(iii) Differential settlement is too limited as not to cause any damage to the structure.

Foundation may be classified under two categories:

1. Shallow foundation
2. Deep Foundation

According to Terzaghi, a foundation is said to be shallow if its depth is equal to or less than

its width. In case of deep foundation, the depth is greater than its width and it cannot be
prepared by open excavation.

Types of Bridge Foundation

The selection of foundation type suitable for a particular site depends on the following
considerations:

i.  Nature of Subsoil
ii.  Nature and extent of difficulties, e.g. presence of boulder, buried tree trunks, etc.
Likely to be met with, and
iii.  Availability of expertise and equipment.

Depending upon their nature and depth, bridge foundation can be categorized as follows:
1) Open Foundation,
2) Raft Foundation,

3) Pile Foundation,
4) Well foundation,
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Open Foundations in Bridges

An open foundation or spread foundation is a type of shallow foundation. This is the most
common type of foundation and can be laid using open excavation by allowing natural
slopes on all sides.

e This type of foundation is practicable for a depth of about 5m and is normally
convenient above the water table.

e The base of the pier or abutment is enlarged or spread to provide individual support.

e Since spread foundations are constructed in open excavation, therefore, they are
termed as open foundation.

e This type of foundation is provided for bridges of moderate height built on sufficiently
form day ground.

e The piers in such cases are usually made with slight batter and provided with footings
widened at bottom.

e Where the ground is not stiff the bearing surface is further extended by a wide layer of
concrete at the bottom.

Masonry pier

Concrete

Hard “| Base

Raft Foundations in Bridges

A raft or mat foundation is a combined footing that covers the entire area beneath a bridge
and supports all the piers and abutments.

e When the allowable soil pressure is low, or bridge loads are heavy, the use of spread
footing would cover more than one-half of the area, and it may prove more economical
to use raft foundation.

e They are also used where the soil mass contains compressible lenses so that the
differential settlement would be difficult to control.

e The raft tends to bridge over the erratic deposits and eliminates the differential
settlement.

e Raft foundation is also used to reduce the settlement above highly compressible soils by
making the weight of bridge and raft approximately equal to the weight of the soil
excavated.

e A raft may undergo large settlements without causing harmful differential settlement.
For this reason, almost double the settlement of that permitted for footings is
acceptable for rafts.

e Usually when hard soil is not available within 1.5 to 2.5 m a raft foundation is adopted.

e The raft is composed of reinforced concrete beams a relatively thin slab underneath.
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Pile Foundations in Bridges

The pile foundation is a construction for the foundation of a bridge pier or abutment
supported on the piles.

e A pile is an element of construction composed of timber, concrete or steel or a
combination of them.

e Pile foundation may be defined as a column support type of foundation which may be
cast in-situ or precast.

e The piles may be place separately or they may be placed in form of a cluster throughout
the length of the pier or abutment.

e This type of construction is adopted when the loose soil extends to great depth.

e The load of the bridge is transmitted by the piles to hard stratum below or it is resisted
by the friction developed on the sides of piles.

Classification of piles:
Piles are broadly classified into two categories:

A. Classification based on the function
B. Classification based on the materials and composition
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Classification based on the function: Classification based on the function

1. Bearing Pile 1. Cement concrete piles
2. Friction Pile 2. Timber Piles
3. Screw Pile 3. Steel Piles
4. Compaction Pile 4. Sand Piles
5. Uplift Pile 5. Composite Piles
6. Batter Pile
7. Sheet Pile
Pile Driving

The process of forcing a pile into the ground is termed as pile driving. The equipments
required for pile driving are pile frames, pile hammers, leads and winches.

A.

Pile Frame:
» The pile frames are made of steel having height varying between 10 to 25 m.
» The pile frame consists of platforms for supporting driver, engine, winches, etc.

Pile Hammer:
» The hammer is guided between two parallel steel members known as leads.
» Hammers are of the following types:
i.  Drop hammers
ii.  Single acting steam hammers
iii.  Double acting steam hammers
iv.  Differential acting steam hammers
v. Diesel hammers
vi.  Vibratory
Drop Hammers:
e Adrop hammer is lifted and allowed to fall on the head of a pile.
e The weight of hammer varies from 1 to 4 tonnes.
e The height of fall varies from 1.50 to 6 m.
Single acting steam hammer:
e The hammer is raised either by steam or compressed air and then it is allowed to
drop by gravity alone.
e The weight of hammer is about 2 tonnes.
e The fall is about 1 m and the number of blows is about 60 per minute.
Double acting steam hammer:
e The hammer is raised and lowered either by steam or compressed air.
e |t operates with succession of rapid blows.
The hammer is fully closed in a steel case.
The weight of hammer is about 500 kg. But together with steam pressure, it has
an effective weight of about 3 tonnes.
The number of blows per minute is about 100 to 200.
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Differential acting steam hammer:
e The hammer combines the advantages of single acting and double acting steam
hammers.
e The weight of hammer is about 2 tonnes and height of fall is about 1 m.
e The number of blows per minute is 100 to 200.
Diesel hammer:
e The hammer is a small, light weight, self-contained and self-activating type,
using gasoline for fuel. They are mobile in nature.
Vibratory hammer:
e In this type of hammer the driving unit vibrates at high frequency.

C. Leads:
» They are employed to guide the hammer and pile.
» For drop hammer fixed leads are used.
» Leads may be movable which can be adjusted as required.

D. Winches:
» These are required to lift the hammer and pile.
» They may be of light type with a single drum or of heavy type with double or
triple drums.
» They may also be fitted with reversing gear.

Well Foundations in Bridges

Well foundation is a type of deep foundation which is generally provided below the water
level for bridges. Caissons or wells have been in use for foundations of bridges and other
structures since Roman and Mughal periods. The term 'caisson' is derived from the French
word caisse which means box or chest. Caissons are preferred in sandy soils.
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Components of Well Foundation:

Components of wells
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Types of Well or Caisson:

There are three types of caissons or well are commonly utilized, which are as follows:

i.  Open Caissons
ii. Box Caissons
iii. Pneumatic Caissons

Open Caissons:

Open caissons are similarly called the Well foundations, which are caissons in which
the top and bottom of the caisson are open during the construction. An open caisson
may be rectangular, oblong, or circular in the plan.

They are used on sandy or soft bearing stratum liable to scour and where no firm
bed is available for large depth below the surface.

They are generally built of timber, metal, reinforced concrete or masonry.
They form the most common type of deep foundations for bridges in India.

Box Caissons:

A box caisson is a strong watertight vessel open at top and close at the bottom.
They are generally built of timber, reinforced concrete and steel.

This type of caisson is suitable where bearing stratum is available at shallow depth
and where loads are not very heavy.

Pneumatic Caissons:

A pneumatic caisson is open at bottom and closed at top.
This is useful at locations where it is not possible to adopt wells.
They are suitable when the depth of water is more than 12m.

In this the compressed air is used to remove water from the working chamber and
the foundation work is carried out in dry conditions.
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Sinking of Well:

The Sinking of the Well Foundation is carried out through the following Steps.

i. Laying of Curbs

In dry ground excavate up to 50 cm in river bed and place the cutting edge at the
required position. If the curb is to be laid under water and depth of water is greater
than 5 m, prepare Sand Island and lay the curb. If depth of water exceeds 5 m built
curb in dry ground and float it to the site.

Kentledge

Fig 1 A Typical Sand Island

Fig 2 Loading Steining by Kentledge

ii. Construction of Well Steining

The steining should be built in short height of 1.5 m initially and 3 m after a 6 m grip
length is achieved. The verticality should be maintained. The aim of the well sinking
is to sink the well vertically and at the correct position. The following precautions are
to be taken as far as possible.

Precautions:

The following precautions should be taken during well sinking.

>
>
>
>

Outer surface should be regular and smooth.

Radius of the curb should be 2 to 4 cm larger than the radius of the steining.
Cutting edge should be of uniform thickness and sharpness.

Dredging should be done uniformly on all sides.

Sinking Operation:

The following operation is carried out while sinking the caisson.

>
>
>

Excavate material under the inside of well curb mechanically or manually

Allow the well to remain vertical.

Up to a depth of 1 m, excavation underwater can be made manually. When the
depth of water exceeds 1 m excavate by Jhams or grabs.

When well goes on sinking skin friction increases and weight of well decreased due
to buoyancy.

When the well does not sink, sunk by applying kentledge. If this operation is not
sufficient jet outside the well or grease the outside

Go on adding sections of steining (2 to 5 m in length) up to the required founding
strata.
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Problem of Sinking:

Generally the following problems are encountered while sinking a well.
Tilt and Shift- Adopt the following measures if tilt exceeds 1/60.

o Dredge at the higher side. Not effective at greater depths.

Pulley
=

Pulley

Fig 3 Dredging the Well Fig 4 Dredging the well

e Make a hole on steining on higher side, hole is made near the ground level and
excavation is carried out by diving. If possible de-water and excavate on the higher

side.
e Construct eccentric welded framed bracket and load the platform thus made with

400 to 600 tons load.

RS Joist

Fig 5 Eccentric Loading

e Jett on the high side of well. Excavate under cutting edge by dewatering or by divers.
e Insert wooden slippers or hooks under the cutting edge.

4——’0\ Pully
eI
et
‘ \\‘ — Wooden sleeper
= ) Hook
Fig 6 Provision of Wooden Slipper Fig 7 Hooking the Well
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e Pull the well. Strut the well.

Sleeper

| __Sleepers

»

Pull

Steel rope ; Strut

Driven piles

Fig 8 Pulling the Well Fif 9 Strutting of the Well

e Push the well.
Hydraulic jack

Vertical well
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Fig 10 Pushing of the well

Cofferdam

Cofferdams are temporary structures used where constructionis being carried out
in areas submerged inwater. They are most commonly used to facilitate
the construction or repair of dams, piers and bridges.

» The aim of a cofferdamis to be as watertight as possible to create a dry areain
which to complete the required building works, or at least to limit water ingress to
a safe level that can be pumped away.

» Cofferdams must be able to withstand very high pressuresand can create a
hazardous situation if they are installed incorrectly.

» They are usually constructed using steel sheet piles driven into the ground and
supported by internal braces and cross braces. Timber sheet piles, concrete or a
combination of materials can also be used.

» A cofferdam can be any shape. Its design will be depend on the depth required, the
required working area, soil conditions, fluctuations in the water level, and so on.

Bazaar
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Types of Cofferdam:

Earthen Cofferdam:
» This is a simple form of cofferdam suitable for areas of shallow water with low
current velocity, where a sloped earthen embankment is built up around the area to
be enclosed. The bank should be a combination of clay and sand or clay and gravel.

Rock-fill Cofferdam:
» If the water to be retained is not shallow enough for an earthen cofferdam, stone or
rubble can be used instead. The stones are built up in the required shape of
the cofferdam, and voids filled with earth, gravel or stone-chips.

Single-walled Cofferdam:

» This type of cofferdam is most suitable when the area to be enclosed is particularly
small and the wateris of a deeperlevel, roughly 4-6 m. Guide piles made
of timber are driven into the ground and bracing constructed before sheet piles are
driven into place and secured to the bracing using bolts.

Double-walled Cofferdam:

» Single-walled cofferdams become unfeasible as larger areas are required in
deeper water, and so double-walled cofferdams are sometimes necessary.
Two walls are built with a gap between them, the thickness of which is dependent
upon the depth of water.

» The general rule is for the thickness of the wall to equal the depth of water up to 3
m, greater depths require 3 m plus half the excess depth. The two wall faces are
connected at the top using steel rods placed at close intervals.

Crib Cofferdam:

» This is commonly used in deep waters where the groundis particularly hard.
The sheet piles are supported by a horizontal framework of timbers, known as cribs,
which form pockets to be filled with earth or stones.

» This is constructed on land prior to being moved into position in the water.

» The crib is sunk into position, theinternal space filled with stone or
other material and timber or steel piles are then driven around the boundary of the
crib.

Cellular Cofferdam:

» This type of cofferdam is most suitable for deep water areas, most commonly for
during marine construction such as dams and wharves. Straight web steel sheet
piles are driven into the ground to form a series of inter-connected cells of specific
shapes which are filled with clay, sand or gravel to enable the structure to withstand
the lateral forces of the water pressure.
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BRIDGE SUBSTRUCTURES

The substructure of the bridge consists of the portion of the bridge that supports the entire
structure on the given surrounding soil.
The bridge substructure consists of the following elements:
i Piers
ii. Abutments
iii.  Wing walls
iv.  Foundations for piers and abutments

Bridge Piers:

Bridge piers are the intermediate supports of the superstructures.

» Bridge Piers support the spans of the bridge and transfer the loads from
superstructure to the foundation.

> Piers should be strong enough to take the both vertical and horizontal load.

» Bridge piers may be built using concrete, stone, or metal. Concrete is commonly
specified as construction materials provided that the pier is submerged in water
since metal is prone to rust in water.

» It is constructed in many locations like waterways, dry lands on which highway
systems are built as overpasses.

» The bridge piers can be constructed to be substantially attractive and strong in order

to withstand both vertical and horizontal loads. It also does not hinder water flow or

tide if the bridge spans the water.

