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Federal Highway Research Institute (BASt)

e Technical and Scientific Research Institute
e Subordinate to the Federal Ministry of Transport
e Approximately 400 Employees

e Founded in 1951, since 1983
in Bergisch Gladbach
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Responsibilities and Tasks

Scientifically sound decision support for the ministry
Regulations and standards at national and european level
Testing and certification body (road equipment)

Driving licence procedure assessment centre

Research

22.11.2018
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Research Aims

e Improving and increasing efficiency of construction and
maintenance and improving reliability of road infrastructure

e Improving efficiency of the road transport system

e Improving road safety

e Improving environmental sustainability of road construction
and road transport

e Strengthening resilience of the road transport system

e Strengthening technological progress
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Results

e More than 300 internal research projects per year
e About 500 external research projects

e Monitoring of national, European and international
legislative and harmonisation procedures in more than 750
national and international committees
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BASt Financial Resources

e Annual Budget of BASt

e Resources from the Research Budget of
the Federal Ministry of Transport

Total

46,7 Million Euro

10,0 Million Euro

56,7 Million Euro

As per: 2017

22.11.2018
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Challenges
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Overall road network: ca.687.000 km
Federal Highways: 12.987 km
Federal Trunk Roads: 38.068 km

Federal Roads: 39.535 bridges
Highways: 17.729 bridges
Trunk Roads: 21.806 bridges
Fixed assets: ~60 Bio €

22.11.2018

10



] - m

(BASY) (BASY)
o 900 Mrd .tk
[l ¢ rd.tkm
4.500 200 -
w0 . New federal § —lst-Zustand
- 700 = = Langfristprognose 2007-2050
5 3.5 e states g 600 ——Prognose 2010-2030
g e Old federal 4 Q 500 .
8 250 states &
N "ET a00 2016: 472 Mrd.tkm
LI - ™
1.000 ﬂ 'g 200 | Trendlinie 1950-1930
0.500 Ia 100
bis 1000 - 1910 - 1920 - 1930 - 1940 - 1850 - 1 - 1980 - 1985 - 1070 - 1975 - 1880 - 1085 - 1000 - 1905 - 2000 - 2005 - 2010 - 2015 - [1]
1820 1800 1010 1020 1030 1940 1054 1050 1064 1080 1074 1070 1984 1080 1004 1000 2004 2000 2014 2010 1950 1970 1990 2010 2030 2050
Baujahe lahr
age structure bridges on BAB road freight transport on BAB

« Traditional design, construction and maintenance processes dominate
« Older bridges are not “fit for future”
« Mobility requirements conflict with actual availability of bridges

digital transformation, lifecycle-oriented solutions,
advances in construction technology
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and measurement systems
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Smart Bridge in the Digital Test Area Autobahn (Pllot study)

e New bridge structure equipped with
sensors in the highway interchange A3/A9

— 4-span prestressed concrete
box girder bridge

4
1. Bauanfang 7%

- Length: 156 m, 2 lanes g g\

yamwm. ssungsverwaltung @ 17 |
wnwaeodaten baverm.de

e Determination of actions and reactions using measurement and evaluatlon
technology to assess the condition, reliability and remaining service life

e Information system ,Structural Condition",
wireless sensor network,
instrumented bearings,
instrumented expansion joint

22.11.2018 13
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’ Intelligente
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Instrumented expansion joint o) | Bundesministerium

fur Verkehr und

digitale Infrastruktur
[

Swivel joists expansion joint
®* Recording of traffic data

— Number of vehicles, vehicle speed
— Number of axles, axle distances, axle
loads

MAURER

®* Self-monitoring

— Gap width, lamella spacing
— Lamella eigenfrequencies

Abkiurzungen: & = Beschleunigungssensoren, W = Seilzugsensoren, KO1-K24 = Kraftsensoren, KMD = Kraftmessdose
Accelerometers, a
. Widerlager
wire-rope sensors,
load cells,

[=a]

pressure sensors

2. Fahrspur

1. Fahrspur Standspur Gehweg

22.11.2018 14
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Instrumented bearing #R | Sundesministerium
| | MAURER 4 [
®* Spherical bearing
®* Actions and reactions relevant to the structure
— Determination of loads using pressure sensors (Maurer SE)
— Determination of glide paths, deformations and
rotations

— Derivation of structural eigenfrequencies

* Self-monitoring

— Bearing rotation around the bridge axis
— Accumulated glide path R

DS 40/3-1

DS 40/3-2

WA

Pressure sensors

Displacement transducers

22.11.2018 15
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bast

Thank you for your Attention!

Federal Highway Research Institute
BriderstraBe 53

51427 Bergisch Gladbach - Bensberg / Germany
Fon +49 (0) 2204 43-0

info@bast.de

www.bast.de
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Organizational Points | Ralph Holst

22 NOVEMBER 2018 in BERGISCH GLADBACH near COLOGNE in GERMANY

10:00-10:30

Registration

1st Session: Chair Poul Linneberg, Co-Chair Arjen van Maaren

10:30-13:00

e  Greetings from

e Organizational Points
Ralph Holst, BASt, DE

e Introduction of COST action TU1406
José Matos, UMinho, PT

e Relevance for bridge owners

Dr. Jurgen Krieger (Head of Department, Bridges and Structural Technology, BASt, DE)

Nicolas Bardou, VINCI Autoroutes, FR and Jodo Amado, Infraestruturas de Portugal, PT
e Performance indicators and performance goals — evaluation and recommendations

Alfred Strauss, BOKU, AT
e  Quality Control Framework
Rade Hajdin, Uni. Belgrade, RS
. _stud
Amir Kedar<edmor Engineers, IL

s
13:00-14:0¢

Lunch and networking

N

L.2nd Session: Chair: Njgl¢’Peter Hgj, Co-chair Ralph Holst

14:00-16:00

o Case-study
Amir Kedar, Kedmor Engineers, IL

e  Guidelines and recommendations
Helmut Wenzel, Vienna Consulting Engineers ZT GmbH, AT
e Panel discussion with active participation from the audience,
moderated by Niels Peter Hgj (HOJ Consulting GmbH, CH)
Panel consist of
—  Alfred Strauss (BOKU, AT),
—  Amir Kedar (Kedmor engineers, IL),
— Jodo Amado (Infraestruturas de Portugal, PT),
—  José Matos (UMinho, PT),
— Nicolas Bardou (VINCI Autoroutes, FR),
—  Poul Linneberg (COWI A/S, DK),
—  Rade Hajdin (Uni. Serbia, RS),
— Ralph Holst (BASt, DE) and
—  Helmut Wenzel (Vienna Consulting Engineers ZT GmbH, AT)
e Closing
Joan Casas, UPC, ES

16:00-16:30

Coffee and networking

16:30-

Tour in Cologne followed by networking dinner

TU1406

COST ACTION

OWNERS MEETING
22nd November 2018
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~ Donnerstag 2211

MEND 1 . .
1. Cassler with pointed cabbage . oot atqoin Gl B Gosnedaon
Blumenkohl und Kése Krauterdip und Petersilienkartoffeln
and mashed potatoes iberecken

Allergene ADEFG; g ABCDEF; { A:BD:EF: 5( AB,CDE .50 € ABDE;
MEND 2

SpleRbraten mit Zwiebelsauce, Butterspatzle  Thiiringer Rostbratwurst mit Currysauce, Pommes  Paniertes Schweineriickenschnitzel mit Szegedinger Gulasch mit Griinkohl mit Kartoffeln und

und einem Beilagensalat frites, dazu ein Beilagensalat Zigeunersauce und Pommes frites Sauerkraut und Kartoffeln Mettwurst, Senf
Allergene ABDEF; 5.00 € ACDE; 5,00 € AB,CDE; ABDE; 5,00 € ABDEF
Frisch vom Feld Gartengemiise 1,50 € Rahmerbsen 1,50 € Vichykarotten 1,50 €  Broccoli 1,50 € Tagesgemiise 1,50 €

Gemiisepizza Bratwurstschnecke mit

Spacia o Sadckek s 2.0 2. Szegedinger goulash with O€  pooen  AckFas 200¢
Dessert /1,20€  Tiramisucreme Sauerkraut and potatoes Dessert Variation

Zusatzstoffe
1.Ferbstoff 4.Geschmacksverstarker - 7.gewachst 10. Phosphat 13.Taurin
2. Konservierur fi 5, 8.mit Stiungsmittel 11.Coffein
3. Antloxidationsmittel 6.geschwarzt 9. gentechnisch verdnderten Organismen 12.Chinin,Cl
Allergene . .
A) Soja und Erzeugnisse D) Glutenhaltiges Getreide und Erzeugnisse G)Sesam und Erzeugnisse 3 . C aSS | e r WI t h po I nte d Cab bag e
B) Milch und Erzeugnisse einschiieRlich laktose E) Sellerie und Erzeugnisse H) Schalenfriichte und Erzey
C) Eler und Erzeugnisse @ F) Senf und Erzeugnisse 1) Krebstiere und Erzeugnisq an d m aS h e d p Otato e S
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Catering
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22 NOVEMBER 2018 in BERGISCH GLADBACH near COLOGNE in GERMANY

10:00-10:30

Registration

1st Session: Chair Poul Linneberg, Co-Chair Arjen van Maaren

10:30-13:00

e Greetings from
Dr. Jurgen Krieger (Head of Department, Bridges and Structural Technology, BASt, DE)

e Organizational Points
Ralph Holst, BASt, DE
e Introduction of COST action TU1406
José Matos, UMinho, PT
e Relevance for bridge owners
Nicolas Bardou, VINCI Autoroutes, FR and Jodo Amado, Infraestruturas de Portugal, PT
e Performance indicators and performance goals — evaluation and recommendations
Alfred Strauss, BOKU, AT
e  Quality Control Framework
Rade Hajdin, Uni. Belgrade, RS

e  Case-study
Amir Kedar, Kedmor Engineers, IL

13:00-14:00

Lunch and networking

2nd Session: Chair: Niels Peter Hgj, Co-chair Ralph Holst

14:00-16:00

e  Case-study
Amir Kedar, Kedmor Engineers, IL
e  Guidelines and recommendations
Helmut Wenzel, Vienna Consulting Engineers ZT GmbH, AT
e Panel discussion with active participation from the audience,
moderated by Niels Peter Hgj (HOJ Consulting GmbH, CH)
Panel consist of
—  Alfred Strauss (BOKU, AT),
—  Amir Kedar (Kedmor engineers, IL),
— Jodo Amado (Infraestruturas de Portugal, PT),
—  José Matos (UMinho, PT),
— Nicolas Bardou (VINCI Autoroutes, FR),
—  Poul Linneberg (COWI A/S, DK),
—  Rade Hajdin (Uni. Serbia, RS),
— Ralph Holst (BASt, DE) and
—  Helmut Wenzel (Vienna Consulting Engineers ZT GmbH, AT)

Joan Casas, UPCNES

16:00-16:30

Coffee and networking )

16:30-

“Pesin Cologne foll Y networking dinner

TU1406

COST ACTION

OWNERS MEETING
22nd November 2018

SLIDE 20

Bergisch Gladbach, Germany



Organizational Points | Ralph Holst

OWNERS MEETING
‘ TU1406 221 November 2018 SLIDE 21

Bergisch Gladbach, Germany



Organizational Points | Ralph Holst
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e  Case-study
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14:00-16:00 e Case-study
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| wish you a fruitful Owners Meeting and a
good time in Cologne
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Background

Decay
Process

Efficient

Limited
Management

Resources

rViLe

Public
Expectations

blic Service

\
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Background

Visual
Inspection

Monitoring System

Performance
Indicator

Performance Goal

Quality Control Plan

OWNERS MEETING
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Reasons for the Action

There is a REAL NEED to standardize the quality assessment of roadway bridges at
an European Level

CSO Approval Start of the Action End of the Action
13/11/2014 16/04/2015 15/04/2019

OWNERS MEETING

COST ACTION
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Objectives

Develop a guideline for the establishment of Quality
Control (QC) plans in roadway bridges

reachable by pursuing the following 5 objectives:

(i) Systematize knowledge on QC plans for bridges;

(i) Collect and contribute to up-to-date knowledge on performance indicators
(ii1) Establish a wide set of performance goals;

(iv) Develop detailed examples for practicing engineers;

(v) Create a glossary and a database from COST countries with performance
indicator values and respective goals.

