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BMS  ??? Bridge Maintenance / Serviceability
ÅBridges in any road network are valuable assets and 

cannot  be built  and just  forgotten .  

Å It is a misconception  that a bridge once constructed does 

not require any substantial maintenance for the first couple 

of decades.

ÅThough the pavement failures  are common  and visible ,   

bridge failure when they occur often become catastrophic. 

Å  Even high  quality  of  construction  without proper 

maintenance, will lead to early failure of the bridge

Å  Bridge  management  is not merely a routine, but an art, 

which ensures that the bridges remain fit for their intended 

purpose over long period at minimum  life  cycle  cost . 
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Bridge Condition Survey
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Bridge Collapses In Koraput Amid Heavy Rains, -16th August 2022



Recent Example in Gujurat



Possible causes of Collapse & Follow up action Plan



BRIDGE FAILURE 

NEED FOR  RECONSTRUCTION

BRIDGE  FUNCTIONAL

NEED FOR REHABILITAION 



What is Asset Management ?

1. Systematic process of maintaining, upgrading and operating 

physical assets cost-effectively based on a continuous physical 

inventory and condition assessment.

 

2. It combines sound business practices and economic theory, and 

it provides tools to facilitate a more organized, logical approach 

to decision- making.  

3. Provides a framework for handling ñshort- and long-range 

planningò
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Generic Process of  Asset Management 



Bridge Componets / Assets



ASSET DATA & ASSET  INVENTORISATION

ÅAsset Inventory

ÅAsset  inventory  is  the foundation  stone  on which  asset  

management  processes  are to  be built  

Å Desirable Data

Å The inventory data requirements for the adoption of a fully 

implemented asset management approach can be determined  

from  considering  the purpose  and potential  use of  such  data .



. BRIDGE ASSET DATA COLLECTION  

Å The data base is  a central  feature  of  BMS in  the  modern  
context .

Å The types  of  data needed  for  BMS can be broadly  classified  
as inventory  data and condition  data.

Å Network -level  data  should  answer  the general  planning,  
programming,  and policy  decisions  supported  by the  
network -level  BMS;

Å Project -level  data  should  support  decisions  about  the best  
treatment  to  apply  to  a specific  bridge  project . As these  data  
are collected,  they  can be stored  to  create  a more  complete  
database  over  time . However,  a method  must  be established  
to  keep the data current ; and,

Å Research -level  data  should  be established  to  collect  detailed  
data  on specific  attributes  to  answer  selected  questions .



METHOD OF DATA COLLECTION

Å The cost of data collection tends to be the largest component of managing 
and running a BMS. 

Å It is therefore important to select data acquisition technology that is 
appropriate to the objectives, resources and modus operandi of the agency.

Å The criteria that can guide the selection of the data collection method are:

Å Reliability : A trade-off between the accuracy of the method and its 
productivity.

Å Accessibility  (Resources): Deals with the efforts  required  to  transfer  the  
data  from  the collection  medium  to  the database , the capability for 
reviewing and verifying the data before storage, and the speed and 
accuracy with which transference to storage can be made;

Å Affordability : Includes technical  support,  staff  and financial  resources  
required  to  sustain  the data  acquisition  process  continually through the 
annual operations of the agency.



FREQUENCY OF DATA COLLECTION

Å Data should be collected  only  as frequently  as is  required  to 
ensure proper management of the Bridges . 

Å The frequency can vary depending upon the data of interest. 

Å Frequency of data collection is guided by the following factors:

a) Level of data collection (Network or Project);

b) Intended use of the data (Planning or programming etc);

c) Method of data collection (sampling or continuous);

d) Significance of the Bridge ;

e) Type of funding (public funds or private funds or loan/grant);

f) Availability of human resources (In-house or outsourced);



Assessment of Remaining Service Life 



ASSET MANAGEMENT DECISION MAKING &  MAINTENANCE PLAN

Decision  Making  Criteria  

 Project  Level  Decision  Making  

Network  Level  Decision  Making  

Asset  Maintenance  Planning   



Institutionalization of RAMS 

Å For sustainability of Road Asset Management within an 

organization, it is important that institutional  support  is  

available  from  high  ranking  decision -makers . 

Å A separate  organizational  unit  within the department / agencies 

staffing structure is essential with explicit responsibility for the 

RAMS development/ commissioning, implementation, 

operationalization 

Å Responsibility includes awareness  of  the system,  manage  data  

collection,  constantly  look  for  ways  of  improving  data  

collection  procedures  and data  quality  assurance , periodical 

review of  off-the-shelf RAMS packages available and used 

worldwide.  

