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Opening Note from the Chair

COST Action TU1406 aims to address the European economic and societal needs by
standardizing the condition assessment and maintenance level of roadway bridges.
Currently, bridge quality control plans vary from country to country and, in some cases,
within the same country. This therefore urges the establishment of a European guideline
to surpass the lack of a standard methodology to assess bridge condition and to define
quality control plans for roadway bridges. Prof. Jose Matos

Such a guideline will comprise specific recommendations for assessing performance indicators as well
as for the definition of performance goals, bringing together different stakeholders (e.g. universities,
institutes, operators, consultants and owners) from various scientific disciplines (e.g. on-site testing,
visual inspection, structural engineering, sustainability, etc.) in order to establish a common trans-
national language.

COST Action TU1406 Workshops aim to facilitate the exchange of ideas and experiences between
active researchers and practitioners as well as to stimulate discussions on new and emerging issues
in line with the conference topics. This second Workshop addresses the WG1, performance indicators,
WG2, performance goals, and WG3, establishment of a Quality Control plan, developments. The main
outcome, given in this eBook, is really important, not only for those directly involved in this Action, but
also for the whole bridge engineering community.

COST TU1406 Action Presentation
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https://www.youtube.com/watch?v=tDcnPfDUZJ8

Note from the Vice Chair

The working group meetings and 2" Workshop of COST Action TU1406 in Belgrade
has seen the continuation of the work developed within WG1 and the first working
sessions for WG2 and WG3. The state-of-the-art and the different approaches along
Europe on the performance indicators used by the different owners and operators to
meet the quality expectations of the users is close to its completion. A huge amount of
information has been collected and the posterior processing will become a relevant
input for the rest of the WG’s. Also the collecting of research performance indicators
was presented. This will serve as the basis for the proposal of new indicators that will
allow a more optimized definition of future quality control plans for highway bridges.

Prof. Joan R. Casas

An important number of papers were also presented during the Workshop related to all WG's. The
key-note presentations explaining the experience from previous COST actions, on sustainability
indicators and pavement performance indicators, will be very helpful for the Action in seeking the best
methodology and approaches to gather the most relevant and representative data from the large data
base that is in our hands by now.

Lively discussions after the presentations and in the WG’s meetings has made possible to get and
agreement and deliver a clear route map among the different WG conforming the Action on how and
what to focus in the coming years, looking at their specific goals and close interactions and avoiding
overlapping of activities. In summary, looking to the success of this second workshop, and the future
activities planned, we may be confident on the achievement of the required standardization of the
quality specifications for highway bridges in Europe. -
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Vice-Chair COST Action TU1406
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Note from the Local Organizers

As the Work Group 3 Leader and a member of the Local Organizing committee, it has
been a pleasure to host the 2" Workshop of the COST TU1406 Action in Belgrade,
Serbia. The principal aim of the COST Action is to facilitate the identification of
maintenance needs within the roadway bridge management process. The main output of
the action are adequate quality control plans for bridges which comprise performance
indicators. The value of this Action therefore lies beyond its obvious academic merit,
delivering a framework which is at this point in time urgently needed in bridge Prof. Rade Hajdin
management by practitioners worldwide. Apart from the main goal of the meeting which '

is presenting of the results of WG1 - the survey on performance indicators, the kickoff

meetings of WG2 and WG3 here take place.

The COST Action TU1406 comprises members from nearly all European Countries,
as well as countries outside Europe. Wide participation is an important feature of
these actions, whose scope is to form a European research area across borders and
interlink high-quality research and practice communities in Europe and worldwide.
The location of the last conference at the end of the first year of the action is well
chosen. The Serbian capital - Belgrade (Beograd) is situated in South-Eastern
Prof. Snezana MasSovi¢ Europe, on the Balkan Peninsula, at the confluence of the Sava and Danube rivers. It
has been always on the crossroads of many cultures and nations. Today, it is the
capital of Serbian education, science, economy and culture. Here located are the
most significant works of architecture, monuments, cultural treasures and numerous
archaeological sites from prehistory to today.

With these words: It is a pleasure to welcome the WG Meetings and the second
Workshop of the COST TU1406 Action in Belgrade !

Prof. Nikola Tanasic¢
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WG Meetings and Workshop objectives

The goals of WG meetings and Workshop are to develop a common understanding of the aims
and ideas of COST Action TU1406 within the Action network and their dissemination.

This meeting has several objectives:

to initiate a discussion upon the systematizing of knowledge on quality control plans
for bridges in order to achieve an overall state-of-art report; Prof. Rade Hajdin
to establish a wide set of quality specifications aiming to assure an expected performance

level: WG 3 Leader
to collect and contribute to up-to-date knowledge on PI-s, including technical, environmental,
economic and social indicators;

to develop detailed examples for practicing engineers on the assessment of Pl-s as well as in
the establishment of performance goals, to be integrated in the developed guidelines;

to make a scientific discussion on proposed Pl-s and criteria, for clustering and organizing the
Pl-s with respect to the different life phases and assessment levels of road bridges and to
provide final comments/suggestions by participants;

to present the results of WGH1, in particular the results of survey on performance indicators;

Prof. Irina Stipanovi¢

to present the comparison of Pl-s throughout Europe and suggest a common set of PI-s; SSSLeas

to present the results of WG2, in particular the definitions of PG-s and their relations to

Pl-s; O

to present the results of WG3, in particular the general framework for QC plans and the o ,3(‘
corresponding questionnaire focusing on triggering criteria for maintenance actions throughout ' ‘/f
Curope: Py ~

to allow participants to present some contributions relevant for a specific WG (e.g. their Prof. Alfred Strauss
experiences related to other Pl research activities, etc.). WG 1 Leader
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An overview of Key Performance Indicators across Europe and Overseas
The main findings from WG1 and other contributions from WG2 and WG3

Welcome to Belgrade!

Rade Hajdin - University of Belgrade, Serbia
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WELCOME TO BELGRADE | RADE HAJDIN

OUR HOST

« The Faculty of Civil Engineering at the University of Belgrade is the oldest
and largest educational and scientific institution in the field of civil engineering
and surveying in Serbia.

« The beginning of teaching and education in the field of civil engineering and
surveying at university level dates back to June, 19 1846, when the School of
Engineering was formed at Lyceum in Belgrade.

« The founder and creator of The Engineering school was Atanasije Nikolic (1803-
1882), an engineer and the first rector of Lyceum and later, the initiator of
Serbian Academy.

« The studies lasted for three years, and in the Foundation Decree on it was
stated: "Subjects (students) will be lectured theoretically in this school during
winter and, in summer, they will be trained in field, alongside engineers, in
design and construction of buildings and roads in order to supervise and
construct various structures according to plans.”

WG MEETINGS & WORKSHOP
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WELCOME TO BELGRADE | RADE HAJDIN

ORIGIN OF THE NAME

« The first mentioning as Singiddn inhabited by the Celtic tribe
Scordisci in 279 BC

— Didn(on) means in enclosure, fortress

— Singi means circle but can stem from the Sings, a Thracian tribe
that occupied the area prior to the arrival of the Scordisci.

 Roman conquered Singiddn in 75 BC and called is Singidunum

« The name remained until the beginning of the 7" century and after
its fall to Avars its fate of the city is obscure.

 The Slavs called it Beligrad “white city" (named for the color of the
stone it was built from), first mentioned in a letter written on 16 April
878 by Pope John VIl to Bulgarian prince Boris | Mihalil.

* The foreign names are either phonetically (Belgrade) or semantically
(Weissenburg) related to the current name.

WG MEETINGS & WORKSHOP
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WELCOME TO BELGRADE | RADE HAJDIN

THE FIRST BRIDGE

« Railway bridge opened 1884
« The bridge was a part of the famous Orient Express line.
» Destroyed twice: 1914 and 1941
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WELCOME TO BELGRADE | RADE HAJDIN

KING ALEKSANDAR | BRIDGE

 Road bridge opened 1934
« Destroyed in 1941
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WELCOME TO BELGRADE | RADE HAJDIN

BRANKOV MOST (BRANKO’S BRIDGE)

« Built over the substructure of king Aleksandar | bridge in 1956
* The largest span at that time (261 m) open box continuous girder
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Quality Specifications for Roadway Bridges, Standardization at
a European Level (BridgeSpec)

José C Matos — Chair COST TU1406, ISISE - University of Minho,
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(jmatos@civil.uminho.pt)
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WG MEETING OF COST ACTION TU1406 | JOSE C MATOS

Good morning to everybody !

Rade Hajdin
(UBelgrade)

Acknowledgments to Local Organizers and to Metropole Palace Hotel (Belgrade, SR).

Snezana Masovic¢
(UBelgrade)

LQM

Nikola Tanasi¢
(UBelgrade)
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1. BACKGROUND
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1. BACKGROUND
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2. REASONS FOR THE ACTION

|

 Denmark - DANBRO

* Finland - FBMS

* France - Advitam
 Germany.-GBMS

« Italy - SAMOA /APTBMS
— lIreland - Eirspan

— Latvia - Lat Brutus

— Netherlands - DISK

— Norway - BRUTUS

* Poland - SMOK / SZOK

 Spain - SGP

« Sweden - BaTMan

+ Switzerland - KUBA

* United Kingdom - STEG / HISMIS /
SMIS / BRIDGEMAN / COSMOS

« etc.
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2. REASONS FOR THE ACTION

There is a REAL NEED to standardize the quality
control of roadway bridges at an European Level
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3. OBJECTIVES AND MILESTONES

The main objective of the Action is to:
develop a guideline for the establishment of QC plans in roadway bridges.
This guideline will focus on bridge maintenance and life-cycle performance at two levels:
(i) key performance indicators.

(i) performance goals.
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WG MEETING OF COST ACTION TU1406 | JOSE C MATOS

3. OBJECTIVES AND MILESTONES

WG1 : Key Performance indicators:
— M1 - Report of Key Performance Indicators (incorporating new indicators).
WG2: Performance goals:
— M2 - Report of Performance Goals (incorporating new indicators).
WG3: Establishment of a QC plan:
— M3 - Recommendations for the Establishment of a QC plan (with detailed examples for practicing
engineers).
WG4: Implementation in a Case Study:
— M4 - Database from Benchmarking (from COST countries).
WG5: Drafting of guideline / recommendations:

— M5 - Guideline for the Establishment of a QC plan.