OWNERS MEETING
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Participants

. COST Countries
. Near Neighbour Countries (NNC)

. International Partner Countries (IPC)

38 COST Countries + 3 COST NNC + 15 IPC = 56 Participating Countries

OWNERS MEETING
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Participants

300

280

260

240

220

200

180

160

140

120

100

80

60

40

20

267

159

47

Total University Owner

OWNERS MEETING

TU1406 22"d November 2018

COST ACTION

31

Consultant

30

Institute

SLIDE 33

Bergisch Gladbach, Germany



COST ACTION TU1406 | JOSE C. MATOS

Scientific Programme

WG1 — Performance Indicators for Roadway Bridges
WG2 — Performance Goals for Roadway Bridges
WG3 — Establishment of a Quality Control plan
WG4 — Implementation in case studies

WG5 — Guidelines/Recommendations — Final Report

OWNERS MEETING

‘ TU]ATI.'QS 22"d November 2018

Bergisch Gladbach, Germany
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Final TU1406 Conference

Joint Event
COST Action TU1406
EuroStruct

25-26 March 2019
Guimarées, Portugal

Universidade do Minho
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RELEVANCE FOR BRIDGE
OWNERS

Jodo Amado - Infraestruturas de Portugal, Portugal
Nicolas Bardou — Vinci Autoroutes, France

" Infraestruturas vINE T g

AUTORDUTES
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RELEVANCE FOR BRIDGE OWNERS | JOAO AMADO & NICOLAS BARDOU

AGENDA

« Are we facing the same Problems?
« Bridging the GAP

« Common Challenges

* The Future

A Final Word

OWNERS MEETING

221 November 2018
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ARE WE FACING THE SAME PROBLEMS?

« Decreasing budgets

« Aging infrastructure

« Extraordinary events and increased costs
* Fewer staff

« Pressure to ensure the availability

» Increase of the traffic loading

« Pressure to increase safety

OWNERS MEETING

221 November 2018
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Bridging the GAP

owners T U 140 6 Academia
Operators Consultants

OWNERS MEETING

COST ACTION
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RELEVANCE FOR BRIDGE OWNERS | JOAO AMADO & NICOLAS BARDOU

Challenge 1

l

How to translate bridge performance?

» Survey of indicators used throughout Europe

Related to cost &

Defects Related to loads
Importance

Related to material
properties

Pl

Related to equipment
& protection

Related to geometry Related to bearing capacity, structural
changes integrity & Joints

» Database with +750 terms

» 300 terms after homogenization and clustering

OWNERS MEETING

TU1406 22"d November 2018

cosT

ACTION

Bergisch Gladbach, Germany

Related to rating

Environmental
based

Related to dynamic
behaviour

Related to Original
construction & design

SLIDE 41
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Challenge 2

« How to increasing transparency?

Reliability
! —Preventative
15 —Reference
Economy Availability
Safety

» Key Performance Indicators
» Comparative scenario

OWNERS MEETING
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Challenge 3

l

How to increase accuracy of our assessments?

(
Inventory

Structure

Component

-

Construction
type

i

AL
Failure mode |
A Vulnerabl
ulnerable .
Performance Observation
. zone
indicator
Damage .
% 8 Design and
Process )
construction
KPI

» Framework that clearly mirrors inspector’s reasoning

» Able to support a life cycle assessment

TU1406

COST ACTION

OWNERS MEETING
22" November 2018
Bergisch Gladbach, Germany
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IN ANUTSHELL...

i Compliance with best practices, harmonization

4{» Transparency allowed by new indicators to better translate needs
i Accuracy of the assessments with new tools, new frameworks
<» Keep control of the outcome

¢® Reasonable costs

OWNERS MEETING

COST ACTION
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A FINAL WORD

Reliable, safer and cost-effective structures are the

common quest of bridge Owners.

More cooperation, reliable data and harmonization

are the keys for these goals.

We expect that COST TU1406 is the beginning of a

long-term path!

OWNERS MEETING
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PERFORMANCE INDICATORS &
PERFORMANCE GOALS
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PERFORMANCE INDICATORS & GOALS | ALFRED STRAUSS & IRINA STIPANOVIC

Objectives
explore for bridge structures

Performance Indicators, Pls

e mechanical,
e technical,
e environmental

performance and degradation processes.
« complexity in time not covered in norm specifications
* not homogenized between the European countries

provide an overview

Performance Goals, PGs

linked to identified Key Performance Indicators.
« technical,

* environmental,

 economic, and

« social factors.
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Screening of inspection, evaluation, assessment documents

from the participating countries

Austria

Belgium

Bosnia and Herzegovina

Bulgaria {,
Croatia
Cyprus ;‘, .'
Czech Republic 3’
Denmark -
Estonia

Finland

France Lithuania

Germany Luxembourg

Greece Macedonia

Hungary Malta

Iceland Montenegro

Ireland Netherlands

Israel Norway

Italy Poland

Latvia Portugal

OWNERS MEETING
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Romania
Serbia
Slovakia
Slovenia

Spain

Sweden
Switzerland
Turkey

United Kingdom
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PERFORMANCE INDICATORS & GOALS | ALFRED STRAUSS & IRINA STIPANOVIC

Screening of inspection, evaluation, assessment documents
from the participating countries

Step 01
Understanding

Nature of
existing processes
Performance
indicators, Pls
Key Performance

indicators, KPIs

Inspection to
management

Step 05
Reporting &
communicating <
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PERFORMANCE INDICATORS & GOALS | ALFRED STRAUSS & IRINA STIPANOVIC

Understanding Definitions, Pl’s and KPI’s

It is a datum (i.e. piece of information) ..., which may be acquired by
human senses or by measuring/recording of some properties via
adequate instruments. Observations can be qualitative i.e. only the
absence or presence of a property is noted, or ... The observation is a
perception of human senses or data measured by instrument that is
regarded as relevant within the context of the inquiry.

It is something that shows what a situation is like. The “situation”
depends on the context of an inquiry. The indicator can be qualitative

(e.g. bad, good, etc.) or quantitative and is based on analysis of one
or several observations.
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Understanding Definitions, Pl’s and KPI’s

Performance Indicators, Pl's

Performance indicator measures fitness for purpose of a physical
object such as bridge or its element. Since the fithess for purpose (i.e.
guality) can change over time, so does the value of a performance
indicator. Maintenance interventions can also change the value of
performance indicator and therefore the performance indicators of
physical objects also mirror the performance of agency responsible
for their maintenance. It is obvious that bridge performance relates

to safety and serviceability, but other performance criteria can be
useful as well.
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Understanding Definitions, Pl’s and KPI’s

Key Performance Indicators, KPI's

KPIs relate to a whole bridge and are as follows:

Reliability is the probability of structural failure (safety), operational
failure (serviceability) or any other failure mode occurring during the
service life of the bridge.

Availability is the proportion of time a bridge is open for service. It does
not include failure-related service outages but the ones due to planned
maintenance interventions. Alternatively, the Availability can be measured
as additional travel time due to an imposed traffic regime on bridge.
Safety is the situation of life and limb being protected from harm during
the service life of a bridge. Loss of life and limb due to structural failure is
not included by this definition (since it would overlap with the Reliability).
Economy is related to minimizing the long-term cost of maintenance
activities over the service life of a bridge.

Environment is related to minimizing the harm to environment during the
service life of a bridge.
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Screening of inspection, evaluation, assessment documents

from the participating countries —» 375 Terms

Performance

Performance

Indicators, Pls
absence/missing
contamination
cracking
damage

displacement
movements
execution defects
vibrations/oscillations

v Material
v' Component
v' System

TU1406 database
comparison of terms
between countries

COST ACTION

Indicators 2"d Order
special inspection requisite
step in transition slab
resistance
system functionality

robustness

safety index

vulnerability
element functionality level

Damage Processes

abrasion
aggradation (alluviation)

biological growth
freeze-thaw

OWNERS MEETING
22nd November 2018

blistering
bulging

cavitation
clogged

inadequate clearance

traffic restrictions
traffic volume
traffic loading

Other Data

accessibility to damage
carrying capacity factor

gross weight of a vehicle

permanent loading
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Screening of inspection, evaluation, assessment documents
from the participating countries

Step 01
Understanding

existing processes
indicators, KPIs

KPI Management
Pl. Inspection

Component, k; System —
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From Performance indicators (PIs) to Key Performance indicators (KPIs)

- | KkPI, | Reliability r=3 [l kP, |Availability a=3

Inspection Plg  displacement 2 Pl,,  deflection 3
Component, k; System Pl; cracking jg) 3 P, jg) 3
E E
aaa ; ;
Pl 3 PI
Component, k; System oy, T, System o
Performance | kP, | Safet =3 Economy e=3
- Indicators Pl absence/m|55| 3 Pl,; maintenance 3
1 1 (2] (2]
absence/missing PI, £ 3 Pl £ 3
2 contamination [ T
3 k- ; e ;
, cracking Pl 3 Pl 3
5 damage Component, k; System o, S, System o €
6 displacement R. Hajdin, M. Kusar, S. Ma3ovig, P.
7 movements Linneberg, J. Amado and N. P CO,, footprint 1
Tanasi¢ 2018. WG3 Technical — 2 1001 @
_ - Report Establishment of a Quality Ply, = 3
20 Vibrations/oscillations Control Plan. COST TU 1406 2
Quality Specification for European
R Pl 3
oadways
System o U
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Status
WG1

Technical Report

Performance Indicators for Roadway Bridges
of Cost Action TU 1406

/ General \

Performance Indicators
terms after surveying

Operators
Operators list of documents Research

and database per country
Research list of documents
and database per country

Glossary
Glossary and specific term
K sheet per country /

available on website: www.tu1406.eu
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COST ACTION
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QUALITY CONTROL PLAN

Status

WG2

Technical Report

Performance Goals for Roadway Bridges
OF COST ACTION TU 1406

COMPONENT LEVEL

DAMAGE DAMAGE
DEGREE & ASSESS-

ELEMENT

EXTENSION MENT UNCTIONALITY

SYSTEM LEVEL

IMPORTANCE

OF BRIDGE
ELEMENT

CONSEQUENCES/
ACTIONS

NETWORK LEVEL

+ BRIDGE
IMPORTANCE IN
THE NETWORK

NETWORK CONSEQUENCES/
FUNCTIONALITY [0S eTioNs

 Avalilable on website www.tu1406.eu
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COST ACTION
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QUALITY CONTROL FRAMEWORK | RADE HAJDIN

Design

« Actions that are relevant for the design:
— Dead load
— Live load (purpose of the bridge)
— Environmental loads

« Combination of these actions pose a threat for the safety and
serviceability of structures.

« The structural analysis and checks are performed so that this threats
doesn’t induce a failure of a bridge

 Different combination of action trigger different failure modes.
« This is not limited to overall collapse.

« The failure modes or prevention of these is a basis for design.
|t should be a basis for diagnosing existing structures.
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QUALITY CONTROL FRAMEWORK | RADE HAJDIN

o Reliability regarding Structural Safety and Serviceability
_|® Non-structural Safety
“|e Availability
e Environmental friendliness (footprint)
e Condition rating or cond/@lf/7st-JPr condition class
Bridge ¢ Reliability -> before, during and after
Elements e Non-structural safety -> before, during and after
Findings / Observations e Availability -> before, during and after
O e Environmental friendliness -> before, during and after
T e Intervention costs
Exploitation and Inspections |
) |

Commissioning Intervention

OWNERS MEETING

TU1406 22"d November 2018 SLIDE 63

COST ACTION

Bergisch Gladbach, Germany



QUALITY CONTROL FRAMEWORK | RADE HAJDIN

Constraints to QC Framework

« Currentinspection practice should not significantly change!
— Acceptance and costs

« Collect findings visually or with simple tools

« “Onion” model:

— Level of Accuracy can be increased by sophisticated techniques
If they provided the information that justify their costs.

