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ABSTRACT

In the Asian area, the fragility of a structure, which is based on the defect of design criteria,
inadequate construction management and maintenance management, etc., becomes to be a big problem.
Moreover, those structures were built at the same time during the growing economy. That means it is clear
that we should be faced with a lot of problems at the same time in near future. Therefore, we have to make
a solution for these problems. Otherwise it is clear that we have a big damage for society and economy of
Asia. In order to deal with the problem, the International Center for Urban-safety Engineering (ICUS)
focuses on research activities with advanced technology tools such as numerical models, remote sensing,
GIS, GPS, etc. for devising appropriate methodologies for management and maintenance of urban
buildings, infrastructures, mitigation of urban disasters and environmental problems for sustainable

development of Asian cities with adequate safety and security.

ICUS and the School of Civil Engineering, Asian Institute of Technology (AIT) established a
Regional Network Office for Urban Safety (RNUS), at the AIT's School of Civil Engineering (SCE).
RNUS is utilized in order to carry out the above-mentioned project. RNUS has successfully initiated two
joint projects on 1) Study of making a database for the deterioration of concrete bridge and 2) Urban
Flood Risk Mapping using GIS, RS and Mathematical Model in Bangkok. This report describes the

outline of project 1).

Until now, investigation about the deterioration of RC bridge in a metropolitan area (Japan) and
Bangkok (Thailand) was conducted. The objects of investigation in metropolitan area (Japan) are 9 RC
bridges. Visual inspection, the digital camera inspection, and the infrared thermograph inspection were
performed. And the objects of investigation in Bangkok are 11 RC bridges. Visual inspection,

compressive strength, by Schmidt hammer, and the investigation of carbonation depth were carried out.
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STRUCTURAL HEALTH MONITORING

OF BRIDGES IN BANGKOK






CHAPTER 1

INTRODUCTION

This study was undertaken by the School of Building Facilities Engineering and Civil
Engineering, Sirindhorn International Institute of Technology (SIIT) of Thammasat
University in association with Bangkok Metropolitan Administration (BMA) and was
supported by the International Centre for Urban Safety (ICUS), The University of Tokyo.
The report presents the information of all the bridges owned by BMA including the
intensive inspection of 11 bridges.

1.1 PROJECT DESCRIPTION ANDSCOPE OF WORK

The aim of this project is to provide the information of the bridges under the
superintending of BMA, i.e. name, location, type of structure, dimension of structure, and
year of construction, etc., in order to subsequently create the Geographic Information
System (GIS) of the bridges in Bangkok in the near future which will be handy for operation,
repair, and maintenance of the structures. In addition to the aforementioned information of
the bridges, the health and durability monitoring of some selected structures were also
performed. The intention is to detect and locate damages or degradations in structural
components and to finally provide this information to GIS in the next stage.

From searching and surveying, it was found that there are totally 1953 bridges under
the control of BMA, ie. 31 flyovers, 598 pedestrian bridges, and 1324 canal bridges.
Amidst these bridges, the health and durability monitoring of the 9 flyovers and 2 canal
bridges were performed in details, i.e. Asoke flyover, Aekkamai flyover, Ramkamhaeng
flyover, Pratunam flyover, Ratchathewi flyover, Sirindhorn flyover, Suntornkosa flyover,
Yommarat flyover Ratchavipa flyover, Vittayu and Jaroennakorn canal bridges. Visual
inspection was conducted. In addition to the visual inspection, compressive strength, by
Schmidt hammer, of piers, girders, beams, and slabs of each bridge were recorded.
Moreover, the investigation of carbonation depth was also carried out.

Furthermore, on March 13th, 2003, the demonstration of non-destructive testing
instruments, i.e. thermograph, radar penetration, and impact-echo methods were carried out
under the Ratchavipa flyover in the area, which was hit by a fire accident on May 12th, 2000
and was strengthened and repaired by carbon fibre sheet and shortcrete.

1.2 TIME FRAME

The project had been completed within 3 months starting from December 2002 till
March 2003
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CHAPTER 2

INFORMATION OF BRIDGES

There are totally 1953 bridges owned by BMA, ie. 31 flyovers, 598 pedestrian
bridges, and 1324 canal bridges. This chapter presents sample of all information of the
bridges (originally in Thai) and the data based computer program provided by the BMA’s
Civil Works Department.

