IRC:5-2015

STANDARD SPECIFICATIONS AND CODE OF
PRACTICE FOR ROAD BRIDGES

SECTION - |

General Features of Design
(Eighth Revision)

Published by:

INDIAN ROADS CONGRESS

Kama Koti Marg,
Sector-6, R.K. Puram,
New Delhi-110 022

June, 2015

Price : X 470/-
(Plus Packing & Postage)



CONTENTS

SECTION -1
GENERAL FEATURES OF DESIGN

S. No. Description

1 Introduction

100 Scope

101 Definitions

102 Classification

103 General Provisions

104 Planning Considerations

105 Geometric Design Considerations
106 Hydrology and Hydraulic Design
107 General Design Requirement
108 Construction & Constructability Considerations
109 Auxiliary Components

110 lllumination

111 Road Signs and Signals

112 Aesthetics

113 Operation & Maintenance
Appendices:

Appendix - 1 Unit Hydrograph Method

IRC:5-2015

Page No.

O ~N NN

1
16
18
27
28
30
36
37
39
41

42

Appendix - 1a  Sub Zones - Names and Numbers by Central Water Commission ~ 44

Appendix - 2 Determination of Weighted Mean Diameter of Particles (dm) 45


Unit Hydrograph Method

Sub Zones - Names and Numbers by Central Water Commission

Determination of Weighted Mean Diameter of Particles (dm)


IRC:5-2015

Ex-Officio Members

President, (Bhowmik, Sunil), Engineer-in-Chief,
Indian Roads Congress PWD (R&B), Govt. of Tripura
Honorary Treasurer, (Das, S.N.), Director General

Indian Roads Congress (Road Development) & Special

Secretary to Govt. of India, Ministry of
Road, Transport & Highways,
New Delhi

Secretary General, Nahar, Sajjan Singh
Indian Roads Congress

100 SCOPE

This Code deals with general features of design of road bridges including immediate
approaches and the recommendations of this code shall apply to all types of bridges.

101 DEFINITIONS
Following definitions shall be applicable for the purpose of this Code and other IRC Standard
Specifications and Codes of Practice for Road Bridges.

101.1 Abutment

Abutment is a sub-structure component which supports the end of a superstructure and
retains part or whole of the bridge approach fills.

101.2 Afflux

Afflux is the rise in the flood level of the channel, immediately on the upstream of a bridge,
as a result of obstruction to natural flow caused by the construction of a bridge and its
approaches.

101.3 Approach
It is a part of road which connects the road to the abutment of the bridge.

101.4 Approach Slab

An approach slab is a transition slab of reinforced concrete laid on immediate approaches to
a bridge with one end resting on dirt wall/abutment.

101.5 Bearing

Bearing is a part of bridge structure which bears directly all the forces from the superstructure
above and transmits the same to the supporting substructure.

101.6 Bridge

A bridge is a structure having a total length of above 6 m for carrying traffic or other moving
loads across a channel, depression, road or railway track or any other obstruction.
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101.7 Camber

Camber is transverse inclination given to the cross-section of the carriageway so as to ensure
its proper drainage.

101.8 Causeway

Causeway is a paved submersible structure with or without openings (vents) which allows
flood/water to pass through and/or over it.

101.9 Channel

Channel is a natural or artificial water course.

101.10 Clearance

Clearance is the shortest distance between the boundaries at specified positions of a
bridge/under pass/over pass.

101.11 Cofferdam

Cofferdam is a temporary structure built for the purpose of excluding water or soil from
working area to permit construction without the need for excessive pumping.

101.12  Crash Barrier

A barrier provided at the side of carriageway designed to reduce the risk of serious accidents
by guiding the errant vehicles back on the road.

101.13  Culvert

Culvert is a structure having a total length of upto 6 m between outer faces of walls, measured
at right angles. Cross drainage structures with pipes will be termed as culvert, irrespective
of length.

101.14  Dirt Wall

Dirt wall is a vertical wall projecting from abutment cap to prevent spill of earth/pavement
materials and also to support approach slab.

101.15  Effective Linear Waterway

Effective linear waterway is the total width of waterway of bridge at Highest Flood Level
(HFL) minus the effective width of obstruction.

101.16  Flyover

A bridge over another road for allowing traffic without interruption, with its approaches on
both sides.

