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PRE-REQUISITES: A Course on Structural analysis and design of reinforced structures. 

COURSE EDUCATIONAL OBJECTIVES: 

1. To explain the loading standards 
2. To study the design of deck slab bridge. 
3. To study the design of the T-beam bridge 
4. To study the design of the plate girder bridge and rocker and roller bearings 

5. To explain features, forces acting on piers and abutments 

 

UNIT I: INTRODUCTION TO LOADING STANDARDS (9) 

Highway Bridge Loading Standards- Impact Factor- Railway Bridge Loading Standards 

(B.G. ML Bridge) Various Loads in Bridges. IRC Bridge loading standards. 

UNIT II: DECK SLAB BRIDGE (9) 

Introduction – Effective Width Method of Analysis Design of Deck Slab Bridge (Simply 

Supported) Subjected to Class AA Tracked Vehicle Only. 

UNIT III: BEAM AND SLAB BRIDGE (T-BEAM BRIDGE) (9) 

General Features – Design of Interior Panel of Slab – Pigeauds Method – Design of a T-

Beam Bridge Subjected to Class AA Tracked Vehicle Only. 

UNIT IV: DESIGN OF PLATE GIRDER BRIDGE AND BEARINGS (9) 

Plate Girder Bridge: Introduction – Elements of a Plate girder and their Design. Design 

of a Deck Type Welded Plate Girder. 

Bridge bearings: General Features – Types of Bearings – Design Principles of Steel 

Rocker & Roller Bearings. 

UNIT V: INTRODUCTION TO PIERS & ABUTMENTS (9) 

General Features – Bed Block – Materials Piers & Abutments Types of Piers – Forces Acting 

on Piers – Stability Analysis of Piers – General Features of Abutments –Forces Acting on 

Abutments – Stability Analysis of Abutments. 
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CO1 
Understand the loading standards 

PO1, PO2 

CO2 
Design the deck slab bridge PO1, PO2, PO3, 

PO5 

CO3 
Design the T-beam bridge 

PO1, PO2, PO3, 
PO5 

CO4 Design the plate girder bridge and rocker and roller 

Bearings 

PO1, PO2, PO4 

CO5 
Understand the Stability analysis of pier and abutment 

PO1, PO4 
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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: 
 

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

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

 It 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: 
 

 The components of the bridge above the bearing are known as superstructures. 

 It 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 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. 
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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) Approaches: 

 It is structured 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 a corner of a 
street or the side of a gate. 
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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.  

 It is designed for pedestrians, low weight transport.  

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

                           
 
 

b) Masonry Bridges: 
 

 In the 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. 
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c) Steel Bridge: 
 

 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: 
 

 In RCC Bridge, Reinforced concrete is used as a construction material. 
 This type of bridge is more stable and durable. 

 It is suitable for long–span as well as heavily loaded traffic.  

 Nowadays RCC–type bridges are widely used. It is generally used 

for constructing fly-over and highway bridges. 

 

             
 

e) Pre-stressed Concrete Bridge: 
 

 Pre-stressed concrete is placed under compression before applying the loads. 

 The construction of a pre-stressed bridge deck slab is 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 is 

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: 
 An aqueduct is a structure, which is used to transport water from 

one place to another place over an obstacle. 
 

                                         
 

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.  
 In that 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. 
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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. 
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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. 
 

                 
 



13 
 

7. Based on Alignment: 
 

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. 
 

 It serves the intended function with utmost safety and convenience. 

 It is aesthetically sound. 

 It is economical. 
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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. 

2. The stream at bridge side should have permanent, firm, straight and high banks. 
3. The stream at the Bridge site should be well defined and as narrow as possible. 

4. The site should be sufficiently away from the confluence point. 
5. There should be no scouring and silting of the stream at the bridge site. 
6. A site which offers a square crossing should be selected as far as possible. 
7. The site which offers more advantageous foundation condition should be preferred. 
8. A site which is sufficiently away from the landslides and subsidence should be preferred. 
9. The site should not interfere adversely with any other bridges, weirs, regulators, dams, etc in 

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. 

 
 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: - 

 In this, the bridge is at right angle to the axis of the river.  
b) Skew Alignment: -  

 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:- 

 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 

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

 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 = CAn 

 

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

 
 

1. Dicken’s Formula: 
                                   Q = CA3/4 
Where Q = Maximum flood discharge in m3/sec 
            A = Area of the catchment in m2 
            C = A coefficient of discharge  

 The maximum value of C is 35. 

 This formula is applicable for 
moderate size catchments of river of North & 
Central India. 

 
 
 

Region Value of C 

Northern India 11.4 

Central India 13.9 – 19.5 

Western India 22.2 - 25 
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2. Ryve’s Formula: 
 
 It is applicable to South Indian catchments. 

 
                               Q = CA2/3 
Where Q = Maximum flood discharge in m3/sec 
            A = Area of the catchment in m2 
            C = A coefficient of discharge 

 

 
 
 
 
 

3. Inglis Formulae 
 

 This formula is used only in Maharashtra.  
 

                Q = 
𝟏𝟐𝟑𝐀

√𝐀+𝟏𝟎.𝟒
  in cumecs 

 
Where,  Q = Maximum flood discharge in m3/sec 
              A = Area of the catchment in m2 

 
 
Rational Methods 
 

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

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

 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 

 
 

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 
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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:  
 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. 