WG MEETINGS & WORKSHOP
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4. HORIZONTAL ROLES

WG1: Key Performance Indicators Leader: Alfred Strauss (AT)
Vice Leader: Ana Mandi¢ (HR)

WG2: Performance Goals Leader: Irina Stipanovi¢ (NL)
Vice Leader: Lojze Bevc (SL)

WG3: Establishment of a QC Plan Leader: Rade Hajdin (SB)

Vice Leader: Matej KuSar (SL)

WG4: Implementation in a Case Study Leader: Amir Kedar (IL)
Vice Leader: Sander Sein (EE)

WGS5: Drafting of Leader: Vikram Pakrashi (IR)
guideline/recommendations Vice Leader: Helmut Wenzel (AT)
WG6: Dissemination Leader: Gudmundur Gudmundsson (IS)

Vice Leader: Stavroula Pantazopoulou (CY)
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Management
Committee

Including:

e MC Chair

e MC Vice-Chair

« WG’s Leaders and
Vice-Leaders

* General
Secretariat

* STSM Leader and
Vice-Leader

* M&E Leader and
Vice-Leader

¢ Innovation Leader

and Vice-Leader

TU1406

COST ACTION

| ¢ R&D Leader and ‘

4. HORIZONTAL ROLES

Core Group

MC Chair
MC Vice-Chair
WG’s Leaders

General
Secretariat

STSM Leader
M&E Leader
Innovation Leader
R&D | eader

An MC Observer per Continent

Advisory Board

* Industry/Owners
/Operators

+ External
Advisors (MC

MC Observers

* Dan Frangopol (USA)

* Mitsuyoshi Akiyama (JP)
* Colin Caprani (AUS)

» Matias Valenzuela
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5. INVOLVED COUNTRIES

B Action represented countries

® Missing Countries
» Romania
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5. INVOLVED COUNTRIES

...................... Russia -

7 Moldova. =0 2. aki T T R
: 5 5 = el : : :Ukralneg ;
Montenegro : :

_______ Genrgla

Azerbaijah
UUUTE POUURURE SRR SNPE 5 o ] ______ Armenia
 Morocco JARERRTNE T M sy

‘Albania :

@) COST Countries- - -7 : : ... ... .The Palestinian Autherity
. NN Ccuntrées : : : : : : :
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5. INVOLVED COUNTRIES

*
# Japan

. COST Countries ‘
Chile

South Africa Australia

. International Partner
Countries (MC Observers)
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5. INVOLVED COUNTRIES

|
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6. INVOLVED SME
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7. KPI DATABASE

4N Tu1a06
‘ COST TuU1406 KPI

Database
@ www.tu1406.eu

~z

| S
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8. PROCESSING THE KPI SURVEY

» |t was decided to incorporate information from two document types :
— Operator documents:

« Actually in use by different Agencies in the form of guidelines or
recommendations.

— Research documents:

« Showing the recent advances in the field by people from Academia and
Research Institutes.

* The survey is structured in two important stages:
— Screening:
« Aims to upload the relevant parts of the document.
— Glossary:
« With the objective of collecting several terms definition.
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8. PROCESSING THE KPI SURVEY

« |t was decided to nominate in each country several persons with different tasks:
— Member of the Management Committee:

 Responsible to contact owners and operators of roadway bridges
asking for available documents in practice.

— Country responsible person:
« Screening and processing national operator documents.

*) The screening of research documents will be made by Researchers
participating in different WGs.

— Core Group among each WG members:

» Preparation of tutorials for the screening of documents and analyze the
database to obtain the main results and conclusions.
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30th March - 1st April 2016 SLIDE 47
Belgrade, Serbia
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Countries screening operator documents ...

Bosnia and Herzegovina

Croatia

Czech Republic

Denmark

FYRO Macedonia

Greece
Israel
Netherlands
Portugal
Serbia
Slovakia
Slovenia
Spain

United Kingdom

TU1406

COST ACTION

Austria
Belgium
Estonia
France
Germany
Ireland
Lithuania
Luxembourg
Poland
Switzerland

WG MEETINGS & WORKSHOP
30th March - 1st April 2016

Belgrade, Serbia
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Bulgaria
Finland
Hungary
Iceland
Italy
Latvia
Malta
Montenegro
Norway
Sweden
Turkey
Romania
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8. PROCESSING THE KPI SURVEY

List

Country Document Doc. Type Author Year d
Slovenia Bridge condition assessment Evaluation Znidari¢, Tercelj, Marolt 1990 screene
Damage types numerical evaluation Evaluation Znidari¢ et al. 1992
Expansion joints inspection report Inspection ? 2005
Spain Guia para la realizacidn de inspecciones principales de obras de paso en el Rinspection Ministerio de Fomento 2012
Guia para |a redaccio Country Document Doc. Type Author Year
Switzerland ASTRA 82001 - Uberp' Denmark Eftersyn af bygvaerker Inspection Vejdirektoratet 2014
P Vejledning til belastnings- og beregningsgrundlag for broer Evaluation Vejdirektoratet 2015
ASTRA 12002 - Uber LEL0E B e : s
Reliability-Based classification of the Load Carrying Capacity of Existing BridjEvaluation Vejdirektoratet 2004
ASTRA 12010 - Massn FYRO i Roolbook for technical inspection of culverts and bridges on road network gInspection Republic Agency for Roads 2003
ASTRA 12011 - Fahrb3gGreece Br?:ge Ins;:ect?on Manua: Country Document Doc. Type Author Year
ASTRA 12009 - Oberfl sr!dge Evta uattlor: Madnua e Austria Quality Assurance for Structural Maintenance - Suveilance, Checking and As{Inspection BMVIT 2011
ASTRA 19003 - Manag] ridges structura anc operationa’ 2Ce a4 g osnia and Herz. ZAKON O CESTAMA FEDERACIJE BOSNE | HERCEGOVINE / LAW ON ROADS OF Inspection Parlament Federacije BiH / Federation Parli 2010
Visual inspection manual for bridges e " - " " " -
ASTRA 62014 - KUBA it Giidance documant for evaluator ot Odluka o kategorizaciji cesta u autoceste i brze ceste, magistralne ceste i rejInspection Vlada FBiH / Government of FBiH 2014
Beurteilung der Erdb Toaiem - iuation T . Pravilnik o odrzavanju javnih cesta / Regulations the maintenance of publicjinspection Federalnom ministarstvu prometa i komuni. 2010
Y "Ge'vsdm': peD °""a"C:f e": f’: o0 °d”’” SMIERNICE ZA PROJEKTOVANJE, GRADENJE, ODRZAVANJE | NADZOR NA CE{inspection RS-FB&H/3CS — DDC 2005
SIA Norm 469 - ErhalY "G”fde D'd““me"t'"fg ;' ,gesf’" R UPUTSTVO ZA INSPEKTORE MOSTOVA / INSTRUCTIONS FOR INSPECTORS OF | Evaluation BCEOM Societe Francaise D'Ingenere 2004
SIA Norm 269 - Grun & ! T_"l:?d °C”m2” 2 g’t ”age \n2pee! MOSTOVI / BRIDGES Research Prof. Boris Koboevi¢, _ Prof. BiseraKaral 1994
" " sraeli bridges and road structures T
United Kingdom ADDENDUM TO CSS 228 O0CR - = 2004
Identification, Numbering and Markin, " " " ™ s
Bridee or ificati o roatia Handbook of damages on bridge elements Evaluation Hrvatske ceste d.o.0., dr.sc. Danijel Tenzera 2014
ricge nspector s quatiiicationguice o Guidelines for bridge inspections Inspection Hrvatske ceste d.o.o. 2014
Netherlands Analysekader vaste kunstwerken - N
oS ted Vinduct HRMOS manual - Bridge management Inspection Hrvatske ceste d.o.o. 1999
Referent!edocumen‘ vlatu B HRMOS manual - Bridge management — General bridge inspection Inspection Hrvatske ceste d.o.o0. 1999
o Se ere.n Ii oc(;un';.etn ¢ ast el PrIUg Handbook of damages on bridges Inspection/evaluatic Hrvatske Autocesete d.o.0. 2010
orvea: screen!ngs- T uahl y Iosn ro-f. a: | Guideline for bridge evaluation Evaluation Hrvatske Autocesete d.o.o. 2010
- crengng V eF nica >pecitications Tog Bridge Management Plannin: Background docume:Hrvatske Autocesete d.o.o. 2008
Serbia Tehnicko redenje baze podataka o mostm hm
Pravilnik o utvrdivanju nosivosti posto] zech Republic ¢ nspection of road bridges nspection Ustav pro technickou normalizaci, m
e - CSN 73 6222 Load capacity of road bridges Evaluation UNMZ Ustav pro technickou normalizaci, me 2009
Vulnerability assessment of bridges exp| " "
- - i Catalouge of the bridge damages and defects Inspection Pontex spol. s r.o. 2008
Slovakia TP 13/2013 Technical Specifications. Roal - N " "
USM 1/2012 Regulation. Load - TP72 Diagnostics of road bridges Inspection Pontex spol. s r.o. 2008
TP 07/20127 eﬁu.a |IoSn. 0_?_ -ct.arrylnlg < TRP201 Measuring and monitoring of the cracks in the concrete bridges Inspection CTU in Prague, Klokner institute 2008
5 08/2012 Techn!cal Spec!f!cat!ons. e CSN 73 6209 Load tests of bridges Evaluation UNMZ Ustav pro technickou normalizaci, mi 1996
o 08/2012 Techn!cal Spec!f!cat!ons ::'; H Damages of railway bridges Inspection SZDC TUDC 2009
TP 14/2013 Techn!cal Spec!f!cat!on& Bd" Rules for the assesment of the load capacity of railway bridges Evaluation SZDC TUDC 2014
SN 73 609 fc g.lcat pfu ;c: .|§ns, ;_ SZDC S5 management of bridges(railway) Inspection SZDC TUDC 2012
oading tests of bridges (STf TP120 Maintenance, repairs and refurbishment of concrete road bridges Inspection Pontex spol. s r.o. 2010
TP175 Evaluation of the life of concrete road structures Evaluation SVUOMs.r.o. 2006
TP215 The application of the modal analysis for the road bridges evaluation|Evaluation CTUin Prague, Faculty of civil eng. 2009
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Goal: Collecting the terms connected with key
performance indicators and goals for roadway

9. KPI GLOSSARY

bridges across different participating countries.

GLOSSARY sheets
GLOSSARY| | DAMAGES NEW COUNTRY
TERMS SPECIFIC

(1F Assign: 3FAdd damage (4} Add country |G Translate the

ColumnA PI erms specific terms keywords to your

ColumnB PT country specific

Column C PG language

Column D PC

Column E PM

(2} Add missing
parameters

WG MEETING OF COST ACTION TU1406 | JOSE C MATOS

TUTORIAL

= provides the explanations of the data surveying
procedure and illustrates the process of filling up
the database

= explains how should one use DATABASE and
GLOSSARY files

= provides examples for screening

TU1406

COST ACTION

WG MEETINGS & WORKSHOP
30th March - 1st April 2016

Belgrade, Serbia

jon of the document has been assigned and the new Paragrapr

Add Chapter/Paragraph

Vede/show
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9. KPI GLOSSARY

Term (English)  [Source Definition Source Keywords Projekt Relevance
earout Degradation of external coatings caused by chemical and/or physical [Dm] ullding consenation

FE 15.0510

processes. (Schadigungspotenziale)
Abnutzungsgrenze Wearout Limit The accepted or specified minimum value of degradation levels. [DIN 31051] Building consenvation
Abnutzungsprognose  [Wearout Prognosis Assessment of the senvice behavior of a Component (Unit), at the aim to predict |[DIN 31051] Building consenvation

future demand requirements on the basis of the known or assumed loads,
starting from an actual state of the Component.

Abnutzungsvorrat | Wearout Reserve Stock of the possible function executions under [DIN 31051] Building conservation

specified conditions, of a unit due to the manufacture, repair or Inherent

Abschnitt (ASB) Section / Segment As a section directed part of the road network is called, which lies between |[ASBNetzdaten] Transportation and

two consecutive nodes. It is limited by the conditions laid down in the Transportation Infrastructures
network nodes
[Adaption In the art " adaptation " means the ability of a mechanical or electrical [ScKK12, Modeling FE 15.0509
system, to respond intelligently and adapt (Adaptive Systems). The FSTS12] (Machbarkeitsstudie) FE
adaptation or updating of the status review of a component or structure 15.0508 (Bewertung)

(system), including any information obtained by a structure, is also referred
to as adaptation. In a model adaptation (model updating) the unknown
parameters of a model of this structure are calibrated so long until the static
or dynamic behavior of the model corresponds to the actual measured on

Glossary Sheets presents the key concepts, definitions and keywords in relation
to key performance indicators (Pl), thresholds (PT), goals (PG), criteria (PC)
and methods (PM).

