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Perface

Commission 5 and the fib in conjunction with the Minho University are pleased to provide this
seminar on the Durability of Concrete Structures. Commission 5 is one of about ten Commissions
organized by the fib that gather experts in the field from across the world to collaborate and
develop state of the art and technical reports as well as codes for the advancement of durability
practices for the industry worldwide. This first of its kind seminar will provide unique access to
these experts and the current and past work done within Commission 5 along with topics from
these experts individual research and work applying durability principles to practice. Durability is
a key component to the sustainability of concrete structures and serves a vital role in the design,
construction and rehabilitation of these structures. We have also invited several distinguished
local speakers to participate and provide there insight to the local industry. We invite you to
participate in this unique experience and training that we hope will spark a desire for further
research in durability of concrete structures and the application of these principle in everyday
practice.

Brett H Pielstick P.E., F.ASCE
Commission 5 - Chairman
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1. Durability Survey of Concrete and
Segmental Bridges in America

Brett H Pielstick P.E. F.ASCE
Eisman & Russo, Inc.
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2012 Durability Survey of Concrete Bridges 

 Based on National Bridge Inventory System (NBI)

• 604,426 on 2011 Inventory

• 373,670 since 1970

 All 50 States 

 FHWA

 Multiple Agencies and Owners

 ASBI Members and past presentations

2

Brett Pielstick
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National Bridge Inventory 
System 
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National Bridge Inventory 
System 
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National Bridge Inventory System 

5

Brett Pielstick
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Durability Survey – Inventory by State 

6

Brett Pielstick
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Durability Survey – Inventory by Date

7

Brett Pielstick
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Rating for Concrete Structures

Code  Description
N NOT APPLICABLE

9 EXCELLENT CONDITION

8 VERY GOOD CONDITION - no   problems noted.

7 GOOD CONDITION - some minor problems.

6 SATISFACTORY CONDITION - structural elements show some minor deterioration.

5 FAIR   CONDITION - all primary structural elements are sound but may have minor section 
loss, cracking, spalling or scour.

4 POOR CONDITION - advanced section loss, deterioration, spalling or scour.

3 SERIOUS CONDITION - loss of section, deterioration, spalling or scour have seriously affected 
primary structural components. Local failures are possible.   Fatigue cracks in steel or shear 
cracks in concrete may be present.  

2 CRITICAL CONDITION - advanced deterioration of primary structural elements. Fatigue cracks 
in steel or shear cracks in concrete may be present or scour may have removed substructure 
support.    Unless closely monitored it may be necessary to close the bridge until corrective 
action is taken. 

1 "IMMINENT"   FAILURE CONDITION - major deterioration or section loss present in critical 
structural components or obvious vertical or horizontal movement affecting structure 
stability.  Bridge is closed to traffic but corrective action may put  back in light service.

0 FAILED   CONDITION - out of service - beyond corrective action. 8

Brett Pielstick
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National Bridge Inventory System

9

Brett Pielstick
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Past Durability Survey of Segmental Bridges 

 1994

• 194 Structures identified

• 96 structures ratings utilized

• 98% of Segmental Bridges rated satisfactory or better

10

Brett Pielstick
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Past Durability Survey of Segmental Bridges 

 1999

• 164 Structures identified

• 131 structures ratings utilized

• 99% of Segmental Bridges rated satisfactory or better

11

Brett Pielstick
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Past Durability Survey of Segmental Bridges 

 2007

• 400 Structures identified

• 275 structures ratings utilized

• 97% of Segmental Bridges rated satisfactory or better

12

Brett Pielstick
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Past Durability Survey of Segmental Bridges 

 2012

• 461 Structures identified

• 366 structures ratings utilized

• 98% of Segmental Bridges rated satisfactory or better

13

Brett Pielstick
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2012 Survey of Segmental Bridges 

Statistical Data Results

14

Brett Pielstick
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2012 Survey of Segmental Bridges 
Conclusions

• 98% of Segmental Bridge have a Condition rating of 6 “Satisfactory” 
or better 

• Service life of Segmentally Constructed Bridges can be calculated at 
over 100 years based on past performance

• Segmental Bridges have out performed bridge “peers” over the last 
40 years – “bridges built with equal span range, capacity, age, and 
environmental condition”

• Concrete Segmentally constructed bridges are the original ABC 
(Accelerated Bridge Construction) method!

