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Challenges
 We are now all expected to do more with 

less resources (funding and labor)

 The assets are aging

 Climate:
‒ 1.5 degree rise since 1880
‒ More intense storms
‒ 100 year floods twice as frequent 

as 40 years ago

 Societal Changes
‒ More stringent H&S requirements
‒ More intense public scrutiny
‒ More environmental requirements
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Can we keep doing this?



Asset management
 Does not replace existing good practice, instead it 

provides the framework within which this practice may be 
more effectively implemented, managed and 
complemented by other processes

 It is not maintenance management

 Authorities should have asset management requirements 
common to all transport assets (e.g. roads, structures, 
tunnels, ports, airports and buildings)

 provides a systematic and holistic framework for the 
management of a group of assets to:

‒ deliver specified Levels of Service
‒ while minimizing whole life costs

Transportation Asset 
Management is a strategic 
and systematic process of 
operating, maintaining, 
upgrading, and expanding 
physical assets effectively 
throughout their lifecycle.  It 
focuses on business and 
engineering practices for 
resource allocation and 
utilization, with the 
objective of better decision 
making based upon quality 
information and well 
defined objectives.
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What do we get from Asset Management?
Improves
 Financial performance
 Economic performance 

Fundamental Questions:  Answer those questions that drive most of the expenditure decisions:
 Which capital projects to undertake, when, and why?
 What work should my operations and maintenance crews be doing, where, and why?
 When to Repair, Refurbish, and Replace

"Tell the story”:  
 For decision makers/public create a business case to drive investment in

operations, maintenance, and capital spending. 
 Paper / decision trail

FHWA Require: 
 Readily meet FHWA MAP 21 /FAST reporting requirements 
 TAMP plans must be submitted and based on risk
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FHWA Study of Asset Management
2005 Study of Asset Management
in four countries:

 England
 New Zealand 
 Australia
 Canada
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England
In England, The Highways Agency ( now Highways England) has a Structures 
Management Information System (SMIS), a repository of condition data for all 
structures on the national network.

 One of the most important drivers for asset 
management in England has been 
governmental directives on transport policy and 
accounting procedures. A tradition of managing 
road assets began in 1825 when Parliament 
stated that it was government's “duty to 
maintain” infrastructure built with public funds. 

 The privatization of the road network in the UK 
over the past 25 years made a asset 
management the main tool in the management 
of the UK’s roads and bridges.  Key 
Performance Indicators, Risk Analysis  and 
Whole Life Costing were required to measure 
performance and determine prioritization. 
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New Zealand
 New Zealand has been a world leader in many 

aspects of road network management

 The maintenance activities on the network have 
been privatized- meaning good information and 
effective management are essential

 In asset management, New Zealand has 
implemented innovative performance-based 
maintenance contracts, established a 
performance-oriented asset management 
decision making structure

 Risk management, key performance indicators 
and whole life costing are all used
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Australia- New South Wales
 Management of the road network 

is outsourced

 The analysis procedures and 
prioritization schemes used 
depend on the type of asset 
program being considered.

 For network and road capacity 
expansion, benefit-cost analyses 
are used to justify investment.

 Infrastructure asset management 
projects are prioritized through a 
risk management process
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Canada -Alberta
 Mid-1990s outsourcing to 

private companies.

 Systematically identifying 
deficiencies and allocating 
resources was an important part 
asset stewardship 
responsibilities.

 An asset management program 
based on risk was viewed as 
serving this function
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FHWA study concluded
 All of the highway management programs the team 

studied in the three countries:

 Had privatized the road network 

 Used asset management and the concept of risk for 
establishing investment priorities.

 The study concluded that:

 Most U.S. asset management experience does not 
have the same level of application. 

 Risk concepts need to be incorporated more 
systematically into U.S. asset management efforts.
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Risk Based Asset Management
 FHWA has now recognized that Risk is key to managing assets  
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Defining and Quantifying Risk

Cause of Death Probability of occurrence 

Heart Attack 1 in 5

Hospital Infection 1 in 38

Car Accident 1 in 84

Bike Accident 1 in 4,919

Air Accident 1 in 5,051

Shark Attack* 1 in 60,453

Lightning 1 in 79,746

Train Crash 1 in 156,169

*Shark data represents number of attacks worldwide, not deaths.
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Kutai Kartanegra Bridge
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For Owners it is all about managing risk- but who 
owns the risk?  Is it the Engineers in the Authority; the 
Executives or the Politicians?

Management of Risk
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Risk Based Asset Management for Bridges
 We usually base all our bridge asset management on 

condition alone

 Each element is assigned a quantitative score based on 
the vulnerability and criticality of each element.

 The product of the criticality score and the vulnerability 
score is called the Risk Priority Number (RPN).

 The method provides the owner with a ranking of  
elements most at risk.

 This ranking can be used to determine the capital 
program and frequency of inspection for each 
component 
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Risk Analysis Theory
 Determine how critical each element of the bridge or tunnel is and 

examine how vulnerable each element is by using a number of metrics.

 In essence Criticality x Vulnerability is a way of calculating Risk. 

 Risk = Likelihood x Consequence is Vulnerability x Criticality.

 Criticality x Vulnerability = Risk Priority Number (RPN). The higher the 
number the higher the risk.

 Once an RPN is assigned to a bridge or tunnel element then maintenance, 
capital planning and inspection can all be prioritized in a methodical way 
based on the risk to the Owner.