Users should assign these expression using mark “X” to terms in Glossary.
This characterization in Pl, PT, PG, PC and PM is essential information for the
Database.

Country specific terms serves for translation of contents of the sheet Glossary
(terms, definitions, keywords ...) to the user’s native language.

Glossary offers a list of terms with source (reference), definition and
keywords. Users should fill in Glossary parallel with Database while screening
their national documents.

TU1406
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10. OPERATORS KPI DATABASE

Example

List of documents

A B D E F G H
1 SURVEY OF PERFORMANCE INDICATORS
. | Country | Croatia New Docug J
. Handbook of dam brid
Resparaible andbooK O damages on briage
_ num Document Doc. Ty Author Year
5 Person
ATERE TERT
Ana Mandié 5 w
1 na Mandic Handbook of demages on bridge elements | Evalud ', dr.sc. Danijel [2014 s H e'l emen tS M © Q s Y
6 Ivankovié -
2 A:‘E Nf”f’,'c Guidelines for bridge inspections Insp NE;SkE el PYYTA
7 vankovic -0-0: d Chapter/Paragraph
Ana Mandi¢ tsk it
3 na hlancic HRMOS manual - Bridge management Inspd) stske ceste  l1999
s Ivankovié do.0. /show
_ _ apter
. 2 |Dominik Skokandi¢ HRMOS manual Sr!dg‘emam‘zgemenr Inspection Hrva:ske ceste 1999
E]
- Ref Ref Ref Ref Ref Ref Ref
- ” Inspection/| Hrvatske -
5l Dominik Skokandi¢ Handbock of damages on bridges 3 2010f B) Damage €) Performance Indicator/Index D) Performance Assessment
10 evaluation [ Autocesete = = - —
— pe indicator ‘detection index threshold goal Criteria
6 na Mandic Guideline for bridge evaluation Evaluation rvatske 2010 age_state Erosion Damagedegree | Direct_Measurement affectedared Damage
11 Ivankovié Autocesete d. Assessment
. Backgroun age_state Asphalt pavement Damage degree | Direct_Measurement crack width (| Damage
Ana Mandi¢ ) A Hrvatske - ) -
7 - Bridge Management Planning 2008 cracking Assessment
Ivankovié Autocesete d.o.0.
12 document
.8
13 /show
apter
9
14 Ref | Ref | Ref | Ref | Ref | Ref |  Ref |
10 B) Damage ) Performance Indicator/Index D)
15 type indicator i index goal criteria
age_State Scour/Erosians Damage degree | Direct_Measurement affectedareq Damage
6| Assessment
age_state Abrasion Damagedegree | Direct_Measurement affectedared Damage
12 Assessment
Blank | Names_ Table | GeneralData | Cro.1 | Cro.2 | Cro3 | Cro.4 | Cro.5 | Cro6 | Cro7 age_state Abrasion Damagedegree | Direct_Measurement affected dep| Damage
_ — _ _ — _ _ _ _ Assessment
age_state Settlements Damage degree | Direct_Measurement sag (cm) Damage
g Assessment
. Element Allbridge | Foundations Damage_state Degradation Damagedegree | Direct_Measurement affectedared Damage
19 types Assessment
N Element Allbridge | Foundations | Concrete | Damage_state spalling Damagedegree | Direct_Measurement affectedared Damage
20 types Assessment
Element Allbridge | Foundations | Concrete | Damage State spalling Damagedegree | Direct_Measurement affected dep| Damage
Blank | Names_ Table | GeneralData @ Cro 1 | Cro 2 | Cro3 | Cro4 | Cro5 | Cro6 | Cro_7 D <

WG MEETINGS & WORKSHOP
TU1406

COST ACTION

30th March - 1st April 2016
Belgrade, Serbia

SLIDE 52




WG MEETING OF COST ACTION TU1406 | JOSE C MATOS

10. OPERATORS KPI DATABASE

(a) Damage Type

|

TU1406

COST ACTION

GEiiEi

B State
M State
M State
B State
M State
W State
State
State
State
State

wimdng.

mamotn
mastn
ndepin
-
aestn
o

(b) Damge Characteristics

I\
T

WG MEETINGS & WORKSHOP
30th March - 1st April 2016

Example
H Displacement - horizontal Of
M Displacement - vertical
m Displacement - vertical eeCy

| Efflorescence
m Efflorescence
m Erosion
Erosion
Erosion
Exposed reinforcement

Exposed reinforcement

Pl, PT, PG, PC
and PM for
roadway bridges
abutments in
each specific
country.

Belgrade, Serbia
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10. OPERATORS KPI DATABASE

Damages indicated for RC abutments in different countries

iaand HBu| Croatia |Cy|Cz4 Denmark |Es Greece Lit{Lu[md e Portugal | Serbia Slovakia_| Slovenia Spain__[swsw[Tu{ur|
Abrasion x x
Alkali aggregate reaction x
Breaking-away x
Cavities x
Concrete cover insufficient x
Concrete quality insufficient
Corrosion

Cracks x x
Cracks -

Cracks - mapping
Cracks - mapping
Cracks - skew
Cracks - transversal

Example of damages

: indicated for roadway
bridges abutments in all
s , the countries.

D« x
Delaminati x
=

x [ [x [x |x |x

x [x [x |x

Differential rotation
5

D ~ horizontal

D ~vertical

pale ey Damages indicated for RC abutments in different countries

|Efflorescence

Erosion x

Erosion around and under the pi x I AuBe|Bosnia and HBu| Croatia  [Cy|Czq Denmark |EsyFinlFrd FYjGe| Greece |Huflcdlrg laita)Lat Lit) Lu Mg Md Netherlands|MNog Po|  Portugal Serbia Slovakia Shovenia Spain Sw|Sw(TujUr

E;:":: o front abutments W scour under abutment x

Exposed Ingregation of concrete X X

Flooding

Formwork residuals

Hydraulic protection deficiency

Joint deficiency

Landslide - ion embanl

Loose stones Spalling X X X X X

Mortar flaking : :

Move the abutment x with exposed reinforc &

Peeling off Split-off x

Position fixing deficiency . .

Protection cover deficiency Stagnant water n abutment insy i
i corrosion Strike x

Riverbed protection elements d

Rotation / Leaning Subterranean waterflow

Sag Sulphate action

Scour -

Scour under abutment Vegetation X

Water drainage deficiency

Water penetrabilicy X

Wet spots X X

EREEEN P

WG MEETINGS & WORKSHOP
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10. OPERATORS KPI DATABASE

Categorization of Performance indicators for roadwa

bridges

(i) Performance indicators at the component level:

« Technical indicators.
« Socio-Economic indicators.
(i) Performance indicators at the system level:
« Technical indicators.
« Socio-Economic indicators.
« Sustainable indicators.

(iif) Performance indicators at the network level.

WG MEETINGS & WORKSHOP
30th March - 1st April 2016

TU1406

COST ACTION

{ TECHNICAL

50CIO-
ECONOMIC

A}

PERFORMANCE INDICATOR PERFORMANCE GOAL

DAMAGE DEGREE OR EXTEND (type, |:“>
detection, thresholds, evaluation) DAMAGE ASSESSMENT

DAMAGE ASSESSMENT > ELEMENT FUNCTIONALITY LEVEL

SUM OF COSTS FOR REPAIR OF
INDIVIDUAL DAMAGES |:> ELEMENT GENERAL CONDITION
ASSESSMENT
PRICE OF THE NEW ELEMENT

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

COMPONENT LEVEL

STRUCTURAL SAFETY AND
SERVICEABILITY ASSESSMENT

IMPORTANCE OF BRIDGE ELEMENT

(eriteria: structural safety, traffic safety, DURABILITY ASSESSMENT

durability)

SUB-SYSTEM (traffic area

MENT GENERAL CONDITION b
ELEME A‘:;EESESM:IS? pimo |:> superstructure, substructure) &
BRIDGE CONDITION ASSESSMENT

__________________________________________

COSTS FOR ADDITIONAL INSPECTION,
TESTING AND MONITORING METHODS ::> REQUAREENOWEEDGEEEVER

SUSTAINABLE

SOCIO-ECONOMIC

\ KNOWLEDGE LEVEL I:> BRIDGE RELIABILITY ASSESSMENT

/ BRIDGE IMPORTANCE (IN THE

NETWORK)
BRIDGE CONDITION ASSESSMENT I::} PRIORITY REPAIR RANKING

BRIDGE RELIABILITY ASSESSMENT

o G |::> MANAGEMENT PLAN (QUALITY /’
PRIORITY REPAIR RANKIN CONTROL PLAN) _ J

\ NETWORK LEVEL / \

SLIDE 55
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11. RESEARCHERS KPI DATABASE

References
SURVEY OF RESEARCH PERFORMANCE INDICATORS

[1] Zhao, Y.-G., Zhong, W.-Q., Ang, A.H.-S., 2007. Estimating joint failure probability of series structural systems. J. Eng. Mech. 133, 588-596.

[2] Strauss A, Vidovic A, Zambon |, Grossberger H, Bergmeister K. Monitoring information and probabilistic based prediction models for the

of concrete based on ilisti iction models and . A .
Article information [3] Mark, P., Stangenberg, F., Bergmeister, K., Strauss, A., Ahrens, M.A., 2013. Lebensdauerorientierter Entwurf, Konstruktion, Nachrechnung
Author Strauss, Zambon, Vidovic, Grossberger, Bergmeister
Year 2015

An efficient evaluation and prediction of time variable mechanical and chemical degradation processes is
fundamental requirement for life-cycle analysis as well as for the complete assessment of concrete

structures. Important tools and valuable support in these tasks are inspection systems and
methods. Unfortunately, due to their practical feasibility and costs they entail, their utility SURVEY OF PERFORMANCE INDICATORS
Abstract information gathered with inspection and monitoring methods need to be used in the mos
possible. The aim of this contribution is to present a framework for the prediction of time-
performance indicators of concrete structures prone to fatigue, with emphasis on a wind tu|
A theoretical background with selected indicators s p ed through ed life-cyc Country Austria Add Article
methods including inspection and monitoring information with incorporated reliability.
1ABSE Conference — Structural Engineering: Providing Solutions to Global Challenges; Sept
Journal '
Geneva, Switzerland
Keywords life-cycle analysis; performance indicators; probabilistic performance prediction; efficie|
- Responsible )
Performance Indicator Young modulus num Article Author Year
Type of Indicator Material property Person
Mathematical Formulation StraUSS, Zambon,
Threshold Performance assessment of concrete structures Vidovi
Intentions (where to appl In order to evaluate the fatigue performance of the critical cross-sections e s L. raovic,
{ pely) 1 Ivan Zambon based on probabilistic prediction models and 2015
Level of maturity Research stage . ) ) i GrOSS be rger,
Case study STRABAG test foundation in Cuxhaven monitoring information Berameister
Performance Indicator Reliability index g
Type of Indicator Reliability )
Mathematical Formulation
Threshold
Intentions (where to apply) In order to evaluate the fatigue performance of the critical cross-sections 3
Level of maturity Research stage
Case study STRABAG test foundation in Cuxhaven
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12. FUTURE DEVELOPMENTS

WGH1

WG2

WG3

WG4

WG5

WG6

TU1406

COST ACTION

Technical indicators

Environmental indicators

Other indicators

Technical goals

Environmental goals

Other goals

Survey of European roadway QC plans

Procedures for the establishment of a QC
plan

Selection of case studies
Benchmarking

Application on a QC plan
Standardized performance indicators
Standardized goals

Standardized QC plan
Dissemination

Q1 Q2
* %
*x X
*x X

4

Q3 Q4

*
*
*

X
X
X

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
X X
X X
X X
X X

X X X X

X X X

X X X X
X
X X X
X X

X X X X X

WG MEETINGS & WORKSHOP
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12. FUTURE DEVELOPMENTS

« WG1 report in Key Performance Indicators, including Operators and Researchers KPI
Database (developments during Belgrade meeting):

» Predicted date - end of April 2016.

