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Asset Man ag'efm ent - Quay ay walls -

Don’t plan repairs. Predict them.

Port of Rotterdam’s next step in world-class asset management
2013 Facilities Engineering Seminar, Vancouver, November 8, 2013
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Mr. Henk Voogt has started his career in the design and
construction of quay walls and has since 2001 worked as an
asset manager for marine structures at the Port of Rotterdam.

Since the very beginning, Henk has been involved in
investigating and solving the problem of corrosion in
Rotterdam as well as in the development of the KMS solution, a
world-class asset management tool.
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Quay walls @ PoR

* Quay walls are the pivot in our
business model

* 65 km length (41 miles); up to 24 m

deep (75 ft)

* Approx. 95% of the asset is submersed

* Asset replacement value: € 1,45 billion
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Why Asset Management on waterfront L3 cich.
structures ?

* The maritime assets of ports
(mostly quay walls and jetties)
add enormous value to the
business of the port, but due to
the function these structures
serve, as well as their location in
the marine environment, these
assets are relatively costly to
construct and maintain.

Mississippihaven, Rotterdam
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Today’s topic of Panel X

<Enterprise Asset Managemeab—da Strategiolmperative at Ports

Transportation infrastructure owners world-wide are improving their

understanding of theTife-cycle pwsition of their broad portfoligor assets pnd

emerging port ganagement imperative, why it has become a critical
management funti@r, global best practices and how the port industry is

approaching EAM wi
learned.

S on the experiences of ports, including lessons

emerging port management imperative
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Asset Management: The imperative

°* The increase of °* The question of the  * The questions of the
transshipment c-level: commercial dep.
Technical deterioration What will happen if the Does the remaining useful
is accelerated by more proposed budget is not life of the asset reach the
intensive use than granted ? end of contract with the
originally built for. Can we avoid budget tenant ?
peaks ? Can we prolong the

contract without major

°* The problem of the asset manager: _
Investments ?

What assets do | put the money on?
What risks do | have if | postpone maintenance works?

And in the long term, how does it influence the remaining lifetime of the assets
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Asset Management 28

ASSET MANAGEMENT MATURITY

INNOCENCE AWARENESS UNDERSTANDING COMPETENCE EXCELLENC

Attitude shift from cost

Repairs are as focus to value focus Focus is on
good as before lifecycle & reliabilit

Optimized

Reactive —fix it B .
decision-makin

when it breaks

Repairs are as _ _
Struggling with good as NEW Maintenance is

management systems _ e part of the supply
Proactive predictive nain

Systems are a valuable tool maintenance
ation al asset
COSTS GO DOWN ] ILE VALUE & PERFORMANCE INCREASE

MAINTENANCE IS AN EXPENSE MAINTENANCE IS AN INVESTMENT
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RELIABILITY & PERFORMANCE
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The Foundation

* Master Data

\ a;aﬂwﬁammgﬂif

* How long, how wide, how many?
. :
Business value TN
* What's the contribution to the goals of
RISK MATRIX

the organization?

* Risk Analysis

° What endangers the functionality?

Probability

* Processes
° Is the workflow adequate?

© Copyright - Port of Rotterdam -




But then?

* After putting the inventory in place,
connecting that to asset management is
guite another challenge.

How safe is the structure and what does it mean
for the port’s tenants?

Will it reach the end of its potential lifespan?

When is the best moment to invest in
maintenance work?

And with a finite budget, which areas of
spending should be prioritized
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Asset Management on Quay Walls

* A quay wall’'s remaining lifetime
and system integrity is mainly
determined by the quality of the
sub and superstructure.

