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Federal Highway Research Institute (BASt)

Å Technical and Scientific Research Institute

Å Subordinate to the Federal Ministry of Transport

Å Approximately 400 Employees

Å Founded in 1951, since 1983

in Bergisch Gladbach
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1st INFRASTAR Implementation Day
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Responsibilities and Tasks 

Å Scientifically sound decision support for the ministr y

Å Regulations and standards at national and european level

Å Testing and certification body ( road equipment )

Å Driving licence procedure assessment centre

Å Research
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Research Aims 

Å Improving and increasing efficiency of construction and 

maintenance and improving reliability of road infrastructure

Å Improving efficiency of the road transport system

Å Improving road safety

Å Improving environmental sustainability of road construction 

and road transport

Å Strengthening resilience of the road transport system

Å Strengthening technological progress
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Results

Å More than 300 internal research projects per year

Å About 500 external research projects

Å 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

Å Annual Budget of BASt 46,7 Million Euro

Å Resources from the Research Budget of
the Federal Ministry of Transport  10,0 Million Euro

Total 56,7 Million Euro

As per: 2017
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Challenges

10

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 ú
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age structure bridges on BAB road freight transport on BAB

(BASt) (BASt)

ÅTraditional design, construction and maintenance processes dominate

ÅOlder bridges are not ñfit for futureò

ÅMobility requirements conflict with actual availability of bridges
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digital transformation, lifecycle-oriented solutions, 

advances in construction technology

Old federal 
states

New federal 
states

Challenges
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Smart Bridge - Conception and integration

ÅAdaptive system for 
continuous provision of 
relevant information on 
the condition, loadbearing
capacity, reliability and 
remaining service life of a 
bridge and its components

Åholistic solutions, lifecycle 
oriented

Innovative sensors
and measurement systems

Data analysis
procedures

Evaluation
methods

22.11.2018



13

Smart Bridge in the Digital Test Area Autobahn (Pilot study)

ÅNew bridge structure equipped with 
sensors in the highway interchange A 3/A 9 

ï4-span prestressed concrete 
box girder bridge

ïLength: 156 m, 2 lanes

ÅDetermination of actions and reactions using measurement and evaluation 
technology to assess the condition, reliability and remaining service life

ÅInformation system ĂStructural Condition ñ, 
wireless sensor network, 
instrumented bearings, 
instrumented expansion joint
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Instrumented expansion joint 

Å Swivel joists expansion joint

Å Recording of traffic data

- Number of vehicles, vehicle speed
- Number of axles, axle distances, axle 

loads 

Å Self -monitoring

- Gap width , lamella spacing
- Lamella eigenfrequencies

Accelerometers, 
wire - rope sensors, 
load cells, 
pressure sensors
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Instrumented bearing

Pressure sensors

Distance sensors

Displacement transducers

(Maurer SE)

Å Spherical bearing

Å Actions and reactions relevant to the structure
- Determination of loads using pressure sensors
- Determination of glide paths, deformations and 

rotations
- Derivation of structural eigenfrequencies

Å Self -monitoring
- Bearing rotation around the bridge axis
- Accumulated glide path
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Thank you for your Attention!

Federal Highway Research Institute

Brüderstraße 53

51427 Bergisch Gladbach ïBensberg / Germany

Fon + 49 (0) 2204 43 -0

info@bast.de

www.bast.de

mailto:info@bast.de
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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 ¶ Greetings from  

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

¶ Organizational Points  

Ralph Holst, BASt, DE 

¶ Introduction of COST action TU1406  

José Matos, UMinho, PT 

¶ Relevance for bridge owners  

Nicolas Bardou, VINCI Autoroutes, FR and João Amado, Infraestruturas de Portugal, PT 