\%

Cross-sectional Shapes of Piers:
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(Pier Cross-section Shapes for River and Waterway Crossings)
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Types of Bridge Piers:

Based on the Structure of Piers:
Piers are categorized into two major types based on its structure.

i. Solid piers
ii. Open piers

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.
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Solid Masonry Piers:

» Itis constructed from brick masonry, stone masonry, and concrete.
» For economic reasons, the outer part of solid masonry pier is built from stone
masonry and the inner part is filled with the help of mass concrete.

Solid Reinforced Concrete Piers:

» Solid reinforced concrete piers are mostly constructed from reinforced concrete and
commonly rectangular in cross-section.

» It is used in the case where the height of the piers is more and the solid masonry
piers would not be strong enough to bear the load and can be uneconomical.
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Open Piers:

Open piers permit the passage of water through the structure and classified into the
following types:

Cylindrical Piers:

» Cylindrical piers consist of cast iron or mild steel cylinders which are filled with
concrete.

» These are suitable for bridges with moderate height.

» In certain cases, horizontal and diagonal steel bracing may be used to improve
stability.

Column Piers or Column Bent:

» This type of pier 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.

:
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Trestle piers or Trestle bent:

» It consists of column with bent cap at the top. As per the latest recommendation the

hinges may also be provided.
» Itis generally used for flyovers and elevated roads.
» These are suitable for bridges where water current is slow and river bed is

sufficiently firm.

Pile piers or Pile bents:

» These are used where the ground is unstable and the low piers are required.

» In this type of piers numbers of steel or RCC piles are driven into the ground
provided with the cap at their top to support the main girder.

» It is the common variation of multicolumn bent.

» Itis generally used for the type of bent on low height and short span structure.
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Bridge Abutments:

» A bridge abutment is a vertical structure that connects the deck of a bridge to the
ground. It is constructed at the end of a bridge span.

» It transmits weight from the bridge superstructure to the ground. It also connects
the bridge to the roadway and retains the roadway base materials from the bridge
spans.

» Bridge abutments are built with brick masonry, stone masonry, precast concrete
blocks, and RCC. They come in different shapes and sizes.

» The type of abutments selected is determined by available space, geologic factors of
the bridge site, and project budget.

Parts of Bridge Abutment

Bridge Seat
» Bridge seat is a horizontal shelf that supports the bridge deck and is located close
to or on top of an abutment. These would hold the end of a span on the
embankment, while those placed along a span will offer support to reduce
protracted stress.
Wing Walls
» Wing walls are only seen in abutments that link to the embankment. They are
short retaining walls that provide stability and prevent erosion. Wing walls can
be seen on the right side of the photograph but are not represented in the figure.
Back Wall
» This type of wall is only found in embankment walls. Back walls are built
vertically at the ends of the majority of bridges. The expansion joints of the
bridge span/deck are supported by the back walls.
Abutment Pile
» An abutment pile is the strand of the Abutment that connects the Abutment’s
ground foundation to the bridge’s seat. The length of the pile is determined by
the bridge’s height and the depth of the obstruction (stream, river, and canal).
Abutment Footing
» The abutment footing is also known as the bridge foundation. The footing is what
ties the pile to the ground. The footing is wider and heavier. The function of the
footing is to keep the abutment from sinking into the ground.
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Functions of Abutments

Y

Y

Load transmission from a superstructure to its foundation components.

Self-weight, lateral loads (such as earth pressure), and wind loads must be resisted
or transmitted.

To provide support for one edge of an approach slab.

To maintain the equilibrium of an arch bridge’s vertical and horizontal force factors,
Abutment.

Types of Bridge Abutments:

1. Gravity Abutment:

>

The typical gravity abutment is the most common type of abutment, and it includes
the bridge seat, back wall, 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 back wall 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.

5. Stub Abutment:

>

A stub abutment, also known as a perched abutment, is a relatively short abutment
built after completing the embankment. The embankment can be compacted
without the abutment interfering, and the abutment building can be delayed if
necessary. These abutments are as short as possible and placed at the top of fill
embankments.
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6. Cantilever Abutment:

» A Cantilever Abutment serves multiple functions: one is to retain soil behind the
bridge’s ends, and the other supports the bridge superstructure. Stub abutments are
the name given to some types of wall abutments. These abutments are installed at
the top of fill embankments and are designed to be as short as feasible. Stub
abutments frequently only hold somewhat higher soils than the superstructure’s
thickness.

7. Full Height Abutment:

» This type of abutment is common in congested and metropolitan regions where
structural depth is required. It's essentially a high-height abutment for low-level
roadways built to sustain the entire construction.

8. Semi-stub Abutment:

» Semi-stub abutment is between the full-height and stub-abutment heights. These
abutments are built between the embankments’ top and bottom. They are known as
Semi-Stub abutments because they are larger than stub abutments but shorter than
full-height abutments.

Broadly, abutments are classified under the following two categories,
I.  Abutment with wing walls
II.  Abutment without wing walls
Abutment with wing walls:
In this category, the abutments are provided with wing walls which may be
a) Straight wing walls
b) Splayed wing walls
c) Return wing walls
Abutment without wing walls:
In this category, the following types of abutments are in general use:
a) Buried abutments:
b) Box abutments

c) Tee abutments
d) Arch abutments
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Wing Walls:

» A wing wall is a structural member located at the end of a bridge structure.

» When it is constructed integrally with the abutment, it is termed as cantilever wing
wall and when separated from the abutment with expansion or construction joint, it
is called an independent wing wall.

» The function of the wing wall is to retain the fill that supports the roadway and
provide protection against erosion.

» Wing wall is not a main load-carrying capacity element in a bridge structure, but its
size, capacity, and connection to the abutment stem may influence the performance
of the entire bridge structure.

Types of Wing Walls:

Depending upon the type of material used the wing walls are categorised into two types:

a) Masonry wing walls
b) Reinforced concrete wing walls

Depending upon the orientation to abutments wing walls are classified as follows:

a) Straight wing walls
b) Splayed wing walls
c) Return wing walls

Straight Wing Walls:
» They are suitable for small bridges, on drains with low banks and for railway bridges
in cities.
» In case of hard and rocky foundation, the wing walls may be constructed in steps.
» When the soil is loose, the foundation should be taken to a uniform depth.

Splayed Wing Walls:
> They are constructed generally at 45° with abutment and are straight or curved in
plan.
» Their top is 0.5 m thick and their face batter is 1 in 12 and back batteris 1 in 6.
» They are suited for the crossing of a river.
» They are also adopted when the road has to narrow on crossing the bridge, or when
two or more roads meet at the approach.

Return Wing Walls:
» These are walls built at right angles to the abutment at its both ends.
» They are designed to retain the earth filling of the approach road.
» Their top width is 1.5 m face is vertical, and the back is given either a batter of 1 in 4
or stepped back.
» They are suitable where the banks are high and rocky.
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Bridge Approaches:

>

>

>

The approaches are the lengths of the communication route at both ends of the
bridge.

The alighnment and levels of the approaches are affected by the design and layout of
the bridge.

As per IRC recommendations they should have a minimum straight of 15 m on either
side of a bridge. This length of 15m may be increased where necessary to provide
minimum sight distance for the design speed. This straight length of approach should
have a minimum surfaced width equal to the roadway on the bridge itself.

Types of Approaches:

>

>

In the case of high level bridges and culverts, the approaches are provided in
embankment, while for submersible bridges and causeways, they are in a cutting.

In case of arch and suspension bridges, sometimes it is economical to cover only the
central major portion of bridge. The approaches in such cases may be provided in
the form of series of small spans from the banks to the main structure.

In urban areas where land is costly, the approaches are made of retaining walls
constructed on either end of road width, and the earth work is filled in the middle.
This type, though higher in initial cost, is economical to maintain.

If the approach is in filling, borrow pits should not be dug close to the embankment
to avoid risk of parallel flow being developed which may endanger safety of the
embankment.
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CULVERTS AND CAUSEWAYS

Culvert:

A culvert is a tunnel-like structure that is constructed to allow water to flow under a road,
railroad, or similar obstruction to provide cross drainage or to take electrical or other cables
from one side to the other. This system is enclosed by soil or ground.

>

In the case of a highway where a culvert is constructed to cross the small traffic pass
on it etc., the culvert length of span may be about 4.5 m. similarly, in the case of a
railway track, the maximum length of span can be about 6 m and it should not be
greater than this limit.

Types of Culverts:

Following are the types of culverts generally used in construction,

PwwnNE

Pipe culvert
Box culvert

Arch culvert
Slab culvert

Pipe Culvert:

>

A pipe is used to move water away at an excavated place, and then it is known as a
pipe culvert.

The pipes culvert is made from R.C.C., cast iron, steel, etc.

Pipe culverts are available in different shapes such as circular, elliptical, and pipe
arch and their shape selection depend on on-site conditions.

These culverts may be used of single in number or multiple, if the width of the span
or channel is greater, we will go for multiple pipe culverts. Generally, they are used
for a larger flow, and an installation of a single pipe culvert, we can use the larger
diameter size culvert.

The range of diameter of the pipe culvert is between 1m to 6m.

The pipe culvert is chosen for smaller types of drainage works, which pass through
the embankment of road or railway.
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Box Culvert:

Y V V

Box culverts are in rectangular shape and generally constructed by concrete.
Reinforcement is also provided in the construction of box culvert.

These are used to dispose rain water. So, these are not useful in the dry period. They
can also be used as passages to cross the rail or roadway during dry periods for
animals etc.

Because of sharp corners these are not suitable for larger velocity.

Box culverts can also be provided in multiple numbers.

For a single span of 3 m or for a double span of 6 m width, such type of culverts can
be used. The thickness range of the R.C.C slab should be kept within 1.25 to 2.5 m.
Box culvert is economical due to there is no need to provide a separate foundation
and also rigidity.

This culvert’s construction is preferable, especially in loose soil conditions, and for a
larger span and also it requires a good foundation, and not be used for larger
velocity.

Arch Culvert:

Arch culvert is similar to pipe arch culvert but in this case an artificial floor is
provided below the arch.

For narrow passages it is widely used.

The artificial floor is made of concrete and arch also made of concrete. Steel arch
culverts are also available but very expensive.

The arch culverts are not provided with the piers to the sides of the abutment.
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Slab Culvert:

>

>

Slab culvert, a type of culvert, could be three-sided or simply a deck slab. It is
embedded in the soil on both sides.

The slab provides a bridge over the distance.

Slab culverts can replace box culverts if no artificial flooring is necessary.

Slab culverts do not have bottom slabs, therefore, the natural flow of water is
maintained and natural bottom substrate remains intact.

The safety of high-velocity vehicles is not affected by slab culvert as it doesn't have
any sharp corner.

While constructing the slab culvert, a series of slabs are laid to form the bridge-like
structure. After that, a pavement surface is placed on top to serve the purpose as
the road.

The standard span length ranges from 8’ to 48'.

Causeways

Paved dips, also known as bed level causeways, are structures consisting of gentle and
shallow depressions in the road where the water is allowed to flow over the road. The full
road width is paved with a cement concrete bed, and curtain walls are provided on the
upstream and downstream sides to prevent scour.

Types of Causeways:

1.
2.

Low level causeway
High level causeway

Low Level Causeway:

» If a causeway has not vent to flow the water then it is called low level causeway. It is
also known as Irish bridge.

» The beds of small rivers or streams, which remains dry for most of the year, or generally
passable without a bridge.

» This involves heavy earth work in cutting for bridge approaches. Banks of such types of
streams are cut down at an easy angle.
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For streams or rivers in plains having sandy beds, it is often sufficient to lay bundles of
grass over and across the sandy tracks.

For crossing the important traffic it is essential to lay a metal or paved or concrete road
to prevent against possible scour and undermining a cut off or dwarf wall usually 60 cm
deep on upstream side and 120 to 150 cm on downstream side is provided.

For steep banks the road way is carried across the stream at higher level than the bed
level.

In this case masonry construction equal to the width of route and of desired height may
be provided. The wearing surface is provided over the filling.

In this case an apron of concrete or masonry should be provided on the downstream
side to guard against scouring action.

High Level Causeway:

» A high level causeway is submersible road bridge designed to be over toped in floods. Its

formation level is fixed in such a way as not to cause interruption to traffic during flood
for more than three days at a time or for more than six times in a year.

They are provided with abutments and piers, floors and slabs or arches to form the
required no of openings.

The slopes of approaches are kept as 1 in 20.

When velocity is high and stream bed is soft the aprons could be of concrete or harder
masonry up to a certain distance similarly the road can be formed of cement concrete
slab or stone blocks set in cement mortar.

A sufficient no of openings are provided to allow the normal flood discharge to pass
through them with the required clearance.
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 Bridge Loading Standards

2.1 EVOLUTION OF BRIDGE LOADING STANDARDS

The earliest bridge loading standards in some countries were first formulated
to regulate heavy military vehicles and were generally specified by local j
authorities. The loadings often consisted of steam rollers and some form of
traction engines. The earliest specifications of highway bridge loadings originated
from the need to transport heavy military vehicles in.U.K. and Europe. This
resulted. in the introduction of the Ministry of transport’s first ‘Standard
Loading Train’ in the U.K in 1932 and the original loading standards of many
European countries. - : ARt e s e
In the United Kingdom, these standards formed the basis for the present
type HA loading of BS: 153!. In the U.S.A, a loading standard consisting of
truck trains and equivalent loads was introduced by the American Association
of State Highway Officials (AASHO) in 1935. It is significant to note that
in some of the developing countries like India, the first loading standards
were introduced nationally in 1937. Critical studies have been done to study
the significant differences in the loading standards of various countries by
~ Seni? and Rajagopalan’. The impact allowance was observed to vary
considerably in different countries. In a recent survey made for the
International Federation, Galambos* has reported that many countries are
planning revisions of their highway bridge loading standards based on the
research investigations. |

- " The first loading standard (IRC: 6) in India was published by the Indian
- ‘Roads Congress in 1958 and subsequently reprinted in 1962 and 1963. The
~f$cetion~11.-of the code dealing with loads and stresses was,-reviséd.in the
second revision published in 1964. The metric version was introduced in the

thlrdrewsaon of 1966. The IRC: 6 Code has been revised to include the
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combination of loads. forces and permissible stresses in the Fourth revision

published in 2000°.