* When the quay wall’s integrity is
In danger, it's often due to:
accelerated low water corrosion & s AT
occurring at the substructure or = e B RN
concrete deterioration in the 15 ‘
superstructure
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From Model to KMS

* Port of Rotterdam developed in partnership
an asset management tool called KMS,
which is the Dutch abbreviation of Quay wall
Modeling System that:

Uses the results of detoriation models for
concrete and steel and compares it with the

KMS

Quaywall Modelling System

“‘end of contract” date M 8}
. ) Port of Rotterdam’s

Identifies and ranks the risks that endanger the . nextstepin world-class

functionalities of the structure asset management

Uses the business value of a quay wall to
clarify its maintenance priority
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Inspection module

o T E: Full Analysis
=» Concrete —>| : orng _ Chemical Analysis
Visual Inspection

= Steel — :: Cathodic Protection
Corrosion Measurements
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STADIUM® Expert System

Degradation Analysis
per Zone and Element

\ 4

Evaluate Degradation
with STADIUM®

For each Select the most critical Critical Year
combination g combination

H_} Maintenance

Close Monitoring Proposal
Required

| Post Treatment Analysis
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STADIUM® Expert System i

Graph for harbour "Hartelhaven™ and section "H-L-N-MV-047-KAD-004-A" (150101/49)

chloride-induced corrasion carhonation-induced corrasion

Portlandite analvsis
Source: ZIMCO Technologies

&0.0

| End of Cantrac

Inspection Date |

19396 2001 2006 2011 2018 2021 2026 2031 2036 201 2045 2051
Year

| — Front of Portlandite @ 35 686g/kg |

I I T

Initial Portlandite Content: 397 ik Paortdandite Dissolution Depth Yellow Flag Reached In: 2028

Portlandite Content Dissolution A ofkg Ingpection Year: 35:2 mrm Red Flag Reached In: 2035
Threshold (90% Initial Content):
End of Contract Year: 541 i




STADIUM® Expert System

Evaluation Order "150085™ on Section "H-L-N-MV-037-KAD-008-A""

Current Analysis Year 2011 Inspection Date Year 2011 Corrosion Scale 5.585 Construction Year 2001

Steel analysis
Source: SIMCO Technaologies

Inspection Date |

1.00 : ::_End of Contract

o.&n T
p=dujup] =dulnl) Z011 2016 20z1 2026 2031 Z036 2041 2046 2051
Year ECL
— Steel analbysis — Carrected steel analysis

Initial (2001) 1.500 Strength Ground

Inspection (2011) 1.212 Slabal Lacal Global Lacal
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STADIUM® Expert System i

Evaluation Order 150057 on Section "H-L-N-MV-037-KAD-002-B™

Current Analysis Year 2011 Inspection Date Year 2011 Corrosion Scale 2.862 Construction Year 1991

Steel analysis
Source: SIMCO Technologies

1.50
1.45
1.40
>4 -~
1.55 e i
. i | Inspection Date
i
1.30 i = 4
t End of Contract |
i i
1.25 -
1931 1935 2001 Z00a 2011 201 e z0z1 2026 2031 20365 2041
Year EOL
— Zteel analysis — Carrected steel analysis

Initial (1991) 1.500 Strength

Ground
Inspection (2011) 1.368 Global Local Global Local
ECC (2037) 1.308 Critical Zone 4 4 3 1

© Copyright - Port of Rotterdam - 2013



AMprover® Expert System

From Risk Analysis to Prioritization of the Maintenance Plan
EE.EE Determine generic risk, effect, financial risk and probability (FMECA/RCM)
Combine asset & generic risk for a specific risk factor

One factor to express the economical added value of an asset

Prioritization of the maintenance plan based on the risk factor and
business value
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Mprover® Expert System 5

lea= Amprover next (Server ASQLEXPRESS database: AMDB301_HbR )

Tata |
-

Home Master data Risk analysis Rams analysis Clusters Life cycle cost Priority box Reports
= <= - - | ¥ Ea @ | " New analysis ® “Bc| _ ° ® Risks 4 4 |z van 112 | b i | = ) X =@

~® Schade/ aantasting bolder - Risk properties | Bindings | Optimize | REI | Assigned significant items |

- ® Schade/ aantasting afmeervoorziening B

-~ ® Schade/ aantasting afmeervoorziening ID: |495 Failure mode: | Algemeen ~ | Failure category 1 normatisf ~
® Schade/ aantasting afmeervoorziening Name: Schade/ aantasting bolder Failure category 2 verborgen ~
® Owerbelasting to.v. PvE enfof ontwerpr

- @ Owerbelasting to.v. PvE en/of ontwerpr Description: Schade/ aantasting bolder

~® Owverbelasting te.v. PvE en/of ontwerpr Cause [Remarks [ Used by log Results

- ® Owerbelasting to.v. PvE en/of ontwerpr | N .