« WG5S will start to work in cooperation with WG1, using the main results for
standardization purposes. WG1 final report, with WG5 inputs with respect to
standardization of KPI:

* Predicted date - end of December 2016.

« WG2 and WG3 just started their works, focusing on add-ons to the existing database
and a questionnaire for different stakeholders (developments during Belgrade
meeting).

WG MEETINGS & WORKSHOP
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wish you a pleasant stay in Serbia ...
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Content

Objective of the Sustainable Construction

COST Action C25 - Sustainability of Constructions

Indicators for Sustainability Assessment

Development of sustainability assessment systems

Development of SBToolPT for building sustainability assessment

WG MEETINGS & WORKSHOP
30t March - 1st April 2016
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Objective of the Sustainable Construction

Creating and operating
a healthy built environment
based on

resource-efficiency and ecological principles

Agenda 21

on sustainable construction

CIB Report Publication 237

WG MEETINGS & WORKSHOP
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Dimensions of the sustainable built environment

THE SUSTAINABLE

BUILT ENVIRONMENT

Social
dimension

\

Economic
dimension

<_/>/ Environmental

dimension

TU1406

‘ COST ACTION

Social
dimension

Environmental
dimension

Economic
dimension

Belgrade, Serbia

Safety and security

Health and comfort

Space and basic supplies
Privacy, dignity, identity
Appearance, aesthetics
Community, religions
Connections, mobility, migration
Recreation, recovery

Cultural heritage

Saving of natural materials

Use of renewable energy

No emissions to air

Reuse of solid and biowaste
Reduced impacts on biodiversity
Adaptation to Climate Change

Upgrading for post-industrial economy
Adaptability to quick changes
Maintenance as a service
Public-private-partnership

Functional infrastructure

Support to branding and operations

WG MEETINGS & WORKSHOP
30t March - 1st April 2016
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Sustainable built environment

- planning & architecture & engineering
- closed circles, re-use, cradle-to-cradle

- maintenance and upgrading
- harmony with nature

- environmentally concious users

Well-being communities
and life-long education
for All

Eco-efficient services User-orientation

Competitive Human-nature interaction
communities Human-technology interaction
C " Environmentally conscious
ompe(;mve_ | processes and use of the

ggsﬁgnmystna built environment

Sustainable innovations
Eco-efficient manufacture
Eco-efficient mobility & logistics
Energy-efficient districts

WG MEETINGS & WORKSHOP
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Life-time engineering

aims
to ensure that the requirements
of stake-holders of the sector are fulfilled
In technical terms
during the whole life-cycle of a structure or building.

It is an integrated approach.

It benefits from several theoretical disciplines to produce
service-life design methods and tools.
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COST Action C25

Sustainability of Constructions

- Integrated Approach to Life-time Structural
Engineering

The Action was established to promote science-based and
research-based approaches for sustainable construction in
Europe through the collection, development, research and
collaborative analysis of scientific results concerning life-
time structural engineering and especially the integration of
environmental assessment methods and tools of structural
engineering.
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COST Action Sustainability of

Constructions

The ideas and the knowledge have matured throughout the
Action, from the initial brainstorming of the proposal, in 2005, until
the production of its final outcome and organization of the Final
Conference in Innsbruck in February 2011.

The Action has successfully contributed to the scientific
advancement of the methods of life-time structural engineering
and to the implementation of sustainable construction
approaches.

The achievements are mainly published in 4 Books of
Proceedings, in relation to the Action events, 2 Training School
Books and the 2 Volumes of the Final Conference Proceedings.
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COST Action Sustainability of
Constructions

Main achievements:

- Sustainability assessment guidelines for both bridges and
buildings

- A methodology to assess sustainability of bridges

- Integrated methodology for lifetime engineering including risk
analysis and maintenance scenarios

- A Special Issue on “Sustainability of Constructions - Integrated
Approach to Life-time Structural Engineering” in the Sustainability
Journal (ISSN: 2071-1050)

http://www.mdpi.com/journal/sustainability/special issues/sustainability-constructions
- A Special Issue on “Sustainability Assessment of Buildings” in

the International Journal of Sustainable Building Technology and
Urban Development (ISSN: 2093-761X Print, 2093-7628 Online)

http://www.tandfonline.com/toc/tsub20/3/4
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COST Action Sustainability of
Constructions

Publications

Book 1 - 1st Workshop, Lisbon, 2007
http://dl.dropbox.com/u/7498807/C25 Book1 1st Workshop Lisbon 2007.pdf

Book 2 - Midterm Conference, Dresden, 2008

http://dl.dropbox.com/u/7498807/C25 Book2 Midterm Conference Dresden 2008. pdf’

Book 3 - 2nd Workshop, Timisoara, 2009
http://dl.dropbox.com/u/7498807/C25 Book3 2nd Workshop Timisoara 2009.pdf
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COST Action Sustainability of
Constructions

Publications (cont.)

Book 4 - ESR Symposium, Malta, 2010
http://dl.dropbox.com/u/7498807/C25 Book4d ESR Symposium Malta 2010. pdf

~ SUSTAINABLE
CONSTRUCTION

Book 5 - 3rd Training School, Malta 2010
http://dl.dropbox.com/u/7498807/C25 Book5 Training School Malta 2010.pdf
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COST Action Sustainability of
Constructions

Publications (cont.)

Book 6 - Final Outcome Volume 1, 2010
http://dl.dropbox.com/u/7498807/C25 Book6 Final Outcome Volume 1 2010.pdf

Book 7 - Final Outcome Volume 2, 2010
http://dl.dropbox.com/u/7498807/C25 Book7 Final Outcome Volume 2 2010.pdf

Book 8 - Final Conference Proceedings, Innsbruck, 2011

http://dl.dropbox.com/u/7498807/C25 Book8 Final Conference Proceedings Innsbruck 2011.pdf =&
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Why indicators

» Optimizing sustainability involves various relations between built, natural and
social systems. Therefore it comprises the analysis of hundreds of
variables, most of them interrelated and partly contradictory.

» Sustainability assessment tools are useful to gather and report information
for decision-making during different phases of construction, design and use
of a structure (holistic approach).

» This way, this process is only possible through a systematic approach.

| ~",
/{r
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» Therefore sustainability assessment is generally based on a list of indicators

An sustainability indicator:

« provide information about the main influences of the industry as a
whole and about the impacts of construction and operation of buildings,
structures and other built assets

* is expressed by a value derived from a combination of different
measurable parameters (variables)

» Different indicators have been developed by institutions, organizations and
industries locally, nationally and globally.

1 Main reasons...

Political, Technological and Cultural differences between countries

Lack of normalization and common understanding

Different indicators (methods) = Different results
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Master List of SBTool Parameters Phase active
P-Dsn I Dsn I C&C I Ops
A Site Selection, Project Planning and Development
A1 Site Selection .
A11 Pre-development ecological value or sensitivity of land. Th e fu I I I |St Of
A1.2 Pre-development agricultural value of land. . e
A13 Vulnerability of land to flooding. Sustalnabl I |ty
A1.4 Potential for development to contaminate nearby bodies of water.
A1.5 Pre-development contamination status of land. | nd ICatO rS |S
A1.6 Proximity of site to public transportation.
A1.7 Distance between site and centres of employment or residential occupancies. I
A18 Proximity to commercial and cultural facilities. q u Ite Iong e
A1.9 Proximity to public recreation and facilities.
A2 Project Planning
A2.1 Feasibility of use of renewables.
A2.2 Use of Integrated Design Process.
A2.3 Potential environmental impact of development or re-development.
A2.4 Provision of surface water management system. FO r exa m p I e H
A2.5 Availability of potable water treatment system.
A2.6 Availability of a split grey / potable water system. S BTOOI 20 1 6
A2.7 Collection and recycling of solid wastes in the community or project.
A2.8 Composting and re-use of sludge in the community or project. haS a tOtal Of
A2.9 Site orientation to maximize passive solar potential. .
A3 Urban Design and Site Development pOtentIa| Iy
A3.1 Development density. .
A3.2 Provision of mixed uses within the project. aCtlve 1 9 1
A3.3 Encouragement of walking. . .
A3.4 Support for bicycle use. | n d | Cato rS
A3.5 Policies governing use of private vehicles.
A3.6 Provision of project green space.
A3.7 Use of native plantings.
A3.8 Provision of trees with shading potential.
A3.9 Development or maintenance of wildlife corridors.
B Energy and Resource Consumption
B1 Total Life Cycle Non-Renewable Energy
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Development of sustainability
assessment systems

» In order to standardize and promote the interpretation and comparison of
results from different assessment methods developed in Europe, the
European Committee for Standardization (CEN) launched the Technical
Committee 350 (CEN/TC 350).