9/13/2019 20



Vulnerability and Criticality
Vulnerability Metrics
 Failure Mode
 Likelihood of detection
 How hard is the component working 

and what is its condition (C/D ratio)
 Dynamic Load and Fatigue
 Probability of Damage or Deterioration

Criticality Metrics
 Operational Impacts 
 Hazard Severity
 Structural Redundancy/Fracture Critical

Weighting of the Vulnerability and Criticality metrics can also be carried out. For the Vulnerability Metrics 
this will weight the importance of each individual metric. For the Criticality Metrics the three metrics can 
be weighted again  to differentiate between individual metrics but also to differentiate between bridges. 
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Capital Program
 How do we  determine which capital projects to prioritize  if we have multiple assets?
 Ranking by priority using risk analysis techniques is used.  The RPN values  already 

established for each of the elements on the bridges are the building blocks  to enable the 
prioritization of projects to be determined as shown in the example below:
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Bridge Capital Project RPN 

A Suspender Replacement 20
B Pin and Link Replacement                           18
C Main Cable Inspection 25
A Main Cable Dehumidification                     25
D Finger Joint Replacement 18
D Anchorage Dehumidification                      22
B Deck Repairs                                                  15
C Tower Painting 10 

 The next and final stage, is to 
examine  the capital costs of 
carrying out these projects  
establish a funding profile over the 
next 20 years to ensure Client 
funding  is available.



Inspection Frequencies
 Inspection frequency can be varied with risk of damage or 

failure. 

 Beneficial in three ways:
‐ Elements that are most at

risk of failure are inspected
more frequently

‐ Resources and staff can be
used more efficiently

 Increasing the inspection
frequency of critical components
provides more assurance of
the long term structural integrity
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PESTLE Analysis
 Structural and Operational Risks have been 

accounted for in prioritizing  projects

 Owners Authority may wish to also look at all of 
the  risks that can be included in a PESTLE 
(political, economic, social, technical, legal and 
environmental)  analysis 

 Would involve evaluating  all these risks if each 
individual project was not carried out.

 Economic, political, social and legal issues are 
in many cases directly tied to operational risk.
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Deterioration Curves
Example Calculation

14 <<User‐selected Model No. from "Curves" Guideway, Track, Bridges

Decay Curve AC Curve Failure Curve Years Revised
Constant Age C0 C1 C2 C0 C1 C2 to 2.5 Useful Life

4.3832            (0.0587)           0.4181            3.6229            (0.0399)           0.1097            3.6260            (0.0399)           83.3942          83.3942          

Results
Age Rating AC Failure

0 4.95 1.0875% 0.2844%
1 4.95 1.1306% 0.2957%
2 4.94 1.1752% 0.3074%
3 4.94 1.2216% 0.3195%
4 4.94 1.2698% 0.3321%
5 4.93 1.3198% 0.3452%
6 4.93 1.3717% 0.3588%
7 4.93 1.4256% 0.3729%
8 4.92 1.4816% 0.3876%
9 4.92 1.5396% 0.4027%

10 4.91 1.5998% 0.4185%
11 4.91 1.6623% 0.4349%
12 4.90 1.7271% 0.4518%
13 4.90 1.7943% 0.4694%
14 4.89 1.8641% 0.4877%
15 4.88 1.9364% 0.5066%
16 4.88 2.0113% 0.5262%
17 4.87 2.0890% 0.5466%
18 4.86 2.1696% 0.5676%
19 4.85 2.2531% 0.5895%
20 4.84 2.3396% 0.6121%
21 4.84 2.4292% 0.6356%
22 4.83 2.5220% 0.6599%
23 4.82 2.6182% 0.6851%
24 4.81 2.7177% 0.7111%
25 4.79 2.8208% 0.7381%
26 4.78 2.9275% 0.7661%
27 4.77 3.0379% 0.7950%
28 4.76 3.1521% 0.8249%
29 4.74 3.2703% 0.8558%
30 4.73 3.3925% 0.8878%
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Asset Management Simplified Process

Capture Assets from new 
construction BIM data

Straight line 
depreciation

Assessments 
Underway

Asset Data in Maximo, 
VFA, GIS, Primavera, 

Propworks, etc.

Data collected should have a clear
purpose and be directly related to asset 
management decision making
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Conclusions
Asset Management of bridges is changing and the
rate change will increase especially with BIM.

Current methods of using Biennial Inspections and 
Special Inspections to identify Maintenance and 
Capital Programs may not be meeting needs

A methodology based on identifying risk will give 
owners assurance, over the Service Life of all 
their assets, of:
 Structural Integrity
 User Safety
 Operational Efficiency
 Best Value 

27


	Risk and Asset Management
	Challenges
	Slide Number 3
	Asset management
	What do we get from Asset Management?
	FHWA Study of Asset Management
	England
	New Zealand
	Australia- New South Wales
	Canada -Alberta
	FHWA study concluded
	Risk Based Asset Management
	Defining and Quantifying Risk
	Slide Number 14
	Kutai Kartanegra Bridge
	Slide Number 17
	 Management of Risk
	Risk Based Asset Management for Bridges
	Risk Analysis Theory
	Vulnerability and Criticality
	Capital Program
	Inspection Frequencies
	PESTLE Analysis
	Deterioration Curves
	Asset Management Simplified Process
	Conclusions