INDIAN ROADS CONGRESS BRIDGE LOADING

STANDARDS
ve to be designed to withstand the live loads specified
{ loadings were first

crent categories 0
hanged n ihe subsequent revisions of

2.2

Highway bridge decks ha
by the Indian Roads Congress. The difl
formulated in 1958 and they have not ¢
1964. 1966 and 2000.
The standard IRC loads specified in [RC: 6-2000 are grouped under four
oot

categories as detailed below:

1. IRC Class AA Loading

e specified under this category grouped as
[RC Class AA tracked vehicle ( simulating
hicle (heavy duty army truck) of

Two different types of vehicles ar
racked and wheeled vehicles. The
an army tank) of 700 kN and a wheeled ve

400 kN are shown in Fig. 2.1. .
All the bridges located on National Highways and State Highways have
hese loadings are also adopted for

to be designed for this heavy loading. T
bridges located within certain specified municipal localities and along specified

highways. Alternatively, another type of loading designated as Class 70 R is
specified instead of Class AA loading. :

2. IRC Class 70 R Loading ot
IRC 70 R loading consists of the following three
(a) Tracked vehicle of total load 700 kN with two tracks eac
350 kN. .
—
(b) Wheeled vehicle c
, totaling 400 kN
(¢)  Wheeled vehicle with a train of vehicles on seven axles with a total
load of 1000 kN. : 7 T4l
The tracked vehicle is somewhat similar to that of Class AA, except that
.the contact length of tl}e track is 4.87 m, the nose to tail length of the vehicle
is 7.92 m and the specified minimum spacing between successive vehicles is
30 r;l The wheelgd vehicle is 15.22 m long and has seven axles with the loads
%gg\% i?algog elechf Eh?r }:)ogle axle type loading with 4 wheels totaling
' | ified. T tails of . : .
ity 21.?2. o e d?@? of IRCVClass 70R loading vehicles are

types of vehicles.
h weighing

omprising 4 wheels, each with a load of 100 kN
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o S '
350 kN 0.64,

PSRRI i '

2.9m ¥ 1291,
e o

350 kN 0.84 1

457 m *.'

(a) Class 70 R Tracked Vehicle
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100 | 100 im
kN N
— 1.12m
—_—
100 100
kN KN 0.81m
N I, I I,

| 1 -1 4]
0.263 1.957 0.263m
(b) Class 70 R Bogie Axle Type Vehicle

: Total load = 1000 kN
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s Dy EIOET Sk

() g ——3960 ———}~15204—2130—413704——3050—F1 37o+—-4‘

910

(c) Class 70 R Wheeled Vehicle Loading

Fig. 22° IR.C. Class 70 R Tracked and Wheeled Vehicles.
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The 700 kN tracked vehicle is common to both the classes, the only
difference being the loaded length which is slightly more for the Class 70 R.
The second category is the wheeled type comprising 1000 kN train of vehicles
on seven axles for the Class 70 R and a 400 kN bogic axle type vehicle for
the Class AA. '

Thg Class A loading is a 554 kN train of wheeled vehicles on cight axles.
Impact is to be allowed for all the loadings as per the specified formulac which
is different for steel and concrete bridges.

The“vanous categories of loads are to be separately considered and the
worst effect has to be considered in design. Only one lane of Class 70 R or
Class AA load is considered whereas both the lanes are assumed to be occupied
by Class A loading if that gives the worst eflect.

3. IRC Class A Loading

IRC Class A type loading consists of a wheel load train comprising a truck
with trailers of specified axle spacing and loads as shown in Fig. 2.3. The
heavy duty truck with two trailers transmits loads from 8 axles varying from
a minimum of 27 kN to a maximum of 114 kN. The Class A loading is a 554
KN train of wheeled vehicles on eight axles. Impact has to be allowed as per
the formulae recommended in the IRC: 6-2000. The impact factor is inversely

onal to the length of the span and is different for steel and concrete

proporti
s on which permanent

bridges. This type of loading is recommended for all road
bridges and culverts are constructed.

4. IRC Class B Loading

to Class A loading except that the axle loads
tude. The axle loads of Class B are a
n eight axles as shown in Fig. 2.3. This
type of loading is adopted for temporary structures and timber bridges.

Combinations of different types of live loads are recommended for the design
of bridges in clause 2074 of IRC: 6-2000. The carriageway live load combination

recommended for design is compiled in Table 2.1
The IRC Code also provides for the reduction of the longitudinal effects

on bridges accommodating more than two traffic lanes due to the low probability
of all lanes not subjected to the characteristic loads simultaneously. The
reduction in longitudinal effect recommended is 10 percent for three lanes and
20 percent for four lanes or more. However, it should be ensured that the
“reduced longitudinal effects are not less severe than the longitudinal effect

resulting from simultaneous load on two adjacent lanes.

Class B type of loading is similar
are comparatively of lesser magni
332 kN train of wheeled vehicles o
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TABLE 2.1 Live Load Combinations
(Table 2 of IRC: 6-2000)

SI. No Carrigge way Number of Load combination )
width lanes
for design
i purposes
l Less than 5.3 m 1 One lane of class A considered
to occupy 2.3 m. The remaining
width of carriage way shall be
y loaded with 5 kN/m?
2 5.3 m and above 2 One lane of Class 70 R or Two
but less than 9.6 m j lanes of Class A
3 9.6 m and above 3 One lane of Class 70 R for every
but less than 13.1 m J - | two lanes with one lane of Class A
on the remaining lane or 3 lanes
) of Class A :
{ 4 13.1 m and above 4 One lane of Class 70 R for évery
but less than 16.6 mm ‘ two lanes with one lane of Class A
| for. the remaining lanes, if any,
; : ‘ i ~|or one lane of Class A for each lane.
5 | 166mandabove | 5 | ————— do—
but less than™20.1 m [, 74 17 SV PG RTITRGE T
6 | 20.1 mand abové”” i 6 A dq_
but less than 23.6 m | : : ;

Note: The width of the two lane camage way shall be 715 'm .as; per clause 112.1
of IRC: 5- 1998 st i ot Sl ke T, SR

: /2.3 HIGHWAY BRIDGE LOADlNG STANDARDS OF
DIFFERENT COUNTRIES , b

A brief survey of the hxghway bridge ’Ioadmgs prescrlbed in some countries
based on work of Rama is complled below* itk ki ) |

£y Py
PN

1. Brmsh Standard Loadmgs

The British standards presctibe two main l)’PeS of loadings desngnated asFlA

and HB loading. The H A type loadmg is des1gnated as the normal desxgn
loading and ‘consists of :

(g;) A umfi:mly dlstrlbuted loadmg cauymg from 318.6'kN/m for 1 m

" 'loaded length(span) to0'5.8 kN/m for 900 m Toaded lengt h(sganf)l(zag G

" per the loading curve shown in Fig 2.4) and a knife edge lféa :}on i o

#o% KN pet lane’ which are- inclusive of 1mpact There is no'reduction it -

the mtens:ty' of HA loadmg fm Up to 1wo lanes of 1rafﬁc’ =

’,,.
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=
i

Design Force (kN/m/Lane}
>
i

8

] | 1 ] 1
00 200 300 400 500 600 700 800 500

Loaded Length (m)

\\

Fig. 2.4 Loading Curve for type HA-Loading
(British Standard Loading-UK).

(b) And alternative axle load is also specified on which impact must be
considered. This loading system consists of two loads each of 112
kN in line transversely to the direction of traffic flow speed at
0.9m. The uniformly distributed load has a constant value of
31.5 kN-m of lane for loaded length for 6.5 ni 0 23 m. For span

: . . .An
I specified for this type of HA loading, | rectallowaneo of 259
(c) Type HB loading i . )
- peraxle (4 axles in all) specifi

xles which allows for ¢
4 . o 1 5
tractors accompanying trailers, With this loadin [ teiysight of

‘ ot ;
25% is allowed. No allowance is to pe made for ixnpa2¥egfrless ;
' act. Only one
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lane is to be loaded with HB type loading, all other lanes k?CI.nﬁg
considered as occupied by one-third full lane HA loading only ‘fft :
presence results in worst effect. The plan view of Type HB Iqadmg
is shown in Fig 2.5. These loading are followed in Malaysia, Sti
Lanka, Kenya and Rhodesia.

- 3 1 unit = 10 kN axle @ o
< S__] Each axle = 45 units (max) é_ <
I = ey e
900 mm
e — e
‘900 mm
L . ] = . _
[ g —-FF
900 mm
= [—] ke ey
1—1800 mm—— -6100 mm ‘ }—1800 mm—4-

Fig. 2.5 Plan View of HB Loading
. - (British Standard Loading-UK).,

2. AASHTO (American Association of State Highway
Transport Officials) Loading

The American Association of Highway: and Transportation Officials (AASHTO),
has prescribed the heaviest loading designated as HS 20-44. This type of
loading is followed in USA, Australia, Bangladesh, Canada, Ethiopia, Philippines
and Turkey. This loading comprises of a heavy tractor truck with a semi-
trailer of a total load of 320.3 kN or the corresponding lane loading. The lane
loading consists of a uniformly distributed load of intensity 9.3 kN/m together
with a knife edge load of 80 kN for bending moment and 115.7 kN for shear
force computations. In addition, impact effect is to be added for both the
cases as recommended by the AASHTO recommendations. While designing
bridges, both the truck and lane loading should be considered and the one
which gives the worst effect is to be adopted.

- When truck loading is used, only one truck is considered for each traffic
lane for the whole of its length. Also there is no reduction in load intensity for

P - up to two lanes of traffic loaded. '

. .In'USA, Canada and Australia, AASHTO loadings comprise of standard

HS 20-44 truck or HS 20-44 lane loading (shown in Fig 2.6) are used. - o]
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ion of motion
Truck loading . Cgolen
8000 Ibs 32000 Ibs 32000 Ibs  Ax
1 1 8
‘ Li
* 14 ft ¥ v i

ft in inclusive.

V = Variable spacing-14 ft to 30
hich produces

Spacing to be used is that w
maximum stresses.

(a) Standard HS 20-44 truck (U.S.A)

=18000 lbs for bending moment

Lane loading  Knife edge load
and 26000 Ibs for shear

U.d. loag
linear fo
v y T y Y . of lare ot

y {V y y

(b) Standard HS 20-44 lane loading (U.S.A.)

Fig. 2.6 AASHTO Loadings (U.S.A).

3. French Highway Loadings
The highway loadings prescribed in France are categorized as system A and
system B loads. System A loading is expressed in an empirical form given by

U.d Load A (L) ={23o 42000 kg/m?

Where L = Loaded length in meters.

The upit:ormly distributed load A (L) obtained from the above formula is
to be multl_phed ?y a coefficient a; whose value is 1.0 up to two lanes and then
reduces with an increase in the number of lanes. Also a, - A (L) should be not
less than (400-0.2 L) kg/m? S s T

. In the case of class 1 roads, if the lane width is different from the
sganfcfi;r'd l:mc width of k3.50 m, the value of A (L) is to be multiplied by th¢
coefficient a, so as to keep the total load inear d
Sor oy TondeA ad per linear mletre of lane unaltere
loadisny Sf;?t’hB ll]oads are grouped as B, and B, where B, comprises of truck

g wheel loads (as shown in Fig 2.7(a)) and B, is made up of tandem
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axle loading (as shown in Fig 2.7(b)). System A loading is inclusive of impact.
For system B loading, impact factor is expressed as an empirical expression
depending on the length of the element in metres, the permanent weight of the

bridge and the maximum load of the truck.

Direction of motion

<
-

60 kN 120 kN 120 kN 60 kN 120 kN 120 kN
v ¥ v v v ¥
45m | 15m| 225m | 225m 45m 15m
Overall Lenght of truck=10.5m . | Overall Lenght of truck = 10.5 m

(a) System B, Truck Loading:

160kN ' 160kN

< »
»

1.35m

(b) System B, Tandem Axle Loading

Fig..2.7 Highway Loadings of France.

4, Highway Loadir'lgs" of Germany

Two types of loadings are specified in for highway bridge design in Germany.
The Class 60 loading consists of a 600 kN truck together with a uniformly
distributed load of 5 kN'm? in the portion of the lane not.occupied by
the truck. The substitute uniformly distributed load for the 60 t truck is
33.3 kN/m?. The standard design lane width is 3.0 m. There is no reduction
in intensity of load for up to two lanes of traffic. For the area outside the main
lanes, a uniformly distributed load of 3 kN/m? is specified (Refer Fig 2.8).
Impact factor is expressed by a formula depending upon the governing

:'":,:" - length. i
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200 kN
200 kN 200 kN
v
4 ¥ ———
R
e i
PR T 15 m\‘l
1.5m 4"_-‘—’1"5_7;”"" 1.5m

Overall Length of truck = 6m
Overall Width=3m

Fig. 2.8 Highway Loadings of Germany.

