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Information required for the cases
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Replacement value of the structure
Costs of SHM

Costs of maintenance and operation
Non availability costs

Indirect consequential costs
Financing information

Information on use of the structure, history and
future changes



The NEW Colour Scheme with Uncertainty




Life Cycle and Event Management Concept

System Quality
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Recent Monitoring Projects
Hunter Expressway // Australia 2013
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Recent Monitoring Projects
Hunter Expressway // Australia 2013




Recent Monitoring Projects
Gold Tower, Dubai




Recent Monitoring Projects
Gold Tower, Dubai
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Recent Monitoring Projects
Gold Tower, Dubal




Recent Monitoring Projects

Gold Tower, Dubali
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Happel Stadion
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Multi functional Web-Interface
Happel Stadion (Austria): Video based snow load monitoring
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Interface

Happel Stadion (Austria): Video based snow load monitoring

Multi functional Web
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Multi functional Web-Interface
Happel Stadion (Austria): Trend of Fundamental Frequencies
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Offshore Issues: Metocean? Extension of Life

Copyright: Flying Focus
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Offshore Wind Industry

C ight:
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Offshore Issue: Grouted Joints?

Copyright: alpha ventus
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Offshore Issue: Construction stages

Copyright: Flying Focus

18 | Application to the Offshore Wind Industry




OFFSHORE WIND INDUSTRY

NEW CHALLENGES

Copyright: VCE
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OFFSHORE WIND INDUSTRY

COMPARISON
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Amir Kabir Semi-Submersible Drilling Unit, Caspian Sea
On-board Calibration and Adjustment of Mooring System

Shana/Photo: received
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Amir Kabir Semi-Submersible Drilling Unit, Caspian Sea
On-board Calibration and Adjustment of Mooring System
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Amir Kabir Semi-Submersible Drilling Unit, Caspian Sea
On-board Calibration and Adjustment of Mooring System
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Amir Kabir Semi-Submersible Drilling Unit, Caspian Sea
On-board Calibration and Adjustment of Mooring System

Rig Name: IRAN AMIR KABIR

Results of .

Distance: 20,304 meters
Weight 126,18 kg / meter

Winch 5

Act. vibration Rig Display Loadcell output BRIMOS Frequencies Deviation
length Force Length | LCO1 LCco2 [ |
m Tonnes | kN m mA mA | Tonnes | kN fs | f1 | f2 | 3 | Tonnes | kN %
1015 99,1
80,7 7914
959 9404

115 1132 -11.36%|
67 654
109 1065

20304] 90,0
20304] 74,0
20304] 85,0
20,304
20,304

Remark: Force-measurement -display has deviation above 5%.

After Calibration

Act. vibration Rig Display Loadcell output BRIMOS i Deviation
length Force length | LCO1 | Lcoz
m Tonnes kN m mA mA Tonnes kN fs f1 f2 13 Tonnes kN %

20304 1260 12361 255 127,5] 12505 2,452 2393 a9m 15 184 -1,15%
20304  1420] 14126] 2550 143.4] 14658 2654 259 5305 54| 53,3 -3,63%
20,304 _1
20,304] | [
20,304 | |

110 y=0,7579x+12,749

Rig Display
g

40 ——Reference
30 # Before Calibration

0 A After Calibration

—— Trend Before Calibration

0 10 20 30 4 50 6 70 80 90 100 110 120 130 140 150 160 170 180 190 200
BRIMOS

Cal. Factors: [k ors7

d 12,749

Display factors calibrated:

Tonnes
101,93 Factors applied
80,82 to PLC:
95,33 After calibration
performed
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Amir Kabir Semi-Submersible Drilling Unit, Caspian Sea
On-board Calibration and Adjustment of Mooring System
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Bridge S101 Dezember 2008




ACCUMULATED ENERGY FUNCTION
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INDUCED DAMAGE TEST REGAU
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International Bridge Study
New Jersey 202 Bridge
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Visual Condition, Corrosion
Structural Condition — Fascia Bearing Deterioration
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Visual Condition, Cracks
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Performmance based
tural Evaluation
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LESSONS NEW JERSEY

BRIDGE OBJECT:

1618-150 NEW JERSEY

Construction year 1983
Yisual Inspection (RY¥S)

CURRENT

RATING
SUBSTRUCTURE 3 3
SUPERSTRUCTURE 2 2
BEARIMGS 2 2
EXPANSION JOINTS 4 4
ROAD SURFACE 2 2
WATERPROOFING, DRAIM AGE 4 4
EDGE BEAM 1 1
MISCELLANEOUS FACILITIES 1 1
TOTAL RATING 4 4
¥isual Inspection Indicator | 18 18

37

Reference year

2010

LOADING INDICATOR

IMITIAL

Design Code Satety

Levdl of operational
loads [90]

100

Adapted Traffic Scenario

no

Loading Indicator

1,50

1,50

BRIMODS"