2.1 DATA BASED COMPUTER PROGRAM FORBRIDGES OWNED BY BM A

The data based computer program for bridge management of BMA is called BRIDGE.
Some characteristics of the program are illustrated in the following sections.

2.1.1 Front Page of the Program
There are four main sections in the front page of the user interface of the program which

classifies the types of structure to be selected, i.e. pedestrian bridge, canal bridge, flyover,
and tunnel.

. nfin Wlswnsefnmanysdanh g

Types of Bndge

,—“T Pedestrian Bridge
I—T Canal Bridge

’—— Fiyover

Astort| | 3 > & 2 (g || Seode Hmnwm\n TbsunsuAnm... m]noqm-wo-d | L@ 136

Fig. 2.1 User interface of the program “BRIDGE”
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2.1.2 Pedestrian Bridges

Latest updated date

Pedestrian Bridge

w. = rnmanmninim ihusn

Fuiuilefaga W
P Add | Edt | Delete  Map |RepodGiounl g o Ay pata
Position No. M= «n s 3D | : 2
e —.._.!l-J Year of Construction
Latest repair work (SR W oo [icosiuer|
oo T v o S
apion E T — 752 (|

Type of

structure

Beam

Pier —

~ AU

= 3N

Barrier

5
- WAz

]~

~ b anoam
-ankm

SRy

[stot [ Oter |

- J |\, | Width
—

O nila.
W wia.

O wia

3. hhtwaanin

4
4

Lighting system

Details of repair work

@ i ®5uy - Anuml

)
- Amount of lane
&0t o (R TG LT

- anmm B . Length
i i M m s

- ANUTNAIINID

O or0 B Maximum height from road surface to the deck

An ia [ oo

o

-

a
» -
i a

Hstart ||| B B 8 O a] || e [ 13 min s | B program - Merosoft Werd. | GEe e

Fig. 2.2 User interface to input the information of pedestrian bridges

The pedestrian bridges page shows the information on location, types of structure, repair
and maintenance details, dimensions of the structure, the buttons to view map, and tabulated
form of the input information.
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2.1.3 Canal Bridges

Latest updated date
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Fig. 2.3 User interface to input the information of bridges over canal

The canal bridges page shows the information on location, types of structure, repair and
maintenance details, dimensions of the structure, the buttons to view map, and tabulated
form of the input information.
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2.1.4 Flyovers
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Fig. 2.4 User interface to input the information of flyovers

The flyovers page shows the information on location, types of structure, repair and
maintenance details, dimensions of the structure, the buttons to view map, and tabulated

form of the input information.
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2.1.5 Information on Repair and Maintenance
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Fig. 2.5 User interface to input information on repair and maintenance

The repair and maintenance information page shows the information on details, date of
the previous repair and maintenance, the responsible organization and the blank to fill the
new repair and maintenance work.
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2.1.6 Geographic Based Information

This geographic based information shows the location of the selected bridge on the map
of Bangkok including the scale and also all information that are previously input on the user
interface. The users can choose to view highways, collector road, and their names, rivers,
canals and their names, district boundaries and their names, and the locations of the
important landmarks. There are totally 1953 bridges, which have been input into the
pOrogram.

(1) Geographic based information of Pedestrian Bridges
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Fig. 2.6 Geographic based information of pedestrian bridges

The geographic based information of pedestrian bridges page shows the location of the
bridges on the map. The information that is previously input through the user interface of
the selected bridge can be viewed as a small window as shown in Fig. 2.6.
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(2) Geographic Based Information of Canal Bridges
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Fig. 2.7 Geographic based information of canal bridges

The geographic based information of canal bridges page shows the location of the bridges
on the map. The information that is previously input through the user interface of the
selected bridge can be viewed as a small window as shown in Fig. 2.7.
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(3) Geographic Based Information of Flyovers
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Fig. 2.8 Geographic based information of flyovers