5. Highway Loadings of Japan L
Y a knife edge line Joad P of 5000 kg/m and 4

. Le Of "
Thie L20 10afitg conzeile has the following values specified for 3

uniformly distributed load p which
lane width of 5.5 m or less.

For L < 80 m, p = 350 kg/m’

For L > 80 m, p = (430 — L) 2 300 kg/m?

In the case of bridges with a width of more than 5.5 m, the values of P
and p are 1o be reduced by one-half on the portion of the road way in excess
of 5.5 m. The composition of L-20 loading used in Japan is shown in Fig 2.9.
Impact factor depending upon the length of the element expressed as an
empirical formula should be applied for the live loads.

Line Load P

y Yy

y i b l r 17*— Ud Load

Fig. 2.9 Highway Loadings of Japan.

6. Highway Loadings of New Zealand

The design load prescribeq
o per lane is the san : :

comprisin i e same as that of

(Figpz 5 %’S HISZO 44' truck, Alternately H20-S16 AGSHTD Ioad‘mg
19) is also specified, Between (he 1 ~T16 truck loading

worst effects should pe considered %

impact allowance s the . The sta

i ndard desien lane i .
any upper limit ame as that gjven by t gn lane is 3 m. The

he AASHTO without specifying
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Axlo Londs Hldib
‘ 16000 Ibs
BO00 Ihs 32000 1bs 32000 Ibs 16000 Ibs
BN s Y Y v , JR—
RN PU——— ol - A
141 "'"0" 14! _'_0" 14| "'0“ 12 _O
H20-S16~-T 16 Truck
ew Zealand.

Fig. 2.10 Highway Loadings of N

7. Highway Loadings of Sweden

Two different types of highway loading
type consists of uniformly distributed loa
Joaded length and a concentrated axle loa
of p are specified as follows:

p=24tmfor L <10m

Axle Load P= 141

are specified in Sweden. The first
d of ‘p’ t/m which depends on the
d of 14 t (Fig 2.11(a)). The values

Y

v VvV V Y VY'Y

L—udL="ptm
(a) Composition of Lane Loading

Axle Loads

20t 20t’ 20t 20t

20t

) < .
w

f-
L

. [
Ll il Lt el

3.0m 1.6m 1.56m’
Design Lane Width=4.0m
(b) 100 t Single Truck Loading

A

3.0m

'Fig. 2.11 Highway Loadings of Sweden.




3 Overall Width = 2,5 m

32

wt/m for 10 < L < 90 m

pE 247"gp
s = 1.1 t/m for

I L>90m
ed length in metres.

Where L = load
dth=30m
ingle truck

Design Lan¢ wi
The second type
spaced as shown in
Joading in both the

vorst results. For conti
da uniformly

joading with axles loads
o bridges are designed with lane
K loading which gives the’
ading consisting

\
of two axle loads an

ustria

d and truck lloadi‘ngs.' The t'rac]‘:ed'’]('53(”1;{,t g

g 6 m and overall width 3 mis
for impact is to be made for
th axle loads is shown in Fig

8. Highway Loadings of A
Austrian loadings consist of tracke
with the overall length of the catexpillar'bcin
60 t as shown in Fig. 2.12(a). No allowance

uniformly distributed load. The truck loading Wi
2.12(b). The axle loads may be increased by 40% for impact effects. A =

unifolmly. distributed load of 0.5 t/m? is prescribed for the portion of the e
2{(:; o}a~;§up]1::tc}1l by the truck. The specifications also give the following e CIUi\)ﬁlént -
ights of the caterpillar and truck loadin which are to be u Woasn
of spans exceeding 30 m. BT o béused for thﬁde_s:vgn;a%

]l= {' ; ",, ",.,v" l ,‘l.r:”""/"‘;', ! ; “' & l 1 1 ; l l _

(a) Tracked Loading
81 :
~ Axle Loads 171
L4
[ pT T
AT DR ey
P b -

verall Length of Truck = 6.0 m i
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60 t caterpillar 3.331/m?

25 t tuck 1.67 t/m?
Impact allowances varying from zero l
70 m o zero respectively. Separate impact factors are
concrete and steel bridges as a function of the span and direct

loads on the main girder.

o 40% corresponding to spans of
recommendcd for
and indirect

9. Highway Loadings of Belgium
Loadings specified in Belgium are categorized as normal and heavy truck loading.
The normal truck load of 32 t can have different combinations as shown in

Fig.2.13(a). Heavy truck loading of 60 1 comprising 3 axles is shown in
d by a formula depending upon span,

Fig 2.13(b). Impact factor is expresse
speed of vehicle, moving loads and dead weight and static deflection due to dead
weight.
Axle Loads
4lt 6t 12t 61 4t
l‘ ;li =|: >|: - :L ;li >
| 2m | 4m o ame | 4m T 4m " 2m |
T t 6l t T 4t 4t
e ole ole el ole e N
[ 2m | 4m | 4m | 4m | 4m | 2m |
61 12t N elt-- pors 151 4lt 5L | Mg
I‘ ;': 't 1 :I: ;l: >
[[2m ] 4m 4m 4m | am | 2m |
(a) Different Combinations of 32 t Normal Truck
201t 20t Axle Loads 20t
[T5m T | 6.0m TN

" (b) 60 t Heavy Truck

Fig 2,13 Highway Loadings of Belgium
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10. Highway Loadings of Italy

hould be designed for different trajn, of
e Three different types of 4,1

military loads preseribed in-the gtandards. Hn(,:,] e e f({rrdc"i;ryjfl%
Il b A % st el Y ( 414 3

(Fi > )I//l) are (o be used and the worst effect .,hnu: e widh'of ”2; L The

g 1 o ‘ : ) 51 The ) the thye.

Im:lil load of trains consists of 321, 61.51 m}(ll ;74 ey difstributcd“]’"%

types of loadinps is 3 5 m. Alternately, an equivalen o um - 0ad

‘" L gt i} s 2 u 3 d ohoe .' ’ L« ) .v .; »
l;winp different values for bending, moment dl?dg mljlcbar ls{irmu& s f;ndor the
desipn of highway bridges. Impact factor specified by @ pend upoy,
the span length of the bridge.

|

Hiphway bridpes of Catepory |

Total L.oad 321

Axle
Loads

]
]
I
I
i
f
]
y y ¥ ¥ y

40m |._086m | 061m| _086m [061m] 086m I 40m _

4
A
4

A
A
A

A

| 1,9 m

»la
L

1.9m

Y

r 3

(a) Continuous Train of Military Load of 32 t

551 7t 7t 141 14t 14t

- :_.J

|=<% > L P >le >ie >
"a5m 1" 387m "[13aml 381m | 42m. rozm* 35m ]
(b) Continuous Train of Military Load of 61.5 t '

o

551 71 & 19t
Al 18 t 18t
Loads

'L LI‘

ol

" se7m Naaml sarm T 42m 11.02m
(¢) Single Military Load of 74.5 t

y
'_

Fig. 2,14 Highway Loadings of Italy.
1. Highway Loadings of Netherlangs = v

The highest Kt |
ighest class of loading in Netherlands is the Class 60 loading consisting

of a 600 i '
kN vehicle of three axles of 200 kN each plus a uniformly distributed
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2(Fig : .
!oad’oM kT:/gT (Fig 2.1 ’3) The impact factor depending upon the span length
1S expressed by an empirical formula depending upon the span length

Axle Loads =00 KN 200 kN 200 kN
U.d. Load l
4 kN/m’ ’
(maximum 12 kN/m|
of Lane) IBABSAAEEEEEEEEEEEEEERE
N |« vle |
U tom 40m "l

Fig. 2.15 Highway Loadings of Netherlands.

12. Highway Loadings of Norway

For 1hc? design of Class 1 type bridges, the loadings specified consists of
an equivalent lane loading per lane together with a knife edge load ‘4’ and
a uniformly distributed load ‘p’ (Fig 2.16). The variables ‘4’ and ‘p’ are

expressed as
%)
A=12+7 )t

p=05+ (—Lif-s—)t/m of lane

L = Actual loaded length of lane in metres.
x = distance of the knife edge load from the center of span

Knife Edge Load, A

l [ Ud. L. 'p" Um

y y y y y

X - L

|.
| <
I‘

v

“Lf@

Fig. 2.16 HighWay'Loadings of Norway.

The loadings specified above are normally considered for lla:telc\?’;c(lli?gs
varying from 3.0 to 3.75 m. For two lane bridges, the full equtl;i ?S Phesitiet:
is assured on both the lanes. Besides the lane loa‘dmg, the Zt;EZt 38 5% impact
for a local loading of two axles each of 13ft. It is assumee, v .
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is to be added to the heaviest axle and it is unnecessary to add any im

the remaining axles. The values of knife edge load, ‘4’ and uniformly distf-)i%Ct 2
!Oad ‘p’ are inclusive of impact calculated on this basis. An impact ofgguted
is to be added to the axle loads. i

13. Highway Loadings of USSR

Th‘ree different types of wheeled vehicle loadings are specified in USSR
(Fig 2.17 a, b, c). These are designated as N-30, N-10 and NK-80 loading,
Also a tracked loading designated as NG-60 caterpillar loading is specified

(Fig 2.17d). The following conditions are also prescribed:

memoMMMn
—

Axle 6t 12t12t 6t 12t12t 6t 12t 12t
Loads it
A \ A4 v v \4 v
-t pie ={: >l >l :ll: > > pre—> < >
10m m S ' 10m
6m1ﬁm10m 6m16m 10m anﬁm
(a)N—30Loadmg
3t 7t 35t 95t 3t 7t gt it
Axle
Loads l
X v Y : Y : i Y A\ 4
T :|= ';‘: > pre >l >l >
8m 4m gm |4ml 4m [ 4m . 8m 4m 8m
(b) N-10 Loading - .
20t 20t 'v20t : , 20t
Axle
Loads
_1} \ 4 \ 4 |
""" . g it =
‘ 1.2m., 1.2m 1.2m T

(c) NK-80 Loading
Total Load 60 t

el
\ 50m .
(d) NG-60 Caterpillar Loading | |

Fig. 2.17 Highway Loadings of USSR
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(i) The design load should be either -
maximumeelfest. 1er (a) or (b) whichever produces the
(i) Impact allowance as per AASHTO specification

(i) For more than two lanes loaded i
, reduction factor on li [
as per AASHTO specification. IR loac P

14. Highway Loadings of Saudi Arabia

Highway bridge loadings of Saudi Arabia compri
vehicle.: loading and uniformly distributed 105575%35 ?::21:12?’\;?1:2201( \l]vhlee]ed
comprise of 80, 260 and 260 kN; totaling 600 kN with only one t all<x e
per lane in the longitudinal direction. SRS
The uniformly distributed load is of intensity 20 KN/m per lane width with
a concentrated live load per lane width of 150 kN for moment com utati1
and 220 kN for shear force calculations. The axle loads and uniformly distributzg
load are shown in Fig 2.18(a) and (b) respectively. |

80 kN 260 kN 260 kN
Varies from
\J 4.30m R 430mto9.0m v
>la— —_— » Elevation
) 40 g bars _ [130 | , 130
I kN kN[ 4 ) kN
1.80m - '<———.-——‘-‘Di‘rec_;tior’\' of Motion . Plan
20 130 N ET T
KN oor T LEN [T r 7w e ankN

~ (a) 600 kN Truck (Each Lane cah be Loaded by
_a truck but only Truck/Lane Longitudinally) ‘

Concentrated Line Load/Lane Width
150 kN for Moment, 220 kN for Shear

Y Vv ¥V VvV VvV VvV VY VvV v v
% ‘ ,
’ | HaEsts 1

>~ Uniformly Distributed Load

4

... 20kN/m run per lane Width on eachlane . .
RE A "7 47 (b) Uniformly Distributed Load,

Fig, 218 Highway Loadings of Saud

i 'Arabié;’




el or distributed loaqq

/ 2.4 |MPACT FACTORS "
ed to the moving ¥

Impact factors are generally appli . Jynamic effects on the bridge
to enhance their magnitude t0 include the' 7 1 a fraction of the applieg

by ; n1eSSe s v
deck. The impact allowance 15 generally exp - involving constants ang

live load and is expressed as an empirical C.x: et factor is always inversely
the span length of the bridge deck. The 1MP for reinforced concree

i . different
proportional to the length of the span ah is d
and steel bridges. oo
: ferent ty
The impact factors 10 be 001151dered for dif
various countries are as follows:

pes of live loads of

1. Indian Standard Loadings

(a) TRC Class A loading
The impact allowance is
computed by the expression

expressed as @ fraction of the applied load and is

Where

=B+

I = Impact factor fraction

A = Constant having the value of
and 9.0 for steel bridges.

