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Risks and Hidden Defects

Amrit Ghose — Framework Director
amrit.ghose@watermangroup.com

LoGEG London - 11 October 2019
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« Background
* Highways Act
— S41 Duty to Maintain Highways Maintainable at Public Expense
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— 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
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Bridge Inspections to Manage Risks

« 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
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» The Challenge:

- Reduction in Revenue
& TfL/LoBEG funding

f money

HRAH

= adidas
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Bridge Inspections to Manage Risks

° ReV|eW Brldge Stock Select Condition Type To Display: Export Data 8 Export Chart

- Structure Condition Index Key
| BCI Average [¥| SOGR Condition
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Very Good Good Fair Poor

° Condition, type/material’ Spans’ ] BCL Critical >=90 & =100  >=80 & <90 >=65 & <80 >=40 & <65 >=0& <40
obstacle crossed, CONSEQUENCE | sicsmion | s svsirerian | octwoinss o vomer | a6k e |

of failure/closure (Safety, TM, BCI Ratings For The Stock (Numbers)
political’ Commercial)’ age Structure Type Listing (AVF) : London | Owner : Local Authority | Authority : Bexley

* Inspectability — hidden elements? . - -
 Desktop Study & BridgeStation ‘ .

- Fill gaps )

* Prioritise Risks & spend =

&0

40
20
1 |

BCI Average BT Critical S0iER Condition

M very Good

Good
Fair

|:| Paor

- Wery Poor
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Bridge Inspections to Manage Risks

« How to manage highway structures risks with reduced budgets
 Tools available - BD 63/17, Guides & BridgeStation
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Transport for London

Surface Transport

TfL Good Practice Guide

A B 9 9] £ r
Structure Name: Structure Key:
NOTE : Pl Interval to remain at 6 years for the following structures (so this risk assessment process is not appropriate) :
a) Structures with severe (marine envi ) exposure; b) which are scour ible (risk rating 1-4 to BD 97); ¢) Structures adjacent to or over A - A
a waterway where there is a medium or high risk of damage due to flooding; d) Structures subject to BD79 measures; e) Structures which would affect an RISk Based InspeCtlon Of H Ighway
operational railway if they collapsed; f) Structures which have a current inspectors rating as 'Poor’, or 'Av' or 'Cerit' scores of 0-40 Stru ctu res
A - BRIDGES & -
LARGE griteria ¢ iteria Attribute Risk Score
CULVERTS | Numeer December 2011
A1 form Framed Span - Bridges 3
A1 A1.2__[Constituent material Insitu Reinforced Concrete 4
A13 Age of the structure 10-25 years 1
¥
Type A.14  |Headroom Greater than 'Minif intained 3 1
A15 Span 10m to 25m 1
A21 _Exposure Moderate (Routes with de-icing salts 1
A2 A% |Emp vl\::'::l;(flructure not near or adjacent to 4
ENvcmens . No Risk (structure not near or adjacent to
A23  |Flooding 4
waterway)
A3A Level of visual accessibility during a /An enhanced Gl has been completed in the last 6 4
A3 - General Inspection yrs and will be undertaken between Pl's.
. Likelihood of latent defects going -
Lnspechon/ A32 | oticed during a Principal Inspection | =0 Possibility of latent defects 3
ssessment review as
A33 |Assessment Py 2
low or lesser priority -
A4 Condition - Inspector's opinion Good 3
Condition Performance Indicator
e A42 (Average Score) Good (80-90) 3
e Condition Performance Indicator
Condition A43 (Citical Element Score) Good (80-90) 4
Signs of Concrete Deterioration
A44 lincluding TSA, AAR, ASR and ACR __|N© g
A5.1  |Applied loading Full Highway Loading 1
A5 [__A52 |Route supported Motorway 0
n
® ‘
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Engineering Judgement to Manage Risks

O ‘ ﬁ lobeg.co.uk;