CEN/TC 350 ad hoc group
“Framework”
WGT: WG2: WG3: WG4: WG5:
“Environmental “Building Products “Economical “Social
Performance Life Cycle llevel” Performance Performance
of Buildings” Description” of Buildings” of Buildings”
T T T general principles T T

and requirements for
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Life-cycle boundaries

Pre-operation phase

Raw

©O==  materials = proqction ™ Construction

£
7]
o . 3
: = | Operation <
Y q; Q.
- i 1
] Recycling Construction [ S
5 £ Life-cycle ®
s . @
g Maintenance a
o . @]

_J

End-of-life ™" Desconstruction

End-of-life phase
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CEN/TC 350 - Sustainability of Construction Works -
Standards

Environmental
15978

Sustainability

Social
EN 15643-3
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Environment
EN 15978

» According to standard EN 15978:2012 the assessment of the environmental
performance of a building is based in 4 types of environmental indicators
(total of 22):

1 - Indicators describing environmental impacts:

Indicator Unit
Global warming potential, GWP kg CO2 equiv
Depletion potential of the stratospheric ozone layer, ODFP; kg CFC 11 equiv
Acidification potential of land and water; AP; kg SO, equiv
Eutrophication potential, EP; kg (POs)* equiv

Formation potential of tropospheric ozone photochemical | kg Ethene equiv
oxidants, POCP;

Abiotic Resource Depletion Potential for elements; | kg Sb equiv
ADP_elements

Abiotic Resource Depletion Potential of fossil fuels | MJ
ADP_fossil fuels
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Environment
EN 15978

2 - Indicators describing resource use:

Indicator

Unit

Use of renewable primary energy excluding energy
resources used as raw material

MJ, net calorific value

Use of renewable primary energy resources used as raw
material

MJ, net calorific value

Use of non-renewable primary energy excluding primary
energy resources used as raw material

M.J. net calorific value

Use of non-renewable primary energy resources used as
raw material

M.J. net calorific value

Use of secondary material kg
Use of renewable secondary fuels MJ
Use of non-renewable secondary fuels MJ
Use of net fresh water m’

TU1406
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Environment
EN 15978

3 - Indicators describing additional environmental information:

Indicator Unit
Hazardous waste disposed; kg
Non-hazardous waste disposed kg
Radioactive waste disposed kg

4 - Indicators describing the output flows leaving the system:

Indicator Unit

Components for re-use kg

Materials for recycling kg

Materials for energy recovery (not being waste incineration) | kg

Exported energy MJ for each energy carrier
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> Some of the established social indicators are:

Social
EN 15643-3

Indicators describing social impacts:

»  Accessibility;

«  Adaptability / Flexibility;
* Health and comfort;

*  Cultural identity;

* Neighborhood pressure;
 Maintenance;

«  Safety/security.
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» Economy aspects should include life-cycle costs related to:

*  Operation;

 Maintenance;

« Refurbishment and replacement of components;
»  Desconstruction;

* Recycling / End-of-life scenario.
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Use of CEN/TC 350 indicators on
Building Sustainability Assessment
methods (example of SBToolFT)

Based on global methodology SBTool and on the ongoing work in
CEN/TC 350, there are a number of sustainability assessment
and certification tools that are appropriate to the national contexts
(standards and regulations, weather, technologies and
sociocultural issues)

Example: Module for assessment of housing buildings (SBToolPT)
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Structure of the Methodology SBToolPT

List of performance indicators supported in an assessment guide

Quantification Building in study

Global Assessment
(Sustainable Score)
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Dimensions, Categories and Parameters

CATEGORIES UNDER ASSESSMENT

C1) Climate change and C6) Occupants health and
outdoor air quality; comfort;

C2) Land use and C7) Accessibilities;
biodiversity;

C8) User’s awareness and
C3) Energy efficiency; education.

C4) Materials use and solid
waste;

C5) Water use and effluents.
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Categories and environmental parameters (15)

Dimension Categories Parameters

C1 — Climate
change and

: : Embodied environmental impacts
outdoor air quality

Urban soil use

Environmental _
Land waterproofed index

C2 — Land use

and biodiversity Pre-developed land use

Use of local plants

Heat-island effect
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Categories and environmental parameters (cont.)

Dimensao (ategorias Parametros

C3 - Energy Primary energy consumption

Efficiency In-situ energy production from renewables

Building materials re-use

Building materials recycling content

C4 — Materials

Environmental | and solid waste Use of certified organic materials

Use of cement substitutes materials on concrete

Household waste management

C5 — Water Fresh water consumption
efficiency and
effluents

Water reuse and recycling
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Categories and societal parameters (8)

Dirension Gategon Farameters Bip

(1>
Uc
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Categories and economic parameters (2)

N e S I

Capital costs P24
Economy Life-cycle cost _
Operation costs P25
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QUANTIFICATION OF PARAMETERS

>

LCA database (example)

Solucdo
construtiva

Parede dupla de alvenaria de tijolo furado (15cm+11cm) com isolamento térmico em EPS Ref:

nha caixa-de-ar
Fase de ciclo
de vida

Cradle-to-gate
Fim de vida

Total

Par 1l

‘ Categorias de impacte ambiental de LCA Energia

incorporada

| ADP | cwp | opp | AP | POcP | EP | ENR | ER
3.70E01 9. 53E+01 1.02E-04 1.91E01 1.13E02 2. 54E02 8.68E+02 1.01E+02

2.08E01 3.17E+01 5.00E06 1.42E01 5.40E03 2.95E02 4 75E+02 2.83E+00
5.78E-01 1.27E+02 1.07E-04 3,330 1.67E02 5.49E-02 1.34E+03 1.04E+02

Comentarios:

Materiais Considerados: Tijolo furado, poliestireno expandido extrudido (isolamento
térmico), argamassa de assentamento e reboco (revestimento)

Método(s) de LCA: CML 2 baseline 2000 versao 2.04 (para avaliar o Impacte ambiental) e
Cumulative Energy Demand versao 1.04 (Para avaliar a energia)

Bibliotecas do LCI: Eccinvent system process

TU1406
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» Typical life-cycle of a building and considered stages

Operation ]
Assembly Phase Phase Disassembly Phase
L g -+ L 4 -+ e 4
Raw Material Building _ Building
Extraction Operation "| Demolition
Considered '
—— Transport -
StageS P Transport
* : l ,
Manufacturing
e arT Reuse of Recycling of Disposal of
Products._';md Building Building Building
Assemblies Products Products Products
Transport
[
! 1
Replacement of
Building Building
Construction Products and
Assemblies
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» SOCIETAL
Using one of the different analytical methods or through experimental
monitoring.

>
Using costs databases or through the use of external Life-cycle costing
(LCC) tools.
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Why Benchmarking?

Normalization of Parameters / Benchmarking

Relevance of benchmarking:

« systematic process for identifying and implementing best or better
practices

« sustainability is a relative matter and therefore the performance of
the structure under assessment should be compared with conventional
and best/better practices (benchmarks)

» In SBToolPT, the adopted benchmarking process compares the performance
of a building with conventional and better practices.
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» In SBToolPT the following principles were used to set the benchmarks of the 25
indicators:

« Conventional practice — a building with the same geometry as the one
under assessment but that uses the local's conventional building
elements (for the embodied impacts) and that fulfills the minimum
environmental legal requirements or that has a similar performance to
the conventional practice (for other indicators)

- Best/better practice — a building that have 25% of the conventional
impacts (for the embodied impacts) and that fulfils best/better practices
(for other indicators)
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» The adopted normalization system, converts the performance values obtained
for each parameter on a scale between 0 (reference value /conventional)
and 1 (best/better performance):

P _P . Wlth,
p —_| * v P, — Value of ith parameter;
I * i P.; — Conventional practice of ith parameter;
Pi - P*i P*, — Best practice of the ith parameter.

» The quantified values are converted in a graded scale, from A+ to E:

At P>1,00

Best practice 0,70<P<1,00
040<P<0,70
010< P<0,40

Conventional practice 0,00<P< 0,10
000<P
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PARAMETERS AGREGATION - WEIGHTS

» Environmental (US EPA’s TRACI method)
Table 1: Relative importance of each environmental impact according to EPA,U.S.A.

ID Categorias de impacte ambiental Pesos (%)
GWP  Potencial de Aguecimento Global 16
AP Potencial de Acidificacéo 5
EP Potencial de Eutrofizacao 5
FFDP  Potencial de Esgotamento das Reservas de Combustiveis Fosseis 5
1AQ Qualidade do Ar Interior 11
HA Alteracao dos Habitats 16
Wi Consumo de Agua 3
CAP Poluicdo da Atmosfera 6
POCP  Potencial de Oxidacao Fotoquimica (smog) 6
ODP  Potencial de Destruicdo da Camada de Ozono ]
ET Toxicidade Ecoldgica 11
HT Toxicidade Para o Ser Humano 11

* The weights of the environmental parameters considered in SBToolPT
result from the distribution of the weights of the environmental categories of
TRACI method (extent, intensity and duration of impact).
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PARAMETERS AGREGATION - WEIGHTS (cont.)
> Social

A scientific based methodology was developed to quantify the relative
importance of each comfort and health parameter in global comfort
perceived for building occupants.

The perceived global comfort (C) result from the
combination of various comfort parameters (P,):

Co=PxW,;+P,xW,+P;xW;+P4xW,

Each parameter affects differently the global
comfort, since it presents a different subjective
weight (W,).
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PARAMETERS AGREGATION — WEIGHTS (cont.)
Methodology

_ Neural Networks _
— ‘
Thermal ﬁomfort T
9—"'.;/ E—g,- -

Visual Comfort

©
3 e ee— 00 8
cg Multivariate Regression —
Acoustics £ — Linear Regression —
S m— L .
_4 4 o -
&) %o g
<>°§
Air Quality
= =
A fj 11
Weight: i Results: W.. W /\V,/
M esults: w,, W,,
Thermal Comfort:32,5% — W W1 2 -
3’ 4

Visual Comfort: 24,6%
Indoor Air Quality: 23,8%
Acoustics: 19,1%
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WEIGHTS (Categories)

Dimension Category ‘Q’e'ght
(%)
Economy Cc9 Life-cycle costs 100
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WEIGHTS (Sustainability dimensions)

: i Weight
Dimension (%)
Economy DE 30
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REPRESENTATION AND GLOBAL ASSESSMENT OF A PROJECT

> The assessment output is presented at two levels:

Level 1: Categories

SBToolPT— Example of the performance of a building solution presented at the level of the different categories

- C2 C3 C4 C5 C6 Cc7 Cc8 Cco

At
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REPRESENTATION AND GLOBAL ASSESSMENT OF A PROJECT (cont.)
Level 2: Sustainable dimensions and sustainable score

» The assessment output is similar to the approach adopted by existing schemes
such as EU Energy labelling scheme for white goods and European Display™
Campaign posters.

SBToolPT— Example of the performance of a solution at the level of each dimension and the overall score

NG

WG MEETINGS & WORKSHOP
th - t i
‘ TU1406 30t March - 1st April 2016 SLIDE 103

COST ACTION Belgrade, Serbia




INDICATORS FOR SUSTAINABILITY ASSESSMENT / Luis Braganga

forramenta Hars & CONSIruCho Tusten

N Cartificado

serifisde (@) sBTOOL®
L -

TPo Edif. Habitagio Unifamilis Edif. Habitag 8o Mulufamiliar
MORADA / SITUACAO

Ruadvericda Praca

X FRgues
sncd schgo Peatal
navdl Ingart 03, doReg f 4o
b ¢ Matriclalr

ﬂ 2
= ¢
a
e
® ve
Noma do responsivel pala emissdo do centficado Avalador

WG MEETINGS & WORKSHOP

TU1406 30t March - 1st April 2016
EEOY ACUVICR Belgrade, Serbia SLIDE 104




INDICATORS FOR SUSTAINABILITY ASSESSMENT / Luis Braganga
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INDICATORS FOR SUSTAINABILITY ASSESSMENT / Luis Braganga

To discuss

1. How many indicadors should be included for practical use of
sustainability assessment tools?
2. Should all indicators be mandatory?

3. What should be the good practice for benchmarhing the
environmental performance of the several types of structures (in
terms of LCA environmental impact categories) ?