Å There should  be a budget  for  the operation  of  the system , 

including all staffing, equipment, data collection (outsourced or in-

house), field travel, quality assurance etc.



Adoption of Appropriate Technology

Å It is important that the RAMS implementation should  fit  

within  the overall  IT strategy  of the department / highway 

agency,.

ÅTechnical requirements should describe the technology 

environment within which the RAMS will fit (ie hardware,  

operating  systems,  databases,  GIS, and other  

applications ). 

Å IT implementations should  preferably  use commercial  off -

the-shelf  (COTS) products , wherever possible as custom 

developed applications have often proved difficult and 

expensive to sustain. 

Å It must be acknowledged that RAMS like  any other  system  

is  not  static  as technology  continues  to move  forward  in 

a number of areas such as IT, data collection, road 

deterioration modeling, maintenance treatments etc 



Bridge Management System(BMS)
ÅBridge  Management System(BMS)  is  a system designed 

to optimize the use of available resources for the inspection, 

maintenance, rehabilitation, and replacement of bridges 

(AASHTO)

ÅBridge inspection is an essential element of any Bridge  

Management  System  particularly for aged and deteriorated 

bridges and a path way to condition rating. 

ÅThe validity of Condition  Assessment  relies heavily on the 

quality of the inspection. 

ÅA BMS consists of a database of bridge information and 

analysis tools to identify needs  and prioritization  

for bridge  maintenance,  rehabilitation,  and replacement .



Bridge Componets / Assets



Bridge Components/ Assets
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Bridge Maintenance Activity & BMS

ÅBridge Maintenance is a critical component of an 

Organizationôs Road Asset  Management  plan  that 

includes both routine and preventive- maintenance for Minor 

Bridges, Major Bridges, Culverts / other Cross Drainage 

Structures, which are important component of a highway 

/road network system 

ÅMaintenance and repair are complementary operations and 

are both essential components of Bridge  Management . 

ÅMaintenance is cyclic  activity  which is repeated over the life 

of the structure. It is preventative in principle and is generally 

straightforward, routine and repetitive.



Bridge Routine Maintenance & Preservation

ÅBridge  Routine  Maintenance  encompasses work that is 

performed in  reaction  to an event,  season,  or  activities  

that  are done  for  short -term  operational  need that do not 

have preservation value. This work requires regular 

reoccurring attention.  

ÅBridge  Preservation  is defined as actions or strategies that  

prevent,  delay,  or  reduce  deterioration  of  bridges  or 

bridge elements; restore the function of existing bridges; 

keep bridges in good or fair condition; and extend their 

service life. 

ÅPreservation  actions  may be cyclic  or  condition -driven .



Bridge Maintenance & Preservation 

Bridge  Maintenance  & Preservation  is generally done 

through a systematic process of Bridge  Asset  Management , 

which in turn is an integral part of any complete highway/road 

asset management planning for an organization. 



Methodology

Seven-steps process

ÅInspection & Identification of distress types

ÅSeverity & extent of distress 

Å Condition rating for elements

ÅOverall rating of the bridge

ÅMaintenance Strategy ïDecision making 

ÅPrioritization & Implementation

ÅPerformance Monitoring & Evaluation (KPI)

27



What to inspect & How ???



Benefits of Preventive Maintenance and

 Consequences of Deferred Maintenance 

ÅBridge preservation strategy that employs the right  

treatments  at the right  times  is the most cost-effective 

strategy for the management of highway bridges 

Å It costs less to maintain bridges in good condition than to 

maintain them in a deteriorated  condition .

Å  Applying the wrong  treatments  or  deferring  maintenance  

altogether , leads to a major rehabilitation or possible 

complete replacement.

Å  Rehabilitation projects and replacement projects are costly.

ÅBridge repairs and rehabilitation improve the condition of the 

bridge. 



Benefits of Preventive Maintenance and 

Consequences of Deferred Maintenance 

ÅEach repair  adds  to the length  of  time  the bridge  will  

remain  in  service . 

ÅAs the structure  ages further,  the condition  rating  drops  

and soon another repair or rehabilitation becomes necessary. 

ÅEventually, the deterioration  becomes  extensive  and the 

structure has to be replaced.  

ÅDuring the life of a bridge, some  elements  such  as 

expansion  joints  and approach  slabs  are repaired  several  

times , each time improving the element condition but not the 

overall bridge condition rating. 