B = constant having a value of 6.0 for reinforced concrete bridges
and 13.5 for steel bridges. g

L = Span in metres |

4.5 for reinforced cOr;Crete bridges

For spans less than 3 m, the impact factor is 0.5 for R.C. bridges and
0.545 for steel bridges. When the span exceeds 45 m, the impact factor is
taken is 0.088 for R.C. bridges and 0.154 for steel bridges. The impact

percentages for highway bridges can also be di .
curves of IRC code® given in Fig. 2.19, cidircttly ‘abtaineg from the

(b) IRC Class AA or 70 R loadings,
For spans less than 9 m

(i) For tracked vehicle — 25% of 1
to 10% for span of 9 m o of the span up to 5 linearly reduced

(iiy For wheeled vehicle - 250,

For spans of 9 m and more
For tracked vehicle- for R.C,
p

accordance with Fig 2,19 for ¢ 10% up 1o |
~ for spans up 1o 23 m and a5 pe?n;izxgefd aoipse:: (])2 4(()1 m and in
| ‘ 19 el bridges, 25%

for
spans Cxceeding 23 m
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:‘ 55 T T T T
B 54.5 % forL <3 m
’ 50 + { t +
i \\ 50 % forL< 3 m°
45 \
40 \
X 35 ‘
5 NEAN
° 30 )
8 ~] Steel bridges
T 25 N4
3 R.C. bridges T~
£ 20 o1 ot
- S~ [~ [154%forL>45m
~ —t—t—t
o Ry o LRG0 8.8%forL>45m
5

5 _ ‘
3 6 9 12 15 18 21 24 27 30 33 36 38 42 45 48 51 54 57
Span L, metres

Fig. 2.19 Impact Percentage for Highway Bridges (IRC :6-2000).

2. British Standard Loadings -

(a) Fortype HA loadings, an impact allowance of 25% on the heaviest axle
in the train of vehicles from which the loading has been:derived is

provided.
(b) For type HB loading, no impact all

owance has been provided since this
type is considered as an abnormal loadi :

3. AASHTO Loadings

50 |
L+25 i : h
where L = Length in feet of the portionof the span to produce the maximum
 stress in the member subject to a maximum of 30%. For shear due to truck
loads, the span (L) is taken as the loaded part of the span from the point being
~ considered to the reaction, except for cantilever .arms where the impact

 allowance is 30%.
’—-—"“""’———-—.

4 % oy

Impact allowance =

g 0%

MR e

4. French Highway Loadings
System A loading is inclusive of impact.
For system B loads, the impact factor ‘0"
T (1+02L) 1+4(G/S)

is expressed by the formula,
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1t in metres

of the bridge
he truck

L = length of the elemer
= permanent weight 0
S‘ maximum load of t

Where

5. German Highway Loading

as to be applied to the live load is given by

The impact factor @ which h
i ¢=14- 0.008 Ly 2 1.0

Where Ly = governing length in metres

6. Highway Loading of Japan R -
‘I’ is determmed by the impact. formu]a eXpressed a

|

50+ L L

Where L = Length of the:element in metres. i i il Dy SR

The impact allowance

7. nghway Loadlngs of New Zealand

is however no upper limit is prescrlbed

8. Highway Loadmgs of Sweden 3

An impact allowance of 40% is to be apphed for the axle oads Howeverlno:?
Allowance for impact is to be made for the unlforml \' dfor
the single truck loading, y’

9. Highway Loadings of Austria
The followmg lmpact fac i .
tors are speolﬁed; fOl‘ c el

g Impact Factor for Different Spans
Span. Length (m) A
Dxrect Loaded !
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(i) Steel bridges

Impact Factor for Different Spans

Span length (m)| 2 6 10 | 20 40 60 80 100
Lane — | 164 | 161 130 | 118 | 110 | 107 | 105 | 1.04
Lane — Il 132 | 120 115 | 1.09 | 1.05 103 | 1.02 1.02

10. Highway Loadings of Belgium

The impact factor is given by the relation

b= L0 377” 2Q
\/__
where v =speed in km/hour (always greater than 60)
= span length in metres i
o = (Llfs) ‘
£, = static deflection in metres due to dead welght
O = moving loads on the bridge'deck in tones’" " **
P = dead weight of the bridge in tones " ok

11. Highway Loadings of Italy
The impact factot ¢ expressed as a functlon of span ]ength L 1s gwen by the
Formula, ,

P .. L st
E S TTT002s0-0)

(-;' bl |

This relation is applicable for spans up to 100 m.
For spans exceeding 100 m, the value of, fp is unity.

‘ _12 ‘Highway Loadings of Netherlands

The impact coefﬁcxent ‘S’ for bridges carrying normal trafﬁc given by
| formula, :

he

§EEo Ay

finlih o nan aetinaied B

where L is ‘the spanin metres.
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»26 Indian Railway Bridge Loading Standards

Railway bridge loadings®* should conform to the speciﬁcfations of the Indian

Railway Standards (IRS) prescribed by tlie Ministry of Railways, Governmen;

of India. The various loads to be used are specified in the IRS Bridge ruleg

Specific recommendations are available for the design of steel. R.C.C, PS.C.

masonry and plain concrete arch bridges in the relevant bridge codes.
The railway tracks are classified according to the importance of traffic

jmain and branch lines. The three types of gauges used in the Indian
Railways are.

(1) Broad gauge (BG): 1676 mm (5°-6")

(2) Metre gauge (MG): 1000 mm (37-3.3757)

(3) Narrow gauge (NG): 762 mm (2°-6")

At present, the Indian Railways have adopted the unigauge policy with the
broad gauge as the standard gauge throughout the country. Consequently
many important old lines are being converted into broad gauge.

;7 The various loads and forces to be considered in the design of bridge
members are: YL e, il

(1) Dead and live loads

(2) Dynamic effects

(3) Cetrifugal force due to curvature of track

(4) Temperature and frictional effects

(5) Racking force

(6) Wind and earthquake forces

IRS Bridge Rules recommends the use of equivalent uniformly distributed

loads (EUDL) on each track and also the coefficient of dynamic augment
(CDA) for spans varying from 1 to 130 m for both BG and MG as shown

in Tables 2.6 and 2.7.
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The equivalent loads specified for the computation of bending moment and
shear forces can directly be used in place of the various wheel loads of the rolling
stock. Hence except in the case of special bridges like the Ri gid Frame, balanced
cantilever and Suspension bridges, the designer can directly use the equivalent
loads in place of the basic wheel loads. The Impact Factors (CDA) listed in the
Tables are for single track spans of BG and MG based on the relation:

8
(6+L)

For main girders of double track spans, the value specified above is
multiplied by a reduction factor of 0.72.

Bridges located in the seismic zones have to be designed to resist the
stresses produced due to seismic effects conforming to the recommendations
in the Indian Standard Code IS: 1893-1975'°, :

CDA =0.15+

<1.0 where L = span



Rail Gauge -

- It may be defined as the clear horizontal distance between the inner face (flanges)
of the two rails forming a track. ____

Types of Gauge practiced in India

1. Broad Gauge - (1.676 m)

2. Metre Gauge - (1.000 m)

3. Narrow Gauge - (0.762m &0.610 m)

Light Gaugc
610 mm [T
2t
Narrow Gaugc
762 mm
21t 61in

Mecter Gaugce

1000 mm | I— |

3 ft 3748 in

Broad Gaugc
1676 mm

Sft6in




Broad Gauge (B.G.) -
In broad gauge, the clear horizontal distance between the inner flanges of two
rails forming a track is 1.676 m or 1676 mm 5'-6".

- Itis the standard gauge of India. It is the broadest gauge of world. o i

- At the places, where the traffic is high and area is plain, broad gauge is
recommended. The total comstruction cost for such a gauge is generally heavy.

Broad Gauge
1676 mm

5ft6in




Metre Gauge (M.G.) —

In metre gauge, the clear horizontal distance hetweemthe inner falnges of two
rails forming a track is 1.000 m or 1000 m w

- However it was adoptédTor undeT developed-are asRajasthan, inner parts
of Andhra Pradesh etc. =S = o=

- Onthese tracks, traffic is medium and is likely to increase.




Narrow Gauge (N.G.) -

- Innarrow gauge, the clear horizontal distance between the inner flanges of two
rails forming a track is either 0.762 m or 762 mm, 0.610 m or 610 mm or 2'-6" or
2'-0".

- Incase of hilly area where traffic is low, areas are not likely to develop so soon,
narrow gauge of different size is recommended.

- The gauge of 610 mm is also called feeder gauge or light gauge and is commonly
used for feeding raw materials to big government manufacturing concerns as well

as the private factories, such as steel glants. oil refinerie
o -2l o "




Standard Gauge -

- The distance between the two tracks in this railway gauge is 1435 mm (4 ft 8z in).

- InIndia, standard gauge is used only for urban rail transit systems like Meftro,
Monorail and Tram.

- Till2010, the only standard gauge line in India was the Kolkata (Calcutta) tram
system. All metro lines coming in urban areas will be made only in the standard
gauge because it is easy to get rolling stock for the standard gauge as compared to

the Indian gauge.
- By 2016, the lines that are in operation are Delhi Metro, Rapid Metro Rail Gurgaon,

Bangalore Metro and Mumbai Metro

e

—




Gauges in Railway TRl

The 'Gauge’ of a railway track is defined as the clear distance between inner or running faces of
two track rails. The distance between the inner faces of a pair of wheels is called the "wheel
gauge".

Bollost shoulder

Cauge | | Bellast

l Rails | h .

Trolley reuse

Sudb~-bollast

| of murum
\‘\1\‘1“'&\1\“‘1‘1 T T T T T T T T T T T T T T B S B . B W L A Y

Ballst base

Formation width

—




| ”PA_;{L’
’ i .

(\\fl" ” L / ) ]
» 7 3 oum{n‘l“J -//:" ""/" <fﬂl') (ul f,uf/_ “/":' 4 r \ﬂn-l’n’qr\.,,
/

‘JJ;?L"'M7 (.Tr,ﬂ"n. {{' C.:‘{ 'ﬂ’l’ *{1'.6{[/54,!.5/' (JA/}'\ ;
By by
\

GHTOE] t U)OZ ~ TTuw [pne [ .5m Ll ((J_,'}
f{:o" /)a“ﬂ; o [ M 0n € Thev {?(lt
(lesr S par - bnm

H-Fov?na (‘og{'{ -~ Comm
1 4 A(ana ~ Boomm
Widts o i

Hdib’fajﬁ » !"11 qu, .f (;nm'{l f Feyls 6'.”1/1 HYyep .l)ar/s,
Leadieg 2~ 300 clon AN frothed ekl

s

DV"IJU ~The ﬁ{fn%ﬂt‘cc, (;nc,[t{ 7n “The a,,(.] ‘(’Mé
"/Fe O&Ja.’ls % @7"%’55”)0«7{ in The /Dfifﬂzun/fna/ and (‘FDJj

Seckonn he  Shb . “Th @/,,(;d; Sk fhold G
_/fp ~The _ﬁw%’()ﬂ%% f 98C 6 Yooo TRC 5 91-2000 (odss

D_:i& 2 Cfeoul QP@” = bm

N}’dﬂ lpp éﬂaﬁy ’ ,400 mm
28" Ll Axe! I ed bt [am/-"rﬁ
My é;ma’e?é Concrdﬂ f Feyis («71&!{ HYLD La}‘.

Step-nt [Fon ZRCA-dovo  Table @, (0]
75, = 833 ‘\\/D’M"
TSar oo 'J/m:n’-

m - |0

ol

Scanned with CamScanner



ol = \
b —”__,___————
o o ——
\o (832

(- A |- fl%"—) y 0.9

iz . 750
= )X 9.33 X 0-£9 X 019
X
Shp-2i= ' pepts 8&&@;
—hasume %—rb;dcnw d tlabi > Bome o meler of {pav
pvenll ~fhictns ggf/a.ﬁ . (goib) > Abomm
_pAcLor'l Ovenll depts D= S00mm

Uﬁﬂﬁ Avmm ¢ HYCD bag W/ ¢ lear C@WYWD 20me)

¢ fective a'tf?'ﬁé =500 ~ [30410]
Bbo mm
L\HCHB bb& bﬁwﬁﬂ 5 L,LDU mm

é{guﬂiw ,g@” y
D o Guo 4 gfjdive dets - (£10840) = bbb
W Centre 'ﬂl" Certe bf /Jeaﬁnﬂ . (L40:¢0) = b 4 m.

\ /

g%)deaﬁw /e,jﬁj [ G 4

Scanned with CamScanner



/‘u sm ~ o5/

qm - (DY
(Tl (&% \‘L’f ‘
LHJ}oU“p en & 0JA5 o.)—lo'oqu[ —5‘)
e ] 9 45 - ST T x (64
; g~ 5
9 — ol

5 0,194
@M/«Uﬁi gadvr %r fyan 5(,, — 0.19% W 19.

flectie é,ﬁ'ﬁé / /me7 = Cortbel Jeghs 4 2 mow ¢ w.{]

ol (0 Aro'o&)

= /7"7’607
g%guﬁw widts % /pac#xﬁ (Le) - Kox (%—’%) § b
, o 15
W=om MRS el s B 95 M$°=T'Zy
5 h4&.
PRE - 2o ¥ = A L8
b . a5 k/lﬁéoﬁ}
d 1+T % 1+ ﬁ E—mz&&oo‘ﬁ 7’\
V- 248 | { R Y1 "‘Zf’?l
10 /0ac’7 Y
Lok o g stz %
3 ol 4 _:Zi ¥ Ha/hi‘mw’) Br\f

I Tt e o0y Cost)

[ods + £ (008) ]
0l

I:»eE gx[\-—-xi—] +bw

= bt X3 D_%%j 2+ RO

e .6 [05] F)o)

1

b

Scanned with CamScanner



ke— 1000 e , 1500, - e Jood - A
AL ) .
Joft 85 - §omm k\“’(o';é 7
fffi//////f//{//////
500 mm Deck Clab

)

A |
21

> Q500
G’W \S‘ecﬁao Pf Dee k f /ﬂé

T e ond By Momerd
Ded el o Skt - Thickwa of Ohb mmyﬂw/

L osxdp y R RS

Deo.J Ha‘o‘i ﬁg Iear C’aofl:.(/-/:fc,énm %NCYWZ’}\%}%

8 ﬁM{ﬁ
= 008X 22
S N 5/("l/m°'
-D-%ov[ [001({ = [/,2 +I-‘i6]
I 1 K-

Dmd [OAJ BU)J‘/’? /‘(omgd (M) = !/-\—’—[f

G X (6.4)%
6

St 1 s 4 ke

v bod  Bundg | omed -
Bend! Hmr)oj ‘:’/[ be  Honlmurm — For JRC  Class 44

“Tracted  Nehtel
anfud Juctor %o 02 oha A Jmc/m vehiel.

