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Life-Cycle Maintenance, Monitoring
and Management of Bridges
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Civil Engineering Diagnostics

Engineers have to understand the reasons of
causing damage and hazard of the system as well
as their impact to the structural reliability in order to
make cost-effective strategies of management.
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How do we fill this gap ?

Integrated Solutions from NDT/Monitoring/ Analysis
to Decision Making
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Evaluation
Sensin Action
5 (diagnosis/ prognosis)

Prediction Model

Material Structural
Science Mechanics




Initial State

Stream
Direction




Scouring at Pier
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Failure & Collapse of Bridge




Forensic Study of
Collapsed Bridge



Collapse of Shuan-Yuan Bridge
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Possible Causes of Bridge Failure
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Data Collection
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Shun-Yuan Bridge Collapsed on August 8,
2009

(North Bound P1~P14 and South Bound
P1~P16)

%:%uas

rﬁ" .
et




A 97.12.21

Sl N giEamiogso]
T ABEESERE T N B

zh hl"_fl'_-

g




S

Basic Data of Bridge from Taiwan-BMS
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%
Length: 2082.8M

First Generation :Bridge : up stream

Constructed in 1974

B RC reversed circulation piles -
B Diameter of the upper portion of

m 10M is 90CMoand 76CMofor the
remaining part

Second Generation :Bridge : dowm stream

Constructed 1981
@same type foundation as the first
@® generation




Record of Retrofit
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Variation of the Route of the Main Channel
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Cross River Structures in - A e
the up and down streams e A
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Evolution of the River Channel and Sand Bank
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Possible Causes of Bridge Failure
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Measurements
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08.8.28 River Bed Inspection

SONAR & GPR |-
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GPR and Sonar Inspection
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Profile of River Bed
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Electrical Resistivity Tomography (ERT)
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GPS

Marine Bottom Resistivity Survey
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UAV (unman aerial vehicle)
(MD4-200)
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Picturing of the Disaster Area
by UAV




3D Laser Scanning
(LiDar)
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3D Laser Scannin
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|. Bridge Failure and Collapse Analysis
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Construct the structural
models of P10~P13 and
P13~P16
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Ambient Vibration
Measurement

!

Hydraulic Force applied
on pier and piles
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Bridge collapse analysis
(displacement control)
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Modeling
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Numerical
Simulation



3D Simulation of
the Fluid-Structure Interaction

(hydraulic jump, Turbulence, Impact, splash...)
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3D Simulation of
the Fluid-Structure Interaction
(hydraulic jump, Turbulence, Impact, splash...)
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Stream Lines
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Local Scouring Simulation

8.4m 8.4 m

Parameters :

2 0 120x96x30

Domain : 40x32x10 (m)
Soil density : 1.8 x 108 kg/m3
Soil viscosity : 1000 Pa - s
Flow speed : 6 m/s

Initial water depth : 2.5 m
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Dam Break Experiment
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Experimental Design

Aligned ( 2 cm interval)

Alternate (2 cm interval)

Casecond. Column height (m) Initial zvr%tsr level Dam v(vi;e)r level Pile arrangement
A 0.1 0.02 0.26 alternate
B 0.1 0.02 0.26 aligned
C 0.2 0.02 0.26 aligned

1o
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Time = 0.0207989

Casecond. Column height (m) Ll Zvr?]tsr e — v(\/?rt]%r o Pile arrangement
A 0.1 0.02 0.26 alternate
B 0.1 0.02 0.26 aligned
C 0.2 0.02 0.26 aligned
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Velocity & Vortex Fields

Velocity (j)
vortex(k)
ond. Column height | Initial water level | Dam water level :
Pile arrangement
case (m) (m) (m)
A 0.1 0.02 0.26 alternate
B 0.1 0.02 0.26 aligned
C 0.2 0.02 0.26 aligned




Pushover Analysis of
Scoured Bridge Pier I
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Safety Evaluation of Bridge Scouring
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Platform of Risk
Management
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Road & Bridge Multi-Hazard Prevention
and Mitigation Information System
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Google Map
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Topographical Map
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Geological Map
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Satellite Images
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Photos of Bridge

Before Disaster
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Accumulated Precipitation
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Water Level and Discharge
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Thanks for your attention.
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