- @ Belasting op verkeerde locaties Cause: (SESs =Sieh= FOET. SELEs

- ® Owerbelasting to.v. PvE en/of ontwerpr MNummering niet leesbaar € 231

-~ ® Belasting op verkeerde locaties [

-~ ® Belasting op verkeerde locaties ==

- ® Owerbelasting to.v. PvE en/of ontwerpr
® Deformatie kade/steiger buiten toleran Consequences:
® Owerbelasting to.v. PvE enfof ontwerpr Insnijding bolder. Beperking gebruik kade/steiger. Economisch verlies

- % Owerbelasting to.v. PvE en/of ontwerpr klant/HbR.

- @ Owerbelasting to.v. PvE en/of ontwerpr _

« | =

Fmeca without prev. actions | Preventive actions | Prev. actions table | Fmeca with preventive actions.

Reputae | hikbaarheiy | Directe technische

Veihghesd Duurzaamheid 5 K n

geen melding geen gewvolgen beschikbaar o

geen vervuiling /
melding

interne melding beschikbaar

icht letsel, kort melding, vervuiling
werzuim opruimen

letsel zonder
ermsbge wervuling

invalidiet

Iandefjke media,
ernssge vervuiing, Z .

ernssg letsel met? | STTISEZE 9 | cimims en o 75.000,-
i hade
internascnale = -

mortaitet verlies wergunning | media, grote 2 "ﬁ"d&: et | 200.000.-

im hoada TeeminiEs

[ € 100 | | € 5000 | € 500 | € 17 500 | w» ' Show values (default) Mitbf 100 = | @) Emphasize (&)

| 1] 1] 3| 7| | Show custom values
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Prioritization