Scanned with CamScanner



’7}\/6 —//1-0\(“&({

Ve hicle in f{WP“’ Nw e Yub wits
’ﬂ)ft 9\@(/}}[%“4

Mo (’/eamw a o Hhown 1n %;wt,

j&— 1000 — 200 260

A0 @5

\ ST G A " Qb
L !7777*77WL s B

i [ e, T
e 51\0
r// //// { ! 1 \_l .
( 5—660

— s ko5 —A 5
e FHsEm )

el f’ﬁ pctive |

CH{j % Qzﬁftyﬁlbo & 7’ Lssm
—Jotal  lod Gf —hws Yokl o5 Wt\d Zoo + [Fo0 X0.149]

(= BEES
A= Leb)
engi ot > 038
/nJ/ % ba / (4#‘”7[)55)
> % 6| {4/@2_

) L g 4.46

T ;g.fow%f—
= 56. [9)8KA

K- Ad6)
1 3.2 k—3.2 =4 2
'/ab'ﬁ /‘{Med ﬂé@ﬂ °g-/ "g Ko T B

L A
_r{m: &x%_ w!5

—

o il o (L
? 3

= 156, 10¢ nage | G4 B

B0 12 K/J,

Sl o [s ] = 185 e

Scanned with CamScanner



&}ig & hear pﬂo-(’e e tlon A '_/W[“/ V’Z'/;'p(/?’ﬂ"

To Nudrum  $hear ol fuffor{ e DRC (o A
’rmc{[&ol v’VLﬂ’fC/aA 1A Owwyac! M %ow{) 0 %/w,

b — php Clordd fuale ahtele -

le——xm?s%o_;p c g | 1\
et i (oo

)D/‘W"” 0({ foad ﬁw Hmmum /()ngr
é%,jﬁvﬂ cotdth % ﬁ?f&’@%o A ﬁ?wo bﬁ
be - ﬁ[h %]‘J'Euo

MULLX“—D?‘SJ BA =148 [ From ’lﬁCoZb?ooo]
B Fisimil - £ 28G [abk
L= 64m
B 208 [1- a8 W 110
6.4 |
I S S 6l
1 2 555%
ch“é "E %f’ﬂ(ﬂfﬂo S [0?6995.-}&305*04 %
» 4303 mm,
A ' PnTenps lad = 838 A
T R VR T 4

ﬁweofv —gmcz Uy = 3G ) X cf';l—é'x (6400 ~ 4 3%)

[o?}‘-)x 7 K G oazo]
g

Scanned with CamScanner



5 Pk

Dead {Of\d }[’yem = HH”’ b
2

. Todfal D/fgo A (#»?Ms)é““’*»

> L ¥r

S'kL {

Deaign Deck _Slab o

“:.v__.'——

£ cetive chﬁfj 91e?/ufrftl ;‘
i
i N i )85 A I 5 22U N
d- \/j@ 7 [oﬁaox()?)xgéo

=
6@077 74 oo f bap - [,EO_O x'”/% xczo)J
253 Y

= 40 mm

%M(Zi’,y (&)= !fﬁ;”; A 1000}

247

ND"{ IDW/\ (Y) " ~ ‘_4'3* > O?D?“SL)'

O TRt

il < & o vg ba
Pm\/f(]{ oJomm Qlfaﬂe:/cr o @3 100 2 m % off
Mot Gt %v(’emd'

y b;szg_b_ﬁé"°O ,}a’f;‘)@"’ ek ! |
ooty #02m]
0353 4 0.2 (32)]
= 49 ke,

i
-;A:%f %_fi__._ = jﬁ)“o > 812 mw?
75 -Td e ne9r byl

Scanned with CamScanner



U,«?n(y Il mm) //

" Ad_ 615
Uy rﬂZf(’L)L
N - 6’3 s '
A 7 é '\]O/&'
gfﬁ(’fnj = Q‘i’ X\DOO
—hsy
= W (1" 4p00
63
= 18 mm,

70”’\’;0/6 /"?m”’P/ @ 1Phmm G %ﬁmj 6 nlon,
Sep-+

T C}v&ck %m | %my %{MM;

PRC  J- Qoo Table /0?873/,2/4 §L‘lﬂ

ﬁf/ej'ﬂ dhear 4Hreds Ty = \L‘*A

115 00~
(1ovox% 6o)
7 0.d54 ‘\\/rnn)L
‘*—A\’W-Q % géo‘gm Ce”)anf, al fuf/mvfﬂ ((_4&; o ﬂilhl N

_hy s 4300 e

10044 !/!'00 ARG
. A S 0.G6F .
Pf bd > looo Xizb 7o

FRC — 9 - 2000 ~1able ‘ 1ap’
e = 0-30 ‘\\,,,9.
QLT ~tante 71 I j“bde"

Scanned with CamScanner



(-7\?#;;"{) /A!’ ’f(j/(’ P(k’.’mf/m’bk F

Hance  Jleay  4ha (1
7Y 5/

o
A

g%

C
&G@No% o @800/ o 72

0/' [/_—'t,’_—'/,'—:’-:- > L2 g T
500

// e S

Bb‘l &W” Bfa 1@ 150 Y OZDQLPDQ/C*

0" 4"” L, '

L’D@; 3%0 &dﬁ@r) éﬁﬂt f’a@,

*

Scanned with CamScanner



UNIT-T1

PR

DECk  SLAB BRI DGIE IRe : 2] - 2000 codt

a Reinforeed Con(nfli _5!,_,,[) ((;rl\licatﬂ {on a Nc_’t‘;na&

Dcsf(‘]n |
2 Pollowrng  dala

H,‘gcw’ad C(055m} -lo Sut I U,.c (J (\ol oun(Y ¢

neage M) - TR e, (g1, 10) ket 9 10 )
> b

5"1 Poh”»s - M o u',[\(’n/ l,\c\(. '”/ e !
0 - s
[0 (M ' I >
c[ecc) span T g

; 54,7
(‘(’(‘ll- = S0 mm

e

BN TR = LAk vode HYsD bots
wdihs of l»caltlU cmcvc)L § fews Gre

-HaCkeA VJUC)C

I
CLlCl< aﬂC/I SLC{C’A'
Su? Jd en d.

M& {'m'olb' M- 25 Gods
me{»ﬂg clon AR

. qu-Forcccl C"ncﬂ’

DCﬁ J_;b W0 m ,,093)1 \_A,A.l"n |
~ . ,/S o %C\f\"FO‘(CQch S"\ U&CI CCT\'FC??m
T CLJCUSG )_lfn of —fe olo “The clasgr) ORC 2| 2000 cody
6)055 C 00D 4
GRC L 62
’LD vTEL SIxC\,.F[ CGLO{‘b O*'F

5:\\-‘ GLoven Dc-i Q

/ « )
cloan sPan = 6™
= Lhoomm

wid of b-@‘@u’@ c?lc g Vc/kc'c]e loo&“;’
yaCieCq

e class AR ‘ S
o ) aOc:]—t Ccnc\"t g“ Feuls GUICC\.( |
s g

Pesnm (69 UC’ gifﬂ ' \ [(} o.lg](', 01/\0,1

e et Y- 2000

../ SRGC.3
/ ) r
AT TEE O (en 10

'A( of S‘xc(
| e
v (est) = 00 4o

o Qs j \

- le ¥V = < H ’.‘OJVCL(U~
,Cn.)‘]c 2t "-"]‘0"(7 (o”cl’C) =1 ?’—'1’0‘\"“» - l—()\ Sone i 4(“
CemPIe o5V ‘O('('-'“ “J ’ ) ="
L . 280
& Ay = ‘07
"\['C\,u l)’“" [ ‘“C\JO ( d ) 3y vche
' 8¢
"2 xgc'@ﬁ
m -~ 10,5l ’”b 'O
Le\t » ; '*1 ] . 5
¢ Ay (:r) - 3 L %33 0.29
lox 822 ——, 7 ag3x.3
< = meche - __/,;/;;’;,,w
—— 1 - S L IR e

(3 Scanned with OKEN Scanner



" e ——————
g l" = O 7'?7 ‘l
7: |-k :
4 < ,.—"'* - | -~ D"’} . - 1.9
= - R \ Jﬂ_ ! s
e A\‘n? '\\p“(.nl CoC{f ;(\‘Pl\‘) ‘

\ .
6 - ‘) y o el yled

SRR TEED SIS P 70
l{\‘ - ") }

ALAA = i ——

‘\‘J cpo

ASsUME *‘{ﬁgcnnegg ef Schr) a‘l gomm [ "‘6-}‘(04

t’\"'i‘k\l( ﬂkg‘c‘\moras of 5l0[) - (Xoxé) - h¥%wm

;‘-’\c'\oP"r ov\cswah c\&P’TR of SL.E - Geomm @

ES feckive JLPT% of slclg = S0~ HO < Wbemm

:{[_\: D—c‘l, LﬁTA@:;[D

=~ Ltown | =

E_"Y-RC"'\’VC Span'
(1) ¢lect Span + F-H‘chL‘UG- CLPTP) (G+ O L;(,:] c b L{(: .

(") conke o cenbe OF Bew‘ﬁb -;o%i+6-+_f>;‘1’*: 6 1 e
- g 2

Erfechve Span

\L .

RS T L
R & s il

A (ool 1 N J/Somlbl H(C?L '/‘ﬂrctoir

— ‘78’('0 s

Deaa LoacJ bends ﬂ MoMents ;thlrLC,UC:'j/d /

N s L = L Ut
Dead NC'J of C’H’ e : /
.0'? W € (0 03*72) - 46"“'/"
Deaa wca . 'TRQM-,X . umi%/r———"‘ )4/‘1/1/
E 13.46 = lut Vi
‘W'll | rad - =

k ‘ ' e

(3 Scanned with OKEN Scanner



DL G moH e - Wl *

4 .
. . P x.[éplf)' ~ 92 kM
. a3
Live LUOA L’onolrr\ M(vuo()q :
—~— PRE—
- (

4 —" VP C ’a sS
(1 (KX} H e 1m0 0L ! —' :
3¢ n “'\j Hr' Hen

Anacked  veheele .
AR [no - )
“the - Mpac J- ~P\ C l 0N -I’(,’n 10 elas .

V\"(]c s &S /o foa fm Spun
¢

p A cled

(7}
®
.r;f‘) = 3’3 '/v “ |
' (o
£
5’-—- O’QS" e

- 2 0 ﬂs’-r(""o’%) (6 «)
o4 — i |
G =) . .63 M,

_ 0« ) ]
Cl. - 0.5 4 021 -\-]L{

] ' - 6,17 -7,
. 6 — O
meOCwl ~Yocf\oqq, -T'o'n | Sfan % - e

wef 3612 [or0Fros)
E_Y.Fec-t’\vc \enﬁ oL {Octtlﬂé’g c 2-CT fc_ _

Lfl TLAZ‘(' ( 5-&»{(»3) =y eHbm g ) [_:: A
b - X o
Effechw . Wi Atk 0? SIL = lew (\ L] 20

r'. -
b 01 5 = s /cx/..\’b*‘ﬁ o
= ’+-1‘;‘ =W . \:{\};L\F ,‘F‘\\\-
R S R B WP VY 2 \«"i_'f?\d{
5 3 i -,Q‘j‘—‘:‘c’tl
‘ oy = forefedd
i 2] Vi

be ztgl v

s 1o e 3.8 (o
K 2 | m o] - N
0¢ = 9.uf x N\

Loy ¢ T e b
. 3 NTT = R
> 396 b b TRE\
- —— - o -0 p &—-—(—’_‘-—;""\'—ii<‘
)%cz-;,-\\‘ ‘ S
0 - q 'l 238 Iy
'T("('cﬁ (Ct‘fl kn{ n'mfnCJ = Go0xX (.\ —

) 33y > -~ 35-21 k-\‘{f\,,.
alenly 4 oad = e ST |
\ L

%gz \

\V

XL X
cc>
?‘ AT P W2 !

(3 Scanned with OKEN Scanner



":‘;‘y‘?“‘%\
| Sy
s i 1o S
"To,!&.cnc,j HoHe '1-1- aloDU-L b (\7 P-'LL\#*‘L: J*\\?]\
: Mmcm = RB’,,L-‘- _— )-‘LL"-L “ | \E
L 2, 3 ' » "
-8, 9K 302 sy eIeT

4
T :)(b‘ m' ~ ‘?‘?-ﬂL«

Imax =gy, LcO”t‘ k"" )

e

Skﬂc; Calculq 0N i )’5 M dﬂ(‘} /DL\:CLI PO(C( ;

‘- M = DGCLA ﬁonz{

3.

