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Problem Definition

For a given structure how do we decide upon the optimal
maintenance strategy as a function of age, condition, importance,

required remaiiw ife etC.'ina robust/repeatable manner,
avoiding ge ation/excessive conservatism such that our

main e budget is optimised???
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A Complex Problem =

Inspection and Testing Computation Zone

Decision Zone
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Hierarchical Methodology
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Figure 2.1 Structure and information flow scheme of Bridge Management System (NCHRP, 2003).
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| Structural Assessment |
Qualitative Quantitative
Measured based Model based
assesment assesment
| Level 0 Level 1 Level 2 Level 3
“ Experience Direct Assessment Assassiyent \
based subjective | assessment of of safety and of s.ale}é and \
of i \
deterioration values from using simple refined |
effects and other measured load model based m: based |
damage after effects. methods m 3 /
visual inspection Data from a from tests,
documents. onitoring, etc
Level 4 Level 5
Adaptation of Probabilistic
target reliability assessment of
measures and safety and
assessment of serviceability
safety and values.
serviceability Data from tests,
with modified monitoring, etc.
structure spacific Measurement
values. based
assessment
Figure 3.2 Structural Assessment Levels (SAMCO, 2006)
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Some technical aspects

1_S

Statistical Modelling of: e =
Loads

Resistances

Uncertainties

Updating based upon results of tests/inspections

Resisunce K

Purpose:
Cut strengthening or rehabilitation costs without
compromising the safety level

Essentially a Bridge specific “code” is obtained
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Probability Based Maintenance Optimisation

Legal Basis = Eurocode 1 Basis of Design

Safety Level NEVER Compromised — Rather Optimised

2.5 Limit state design

SLRPESTNGED LI ‘ (1)P Design for Limit states shall be based on the use of structural and load models for
o e relevant limit states.

ELROPRSCHE NORM \

Caemm e —— (2)P It shall be venfied that no limit state is exceeded when relevant design values for

- actioas.
- matenial properties. or
- product properties, and
- geometrical dat

are used in these models

(3)P The venfications shall be carried out for all relevant design sifuations and load

(4) The 3 5(1)P should be pamial factor method. descibed
1 section 6.
I(i).‘umalmmnw desipn directly po y be used I

NOTE | The relevacs sabonry cas ive specific coudhtoms o e

INOTE 2 For a busis of probabilistic mehods. see Amex C

©P g0 sinuations shall load cases dentified.

(7) For a particular verification load cases should be selected, identifying compatible load
and that should be considered

and

(8)P Possible deviations from the assumed directions of positions of actions shall be taken
1o account

(9) Structural and load models can be cither physical models or muathennatical models. Pa—
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Few Examples

from
Portugal,
lreland
1T et
France
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Alternative Repair Options T

Crossshead 1,7: Cem 1 OPC, 50mm mﬁ
cover

Crosshead 2: Cem 1 OPC, 70mm cover
Crosshead 3: Cem 1 OPC, silane

surface treatment

Crosshead 4,6: Cem 1 OPC, 60% GGBS
Crosshead 5: Cem 1 OPC, mixed in
corrosion inhibitors

Probabilistic Assessment

Torsional Capacity of Crosshead
Beams

*Failed in Deterministic Assessment

*Passed in Probabilistic Assessment
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Barra Bridge, Portugal
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Economic Implications

Bridge Conventional Probabilistic Approach Saving
Approach Max = 100 t
Vilsund Max 40 t Life > 15 yrs €3.2m.
Skovdiget Life =0 Life > 10 yrs €12 m.
Storstroem Life =0 Max = 100 t €16 m.
Klovtofte Max = 50 t Max =150 t €1.6m.
407-0028 Max =60t Max = 100 t €1.2m.
30-0124 Max = 45 t Max = 100 t €0.4m.
Norreso Max = 50 t Max = 100 t €0.4m.
Rodbyhavn Max=70t €0.4 m.
Max =100 t
3 Sisters Max =80t €5.2m.
€40.4m.
0" Connor, A. & 1. (2007). ‘P ility based Bridge ICE. Bridge Engir ing, Vol 160, No. 3,
pp. 129-137.
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Thank you for your attention
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