¶ Performance indicators and performance goals ï evaluation and recommendations  

Alfred Strauss, BOKU, AT 

¶ Quality Control Framework  

Rade Hajdin, Uni. Belgrade, RS 

¶ Case-study  

Amir Kedar , Kedmor Engineers, IL 

13:00-14:00 Lunch and networking 

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

14:00-16:00 ¶ Case-study  

Amir Kedar , Kedmor Engineers, IL 

¶ Guidelines and recommendations  

Helmut Wenzel, Vienna Consulting Engineers ZT GmbH, AT 
¶ Panel discussion with active participation from the audience,  

moderated by Niels Peter Høj (HOJ Consulting GmbH, CH) 
Panel consist of  

- Alfred Strauss (BOKU, AT),  

- Amir Kedar (Kedmor engineers, IL),  

- João 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) 

¶ Closing 

Joan Casas, UPC, ES 

16:00-16:30 Coffee and networking 

16:30- Tour in Cologne followed by networking dinner 
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1. Cassler with pointed cabbage 

and mashed potatoes

2. Szegedinger goulash with 

sauerkraut and potatoes

3. Cassler with pointed cabbage 

and mashed potatoes
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Bus leaves BASt: 5 PM,
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I wish you a fruitful Owners Meeting and a 

good time in Cologne
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WWW.TU1406.EU
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Background

COST ACTION TU1406  |  JOSÉ C. MATOS

Efficient 
Management

Decay 
Process

Limited 
Resources

Public 
Expectations

Public 
Demands
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COST ACTION TU1406  |  JOSÉ C. MATOS

Performance 
Indicator

NDT Testing

Visual 
Inspection

Monitoring System

Performance Goal

Quality Control Plan

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany
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Reasons for the Action

COST ACTION TU1406  |  JOSÉ C. MATOS

Quality control plans vary from country to country.

In some cases, quality control plans vary within the same country.

A large variation in the quality of european roadway bridges is verified.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

22nd November 2018

Bergisch Gladbach, Germany



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;

(ii) Collect and contribute to up-to-date knowledge on performance indicators

(iii) 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.
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Objectives

COST ACTION TU1406  |  JOSÉ C. MATOS
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Participants

COST ACTION TU1406  |  JOSÉ C. MATOS

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

COST Countries

Near Neighbour Countries (NNC)

International Partner Countries (IPC)

OWNERS MEETING
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Bergisch Gladbach, Germany
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COST ACTION TU1406  |  JOSÉ C. MATOS
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Scientific Programme

COST ACTION TU1406  |  JOSÉ C. MATOS

WG1 ïPerformance Indicators for Roadway Bridges

WG2 ïPerformance Goals for Roadway Bridges

WG3 ïEstablishment of a Quality Control plan

WG4 ïImplementation in case studies

WG5 ïGuidelines/Recommendations ïFinal Report

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany



Joint Event

COST Action TU1406

EuroStruct

25-26 March 2019

Guimarães, Portugal

Final TU1406 Conference



THANK YOU FOR YOUR ATTENTION!

WWW.TU1406.EU

Funded by the Horizon 2020 Framework

Programme of the European Union
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Nicolas BardouïVinci Autoroutes, France



Å Are we facing the same Problems?

Å Bridging the GAP 

Å Common Challenges

Å The Future

Å A Final Word
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AGENDA

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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ARE WE FACING THE SAME PROBLEMS?

Å Decreasing budgets 

Å Aging infrastructure 

Å Extraordinary events and increased costs

Å Fewer staff

Å Pressure to ensure the availability

Å Increase of the traffic loading

Å Pressure to increase safety

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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TU1406 Academia

Consultants

Owners

Operators

Bridging the GAP

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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Challenge 1

Å How to translate bridge performance? 

ü Survey of indicators used throughout Europe 

ü Database with +750 terms

ü 300 terms after homogenization and clustering

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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Challenge 2

Å How to increasing transparency? 

ü Comparative scenario

ü Key Performance Indicators

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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Challenge 3

Å How to increase accuracy of our assessments? 

ü Able to support a life cycle assessment

Time

ü Framework that clearly mirrors inspectorôs reasoning

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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IN A NUTSHELLé

Compliance with best practices, harmonization

Transparency allowed by new indicators to better translate needs

Accuracy of the assessments with new tools, new frameworks

Keep control of the outcome

Reasonable costs

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU
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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

22nd November 2018

Bergisch Gladbach, Germany

RELEVANCE FOR BRIDGE OWNERS  |  JOÃO AMADO & NICOLAS BARDOU



THANK YOU FOR YOUR ATTENTION!

