
• 46 killed
• 9 injured

Silver Bridge (1967)
• 90,000 of 

traffic/day
• 3 killed 
• 5 injured

Mianus River Bridge (1983)

• 13 killed
• 145 injured

Minneapolis I-35W bridge (2007)

Many bridges in the US built in New Deal in 1930s
were damaged for inappropriate maintenance. 

Trillion JPY
Minneapolis
I-35W bridge 

700 thousands(2m span)
157 thousands(15m span)

http://blog.livedoor.jp/bingtop/tag/%E3%83%AC%E3%82%A4%E3%83%B3%E
3%83%9C%E3%83%BC%E3%83%96%E3%83%AA%E3%83%83%E3%82%B8

The number of bridges over 50 years old is increasing 
rapidly in two decades

Preventive maintenance to 
flatten cost is needed

Peak of construction in 1970s 
40 years behind the US



Fillet welding between web and lower flange
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Concrete structure

Steel structure Corrosion
Fatigue

Alkali-silica reaction

Frost damage

Corrosion

Fatigue
Abrasion

Drying shrinkage

Creep

*Green: deteriorations caused by environmental actions
*Red: deteriorations caused by mechanical actions

Sulfate attack

CAESAR (Center for 
Advanced Engineering 
Structural Assessment and 
Research), Public Works 
Research Institute 
(Incorporated Administrative 
Agency) in Japan conducts 
clinical research on 
infrastructure management.

Some representative cases 
are introduced in this 
presentation.

Kuratanibashi bridge

Bridge specifications
Route and location

City road, Gotsu City, Shimane 
Prefecture

Bridge type RC slab bridge

Bridge length 10.2 m

Span length 5.1 m (x2)

Year of completion 1959 (51 years elapsed)

Observed damage (bottom of the slab)

Delamination of concrete Significant corrosion of main rebars

Correlation between average 
reduction ratio of cross section 
of rebar and slab undersurface

Result of the loading test

Reduction ratio of cross section (%)

Bending moment (kN m)

Curvature (f/m)

Tsuhabashi bridge

Bridge specifications
Route and location

Old National Rounte 58, Ogimi 
Village, Okinawa Prefecture

Bridge type RCT girder bridge

Bridge length 10.2 m

Span length 9.4 m

Year of completion 1931 (79 years elapsed)

This bridge fell down due to the exposure to the environment 
subjected to the salt damage for a long period.

Before the bridge fell down After the bridge fell down

Removed for dismantling investigationExposed rebars Rebars of the support part

About 25
Relatively sound 
rebar

About 18
Decrease in cross 
section: 49%

About 12
Decrease in cross 
section: 77%

State of rebar before and after derusting

Horizontal 
distribution of 
chloride ion 
concentration

Chloride ion concentration (kg/m3)

Distance from web surface on the  sea side (mm)

Vertical 
distribution of 
chloride ion 
concentration

Chloride ion concentration (kg/m3)

Distance from flange undersurface (mm)

Remarkable Cl- ingress and corrosion resulted bridge fell down.

Uenaibashi bridge

Bridge specifications

Route and location
Uenai Station Road, 
Tomakomai City, Hokkaido 
Prefecture

Bridge type
Simple post-tensioned PCT 
girder bridge

Bridge length 38.0 m

Span length 18.3 m (x2)

Year of completion 1961 (49 years elapsed)

Crack 
in the 
lower 
flange

Crack along the sheath

Efflorescence due to a crack

Damage observed from the outer side



Grout filling is insufficient near the upper anchorage part.

Cutting by a dry wire saw Dry core collection State of grout filling on the cross section

Grout filling survey by cutting and core collection

(section C3)

Nou-Ohashi bridge

Bridge specifications
Route and location

National highway 8, Itoigawa 
City, Niigata Prefecture

Bridge type Simple PC girder bridge

Bridge length 141.0 m

Span length 28.1 m (x5)

Year of completion 1966 (44 years elapsed)

General view
(upper: side view, lower: cross section) Cracking in the girder

After removal

After removal

After removal

Mountain 
side

Sea side
Survey in 2008

Survey in 2008

Survey in 2008

Survey in 2008

Before derusting
(G3-C3)

After derusting
(G3-C3)

  Fracture

  Fracture

  Fracture

  Fracture

Remarkable damage including rupture of PC cables was observed.

The girder was removed and damage was investigated.