« Challenging task!
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Approach |

Work packages
1. Preparatory work (commissioning or after changes in actions)

Define the vulnerable zones
Evaluation reliability of undamaged structure = “virgin” reliability
for current loading

The background data need to be readily accessible in a
database

2. Inspections incl. in-depth investigation if needed (regular intervals)

|dentify damages

ldentify symptoms

Test material properties

Lab test

Assessment of reliability and non-structural safety

OWNERS MEETING
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Approach Il

Work packages
3. Planning (generally after every intervention)

ldentify active damage processes
Damage forecast
Development of reliability and non-structural safety over time

Define the reference scenario (e.g. intervention at the end of
service life)

Define further scenarios inkl. cash-flow, availability, reliability,
non-structural safety and environmental impact

Decision making i.e. triggering of interventions

4. Collecting intervention data

OWNERS MEETING
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“Virgin” reliability

“Exact” evaluation by structural analysis for current loading

— 1D (frame), 2D (plates and shells) or 3D (solids) structural
analysis

— Limit states theorems
Simplified evaluation:
— Non-landmark bridges, simplified structural systems

— Undamaged bridge, resistance based on a design code

. D_ead load Characteristic values & quantile assumptions
* Live load

— Relevant sample of bridges of same type

» Errors in bygone codes, conceptual weaknesses/detailing
iIssues to be duly considered
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Application of limit states theorem

For stochastic representation of NQ@and loading Q and G probability of

failu[.e4i@v|%afety iIndex B can be evgluated. - 1.4TM,
S —— N :
¢ ¢
M, 20
2:14-M,+2-M,
n= >
SO 2 2 SRS
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Vulnerable zones - live load

 Ductile vulnerable zone contribute to the same failure mode

, 2500 :
° 1 — %+ modes on their own.
' }‘ngﬁ_.__,A 2300 - -’JT]I"
g;’&rf ‘ % a /14984 \ |2
an-t e X )
1= AA‘:‘ ' «Q |
ix_/ | : .
™ | ' ~ | 0 Orange 1 yuctile
& N | 350, 350 Bon bl T circle
[ m' ‘E“/HHE '/14482' ' HSS - high shear zone
i L | O
- R o 9 ‘ :
ol S8 2z ! fo?t ¥
w !l IS g2 oy | 8 i
e -y ¥ ! »
nd  kd kd AE - S ! Tk im
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Vulnerable zone - flooding

plastic detailing i i oird plastic
inge ", etalling 1in a main girder / hinge
Vs \\ ‘\“ ._I
e e i e bk I _________________________________________:____:_—_—_f—:;\;é{}———ﬂ

txif’{ bearing at

A

S Ee— fixed joint at, / JR— Cp—
an adjacent support Jlixed joint aty Ehli?f;f .. q flood water level 0 adjacent support

bcaring at ¢

|

a pier top |
rotation of a pier |,
~ i

——

; detailing.

soil profile
prior to flood™

~~d

Jata
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Inspection - findings

(PR 2760
L1, 150 b 200 1150 L1320 |
43,49 50 702 inc 2297 npSy pegd 4% i 3 #.0
B 2 i h
-t 2 bl o LT ok 2 ,ﬁ‘: 8,
= p L1802 1 ! ) X
L2 = e 4% “.2, ‘ ol
It 940 | 1 A 11340 4
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QUALITY CONTROL FRAMEWORK | RADE HAJDIN

§

Failure mode ———
Structure n [ 1
e L< Performance Vul:oer::ble Observati Some (irrelevant
il Component [0 indicator damage) but mostly
= [ Construction | j_{ ?f Design a symptoms -
type construction
KPL ptom of damage
process
v v v SR, S— /| / \
Deck (old) | Reinforced concrete 1963 Corrod J /nent
Deck (new) | Reinforced concrete 1977 HMS Corrod ,ément
Deck (old) Reinforced concrete 1963
Deck (new) | Reinforced concrete 1977 3
Deck (new) | Reinforced concrete 1977 Bending CorroMed r/ /orcement liabili
Deck (old) Reinforced concrete 1963 failure mode Corro'dedr/ ,Aforcement Reliability
Deck (new) | Reinforced concrete 1977 Sdﬂling (Structure
- HMH : safety)
Frame bridge Deck (old) Re!nforced concrete 1963 S'Mallmg
Deck (new) | Reinforced concrete 1977 Efflorecences
Deck (old) Reinforced concrete 1963 Efflorecences
Shear failure
Deck (old) Reinforced concrete 1963 mode HSS Crack
Deck (old) Reinforced concrete 1963 Falling Spalling
Deck (new) | Reinforced concrete 1977 chunks Spalling Safety (Life and
Falling of the limb)
Railings Steel 1977 bridge Brczken
7y
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Impact of damages

» Resistance is essentially internal dissipation rate that decrease with each
damage.

 Resistance decrease in midfield 15% and over the column 5%

0.95-2:1.4-M_+0.85-2-M_ 4.36
- 214-M,+2-M,

=——=0.91~0.9
4.8
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Reliability assessment of damaged bridge

Influence of resistance reduction

6.0 1,0E-09
1,0E-08
50
1,0E-07
1
4,0 10E-06 g
X =
g 2 &
£ 10E-05 &
230 g z
3 10E-04 B
6 o]
i S
2.0 10E-03 &
5
1,0E-02
1,0
1,0E-01
0,0 1,0E+00
0,80 0,85 0,90 0,95 1,00 1,05 1,10 115 1,20 1,25 1,30

Resistance reduction factor

—o—[( —o—Pf
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Structure

g L< Performance Vulnerable Observation - -

2| Component —0<  indicator ne Some (irrelevant

2 damage) but mostly

~ | Construction || % Design and symptoms

type . construction ect gamage but
ptom of damage
process
Y \ 4 \ 4 A\ 4 v v v
Deck (old) Reinforced concrete 1963 Corroded reinforce{
Deck (new) | Reinforced concrete 1977 HMS Corroded reinforcl
Deck (old) Reinforced concrete 1963 Spalling /
Deck (new) | Reinforced concrete 1977 Spalling /
Deck (new) [ Reinforced concrete 1977 Bending Corroded reinforl[emel Reliabilit 3
Deck (old) Reinforced concrete 1963 failure mode Corroded reinforzceme/ (:t:jctlulr\e/
Deck (new) Reinforced concrete 1977 HMH Spall?ng safety)
) Deck (old) Reinforced concrete 1963 Spalling
Frame bridge - /
Deck (new) | Reinforced concrete 1977 Efflorecences
Deck (old) Reinforced concrete 1963 Efflorecences
Shear failure
Deck (old) Reinforced concrete 1963 mode HSS Crack 2
Deck (old) Reinforced concrete 1963 Falling Spalling
Deck (new) | Reinforced concrete 1977 chunks Spalling Safety (Life and 2
Falling of the limb)
Railings Steel 1977 bridge Broken 2
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QUALITY CONTROL FRAMEWORK | RADE HAJDIN

Planning

« For different maintenance scenarios (strategies) one has to estimate
— Reliability (or structural safety and serviceability margins)
— Safety (loss of life and limb not included in structural failures)
— Availability
— Costs
— Environmental impact
over time.

« To this end one has to forecast reliability and safety development
over time.

« The current models for condition development can be used to this
purpose.
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Example of maintenance scenario

2
2 0.8
5 =
g S 06
o 0.4
0.2
0
0 20 40 60 80 100 120 140
Time (years)
1
<
3 2
2 3
| 4
¥ 5
1
o —dx |—\
2
w 3
n
4
5
0 20 40 60 80 100 120 Time (years) 140

Availability level
w

0 20 40 60 80 100 120 Time (years) 140
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Comparing scenarios

* Inthis COST Action this approach was not chosen in order to let owners to
develop their own decision approaches

— Weighted sum
— MAUT
— Utility theory
« Future alternative: Monetization
— Cost are already monetized
— Availability can be easily monetized

— Reliability can be only monetized together with the consequences of
“failure” -> Risk

— Safety can be only monetized together with the consequences for “life
and limb” -> Risk

« The monetization is widely adopted method in research community.
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3D Spider
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

cContent:

o a0 A~ W D

Preparing a case study
General data on the bridge
Technical condition
Potential failure modes
Additional investigations

KPIl and QCP
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Preparing a

Collect existing
data and prepare

ID/Birth
case Study Certificate
v
2 Identify
7  Bridge Inspections/ bridge
monitoring/testing < elements
_______________________ A 4
" 1
57 Verify 4+5 : 56 Evaluate | S Dpefine 4|dEntif\/ 3 Elements
h based on o virgin «— vulnerable [« failure [« grouping &
i\ Inspection data , | Reliability ! zones modes segmentation
1
fmmmm e ------ ! | I
| 2
1|8 Identify damage
1 processes
, |
1
1 |2 select Pl for the 9 fi
1 bridge and connect £ Plzulns . - Owner Policy
I with KPI demands
1 I I
| L :
I 10 :
N Evaluate PI :
| - | e
12 Defi D . . ! 1 13 Define
Utk eterlo_rat_lon L»"  Assessment of KPI < > Inspection/tests/monitoring
processes and timing |
plan
l v
14 pefine maintenance 15 create Spider
and other =
interventions plan and

compare scenarios

y

16 Export data to
Network level

Figure 3.1: Preparation process of Case study analysis

v
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JOSEPH BRIDGE OVER THE JORDAN RIVER — ISRAEL CASE STUDY |

AMIR KEDAR
General data on the bridge:
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

TU1406

COST ACTION

= Built 1956

= 36 meter single-span half-through
steel truss bridge

» Riveted steel plates, angles and U
shape steel profiles

= reinforced concrete slab

= The bridge carries road no. 9779
across the Jordan river between north
of Galilee and the Golan heights
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Qiryat Shmona Golan Heights
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

NORTH SIDE
(UP STREAM)

Average annual daily traffic : 6800 (2012)

Number of heavy cars/ 24h : unknown

The bridge is frequently crossed by heavily loaded army vehicles (MLC 120)
Foundation are inaccessible

Massive RC Abutments

4 rows of hammered piles with rear deadman anchor

TH
(DOWN STREAM)
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Substructure:

Abutments made from reinforced (discovered during investigations)
massive concrete with deadman block at the back tied by buried tension
girders.

Superstructure:

36 meters long half through riveted steel truss.
Reinforced concrete slab of 10 bays each 3.6 meter long.
2 parallel trusses with centerline distance of 6.34 meter.

11 rigid transvers cross girders with 810mm depth forming a U shape
rigid deck structure.

Reinforced concrete deck with variable depth of 330mm to 270mm and
constant width of 5570mm connected rigidly onto the transvers girders.

10" high pressure sewage water pipe is supported by steel cantilever
brackets original designed for 30" waterpipe.

pedestrian concrete walkway is supported in a similar way.
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Equipment:

= 60mm Asphalt pavement

= Reinforced concrete slab pedestrian walkway

= Safety barrier made from steel

= Pedestrian walkway handrail made from steel

= Old buried expansion joints (not designed as buried)
= Fixed (rotation free) bearing on east side

= Roller bearing on west side
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JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Current performance Indices in use:

According to the Israeli bridge condition rating system the status is:

CPl,,=72 meaning the structure is in poor to fair condition with moderate to severe
damages and possible severe influence on one or more of the bridge or element
performance.

CPl.;=55 meaning possible failure of an element with severe defect or damage
reducing the load carrying capacity. (taking into account the NDT done later, this
score will be further reduce to 28)

""""""""

SVIb = 66 The Seismic vulnerability
index is classified as second grade .
meaning an action should be taken in
the near future for seismic retrofitting
of the bridge.
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Potential failure modes:

ULS:

Truss failure — Local failure of truss members and riveted section
disintegration due to sheared rivets (fatigue).

Truss failure — global bridge failure due to loss of stability of the truss
and lateral buckling under heavy live load as a result of transvers girder
to truss connection rivet failure (Limiting the sway restrain of the main
truss by the transvers girders)

Truss failure — local failure of truss vertical and diagonal members due
to accidental load from heavy load transportation vehicle.

Transverse girder bending/shear failure — Due to excessive dynamic
effect of heavy vehicles crossing the bridge.

Failure due to Seismic loading (The bridge is located at high seismic
zone) SVIb value is low.
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Potential failure modes:

SLS:

Main Safety Barrier failure — Due to accidental load from heavy load
transportation vehicle

Pedestrian Safety handrail failure — Due to increased corrosion at the
edge and soffit of the pedestrian concrete pathway and loss of anchoring
of the handrail vertical members

Bearing failure — Loss of functioning of the roller bearing and rotation of
the fixed bearings due to corrosion and accumulation of debris

Asphalt pavement failure — Due to nonfunctioning Joints and drainage.

Concrete curb failure — Possible falling of concrete chunks over the
Jordan river where tourists are using boats.
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Identifying Vulnerable Zones:
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Technical condition of the bridge:

The main types of defects discovered on the bridge inspection are:
of the bridge during vehicle passing.
of structural steel.

3. Excessive relative In many locations.
4. Out of plane at the bottom girder to truss

connections.

mainly at the deck slab edges and in some

locations at the wing walls and abutments.

6. Deterioration of the concrete closing wall behind the roller bearings
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Technical condition of the bridge:

due to collision of vehicles with main truss
vertical and diagonal members.
mainly near the expansion joints.

9. Deck (or missing).

and collision damages at the

north side.

of the pin bearings due to corrosion damages.

In layers at Abutment A.

OWNERS MEETING

22" November 2018 SLIDE 95
Bergisch Gladbach, Germany




JOSEPH BRIDGE OVER THE JORDAN RIVER - ISRAEL CASE STUDY | AMIR KEDAR

Technical condition of the bridge:
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Technical condition of the bridge:
Steel truss defects

Fig. 23 Shearad rivet dus to excessive dynamic loading

|
Fig. 24 Out of plane deformation at the bottom plates  Fig. 25 Construction welding broken due to fatigue
of the truss-girder connection

Fig. 26 Corrosion of truss member (typical condition)
Corrosion between riveted angels and plates
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Technical condition of the bridge:
Concrete slab and Abutments defects

Fig. 27 Spalling and delaminations along the deck
slab edge (typical along the edges)....