101.17 Foot Over Bridge (FOB)

A foot over bridge is a bridge over a road or other obstructions, for exclusive use of
pedestrians.
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101.18 Foundation

Foundation is that part of a bridge structure, which is in direct contact with and transmitting
loads to the founding strata.

101.19  Free Board

Free board at any point is the difference between the highest flood level after allowing for
afflux, if any, and the formation level of road embankment on the approaches or top level of
guide bunds at that point.

101.20  Full Supply Level (FSL)
Full supply level is the water level corresponding to the full supply of canal.

101.21  Grade Separator

Grade separator is a bridge which facilitates movement of traffic by segregating ‘at-grade’
conflicting movements to different levels.

101.22  High Level Bridge

Ahigh level bridge is a bridge which carries the roadway above the Highest Flood Level (HFL)
of a channel (including afflux) or the high tide level, with appropriate vertical clearance.
101.23  Highest Flood Level (HFL)

Highest flood level is the level of highest flood recorded/observed or calculated from the
design discharge, whichever is higher.

101.24 Interchange

Interchange is a system of interconnecting roads (ramps and loops) in conjunction with one
or more grade separations that provide for the uninterrupted movement of traffic between two
or more roads.

101.25 Invert

An invert is that part of a pipe or sewer below the springing line, generally the lowest point of
the internal cross section.

101.26 Kerb

A line of raised concrete section, forming an edge between carriageway and railing/footpath/
median.

101.27 Kerb Shyness

Kerb shyness is the imaginary distance by which the driver would generally keep his vehicle
away from the kerb in order to avoid brushing with the kerb.

101.28 Lateral Clearance

Lateral clearance is the minimum distance between the extreme edge of the carriageway and
the face of nearest obstruction such as abutment, pier, column etc.
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101.29 Length of a Bridge

Length of a bridge structure shall be taken as the overall length measured along the centre
line of the bridge between inner faces of dirt walls (or between end deck joints or outer edge
of deck, where there is no dirt wall).

101.30 Low Water Level (LWL)
Low water level is the level generally prevailing in the stream/river during dry weather.

101.31  Ordinary Flood Level (OFL)

Ordinary flood level is the level to which the stream/river generally rises during monsoon
period every year.

101.32 Overpass
Overpass is a bridge carrying another road over a reference road.

101.33  Parapet

Barrier installed on the edge of a bridge from safety considerations and intended to restrain
users from falling off the bridge.

101.34  Pier

Pier is an intermediate support of the bridge super-structure.

101.35 Ramp
Ramp is road in slope, connecting roads at different levels.

101.36  Retaining Wall
Retaining wall is a wall designed to retain earth fill.

101.37 Return Wall

Return wall is a wall adjacent to abutment and parallel to road to retain approach
embankment.

101.38  Right of Way (ROW)
Right of way is the land made available and/or acquired for development of road.

101.39 Road Over Bridge (ROB)
Road Over Bridge is a bridge built over the Railway tracks.

101.40 Road Under Bridge (RUB)
Road under bridge is a structure built beneath the Railway tracks.

101.41  Safety Kerb

A kerb having width of at least 750 mm for occasional use by pedestrians, where footpath is
not provided.
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101.42 Skew Angle
Skew angle is the angle between the axis of support and a line normal to the longitudinal axis
of a bridge.

101.43 Span

Span is the horizontal distance between the centre line of adjacent supports of a bridge
superstructure, or maximum distance between the inner walls of a culvert, measured along
its axis.

101.44 Submersible Bridge
Submersible bridge is a bridge designed to be overtopped during floods.

101.45 Substructure
Substructure is the portion of a bridge structure between the foundation and the
superstructure.

101.46 Subway

A subway is usually meant for pedestrian use and comprises of structure below a road with
stairs/ramps/escalator.

101.47  Super Elevation

Super elevation is transverse inclination given to the cross section of a carriageway on
horizontal curve in order to reduce the effects of centrifugal force on a moving vehicle.
101.48  Superstructure

The portion of a bridge structure above bearings, which directly supports pedestrian/vehicular/
other transient loads and transfers the same to the substructure.

101.49 Toe Wall

Toe wall is a wall built at the end of the slope of earthen embankment to prevent slipping of
earth and/or pitching.

101.50 Tunnel

Tunnel is an underground closed structure carrying a roadway, through soil or rock.

101.51  Underpass

Underpass is a structure allowing uninterrupted movement of traffic beneath a reference
roadway. An underpass is classified as Cattle Underpass (CUP), Pedestrian Underpass
(PUP) and Vehicular Underpass (VUP) depending on principal user.