Osahashi bridge

Bridge specifications

Route and location
National highway 352, 
Kashiwazaki City, Niigata 
Prefecture

Bridge type Simple RCT girder bridge

Bridge length 8.56 m

Span length 8.1 m

Year of completion 1965 (45 years elapsed)

(After surface coating removed)

Cracked coating layerCorroded steel plate

Observed damage

Deteriorated again despite the repair and strengthening
Chloride ion level at the location of steel rebar: 5.7 kg/m3

A crack is not penetrating

Lost stirrup

Mass reduction 
ratio in the steel 

rebars

Remarkable pitting 
corrosion

Dismantling survey of the floating part

Loading test of the girder
No.1 (With a 

reinforced steel plate)

No.2 (with no 
reinforced steel plate)

Mid span deflection (mm)

No.2
(without steel plate)

No.1
(with steel plate)

Less effect of the steel plate on load capacity



Examples of damage by ASR (Alkali Silica Reaction)

ASR induces rather random shape crack pattern.
Rebar rupture frequently occurs at the bent portion.

T. Okumura, T. Minato and T. Sakai, “Detailed survey of bridges damaged by ASR in Ishikawa prefecture and 
countermeasures”, The 1st workshop on bridge maintenance in Hokuriku region, A-12. (in Japanese)

Lateral crack

Vertical 
crack

Crack 
at the 
corner Splitting at the corner

Stirrup rupture

Main bar 
rupture Hoop 

rupture Rupture of upper main bars

Bridge specifications
Bridge name NA

Bridge type
Simple steel-
composite box girder 
bridge

Span length 51.6 m (x5)

Year of completion
1964 (46 years 
elapsed)

Complete view of the bridge P1 pier

Damage by ASR (Alkali Silica Reaction)

ASR induced cracks

Coring sample of concrete

Aggregates

ASR gel

Inappropriate structural detailing can also affect 
the progress of deteriorations.

No rupture of rebar
Hook of rebars is inappropriately 
provided at the inside of lateral bars.

Remove 
concrete

Schematic of rebar detailing 
and crack

Lateral 
rebars

Hook is inside.

Crack

Two-directional 
cracks occur.

Progress of the two-
directional cracks and 
occurrence of free lime 

and water leakage.

After the increase of 
the water leakage, 

punching shear 
failure occurs.

Closeup pictures of the inside concrete

Before pavement removed After pavement removed

Concrete was disaggregated in the severe environment.
By East Nippon Expressway Co., Ltd. 

Wheel-trucking fatigue loading test Failure (upper surface submerged in water)

Water significantly 
affects the fatigue life.

Website of Concrete Engineering Laboratory, 
Department of Civil Engineering, Faculty of Engineering, 

Nihon University.
http://www.civil.ce.nihon-u.ac.jp/~concrete/index.html

Bottom surface



Bridge type: RC structures with span length around 40 m 
(approaching part).
Location: Rayong Province, Thailand
Age: 7 to 10 years
Environmental condition: Around 500 m away from the sea but 
sea water comes to the bottom of the structure.

Sea side
Flow of 
sea water

Bridge type: RC structures with span length around 40 m 
(approaching part).
Location: Rayong Province, Thailand
Age: 7 to 10 years
Environmental condition: Around 500 m away from the sea but 
sea water comes to the bottom of the structure.

Severe corrosion cracks along the reinforcement in the intermediate beams

Bridge type: RC structures with span length around 40 m 
(approaching part).
Location: Rayong Province, Thailand
Age: 7 to 10 years
Environmental condition: Around 500 m away from the sea but 
sea water comes to the bottom of the structure.

Strange shape observed in the columns

Position at the 
top is 
correct…??

Ground Penetrating Radar (GPR)

Air 
Permeability 
Test

Electric 
Resistivity 
Test

For evaluating 
surface concrete 
quality

For measuring position of rebars and cover depth

Radiate electromagnetic waves through concrete and receive reflected signals

NJJ-105
Japan 
Radio 
Co., Ltd.

By moving GPR in the direction of member axis, 
positions and depth of stirrups can be measured.

Bridge type: RC structures with span length around 40 m 
(approaching part).
Location: Rayong Province, Thailand
Age: 7 to 10 years
Environmental condition: Around 500 m away from the sea but 
sea water comes to the bottom of the structure.

Significant scattering in cover thickness. Corrosion occurs in thinner cover condition.