4. Should the sustainability profiles be oriented only for designers or
also to users?

5. What should be the communication format for users?
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An overview of Key Performance Indicators across Europe and Overseas
The main findings from WG1 and other contributions from WG2 and WG3

State of Art of Bridges Maintenance Programs in South
America. Experience on seismic hazards and scour

Matias A. Valenzuela — Public Work Department, Chile
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State of Art of Bridges Maintenance Programs in South America. Experience on seismic hazards and scour | Matias A. Valenzuela

Contents

« Maintenance Programs
« Pathologies

« Earthquake

e Tsunami

« Scour

* Final Comments
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Scheme of Traditional Bridge

RAILINGS
SLAB PAVEMENT
. 3 !
U P _
ACCESS SEAB
GIRDERS s
ELEVATION e e BEARINGS e o

PILE CAP LEVELLING
PILES CONCRETE
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Traditional Bridge

.'\ .
A

A

T Vel

21/06%2005 11:13
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State of Art of Bridges Maintenance Programs in South America. Experience on seismic hazards and scour | Matias A. Valenzuela

Chilean Bridge Cost

INFRA BEAMS DECK N2 BRIDGE LINEALS M. USS/M.L. COST USS

C C C 2.875 76.036 31.000 2.357.116.000
c ................................ s ................................ c .................................. 2520 .................................... 75300 ............................... 33000 ................................................ 2484900000
................ S S c 160 2525 34000 85850000
c ................................ S ................................ T .................................... 646 ...................................... 14120 ............................... 18000 254160000
c ................................ T ............................... T .................................... 485 ....................................... 7063 ................................ 12000 ....................................................... 84756000
................ S ST T 130 2025 14000 28350000
............... TT T 870 8036 9000 72324000

7.686 185.105 67.456.000
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State of Art of Bridges Maintenance Programs in South America. Experience on seismic hazards and scour | Matias A. Valenzuela

Maintenance Concepts

Rehabilitation

Replacement

Current Situation

» Lack Policies for Maintenance = No Prevention
* No Interest to Community

* No Knowledge about the Benefit

* Inertia of common practice
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Current Situation

Update
Information
(inspections)

Assessment
of Damage Set Priorities
Index

Define
Resources

Damage
detected
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Inspection Procedures (Road Manual V7)

 Definition of Technical and Professional
team

J
* Report to MOP )
» Bridges, Resources and Plan )
« Definition type of inspection )
* Routine or Emergency )
* Frequency of Inspection )
=ietevd © Annual Daily Average Traffic )
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Inspection Procedures (Road Manual V7)

REPUELICA DE CHILE
| MINISTERIO DE OBRAS PUBLICAS NOMBRE DEL PUENTE | |EE’€N'$E
EN KM | |
' ] ENE
ROL RUTA
\— CODIGO OV CALCE
REGION PROV. | | COMUNA |
Long 1 T RRCHD TOF 1 RUMERT
TOTAL PASILLOS MAYOR DE VIGAS
] ANCHO DE MUMERD MUMERO
Lo CALZADA TRAMO DE CEFAS
[ | ESPESOR [ | TIPODE TENE [
GAl 1B OE LOSA CABPETA F%UI.&II:'?
; i = i ] . ]
oBRA | TRANSITO GRADO | CAPACIDAD
ELUVIAL (Pasidia) DANO | DEL PUENTE [

General
Description

Fluvial Hotide

Geometry Issues

L]
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Inspection Procedures (Road Manual V7)

[A ] MINISTERIO DE OBRAS PUBLICAS

REPUBLICA DE CHILE

ENKM | 59.306

NOMBRE DEL PUENTE

Puente Ventisquero

[Caneteta Austral Tramo Chaitén — La Junta I

%0 DE
PUENTE H-A

s ovl 2.7 ) A [ Rio Ventisquero ]
REGION| X PROV. | Palena COMUNA | chaitén
' ANCHO LUz | NUMERO :
.Lg:ﬁ 42.0m PASILLOS 0.5m MAYOR 42.0m DE VIGAS 2
1 ANCHO DE [ 1 NOMERO [ NUMERO
Tooio | s.om | ‘caizapa | 7m RAMO | 1 DE CEPAS 0
ESPESOR ] TPODE | 1 JTIENE |
GALBO | 7.7m | pELOSA | 0.25M | CARPETA | HOR ESVIAJE? NO
TRANSITO | ] GRADO | CAPACIDAD —
| P! NO | (Pasigis) | NO' | pano 34) | peLpuenTE | NO
6.16m 5.13m
a2m ]
19m
7.7m
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Inspection Procedures (Road Manual V7)

EE‘;';?EECCIGN CONSTRUCTOR | ‘ CORTE TRANSVERSAL
FROYECTISTAS | ‘ D
AUTOS CAMIONETAS CAMIOMNES SIMPLES | CAMIOMES TRAILER BUSES
TMDA [ DEL HUBO CORTE
(Pasidia) AND EM LOS ANOS
MATERIALES: A=Apero, M=Madora, HA=HomigonAmmade, PC= Prcomprimido, LE = Ladrilo yio Cantoria
PISO wGp.s| | ESTRIBOS | | CEPAS FUNDACIONES
DESCRIPCION ‘
FUNDACIONES

ALTERMATIVA EXISTENTE

MAPA DE UBICACION

PLANCS EXISTENTES

O

BEREVE DIAGHNOSTICO DE SU ESTADD

NOMERE | nomBrE
CARGO | camco

FECHA | FECHA
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Inspection Procedures (Road Manual V7)

PUENTES DEFINITIVG

> Name and Location

P, L

TU1406
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HOMTIER TR LA B TETCTURA | IR B | EOMIET TR LA Tl | Bl T LA EOITA | FROVTRCLA | ool DEL FORATR
FATE | | | | |
—~ s [amcascaccamess | rammen | swereees | e
f f—
p—— | | Damage Type
3 THM na 1 1 1 1 W Dl AT L L b
— =—712| Brdige Elements (1 to 20) = =
» MALe O G N T
— [r— — — [E— —
. N ]
. - — [T TE—— p———— P R— ————— erEp— rEr—
. - — —
- e o
PURTUACION GRADC DETERICRO SOCAVACION
5 NO EXISTE HO EXISTE
. | EN UNC O DOS FUNTOS TENDENCLA A SOCAVAR
EVALUACION
3 EN MUCHOS FUNTOS FELIGRD
2 MENGCS DE LA MITAD SOCAVACION FELIGROSA
1 CASI TCDO SITUACION DE EMERGENCIA
i I = G TP e i T TR e erraea i i
HAY PpuENAs ] REGULARES ] MALAS O
sENALETICA
wnomsy [
T e e T T T T T T T T
| | ] ] ] ] ] ]
oY e ETTAEE T "B -
TACHAS REFLECTANTES
HO HAY Ll
3 pryT———— e
3 [T [r——
3 pe— [EE—
= [ errr— ]
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Main Pathologies

Fatigue
Overweight

Cracking Earthquake

Termical

Car Impact Effects

Corrosion

Landslide

Biological
and

Chemical
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Main Pathologies

GAHAF 10% 0 ||
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Main Pathologies — Minor Damag
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Main Pathologies — Gerber Bridges

« Concrete Damage
» Steel Support
» Construction pathologies
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Main Pathologies — Earthquake

* Approach Slab
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Main Pathologies — Earthquake

ol %~
01£03/2010

=t =

Expansion Joints
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Main Pathologies — Earthquake
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Main Pathologies — Earthquake

 (Gerber
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Main Pathologies — Earthquake

* Unseating
« Skew Bridges
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Main Pathologies — Earthquake

skewed transverse
dlrectnon

* Unseating
« Skew Bridges
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Main Pathologies — Earthquake

Transverse Displacement
Beam Damage
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Main Pathologies — Earthquake

« Local Buckling
« Steel Beams
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Main Pathologies — Earthquake

WG MEETINGS & WORKSHOP

TU1406 30t March - 15 April 2016 SLIDE 132
Belgrade, Serbia



State of Art of Bridges Maintenance Programs in South America. Experience on seismic hazards and scour | Matias A. Valenzuela

Main Pathologies — Earthquake

 Qverstress Piers
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Main Pathologies — Earthquake

o Settlement Piers
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Main Pathologies — Earthquake

Aftershock
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Main Pathologies — Earthquake

. Liqufaction
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Main Pathologies — Tsunami
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Main Pathologies — Tsunami

e Non
Structural
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Main Pathologies — Landslides

March 2015
Debris Impact
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Main Pathologies — Landslides / Scour

Puente Altovalsol —
31 marzo 2015

« Scour
« Steel piles
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Main Pathologies — Scour

« Scour
« San Luis - Strengthening
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Main Pathologies — Scour

«  Scour
*+  Collapse Colombia
. New Bridge Peru
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Main Pathologies — Landslides / Volcano

Deck missing
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Main Pathologies — Landslides / Volcano
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Repair and Post Emergency — Modular Bridge
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Inspection Truck
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u | u u
Monitoring - Seismic
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Monitoring - Seismic
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Accelerometers
Displacement Sensors
Inclinometers

Deformation Sensors
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Final Comments

Main Parameters

Seismic Demand
Skew index
Lenght of support

Longitudinal and tranverse restrictions
Soil Condition (liquefaction, in situ effects, scour, etc)

Deck — up lifting
Pre-cast bridges
Curved bridges

Foundation Torrential rivers

Isolation bridges
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Final Comments

Maintenance Program — Future South America

*Not enough visual inspections - subjective (the transference of experience not recorded).
* New Standard and Damage Index.

Include the Life Cycle of the structure in the Design Programs.

* Preventive Repair and Mantenance Program (not only Emergency).

« Singular and Critical Structure have to include Maintenance Manuals.

*Instrumentation and Monitoring have to be included.

* Maintenance programa per each climate.

*Maintenance concepts applied to hazards.
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

BOUNDARY CONDITIONS

» Significant increase in traffic, particularly heavy goods traffic,
» Increase of total allowable weight of vehicles,

» QOverloading of trucks,

» Increasing bridge ages

Bridges on the Federal Trunk Road Network in Germany m —a - Actual-Expenditures
Age Distribution by Bridge Deck Area of Building Segments [%)]
Status: 01.09.2015 All Federal States —=—Program
8o+ | Prognosis (BVWP)
156
] 700 +
199 $600
g , 537,17
00 100 37" 42590, - 479,21
ot — 2 738581 387,54 :
o1 a6 §4°U 41198 1p oy
73 2 o Lol = 347,70
64 200 - "35 43751 ':527 s O i
6,0 5 S —
2 286,92 282,10™5g8,07 27510
50 S 200 272,36
42 @
£
© 4
S 100
13 15
o1 o1 oo o1 I:I 04 06 o 0 t t t t t + t t t t t |
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Year of Construction

WG MEETINGS & WORKSHOP

TU1406 30t March - 15t April 2016 SR

COST ACTION

Belgrade, Serbia




PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

LIFE-CYCLE-ASPECTS (I)

» LCA, Life Cycle Assessment is a systematic analysis of the

environmental impacts of products.

» LCC, Life-cycle costing, is a cost management method that

considers the whole life cycle of a building.

» LCP, the life cycle performance of mechanical systems describing

the performance of a system.

q Combination of environmental impact, costs and performance
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

MAIN FACTORS FOR LC-OPTIMISATION

» Minimal direct costs,
» Necessary Level of Security,
» Minimal indirect costs, e.qg.

» Minimal disturbance of traffic

Security and ease of

over Life-Time, traffic

» Minimal environmental costs,

Construction costs Security Level
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

NECESSARY LIFE-TIME-INFORMATION

Construction data,
Year of construction (Constructive deficits; used guidelines, age, ...),

Dimensions/sizes/masses (Robustness),

vV V. VYV 'V

Position within the network (Corridor, alternative routes),

A\

Condition data (history; future behavior),

A\

Durability ((new)materials),

» Maintenance alternatives (Costs, influence regarding third parties,

service life),

> Traffic data (Heavy traffic; today and for the future)
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

AVAILABLE DATA (SIB-BAUWERKE)

» Length, width, bridge Deck area,

» Static system (longitudinal, transverse),
» Year of construction; Years of maintenance actions,

» Materials of Components/component groups,
» Condition data (last Bridge inspection(s)).