101.52 Vertical Clearance

For a channel, vertical clearance is the height from the design flood level with afflux or high
tide level, to the lowest point of the super structure, at the position along the bridge where
clearance is being denoted.
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For flyover, underpass, overpass, ROB and RUB, the vertical clearance is the height above
any point of road way or rail top level to the corresponding point of the overhead structure.

101.53  Viaduct
A viaduct is a bridge structure across dry ground/terrain.

101.54 Wearing Course

It is the top layer of a road surface over deck that protects the main superstructure and takes
the wear caused by traffic.

101.55. W.idth of Carriageway

Width of carriageway is the minimum clear width measured at right angles to the longitudinal
center line of the bridge between inside faces of crash barrier/kerbs/median. For divided
carriageway, it is measured between inner faces of crash barrier/kerb/median.

101.56  Wing Wall
Wing wall is a splayed return wall, usually at 450 to the road embankment.

102 CLASSIFICATION

Bridges are classified on the basis of their principal function, material used in construction,
length, structural form, system of support, construction technology and deck level with respect
to highest flood level. The broad details of bridge classification are as follows:

102.1 Function

Based on functions, bridges are classified as under:
a) River bridge/Bridge over stream
b) Viaduct
c) Flyover
d) Grade separator
e) Road Over Bridge (ROB)

f)  Road Under Bridge (RUB)
g) Foot Over Bridge (FOB)
h)  Underpasses

i)  Subways

j)  Overpass

102.2 Length
102.2.1 Based on Length, Structures are Classified as below:

a) Culvert: as defined in clause 101.13
b) Bridge : as defined in clause 101.6
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102.2.2 The bridges are further classified as minor and major bridges as below:
a) Minor bridge is a bridge having a total length of up to 60 m.
b)  Major bridge is a bridge having a total length of more than 60 m.
102.2.3 Bridges having span length (s) of 150 m or more are classified as ‘long span
bridges’
102.3 Superstructure
102.3.1 Form of Superstructure
Based on form and type of superstructures, bridges are classified as under:
a) Arch
b) Solid slab
c) Voided slab
d) T-beam and slab
e) Suspension
fy  Cable stayed
g) Extra-dosed
h)  Box girder
i)  Single/Multi-cell Box
j)  Truss
102.3.2 System of Support for Superstructure
Bridges are classified on the basis of systems of support as under:
a) Simply supported
b) Continuous
c) Integral
d) Balanced cantilever
e) Cable supported

102.4 Material
Based on material of structure, bridges are classified as under:
a) Masonry
b) Reinforced concrete
c) Pre-stressed concrete
d) Fibre reinforced concrete
e) Steel
fy ~ Composite
g) Timber
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102.5 Construction Technology
Based on technology for construction adopted, bridges are classified as under:
a) In-situ
b) Precast or prefabricated
c) Cantilever
d) Incremental launching
e) Span by span
f)  Segmental

102.6 Level

River Bridges/Bridges over streams are classified based on difference in roadway level and
Ground Level/High Flood Level (HFL), as under:

a) High level bridge
b) Submersible bridge
102.7 Importance

Based on the importance of a bridge in the highway system, bridges are classified as
under:

a) Normal
b) Important
c) Critical

103 GENERAL PROVISIONS

General

The design shall be principally based on the limit state design philosophy. Structural
components and the connections shall be designed to conform to the requirements of ultimate
limit state, serviceability limit state and fatigue limit state requirements of the appropriate
clauses of relevant codes of IRC.

Note : Till such time all the IRC codes and standards are changed from Working Stress Philosophy

to Limit State Philosophy, the design of structural components shall continue to be carried out
as per the existing codes, which may be still following working stress philosophy.

103.1 Performance Requirements

Bridge structure and its components shall be planned, designed, constructed and maintained
in such a way that they perform adequately and safely during construction and service life,
with following performance requirements:

a) Structural Safety and Serviceability, i.e. ability of a structure or structural
members to perform, with appropriate levels of reliability, adequately for

9



IRC:5-2015

normal use under all combinations of actions expected during construction
and service life.

b)  Durability, i.e, ability of the structure to perform during design service life, for
its intended purpose with anticipated maintenance but without major repair
being necessary.

c) Economy, i.e, bridges should have least life cycle cost.

d) Sustainability, i.e. ability of a material, structure or structural member to
contribute positively to the fulfillment of the present needs and the needs of
future generations.