Cover thickness

65mm 67mm 18mm 18mm 12mm

5km

(Ramree Island)

Min kyaung bridge

One five bridge
Ta zin tan pouk bridge

Tanta ma chay bridge
Tanta ma gyi bridge

Di not pout bridge
Lone taw pout bridge

Sa nal pout bridge

(Name unknown)
(Name unknown)

(Name unknown)Yangon

Ramree Island

Myanmar

Severe corrosion of concrete bridges in Rakhine, Myanmar

Bridge investigation was conducted on 8th and 9th September, 2015.
*Only 10 years passed after the bridge completion.



Thakhut bridge
Prestressed concrete girder bridge, 9 x 16.5 m, completed in 1991

Thakhut bridge

Problem 1: Corrosion of slabs
Problem 2: Movement of piers (explained in the next presentation)

YTU

Thakhut bridge
Prestressed concrete girder bridge, 9 x 16.5 m, completed in 1991

Severe corrosion of steel reinforcement in slabs (already replaced to new one)
The girders just besides the slabs are sound. Sea water or sand was used for the slabs?

Repair work of the slabs, 11th Dec., 2016
Mix proportion of concrete…???



Infrastructure Asset Management 
Incorporating Life Cycle Management
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Maintenance (DO)
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Driving condition of AM
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Feedback
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(construction 
quality, etc.)

 



Database is a basis 
for rational management of infrastructures



http://limejapan.jp/archives/1039

Big variation

Difficult to do precise prediction

 

y xy x

N = about 100
Prefecture Samples Only

N = 4,816 Inspection Data
27 Municipal Samples
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Overview:



To be the Top, Innovation !
Prime Minister Shinzo ABE

‘Implementation is the innovation in this project’



Infrastructure Asset Management 
Incorporating Life Cycle Management

Inspection

Evaluation
Counter-
measure

Record

Maintenance (DO)

Optimum maintenance scenario

Reason of the mismatch

Improvements
(maintenance 
cycle, design 

method,
construction 

method)

Planning

Design

Construction

Method for transferring 
and utilizing information 
among each procedure
Customization considering 
regional situations
AM planning for 
infrastructures

Improvement of 
transferring and utilizing 
information
Modification of the 
customization
Improvement of AM
Revision of standards

Verification of mismatch in 
transfer and utilization of 
information
Verification of mismatch in 
regional situations
Driving condition of AM

Feedback

Transferring and utilizing the information

Feedback (life elongation, 
maintenance ability, etc.)

Feedback

Feedback
(construction 
quality, etc.)

Inspection 
(Existing & New)

Repair

Maintenance plan

Relating leading research

SATREPS: JICA-JST Fund Research Project (FY2015-2019)

Research Centre for Urban Safety 

Equipment for measurement etc. Meeting rooms

Myanmar’s steady economic growth by safe cities formation

Weather and hydrological observation site after SATREPS 



Proposal 1

Both main towers are inclined in bridge axis direction

Concrete 
anchorage

Deformed and bended

Inclinometer installed

Tower cable

Moved ???

Simple soil test

Tower cable

Crack due to the movement of 
concrete anchorage

Crack under anchorage Crack in neighboring pier 

This cracks are supposed to be occurred due to movement of anchorage

South side anchorage

North side anchorage

No crack in north side



TWANTY BRIDGE MAIN BRIDGE STEEL TRUSS LEVEL CHECKING  HLAINGTHAYAR TO DALA  

(Date: 9.6.2006)

(Date . 25.1.2012 , Time : 2:00 PM)

Monitor the inclination in bridge axis direction
of the main tower

Monitoring plan
Equipment: inclinometer and data logger
Measurement interval: 3 hours
Measurement term: 1 year (check every 3 months)

Measure the tower inclination

Set an inclinometer and a data logger at the height of 10 m 
above read level 

Monitoring system was set successfully at South Main Tower 

Nagai

Tower inclination degree follows the temperature. 
No damage is found from the data in 12 months. 



Simulation Procedure
1.
Set the initial condition considering the tension force of cable and hangers.

2.
In the simulation, move the anchorage  (right side only). In one step, 0.05m. 
Then, check the deformation, plasticity damage, cable force etc. 