\

+ L\‘\/c lanl
> M

r

Jo.us 4 165 oy
M = 933,85 KaM

- \ ¢ ’ . fo 4
y : D C\ ,lOCCl Live toa
";C-H' ~sheost ‘—Porcc-i [Vu) ) " ’mjpp ‘ + s F
v T8 = R + 8 3’ ,:f_C‘

' | Lzﬂar ﬂrﬂl«/
Diii“ O«F— Jcc]-c SUO

_@'?N“’:n _Sl—e;,l‘ 'tmz/g

A - M - ‘,'_« 93‘3335‘)((0£
st = ~s5+x Tad (2—307\0"?{((&)
VL L 9500 . AS\L
i (3o

=3
asf-
me,Ja 9 Lm/% o 20 mu

Cl*amb}e_% a@ &z /°>'l€e] l?c}b
;!Spacffg'_(ks)  : Qs :

¥ 1020
£y ,0_‘34_

l YRS :I(ﬁ"/tl(bo)lﬂ

dSpo

7(_\@0’0 .
- Ilg‘ ﬂ”‘l ___(LO-VIL(
9‘*100 o).e 9 [903))& 20 my A«a of- S'ch/ lg@;;{ ol

lolomm

c/a .P‘FC’ V\Q

\

(3 Scanned with OKEN Scanner



Dr'j'lnol'n»!‘t‘on Sie_ei L_S:Y.‘__"
A\SJ ~ M

05) v'Llrc\

\\:LCJ‘L’ Moo o bed M o 0 tHp

0 lu()'

S o1y eS.yp-t 007 1
L (‘/ () 4N }
Ash o welail g maen
: 930v0 90yUbo
- Cses3 o 8 baug

((17 x(ov

A~
‘77/‘*((0) A (D0OO :.—LI,DLNM%

- L -
o o ﬁf-—x looo AT
Cch‘k %091 51\1001 —Y@S,S i
T vy o= MREERL 19903 = o2 F fmu-
Tvs g Tlevo vhbo
- (hvvo.ASL oo x 2500 — 7.5Y
Pe = "—— = Toooxuwio
b < Leok T2
ooy GS-HSE 2900 CMCYCIL e ConevVTle f
210N) 3 D-L i_/_L_Q{ s L:CC'L —5 .11/053 ‘ n
weis o We
q/c'/ = 0. 54, mr’l\/
Yy < Te
TF b sk o o Pty
Hence l b .

Heace 77Lw>7 sheesS

Ukn:.‘l/>
,?C'ﬂ»(\c((('}-(cy\({ clu' Ok\f)

&

\-0(% = T
e
0o

(’;9 (Q) Cl)/\cws.) - (‘:(.(J'{w\.( A (‘(.((ﬁ
@ Scanned with OKEN Scanner



vnNiT ,‘jj);

PLATE (-n RDFR (o) {‘MP??“"E

, ) *
BRiDGE.
', e 0“

f‘-’(’(’, ¢
J
-— P'C{k L"\(‘]("‘I‘) an C \R( mt')” (“/,mMn(] ¢ ’ o (q}ms\
’3’1 (‘I } '}-] ) ¢ \)O’J)n“ 50 (} [‘ 0N Tras /) ('7
(7676 { 0o }}
ﬂf- ‘S'llf'fmv) m») auVeA ’ ?
“)"u‘(l‘} rI"‘l o] (j
i

-’r A0

. 1

")illlj)rﬂ"fl‘.! 'fjd I’f} L!
i P{n“( 7(7\(}0:1
'H ¢1dl\t7<’|10 ,“"wn) I m

A on . l Ur')/_w q 50010
("«"n}\'r)t.((‘l(} \ -I”‘“.”](f]( e

I(‘r?ua i

— FO

Y l(’ o NS

L4

I~ _. //
,'_.L
A g
EG\&CP :l' GLL?"C f
B\° L
Lpuile— 22—
A‘w e cleorq span CT{
wh™ < —
i R s WA 2ok s Peﬂtsﬁp' <

.[t‘ {te Sleepenis &
«ﬁ'rk The pla{i 2»9746 s oo
’ of Tk
“op
—>  [Betivedy) H v
“fie Lecsuwn pad .

--—%"l{c t*’\a}:\()k Pu"f)wf
leve J’tc-cu{.-; £ dead

{'\Q\,C [ore \,'x‘('L-Q

|
g . L’O (L(-'}J e éu:{

A

of the lqomvn(cy Fad
ﬂoa(")

'Jl

V;/ 7///54 ////w i ‘

(3 Scanned with OKEN Scanner



: Sirg "/%:/’. = art L j1atlw<1"/] )
écpe:’!_‘s ane ’&& mem )e:*l:) : }"0‘7 §LL‘FP07L ) : 7\ S|<cf’c,\ﬁ
aﬂ({\ f"“”j —Rd ae !') o{' 'lﬁf (}aLL (. ‘ 7

& Ju l¢ ‘(l;\ Le l rlt , ‘)[n'{/ }' ’\IJFJ/ ,}u A;{

he StT

o éuu{ \(\ ~fc‘\l‘“°‘ 1\ dato

F{fecdvd Span v ef, jﬁn de N 3‘0#1:' )

E%“'Vol‘”*l‘ dead Dcad s ke /

B Cal(ulclﬁb!\;{“ _ ﬁ@ac{ —FC‘?’I TN 44[ ooA» vk

Fqkl\'\'cttn-{- -H-}nf' Ve Ioaé -Po‘n St\mfl ~1EN3@ Ciu (.Ltf‘ Lﬂu/\ "50*,
'S%Cp —’l: (_;-Lc'\, en DV’:C\

. - A

Stepe: edeuldmme oF Live load & Dec
DeQA . ﬁoad — :} S'k(\]/,n
Self F‘agﬂ- [\D’LL + fhj —="C Eo-uf&’o —Hj
T Fead Qoaq( - 7.5‘(_# — Iy kM%/
R le Joad = P B cale ulton fon hack
= 2 kN o
o 1% 2P 13635

'm'{ﬂ( Deve ,Qoac{ FV?MCW - ( ~ l |
F([“Na’{m*' live &00(1 FC‘A S‘wm‘z Fen coleoldedun pey

Mfoouk

4 ki

ace = 291 [N .
TO'}UO }ch ﬂ.ood pe2 f_),C'ﬂAC'J] ~ 29t =My b3.5 W
( 2 ' !
' ’ .\. i
j H)'YIC"! -.{"4("{0&’} . (\ D A - [ 0s (S 4 % j
RN (¢¢0)

N
:”['O'IT “+ €
: (€+3o)
= 0349

CE Scanned with OKEN Scanner



clepsr Foopr wth o pand feod

-~

’ )
. bl
o e b el dend B
| | o5 3 0" ,f(,?,l.'j".rwm
0 R N P VRS & L

R e {o [ove Jo '} o - = BT
« 1929 (KN .,
v I &y SR

W anpac ] on leve Joad . oo 6251007
oy dwe e

9 Ol 16 ety

oAl Pt o (“'N)l.l U ((4.”)(_“( Jap
gl 29 1N
feg26a2s -t ‘5}{('!/'14 + EIRE '

‘(",« 8

- ,5(6’ . bbS }«N}[,

< of slvcu 'ﬁ‘”%
e % — - B

— ——— Hi 5 IL‘(;,’){,_'\'))’ jz
) - Oafk = — 2
, .f'mCC (LL@ o LVC ZQ G
Shean on e

( L) T }_!J/_ — R - Q\':) .Sk
. L ‘[%""7(‘6’ F(a/ ACC‘A J"O‘J UD 2 > |
S e e

shees

(el i ggeed st
7)o" o)) D“n-’fmn'/h ‘ O,{ o
L o w

— L‘L[ "/ —}.‘mz)sﬂf sy
L e op gk 20D
z pTh : c
N’ ‘mo\e (
Appoewme i
= , ¢
S
=3 me'}nb)
=V 19915 X(o .-
I‘)ﬁmf) of M [) T gt - I§00mn,
' "] IS DAL | .
(f\(,pdm.(; ‘{ : '1[\"(I«f\£.k\ {0 el F’_{l {_'(z mm ( ne- fewn e g""“f)_,u'..
T ~the  web p(ot demevacom V860 mm ¥ |2 MM,
|7&j e .| -

-t Cosm s oo B Yy, P ‘FC“'L’W‘Z{
odes ey = Avenagl ahien siess  Speeific d o Sl Ll 2.1
= ‘ J/v " ;LL“T(! avl Y 5*\4 ;11‘( 1‘} 6‘/“ 236 wfm m< o> oL pPen ,r’ Ko 2 l

e

(3 Scanned with OKEN Scanner



“epb . plang:  plsla , : : N
. . 3 .f_‘:,
pa of flonge (A5) 7 Pz 4 ]
J l dn ) i
hexy —} - -f'l ~ 3% (M!) ol = 230 . // g
T / P
\ A oy (130) :
N A% i R )
\ \,\° 2 ‘H (‘(,|,C(-s' Icf/[,{_“.
g . ( g6 6ES 3
NN § 130 7 5T
Ap = G5 qan
: . (W
l\‘l\,‘l“’\ o\r _{\’(\,\f}\\- 1 ( [-) ) > .._E:—-{’t;-‘ 'l(_\ (_ o
. ( 0, pOOO
- aper0
O W0 g
= 1350 4p_ 570
[3 - ’-H:»omm A
‘-”E‘(k‘\ul of < 30§ - 63
. '—.___"-/

Ty e gl b o vt

Anea

|BFoox ooy

-Hanjc.- AL T
o} 30
- ¥3. o2y

=) (2omm

Df"‘)-l auce

e X
Fo0 00 =&« Xr=320 550
800y 1) 1 T —— ]
S fr rie ar Ao = 250mM
ﬁ»oov tec) a 2 - jrcom
| __F 0000~ a3 3= 35?"””’ <3 = !C[‘-,rgcc_f(cc
— t e o
Cen Jr‘nc\‘C\ n % - A*WLW’ T ArfitAui Tj_j!_;)
. A+ AL £A3
3 - 7-0000(25“0) -+ 2] 600((35‘0)- + Fooco (';s’i‘*?) 1o
'g000¢  2{bocD - F0000
:71 — 3S0mm,
—— .-— ‘x g 1 O)I N __‘},aé‘ %
N = et

-—
-—

3

Jeooo (s0) —t QIcooo(ro oo

A]ﬂ/\l - (\';)— _
)f‘f" #DDDOK{QS-OJ

e ®

—

q_oc\oo-—f— oo & Jro00C
[P0 n m.

-

(3 Scanned with OKEN Scanner



‘/ l"‘}',“.'{- .5 . w !
r wetfsr (7 fogrrsr(? V7 e
J ”'l PO!/'}(/" ’J r/(‘J 'l'/ ’:)[, J, / /.,5 /.r‘ »
- = D - - 4 /
Ayl /’ /’ 4!"//,1,
svinal feadonny _ mod thet - melenich KU
C,r,f.r;r, R Ly annd i | —_. & ,L / /»/
P kil o ) ,/y
.{1‘_,(/ 0{ prM/ " F’aff/' /' ‘}j /.L,;l“f'/l'; _‘,(,,/ Acs
f‘ Pf’f&b /-.{ %o o "/ Jr 7{ "'J/, ,lllt,/l}‘
A 3
on f\f/[;l!‘/‘,%"‘s - /lfll" 1‘7 e 3’/’ ]
- . L‘ p“"k’),’ ' P f" /’1/ - ,,__{Jl /}: - ;’
‘34/?' s, | o -0, 512¢ ano j' g ’
Leponnce U n i , R 190 (A0
f 4‘] . . e Lol g frr./} 7
(ye m* '
Sea V,’/’n -
Mg W d.
oL a/f’ﬂf (j —
101,
~> solid g of |
L =0T
s, TSt Bjpe of
it
—>  Hamre: ‘%f”* £ F
. |2 (/?C;"
KN cellulen L;j{f ok s
o e d %ee of P o
— Faome 7 ‘ L %u}‘ '/)/_\-: .
% x C. WA -1 Jr ahabayd )
@‘ SZ“A % A i 6l PIC.ZI b T) C"t Ay
= d e P T ey e
-T‘:L ‘5'01‘64 d '[,ﬂLCk Ce7)
) _—
Jore  rrasone (+7) ‘ [:_-:—»
% U/\pf STof% \J (n;u.'cl cx. boenlet ‘
+ - /e “ |
(fy'(,‘./ - 1\ ,//—
L of F,m uned  £o7 J —_— |
& 9
B
e {apc e P\CJI o e
@ Tres ccr(rm_f 5’;} T [ (% ) )
SENEPSE — c )i
C'n£ P G‘J’ ; U—llﬁ ) L-')
b reste bPﬁ ) Cm(fé‘h’ colin® o 77\”’@ i LLG
einfore £c% , Y £
numbafwd en“”'#ac T F Lipe o prest
. T !
f cmr\zOL"\c‘] cef Vogp e
“ecss
fhe  wacn) prrPO” -
_p].j EED ard [léyﬂ}c. t
, C
¢\