• Survey says! “Why would you build anything else”

31

Brett Pielstick
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fib Commission 5 : Leadership
Structural Service Life Aspects

Chairman: Brett Pielstick
Co-Chairman: Christoph Gehlen

Secretary: Philip McKenna
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- Probabilistic performance based service life design.

- Service life management and cost optimisation, taking due  account 
of environmental aspects of the creation and maintenance.

- Inspection, assessment and validation of structural performance 
including performance monitoring.

- Re-evaluation and reliability updating.

- Maintenance, repair and rehabilitation actions.

-Strengthening and performance upgrading.

- Development and validation of deterioration mechanisms & 
environment interaction.

- Disseminating, lecturing and teaching activities.

Brett Pielstick

33
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Recent publication: 
- - fib Bulletin 59: State of the art report:

“Condition control and assessment of reinforced concrete 
structures”

- Fib Text book (SAG 2)
Chapter 5: Design of durable concrete structures
Chapter 8: Assessment of existing structures

- fib Bulletin 44: Owners Guide
- Papers in fib Structural Concrete
- Pamphlet version of fib Bulletin 44 via BRE-IHS  Press

Forthcoming & proposed publications
- fib Text Book (SAG 2):

Brett Pielstick

34
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 fib Bulletin “AN” State of the art report: 

• “Calibration of code – deemed to satisfy provision”

Brett Pielstick

Forthcoming & proposed publications

35
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Task group meetings

- London

- Netherlands
- e- meetings 

Recent meetings:

- Lisbon October 10, 2011
- Stockholm June 15, 2012
- Paris September 4 &5, 2013
- Mumbai – February 6, 2014

Brett Pielstick

36
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Task Group 5.9:

“Model technical specification for repairs and interventions”

Convener: McKenna
Secretary: Leon
Members:  Appleton, Cairns, Pielstick, Leon, Papworth, Linger

Next meeting: Electronic Meeting September 2011

Document of Task Group 5.9 (Technical Report):

- Target date for Draft  Late 2014

Brett Pielstick

37
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Task Group 5.10:
“Birth and re-birth certificate & through-life management aspects”
-Developing a document to provide guidance for preparation of  Birth Certificates and                
through-Life Documentation for structures Based on fib Bulletin 34 – Model Code for 
Service Life Design (MC-SLD), 2007 and Model Code 2010 - First Complete Draft

Convener: Bartholomew

Secretary: McKenna

Members: Bevc, Cairns, Evardson,Papworth, Paeglitis, Pielstick, 
Subbarao  

Next meeting: Electronic Meeting September 2011

Document of Task Group 5.10 (Technical Report):

- Target date for draft mid 2014

Brett Pielstick

38
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Task Group 5.13:

“Operationalal document to support service life design”

Convener: Andrade

Secretary: Cleland

Members: Matthews, Cremona, Edvarsen, Markeset, Gulikers, 
Kobayashi, Miyagawa, Rinaldi, Sgobba, Vimmer

Next meeting: Spetember 2011

Document of Task Group 5.13 (Technical Report):

- Taget Date for Draft 2015

Brett Pielstick

39
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Task Group 5.14:
“Life Cycle Cost (LCC) - Design life and/or replacement cycle”

Convener: Edvardson

Secretary:

Members: 

Target audience
Owners and the owners' designers, engineering consultants, design companies, 
contractors, financial institutions and universities
Expected outcome and delivery dates
The expected outcome of this task group is a technical report (state-of-the-art) 
covering the work described above regarding LCC. The deadline of this 
technical report is by the end of 2017.
Other activities of this group
Special Sessions

Brett Pielstick

40
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Task Group 5.15:
“Durability of Post-Tension Systems”

Convener: Pielstick

Secretary: TBA

Members:  Vejvoda,  Krauser, Ganz, Corven, Hunsicker 

Terms of reference:   Bulletin 33 Update

Brett Pielstick

41
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Additional  Typics and Focus:

II. Topics of interest
- Inspection & Monitoring
- Number and location for insitu testing
- Effect of cracking on durability models
- Durability of steel fiber rienforcement
- Reliability analysis
- Durability of Pre-tensioned concrete
- Comprehensive Extension of Exposure Zones and Deemed to 
Comply Requirements

- Document of Durability Planning

- Fibre reinforced concrete 

III. Collaboration with ACI Committee 201 on Durability of Concrete 
- Tom Van Dam & Per Fidjestol

Brett Pielstick

42
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2. An owner’s perspective on probabilistic 
approaches for durability design

Joost Gulikers – Ministry of Infrastructure and The Environment

Utrecht – Netherlands
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Introduction to Rijkswaterstaat

 ASSET MANAGER/OWNER OF NATIONAL ROAD NETWORK AND WATERWAYS 
SYSTEM

 BRIDGES, VIADUCTS, OVERPASSES, TUNNELS, SLUICES, SEA DEFENCE STRUCTURES

 HIGH ECONOMICAL IMPORTANCE

 STANDARD DESIGN SERVICE LIFE 100 YEAR

 MAINTENANCE FREE (TRAFFIC DISRUPTION)

Joost Gulikers

44
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Rijkswaterstaat stock of existing bridges

Year of construction

N
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s

Joost Gulikers
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Showpiece: Easter Scheldt Storm Surge Barrier

DESIGN SERVICE LIFE OF 200 YEARS

Joost Gulikers

46
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Rijkswaterstaat: role as an Asset Manager

 MAJOR CONCERN: AVAILABILITY OF INFRASTRUCTURE FOR USERS (SAFE, 
CONVENIENT)

 REGULAR INSPECTIONS (DIFFERENT LEVELS)

 PREVENTATIVE MAINTENANCE

 CONSERVATIVE APPROACH IN DESIGN AND EXECUTION

 NEW DEVELOPMENTS: (UNKNOWN) RISK

 TREND TOWARDS DBFM CONTRACTS

 MORE RESPONSIBILTY AND RISK IS SHIFTED TOWARDS THE CONTRACTOR

 CONTRACTOR IS GIVEN MORE FREEDOM IN DESIGN

 PERFORMANCE-BASED APPROACH

OWNER = MAJOR RISK HOLDER

Joost Gulikers
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DBFM project: MaVa

Joost Gulikers

48
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Wait & See approach

condition

time

Visual damage

tdsl

critical level

intervention level

degradation

EN 1990 Eurocode – Basis of structural design
1.5.2.8 Design working life Assumed period for which a structure or part of it  is to be used

for its intended purposes with anticipated maintenance but without major repair being necessary.

Joost Gulikers
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Major degradation mechanisms

 REINFORCEMENT CORROSION

• CHLORIDE INGRESS

• CARBONATION

 ALKALI SILICA REACTION

 FREEZE-THAW

 SULFATE ATTACK

Joost Gulikers
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Current approach for durability design

 DEEMED-TO-SATISFY (as covered in current codes):

• MINIMUM CEMENT CONTENT

• MAXIMUM WATER BINDER RATIO

• MINIMUM COVER DEPTH

• CURING CONDITIONS

• MAXIMUM CRACK WIDTH

 BASED ON EXPERIENCE AND/OR LOCAL EXPERT OPINION

 PREDEFINED TO A GREAT EXTENT

 LIMITED FREEDOM

 NO DIFFERENTIATION IN TYPE OF CEMENT, TYPE OF STRUCTURE, LOCAL EXPOSURE 
CONDITIONS

 NO ECONOMICAL OPTIMISATION

 NO QUANTIFICATION OF PERFORMANCE (OVER TIME)

Joost Gulikers
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Performance-based approach

condition

timetdsl

critical level

Prediction through modeling of 
degradation

Joost Gulikers
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Requirements for a performance-based approach

 DESIGN SERVICE LIFE tdsl [yr]

 ACCEPTANCE CRITERION: WHAT SIGNIFIES END OF SERVICE LIFE?

 MATHEMATICAL MODEL FOR EACH DEGRADATION PROCESS

 INPUT VALUES FOR ALL MODEL PARAMETERS

 VARIABILITY AND UNCERTAINTIES: PROBABILISTIC APPROACH

Joost Gulikers

53
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Modeling
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The ‘Dutch’ Approach

type of cement

exposure group

concrete quality
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“…..with this semi-probabilistic approach it is expected that the probability of corrosion initiation 
is less than approximately 10% for reinforcing steel and less than approximately 5% for 

prestressing steel.”