Not available
» Future behavior,
» Future traffic data/volume,

> Service life.

But these data can be created by evaluating of bridge data...
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

ESIB-BAUWERKE Verwaltungsprogramm [ _ (O] <]
]l
Referat "Grundsatzfragen .
der Bauwerkserhaltung" S I B'BAUWE RKE B”dge
Bauwerksnummer 5136528 0 Interne Bwnr. A 4 1781v
Crosssection 3 ) -
of Superstructure Zweistegiger Vollquerschnitt
Crosssection [ Mit Querschnitt des Uberbaus identisch
mainstructure AUF T, ast h I
construction methog |~ 'raggerust hergestellt
Length 54,00 m Konstruktionshdhe min 0,25 m BW-Winkel 28,7 gon
Width 11,75 m  Konstruktionshéhe max. 1,40 m Winkelrichtung Links
Bridge area 635 m2 Langsneigung max. 3,294  Lichte Weite bei Einfeld 0,00 mil" Zndern
1 Stk Querneigung max. 2,50 Lichte Hohe 4,73 m
0,00 m Uberschittungshéhe max. 0,00 m
12,25 m Uberschittungshéhe min 0,00 m Anzahl der Felder 2 Stk
Nein
Comments | Nicht gekriimmt (R = 1500 m), nicht aufgeweitet
| - (_Brtlndungssohle: QS_D,Q‘U -22817m u’ber NN ) .
_—
Letzte Bearbeitung 07 .01.2002 10:45:50 Bearbeiter BERGER
= - Zuruck
. Bridge cable Design
Static system/ Joints | Lines (gas, water,...) ]
bearing load capacity _ _
| \Water Erooflné Crack repair Spans/
Foundation |  Cover | Concrete replacements | supportings | Materials
Prestress Safety barriers surface protection
Anchor Equipment Overlayings
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

LIFE-CYCLE-ASPECTS (ll)

» Classification of the bridge components/groups (similar, future
behavior),

» masses of components/groups (ecological, economic effects during
Lifetime),

» Component or component group-related
» damages (assessments, extent),
» behavior models (right time for maintenance),
» direct costs for maintenance measures,

» Indirect costs (environment, traffic).
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

MAINTENANCE STRATEGIES

A\

Preventive maintenance,
Systematic conservation and/or
"targeted aging”.

YV VYV

Security and ease of traffic

» Interventions in the road A
should be minimal, \

> Construction and maintenance / \
costs should be minimized, // Maintenance  \

> It's at any given time to ensure y e \
the required level of security // \

and \

> The useful life should be CORSHCHIR Casts Security Level
guaranteed.
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PERFORMANCE INDICATORS AS BASIS FOR LIFE-CYCLE-CONSIDERATIONS | RALPH HOLST

SUMMARY AND OUTLOOK

» Performance Indicators are necessary for
» Evaluation of current condition,
» Next maintenance actions,
» Keep network at desired performance level

) Short/Middle term

but in combination with
» Data of “Birth Certificate”,

» Future behavior, o
> Service life and I ) long term (Life-Time-
Optimization)

» Maintenance strategies,
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

STRUCTURAL ROBUSTNESS DEFINITION

« The method presented refers to an energetic approach defined by
(Starossek & Haberland, 2008) where for simplification of calculations
instead of energy the internal forces are used

Approach |
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

STRUCTURAL ROBUSTNESS DEFINITION

* In linear-elastic models satisfying the superposition principle it is
possible use moments triggered by a unit force:

M| -Kj =My -k [ ME=ME -k
R=1-max = 1 = min = 1
R
=M
Y

)]

* When the sections j and k are with the same properties and resistance
then R may be independent of the section resistance:

d,l 1

R=1-max| — 1
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI

STRUCTURAL ROBUSTNESS DEFINITION

Approach li

 The robustness R’ is calculated according to formula:
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

CASE STUDIES - Simply supported 2-girder bridge

* Three variants considered:
— cross-beams only (IPE 360)
— cross-beams (IPE 360) with N-system of horizontal bracing (L120x120x10)
— cross-beams (IPE 360) with X-system of horizontal bracing (L120x120x10)
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

CASE STUDIES - Simply supported 2-girder bridge
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI

CASE STUDIES - Simply supported 2-girder bridge

é Variant Il
/t‘“\\
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

CASE STUDIES - Simply supported 2-girder bridge

" 71\\\\ .
s NN Variant lll
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI

CASE STUDIES - Simply supported 2-girder bridge

ML —M| 2.01-2.40
R=1-max| — 21— |=1- =0.168
M =My 2.40-0.08
M3 —ML 2.01-2.40
" N K,j | _ . . _
R'=1-max 1 —1- =0.196
y M. 2.40
M. .1 M, .1 M, .d1
variant ! al il R; R’
kNm kNm kNm
I 2,50 0,00 2,50 0,000 0,000
1 2,40 0,08 2,01 0,168 0,196
1 2,38 0,09 1,43 0,415 0,437
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI ‘ﬁ?

CASE STUDIES - Continuous 2-span 6-girder bridge

Analysed failures of girders:

X A
A < \CJB j

i &
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI

CASE STUDIES - Continuous 2-span 6-girder bridge

A
M) =My 3319-1.474 e
R=R,, =1- i~ Tki 351971478 39 ;H
’ Mj,j —Mk’j 2.756-1.474 |
MO =M, . 3.319-1.474
R=R,,=1-— 1 e =0,331
’ M 2.756 |
’ ¥
damaged | checked M; My Mk,id1 R R
section j | section k kNm kNm kNm J J
A B 2,756 1,474 3,319 -0,439 0,331
B A 1,578 1,504 2,142 -7,622 0,596
C B 1,400 1,097 1,575 -0,578 0,659
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STRUCTURAL ROBUSTNESS OF BRIDGES BASED ON REDISTRIBUTION OF INTERNAL FORCES | TOMASZ KAMINSKI

CONCLUSIONS

The proposed method represents a consistent and complete approach
applicable to any type of structure.

Thanks to the applied measures the robustness can be quantified and
compared for various cases.

Given measures R and R’ get values close to 1 for robust system and
close to 0 for non-robust ones. In case of R the negative values can
appear what indicates a threat of progressive collapse.

Within the case studies two types of beam bridges are analysed.
Robustness is checked for a hinge formation in the mid-span.

In case of the 2-girder structure robustness evaluated by means of
both R and R’ measures reflects effectiveness of various layouts of the
bracing systems in agreement with expectations and intuition.

Analysis of the 6-girder structure reveals essential dependence of
measures R and R’ to the assumed loading scenario and to the initial
level of internal forces in the checked section.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Conference paper presentation topics

* [Introduction:;

« Structural robustness;

* Framework for MAB structural robustness index;
« Damage scenarios;

« (Case study: the Calharda Viaduct;

« (Conclusions.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Introduction

« Masonry arch bridges (MAB) play a
significant role in the transportation network
nowadays. These bridges have proven to

possess excellent performances;

« Combining both degradation and damages
over time, their safety condition may be

affected and trigger global collapse;

* Thus, it is imperative to investigate their

robustness under certain damage scenarios.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Structural robustness

« Structural robustness is related to structural collapse, in which
small damages ((@) and (b)) originate catastrophic
consequences (disproportionate failure — (c));

&3> [ & 0

il

S

T
(a) (b) (c)

« World Trade Centre collapse has triggered the renewed
interest in the study of structural robustness.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Framework for MAB structural robustness index

 According to Cavaco (2013), robustness is evaluated by the
variation of structural performance indicator under a certain damage
scenario, given by:
D=1
RI = [ f(D)dD

D=0

where D is the normalized damage and f(D) is the normalized structural
performance, expressed by:

f=R-S

where R is the resistance curve, which is the MAB ultimate load-
carrying capacity, and S is the applied loads .
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Framework for MAB structural robustness index

Plastic theorems. Limit Analysis theory

— Masonry arch bridge structure as an assemblage of rigid blocks;

— Mechanical parameters:

» Density (y), compressive strength (f.) and friction angle(u);

* Null tensile strength;

 Sliding failure mechanism not admissible.

[T Py
s

YARTEBERE -
b P
“,’{-,:iuuln: W=

AT sl
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Damage scenarios

» Longitudinal cracking

— Decreasing the bearing capacity due to the reduction of the
effective bridge width;

— The detachment of spandrel walls diminishes the effective bridge
width and arch support to bear applied loads.

* Transversal cracking

— The detachment of spandrel walls or support settlement originate
cracks:

— Masonry arch voussoirs may loss its mortar, resulting in the
displacement of it and to the deterioration of fill and surrounding
VOUSSOIrsS.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Damage scenarios

« Spalled masonry arch voussoirs

— Generally, spalled masonry arch voussoirs do not compromise
structural integrity. However, in cases of mortar loss, mortar
wash-out and/or widespread spalled voussoirs, the effective arch
thickness may be severely reduced;

« Masonry deterioration and fatigue

— Fatigue may reduce up to 50% of masonry’s quasi-static
compressive strength. In respect to deterioration, it is mainly
related to environment, physical and chemical attacks. All these
facts result in the reduction of its mechanical properties,
especially in its compressive strength.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Case study: the Calharda Viaduct

e Builtin 1882;
« Located in the Beira Alta railway line;
« Composed by 5 full-centered arches;
» Granitic masonry;
* Rough dry joints.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Case study: the Calharda Viaduct

« MAB characterization:

* | 650
685 * R X
Density, y,, (KN/m3) 25
6000 =00
SDPD Masonry Compressive strength, f_. (MPa) 20
—~—6000 ] Friction coefficient, u (-) 0,58
Density, y; (kN/m3) 20
11350 Fill Angle of friction, ¢ (°) 30
Cohesion, ¢ (kPa) 0
Ballast Density, y,, (kN/m3) 17,66
]
3000 - Track Track load per unit area, T (kN/m?) 1,42
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Damage scenarios. Robustness index

« Damage Scenarios and corresponding failure load factors and RI:

DS Max damage 0% 10% 25% 50% 100% RI
1 500 mm 4.09 (1.00) 4.09(1.00) 4.09(1.00) 4.09 (1.00) 4.09 (1.00) 1.00
2 87 mm 4.09 (1.00) 4.07 (1.00) 4.03(0.99) 3.77(0.92) 3.61(0.88) 0.94
3 87 mm 4.09 (1.00) 4.08 (1.00) 4.07 (1.00) 4.04 (0.99) 3.95(0.97) 0.99
4 87 mm 4.09 (1.00) 4.06 (0.99) 4.01(0.98) 3.89(0.95) 3.57(0.87) 0.94
5 5 MPa 4.09 (1.00) 4.08 (1.00) 4.07 (1.00) 4.04 (0.99) 3.99(0.98) 0.99
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Conclusions

« Obtained RI for the different scenarios of damage indicate that all
the five scenarios present a high robustness index:

— In respect to bridges effective width for load transversal
dispersion (DS1), it is verified that the bearing capacity has not
been affected. Therefore, bridge width is not totally used for the
dispersion of applied loads;

— The reduction of the effective arch thickness, due to transversal
cracking (DS2), reduces the bridges performance up to 12%,
pointing out that the arch is a crucial element in MAB;

WG MEETINGS & WORKSHOP

30th March - 1st April 2016 SLIDE 192

Belgrade, Serbia



Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Conclusions

« Obtained RI for the different scenarios of damage indicate that all
the five scenarios present a high robustness index:

— Localized cracking in the third section of the span-length (DS3)

has practically no effect on Calharda viaduct overall safety;

— For the situation of localized damaged in the middle span section
(DS4) of the third span, the failure load factor is reduced in 13%,

being the failure mechanism attained more easily;

— The degradation of masonry due to fatigue and
biological/chemical attacks (DS5) reaching 20% of its original

value has minor influence in the overall performance.
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Robustness as performance indicator for masonry arch bridges | MOREIRA ET AL

Thank you!
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PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC
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— Overview based on results of the screening process of the inspection and evaluation
documents

— Collection and categorisation of Pl is ongoing, particularly in the area of research-
based indicators.