* Brick Wall - good condition
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(€) Open Structure Ruxley Corner West RW (RW8)
' '
.
[ H I h B I hl h B I Structure Structure Summary
Clerm Cl ay
Identifier: RWS Element Hierarchy Status: Compliant
. . Details X
° Structure Type: Retaining Wal Top of the wall Footway
e n e ra y VI SI e u n I e y O Files BPRN Structure: Yes Foot of the wall Footway/verge - Foot of wall
R Elements
. Authority: Bexley Restrictions: None
clear vegetation to rear ior tnspecions
Owner: Local Authority Assessment Status: Assessment Not Required
Condition (BCI) Easting /Northing: 548015, 170681 Assessed Capacity: NA
H Maintenance Year OFf Construction: 0 HB Rating: NA
* urapie Iow-maintenance wa
Restrictions
No. of Panels 1 Latest Inspection: 07 Sep 2016
Load Capacity Primary Deck Form: R1 - Gravity BCI Average (Latest Condition):
[ Red u Ce P I 6 E> 1 2_ 1 8 yea rly Incidents/Events Primary Deck Material:  Multiple Primary Materials BCI Critical (Latest Condition): 81.00
Change Log
Last Data Change: Structure Details

» (Gl 2 yearly routine

Map: (full screen map)

.
maintenance & BCI update
ets o
nary Hospital =4
Sar)
&
e
@'a‘q ,
e
SRy
\f‘l’}:
W{‘K@ Jemca Toyota Sidcup
p223 2
it
Stephen James
o BMW Rux\eye +
: Selco Builders
Warehouse Sidcup -
Google Map data 82017 Google  Terms of Use.
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Start

Is structure in scope
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structure type.

‘

Complete relevant
risk assessment
form

1

Determine Score
and Risk Rating.

'

Determine
appropriate Pl
interval.

Overseeing
Organisation / TAA
Approval

|

6 year Pl 8 year PI 10 year Pl 12 year Pl
Interval Interval Interval Interval

Review risks at
each GI

&ate rman Figure 8. 6 — Flow chart to show Risk Assessment Methodology



Table 1 - Risk Assessment Criteria
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Headroom / Length

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.

ASSESSMENT COMMENTARY SOURCE OF INFORMATION

CRITERIA

Structure Type

Form Different structural forms can be expected to experience varying degrees of deterioration and have (a) Inventory
each been rated accordingly to consider this. (b) Structure File

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

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

Span / Height / Although every structure has different design requirements, probabilistic analysis shows that bridges (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

aaterman




Table 1 - Risk Assessment Criteria
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ASSESSMENT COMMENTARY SOURCE OF INFORMATION
CRITERIA
Assessments Where an assessment has been carried out on a structure, a greater degree of confidence can be (a) Load Management Records
achieved with regard to the structure’s ability to carry load. The findings of the assessment report (b) Assessment reports
should give a clear indication of any current load restrictions and any recommended condition factors. (c) Interim Measures Records
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.
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 systems. 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 Pl Score, Plav (based on all elements)
2. Critical Condition PI Score, Plcrit (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.

(
(
(
|

)
nventory

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

aaterman
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BD63/17 Risk Rating & Pl Intervals

A3.1.3 Separate risk assessment forms have been developed for each of the following structure types.
¢ Bridges and Large Culverts

*  Small Span Structures
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*  Retaining Walls
¢ Masts and Mast Schemes
*  Sign/Signal Gantries

*  Service Crossings and Other Structures

A3.1.4 For multi-span bridges a single risk assessment may be carried out using a combination of the worst criterie
across all spans. This, however, is likely to result in a conservative score. Alternatively, each individual
span may be assessed separately, with the lowest scoring span (most conservative) being used to determine
the most appropriate Principal Inspection interval for the structure.