Above requirements may be met by
a) the choice of suitable materials,
b) appropriate design and detailing,

c) specifying control procedures for design, production, execution, and use
relevant to the particular project and

d) appropriate choice of span arrangement and construction methodology.

103.2 Structural Safety & Serviceability

Structural safety is ability of a structure and its structural members to guarantee the overall
stability, adequate deformability and ultimate bearing resistance, corresponding to the
assumed actions (both extreme and/or frequently repeated actions and accidental and/or
exceptional events) with appropriate levels of reliability for the specified reference periods.
The structural safety shall be analyzed for all possible damage states and exposure events
relevant for the design situation under consideration;

In the context of performance-based Limit State Design, performance criteria for serviceability
and structural safety are specified by:

a) Serviceability limit state criteria
b)  Ultimate limit state criteria

Limit state shall be related to design situations. They may relate to persistent situations
during the service life of the works, transient situations during the construction stage as
well as repair stage, extreme actions and environmental influences, including earthquakes.
Design principles with respect to the performance-based Limit State Design for structural
safety and serviceability as given in relevant design codes of IRC may be adopted.

Serviceability limit state corresponds to the state beyond which specified performance
requirements for a structure or a structural component are no longer met.

Ultimate limit state is the limit state associated with the structural collapse leading to loss of
life, damage to structure and environment and disruption of operation. Ultimate limit state may
arise due to structural components reaching their ultimate strength, fatigue or instability.
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103.3 Economy

Economy in bridge design would generally depend upon structural type, span lengths,
materials and method of construction, which shall be selected on the basis of life cycle cost.
Costs of structural alternatives should be worked out based on long term considerations
including inspection, maintenance and repair/replacement. Therefore, cost of future
expenditure on repair and maintenance during the whole service life of bridges should be
accounted for. Construction cost shall take into account regional factor such as availability of
material and labour, fabrication, location, shipping and erection constraints. Cost on account
of mitigation of social and environmental impact shall also be taken into account in working
of cost comparison. Efforts shall be made to optimize the life cycle cost.

103.4 Sustainability and Loading Considerations

The structures shall contribute towards sustainable development by effective mitigation of
social and environmental impacts.

The loads, special local conditions and traffic intensity for which a bridge is to be designed,
shall be prescribed by the authorities as per relevant clauses of IRC:6.

Utilities or services, if any, to be carried over the bridge and if so, nature thereof (e,g. Telephone
Cables, OFC ..etc.) and relevant information regarding size, arrangement etc. shall be taken
as per the requirements or as directed by the authorities.

104 PLANNING CONSIDERATIONS

Planning of a bridge is essential to create a facility which will comply with various technical,
administrative, environmental and social requirements including financial justifications and
will serve the intended purpose. All requisite information and data shall be collected for proper
planning of a bridge project.

104.1 Planning Strategies

104.1.1 Integration with Road Network

The first step in the planning of a bridge project is to ascertain its location in the link of the
road network and function thereof. The bridge shall fit into the road link in a seamless manner
and contribute to its primary function. Most road links have both mobility and accessibility
functions in varying degrees, which shall be taken into account while planning.

104.1.2 Interaction with other Authorities and Public

It is necessary to interact with authorities and local public who are directly or indirectly
connected with the project or whose works or authority will be directly or indirectly affected.

104.1.3  Siting of a Bridge

104.1.3.1 River bridge

a. A bridge should ideally be sited across the narrowest width of the river or
channel where the course of the channel is straight in considerable length
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on both up-stream and down-stream sides of the site and the banks are
stable having no history of being out-flanked. A bridge should not be sited
across meandering stretches of rivers unless it is established that the banks
at the bridge site are the nodal points of the river (i.e. the river has a history
of touching these points year after year regardless of change in its course
elsewhere). Where one of the banks is not well defined and gets over-topped,
the option of training the river by construction of a guide bund can also be
considered. In case the active channel of the river, especially the alluvial
rivers, changes its course within the river basin, the option of training the
river by construction of guide bunds on both banks can be considered after
ensuring that the adjoining areas in the upstream do not get flooded or the
guide bunds themselves are not under attack. The preliminary site selection
can be based on information contained in the topographical sheets of the
Survey of India, supplemented by actual survey or study of satellite images
of the location, which can be obtained from the National Remote Sensing
Agency. A model study may be required for bridging rivers having undefined
cross section and huge flood plains.