(¥ Scanned with OKEN Scanner



Hammen [r\qa(l\ P,‘Gﬁ'?.
Piest it canht b capy
<. kad ap /ww”h
'TR\” ' ()‘\ QF
}Qw N /)71*({‘)5“}\

cbasindy o massie - 5igl
an OP/)DN.!(., 5.;()-(} EQLLC{‘{D

' . ' )
]l“/‘(’f] UA(-'(’ (N = ["Uf’{,‘cl. [V_(C((UL . &

peed )

2.C.
(n["ufﬂra

"‘“ulr’ ‘ﬁ QC pnCJu
“They “{z]f’c ol Pient xnwogj Uk h Nuu‘ le

BEdpe. 9l by economecd o e hudem %LPC ¥ Pe
P cellder g, of PlEl FWAMTC m)HJ shutesng
& addchond Qabo@ snetucve Heaf-: '

Fxtimed grk ﬂ@~r>;em | ‘ -
i Th cawe of jﬁmﬁu{ ljpe Qf plest He S meadl

f)(‘ ¢ ;)(%u
pinds b/to- Vetied) o inelined  en i‘)O?llipf\JfCQ me m

n l’fu'(‘]
t/’p, 4 fa;aamE
‘ . R

S‘HP(‘N .‘54& m‘}w\f /V

—_ j-L i Kme iy Gend o

<% Ay inemeay o macptamce, (e

(3 Scanned with OKEN Scanner



E’lu/a -0

e Do

w [Lé-lﬂ;' f_\.ﬂ. Eﬁi} pafl s gobOPW‘ (760 ka/
. , : ) 5 ' = 70
forom OOERL T L spehy T ¥
o 1o, * U et
yre *
: Rw[_a[foﬂ e
Rl | }L{D fod . 2
. 9t PRI Koel
bfea{,u.(\ “PO (J P}@ﬂ — QIL\ !’(
s, presshe 19§ =T
Mak°uaLb of- prest - 9y kN[>

ceoneiv

(3 Scanned with OKEN Scanner



.S{’Q.r) = QCDDK'N' Ty “\

onc Spe = 1200 ky

Q‘) DGC\A ‘EOC\({ —Pﬁc‘n) ({'C\C,)

PCGC%‘D") Aue -’0 Leve aoaz{ o0

b c\m-r7 Loreca SNy Y
( b - U ([ ’(N.— m»—
R0 ({ P"\‘ Saunc cn o i ! .
aemialy e pien ERYA
1 of "m""‘!" — I l"’)/'"l/
Ne vty X (¢ .
[ Il‘{ : Jl\ 1 ’ (cl/acm'f& o ovt of Piedt dug
k“‘n. "4 L e (- ‘l’ ¢ = '(.‘\.“(.?
N 7! ”‘“1\7 N Selp [C('t'?w‘ of: . pres,
o Nead {and and ¢ C
-  eaeandy
o Effek of by o e dod.

2. pue o VECCent

N-oopae + L0n7 )‘LLCL'-‘V\C,Q
g ssuhg
ﬁ (WW\A M Sl{d 53&7 JLUL,!W&‘

b rc.aﬁ%’,/\J ’pﬂce'ﬁ

. pwe M
Lot TR Aavemum  and NV Ly nhints "y
=sn 3 v
—t . A/VJ/ _LD _r‘Pd’__ (0'“ b’\n’L?&'Vl C‘.p-/ \‘ 0’
C"j, bae - f— Prag, P ot |
Slep.y Goven bete.
= lhee

I

S'Jtp-y} £ ];-rc,cje;( Aub

P‘\m | ( ; — oo ki
Sufcns%’ucw, = LLZ,ODO) =

J)uu:l Qoocl -P‘Wﬂ)

SGL’:W/ of- PV _f),’ (a+b) [\ 2 11
3‘/er+3][0  ¥esw2y
< <00 <

N . yooo = qloCl=q;
‘7'0‘!0—( C‘-‘/C‘J Loaél - Slpo -t H° S

. Ny
Shess -2 b o T C25¢3)

Com e 55ve
F356:18 Kk,

E-F.rca‘l af tM’jin,_J
pidth of P @ HeF- U= -9

S \~L [ 2§
Vol el plest: __‘T (c&)) ) 2R 8
K y qQ LS
=g 1194037,
"f?JlL(Hg

- ‘m' "T

@ Scanned with OKEN Scanner



We (¢ u of pied| t'luf ',ﬂ '(’/‘/t‘ Au r‘(7 -
;o

¢ n‘)t.l('

') eP-3

(,‘2(’1"(0}

(7‘1 I)[('" , (“,‘f' “’D '/)uojﬂflf' * \, y y
dJ

( 5
V- (e I.j .f. k’dldm = g4l f‘-"‘%ﬂ Mo kﬂ%
(

= Wy

\ 'A ’ | {f//

!Y J.U/IO 1 ’r‘/‘.'{U )

(

an/]ﬂl
.':I 1095 (. !;r\\,f rlllﬂ ’{{" . L/,‘((J //

%5 kO -

Al . . f\'/f ;00(‘4
\\‘J,(._.‘,‘ Juo "lo F (’/cnivu'r';(j "j DS B

»

i ‘no ‘o SP2 — \ooOl<H
/\f(}("l,(),’) ] (l&l( ‘(0 ’(VC 000({ _"‘ noMv ofv p ,4
(\_I F((‘(' n',ncc(b 0{1_ C = or 55 l,(// 1
0 ' lood y ECCOHNCY
morcad @ base M e

—

= |boO XO'S
%’gébﬂ [}/-:*5-3\4. )

P BV ied
S oy NDcLuLbbs(é,!Z_ = __.GI P
S'{W«Sf*'? 3“V‘C'7PC4 e bon oOf piet W
1 ~ ¢ o_[‘, \ive h’ﬁd. 5
£ CCen m’mﬁj <
S + (%)
' )(’B)
23%p 4%
o = 6 Y [N\l/m\/“
N
min = 0 o aht TOCCy
g% S_l ((,\M- J’Z l_onj(JuA}Nﬁ '[9”:0; ¢ 3 "
“Plf (eseR T Q O
| T P SR A le1 2V
a’&lef QLM’ g
Brateng rec & T e ook

Mo te ) é ou!

Sl(( ))"/‘ c

nede op afe  bret
_ ’H‘“ - —HD‘!’Y
/)Cé.‘)( ': :’}’(;i;f/_,) Il }S

doe, Ao wind Jood - dent

Slep-s) 4],('.357) ‘ ; o4 (}m

: o : » P e =

/l { wend  Pe 55w ol !CL { | )
AR I o ,l— (Q:’ 2y /o} ¢ ),L/

Assueng A wind ook wid hegd

- Gol<n

(3 Scanned with OKEN Scanner



MOHL"’]J" A,t)[’w“ {Oﬂ\( 0+ P‘C“’( € ( 60;{ g’/ - DV rvvr-,\ﬂ
.,§’c‘.-/7‘p{) /‘/{’C‘IU—L‘J @ /O(VO /?) pole .lfg_}./ g 3%;:3‘?"

(S‘Jwrsfsv;, ((rw()m*(,{ A bhay Auwe o oind ﬂoalé

X 3 (‘2@‘(‘
I v B
ot T (~.) ) r — \ 4 faS)

A T P fop -

'\\.LJ\\;‘}; J\[ /“\ na ' \,’\\'/\- (/‘( ‘(A}‘)‘ﬂ{ Mf *A.b’ ,' .
A ~

(

™ b“’(“nc aladoneer (\(MJ Ne -

(
Tk alove vﬁg Une b}ﬂnﬂb e

~4:’(»4‘8)) of a fo ne. ,M(L’SOY\C“?Q
ahdpcgls  used fon a he o .
[v_‘u‘({g( P —ﬁa 7{?@@"- fih “Fhe %‘ '
cnee s af.l.nJ pest wnef  len
ef  ahutHeah. ‘
—> =fe [gemvg Capac"‘%] of mr) = [S76 {m’/.,l L

= co-efficed] o fneckor Yo maspran and »roil =05

L,bDemCﬁuj af  otere Ma’;vnae«d = 95 fpl o ‘
ComPLCb ~Th Shess ¥ doo ‘{,QQR:A L =

bax and cheekk  fom Slabilihy  er The aLmF pevi=

e b el Mot cuppesrt 10
Beauing capa_c¥{l{: ~fher €& f?"(fj Wa}“’f, fo “’(P‘

fea:b apphocl «Pc e /9’7£>t.cn<§§' Mg

Atnlgo of Afbreer !
& gl pentedd  fenceh
3 e 1 b3y
Nf ’/I‘»/oﬂ \/cn:/i“é?éj ) “ﬁ'/'(t’/%." | " L ‘L i
2 gl ol ectaplar prien o e

- ; N ((7 I e ‘g
Ny - z "rv“ﬂ?h )

Mo = lite ¢ toed - ,C[Qc& iy
i V45"?‘)T('(_O Joad) [{uc, J:(, ean

£

(3 Scanned with OKEN Scanner



Serd RQewen poka.
cg.}{p; . \,'c:»'L aﬂ ﬂochj ,
. 35 ka/f
~ fnay umj» urlid e bxd y 28 = ledyes 1
We = Aoea bs U'UJ C‘“7( ') \{tﬂ({ ¥ )a :.,!_— Ly Hry = '3ZJ~S”‘</U
N’)) - q¢ (’V\/ [ NDue '[?‘ f)(‘(‘l(‘ 2(1/ /"U( aﬂm(l’\]
Yuos s 'rwe o el ~f-'”'}
"71‘)’@( V(:‘?J\‘(.Cf ﬂ("ﬂ({( l\’ . L\[ Aty A L)‘)‘ 4 (.(')t/
8™ w33 gt 15410
. R ey,
«SEPJ,’ “n{(u f~{1‘0»1 (‘-F M(,”‘.”.[At
- [ | of- Olt')uJ?'*CWl-/,.,
Moread  of fc"'“”?h en  fortion
Q‘SYOS‘ '*‘3'1 g~ |« M s Eo
M;-;'B*?‘T[l‘f}%j ﬁjjxf“{"" | =uq. 2700
o N
M3 = |s [H%}] Es" [H_%'_]]’g 95 . ts N,
MY = _ oo ki
ks H( Y i mwf'\k’*w‘%*Mq
“adal MoHe i M - -
ote a5 4 p 25 0T =21
:!D}JL{RMM‘ -@7 )-&C'ew.LvL
. / ) o,
5 kPLL‘ ECcendnece :‘U of pc_ad%w(— fenee
5—4’ ba,% ) M - {0&!%’ — 0! 6‘71‘7
A Ty 0 Jugey
- pr 3N
fﬂ”f? [3 - oba) =etY
e < b Co V\PmL&VC)
[ ,
LD [9/{ " "f(’NV‘/f’ .
v i 29
¢ <! mjru\(’

Th 5'{“»'C "/)f'/‘ﬂ ooy Cc,«(paﬂf}ﬁ;t/t’ .

54{ r;{ N Mam( MU {§W
-— " ™
- Y 4 b€ -
pe B b
p< 6,p.c of S0

meV\ - [f'
53,/4»/!, (79' 0‘5).%1.‘41*")

Reslpmay  fevee —

i)

P Ve %6 wC ,

[ « S“/ \_{ C(C"S}]

,)a G "\ (\iz

Sliceng -{‘virf/

Wrxdu <

,—-—4';’_'/
(e “‘]"”W’(F
b (W r v [1d™MY
H ( r~\ »7 5(’__._1
9,75 = 3tY>1 0
l((’/%‘ . 7_'7,,?

(L. S Xo ¢ = 934 :}{/’fuk

@ Scanned with OKEN Scanner



	SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES, CHITTOOR
	LECTURE NOTES
	Year / Branch: IVB.TECH-VII SEM
	Regulation: R23
	Prepared By: K.SUMALATHA


	a) Beams and girders:
	 Both have a similar function to support the roadway and prevent bending. Girder is also one type of beam support. Where loads are heavy girders are used instead of beam support.
	 Beam has a rectangle cross-section, whereas girders have composed of I-shaped cross–sections with two load-bearing flanges and a web for stabilization.
	b) Bearing:
	 A bearing is provided between the bridge girder and the pier cap. The main function of the bearing to allow free movement or vibration of the top superstructure and reduce effect stress to reach the bridge foundation.
	c) Arch & Cable:
	 Arches are used for arch bridge construction and cable is used for suspension, cable-stayed bridges, etc. For different types of bridge construction arches and cables play a vital role.
	d) Parapet Wall & Handrails:
	 The parapet is one of the safety components of any bridge which prevent the vehicle from falling off where there is a drop.
	 It is also useful for restricting views, preventing rubbish from passing below, and acting as a noise barrier.
	e) Flooring:
	 It is top surface of bridge roadway on vehicle travel. It is made of concrete or a bituminous road.
	Adjoining Structures:
	It consists of the following:
	a) Timber bridge:
	f) Composite Bridge:
	Components of Well Foundation:
	The Sinking of the Well Foundation is carried out through the following Steps.
	i. Laying of Curbs
	ii. Construction of Well Steining

	Problem of Sinking:
	Types of Bridge Piers:
	Solid Masonry Piers:
	Open Piers:
	Trestle piers or Trestle bent:
	Pile piers or Pile bents:

	Parts of Bridge Abutment
	1. Gravity Abutment:
	2. U-Abutment:


	Types of Culverts:

