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• Background
• Highways Act 

– S41 Duty to Maintain Highways Maintainable at Public Expense
– S91 Bridge Maintainable at Public Expense
– S92 Reconstruction of Bridge Maintainable at Public Expense

• BD63 - Bridge Inspections – for many years traditionally
– General Inspections – 2 yearly
– Principal Inspections – 6 yearly – now risk assessed intervals 2-18 years
– Special Inspections
– BD79 – Management of Sub-Standard Structures 
(following structural assessment to BD21)
Monitoring, Interim Measures

Bridge Inspections to Manage Risks
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• BD63 now updated to include risk based as uniform inspection interval did not consider
– New bridges with little existing damage
– Environments or condition where deterioration is unlikely
– Bridges & Bridge Types with long histories of good performance
– Damage that has little effect on safety or serviceability

Bridge Inspections to Manage Risks
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• The Challenge:
- Reduction in Revenue 
& TfL/LoBEG funding
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• Review Bridge Stock
• Condition, type/material, spans, 

obstacle crossed, consequence 
of failure/closure (safety, TM, 
political, commercial), age

• Inspectability – hidden elements?
• Desktop Study & BridgeStation
• Fill gaps
• Prioritise Risks & spend

Bridge Inspections to Manage Risks
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• How to manage highway structures risks with reduced budgets
• Tools available – BD 63/17, Guides & BridgeStation

Bridge Inspections to Manage Risks
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Engineering Judgement to Manage Risks
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• Brick Wall – good condition
• High BCICRIT, high BCI AV

• Generally visible (unlikely to 
clear vegetation to rear for PI)

• Durable low-maintenance wall
• Reduce PI 6  12-18  yearly
• GI 2 yearly routine 

maintenance & BCI update 
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Table 1 – Risk Assessment Criteria
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ASSESSMENT 
CRITERIA 

COMMENTARY SOURCE OF INFORMATION 

Structure Type 

Form Different structural forms can be expected to experience varying degrees of deterioration and have 
each been rated accordingly to consider this. 

(a) Inventory 
(b) Structure File 

Material The primary constituent material will have an impact on the likelihood of deterioration. Historical 
performance has been evaluated for different construction materials and is reflected in the scoring. 

(a) Inventory 
(b) Structure File 

Age The age of a structure will usually affect the likelihood and rate of deterioration. In general, it would be 
expected that an older structure approaching the end of its design life will encounter more maintenance 
issues and hence be more prone to deterioration. Newer structures may encounter initial teething 
problems before they are considered to be performing optimally. 

(a) Inventory 
(b) Structure File 

Span / Height / 
Headroom / Length 

Although every structure has different design requirements, probabilistic analysis shows that bridges 
with longer spans and retaining walls with greater retained heights, tend to be at a higher risk of failure. 
Not only is the likelihood increased but also the associated consequence of failure. 

(a) Inventory 
(b) Structure File 

Environment 

Scour Scour susceptible structures are not suitable for reduced inspection intervals. (a) Inventory 
(b) Structure File 
(c) Scour Assessment in accordance 
with BA 74/06 or BD 97/12 

Flooding Structures in areas susceptible to flooding should be assessed as having increased risk. (a) Qualitative assessment of the 
available information that would 
inform the likelihood of flooding 

(b) Environment Agency records 
Inspection / Assessment 

Visual Access Limited visual accessibility to critical elements will reduce the reliability of the General Inspections 
undertaken between Principal Inspections. 

(a) Qualitative assessment of the 
available information on visual 
accessibility. 

Latent defects Some structure types are more susceptible to containing defects that are not evident during a Principal 
Inspection for example, post-tensioned concrete bridges with internal grouted tendons. 

(a) Inventory 
(b) Structure File 
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Table 1 – Risk Assessment Criteria
ASSESSMENT 
CRITERIA 

COMMENTARY SOURCE OF INFORMATION 

Assessments Where an assessment has been carried out on a structure, a greater degree of confidence can be 
achieved with regard to the structure’s ability to carry load. The findings of the assessment report 
should give a clear indication of any current load restrictions and any recommended condition factors. 
Any current load restrictions in place indicate that the current condition of the bridge is below design 
standard, resulting in a higher potential risk of deterioration. 

(a) Load Management Records 
(b) Assessment reports 
(c) Interim Measures Records 

Condition 

Inspector’s Condition 
Rating 

Condition is to be assessed using two criteria. The first is the Inspector’s subjective condition rating of 
the structure (ie. Good, Fair or Poor), which should give a good overview of the condition of the 
structure. 

(a) inspection records 

Condition Performance 
Indicators 

Secondly, Condition Performance Indicators, where available, are to be taken into account. These are 
an objective measure of the physical condition of the highway structures stock, calculated using the 
Highways Agency’s Severity/Extent condition rating system5. They are reported for each structure on a 
scale of 0 to 100, where 0 represents the worst possible condition and 100 represents the best possible 
condition. 