The cardinal principles to be kept in view at the time of selection of a particular
bridge site including river training works are to provide a suitable crossing
consistent with safety and economy and acceptable detour from the existing
road alignment. The following shall be the guiding considerations in this
regard:

i)  Bridges up to a length of 60 meters - The location shall be governed by
suitability of alignment of road, unless there are special problems at the
crossing with regard to design and maintenance of the bridge.

ii)  For bridges having a length between 60 m and 300 m - Suitability of
site of the bridge as well as that of the alignment of approaches shall
be considered together.

i) For bridges having a length more than 300 m - The requirement of a
good site for the bridge shall have the precedence and the alignment of
approaches will have to conform to the selected bridge site.

A brief description of the reasons for selection of a particular site for the
crossing should be prepared for record, which shall include typical cross-
sections of the channel at all alternative sites investigated and rejected.

104.1.3.2 Grade separators and underpass

The layout of a grade separator or an Underpass is determined by the alignment and geometry
of intersecting roads or traffic, road classification and degree of segregation required.

104.1.3.3 Bridges in hilly & coastal regions

a)

For bridges in high altitude, where the road is likely to pass through snow
bound areas and avalanche prone slopes, snow removal and avalanche
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control should be one of the factors to be considered in the planning stage of
the road and bridges. Specialist literature and publications shall be referred
to for dealing with such cases.

b) The coastal bridges are susceptible to highly corrosive environment,
storm surge or tsunami and strong cyclonic winds. Specialist literature and
publications shall be referred in absence of any relevant IRC standards.

104.1.3.4 Approaches

A length of at least 50 m of approaches on either side of the bridge/grade separator or the
defined length up to the end of approach gradient, whichever is larger, shall form part of
bridge/grade separator planning. The approaches of a flyover may comprise series of viaduct
spans for openness in inhabited locality or wall type structures in remote areas.

S. No. Component Design Life
1. | All structural components 100 years

(Depending upon importance and criticality of the bridge, a
higher design life may be prescribed by the authorities.

2. |Ancillary items like bearings, As per provisions of respective Codes of Practice
expansion joints, wearing course | (Provision for replacement of these items shall be
etc. ensured in design and drawings)

104.1.5 Safety

The bridge and its approaches shall be planned to ensure safety of the user and the structure
in accordance with Clause 105.2.

104.1.6  Initial Environmental Examination
Initial environmental examination should be carried out to evaluate likely adverse impact of
the proposed bridge on environment. The most likely impacts are as under:
a) Increase in submergence of surrounding area
b) Likelihood of river bank erosion
c) Possibility of siltation
d) Relocation and rehabilitation of people/communities
e) Effects on historic monuments and heritage structures
f)  Impact on conservation of wild life, flora and fauna
g) Impact on surroundings
104.1.7 Aesthetics

All bridges and grade separators should be aesthetically pleasing as it has a large impact
on the surroundings. Considerations shall be given to various aspects mentioned in

Clause 112.
104.1.8 Economic Evaluation

The economic evaluation of different alternatives of a bridge project shall be carried out
to determine its relative viability. In some cases, social requirements may prevail over the
economic considerations.

13



IRC:5-2015

104.2 Collection of Data

All detailed information for a complete and proper appreciation of the bridge project shall be
included in the project documents. Generally, the following information shall be furnished.

a) General Data including Maps, Plans and Topographical Features
b) Hydraulic Data for Selected Bridge Site

c) Geological and Seismological Data for Selected Bridge Site
d) Sub-surface Data

e) Environmental Data

f)  Loading and other Data

g) Traffic Data

h)  Construction Materials

i)  Special Design Requirements

j)  Existing Services

k) Labour Accommodation

[)  Other Authorities

m) Data Regarding Existing Bridges

104.3 Width of Carriageway, Footpath and Median
104.3.1  Width of Carriageway and Overall Width

For high level bridges constructed for the use of road traffic only, the width of carriageway
shall not be less than 4.25 m for a single lane bridge, 7.5 m for a two-lane bridge and shall be
increased by 3.5 m for every additional lane of traffic for a multiple lane bridge. If a median/
central verge is constructed in a wide bridge thus providing two separate carriageways, the
carriageway on each side of the median shall provide for at least two lanes of traffic and
width thereof shall individually comply with the minimum requirements stipulated above. For
a bridge on a horizontal curve, the roadway width shall be increased suitably to conform to
the requirements stipulated in the relevant IRC Standards.

104.3.2 Width between the outermost faces of the bridge shall preferably be equal to
the full formation width of the approaches. However in case of bridges having length more
than 80 m in non-urban areas, reduced width may be permitted by the authorities subject to
stipulations as given in Clause 104.3.1 above.

104.3.3 Vented causeway/submersible bridges shall cater for at least two lanes of traffic.

104.3.4 Width of Bridge carrying combined highway/Mass Rapid Transport System
(MRTS)/Railway corridor.

For bridges carrying combined road and rail or any other special type of traffic, the widths
indicated in above clause shall be suitably increased.
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104.3.5 Width of Median

The median width of the approach road shall generally be carried over the bridge. In case
of major bridges, the median width may be reduced, subject to a minimum width of 1.2 m, in
which case, crash barriers shall be provided in the median.

104.3.6  Width of Footpath

When a footpath is provided, its clear width shall not be less than 1.5 m. For urban and
populated areas having large concentration of pedestrian traffic, the width of the footpath
shall be suitably increased.

104.4 Clearances
104.4.1 Clearance - Navigational

Navigational clearances, both vertical and horizontal, shall be provided based on classification
of waterway as per the requirements of Inland Waterway Authority of India (IWAI) or the
concerned Port authorities.

104.4.2 Clearance — Over Roads
104.4.2.1 Vertical

The minimum vertical clearance of any structure provided over the project road shall be
5.0 m for non-urban areas and 5.5 m in case of urban areas.

In case of structures over local or collector streets, where only light commercial vehicles
are plying and where alternative routes for heavy commercial vehicles and fire tenders are
available within a short distance, the authorities may relax the clearance requirements stated
above.

At locations where over-dimensional vehicles are frequently plying, the authorities may
consider providing increased vertical clearance.

For project roads carrying footways and cycle tracks, a minimum vertical clearance of
2.25 m shall be provided.

104.4.2.2 Horizontal

While fixing the horizontal clearance, consideration shall be given to safe passage of vehicles
on or under a bridge. The minimum clear width between any obstruction shall not be less than
that of the approach roadway section, including shoulders or Kerbs, gutters, and sidewalks.
No object, other than a road kerb or a crash barrier, should be located closer than 600 mm
to the edge of carriageway.

For a bridge constructed on a horizontal curve with superelevated road surface, the horizontal
clearance shall be increased on the side of the inner kerb by an amount equal to 5 meters
multiplied by the super elevation. The minimum vertical clearance shall be measured from
the super elevated level of the roadway. Extra horizontal clearance required for the super
elevation will be over and above the increase in width required on a curve.
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104.4.3 Clearance - Over Railway Lines

For ROBs across railway lines, horizontal and vertical clearances shall be governed by the
requirements of the Railway authority.

104.5 Span Configuration

105 GEOMETRIC DESIGN CONSIDERATIONS

Choice of a particular span arrangement and the type of structure depends upon several
factors such as site characteristics, type of sub-soil strata, height and length of the bridge,
riding quality, design and, constructability considerations, availability of construction material
and technology etc. In case of urban flyovers, considerations of aesthetics and other functional
requirements like openness in inhabited portions, may have overriding effect for viaduct
spans vis-a-vis solid-fill portion for approaches.

105.1 General

Geometric design for the bridge including immediate approach roads should essentially include
integration of vertical and horizontal alignment of the bridge with the highway geometry and
should broadly cover the following:

a) Preparation of Plan - showing the horizontal alignment horizontal curves,
overall width, width of carriageway, footpath, median, crash barrier, railing,
shoulders, side drains, right of way, etc.

b) Preparation of Vertical Profile - showing the vertical alignment, grade line,
vertical curves, high flood level, ground/bed profile etc.

c) Preparation of Cross-sections - showing the carriageway, Cross camber/
super elevation, side slopes, median, footpath, hydraulic details, structural
arrangement, type of superstructure, substructure and foundation, abutment
details, protection works, details of return walls, retaining walls etc.

105.2 Safety Considerations
105.2.1 Protection to User

Railings/Crash Barriers shall be provided along the edges of structures conforming to the
requirements stated elsewhere in the code. Footpaths and cycle tracks adjacent to the
carriageway shall have crash barrier in between, to safely redirect the errant vehicular
traffic.

105.2.2 Protection to Structure Against Vehicle Collision

Consideration shall be given for safe passage of vehicles on or under a bridge. The hazard
of being hit by errant vehicles within the clear zone should be minimized by locating structural
components at a safe distance from the line of users and/or by providing suitable protection
to the structural components.
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105.2.3 Protection to Structure Against Barge Impact

For bridges on streams where barges are plying, the bridge structure shall be protected
against vessel collision forces by fenders, protection islands or any other means. Alternatively,
the structural system shall be designed to withstand collision force effects as specified in
relevant IRC Code.

105.3 Horizontal and Vertical Alignments

Horizontal and vertical alignments of road bridges shall conform to relevant IRC Code. While
finalizing the horizontal and vertical alignment for the bridge portion, following aspects shall
be considered:

105.3.1  To the extent practicable, the alignment of roadways shall be selected to make
bridge crossing as nearly square as possible.

105.3.2 Wherever the bridge is in curvature, effort shall be made to provide constant
curvature within the bridge portion of the highway. Sudden change of radii and curvature
over the bridge shall be avoided to the extent possible.

105.3.3 Skew Angle in any Bridge should Preferably not Exceed 30°.

105.3.4 In situations where a replacement/new bridge is to be constructed, adjacent to an
existing structure, width of the gap between the two bridges shall be decided on the basis of
clearance between the foundations. Not less than 2.5 m clear gap should be provided at any
place between the two bridges to allow for working space.

105.3.5 Locating bridges on vertical sag curves shall be avoided as far as possible, as
vehicle dynamic effects are increased and appearance is adversely affected.

105.3.6  For bridges, a minimum longitudinal gradient of 0.3% is desirable to provide for
drainage of deck.

105.3.7 In case of divided carriageways, finished road levels at the median for both the
carriageways shall preferably be same at any cross section.

105.3.8 The combined effect of horizontal and vertical alignments and changes in super
elevation shall be considered with regard to the appearance of the bridge structure, especially
in urban situations.

105.3.9 The alignment chosen in hilly roads should enable the ruling gradient to be attained
in minimum length, besides, minimizing steep gradients and, hairpin bends and avoiding
needless rise and fall.

105.3.10 A single vertical curve shall be provided for bridges having total length upto
30 m.
105.4 Design Speed

Design speed over the bridge shall be consistent with the design speed on the approach
roads. A single design speed should preferably be adopted for the entire bridge structure. In
case, however, differential design speed is unavoidable due to presence of sharp curvatures
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in specific zones within the bridge, transitions between sections with different Design Speeds
shall be designed as per relevant IRC codes.

105.5 Longitudinal Gradient and Cross Slope

105.5.1 The maximum longitudinal gradient on bridge shall be consistent with the gradient
of the approach roads as per relevant IRC codes.

105.5.2 The cross slope on bridge deck shall be consistent with the cross slope of the
adjoining roadway.

105.5.3 During exiting a bridge, consideration shall be given to stopping sight distance,
especially where bridge approaches are constructed close to intersections.

105.6 Super-Elevation

105.6.1 The super elevation and additional widening on the deck of a bridge on a horizontal
curve shall be provided in accordance with the relevant IRC code.

105.6.2 Transition from normal cross slope to full super elevation shall be avoided over a
bridge as far as possible.

105.7 Approaches to Bridge

105.7.1 The approaches on either side of the bridge for a length of at least 15 m shall
continue to have the same horizontal profile as that provided for the bridge. This length may
be suitably increased where necessary to provide for the minimum sight distance for the
design speed. However, in difficult geometric situations, the minimum length of approaches
with same horizontal profile may not be insisted upon, provided user’s safety concerns are
not compromised.

105.7.2 Where horizontal curves have to be provided on the approaches, beyond the
straight portion on either side, the minimum radius of curvature, the super elevation and
transition length for various speed and curve radii shall be provided in accordance with
stipulations contained in relevant IRC Codes.

105.7.3 Ifthere is a change of gradient in the approaches, suitable vertical curves shall be
introduced conforming to stipulations contained in relevant IRC Codes.