A3.1.5 Tables Showing Risk Rating and the Correlation with Recommended Principal Inspection Interval

Total Risk Score Risk Rating Recommended Principal
Inspection Time Interval
0<x<65 High 6 years
65<x<75 Medium 8 years
75 <x <85 Low 10 years
85 <x <100 Very Low 12 years

Table A3.1.1 — Risk Ratings and Recommended Principal Inspection Intervals for
Bridges and Large Culverts

Total Risk Score Risk Rating Recommended Principal
Inspection Time Interval
0<x<50 High 6 years
50 <x <60 Medium 8 years
60<x<70 Low 10 years
70 <x <100 Very Low 12 years

Table A3.1.2 — Risk Ratings and Recommended Principal Inspection Intervals for Small
Span Structures
aterman
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Structure Name: Structure Key:
NOTE : PI Interval to remain at 6 years for the following structures (so this risk assessment process is not appropriate) :
a) Structures with severe (marine environment) exposure; b) Structures which are scour susceptible (risk rating 1-4 to BD 97); ¢) Structures adjacent to or over
a waterway where there is a medium or high risk of damage due to flooding; d) Structures subject to BD79 measures; e) Structures which would affect an
operational railway if they collapsed; f) Structures which have a current inspectors rating as 'Poor’, or 'Av' or 'Ccrit' scores of 0-40 .
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A - BRIDGES & .
LARGE criteria |6 iteria Attribute Risk Score
Number
CULVERTS
A1.1 Structural form Framed Span - Bridges <
Al A12 Constituent material Insitu Reinforced Concrete 4
A13 Age of the structure 10-25 years 1
Structure Type A14 Headroom Greater than 'Minimum Maintained Headroom' 1
A15 Span 10m to 25m 1
A2.1 Exposure Moderate (Routes with de-icing salts) 1
A2 ADD Scour No Risk (structure not near or adjacent to 4
Environment waterway)
. No Risk (structure not near or adjacent to
A23 Flooding 4
waterway)
Level of visual accessibility during a An enhanced Gl has been completed in the last 6
A31 . ) ; 4
A3 Qengral Inspection . yrs and will be undertaken between Pl's.
Inspection / A32 L|ke||hood 2 I_atent dgfeqts gong ) o possibility of latent defects 3
unnoticed during a Principal Inspection
Assessment Structural review recommends assessment as
A33 Assessment .. 2
low or lesser priority M
A4 Condition - Inspector's opinion Good 3
AdD Condition Performance Indicator Good (80-90) 3
Ad (Average Score)
L. Condition Performance Indicator
Condition A (Critical Element Score) Good (80-90) 4
Signs of Concrete Deterioration
i including TSA, AAR, ASR and ACR — E
A5.1 Applied loading Full Highway Loading 1
A5 A52 Route supported Motorway 0
P AancAmIIANRAAS AR MNhetarla arncead MNMAatAarmara n
A - BRIDGES | B - Small Span Structures | C - Retaining Walls | D- Masts = E- Gantries | F-SCOS | Lookups ® 1

Materman
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Hidden Defects

» 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.
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Band of heavy corrogion
Upper part of south end of girder that detached (figurs 12)
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‘Zorrosion pinhole
......... Tear | fraciure
_________ Sample cul from web panel 11 2 showing Winning dus o
‘Zut made to remove sample from web pansl 11 cominn fuizwe o by o cat e
Mot tn seale
Closurs w:;]&:t—::::ﬂ Splics Knife-edge ! split line
plata ”'f‘e \
= T i ——— = ¥ T
4 [ LN
| i |
x| i i i FE| 4l i} A [ e
1 2 3 4 5 ] 7 8 9 10 1" 12




What do we mean by ‘hidden’?