ÅMore extensive  rehabilitation,  such  as deck  or  

superstructure  replacement  have a greater  effect  on the 

bridge  condition  ratings,  but  are done  less  frequently . 

ÅThe deck  may be replaced  once  during  the life  of  the 

bridge . 

ÅA second  deck  replacement  project  is  not  common  as 

too many other elements of the bridge may also require 

replacement

ÅAt that point the service life of the bridge is reached. The 

bridge becomes a replacement candidate. 



Funding Bridge Preservation 
Å Bridge managers look to address the needs of all bridges in their 

inventory / Network  ( Odisha  3700 cases)

Å They balance  investments  in new bridges, rehabilitation, and 

preventive maintenance activities. 

Å Just as using all available funds for bridge replacements  would  

neglect  the  preservation  of  existing  bridges,  using all resources 

on preventive maintenance would ignore more significant needs, 

such as bridge replacements and rehabilitations. 

Å Decisions on funding bridge preservation require clear  objectives  

and measureable  goals  and are based on needs. 

Å An objective could be as simple as: Implement timely preservation 

treatments on structurally  sound  bridges , thereby extending their 

useful life. 
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Current Practices in our country by

 MORTH /NHAI /State PWDS

 vis -s-vis 

 Literature Survey on 

Bridge  Maintenance Practices Around the World
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BRIDGE INSPECTION / CONDITION RATING 

MAINTENANCE STRATEGY

BMS GLOBAL APPROACH 
 























BRIDGE INSPECTION  & CONDITION RATING - JAPAN

ÅEach element in the structure is evaluated based on every 

single kind of defect, such as cracking, corrosion, etc., A 

demerit  rating  is  assigned  to each element in a tabular 

format. 

ÅAccording to the Regular Inspection Procedure for Road 

Bridge (2014) regulated by the Ministry of Land,  

Infrastructure,  Transport  and Tourism  (MLIT) , there is 

basically one inspection type; Regular  Inspection . 

ÅRegular inspection in Japan is a hands -on visual  

inspection  of  components  or  elements  in a close 

distance. 

ÅFor every structural member in each span, the condition is 

translated into either of the maintenance  urgency  ratings  



CONDITION  RATING OF BRIDGES IN JAPAN

Maintenance urgency ratings are diagnoses given by experienced 

engineers in a very subjective manner, for each member, taking into 

account the damage type, location of damage, direction of crack, earlier 

remedial work history, etc. 



BRIDGE INSPECTION & RATING  - 

UNITED STATES OF AMERICA
ÅNational  Bridge  Inspection  Standards  (NBIS) set the 

criteria for proper inspection and evaluation of all highway 

bridges in the United States. 

ÅAccording to the American Association of State Highway and 

Transportation Officials (AASHTO) manual for Condition 

Evaluation of Bridges, the overall condition rating is assigned 

for three major components: deck,  superstructure  and 

substructure  which are further divided into various 

elements 

ÅFederal regulations address bridge inspection population, 

inspection intervals, inspection methods, inspection 

personnel, and inspection reporting



Eight types of bridge inspections - USA 



CONDITION RATING SYSTEM ï USA



FIVE TYPES OF BRIDGE INSPECTION IN UK

Methodology  of  visual  inspection  in  U.K. is  primarily  based  on Severity  

ï Extent  code  prescribed  procedure  set  out  by Highway  Agency . 



 UK Bridge Condition Rating System
ÅThe severity  defines as the degree of damage while extent  is 

a measure of the length, area, or number of defects of the 

bridge element. 

ÅCondition rating  used in the UK is  a scale  of  1-5, describing 

the degree of deterioration, from minor (structurally sound) to 

a collapsed state (non-functional). 



BRIDGE INSPECTION IN SOUTH AFRICA

Å Inventory and inspection of bridges is done by the South  

Africa  National  Roads  Agency  Limited  (SANRAL)  for 

bridges on national roads, Provincial departments of 

transport for bridges on provincial roads and municipal 

transport agencis for bridges on municipal roads. 

ÅSouth African maintenance practice includes five  types  of  

inspections  . 

ÅThe defects are rated for their Degree,  Extent,  Relevancy  

and Urgency  (DER&U). 

ÅThe DER&U rating system identifies defects and prioritizes  

them  by evaluating  their  relative  importance  to the 

structural  integrity  of  the bridge . 