— Critical overview and feedback in the developed Pl database is still under progress.

« Damage assessment

* Further steps
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PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC

Pl & PG: COMPONENT LEVEL

» |Inspection carried out by components forming three main sub-systems

Substructure Superstructure Roadway + equipment
Foundations (concrete) Superstructure (reinforced concrete) Pavement
Deep foundations, piles (concrete) Superstructure (prestressed concrete) Curb & Cornices
Deep foundations, piles (steel) Superstructure (steel) Railings & anchorage, barriers
Deep foundations, piles (timber) Superstructure (composite) Sidewalk (Pedestrian walkway)
Abutments (concrete) Superstructure (timber) Bearings
Abutments (masonry) Superstructure (brick) Expansion joints
Piers (concrete) Superstructure (stone) Drainage
Piers (steel) Arch (concrete) Lighting

Piers (masonry) Arch (masonry) Signalization




PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC

Pl & PG: SYSTEM LEVEL

« Importance of the component to evaluate impact to the entire structure

Structural safety criteria

Traffic safety criteria

Durability criteria

collapse of particular element...

have no influence to the bridge safety has no influence to traffic flow 1 have no influence to durability of other 1
components
railing, curb, embankment, ... cornices, ... railing, main girder, arch, pier, foundation, ...
has influence to a part of a bridge o will cause reduced durability of other
structure causes speed limitation 2 2

cornices, cross girders, bearing, wing, ...

sidewalk with barrier, ...

components

expansion joint, pavement, curb, drain, ...

has influence to an entire bridge
structure

main girders, arch, pier, foundation, ...

causes local traffic redirection 3

sidewalk, embankment, curb, drainage,
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complete traffic suspension 4

barriers, pavement, expansion joint,
roadway slab, ...
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TRAFFIC SAFETY ASSESSMENT

PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC

Pl & PG: SYSTEM LEVEL

collapse of a particular

element:

causes complete traffic

suspension

causes local traffic

redirection

causes speed limitation

has no influence to

traffic flow

——ELl. 1 (ex: expansion joint)
- = -El 2 (ex: curb)

in best condition
(when no
damage is
detected)

T=1+((EL-1)*(Tyax-1)/3)

l

TU1406

cosT

ACTION

3

with function not
been compromised
(when damaged is
moderate)

4

with questionable function
or out of function (when
damage has high degree
and/or extend)

with unquest-
ionable function
(when damage is
in initial phase)

ELEMENT FUNCIONALITY LEVEL
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Pl & PG: NETWORK LEVEL

« Example of weight of performance criteria for priority repair ranking

0.06250

0.06250
0.22500 -

0.03125
0.07500

0.22500‘
0.22500

m Road category

®m Annual average daily traffic
Detour distance
Largest span

m Total length

—
—

m Structural safety and stability
m Traffic safety
m Durability

m General bridge condition

—

a

-

N

Indicating
bridge
importance in
the network

/
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Indicating
bridge
condition
assessment
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PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC

CLUSTERING OF PI

PERFORMANCE INDICATORS RELATED TO...

° I i if\/- - N || N
to more easily identify: ( P —— ) ||
CONDITION ASSESSMENT
> N N 2 PROCESS
DEFECTS MATERIAL EQUIPMENT ~ 4
. . L PROPERTIES JL Alkali Aggregate Reac. Condition note, Condition rating
— th eiro ng N : . . 711 || Acids attacks Condition of a bridge
Abrasion Aggregate segregation | | Asphalt pavement Calcification Damage (degree, extent, evolution)
Cracks (length, Disintegr. of mortar wearing and tearing Carbonation Deterioration (Det. index)
width, orientation, || Fatigue cracking Clogged drain Chloride Action Probability of detection
dista‘nce) PQVOUS cor?cr.ete Railing an.chorage Corrosion Structural deficiency
— m eth Od S a n d Spalling,.... Timber splitting, .... deformation, .... Fatigue ... Structural loss .....
procedures for p NP NI ~ [ N
h . I d GEOMETRY STRUCTURAL INTEGRITY & ORIGINAL CONSTR- DYNAMIC
their revealing an CHANGES JOINTS UCTION AND DESIGN BAHAVIOR
o . \ VAIRN VAN VAN 4
q ua ntlfl Catl on Buckling Dilatation width Bad concrete compaction Damping
Deformation Bearing damages & deformations Bad design Ductility
Differential settlement Change of static scheme Design codes Frequency
Displacement Coupling joint deficiency, ..... Design load Oscillation of structure
Distorsion, ...... Joint cracking, restraint, loss of anchorage Design load by road ID Vibration ......
— level and extend of
H N e ) 4 )
their influence to a [ ENVIRONMENTAL BASED SYSTEM RESISTANCE SVSlE
certain structural |, 7 v S J || SeTAINABILITY )
COMMON LOCALISED . . Probability of failure
performance type APPEARANCE SUDDEN EVENTS LOADS Carryln.g c'apa?lty factor Redundancy
N S < < Load d|st.r|but|onv Reliability index
Freeze-thaw cycles Avalanche Gross Weight of Real static behaviour Remaining service life
Environmental expos. Earthquake a Vehicle Mec.h.anlcal resistance & Eaielue i, B
Humidity, Moisture Erosion Traffic loading Stab'“t_y Resilience
Noise Extreme traffic load Seismic activity Safe?y md.e.x Robustness
Temperature, ...... Fire, Flooding, ...... Wind action, .... Sititliuealilly .. Vulnerabilitv. .......
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DAMAGE ASSESSMENT

« ... Iimplies detection of damages as well as their identification and

evaluation.

DAMAGE
DETECTION

Visual inspection

Chloride content
measurements

N

DAMAGE

IDENTIFICATION
/

N

D. EVALUATION
based on
D. THRESHOLD

v

Delamination +
corrosion at the bridge
pier due to aggressive
maritime environment

and thin concrete
cover, which may lead
to reduced resistance
and durability.

Based on affected
area — heigh degree
of damage;

Based on chloride
content — advanced
deterioration process

DAMAGE
ASSESSMENT

WG MEETINGS & WORKSHOP

30t March - 1st April 2016

More detailed
inspections and
testing are necessary.

Damage assessment
may lead to a routine
or special repair.
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DAMAGE ASSESSMENT

* Four main approaches in damage detection are:

— visual inspection,
— non-destructive testing,;. :
— probing and :
— SHM.
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30t March - 1st April 2016
Belgrade, Serbia

SLIDE 206



PERFORMANCE INDICATORS — CATEGORISATION OVERVIEW | ALFRED STRAUSS & ANA MANDIC IVANKOVIC

EXAMPLE OF DAMAGE CATEGORISATION

Damage type
(characteristics)

Damage indicator

Damage detection

Damage threshold

Damage evaluation

Affected area (m2) + Affected

Visual inspection + Direct

Classes / upper value +

Grades according to

Abrasion .
I depth (cm) measurement damage phase duration handbook of damages
Cavities Speed of reflected signal Acoustic emission Results analysis
R i litude-
esonance in ampiiice Impact-echo test Results analysis
frequency spectra
Visual inspection + Direct Grades according to
Affected area (m2) sual inspect! ! Classes g
measurement handbook of damages
P t fd d U I f the ph +| Grad ding t
ercgn age o. amaged cross Soealklls el [Tapesten pper values of the p gse rades according to
section of reinforcement (%) damage phase duration |handbook for assessment
Physical parameter In situ testing Testing analysis
Corrosion Potential (mV) Half cell potential measurements Classes and lower limit | Evaluate risk of corrosion
Probi t t les i
Chloride content (%) robing at concrete samples in Critical value Quantitative analysis
laboratory
L Laboratory testing of collected o - . .
Carbonization depth (mm) rymatclarﬁal carbonization depth limit [ Evaluate risk of corrosion
. o Monitoring of corrosion
Corrosion Monitoring systems
progress
, , ——— n ,
ST () Visual inspection + Direct Classes / upper valu.e Grades according to
measurement damage phase duration handbook of damages
Cracks Crack width/depth Ultrasonic velocity test Upper limit Testing analysis
Existence Hammer sounding
SHM of cracking Monitoring (?f cracks
evolution
o Affected area (m2) + Affected Visual inspection + Direct Grades according to
Delamination Classes
depth (cm or mm) measurement handbook of damages
Visual i tion + Direct iodi Monitoring ot defiecti
Deflection Long-term deflection sualinspection irect (periodic Upper limit Onitonhg =i tetiection

long lasting) measurement

evolution
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CONCLUSIONS & FUTURE ACTIVITIES

identify methods for reveal relations between establish levels of Pl's
quantification of Pl different types of Pl contribution to a certain PG

surveying of \ f e Y

research-based PI ~ N survey of
/ n - Overall Pl & PG inspection and
ose that ma . . i
. Y categorization from a evaluation
be put in practice _ d t
N global EU perspective ocuments
_ should be established. related to
those in whose \_ - standard
development is maintenance

k\ worth investing / ‘ K activities /

improvement of roadway
bridges’ management
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STRUCTURAL BEHAVIOUR OF STONE ARCH BRIDGES | CRISTINA COSTA ET AL

Introduction

REFER
i

StonArcRail Project (&) Feup ipt
(PTDC/ECM-EST/1691/2012)

Experimental and numerical characterization of the structural behaviour of stone arch
bridges under railway traffic loading - Application to Existing Portuguese Bridges

General objectives

= |dentify for bridges existing in the Portuguese rail network:
- limits of exploration (loads and train speeds)

- effects that constrain the regular operation of these bridges
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COST ACTION

‘ TU1406 30th March - 1st April 2016 SLIDE 211

Belgrade, Serbia



STRUCTURAL BEHAVIOUR OF STONE ARCH BRIDGES | CRISTINA COSTA ET AL

Methodology — StonArcRail Project

Experimental Characterization Numerical Modelling

General characterization of the bridge

Geometry, damage and degradation Model parameters

Material characterization

Laboratory and in situ tests Bridge model (FEM, DEM)

Dynamic tests
Modal identification

Modal analysis

Update and Validation

Load tests
Response monitorization

Structural analysis

Structural Evaluation

Limits of exploration Structural response under railway loads
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Case studies

-4 - y ‘Sv.'f\- “.&3

Vilar Formoso
A 238 m
@ 8 arches

Durraes bridge, 1878
Line of Minho
Barroselas

§ 256 m
16 arches

PK124 bridge, 1879
Line of Minho

S. Pedro da Torre
Mm

1 arch
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STRUCTURAL BEHAVIOUR O