Fig. 30 concrete spalling at massive abutments

TU1406

COST ACTION

Fig. 28 Corrosion at the connection between transverse Fig. 32 damage to closing wall near supports at massive abutment
girder and the deck slab with efflorescence due
to water penetratina in between the airder uooer

Fig. 31 Concrete surface abrasion at massive abutments
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Technical condition of the bridge:
Bearings, Safety Barrier and Asphalt defects

Fig. 34 Corrosion damage at fixed bearing

W— — |

»

Fig; 35 safety barrier collision damage Fig. 36 Safety barrier collision damage

OWNERS MEETING
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Fig. 38 Asphalt defects near and over joints
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Load capacity:

to vehicles crossing the bridge.
» Load capacity immediately reduced to 40 ton as a safety precaution.
= Traffic detour problems for heavy vehicles.

= Theoretical capacity was checked according 1S1227 for HA, HB & HC loads and
found to be satisfactory.

= FEM calculgtion model was set and the model was checked for 4 main cases:
T MM

» Case A - monolithic connection
= Case B - releases in 2 transverse girders

» Case D - releases in all transverse girders
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-l caseA | CaseB |

Safety Factor (Buckling analysis) 3.5 3 2.5 0.6
Upper chord lateral sway at mid span

Upper chord lateral sway at mid span
34mm  3asmm \ 4smm /6 mm

overall stability of the truss is related directly to the degree of the fixing of
the lower cross girder connection with the truss.

Dynamic measurements of load testing:

Fundamental frequency = 3.8Hz=*0.05 (on vertical direction) < Calculated= 3.93Hz
Fraction of critical damping ¢= 0.012-+-0.014 (1.2% - 1.4%)

Lateral fundamental frequency of the truss in some cases was 10Hz.

Additional NDT testing:

405 tested at specific locations
9 Class lll (Sheared)

44 Class Il (Suspected)
352 Class | (OK)

Fig. 40 Ultrasonic testing of rivets
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Key Performance Indicators and QC Plan:

v n Performance Perfurlmanoe Estimated
= 1] " " B vaue "
E g E Component | Material DESIEHF‘ Failure mode I'nm.h o i Damage /Ohbservation Damage KPI il falllure
E G Construction Position process component R 5 time
i level (max) |(max) | [years]
Upper chord Corroded plates Corrosion 23 a0
comprassion
Truss zpone Corroded rivet Corrosion 2.3 a0
Bending
failure mode Lower chord Corroded plates Corrosion 2.3 40
tension zone Corroded rivet Corrosion 2.3 40
Main Corroded plates Carrosion 2.3 40
Steel 1954 Truss Shear 4.1
Trusses . Diagonals Corroded rivet Corrosion 23 40
failure mode Reliabilit
Accidental damage | Impact eliability 20 20(7)
" - - - (Structure
< Global Connection of sheared rivet Fatigue safety) 41 15
% buckling of truss verticals Out of plane
18 O truss upper | with deck cross movement of lower | Fatigue 4.1 4.1 X 20
g chord girder connection plate ’
High saggin Shear connection with
g Bending BN SagEIng Corrosion 2.1 30
= area deck corroded
{?ross Steel 1954 web plate Bearing area Rivets are partially Fatiaue 11 41 20
girders buckling over main truss sheared & '
Bending Along the girder Corroded rivet Corrosion 21 10
1954 Bending HMS5/bottom delamination Corrosion | Reliability 21 21 30
Reinforced Fallin Safety (Life
Deck slab 1954 8 bottom Spalling Corrosion y ( 21 21 30
concrete chunks and limb)
1354 Bending HMH Efflorescence Leaching | (Symptom) | (2.1)
Bearin Abutment 1
Bearings Steel 1954 . & Corrasion Corrosion | Reliability 20 4.0 10
Failure (west)

TU1406
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Key Performance Indicators and QC Plan:

w o Performance Perforlrnanoe Estimated
g g . Design & . Location/ . Damage Indicator wllis failure
=2 B B!
: = g Component Material Construction Failure mode Position Damage /Observation T KPI T . S time
“ level (max) | (max) | [years]
. Bearing restrained ne
Bearin Abutment 1
Bearings Steel 15954 - € movement due to Corrosion | Reliability 4.0 20
Failure (west) , ;
corrosion and debris
Bearin Abutment 11 Loss of rotation abilit
Bearings Steel 1954 anng Y 1 Corrosion | Reliability | 3.0 20
Failure (east) due to Corrosion
; Spalling and )
Reinforced Abutment 1 Joint
Abutment 1954 delamination at closing : Reliability 3.0 20
concrete (west) leaking
wall 3.0
Reinforced Beari Abutment 1 losi Il with Closing of
Abutment | o orce 1954 canng Ltmen c1oSIng wall Wi OINEOT | peliability | 3.0 20
concrete Failure (west) horizontal crack joint
Reinforced
Wing wall concrete 1954 Wing wall Horizontal cracking Reliability 21 -
- 3.3
Reinforced
Wing wall 1954 Wing wall Spalling Corrosion | Reliability 3.3 -
concrete
] Reinforced ; , ) .
Wing wall 1554 Wing wall Surface abrasion Abrasion | (Symptom) 3.3
concrete
Expansion Deck
P ) steel 1954 Closing El 1 (west) Closing of EJ Reliability 3.0 3.0
loint maovement
Pedestrian | Reinforced 1954 HMH Dvertrfansvers Transvers cracks Mot active | Reliability 2.3 23 20
Deck slab concrete supporting truss
Pedestrian | Reinforced Falling . . Safety (Life
1954 South Edge Spallin Corrosion 3.3 33 20
Deck slab concrete chunks 8 patiing and limb)
Safety Falling of the ) . Safety (Life
Steel 1954 Safety barrier Broken, missing parts Impact ) 3.0 3.0 10(?
barrier deck Y &P P and limb) )
Pedestrian Falling of the Handrail Corrosion of structural Safety (Life
= ) Steel 1954 € ) Corrosion y i 2.7 2.7 30
E Handrail deck anchoring steel and limb) - 33
Reinforced Fallin, Safety (Life
-%‘ Curb 1354 g Curb side Spalling, delaminations | Corrosion “ 3.3 3.3 20
o concrete chunks and limb)
= Sudden Joint
Estimated Expansion joints Safety (Life 5
Pavement Asphalt disturbance P ] Open transvers cracks | reflection y i 3.3 33
2005 , overlay . and limb)
to driver cracking

TU1406
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Key Performance Indicators and QC Plan— category definitions (WG3)

Reliability:
ULS - Table 12.1 Scale for KPI Reliability (structural safety) and urgency of intervention

Reliabili ntitativ
eliability | Quantitative Urgency of intervention
scale scale (B)

>4.00 Regular inspection
2 3.25-4.00 Reassessment should be performed to update the period between inspections
2.50-3.25 Reassessment should be performed to plan an optimal time of an intervention

2.00-2.50 Reassessment and possible intervention shall be performed shortly after an inspection
<200 Immediate action/intervention is required

SLS -Table 12.2 Scale for KPI Reliability (serviceability) and urgency of intervention

Reliabili ntitativ
eliability | Quantitative Urgency of intervention
scale scale (B)

>2.50 Regular inspection
2.00-2.50 Reassessment should be performed to update the period between inspections
1.50-2.00 Reassessment should be performed to plan an optimal time of an intervention

1.00-1.50 Reassessment and possible intervention shall be performed shortly after an inspection
<1.00 Immediate action/intervention is required
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Key Performance Indicators and QC Plan

Reference scenario:

» The reference approach is lacking of any planed major repairs of the bridge
component and accessories except for periodical pavement repairs.

» Interventions are triggered following defects development up to the Component
failure.

» Inspection schedule increased in time

Preventive/Corrective scenario:

= One of few possible life cycle approaches.

= The bridge is going to be completely rehabilitated bringing its reliability index to
the maximum possible target which is 'As new'.

= The intervention will take place in the next two years following design period.
= Preventive intervention regime is established with 10, 20 and 40 years.
» Inspection and testing schedule as defined in the regulations
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Key Performance Indicators and QC Plan — Reference scenario:

Component Time Description RERENr Comments
(years) cost

Expansion
Joints

Asphalt overlay

Safety barrier
Deck slab curbs

Concrete slab

Truss - girder
connection

Abutment

Bearings

10

15-20

20

20

20

TU1406

Expansion joints not functioning

Crack development over expansion joints and

creation of potholes. Reduction of driving
safety & increased probability for accidental
impact load hitting the main truss members.

Collapse in 10 years due to possible
accidental damage
Deterioration of side curbs and ends of slab

Edge spalling and soffit delaminations is
predicted to develop into unsafe condition to
the users of the boat service passing below
the bridge.

Fatigue induced fracture of rivets lead to
connection failure and global truss failure

Failure of closing wall

Bearings failure due to corrosion

OWNERS MEETING
221 November 2018

24000

110000

280000

Replace expansion
joints and
pavement including
waterproofing.
Clean bearings

Replace safety
barriers and rehab.
Slab edges - (10y
instead of 20y)

Gradual reduction
of global F.O.S

Rehab. closing wall

Replace with
elastomeric
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Key Performance Indicators and QC Plan — Reference scenario:

Component Time Description ezl Comments
(years) cost

Anchoring of pedestrian handrail is
deteriorating due to corrosion

Handrail anchors

Steel cross

girders 30
Deck slab 30
Truss members 40

Expansion Joints

Pavement

COST ACTION

Fatigue of rivets and shear connectors

Deterioration of reinforced concrete

Truss failure due to Corrosion in 30 to 40
years' time based on the site climate and the
current condition

Expansion joint full deterioration

Asphalt and waterproofing deterioration

OWNERS MEETING
221 November 2018

50,000

244000

Rehab. handrails
Replace
additional rivets
by Bolts

Rehab. All steel
members of truss
and cross girders

Replace asphalt
and waterproofing
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Key Performance Indicators and QC Plan — Reference scenario:
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Key Performance Indicators and QC Plan — Preventive/Corective scenario:

Immediate bridge rehabilitation (€365000)

Component Time Description RERENr
VEELS) cost

Abutments + Slab
Curb

Truss - girder
connection

Truss + Girders

Expansion Joints

Bearings
Safety barrier

Handrails
Pedestrian slab

Deck overlay

Complete concrete elements repair
Concrete curb replacement

Joints connection repair including about 400 rivets
replacement and plate replacement

Local rivet replacement, Local member strengthening,

Overall bridge painting

Expansion joints replacement

Bearing rehabilitation

Replacing safety barrier with new one including end
blocks

Rehabilitation of the pedestrian handrails
Pedestrian deck overlay
New waterproofing and asphalt overlay.

OWNERS MEETING
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74800
10400

89300

71164

14200
17750

65550

9000
3120
11200
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Key Performance Indicators and QC Plan — Preventive/Corective scenario:

Scheduled interventions Budget

Yearly maintenance (cleaning) 1020
Inspection (every 2 years) 2040
Asphalt

Safety Barrier
Overall paint (steel)
Concrete treatments
NDT and special testing
Expansion joint replacement
Rivet replacement
Bearing replace/rehab.
Waterproofing
Total 3060

OWNERS MEETING

221 November 2018

1020
2040
6100
6100

15260

1020
2040
6100
6100
41850
27500
10460
13080

108150

1020
2040
6100
6100
41850
27500
10460
13080
48000
22300
5500
183950
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Key Performance Indicators and QC Plan — Preventive scenario:
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Key Performance Indicators and QC Plan — Comparing scenarios:

Preventative approach is clearly more appropriate for this truss bridge

= The cost is little more but all other indicators shows more favorable results
for all aspects.
= The reliability and safety are kept in higher levels all over the period.