WWW.TU1406.EU



INDUSTRY ADVISORY BOARD ïOWNERS MEETING

Sustainable Bridge Management

22nd November 2018

Bergisch Gladbach, Germany

PERFORMANCE INDICATORS & 

PERFORMANCE GOALS

Alfred Strauss

University of Natural Resources and Life Sciences, Vienna, Austria

Irina Stipanovic

University of Twente, Enschede, Netherlands



SLIDE 49

Objectives

explore for bridge structures

Performance Indicators, PIs

Å mechanical,

Å technical, 

Å environmental

performance and degradation processes. 

Å complexity in time not covered in norm specifications

Å not homogenized between the European countries

Performance Goals, PGs

linked to identified Key Performance Indicators.

Å technical, 

Å environmental, 

Å economic, and 

Å social factors.

provide an overview

PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany
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Screening of inspection, evaluation, assessment documents

from the participating countries

Austria

Belgium

Bosnia and Herzegovina

Bulgaria

Croatia

Cyprus

Czech Republic

Denmark

Estonia

Finland

France

Germany

Greece

Hungary

Iceland

Ireland

Israel

Italy

Latvia

Lithuania

Luxembourg

Macedonia

Malta

Montenegro

Netherlands

Norway

Poland

Portugal

Romania

Serbia

Slovakia

Slovenia

Spain

Sweden

Switzerland

Turkey

United Kingdom

OWNERS MEETING
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PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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Screening of inspection, evaluation, assessment documents

from the participating countries

Nature of 

existing processes

Performance 

indicators, PIs

Key Performance 

indicators, KPIs

Definitions

Inspection to 

management

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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Understanding Definitions, PIôs and KPIôs 

Observation

It is a datum (i.e. piece of information) é, 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. 

Indicator

It is something that shows what a situation is like. The ñsituationò 

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. 

OWNERS MEETING

22nd November 2018

Bergisch Gladbach, Germany

PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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Understanding Definitions, PIôs and KPIôs 

Performance Indicators, PIôs

Performance indicator measures fitness for purpose of a physical 

object such as bridge or its element. Since the fitness for purpose (i.e. 

quality) 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. 

OWNERS MEETING
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PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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Understanding Definitions, PIôs and KPIôs 

Key Performance Indicators, KPIôs

KPIs relate to a whole bridge and are as follows: 
Å Reliability is the probability of structural failure (safety), operational 

failure (serviceability) or any other failure mode occurring during the 

service life of the bridge. 

Å 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. 

Å 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). 

Å Economy is related to minimizing the long-term cost of maintenance 

activities over the service life of a bridge. 

Å Environment is related to minimizing the harm to environment during the 

service life of a bridge. 

OWNERS MEETING
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PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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Screening of inspection, evaluation, assessment documents

from the participating countries ­ 375 Terms

Performance 

Indicators, PIs

absence/missing

contamination

cracking

damage

é

displacement

movements

execution defects

vibrations/oscillations

Performance 

Indicators 2nd Order

special inspection requisite

step in transition slab

resistance

system functionality

é

robustness

safety index

vulnerability

element functionality level

Observations

blistering

bulging

cavitation

clogged

é

inadequate clearance

traffic restrictions

traffic volume

traffic loading

Other Data

accessibility to damage

carrying capacity factor

é

gross weight of a vehicle

permanent loading

Damage Processes

abrasion

aggradation (alluviation)

é

biological growth

freeze-thaw

V Material

V Component

V System

TU1406 database

comparison of terms 

between countries

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



Nature of 

existing processes

Key Performance 

indicators, KPIs
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Screening of inspection, evaluation, assessment documents

from the participating countries

KPI Management

PIi Inspection

Component, k; System

OWNERS MEETING
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Bergisch Gladbach, Germany

PERFORMANCE INDICATORS & GOALS |  ALFRED STRAUSS & IRINA STIPANOVIC
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From Performance indicators (PIs) to Key Performance indicators (KPIs) 
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KPI Management

PIi Inspection

Component, k; System
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KPIU Environment u = 3

PI23 CO2 footprint
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PIs
Performance 

Indicators
1 absence/missing

2 contamination

3 cracking

4 damage

5 é

6 displacement

7 movements

é

20 Vibrations/oscillations

R. Hajdin, M. Kuġar, S. Maġoviĺ, P. 

Linneberg, J. Amado and N. 