 
There are two scores to consider: 

 
1. Average Condition PI Score, PIAv (based on all elements) 
2. Critical Condition PI Score, PICrit (based on the most critical elements only) 

(a) Condition Performance Indicator 
Reports 

Concrete Deterioration Any deterioration of concrete including that due to Thaumasite Sulphate Attack, Alkali Aggregate 
Reaction, Alkali Silica Reaction and Alkali Carbonate Reaction should be scored 

(a) Inventory 
(b) Structure File 
(c) inspection records 

Consequences 

Load Type Load type may not have an impact on the likelihood of deterioration or failure. However, it will have a 
bearing on the overall consequence of any potential collapse. 

(a) Load Management Records 
(b) Assessment reports 
(c) Interim Measures Records 

Route supported and 
obstacle crossed 

These attributes are intended to reflect the importance of the structure within the overall road network in 
the event of a structural collapse. 

Inventory 

Failure Mode Brittle failure modes can result in collapse without warning and high consequences whereas ductile 
modes typically give warning of structural distress. 

(a) Inventory 
(b) Assessment reports 
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BD63/17 Risk Rating & PI Intervals
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BD63/17 Risk Based Spreadsheet
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• Further Guides and Case Studies – CIRIA Hidden Defects - known 
problems & best practice guidance. 

• TfL method assigns an ‘inspectability’ factor recognising potential risks 
within hidden elements.

Hidden Defects
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What do we mean by ‘hidden’?
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CIRIA Hidden Defects in Bridges Guide
PART 1
1. Introduction
2. Management of hidden defects in bridges, existing practice
3. Management of hidden defects in bridges, recommended practice
4. Components and defects in bridges
PART 2
5. Iron and steel bridges
6. Concrete bridges
7. Masonry arch bridges
8. Timber bridges
9. Bearings and expansion joints
10. Durability components
11. Safety components
12. Other bridge components
13. Ancillary components
14. Substructure
PART 3
15. Further research
16. Conclusion
PART 4 – Case studies – 39 No.

Owners and 
managers

Inspectors, 
maintainers, 
designers

All

All
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Hidden defects – Steel Bridges Example

From AECOM Arup CIRIA Report on Hidden Defects – after sketch by John Collins of Arup
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• Hidden defects in post-tensioning
• Inspection & Testing – Post-Tensioned Special Inspection
• Complex live remote monitoring – Acoustic Emissions etc.
• Analysis of AE readouts to confirm wirebreaks vs ‘noise’
• Regular assessments based on wirebreaks, condition & trends
• Prediction of capacity & time to failure
• Expertise of team managing

Case Study – Hammersmith Flyover
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Risk review
Risk review

Risk assessment

Risk management works

RE
GU

LA
R 

RE
VI

EW

• How has risk changed?
• Gathering and reviewing information.
• What could fail?

• What is the consequence?
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• Plot values of likelihood and consequence
• Components in the top right are “high risk”
• High likelihood may not mean high risk, if 

consequence is small
• High consequence may not be high risk, if the 

likelihood is low

Risk Matrix

19



www.watermangroup.com

• Design e.g. Concrete cover, strength, waterproofing
• Loading e.g. AADT, High HGV, AIL route
• Condition - Spalling, cracking etc.
• Durability - Leaking joints
• Experience, judgment, deterioration – HE/TfL guides

• Prioritise importance & develop Likelihood scoring - example

How likely is it?

20

 
 

Level Qualitative 
Rating 

 
Description Likelihood 

(POF) 
Expressed as 
a percentage 

 

1 

 

Remote 
Remote probability of 

occurrence, unreasonable to 
expect failure to occur 

 

≤1/10,000 

 

0.01% or less 

 
2 

 
Low Low likelihood of 

occurrence 
1/1000- 
1/10,000 

 
0.1% or less 

 
3 

 
Medium Moderate likelihood of 

occurrence 
1/100- 
1/1,000 

 
1% or less 

4 High High likelihood of 
occurrence >1/100 > 1% 

 



www.watermangroup.com • Focus attention on the most critical damage
– Could this result in collapse? FMEA

methods Use HE/TfL guidance
• Consequence scenarios

– Low, Medium, High, Severe
– Consequence scenarios – case studies –

CIRIA Guide on Hidden Defects etc
– Political, Strategic Route, Traffic, 

Commercial, Social Mobility

Consequence Factors

21Forth Road Bridge
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FMEA Examples – safety criticality

CIRIA Hidden Defects Guide
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Risk-based approach to Managing Hidden Defects
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Initial comments from experts are 
pointing at lack of adequate 
maintenance on difficult to inspect 
elements – hangers and cables
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Smart Bridges – Structural Health Monitoring
For complex and high value assets – Queensferry system monitored in real-time
Future – reduced costs wider application
BIM – As-Builts & Maintenance Records
Asset Tagging – Maintenance trends
BridgeStation – BCI & real-time interrogation/upload
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Historic Structures - Investigation & Refurbishment 
Challenges

Leakage through brickwork 
Condition behind unknown
Historical waterproofing system
Limitations on grouting tube diameter



www.watermangroup.com

• Risk assessed PI intervals
• Special Inspections & Monitoring
• Hidden Defects
• Smart Monitoring is coming!
• Engineering Judgement
• BD63/17, TfL Guide, BridgeStation, FMEA
• Efficiency savings

Bridge Inspections for Risk - Summary
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Amrit Ghose – Framework Director
amrit.ghose@watermangroup.com

Thank you!
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