Å It is important to note that the ratings are not  directly  

associated  with  the elements  but  with  the damage



BRIDGE INSPECTION IN SOUTH AFRICA



BRIDGE INSPECTION IN DENMARK
ÅDanish  Road Directorate  used a computer-based BMS, 

called DANBRO , to manage their bridges. 

ÅDANBRO throughout Denmark since  1988 identifies eight  

types  of  bridge  inspections  . 

ÅFor each defect reported, the inspector will recommend a 

repair scheme, its year of application, and also estimate the 

costs for repair actions

ÅCondition ratings in Denmark are built up from three 

contributors: damage  (3 points),  function  (1 point),  and 

consequence  (1 point) . 

ÅThe overall  rating  scale  is  0-5, with ó0ô meaning no damage 

and ó5ô implying that the component can no longer fulfil its 

function



Eight Types Bridge Inspection in Denmark



DANISH ROAD DIRECTORATE  ñDANBROò RATING SYSTEM



Bridge Inspection & Condition Rating  in Germany

ÅBridge inspections at two levels called Major Test and Minor 

Test . 

ÅMajor tests are arms-length (DIN wording is ñtouching-

distanceò) inspections of all elements with access to all 

parts. 

ÅMinor tests are done three years after each major test. 

Å In Germany, condition rating scales run from 0 (good) to 4 

(very poor). 

ÅEach bridge component is assigned three ratings; one each 

for structural damage, traffic safety, and bridge durability. 



Bridge Inspection Type in Germany



GERMANY - RATING FOR STRUCTURAL DEFECT & 

BRIDGE COMPONENTS 



Canadian rating (Bridge Condition Index) ,

Å One of the option could be to consider  the replacement  cost  of  the 

bridge  and then  define  BCI (Bridge  Condition  Index) . 

Å To calculate the BCI rating,  the current  value  is  divided  by the  

replacement  cost  of  the bridge . 

Å Good  - BCI Range 70 -100 (For a bridge with a BCI greater than 70, 

maintenance work may  not be required within the next five years ). 

Å Fair  - BCI Range 60 -70 (For a bridge with a BCI between 60 and 70 

the maintenance work can be  scheduled within the next five 

years.  This is the ideal time to schedule major bridge repairs from an 

economic perspective.

Å Poor  - BCI Less  than  60 (For a bridge with a BCI rating of less than 

60, maintenance work should be  scheduled within one year). 

61



Scenario in India ï Indian Roads Congress IRC Guidelines



Decision processes for maintenance 

ÅQuality of Inspection & Reliability of insitu data

ÅBridge Condition Rating (Element level & Full)

ÅMaintenance Needs (Element level & full)

Å Effectiveness of Maintenance (Alternatives)

Å Funding Availability & Economic Evaluation

ÅProject Level Work Program 

ÅNetwork Level  Work Program 

ÅImplementation & Monitoring















External Post -Tensioning 

Over the service life of a 

pre-stressed concrete 

member, loss in pres-

stress may occur due to a 

variety of reasons. Post-

tensioned bridges can be 

effectively rehabilitated by 

external post-tensioning 

technique to compensate 

for loss in pre-stress or 

increase in wheel loads. 





Maintenance Items &  Objectives / Alternatives



Maintenance Items, Objectives & Best Practices



Maintenance Items, Objectives & Best Practices



Performance Monitoring and Evaluation

Å It is  desirable  to have a process  for  monitoring  and evaluating  the 

asset  management  implementation  through  performance  measure  

parameters .  

Å Some of  the key performance  indicators  (KPI) 

 a) Average  condition  of  the all  bridges  on a network  in  terms  of  

Bridge  Condition  Indices  (BCI) before  and after  implementation  of  

BMMS 

    

    b)  Percentage  of  Ill  condition  bridges  in  a road  network  above  a 

threshold  values  of  SHI as an indication  of  timely  intervention  for  

improvement  in  functionality  / serviceability,  

    

    c) Percentage  of  distress  in a network  level  over  a threshold  values  

of   Cracking/Corrossion  / Spalling  / or  combination  of  these,  

    

    d) number  of  Bridges  maintained  per  year

    

    





Typical Mobile Bridge Inspection Unit



Typical Mobile Bridge Inspection Unit





Typical Mobile Bridge Inspection Unit



ODISHA CASE STUDY



Condition Assessment &Remedial Measures for 

Bridges under PWD , Govt of Odisha

Total Bridges : 304        PWD Divisions: 31

Major Bridges: 52          Minor Bridges: 252