Rail, 2014). In a bridge, a hidden component is an element that would not usually be visually
inspected as part of a principal inspection i.e. to within touching distance using normal
mspection techniques such as:

woo dnoJbuewIs)EM MMM

e  Visual inspection from within touching distance.|

e  Hammer tapping.
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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 managers
4. Components and defects in bridges

Owners and

=
=
=
=
Q
e}
3
Q
>
«
3
o
=;
o
o
=

PART 2 | Hidden defects in bridges
5. TIron and steel bridges - guidance for detection

6. Concrete bridges and managerent
7. Masonry arch bridges &
8

. Timber bridges Inspectors)
9. Bearings and expansion joints [ . .
10. Durability components mal.ntalners’
11. Safety components desi gners
12. Other bridge components
13. Ancillary components
14. Substructure _J
PART 3
15. Further research — All
16. Conclusion =
PART 4 - Case studies — 39 No. All
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4 Hidden defects - Steel Bridges Example
° RILE o i
L

e ]’ l
i <
I

CRnS GRDER CEMNECTISN - .
by 2 - — e PIFFICWULT ACLESS
e 4/-' ' : i :
e ﬁr_‘*\.‘- Say » 2 .E'

B

Phrken) WIETTVRG SPIKE——
BURIED TACE AR — Howold [oLLED SRemOMS

From AECOM Arup CIRIA Report on Hidden Defects — after sketch by John Collins of Arup
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Case Study — Hammersmith Flyover

» 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

woo dnoJbuewIs)EM MMM
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Jan12| 0 | 35 | 13 | 55 | 32 | 39 | 82 | 74 | a4 | a5 a3 Chart2 ual Monthly Total wire Braaks (See Figure-1 for Table)
— = — - monthly average Floor Temperaturas |Fig-1 for table]
SpenTotal | ofiuss] A [EBl 2 s s
&0
Table:  Lists cumulative wire breaks for all the spans
50
Total Wire Breaks In “ I
i Chart3
Individual Spans Since June 2010 — 30 | I
20 .
B2 i 20 ' _\
" -
= 10 Lam
mH ———— o
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0 i | |
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Notes:

1. Refer to PAL drawing no. 024 for the temperature sensor locatians.
2: The monthly average internal temperature graph in Chart-2 is based on the approximate estimates deduced by scaling the average temperature graph in ‘Mistras’ website.

Figure 2: Cumulative Wire Breaks - Comparison of Span Behaviour Last Updated:  17/01/2012
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42 Risk review —

g —> Risk review
s N How has risk changed? 7

=8 * Gathering and reviewing information. <z

2 : 3> Risk t
8 © What could fail? 22 e
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[ S— Risk management works

What do the
records say?

\ \
What is not ‘
recorded?




 Plot values of likelihood and consequence
« Components in the top right are “high risk”
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Likelihood Factor

 High likelihood may not mean high risk, if
consequence is small

 High consequence may not be high risk, if the
likelihood is low

Materman

Consequence Factor

Likelihood Factor

1 2 3 4

Consequence Factor
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How likely is it?

» Design e.g. Concrete cover, strength, waterproofing
» Loading e.g. AADT, High HGV, AlL route

« Condition - Spalling, cracking etc.

*  Durability - Leaking joints
» Experience, judgment, deterioration — HE/TfL guides

 Prioritise importance & develop Likelihood scoring - example

Qualitative .. Likelihood | Expressed as
Level Rating Description (POF) a percentage
Remote probability of
1 Remote occurrence, unreasonable to | <1/10,000 | 0.01% or less
expect failure to occur
Low likelihood of 1/1000- o
2 Low occurrence 1/10,000 0.1% or less
3 Medium Moderate likelihood of 1/100- 1% or less
occurrence 1/1,000
4 High High likelihood of ~1/100 - 1%
occurrence

20



Consequence Factors
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» Focus attention on the most critical damage