—Preventative Reliability
1

Reference

Availability
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Sustainable Bridge Management

Arch concrete bridge in Guarda,
Portugal

Marija Docevska — University Ss. Cyril and Methodius-Skopje, R. Macedonia
Jose Campos e Matos — University of Minho, Campus de Azurem, Portugal
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ARCH CONCRETE BRIDGE IN GUARDA, PORTUGAL | MARIJA DOCEVSKA & JOSE CAMPOS E MATOS

Outline

« Selecting a case study bridge

« Collection of existing data

« Failure modes and vulnerable areas
« Evolution of virgin reliability

« Maintenance scenarios

« Conclusion
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Selecting a case study bridge
1. One of the defined common prototype of road bridges

« Arch bridge — Concrete,

2. The bridge was built and maintained by a highway authority
* Infraestruturas de Portugal
« Construction year: 1940

3. Inspection history:
« two inspections (1st:2007 / 2"4:2015) and one repair work (2010)

4. Data of NDT exists

e concrete cover; depth of carbonation; moisture content in the
concrete; petrographic analysis
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Collection of existing data

1. Bridge location
« Sabugal, Guarda district — Portugal; bridge over a river Cro
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Collection of existing data

1. Bridge location
« Sabugal, Guarda district — Portugal; bridge over a river Cro

XPT D ’:{ S “ | ” | r‘ |
A 8 g

' PORTUGAL Road map

L5
d

¥
v

I
[

ER324
PH - Km 123+560

Google map
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Collection of existing data

2. Structural system and bridge elements
« Simple supported deck arch (arch type acc. to WG3: open spandrel)
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Collection of existing data

2. Structural system and bridge elements
« Simple supported deck arch (arch type acc. WG3: open spandrel)

24.00 ° 835

i squartélada 686,35
V. FORMOSO 686.43
SABUGAL

bw | Bridge elements:

) A — Deck slab
\ B — Arch slab
\\ C = Arch springing

D — Spandrel wall
- i E — Wall at the springing

D - Spandrel wall

E - Wall at the springing
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Collection of existing data

3. Defects on the main structural elements identified during
Inspections

« Spalling, hairline cracks, calcium leaching, brown spots, direct
wetting of concrete, corroded steel bars...
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Collection of existing data
3. Defects on the main structural elements identified during
Inspections

| — hairline -Span — hairline
: craaks and spaTed cover brown spots and
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Collection of existing data

3. Defects on the main structural elements identified during
Inspections

— longitudinal — heavy
crack and direct wetting of steel corrosion
4. cencrete ha )
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Faillure modes and vulnerable areas

Definition of the failure modes for the actual structural
system and corresponding vulnerable areas

v,V
S e

-

1,2-ULS; 2,3-SLS

HMR - High Moment Region
HCR - High Compression Region
HDR - High Deflection Region

OWNERS MEETING
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HMR HCR HDR
AVe @ ¢ == A®

l
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Faillure modes and vulnerable areas
 Link between vulnerable areas and observed defects

i “\HHHHHHHHHHHHHHHHHHHHJH\HHHHHHHHHHHHHHHHH\HHHHHHW HHHHHHHWHHHHHHH ﬂ

B
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Faillure modes and vulnerable areas
 The QC protocol

: Vulnerable Damage Damage Performance  Overall
Failure mode Element . KPI .
area observations process value (1-5) rating
A Deck Efflorescence Leaching Symp. / R=4
Deck Wet spots - Symp. / S=2
Arch Surface cracks Corrosion R 3
B Arch Spalling Corrosion R 1
Bending Arch White spots Carbonization R 3
failure A Deck Efflorescence Leaching Symp. /
Deck White spots Carbonization R 3
Arch Longitudinal Structural R 3
B crack damage
Arch Surface cracks Corrosion R 3
Compression C Arch No damage / _ / /
failure D Walls Surface cracks Corros!on R 4
Walls Brown spots Corrosion R 3
Falling from / Railing Spalling Corrosion S 2
the bridge / Railing Cracks Corrosion S 2
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Evolution of virgin reliability
* Analytical assessment

mid-span section

RaEE A,=10920/m’
] — Msq
5 Nsg | | Nsof”
S |.........J&C =
A, =10220/m’
100
oSS, 00 0. 17. M. 51, 68, 85, 102, 19, 136, ST
<
Msq(Y6 V) < Mpa(Yc,Vs) -25000
<
Nsqa(Y6: Vg) < Nra(Yc Vs) -20000

n = Mgq/Mgq(or Ngq/Ngq)

Mid-span 171.91 221.32 0.77 114491 20000 0.06
Support / / / / / /

TU1406 OWNERS MEETING
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Axial force N
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Evolution of virgin reliability
* Reliability index

mid-span section
A,=10020/m'

MSd fcd F
e o o o|lo o o oo
o S YRR =
© oo o o ole o o o -C-c u __—FS']d
A, =10820/m’
100

Limit state function: g(R,S) =R—-S=0

Monte Carlo simulation
h
R=MRd=chXZ+Fsd2X(d_az)_Nsdx<§_a1> — B = HRZEs

=== —07(P)
2 2
S =My, = 159.18kNm; N,; = 1060.10kN 1/0-R+0-S
Overall bridge reliability — Parallel systems
2
i=1
Since the bridge is simple supported arch, bridge mid—span _q
the overall bridge reliability is equal to the — bridge
reliability of mid-span section Bo =4.26

‘ TU1406 OWNERS MEETING
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Evolution of virgin reliability

* Influence of a resistance reduction on reliability index

Virgin reliability index
estimated as 3,=4.26

N O/o/
B',=4.17 +

a
4
X
()
235
2
3
S 3
©
nd
2,5
=O=Beta_FORM
8%
2 femm—
0,5 0,6 0,7 0,8 0,9 1

Resistance reduction factor

8% qualitatively assumed resistance reduction based on the observed defects
during the last inspection

OWNERS MEETING

22" November 2018 SLIDE 130
Bergisch Gladbach, Germany




ARCH CONCRETE BRIDGE IN GUARDA, PORTUGAL | MARIJA DOCEVSKA & JOSE CAMPOS E MATOS

Maintenance scenarios

_ NOMAINTENANCE CORRECTIVE PREVENTIVE
Do-nothing and rebuild

ﬁo t tp I tp } tp
N Bt ylea, T with B plidg with
> Q N maintenance N tep maintenance
§ $ thout ™ 3 A
= without S withou N S
2| maintenance N S|  maintenance K _1 O > W,thOUt/\
D [ e NG E ~ Btarget E malntenance N |¢
8 v NG B D S N TS
' [rehabilitation time tg Brarger S |_rehabilitation time tz T~ 2 S Brarget
o & |__rehabilitation time top v
Bridge age, years Bridge age, years Bridge age, years
a; — degradation rate y — reliability improvement tpp — delay of degradation process
f; — time of initiation of damage 0 — decrease in degradation rate

tpD — duration of maintenance effect 0= aq- 6

tp — time of reapplication of the actions

Bo fo=r=y

BU - (’ - [[)01 lf ff <[ = ’PI

: . - - i = 1y +

Degradation model: g, _|® ~ ¢~ w® ey < 0= A 5 o

Bi — [t = (tp + 1pp)]x Hitp +tpp<t=tpy+1p

Bn - {!' — [ty + (n — l)fp]}e if tpp+(n— Ditp<t =ty + (n— Ditp + tpp

Bo — 4t — ltpr+ (n — Ditp + tppltae ittty + (n — Dip + tpp <t = tp + ntp
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Maintenance scenarios

Choosing parameters for degradation models — based on experts opinion

ﬁ target

CORRECTIVE
to . o . tp
By . T .
b, i g 0 with
e AR 1 1.0 g maintenance
3 \ P
2 without /"~ 1
> maintenance "K_1 o4
3 k. Brarget
% rehabilitation time t _*\
& |__rehabilitation time tpg
Bridge age, years
PREVENTIVE
B Lt with
Y N trp maintenance
a)<“ >N !
ke N
S| without /™~
sy maintenance\ \7/1 2
3 b2
Q ~
= N
() N
x

Bridge age, years

0= aq- 6
Action td [years] & [years] y [/
Crack sealing [0.51.5 3] [0.70.80.9] [211]
Depth conc. - - [100]
repair
Waterproofing [2 3 3] [0.75 0.8 1.0] -
Bearing
replacement - - [222]
Action td [years] o [years] y [/]
Deck [11.52] - -
washing
Minor spall [1.523] - -
repairs
Concrete spot [4 6 8] [0.30.40.5] -
painting
Bearing
cleaning 9'5 % Zl\ i
.~
min [N

avg
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CORRECTIVE

- Defect description || _Cost |

Three to four isolated moderate  Repairing the asphalt wearing (1) 50EUR/m2

spalls and delamination of the surface (1), applying thin (2) 40EUR/m2
pavement, moderate riding overlay and anti-slip
quality. pavement (2).
2 A lot of cracking due to Replacement of the concrete  50EUR/m’
corrosion of reinforcement railing
3 Over 50% of the walls have Repair the walls 250EUR/m3
cracks, brown spots and
leakage
4 Localized areas of white and (1) Rehabilitation of the (1) 200EUR/m2
wet spots, surface cracks concrete deck slab; (2) (2) 100EUR
Improvement of drainage (3) 50EUR/m2
system (3) waterproofing + 10EUR/m’
placement
5 Failure of the sealer material. Repair / Replacement of the 200EUR/m’
Water and debris can freely expansion joints including
enter the opening and damage  surrounding concrete
the bridge elements below. (‘viajoint’)
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PREVENTIVE

- Defect description —

TU1406

COST ACTION

Reduced diameter of the sinks

Vegetation and deterioration

Over 50% of the walls have cracks,
brown spots and leakage

Localized areas of white and wet
spots, surface cracks

Three to four isolated moderate
spalls and delamination of the
pavement, moderate riding quality.

OWNERS MEETING
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Cleaning the scuppers

Cleaning and Repairing the
sidewalks (execution of new
RC sidewalk)

Cleaning and surface repair of
concrete (<30mm) in localized
areas, removing degraded
concrete, cleaning and
protecting the reinforcement

Cleaning and concrete deck
sealing (1); filling or sealing of
cracks with width >0.30mm

()

Clean the bridge, sealing the
cracks in the asphalt, apply
overlayers

50EUR/m2

30EUR/m2

(1)100EUR/M’
(2) 50EUR/M’

20EUR/m2
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Maintenance scenarios
« Semi-quantitative evolution of reliability index over time

5 I

;5' ; . BO =4.26 [30=4.26
o N N

\ [
With maintenance:

- Do nothing and rebuild

- Corrective scenari
Preventive

N
35| kz\\\<:\\

§

0=4.26

w
I

Reliability index, B
N
I \
(3, ]

o
o
\

10

20

“Do nothing
and rebuild”

0=0.07 years

y=4.26-2=2.26
tpi=30 years
tpD=6 years

TU1406

COST ACTION

Corrective

50 60
Bridge age [years]

0=0.07 years?
y=0.53
0=0.02 years!
tpi=23 years
tpD=6 years
tp=13 years

OWNERS MEETING
221 November 2018

Bergisch Gladbach, Germany

Preventive

100

0a=0.07 years?
y=0.00
0=0.00 years
tpi=10 years <23 years
tpD=3 years
tp=6 years
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LEGEND:

Maintenance scenarios
« Qualitative evolution of KPIs over time

Do noth}ng,J, Corrective Preventive
and rebuild

\J\\\

0 10 20 30 40 50 60 70 80 90 100
Time (years)

a s ON -~

Reliability

1000000
500000
)
-.g % 0 A . n . P | L - n . a il N. . n
ow 0 10 20 30 40 50 60 70 80 '?‘Pme (years}oo
> 1
=2
Q3
T 4
5
<< 0 10 20 30 40 50 60 70 80 90 100
Time (years)
- 1
D 2
S 3
5
0 10 20 30 40 50 60 70 80 q_O 100
ime (years
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Maintenance scenarios
« Comparison

—Do nothing and rebuid
—Corrective

—Preventative

TU1406

cosT

ACTION

Reliability
1

1.5
2

2.5

Availability

Maintenance scenario

Do nothing and rebuild

Spider Area [ /]

In terms of Do
nothing and
rebuild

Corrective

16.89

38%

Preventative

11.94

2.45%
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Conclusion

« With the applied quality control plan, ‘virgin® reliability, anticipated failure
modes and related vulnerable areas were taken into account, bringing
some adventages in terms of other element-oriented quality control
methodologies. With such a holistic approach, preventative maintenance
and possible rehabilitation can be planned and optimized.

« Established methodology is applicable also in the quantitative manner,
which is the aim of the further research.
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Sustainable Bridge Management

Girder beam bridges - Sub group B1
Strymonas river bridge case

Panagiotis Panetsos — Egnatia Odos A.E., Greece
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STRYMONAS RIVER BRIDGE
SELECTED FOR GIRDER BEAM USE CASE

7 B e v
. st AR e

The Strymonas river bridge is a 8 span bridge, built by pre-stressed concrete, founded on the river bed of the
Strymonas river, with multi column piers through piles.

The total length of the bridge is 240m, its pavement width -including sidewalks-is 12.00 m, providing two
traffic lanes.

All 8 main spans over the entire river bed are 30 m long each, built by 5 precast pre-stressed concrete T
beams. All spans are simply supported, through elastomeric bearings on the multi column bents.