Tanasiĺ2018. WG3 Technical 

Report Establishment of a Quality 

Control Plan. COST TU 1406 

Quality Specification for European 

Roadways
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Status

General
Performance Indicators 

terms after surveying

Operators
Operators list of documents 

and database per country
Research

Research list of documents 

and database per country

Glossary
Glossary and specific term 

sheet per country
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Å Available on website www.tu1406.eu
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Status
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Å Actions that are relevant for the design:

ïDead load

ïLive load (purpose of the bridge)

ïEnvironmental loads

Å Combination of these actions pose a threat for the safety and 

serviceability of structures.

Å The structural analysis and checks are performed so that this threats 

doesnôt induce a failure of a bridge

Å Different combination of action trigger different failure modes.

Å This is not limited to overall collapse.

Å The failure modes or prevention of these is a basis for design.

Å It should be a basis for diagnosing existing structures.
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Design
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Time

¶ Reliability -> before, during and after
¶ Non-structural safety -> before, during and after
¶ Availability -> before, during and after
¶ Environmental friendliness -> before, during and after
¶ Intervention costs

¶ Reliability regarding Structural Safety and Serviceability
¶ Non-structural Safety
¶ Availability
¶ Environmental friendliness (footprint)
¶ Construction costs

Exploitation and Inspections

¶ Condition rating or condition state or condition class
Bridge
Elements
Findings / Observations

Commissioning Intervention

Time

¶ Reliability -> before, during and after
¶ Non-structural safety -> before, during and after
¶ Availability -> before, during and after
¶ Environmental friendliness -> before, during and after
¶ Intervention costs

¶ Reliability regarding Structural Safety and Serviceability
¶ Non-structural Safety
¶ Availability
¶ Environmental friendliness (footprint)
¶ Construction costs

Commissioning Intervention
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Å Current inspection practice should not significantly change!

ïAcceptance and costs

Å Collect findings visually or with simple tools

Å ñOnionò model:

ïLevel of Accuracy can be increased by sophisticated techniques 

if they provided the information that justify their costs.

Å Challenging task!
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Constraints to QC Framework
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Work packages

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

ï Define the vulnerable zones

ï Evaluation reliability of undamaged structure = ñvirginò reliability 
for current loading

ï The background data need to be readily accessible in a 
database

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

ï Identify damages

ï Identify symptoms

ï Test material properties

ï Lab test

ï Assessment of reliability and non-structural safety
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Approach I
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Work packages

3. Planning (generally after every intervention)

ï Identify active damage processes

ï Damage forecast

ï Development of reliability and non-structural safety over time

ï Define the reference scenario (e.g. intervention at the end of 

service life)

ï Define further scenarios inkl. cash-flow, availability, reliability, 

non-structural safety and environmental impact 

ï Decision making i.e. triggering of interventions

4. Collecting intervention data
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Approach II 
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Å ñExactò evaluation by structural analysis for current loading

ï1D (frame), 2D (plates and shells) or 3D (solids) structural 
analysis

ïLimit states theorems

Å Simplified evaluation:

ïNon-landmark bridges, simplified structural systems

ïUndamaged bridge, resistance based on a design code 

ÅDead load 
ÅLive load

ïRelevant sample of bridges of same type

ÅErrors in bygone codes, conceptual weaknesses/detailing 
issues to be duly considered
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ñVirginò reliability

Characteristic values & quantile assumptions
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For stochastic representation of Mp and loading Q and G probability of 

failure i.e. safety index bcan be evaluated.
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Application of limit states theorem
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Å Ductile vulnerable zone contribute to the same failure mode