Port of
Rotterdam

& Amprover next (Server \SQLEXPRESS database: AMDB301_HbR ) =N EE
o o * - ® . % A
Home Master data Risk analysis Rams analysis Clusters Life cycle cost Priority box Reports
far & Ga @ PriorityBox H 474 van29 | b Pl | =R /< 2 Select tasks based on priority
Priority | Filters 1D hnaned
4497 H-L-N-MV-171-KAD-001 Version: 2012001
Ver_s'c'”: e Category: Part of: Budget:
~Unassigned Kademuur - HL-N-MV-171 - Budget sum of parts:
B RNy Status: Responsible: —
[ HLN-MV-171 Budget available: I:l
i H-L-N-MV-171-KAD-001
o H-L-N-MV-171-KAD-002 Budgeted cost | Pricrity costand risk | Remarks | Used by log
----- H-L-N-MV-171-KAD-005
EFFHLAN-MV-010 [0 Enable task selection Totals
L HL-N-MV-010-KAD-001 L [ Task selection dirty Budget costs:
- H-L-N-MV-010-KAD-002 3 Cost selected: ]
- H-L-N-MV-010-KAD-010 Cost not selected: EEEEEEEEEE
H-L-N-MV-037 =stnsteslested: [ € 209.417)
H-L-N-MV-047
H-L-N-MV-072 Risk delta:
H-L-N-MV-180 Risk current year:
HL-N-MV-172 = -
Priority groups | Priority tasks | Prierity tasks without inspection
| Findon: ID ~ Selection:
® | sequen Qualit Risk Priori Lls Slack  Risk Number Exec
= Task description Risk Si description Execute status. this Risk Slack 2012 2013 2014 2015 2016
generat score factor code yoar interval delta of times  year
» [N Install / replace KB Corrosion of bolts H-L-N-MV-171-KAD-D01-A 89  0.046 1,00 €17 €52 1,000 2017
Install / replace KB Corrosion of bolts H-L-N-MV-171-KAD-001-E 89 0.046 1,00 €17 €52 1,000 2017
Clean drainage outlets Drop in ground level H-L-N-MV-171-KAD-001-B 89 0.036 1,00 €338 €113 €31 1,000 2016
Clean drainage outlets Drop in ground level H-L-N-MV-171-KAD-001-C 89 0.036 1,00 €38 €113 €31 1,000 2018
i i H-L-N-MV-171-KAD-001-D 89 0.036 1.00 €38 €113 €31 1.000 20168 |=
Clean drainage outlets Propdh S&‘?ngdulgu‘{%ge , s
Replace rubber fender . H-L-N-MV-171-KAD-001-A 89 0.330 1.00 €46 €551 1.000 2017
Fender-partial damage / =
Replace rubber fender . H-L-N-MV-171-KAD-001-E 89 0.330 1.00 €46 €551 1.000 2017
Fender-pastial damage /
235 Replace rubber fender I or tial damage / H-L-N-MV-171-KAD-001-A 89 0.330 1.00 Execute €46 €551 € 20.000 1,000 2012
perh g H-L-N-MV-171-KAD-001-B 89 0.330 1.00 €46 €551 €23.039 1,000 2016
eplace rubber fender  gonder. partial damage /
Replace rubber fender Fender tial damage / H-L-N-MV-171-KAD-001-C 89 0.330 1,00 €46 €551 €23.039 1,000 2016
Replace rubber fender E or wtvial damage / H-L-N-MV-171-KAD-001-D 89 0.330 1,00 €46 €551 €23.039 1,000 2016
236 Replace rubber fender . N W g H-L-N-MV-171-KAD-001-E 89 0.330 1,00 Execute €46 €551 € 20.000 1,000 2012
253 Addition of repair p|ates Breaking of bolts H-L-N-MV-171-KAD-001-A 89 0,150 1.00 Execute €35 €70 €198 €36.187 1,000 2012
254 Addition of repair plates Breaking of bolts H-L-N-MV-171-KAD-001-E 89 0.150 1,00 Execute €35 €70 € 249 1,000 2012
Replace expansion joint Drop in ground level H-L-N-MV-171-KAD-001-A 89 1.350 1.00 €1.153 €2305 1.000 2017
Replace expansion joint  Drop in ground level H-L-N-MV-171-KAD-001-E 89 1.350 1.00 €1.153 €2.305 1.000 2017
Replace stairs Damage to safety Stairs H-L-N-MV-171-KAD-001-A 89 0.076 1.00 €13 €26 1.000 2017
Replace stairs Damage to safety stairs H-L-N-MV-171-KAD-001-E 89 0.076 1,00 €13 €26 1,000 2017~
« [l »




Annual Maintenance Cycle 8
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KMS Benefits

= Short term:
* Transparency in annual budget for maintenance
" Mid - Long Term:

* Insight on residual service life and maintenance costs per
structure

* Insight on total port concrete and steel costs
= “Justin time” inspections
" Proactive, prioritized and risk-based maintenance
= Save $$%$
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KMS - Awards

At the iMaintain Infrastructure

Congress that took place in SRIN. 7 Sy
November 2012, by the Dutch -
Association for Effective ‘ | ‘

Maintenance (NVDO), Port of
Rotterdam’s KMS system is
awarded “Project of the Year 2012".

At the 2013 ACEC Engineering
Excellence Awards, Port of
Rotterdam’ Quaywall Modeling
System (KMS) receives the 2013 Erginecring
ACEC New York Gold Award Excellence

Awards
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KMS 2.0

°* Improving KMS:
Develop deteriation models for
rubber (fenders) and timber

Implement experiences

Validate the steel deteriation model
in other conditions

* And spread worldwide
Applicable in every port
Available for every port
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