The geographic based information of flyovers page shows the location of the bridges on
the map. The information that is previously input through the user interface of the selected
flyover can be viewed as a small window as shown in Fig. 2.8.
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2.1.7 Tabulated Information of the Bridges
Tabulated information of the bridges indicates location of bridges on the map, name of
the bridges, types and size of pier, beam, girder, slab, year of construction, information

about repair and maintenance work

(1) Information of pedestrian bridges in tabulated form
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Fig. 2.9 Example of the tabulated information of the pedestrian bridges

From the user interface to input the information of pedestrian bridges, the user can
choose to view the information in tabulated form as shown in Fig. 2.9. From the tabulated
information, it indicates that there are 517 reinforced concrete, 28 steel, and 53 composite
pedestrian bridges under the control of BMA.
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(2) Information of canal bridges in tabulated form
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Fig. 2.10 Example of the tabulated information of the canal bridges

From the user interface to input the information of canal, the user can choose to view
the information in tabulated form as shown in Fig. 2.10. From the tabulated information, it
indicates that there are 1299 reinforced concrete, 20 wood, and 5 steel canal bridges under

the control of BMA.
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(3) Information of flyovers in tabulated form
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Fig. 2.11 Example of the tabulated information of the flyovers

From the user interface to input the information of pedestrian bridges, the user can
choose to view the information in tabulated form as shown in Fig. 2.10. From the tabulated
information, it indicates that there are 22 reinforced concrete, and 31 steel flyovers under the

control of BMA.

In summary, there are totally 598 pedestrian bridges under the control of BMA which are
classified as 517 reinforced concrete, 28 steel, and 53 composite pedestrian bridges. There
are 1324 canal bridges which are categorized as 1299 reinforced concrete, 20 wood, and 5
steel canal bridges. Additionally, there are 31 flyovers which are categorized as 22
reinforced concrete, and 9 steel flyovers.
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CHAPTER 3

INTENSIVE INSPECTION OF THE SELECTED BRIDGES

This chapter presents the deteriorations of structural components of the selected
bridges. It was found that, most of the case, the bridges in Bangkok face durability problem
rather than overloading problem. This is because in the past the structural design in Thailand
had mainly been based on working stress design concept which results in very much
overestimated design loads compared to the present structural design concept, the ultimate
load design.

Carbonation was found to be the most severe and serious durability problem for
concrete bridges in Bangkok which is clearly due to the traffic in the city. The secondary
problem found in this study is the non-homogeneity of concrete in the form of honeycombs
in concrete which is caused by poor construction practice. Differential settlement of the
slabs is another problem causing very large crack width and consequently leads to corrosion
of the steel reinforcement.

Amongst the inspected bridges, it was found that three bridges need urgent repair, i.e.

Jaroennakorn canal bridge, Vittayu canal bridge and Sirindhorn flyover. Jaroennakorn,
Vittayu canal bridges have encountered very severe carbonation causing serious reduction of
the steel cross section. For the Sirindhorn flyover, there is one eccentrically loaded pier with
cracks along the tied bars. Presumably, this may be because the design engineer did not take
long-term durability into consideration.

The followings are the bridges that were inspected during the study.
3.1 ASOKE FLYOVER
3.1.1 General Information

Year of Construction: 1976
Type of Structure:
Pier: Cast-in Place Reinforced Concrete
Girder: Steel
Beam: No beam
Slab: Cast-in-Place Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 58 MPa
Girder: -
Beam: No beam
Slab: 55 MPa
Depth of Carbonation at the pier: 1 cm
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3.1.2 Views of the Asoke Flyover

Fig. 3.1 Views of the Asoke Flyover

3.1.3 Observed Deteriorations

46 CONSTRUCTION OF A DATABASE FOR



ICUS/INCEDE Report 3

Fig. 3.3 Cracks due to differential settlement
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Fig. 3.4 Honeycombs in slab caused by bad concrete placing

3.2 YOMMARAT FLYOVER
3.2.1 General Information

Year of Construction: 1976
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: No beam
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 56 MPa
Girder: 60 MPa
Beam: No beam
Slab: 54 MPa

3.2.2 Views of the Yommarat Flyover
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Fig. 3.5 Views of the Yommarat Flyover

3.2.3 Observed Deteriorations

Fig. 3.6 Cracks at the corners of the girder caused by incompatible shrinkage of original
and new surface finishing concretes
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L

i, | AN,

Fig. 3.7 Cracks due to the penetration of the tree’s roots

Fig. 3.8 Expected severe carbonation under the slab of the flyover due to smoke of the train
passing beneath the flyover