— Could this result in collapse? FMEA
methods Use HE/TfL guidance e

« Consequence scenarios
— Low, Medium, High, Severe

— Consequence scenarios — case studies —
CIRIA Guide on Hidden Defects etc

— Political, Strategic Route, Traffic,
Commercial, Social Mobility

<Xl

&aterman Forth Road Bridge 21



FMEA Examples - safety criticality
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Table 3.2 Failure mode effect analysis examples
Failure . . .
mode Location Defect/event Initial consequence Other consequences Failure type
Steel girder . ) Increased brittle fracture
transverse Fatigue crack Growth of crack: new e : .
1 . susceptibility: sudden, Fatigue, brittle
stiffener weldto | growth from weld | load path formed T
catastrophic failure
bottom flange
9 soncrete deck at | Flexural overload | Local distress (excessive Loss of durabilit Ductile
mid-span to deck (sagging) | cracking) at soffit y
Unreinforced joint | Corrosion of
3 in prestressed tendons passing | Loss of prestress force | Collapse of deck Brittle
concrete deck through joint
LDrrpsmn of Signs of _w!ater Iea_ka_ge ans of ce_tp_amty an_d Ductile (but not
- tensile steel through joint but limited | failure of joint leading to _
= Half-joint . - X visible) followed
due to chloride outward signs of the partial or full collapse of .
. - - by brittle collapse
ingress onset of failure supported section
Loss of 5uppu¢ _ Local distress {_crackmg Loss of capacity due to _
b Arch barrel due 1o undermining | and/or separation of separation of fings Ductile
of support arch barrel rings) P &
Change in load Depending on
6 Deck tie down Loss of restraint | distribution. Instability Deterioration of surfacing | form of structure:
of structure ductile or brittle
CIRIA Hidden Defects Guide




Risk-based approach to Managing Hidden Defects

Does the whole

=
=
=
=
Q
e}
3
Q
>
«
3
o
=;
o
o
=

bridge portfolio have NO i
detailed information See Figure 3.5
on hidden defects?
_ Latest general L atest load Hidden defect | Structure risk Failure mode
~ As-built and principal oa ¢ SHM investigation assessment effect analysis
information | inspections |~ assessmen reports | (Figure3.4) | (Figure 3.4)

Risk review

™ @& carried out at each principal inspection or when significant new information is gathered
® consider adequacy of most recent structure risk assessment and failure mode effect analysis

L]

Risk assessment
#® update structure risk assessment and failure mode effect analysis (see Figure 3.4)

v

Risk management works

L A

inci i Numerical _
General principal | | Hidden defects _
ins eitiuﬁ ba investigation assessment Monitor st?:r?atlg:a 0 Replace
g (Figure 3.2) (Highways Agency, &
— — 2001a) - - e | ]

Manage as substandard
(eg Highways Agency, 2013)

Figure 3.1 Risk-based approach to management of hidden defects in bridges (after Highways Agency, 2015)

Materman



A THEFUTURE OF.. INNOVATIVE THINKING THE MAGAZINE THE PODCAST LIVEEVENTS ~ WHITEPAPERS ~ ICE CAREERS SUBSCRIBE

Initial comments from experts are
pointing at lack of adequate |
maintenance on difficult to inspect

wo9 dnoJbuewia)em MMM

™ LATEST

Possible cable corrosion investigated in fatal Taiwan bridge
collapse

03 OCT, 2019 | BY ROB HORGAN

Cookies Policy settings




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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Stonecutters Tower

Total Number of Sensors: 1569

Tsing Yi Tower
N
pY=

¢
N 0o, 4 o
A

2 Anemometer (24)
<> Fixed Servo-type Accelerometers (30)
3¢ Temperature Sensors (438)
= Dynamic Strain Gauges (678)
<4 Static Strain Gauges (160)
@ Global Positioning System (10)
<«— Displacement Transducers (24)
®® Buffer Sensors (40)
© Bearing Sensors (48)
@ Electromagnetic Sensors (32)
< Barometers, Rainfall Gauges and Hygrometers (30)
<= Corrosion Cells (33)
" > Digital Video Cameras (18)
WIM Dynamic Weigh-in-motion Stations (4]




Historic Structures - Investigation & Refurbishment
Challenges
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Bridge Inspections for Risk - Summary
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