The age of the bridge is estimated some 30 years old.
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Year of construction: 1987

Deck: 5 prestressed concrete beams

Bridge length: 237.60m

Span no: 8 (x30.00m long)

Joint type: Elastomeric expansion joint (anchored) T50
Bearing type: Elastomeric orthogonal Type NB1
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DEFECTS DETECTED DURING INSPECTIONS

Wet spots / moisture or wettlng areas malnly at the ends of the abutment due to the |hcapaC|ty of ’the
superstructure’s expansion joint.

Light efflorescence on the surface of the concrete.
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e —— T T T v — TR
B Pier AM7 B Pier AM
) - S o

oy

)

WSt

Wetting of concrete’s surfaces, heavy spalling of concrete, exposed and totally corroded
steel bars.

= o

Pier AM7.2 | Pier AM2.2 |
-~ o o ) .]
7 \
tald L
i it RS R Sl 1T L, 4

Areas with voids all over the surface of piers.
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%
AbutmentAAO " ;

Type 1 bearlngs of acceptable condltlon on the abutments Poor condition of
concrete bottom plinths

o

pod condition
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Span AM1-AM2 |

‘slde view
Span AMl-AMZV

"

;" "';"- ' ‘.I..' 3 ~ad

&”_ o .t : L

Absence of vertical drainage pipes. Direct wetting of concrete, efflorescence, heavy spalling,
exposed and serious corroded mild steel bars, exposed and corroded external covering of
tensioning ducts and strands.
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T _ A L "‘ e
Span AM6-AM7 / ,",:/ . 2017
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Catastrophic testing for identifying the actual properties of the bridge
Concrete’s compress strength assigned to 20MPa, and yield stress of steel
bars assignhed to 420MPa, according to the design.

For the assessment calculations, laboratory strength and specimen

testing were carried out. L
. D Téon Taon
Mikog | Midperpog | aiaf- YIEIO SrESS e | siappoiic | 8paanc
Jokipo | Ly (mm) tde (Mm) f(m i o; (MPa) | o (MPa)
1 60 12,1 114 of steel bars 434,8 717,5
2 &0 12 113,097 s000 8100 /16,2
M.O. 438,5 716,8 B25 Bst 420/500
AvToxn Io.avToyn Io.avToyn
Ackipio | PoprTio rIl'I L1 L2 L4 t_l Xn L3 t_l Xn
nupRva Kuhivdpou KUBou
(kN) | (MPa) (MPa) (MPa)
K1 182,5 24,29 0,852 0,958 103 204 1208 24,7
K2 1193 | 1588 | 0855 | 0958 [ Compress 46 16,7
K3 1346 17,92 0,855 0,958 Strength from 38 18,7
K4 96,8 16,11 0,857 0,958 drilli 46 17,0
K5 120,6 16,05 0,857 0,958 rniing cores 46 16,9
K& 142,8 19,01 0,855 0,958 | 1,03 16,0 1,23 19,8
M.O. 17,0 14,3 17,8
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Ambient vibration Monitoring

——— Fe
; LYd LV3: : ¥ [ LL6.Z 1 ¥ )
il I i - - \|
a | | < | A\
i | ’ I~
S —— e — X -{u- | 1>
il | I
§ RV1 RV2 RV3
L [ e |
‘o 10,4 > s ®yeweal
: 125m o 19.0m,, Hbmmsbm&
I!Fmvagm
. . Identified modeshapes, frequencies and modal damping rations of Strvmonas river bridge
Uniaxial FB Accelerometers arrays ) -
installed on the bottom of the beams genifed equendes measured measured todel predeted
R TR N o i A
i 1“bendling . T 4.03 289 T 4,15 =
2 1= rotaFionaI . 4.42 0.86 4.45
........... L e b e
. . ) oo | pending L AR 0B 499
Conclusions based on 2 sequential vibration measurements 0
(2007 and 2017): e

1. Frequencies lower than the model predicted.
2. Frequencies do not change vs time

Identified modeshapes a) 1% bending mode (4,08Hz) ,b) 1% rotational mode (4,42Hz)
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Deflection monitoring of post-tensioned beams

0,010

0,005

0,000 fe=iis L t 00y
o~ -

oms Mm 5 Ch o |

om AN 2 5em > 1 4T

014
0,015 + ! ! \K
0,020 t t

-0.030

-0,035

= o - o
3 = = o
(=3 = o Ly

6,12
7.83
942

11,06

14,36

16,38

17,78

1275

19.61
21,19
3m
24,40
25.BB
27,18
28.53

A5-MeM7

Actually measured deflections are bigger than the model predicted (considering creep)

Chemical properties testing

Laboratory chemical properties included CI -, SO4-2, NO3- and PH determrnatron at the outer surface of

the concrete (usually > 7 cm depth from the outer surface). -
Core Salts (%) FH
Cr $0,° NOy’

upper | lower | upper | lower | upper | lower | upper | lower

3em 3em Jem Jem 3em Jem | 3em Jem
1 0.44 0.13 0.66 053 | 002 n/d 118 | 119
2 0.32 026 0.34 072 | 001 | 0.1 119 | 121
3 0.20 0.14 047 049 | 001 | 0.1 118 | 119
4 0.07 0.14 0.39 049 | 0.01 n'd 11.9 | 12.0
3 0.32 025 0.30 062 | 001 n/d 116 | 11.8
6 0.33 027 0.37 0.66 n'd n/'d 118 | 119
7 0.35 032 1.30 092 | 004 n/d 116 | 120
8 0.13 0.06 .39 046 n'd n/'d 123 | 124
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« Separate definition of Pls for 4 components of
the bridge:
Superstructure, Piers, Abutments, Pavement

« Selection of 4 KPIs :

Reliability,
Availability,
Safety

Agency Costs (Costs of maintenance)
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Failure modes triggered due to the deterioration mechanisms

Abutment . No failure is expected in next 25 years

Piers . Failure of the pier cap external
cantilever under vertical loads (due to
corrosion) .

Prediction : t=47 or after 15 years

Superstructure : Failure of the post-tensioned beams
under vertical loads (outer beams due to
corrosion)

Prediction : t=52 or after 20 years
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Failure modes triggered:

Fallure of piefcap cantilever (element/system)

res FPIKA LIDIXEIA TI RMA 10X = OI1 Q1 - KA 1:90

Halrllne shear cracks

Delamination/spalling/
10% steel bar diameter loss

COST ACTION

S 1202655
L g —=mem
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‘; |amz 3
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I g
JE...I_;..‘_D feath oxrba 3 10828 '3-_53
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Failure modes triggered due to the corrosion initiation
of strands in some of the spans (element/system)
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Failure modes triggered: Failure of piercap cantilever

(element/system)

Calculation of the remaining bending moment capacity of the pier head support

Considerations: upper layer 12 ®23 remaining from initial 12 ® 26

Second layer 8 ®26 /Stirrups : 4x ®9/15+d16/30 instead of 4x ®10/15+®18/30

Materials : C16/20 instead of design C20/25 and S420

A_=828mm*
A_= 4247 mm?

S~ S S T U S S —
3 -------- o G mmm - B TR Ty S, e L TR _g
1 1

' i
| 420 1| a2
A_ =314 mm? oA =2

s 0 s

uzn
A =5322 mm=

i i
i L——o—— 25 O---D---0----8 o - —0-—-0--—43—--4!—4 .
Reinforcement arrangement of the pier head support cross
section, considering the diameter loss due to corrosion

Bending Moments: Reduce of safety factor  -17,88%f
Shear Forces : Reduce of safety factor -21,62%¢
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Prediction of the pitting corrosion penetration in
reinforcement bars (top layer)

Corrosion penetration is given by : X, = C(T = T1)C, (1) (Paik et al. 2004)
where: x,, = corrosion penetration in unprotected steel in yum

T =age of the bridge,

T1=the time from the exposition of the reinforcement bars

C,= coefficient indicative of the annual corrosion rate

C, = coefficient indicative of the trend in corrosion propagation

Values of C; and C, were considered conservatively as of marine environment C1=70,6, C2=0,79.

The yearly penetration is resulted equal to 55,774um
1. The additional loss of stirrups’diameter, that would reduce the safety factor to 1, approximately corresponds to 1 mm
diameter loss.

To get such a diameter loss we need some 18 years of exposition and of non protection/repair of the already
corroded stirrups to the corrosive environment

2. The additional loss of top layer bars, that would reduce the bending moments safety factor to 1 approximately
corresponds to 1,2 mm diameter loss.

To get such a diameter loss we need some 20 years of exposition and of non protection/repair of the already
corroded stirrups to the corrosive environment

The conservative prediction of the shear failure of the piercap of the bridge piers in the
next 15 years is considered herein
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35 Pls are set for Reliability, 12 Pls for Safety, 11 Pls for
Availability. Costs represents the yearly cost.

The importance of Pls to each KPI are defined

35 PI Importance of Pls for the Reliability of Superstructure

PI Weighting factors for Reliability

u []
. ar s L]
crack width (longitudinal, due to ret 3 0.75 0.75 1.5 a 015 0.2 132 0.0075758 | 0.0075758 | 0.0075758 | 0.0075758 50.0075?53 0.0075758 | 0.0075758 | 0.0075758 0.00%676
Flexular structural cracks (width) 8 2 2 4 a 04 0.5333333 485 0.020202 | 0.020202 | 0.020202 | 0.020202 [ 0.020202 | 0.020202 | 0.020202 | 0.020202 = 0.020202
Calcium leaching [area) 3 0.75 0.75 1.5 R 015 0.2 132 0.0075758 | 0.0075758  0.0075758  0.0075758 n0.0075758 | 0.0075758 | 0.0075758 0.0075758 0.007576
Calcium leaching (intensity) 3 0.75 0.75 1.5 E 0.15 0.2 132 0.0075758 | 0.0075758 | 0.0075758 | 0.0075758 50.0075?53 0.0075758 | 0.0075758 | 0.0075758 (0.007576
Spalling depth {loss of concrete secti 7 175 1.75 3.5 = 035 0.4666667 132 0.0176768 | 0.0176768 | 0.0176768 | 0.0176768 w0.0176768 | 0.0176768 | 0.0176768 0.0176768 0.017677
Loss of fl. Bars section (diameter) 10 25 25 5 T o5 0.6666667 | 56.571429 | 0.0252525 | 0.0252525 | 0.0252525 | 0.0252525 0.0252525 | 0.0252525 | 0.0252525 | 0.0252525 = 0.025253
loss of stirrups section (diameter) 10 25 25 5 P 05 0.6666667 396 0.0252525 | 00251525 | 0.0252525 | 0.0252525 #0.0252525 | 0.0252525  0.0252525 | 0.0252525 = 0.025253
pitted corrosion 5 125 125 25 025 03333333 386 00126263 00126263 00126263 00126253 #0.0126263 | 0.0126263 | 0.0126263 | 0.0126263 0.012626
rotation of the pier around horizontd 10 25 25 5 . H H 5 B0.0252525 | 0.0252525 | 0.0252525 | 0.0252525 (0.025253
settlement of t:e pier 10 25 25 5 . Analytlcal HIerarChy Process 5 50.0252525 0.0252525 | 0.0252525 | 0.0252525 0.025253
pier head residual horizontal displad 10 25 i 3 . a A ECN TP Y NN e Y M Y Y R IS 525 | 0.0252525 0.025253
sulfate content 7 1.75 175 3.5 . 035 0.4666667 396 0.0176768 | 0.0176768 | 0.0176768 | 0.0176768 a0.0176768 | 0.0176768 | 0.0176768 | 0.0176768 0.017677
carbonation depth 10 25 25 E 0.5 0.6666667 | 56.571429 | 0.0252525 | 0.0252525 | 0.0252525 | 0.0252525 50.0252525 0.0252525 | 0.0252525 | 0.0252525 (0.025253
chloride content 8 2 2 4 T 04 0.5333333 39.6 0020202 | 0020202 | 0020202 | 0020202 = 0020202 | 0020202 | 0020202 | 0020202 0.020202
Safety factor for dead/traffic loads 40 10 10 20 T2 2 BEBEEET 49.5 0.1010101 | 0.1010101 | 0.1010101 | 0.1010101 #0.1010101 | 0.1010101 | 01010101 | €.1010101  0.10101
Traffic load carrying capacity factor 40 10 10 20 : 2 2.6666667 9.9 0.1010101 | 0.1010101 | 0.1010101 | 0.1010101 20.1010101 | 0.1010101 | 0.1010101 | 0.1010101  0.10101
delamination (in area) 15 3.75 3.75 7.5 . 075 1 9.9 0.0378788 | 0.0378788 | 0.0378788 | 0.0578788 [0.0378788 | 0.0578788 | 0.0378788 | 0.0378788 = 0.037879
delamination (in depth) 13 3.25 3.25 6.5 . 065 0.8666667 26.4 0.0328283 | 0.0328283 0.0328283 | 0.0328283 J0.0328283 | 0.0328283  0.0328283  0.0328283 (.032828
ductility of steel bars 15 3.75 3.75 7.5 2 075 1 30.461538 | 0.0378788 | 0.0378788 | 0.0378788 | 0.0378788 ,0.037878E | 0.037B78E | 0.037B78E | 0.0378788 0.037879
ductility of prestressing strands 15 3.75 3.75 7.5 E 0.75 1 26.4 0.03787E8 | 0.0378788 | 0.0378788 | 0.0378788 ED.DS?B?BB 0.0378788 | 0.0378788 | 0.0378788 (.037879
Shear like structural cracks {width) 15 3.75 3.75 7.5 =075 1 26.4 0.0378788 | 0.0378788 | 0.0378788 | 0.0378788 w0.0378788 | 0.0378788 | 0.0378788 | 0.0378788  (0.037879
damping 30 7.5 7.5 15 15 2 26.4 0.0757576 | 0.0757576 | 0.0757576 | 0.0757576 m0.0757576 | 0.0757576 | 0.0757576  0.0757576  0.075758
frequency 30 75 7.5 15 " 15 2 13.2 00757576 | 0.0757576 | 0.0757576  0.0757576 =0.0757576 | 0.0757576 | 0.0757576 | 0.0757576  0.075758
Seismic rating factor 20 5 5 10 1 1.3333333 13.2 0.0505051 | £.0505051 | 0.0505051 | 0.0505051 20.0505051 | 0.0505051 | 0.0505051 | 0.0505051  0.050505
Concrete Strength {actual vers as de 15 3.75 3.75 7.5 . 075 1 19.8 0.0378788 | 0.0378788 | 0.0378788 | 0.0378788 §0.0378788 | 0.0378788 | 0.0378788 | 0.0378788 | 0.037879
Steel Strength (actual vers as design 15 3.75 3.75 7.5 . 075 1 26.4 0.0378788 | 0.0378788 | 0.0378788 | 0.0378788 J0.0378788 | 0.0378788 | 0.0578788 | 0.0378788 | (0.037879
L]
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STRYMONAS GIRDER BEAM RIVER BRIDGE | PANAGIOTIS PANETSOS