 This is 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 0.90 to 0.50 

5 Fine gravel 1.50 to 1.80 

6 Rocky soil 3.00 

7 Rock 4.20 to 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: 

 Cost of material and its nature 

 Availability of skilled labour 

 Span length 

 Nature of stream to be bridged 

 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 
        l = Span length 

        n = Total number of spans = 
𝐿

𝑙
  

      P = Cost of one pier with its foundation  
       A1 = Cost of one abutment with its foundation 
       A2 = Cost of one approach 
        T = Total cost of the bridge 
 
According to assumptions (i) & (ii): 
 
Cost of one span of superstructure = (a1l

2 + a2l) 
 
There are (n – 1) number of piers, and two abutments. 
 
The total cost of bridge = Cost of Superstructure  
                                           + Cost of Substructure  
                                           + Cost of Approaches 
i.e. 
 
     T = n ((a1l

2 + a2l) + 2A1 + 2A2 + (n -1) P 
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Replacing n = 
𝐿

𝑙
  

T = 
𝐿

𝑙
  ((a1l

2 + a2l) + 2A1 + 2A2 + ( 
𝐿

𝑙
  -1) P 

  = La1l + a2L + P 
𝐿

𝑙
  - P + 2A1 + 2A2 

 

Therefore,  
𝑑𝑇

𝑑𝑙
 = a1l + 0 - 

𝑃𝐿

𝑙²
   

 
For T to be minimum, 
 

                                     
𝑑𝑇

𝑑𝑙
 = 0 

 

 Or                 a1l - 
𝑃𝐿

𝑙²
  = 0 

 

 Or                               a1 =  
𝑃

𝑙²
   

 
 Or                              P = a1l

2 

  

Or        Economic span, l = √
𝑃

 a1
  

 
i.e.   
 
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: 
 

                                   l = K √𝑃  
 
Where, 
 
            l = 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. 
 

 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 = 
𝑉²

2𝑔
 {(A/Ca)2 – (A/A1)} 

 
            Here,   
 
                       ha = Afflux in metres 
                       V = Velocity of approach in m/s 
                       A = Natural waterway area at the site in m2 
                       a = Contracted area in m2 
                       A1 = The enlarged area upstream of the bridge in m2 
                       C = Coefficient of discharge = 0.75 + 0.35(a/A) – 0.1(a/A)2 approximately 
 

(b) Molesworth Formula: 
 

                             ha =[ 
𝑉²

17.9
 + 0.015]{(A/a)2 –1} 

 

            Here,   
                        
                       ha = Afflux in metres 
                       V = Velocity of approach in m/s 
                       A = Natural waterway area at the site in m2 
                       a = Contracted area in m2 
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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. 
 
 

        

          
Freeboard 
 
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:- 
 

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

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

 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.  
 

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

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

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

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

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

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

               
 

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. 
 

 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. 

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

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

 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.  

 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.  

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

 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. 
 

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

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

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

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

 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. 

 
B. 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: 

 A drop hammer is lifted and allowed to fall on the head of a pile. 

 The weight of hammer varies from 1 to 4 tonnes.  

 The height of fall varies from 1.50 to 6 m. 
      Single acting steam hammer: 

 The hammer is raised either by steam or compressed air and then it is allowed to 
drop by gravity alone. 

 The weight of hammer is about 2 tonnes. 

 The fall is about 1 m and the number of blows is about 60 per minute. 
      Double acting steam hammer: 

 The hammer is raised and lowered either by steam or compressed air. 

 It 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: 

 The hammer combines the advantages of single acting and double acting steam 
hammers. 

 The weight of hammer is about 2 tonnes and height of fall is about 1 m. 

 The number of blows per minute is 100 to 200. 
      Diesel hammer: 

 The hammer is a small, light weight, self-contained and self-activating type, 
using gasoline for fuel. They are mobile in nature. 

      Vibratory hammer: 

 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: 

                 
 
 

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. 

 

https://civiconcepts.com/blog/caisson-foundation
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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. 

          

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.  
 

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

                                       
 

 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. 

 Construct eccentric welded framed bracket and load the platform thus made with 
400 to 600 tons load. 

 

                                
 

 Jett on the high side of well. Excavate under cutting edge by dewatering or by divers. 

 Insert wooden slippers or hooks under the cutting edge. 
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 Pull the well.                                                     Strut the well. 

                                      
 Push the well. 

                               
 

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

 The aim of a cofferdam is to be as watertight as possible to create a dry area in 
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 pressures and 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. 
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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 water is of a deeper level, 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 ground is 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, the internal 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: 
 

                                 
 
                                         (Pier Cross-section Shapes for Over Crossings or Viaducts on Land) 

 

                                     
                                         (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. 
 

 
 

Solid Masonry Piers: 

 
 It is 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.  

 It is 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.  
 It is generally used for the type of bent on low height and short span structure. 

 
 

 

                                  
 
 
 
 
 
 

 
 

https://civildigital.com/buckling-columns-euler-theory-elastic-buckling/
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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 

 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 

 
I. 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 

 

II. 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 450 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 batter is 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 alignment 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, 

1. Pipe culvert  
2. Box culvert  
3. Arch culvert 
4. 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: 
 

 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. Low level causeway 
2. 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.  

https://civiltoday.com/construction/bridge/116-types-of-culvert
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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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