Analysis of Twantay Bridge

Overall deformation

Initial condition

Plastic damage occurs at the base of tower at deformation of 0.5m

Step 3 & Step 4

Step 3 : Addition of 300ton Concrete block railing
With only concrete block addition, could not be reproduced the 2009 data values
Apply a 5cm by 5cm displacement in the South Anchor

With this there is a possibility that the concrete anchor may moved about 15cm
in the course of 6years

Measured values

Step 5

Step 5 results of removing concrete block are close to 2012 data

Measured values

After removing the bridge railing block, values well-matched and the current state
of the bridge was reproduced

Tower displacement results

FEM results are from Step 5 ( Twantay Bridge current state )

Photogrammetry results were obtained after FEM analysis

Results from photogrammetry well matched FEM analysis

Main cable



Hanger cables

Countermeasure can be discussed based on monitoring and simulation

We propose just continue the monitoring

Countermeasure can be discussed based on monitoring and simulation

We propose just continue the monitoring

Kutai-Kartanegara Bridge in IIndonesia

In November 26, 2011 Kutai-Kartanegara Bridge, the longest 
suspension bridge in Indonesia collapsed

23 people died
17 people missing

In 2006, in order to an inspection by local government, the next damages was found: 
Anchorage block moved 13.5cm (from expansion device)
Camber at center of main span was reduced by 55cm
Towers inclined in bridge direction

During this work, one clamp broke leading to the bridge collapse !
Camber restoration work was done.

Main span: 270m
Main tower height: 53m  

Same problem as Twantay Bridge

Install similar monitoring 
system to new bridge in Yangon 
to check an early deflection of 
cable-stayed bridge. 

We wish this concept for new long-span bridge becomes standard 

Pathein bridge was constructed in 2004 by MOC of Myanmar

Pathein bridge is located in southern part of Myanmar

MOC detected damage, but, can’t estimate cause or future condition

1-Estimate the cause 3D laser scanner

3D Laser Scanner is used to compare current condition with design

1-Estimate the cause 3D laser scanner

1. By 3D Laser Scanner, we could calculate both towers inclination.
2. 3D Laser Scanner couldn't detect slippage of clamps.



Drone was used to measure the slippage at all clamps

1-Estimate the cause Drone

Drone could be used to measure slippage of all clamps

1-Estimate the cause Drone

2- Collect data from the monitoring system.

1-FEM model will be developed to confirm the cause and evaluate
current condition

3- Assessment of the main cable Cooperation with IHI

The pier moved in bridge axis direction

To monitor the relative displacement between beams and  pier 

Proposed Monitoring System

Monitoring system was set successfully on February 2016 

Proposed Monitoring System

By monitoring system, the movement can be captured and predicted 

Proposal 2



Early Fracture of High Strength Bolts in Ayeyarwady Bridge (Yadanarbon)

Over 5000 bolts 
already fractured.

Frequent Damages of High Strength Bolts 

The cause of the early fracture of the bolts is unclear

Hydrogen Embrittlement in High Strength Steel (Akiyama et al. 2012)

Problem: Different position shows different level of corrosion The lateral side and fracture surface are rusted

BOLT A BOLT B BOLT C

Based on sectional tissue, no fabrication defect is found in all samples
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BOLT A BOLT B BOLT C BOLT D



Hardness of all samples are still within acceptable value

BOLT A

BOLT B

BOLT C

BOLT D

Visual Observation Sectional Tissue Hardness Testing Proposal 3

Infrastructure Asset Management 
Incorporating Life Cycle Management
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Customization considering 
regional situations
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Transferring and utilizing the information
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Feedback
(construction 
quality, etc.)

Development of infrastructure database in Myanmar 

In May 2016, with YTU students and MOC staff, investigation has started.
80 are finished by student.  

In Myanmar, 4000. In Yangon region, 700. How to do….
Collaboration with JICA Technical Cooperation Project 

Additional investigation



Dynamic Response Intelligent Monitoring System (DRIMS)

Very easy and simple !!

To calculate IRI,
over 30 km/h
is necessary.

Good

Bad

Condition

Next step

Install similar monitoring 
system to new bridge in Yangon 
to check an early deflection of 
cable-stayed bridge. 

New Bago River Bridge 
supported by JICA (planning)

JICA has agreed this concept

We wish this concept for new long-span bridge becomes standard 

Material quality 
Casting and Prestressing
Curing
Testing 

We wish Training Course is established based on 
JICA Technical Cooperation Project  

“ Learn the best quality first. Then, go to construction sites “
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If (h/ ) is large, rigid frame model is used.
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