t=32 years

Pls and KPis for bridge elements and for the
System (Reliability)

or directly for the system (Availabiity, Safety, Cost)

are calculated for the current bridge condition
(2017 or 32 years after construction)
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STRYMONAS GIRDER BEAM RIVER BRIDGE | PANAGIOTIS PANETSOS

The Pls are calculated for each KPI
Actual rating (t=32y)of PlIs for Reliability of the Superstructure.

R_super

=1,745*

ACTUAL RELIABILITY RATING T=32 YEARS ract

Pl PITYPE PIUNIT REAL PRACTICE Pjh STANDARP PRf\?I::CE NORMALIZED I\fg:l:l'::ITZEEII)) PI WEIGHTS Pl Ratings

PRACTICE Pjh* . VALUE VALUE Prormih KPI RATING

bearings deformation related to response T = number of affected bearings 0 5 0 1 1 0,01010101 | 0,010101
bearings displacement related to response T = number of affected bearings 0 5 0 1 1 0,01010101 | 0,010101
Concrete spalling (area) defects T =percentage of affected area (m"2) 10 10 0 0 0 0,005050505 0
Concrete spalling (depth) defects T =max depth of spalled area 20 5 0 3 0,2 0,007575758 | -0,00152
concrete cover (insufficient) related to deterioration/defect T =percentage of affected area (m"2) 50 10 0 -4 -0,2 0,007575758 | -0,00152
corrosion of flexular reinforcement bars (humber) defects T =percentage of affected number of bars 20 5 0 -3 -0,2 0,01010101 | -0,00202
corrosion of stirrups (number) defects T =percentage of affected number of bars 30 5 0 -5 -0,2 0,012626263 | -0,00253
crack length (due to shrinkage) defects T = length (cm) 0,7 1 0,5 0,6 0,6 0,005050505 | 0,00303
crack width (due to shrinkage) defects T = width (mm) 0,05 0,2 0,1 1,5 1,2 0,005050505 | 0,006061
crack width (longitudinal, due to retraction o concrete|defects T = width (mm) 0,05 0,2 0,1 1,5 1,2 0,007575758 | 0,009091
Flexular structural cracks (width) related to the impact of the defect T = rating depending on width (mm) 0 0,3 0,2 3 1,2 0,02020202 | 0,024242
Calcium leaching (area) related to deterioration/defect T =percentage of affected area (m"2) 5 10 0 0,5 0,5 0,007575758 | 0,003788
Calcium leaching (intensity) related to deterioration/defect T =percentage of affected area (m"2) 3 5 0 0,4 0,4 0,007575758 | 0,00303
Spalling depth (loss of concrete section) related to the impact of the defect T = ratio of superstructure section loss 10 10 0 0 0 0,017676768 0
Loss of fl. Bars section (diameter) related to the impact of the defect T = ratio of lost diameter 10 10 0 0 0 0,025252525 0
loss of stirrups section (diameter) related to the impact of the defect T = ratio of lost diameter 30 10 0 -2 -0,2 0,025252525 | -0,00505
pitted corrosion defects T =percentage of affected bars 0 0 0 1 1 0,012626263 | 0,012626
sagging of the inividual beams of one span related to the impact of the defect T =mm of midspan 25 20 15 -1 -0,2 0,025252525 | -0,00505 1r745
residual horizontal dsiplacement related to the impact of the defect T =%vertical slope 0 0 0 1 1 0,025252525 | 0,025253
loss of pre-stressing tendons section (diameter) related to the impact of the defect T = ratio of lost diameter 3 5 0 0,4 0,4 0,025252525 | 0,010101
sulfate content related to the impact of the defect T =content in % of cement weight 0,06 0,08 0,06 1 1 0,017676768 | 0,017677
carbonation depth related to the impact of the defect T =content in % of cement weight 6 10 0 0,4 0,4 0,025252525 | 0,010101
chloride content related to the impact of the defect T =content in % of cement weight 0,05 0,06 0,04 0,5 0,5 0,02020202 | 0,010101
Safety factor for dead/traffic loads Analytical assessement T= reduction of safety factor % 5 10 0 0,5 0,5 0,101010101 | 0,050505
Traffic load carrying capacity factor Analytical assessement T = loads (KN) (qualitative scale here) 8 7 9 0,5 0,5 0,101010101 | 0,050505
delamination (in area) defects T =ratio of delaminated area/total area 5 10 0 0,5 0,5 0,037878788 | 0,018939
delamination (in depth) defects T =depth of delamination in mm 3 5 0 0,4 0,4 0,032828283 | 0,013131
ductility of steel bars related to the impact of the defect T = ratio of fracture/yield strain 1,15 1,15 1,2 0 0 0,037878788 0
ductility of prestressing strands related to the impact of the defect T = ratio of fracture/yield strain 1,1 1,1 1,15 0 0 0,037878788 0
Shear like structural cracks (width) related to the impact of the defect T =t (mm) 0 0,2 0 1 1 0,037878788 | 0,037879
damping dynamic property from SHM T = change of damping from the uncracked 0,045 0,05 0,02 0,166666667 0,166666667 0,075757576 | 0,012626
frequency dynamic property from SHM T = measured/design bending frequency 0,9 1 1,2 -0,5 -0,2 0,075757576 | -0,01515
Seismic rating factor Analytical assessement T=seismic rating 1,1 1 1,1 1 1 0,050505051 | 0,050505
Concrete Strength (actual vers as designed) Properties from lab testing T = actual/initial 0,85 0,95 1 -2 -0,2 0,037878788 | -0,00758
Steel Strength (actual vers as designed) Properties from lab testing T = actual/initial 0,9 1 1 0 0 0,037878788 0

*1-5 Rating scale. 0 the worst, 5 the best condition rating
I PIs representing observed or measured deterioration intensity

TU1406
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STRYMONAS GIRDER BEAM RIVER BRIDGE | PANAGIOTIS PANETSOS

Final System KPI rating score from (weighted KPI rating)

Actual (t=32y) Bridge System rating for Reliability R_System,_., = 2,10 *

ACTUAL T=32 years

S/N COMPONENT Qcomp NOTATION Qcomp VALUE Wcomp KPI RATINGS SYSTEM RELIABILITY RATING
1 Abutment Qabut 2,227 0,24589 0,54759703
2 Pier Qpier 1,216 0,31421 0,38207936
3 Superstructure Qsuper 1,745 0,31421 0,54829645 2’ 10
4 Pavement Qpave 4,928 0,12568 0,61935104
SUM 1 2,09732388

*Minimum condition rating of bridge equals substructure rating = 3in 1-9 scale

or 1,66 in 1-5 scale < 2,10 (more conservative rating based on visual findings)
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STRYMONAS GIRDER BEAM RIVER BRIDGE | PANAGIOTIS PANETSOS

Simplified calculation of Reliability (B-index chart consider resistance reduce)

6.0 1.0E-08
1.0E-07
5.0
1 ”
Beams 10%) 1.0E-06
¥ 4.0 20% of reststan mductm =l =
E 2 i 1.OE05 =3
- | &
-
g 3.0 z 1.0E-04 g_‘
20 irgn reliability index estimatedas4.2 ! 0E-03 8
1.0E-02 E
1.0
1.0E-01
0.0 1.0E+00
050 055 060 065 070 075 080 0385 09 095 1.00
— 3 e—f Resistance reduc tion
ACTUAL SYSTEM RELIABILITY T=32 years
S/N COMPONENT Qcomp NOTATION Qcomp VALUE WCoMP | KPIRATINGS SYSTEM RELIABILITY RATING
1 Abutment Qabut 3,6 0,24589 0,885204
2 Pier Qpier 2,2 0,31421 0,691262
3 Superstructure Qsuper 3,1 0,31421 0,974051 3’03 _
4 Pavement Qpave 3,8 0,12568 0,477584 Or R’SyStem =22
SUM 1 | 3080 (min of components)

|
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STRYMONAS GIRDER BEAM RIVER BRIDGE | PANAGIOTIS PANETSOS

B1l. Actual rating of PlIs for Safety of the Bridge Safety,Syst,,,=3,031

ACTUAL SAFETY RATING OF THE BRIDGE SYSTEM

KPI KPI REAL STANDARD BEST NORMALIZ CALIBRATED
NOTIFICATIO Pl PI TYPE PIUNIT PRACTICE | PRACTICE | PRACTICE NORMALIZED PI WEIGHTS PI ratings KPI RATING
(BENCHMARK) - " . ED VALUE ;
N Pih Pjht P*ih VALUE Pnormjh

Safety 5 Safety for the driver in terms of Safety barriers condition/adequacy rating T=Condition of safety barriers 8 5 ] 0.75 0.75 0.108695652] 0.081522

SYSTEM safety for the driver due to the uneveness of the asphalt pavement rating T=required hours 1] 1 0.75 4 1 0.086956522] 0.085957
safety for the driver due to the asphalt pavement defects (pot . _ .
holes) rating T=depth*® area of pot holes 0.001 0.005 1] 0.8 0.8 0.1028695652| 0.086957]

- T=slope of the transmission
Safety for the driver due to the approach pavement settlement rating " pavement 1] 0.2 0 1 1 0.086956522] 0.085957
safety for the driver due to frequent traffic lane closures rating T=qualitative rating 1o 9 8 -1 -0.2 0.086956522| -0.01739
safety for the driver due to asphalt pavement wearing and tearing . _ . .
{rutting, ravelling] rating T=rutting depth in mm 4 9 4 1 1 0.086956522] 0.086957 3.0307971
safety for the driver due to asphalt pavement sliding under ) T=condition rating of the
wet/rain conditions rating antiskid pavement 8 6 9 0.6666667 0.666666667 0.108695652| 0.072464
Safety for the fisher boats from debris falls of the spalled concrete rating T=depth of spalled areas in 15 1 0 14 02
|surface of the niers and sunerstructure - mm _ ) 0.065217391] -0.01304
. . s _ T=condidion rating of
Safety of the driver due to the damage of expansion joints rating expansion joints 8 4 9 0.8 0.8 0.108695652] 0.086957
Safety of the driver due to extreme sagging of the superstructure . . I
rating T= midspan deflection in cm 3 10 5 14 1

post-tensioned beams P 0.065217391] 0.065217|
Safety of the driver/ people due to the fall of spalled concrete rating T=depth of spalled areas in 15 1 0 14 02
surface debris under the bridge 0.086956522| -0.01733