Å Brittle vulnerable zones are failure modes on their own.
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Vulnerable zones ïlive load

red circle britleHSS - high shear zone

orange 

circle
ductile

HMS-high suging moment zone

HMH - high hoging moment zone
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Vulnerable zone - flooding
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Inspection - findings
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In
v
e

n
to

ry

Structure

Component
Observation

Design and 
construction 

Performance 
indicator

KPI

Construction 
type

Vulnerable 
zone

Failure mode

Deck (old) Reinforced concrete 1963 Corroded reinforcement

Deck (new) Reinforced concrete 1977 Corroded reinforcement

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Spalling

Deck (new) Reinforced concrete 1977 Corroded reinforcement

Deck (old) Reinforced concrete 1963 Corroded reinforcement

Deck (new) Reinforced concrete 1977 Spalling

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Efflorecences

Deck (old) Reinforced concrete 1963 Efflorecences

Deck (old) Reinforced concrete 1963

Shear failure 

mode HSS Crack

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Spalling

Railings Steel 1977

Falling of the 

bridge Broken 

HMH

Frame bridge

Bending 

failure mode

HMS

Reliability 

(Structure 

safety)

Falling 

chunks Safety (Life and 

limb)

No direct damage but 

symptom of damage 

process

Some (irrelevant 

damage) but mostly 

symptoms
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Å Resistance is essentially internal dissipation rate that decrease with each 

damage.

Å Resistance decrease in midfield 15% and over the column 5%
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Impact of damages
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Reliability assessment of damaged bridge
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In
v
e

n
to

ry

Structure

Component
Observation

Design and 
construction 

Performance 
indicator

KPI

Construction 
type

Vulnerable 
zone

Failure mode

Deck (old) Reinforced concrete 1963 Corroded reinforcement

Deck (new) Reinforced concrete 1977 Corroded reinforcement

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Spalling

Deck (new) Reinforced concrete 1977 Corroded reinforcement

Deck (old) Reinforced concrete 1963 Corroded reinforcement

Deck (new) Reinforced concrete 1977 Spalling

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Efflorecences

Deck (old) Reinforced concrete 1963 Efflorecences

Deck (old) Reinforced concrete 1963

Shear failure 

mode HSS Crack 2

Deck (old) Reinforced concrete 1963 Spalling

Deck (new) Reinforced concrete 1977 Spalling

Railings Steel 1977

Falling of the 

bridge Broken 2

Falling 

chunks Safety (Life and 

limb)

2
2

Frame bridge

Bending 

failure mode

HMS

Reliability 

(Structure 

safety)

3

3
HMH

No direct damage but 

symptom of damage 

process

Some (irrelevant 

damage) but mostly 

symptoms
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Å For different maintenance scenarios (strategies) one has to estimate

ïReliability (or structural safety and serviceability margins)

ïSafety (loss of life and limb not included in structural failures)

ïAvailability

ïCosts

ïEnvironmental impact

over time.

Å To this end one has to forecast reliability and safety development 

over time.

Å The current models for condition development can be used to this 

purpose.
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Planning
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Example of maintenance scenario
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Å In this COST Action this approach was not chosen in order to let owners to 

develop their own decision approaches

ïWeighted sum

ïMAUT

ï Utility theory

Å Future alternative: Monetization

ïCost are already monetized

ï Availability can be easily monetized

ï Reliability can be only monetized together with the consequences of 

ñfailureò -> Risk

ïSafety can be only monetized together with the consequences for ñlife 

and limbò -> Risk

Å The monetization is widely adopted method in research community.
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Comparing scenarios
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3D Spider
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Content:

1. Preparing a case study

2. General data on the bridge

3. Technical condition

4. Potential failure modes

5. Additional investigations

6. KPI and QCP
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Preparing a 

case study
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General data on the bridge:
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Á Built 1956

Á 36 meter single-span half-through 

steel truss bridge

Á Riveted steel plates, angles and U 

shape steel profiles

Á reinforced concrete slab

Á The bridge carries road no. 9779 

across the Jordan river between north 

of Galilee and the Golan heights
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Golan HeightsQiryat Shmona
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ÁAverage annual daily traffic : 6800 (2012)

ÁNumber of heavy cars / 24h : unknown

ÁThe bridge is frequently crossed by heavily loaded army vehicles (MLC 120).