106 HYDROLOGY AND HYDRAULIC DESIGN

106.1 Data collection for hydraulic design shall be made in accordance with
Clause 104.2 of the Code.
106.2 Determination of Design Highest Flood Level

106.2.1 The design flood level shall be decided on the basis of data collected during
reconnaissance survey, aerial survey, satellite maps, detailed survey and hydrological and
hydraulic studies and analyses made.
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106.2.2 Design Highest Flood Level shall be the Highest of the following :

a) The highest of flood levels as obtained from local enquiries from aged
persons. Such local enquiries should be made at 3 different locations at
site.

b) Level of the highest watermarks, left on different old structures or the erosion
marks on the banks

c) Highestflood level thatwill be able to pass the design discharge as determined
from other sources as per clause 106.3

d) The highest of the levels after considering the effects of confluence,
backwater and HFL because of merger of or into any other river in the
influence zone upstream or downstream of site.

e) The highest level as corroborated from the records of HFL available for
existing bridges, other structures like dams and spillways and gauge stations
etc. on the river in upstream or downstream direction.

f)  Effect of any new structure planned for future in the influence zone of the
stream.

106.3 Determination of Design Discharge

106.3.1 The design discharge for which the waterway of the bridge is to be provided, shall
be based on maximum flood discharge of return period of 100 years. In case where the
requisite information is not available, the design discharge shall be the maximum estimated
discharge determined by consideration of the following or any other rational method.

106.3.1.1 From the records of discharge observed in the stream at the site of the bridge,
or at any other site in its vicinity i.e., the discharge taken for design at any other bridge site
and any other irrigation structures like dam or spillway or Gauge Station on this river in the
upstream direction.

106.3.1.2 From the rainfall and other characteristics of the catchment:

i) By the use of an empirical formula, applicable to that region, provided
that empirical formula can predict the maximum discharge for given return
period.

i) By a recognized method, provided it is possible to evaluate, for the region
concerned, the various factors employed in that method.

106.3.1.3 From stage discharge curves, if available

106.3.1.4 By the area velocity method with the help of hydraulic characteristics of the
channel. In case of the river not confined within banks and flowing in larger widths, the flow
width should be divided into suitable zones i.e., main flow channel, side flow channel, slow
channel and stagnant or no flow channel depending upon the characteristics and various
parameters which should also be considered accordingly for calculation of discharge from
that zone.
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106.3.1.5 By unit hydrograph method (see appendix-1)

Flood estimation reports in respect of total 21 climatic sub-zones (Appendix-1(a)) in the
country have been prepared based on the hydro-meteorological data collected for selected
catchments of areas varying from 25 to 1500 sq.km. and are available with the Director,
Hydrology (small catchments), Central Water Commission. The methodology recommended
in the relevant sub-zone report pertaining to a particular region may be followed for
assessment of maximum discharge for the design of bridges.

106.3.2 Where possible, more than one method shall be adopted, results compared, and
the maximum discharge fixed by judgment by the engineer responsible for the design. The
bridge shall be designed for this maximum discharge. However, for catchment areas covered
by sub-zones mentioned in Appendix 1(a), the maximum discharge shall be assessed on the
basis of the flood estimation report for the said sub-zone.

106.3.3 Various limitations of the methods for computing the Maximum Design Discharge
correctly under different flow, bed and site conditions and for a given return period, should be
kept in mind and accounted for adequately while deciding the same.

106.3.4 For minor bridges, where catchment area cannot be defined, reliance may be kept
on Area Velocity Method.

106.3.5 The maximum estimated discharge from the catchment area as calculated above
or normal peak flood discharge from the dam/spillway if existing or being proposed in the
upstream of the bridge (to be ascertained from the Irrigation Authorities), whichever is more,
shall be considered for design of the bridge.

Freak flood discharges or exceptional discharge of high intensity due to the failure of a dam
or tank constructed upstream of the bridge need not be catered for.

106.3.6 In cases where the design discharge cannot be properly quantified and in spill
zones of rivers known for flash floods, the abutments may also be designed and detailed as
‘piers’ for possible future extension.

106.4 Discharge for Design of Foundation and Protection Works

To provide for an adequate margin of safety, the foundation and protection works shall be
designed for a larger discharge than the design discharge given in Clause 106.3, for which
reference may be made to the provisions contained in relevant IRC Codes.

106.5 Determination of Waterway

106.5.1 Linear Waterway

106.5.1.1 For natural channels in alluvial beds but with well defined banks and for all natural
channels in beds with rigid in-erodible boundaries, the linear waterway shall be distance
between banks at HFL, at which the designed maximum discharge determined in accordance
with Clause 106.3, can be passed.

106.5.1.2 For natural channels in alluvial beds and having undefined banks, the linear
waterway shall be determined from the design discharge using some accepted rational
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