CURRENT

RATING
Eigentrequencies 1,30 1,30
Mode Shapes 1,30 1,30
¥ibration Intensity 3,60 3,60
Dissipation Path 2,10 2,10
Trend of Integrity 1,30 1,30
BRIMOS- RATING 2,00 2,00

Monitoring Indicator

6,550 " bh60
) -

1983

1983 1993

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)

2003 2013 2023

2033 2043 2053

2063

2073

2083

2093 2103

2113

REMAINING
LIFE

16

Replacement
11.901.000
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RECOMMENDED RETROFIT INTERVENTIONS

Substructure:

Renewal of corrosion protection,

Repair of spallings, holes and concrete pockets,
removal of contamination of the concrete surface,
Deep injection of cracks +

Dewatering:
Establishing of an effective drainage concept

Expansion Joints:

Proper detailing & design

= Full replacement (abutment area)

= Partial replacement (at least seals above the piers)

Superstructure:

Renewal of corrosion protection,

Repair of the concrete surface,

fatigue cracks, Repair of corroded stringers,
Replacement of wind bracings,

proper replacement of the bearings




LESSONS NEW JERSEY

BRIDGE OBIECT:

1618-150 NEW JERSEY

Construction year 1983
Yisual Inspection (RY¥S)

CURRENT

RATING
[SUBSTRUCTURE 3 1
|S UPERSTRUCTURE 2 2
[BEARINGS 2 2
EXPANSION JOINTS E] E]
ROAD SURFACE 2 2
WATERPROOFIMNG, DRAIM AGE 4 1
|EDGE BEAM 1 1
MISCELLANEDOUS FACILITIES 1 1
TOTAL RATING 4 3
Yisual Inspection Indicator 18 14

Reference year

2010

LOADING INDICATOR

INITIAL

Design Code Satety

Level of operational
loads [oo]

100

Adapted Traffic Scenario

no

BRIMOS”

CURRENT

RATING
Eigenfrequencies 1,30
Mode Shapes 1,30
Vibration Intensity 3,60
Dissipation Path 2,10
Trend of Integrity 1,30
BRIMOS " RATING 2,00

Loading Indicator

1,50

1,50

Monitoring Indicator

.y
6,550 4" 5,250 N

1933 1993

2003

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)

2013 2023

2033 2043 2053

2063

2073

2093 2103

2113

39

REMAINING
LIFE

19

COSTS [€

Rep Ement
11.901.000




40

RECOMMENDED RETROFIT INTERVENTIONS

Substructure:

Renewal of corrosion protection,

Repair of spallings, holes and concrete pockets,
removal of contamination of the concrete surface,
Deep injection of cracks

. +
Dewatering:
Establishing of an effective drainage concept
+

Expansion Joints:

Proper detailing & design

= Full replacement (abutment area)
= Partial replacement (at least seals above the piers)

Superstructure:

Renewal of corrosion protection,

Repair of the concrete surface,

fatigue cracks, Repair of corroded stringers,
Replacement of wind bracings,

proper replacement of the bearings




LESSONS NEW JERSEY

BRIDGE OBJECT:

1618-150 NEW JERSEY

Reference year

2010

LOADING INDICATOR

INITIAL

Design Code Safety

Level of operational
loads [9o]

100

Adapted Traffic Scenario

no

Construction year 1983
Yisual Inspection (RY¥S)

CURRENT

RATING
EUBSTRUCTURE 2 1
|S UPERSTRUCTURE 3 3
BEARINGS 2 2
EXPANSION JOINTS E] 1
ROAD SURFACE 2 2
VWATERPROOFING, DRAIM AGE 4 1
|EDGE BEAM 1 1
MISCELLAMEDUS FACILITIES 1 1
TOTAL RATING q 3
Yisual Inspection Indicator 18 9

BERIMOS”

CURRENT

RATING
Eigenirequencies 1,30
Mode Shapes 1,30
Vibration Intensity 3,60
Dissipation Path 2,10
Trend of Integrity 1,30
BRIMOS ™ RATIMG 2,00

Loading Indicator

1,50

1,50

Monitorng Indicator

.y
6,550 A" 2,950 N

1983 1993

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)

2003 2013 2023

2033 23 2053

2063

2073

2093 2103

2113

41

REMAINING
LIFE

25

COSTS [€

Rep ement
11.901.000
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RECOMMENDED RETROFIT INTERVENTIONS

Substructure:

Renewal of corrosion protection,

Repair of spallings, holes and concrete pockets,
removal of contamination of the concrete surface,
Deep injection of cracks

. +
Dewatering:
Establishing of an effective drainage concept
+

Expansion Joints:

Proper detailing & design

= Full replacement (abutment area)
= Partial replacement (at least seals above the piers)

Superstructure: +
Renewal of corrosion protection,

Repair of the concrete surface,

fatigue cracks, Repair of corroded stringers
Replacement of wind bracings

proper replacement of the bearings




LESSONS NEW JERSEY

BRIDGE OBJECT:

1618-150 NEW JERSEY

Consbuction year 1983 Reference year 2010
Yisual Inspection {R¥S) LOADING INDICATOR BRIMOS”
CURRENT CURRENT
RATING INTTTAL RATING
SUBSTRUCTURE E] 1 Design Code Safety 1 Eigenfrequencies 1,30 1,30
SUPERSTRULTURE 3 1 Leve of operational Mode Shapes 1,30 1,30
BEARINGS 2 2 loads [94] 100 Vibration Intensity 3,60 1,40
EXPANSION JOINTS E] 1 Adapted Traffic Scenario no Dissipation Path 2,10 1,80
ROAD SURFACE 2 2 Trend of Integrity 1,30 1,30
WATERPROOFIN G, DRAIN AGE 4 1 BERIMOS RATING 2,00 1,00
EDGE BEAM 1 1
MISCELLAMEOUS FACILITIES 1 1
TOTAL RATING 4 1
Yisual Inspection Indicator 18 2 Loading Indicator 1,50 1,50 Monitoring Indicator 6,550 o 2,950
7
Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS) REMAINING
LIFE

1963 1993

2003 2013 2023

2033 2043 2053

2063

2073

2093 2103

2113

43

COSTS [£

eplacement
11.901.000
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RECOMMENDED RETROFIT INTERVENTIONS

Substructure:

Renewal of corrosion protection,

Repair of spallings, holes and concrete pockets,
removal of contamination of the concrete surface,
Deep injection of cracks

+

Dewatering:

Establishing of an effective drainage concept
+

Expansion Joints:

Proper detailing & design

= Full replacement (abutment area)

= Partial replacement (at least seals above the piers)

Superstructure: +
Renewal of corrosion protection,

Repair of the concrete surface,

fatigue cracks, Repair of corroded stringers
Replacement of wind bracings +
proper replacement of the bearings




LESSONS NEW JERSEY

BRIDGE OBJECT:

1618-150 NEW JERSEY

Construction year 1983 Reference year z010
¥isual Inspection {(R¥S) LOADING INDICATOR BRIMOS™
CURRENT CURRENT
RATIMG INTTTAL RATIMNG
SUBSTRUCLTURE E] i Design Code Safety 1 Eigenfrequencies 1,30
5UPERSTRUCTURE 3 1 Level of operational Mode Shapes 1,30
F}EHRINGS 2 1 loads %] 100 Vibration Intensity 3,60 )
EXPANSION JOINTS 4 1 Adapted Traffic Scenario no Dissipation Path 2,10 n
ROAD SURFACE z F Trend of Integrty 1,20 .
WATERPROOFING, DRAIN AGE 4 1 BRIMOS ™ RATING 2,00 1,00
EDGE BEAM 1 1
MISCELLANEOUS FACILITIES 1 1
TOTAL RATING E] 1
Yisual Inspection Indicator 18 [1] Loading Indicator 1,50 1,50 Monitoring Indicator 6,550
—
Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS) REMAINING
LIFE
1983 2113

1953 1993

2003 2013

2023

2033 2043 2053

2063

2073

2083

2093 2103

2113

45

COSTS [€

Replacement
11.901.000




Heavy transport impact on bridges
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eal-time Assessment
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Umfahrungsstralde Ebelsberg —
Objekt 307
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Bridge Location
Istanbul — Golden Horn
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Halic Metro Bridge

Operation and Rotation Tests
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Halic Metro Bridge

Monitoring Facts and Figures
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Halic Metro Bridge

Monitoring Facts and Figures
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Halic Metro Bridge

Monitoring Facts and Figures
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3. Bosporus Bridge Monitoring

European Side
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3. Bosporus Bridge Monitoring
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Halifax — Joint Performance
Two Suspension Bridges

4"

59 | Monitering and Lifecyclé'ligineering of Bridges
]



Typical Monitoring Cabinet
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Un-typical Monitoring Conditions
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Alarm from outliers in correlation functions

Carrelation T emperature - Displacement:

& [ °C] Halitax Termperature Morth

10

E —

E —

T T T T T T T L
1.5 1.6 1.7 1.8 1.9 2 21 22 23 [dm] Halifax M ainzpan Longitudinal Dizplacement Marth Bottom
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Incheon Monitoring of Critical Joints
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Multi functional Web-Interface
Inchon Bridge (Korea): Life Cycle counting and performance
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Inchon (KR) Monitoring

Displacement Collectives
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Firefox

+ Permanent Structural Health Monitoring...

—~—
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Summary

Monitoring is part of integrated Asset Management
We need figures to demonstrate the Impact

Cases will help to proof the concept

» BIM

Availability and Performance Costs gain importance

>

A\

>

A\

>

A\

>

A\

Thank You !

wenzel@vce.at
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