ÁFoundation are inaccessible

ÁMassive RC Abutments

Á4 rows of hammered piles with rear deadman anchor
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Substructure:

Abutments made from reinforced (discovered during investigations)

massive concrete with deadman block at the back tied by buried tension

girders.

Superstructure:

Á36 meters long half through riveted steel truss.

ÁReinforced concrete slab of 10 bays each 3.6 meter long.

Á2 parallel trusses with centerline distance of 6.34 meter.

Á11 rigid transvers cross girders with 810mm depth forming a U shape

rigid deck structure.

ÁReinforced concrete deck with variable depth of 330mm to 270mm and

constant width of 5570mm connected rigidly onto the transvers girders.

Á10" high pressure sewage water pipe is supported by steel cantilever

brackets original designed for 30" waterpipe.

Ápedestrian concrete walkway is supported in a similar way.
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Equipment:

Á60mm Asphalt pavement

ÁReinforced concrete slab pedestrian walkway

ÁSafety barrier made from steel

ÁPedestrian walkway handrail made from steel

ÁOld buried expansion joints (not designed as buried)

ÁFixed (rotation free) bearing on east side

ÁRoller bearing on west side
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Current performance Indices in use:

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

CPIav=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.

CPIcrit=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:

Á Truss failure ïLocal failure of truss members and riveted section

disintegration due to sheared rivets (fatigue).

Á Truss failure ïglobal 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)

Á Truss failure ïlocal failure of truss vertical and diagonal members due

to accidental load from heavy load transportation vehicle.

Á Transverse girder bending/shear failure ïDue to excessive dynamic

effect of heavy vehicles crossing the bridge.

Á 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:

Á Main Safety Barrier failure ïDue to accidental load from heavy load

transportation vehicle

Á Pedestrian Safety handrail failure ïDue to increased corrosion at the

edge and soffit of the pedestrian concrete pathway and loss of anchoring

of the handrail vertical members

Á Bearing failure ïLoss of functioning of the roller bearing and rotation of

the fixed bearings due to corrosion and accumulation of debris

Á Asphalt pavement failureïDue to nonfunctioning Joints and drainage.

Á Concrete curb failure ïPossible falling of concrete chunks over the

Jordan river where tourists are using boats.
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COST ACTION TU1406

1st- 2nd March 2018

Wroclaw, Poland
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Identifying Vulnerable Zones:

Vulnerable zones ïmain truss (Red=high compression zones, Yellow=high tension zone, Blue=Bearing 

area, Area possibly exposed to Scour = Green )

Vulnerable zones ïCross Girder to deck connection (Red= compression zones, Blue=Bearing area, 

Orange= Slab edge, Purple= Cross girder sagging) 
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The main types of defects discovered on the bridge inspection are:

1. Increased vibration of the bridge during vehicle passing.

2. Mild corrosion of structural steel.

3. Excessive relative movement of rivet head in many locations.

4. Out of plane deformation of steel plates at the bottom girder to truss

connections.

5. Concrete deterioration 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

at abutment A.

Technical condition of the bridge:
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Technical condition of the bridge:

7. Accidental damage due to collision of vehicles with main truss

vertical and diagonal members.

8. Defects of pavement mainly near the expansion joints.

9. Deck waterproofing not functioning (or missing).

10.Inefficiency of deck drainage.

11.Deterioration of the steel handrailing and collision damages at the

north side.

12.Nonfunctioning roller bearings.

13.Limited rotation of the pin bearings due to corrosion damages.

14.Horizontal cracking in layers at Abutment A.
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Cracking with spalling and 

delaminations of concrete 

deck edge and soffit

Expansion Joint closed 

with asphalt damage

Rivet failure/malfunction

of Girder to Truss joint

Accidental 

Damage

Roller Bearing 

not functioning

Pin Bearing partially

functioning due to 

corrosion

Accidental 

Damage

Technical condition of the bridge:
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