Joost Gulikers
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The ‘Dutch’ Approach: ‘probability less than approximately 10%’
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Equal performance??

Joost Gulikers
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The ‘Dutch’ approach: realistic requirements?

Draft May 2008

Final version March 2009

Reason: ageing factor n  0.7               0.80

Joost Gulikers

57



Seminar

fib Commission 5 

Seminar on Durability 

of Concrete Structures
May 8th 2014//School of Engineering University of Minho

The ‘Dutch’ Approach – Rijkswaterstaat opinion

HOWEVER

In 2011 Rijkswaterstaat has officially qualified this 
approach to be UNsuitable to be used in RWS-

projects; this is known to the authors but has not 
been mentioned in their article

Joost Gulikers
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Physical meaning of probability

rain

sunshine

Joost Gulikers
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Physical meaning of probability

b = 3.6; Pf = 1.59·10-4???

Joost Gulikers
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Physical meaning of probability of depassivation Pdep

 Result of probabilistic calculations: Pdep [%] ; range: 0-100%

What is acceptable?

 Physical meaning?
• Relative number?

• Relationship with damage?

• What is the meaning of Pdep = 0% and Pdep = 100%?

VAGUE – CONFLICTING – NO ANSWERS

RISK = PROBABILITY × CONSEQUENCES

Joost Gulikers
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Probabilistic versus deterministic calculations

Mean values: cdet = 25mm

Probabilistic: mc = 62mm

0

20

40

60

80

100

0 20 40 60 80 100

mean cover depth, mc [mm]

p
ro

b
a

b
il
it

y
 o

f 
d

e
p

a
s

s
iv

a
ti

o
n

, 
P

d
e
p
 [

%
] DRCM,o = 110mm2/yr

(3.5∙10-12m2/s)

tdsl = 50yr

CEM III/B - XS3

sc = 8mm

n: m=0.50; s=0.20
d

e
te

rm
in

is
ti

c

Joost Gulikers

62



Seminar

fib Commission 5 

Seminar on Durability 

of Concrete Structures
May 8th 2014//School of Engineering University of Minho

Influence of ageing factor (m and s)
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A: mn = 0.50; sn = 0.075 (CUR)

B: mn = 0.50; sn = 0.20

C : mn = 0.50; sn = 0.0675

D: mn = 0.45; sn =0.20 (fib 34)

40.8mm < mc < 71.5mm
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Impact of the ageing factor n
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Concluding remarks on probabilistic approach
(from an owners perspective)
 No consensus on (mathematical) model

 Limitations and pitfalls of degradation model should be taken into account

 No consensus on input values for model parameters

 Output very sensitive to some parameters (m and s)

 Modeling becomes prone to massage / manipulation of input values

 Experts required

 Probability of depassivation has no clear and unambiguous physical meaning

 Risk is normally not addressed

 For practice more common sense is needed

Joost Gulikers
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3. Corrosion prevention in marine concrete 
structures. Relevance of monitoring systems 

Manuela Salta

LNEC



Seminar

fib Commission 5 

Seminar on Durability 

of Concrete Structures
May 8th 2014//School of Engineering University of Minho

Topics

1. Introduction

2. Durability of reinforced concrete

2.1 Deterioration processes and causes of deterioration 

2.2 Durability design

2.3 Preventive strategy

3. Performance structures evaluation

3.1 Permanent monitoring systems

3.2 Applications in structures 

4. New challenges on preventive methods

4.1 New sensors development 

4.2 Nanomaterials and  corrosion prevention 

5. Final  remarks

6. About DURATINET

Manuela Salta
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Reinforced Concrete : steel protection

 concrete cover barrier effect

 steel film passivation due the high concrete alkalinity 

 

Barreira física 
de protecção 

Filme de 
passivação 

pH=13

Concrete cover

Passivation film

… and this excelent protection makes people believe during many years in  the 
myth that concrete is forever, and during longtime it was considered a magic 
material that would last for generations without any maintenance and also 
without requiring specific durability design

1. Introduction

Manuela Salta
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