B2. Actual rating of Pls for Avai

ACTUAL AVAILABILITY RATING OF THE SYSTEM

lability of the Bridge. A syst

em,...=4.6202

REAL CALIBRATED
KPI KPI STANDARD | BEST PRACTICE | NORMALIZED) -
(BENCHMARK) | NOTIFICATION Pl PI TYPE PI UNIT PRAFTICE PRACTICE Pjh* Pein VALUE NORMALIZE[I) PI WEIGHTS Pl ratings KPI RATING
Pjh VALUE Pnormjh
Availability A Traffic lane closure for inspection with underside mechanized platform rating T=required hours B 4 4 0 0 0.075949367 o
SYSTEM Traffic lane closure for deinstallation/installation of expansion joints rating T=required hours 0 1 0.75 4 1 0.101265823| 0.101265823
Traffic lane closure for expansion joint repair rating T=required hours 0 4 25 2666666667 1 0.050632911| 0.050632911
Traffic lane closure for expansion joint replacement rating T=required days 1] 0.8 0.4 2 1 0.101265823| 0.101265823
Traffic bridge closure for uplifting of the bridge to replace bearings rating T=required days 0.1 0.4 0375 12 1 0.126582273| 0.126582278
Traffic brid 1 f intaini habilitating th t-tensioni
hra ic bridge closure for maintaining/rehabilitating the post-tensioning rating T= required days 0 1 075 4 1
eams 0.126582278| 0.126582278| 4.6202532

Trafflc brldgel closure for maintaining,/rehabilitating the rating T= required days 0.125 0425 0.125 1 1
piers/foundations 0.126582278| 0.126582278
Traffic lane bridge closure for maintaining/replacing the safety barriers| rating T=required hours 0 2 1.5 4 1 0.050632911| 0.050632911
Traffic lane closure for the sid Ik rating T=required days 0.375 0.375 0.375 1 1 0.050632911] 0.050632911
Traffic bridge closure for the app p nt rating T=required hours 0.5 0.5 0.5 1 1 0.050632911] 0.050632911]
Traffic lane closure for replacing/maintaining the . _ _
pavement/waterprrofing membrane rating T=required days 0 0.228 0175 4301886792 1 0.126582278| 0.126582278
Traffic bridge closure for replacing/maintaining the lighting towers rating T=required hours 0.1 0.1 0.1 1 1 0.012658228| 0.012658228|
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C. Costs expected, for 2 alternative scenarios
1st scenario (rehabilitation att =47 years)
2"d scenario (rehabilitation at t = 33 years)

Maintenance costs Rehabilitation at t=47 | Rehabilitation at t=33
Pavement routine maintenance 80000 40000
Pavement rehabilitation 210000 210000
Expansion joints 710000 710000
Bearings 250000 500000
Safety barriers 220000 220000
Rehabilitation of piers 750000 600000
Rehabilitation of superstructure 1200000 700000
Inspection /INDT/SHM/Assessment costs 720000 470000

Total costs 4140000 3450000

Bridge life period examined (t=32 years (today) — t=80 years)

COST ACTION
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D.1 Spider diagrams at t=47years with/without rehabilitation

Bridge after 15 years t=47 years

Bridge t=47 years

t=A7years/47years Reference Rehabilitated
time 47 a7
reliability 0,81 2,46
safety 1,93 3,90
availahility 2,00 |
normalized Cost 1 3,476

normalized Cost

TU1406

Sz

reliability
5

4
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Spider diagrams of 2 scenarios on various times
D. 2 Spider diagrams of actual condition and of the condition during and after
rehab (t=33)

Bridge today t=32 years Bridge t=33 years reliabil Ity
t=32years/33years Reference |Rehabilitation Rehabilitation (AFTER) 5

time 32 33 33

reliability 2,1 3,85 3,85 4 4
safety 3,03 4,46 4,46

availability 4,62 0,18 4,62

normalized Cost 3,74 1,01 3,905

normalized Cost \ safety

m— Actual
== Rehab
=== after renab

availability
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Availability leve

Costs

Reliability level

Safety

Life cycle prediction for scenario 1 (Rehab in t=47)

VW

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

EENN )|

Time (years)

o B N W

3 N
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Life cycle prediction for scenario 2 (Rehab in t=33)

Time (years)

Availability leve
O = N W b O

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 8(
0

N

Costs
N

3 /\

Reliability level

Safety
w BN
\

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
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Comparison of the alternative scenarios

A comprehensive comparison of the two approaches is achieved herein only if cumulative effects
of the followed maintenance strategy are expressed in one of the following ways:

1. Comparison of the 2 life cycle net present values
1st scenario NPValue' = 2682465 €

2nd scenario NPValuez = 2132119 €
NPVZ < NPV

2. Comparison of the SpiderGrams life cycle volumes
for the 2 scenarios

= T —
a Marr 2. _~—% s T T S
I _-.-‘_‘_'_'th‘ i F—re——— |
L — i L i —_— ¢ R ——
'|I B s e S | I, . )
. il / L L
3 . w / =
_\.. .-_. --._\.. | L |. 1) )
] |I WA M | T R H'._ i
. 1F, o
. - W
q ..-_I.
B ON MMM I M M &0 &4 4F 47 dd 4 @66 AT 4R 48 51 69 6F 60 fd A OBR OST SR 5B OG0 A9 47 O61 fd M OB BT BR 88 TE T TP OTI T T T IT TR TR AD

Scenario 1 Life cycle Spidergram volume: 1123,3

Scenario 2 Life cycle Spidergram volume: 1466,6
Svi> st
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STANDARDISATION | Helmut Wenzel

WG5 Work Ongoing:

1. WGSH5 collects the results of the other WGs and prepares
It for standardization

2. Thereis a liaison to CEN TG250, ISOTC 350 and TC
59

3. Contributions to EUROCODES and ISO 21292-2 on
Sustainable Construction in Civil Works are prepared

4. Guidelines on the COST TU 1406 results are prepared
5. Abook publication is under development
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STANDARDISATION | Helmut Wenzel

What are Standards?

1. Represent a harmonised procedure agreed by all
stakeholders

2. This makes them rather general than very specific
(frameworks)

3. National or project specific rules have to be created
(NDPSs)

4, Standards strictly apply in standard cases only

Extraordinary cases are not covered. This opens
adjustment of standardized process to specific cases
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STANDARDISATION | Helmut Wenzel

Relevant Standards for Bridge Management

ISO 55000 Asset Management

ISO 31000 Risk Management Framework

EN 199x Eurocodes (DIN 1076, national)

EN 16991 Risk Based Inspection

ISO 21929 Sustainability of Construction Works
Safety, Environment and Security Guidelines

NS O A~ bR

National Management Strategy (your case)
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STANDARDISATION | Helmut Wenzel

Why do we need Standards?

From national to globa

Makes works compara

markets

hle

Provides juristically safe environment for operators

OWNERS

Allows competition to get economic tenders

Allows suppliers to develop economic products
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STANDARDISATION | Helmut Wenzel

Do Standards restrict Owners?

No. They can be excluded if they don't fit

Every Nation can issue Nationally Determined Parameters
(NDP) to fit the frameworks for any specific case

Examples: Seismic Hazards, Snow Loads

But also rules for visual inspections or the use of monitoring
results in the assessment process (i.e. Austria, RVS)

Standards are for standard cases only! For special cases
engineering and expert knowledge shall be applied (quote
from EN 1990, page 7)
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STANDARDISATION | Helmut Wenzel

EN 1990 2002 SayS : Status and field of application of Eurocodes, page 7

The Eurocode standards provide common structural design
rules for everyday use for the design of whole structures
and component products of both a traditional and an
iInnovative nature. Unusual forms of construction or design
conditions are not specifically covered and additional

expert consideration will be required by the designer Iin
such cases.

OWNERS MEETING
22" November 2018 SLIDE 176

Bergisch Gladbach, Germany



STANDARDISATION | Helmut Wenzel

Standard Cases vs Special Cases
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STANDARDISATION | Helmut Wenzel

Example Risk based Asset Management

Application-Specific Generic
ISO 55000 ISO 14044
Prediction Asset
Models for Management
Performance Life LCA/LCC
Operational

Environment 150 31000 t 1SO 9000(2014)

VGB-5-506 BS 25999

R (Risk-Based)
Damage / (Risk-Based) Management
P  Degradation ——P Condition EEE— New "ngelife-)(” <4—» | FUNCTIONALITY
(Actual) Assessment
EN standard

CWA 15740:2008(2011)
Materials / ISO Guide 73 1SO Guide 51
Construction t
1SO 26000 GRI 4.0

(ISO 31004) ISO 31010
Inspection, Risk-Assessment,
Testing, Maintenance & Society
Monitoring Repair Methods
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STANDARDISATION | Helmut Wenzel

Example Risk based Asset Management

Which Rules to apply ?

EN 199x
Safety COST TU 1406 WG2-3
//‘i‘?\%?
Society // ¢ \s‘rgg‘i%@;w\ Durability

3 4,90 \\Q:

1ISO 21292 I |
ISO 14040 ... . 2 | COST TU 1406

I l

"o |
/
Environment ~ { - Serviceability

< |- Sector specific
Your own rules
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STANDARDISATION | Helmut Wenzel

Risk = Effects of Uncertainty on Objectives

Quantification of Risk

1SO 21929 Reliability

Society Durability
DLS

Sustainability
Factors

Environment Serviceability

OLS

Your Rules

: - Economy
Risk Assessment Algorithm Costs
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STANDARDISATION | Helmut Wenzel

Application to define Aging (Degradation)

Examples
from practice

EN 16991:2018

TU1406

COST ACTION

Initial over design

17

Leval of failure

Safety level

ITC

Date: 2012-06

prCWA 63:2012

Tc

Lifetime Secretariat: ON

Lower bound
life expactancy
a

295

Design  Upper bound
life life expectancy
m

Ageing behaviour of Structural Components with regard to Integrated
Lifetime Assessment and subsequent Asset Management of Constructed
Facilities —

Alterungsverhalten von Bauteilen in Bezug auf ganzheitliche Lebenszyklusbewertungen und weiterfilhrendes
Erhaltungsmanagement von Infrastrukturbauten —

ICS:

pescriptors: Draft version May 16", 2012
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STANDARDISATION | Helmut Wenzel

Apply the internationally harmonised Rating

Examples from practice

Comparative Structural Inspection

South Nether-
Italy ~ France Africa Australia Finland lands  Germany Austria Japan Condition

: \ \ <30 1 1.0-14 1 safe and operational

1
5 \ A OK
2 safe and operational
B 2 1.5-1.9 2 (minor repair)
3 e , 20 B IV
¢ 50-24 3 safe — indicating reduced

operability

RN O N 00 O

repair demanded
safe and useable during repair
_

reduced safety and operability
retrofit demanded

D.O.T. DISK DIN RVS
1076  13.03.11
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Get the Trigger Mechanisms => Maintenance Measures

Examples from

SUPERSTRUCTURE n
—
e TR R at I n g SUPERSTRUCTURE PERFORMANCE t
hn (2054) = 20 Year p raC I Ce
bg = 1]
t= 4 2011 2015 2019 2023 2027 2031 2035 2039
Cc =
anm 2. 19E-04 2013 2017 2021 2025 2029 2033 2037 2041
weighting factor 1.3 0
Do Nothing p—
c=3 Rating M——
. 0 ___ 1 g CETSO00 OSPOSE| SOSPOSE PPPOPY SOV ""5...5_:‘\ ............................................
i|  0.0002 1 ™ S~
2 0.0018 1
3 0.0059 1 8
4] 0.0140 1
5 0.0274 1
6 0.0474 1 12
7 0.0753 1
8 0.1124 1
9 0.1600 2
10 0.2195 2 16
11 0.2921 2
12 0.3793 2
13 0.4822 2 20
14 0.6022 2
15 0.7407 2 A A
16 0.8990 2
17, 1.0783 2
18 1.2800 2
19 1.5054 2 .
I Routine Answer: When|and How much to invest
22| 2.3370 2 .
23| 2.6704 2 Maintenance
24 3.0341 2
25 3.4294 2
26 3.8576 3
27, 4.3200 3
28| 4.8180 3
29 5.3529 3
30| 5.9259 3
31 6.5385 3
32 7.1919 3 .
BT 5 } ......@avy Maintenance
34 8.6264 3
35 9.4102 3
36 10.2400 3 ege
s = 2 — Good Condition
38 12.0432 3
130153 > 3 — Satisfactory Condition

vevenenenheens Strengthening




STANDARDISATION | Helmut Wenzel

Where do we go ?

GIS surface and platform

BIM

Risk based procedures EN 16991

Risk Assessment driven 1SO 14040
Sustainability driven 1SO 21929

Room for subjective (wisdom) driven Information

From Science to Politics, Operators, Managers
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