Fig. 3.9 Cracks due to incmpatible shriixkaée of original and new surface finishing
concretes
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3.3. RATCHATHEWI FLYOVER
3.3.1 General Information

Year of Construction: 1976
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: No beam
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 42 MPa
Girder: 38 MPa
Beam: No beam
Slab: 51 MPa
Depth of Carbonation at the pier: 1.5 cm

3.3.2 Observed Deteriorations

Fig. 3.10 Concrete spalling at the slabs caused by steel corrosion
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Fig. 3.12 Concrete spalling due to truck collision and bad construction causing corrosion of
the reinforcement

Fig. 3.13 Cracks due to incompatible shrinkage of original and new surface finishing
concretes
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3.4 PRATUNAM FLYOVER
3.4.1 General Information

Year of Construction: 1976
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: No beam
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 44 MPa
Girder: 30 MPa
Beam: No beam
Slab: 51 MPa
Depth of Carbonation at the pier: 1.5 cm.

3.4.2 Views of the Pratunam Flyover

Fig. 3.14 Views of the Pratunam Flyover
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3.4.3 Observed Deteriorations

Fig. 3.15 Carbonation test by phenophthalene in ethanol solution

Fig. 3.17 Bending cracks at the repaired concrete surface
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Fig. 3.18 Concrete spalling due to collision of trucks causing corrosion of the reinforcement
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Fig. 3.19 Differential settlement
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Fig. 3.20 Cracks at joints of the barrier (cause is still under investigation)

3.5 SUNTORNKOSA FLYOVER
3.5.1 General Information

Year of Construction: Not Available
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: No beam
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 40 MPa
Girder: 61 MPa
Beam: No beam
Slab: 62 MPa
Depth of Carbonation at the pier: 8 cm.
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3.5.2 Observed Deteriorations

BRI
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Fig. 3.21 Severe steel corrosion due to carbonation
(depth of carbonation at some location was about 8 cm)
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Fig. 3.23 Bad construction (honeycombing with patching)

3.6 VITTAYU BRIDGE OVER SANSAEB CANAL
3.6.1 General Information

Year of Construction: 1970
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: Cast-in-Place Reinforced Concrete
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 60 MPa
Girder: 41 MPa
Beam: 75 MPa
Slab: 48 MPa
Depth of Carbonation at the pier: >7 cm.
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3.6.2 Views of Vittayu Canal Bridge

Fig. 3.24 Views of Vittayu Canal Bridge

3.6.3 Observed Deteriorations
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Fig. 3.25 Concrete spalling due to carbonation induced steel corrosion
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Fig. 3.26 Cracks due to settlement of the ground

DETERIORATED CONCRETE BRIDGES

67



October 2003

Fig. 3.28 Carbonation test showing very large carbonation depth
(no color was observed in the two holes after spraying phenolpthalene solution)

Fig. 3.29 Cracks due to the penetration of the tree’s root
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3.7 JAROENNAKORN CANAL BRIDGE
3.7.1 General Information

Year of Construction: Not Available
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: No Beam
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 50 MPa
Girder: 42 MPa
Beam: -
Slab: 60 MPa
Depth of Carbonation at the pier: > 8 cm

3.7.2 Views of the Jaroennakorn Bridge
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Fig. 3.30 Views of the Jaroennakorn Canal Bridge

3.7.3 Observed deteriorations
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Fig. 3.31 Bearing failure

DETERIORATED CONCRETE BRIDGES

71



October 2003

CONSTRUCTION OF A DATABASE FOR

72



ICUS/INCEDE Report 3

DETERIORATED CONCRETE BRIDGES




October 2003

74 CONSTRUCTION OF A DATABASE FOR



ICUS/INCEDE Report 3

DETERIORATED CONCRETE BRIDGES

7]



October 2003

Fig. 3.33 Spalling of concrete due to carbonation induced corrosion of reinforcement
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Fig. 3.34 Cracking at the slab (cause is still under investigation)
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Fig. 3.36 Bad concrete placing
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3.8 SIRINDHORN FLYOVER
3.8.1 General Information

Year of Construction: 1999
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in-Place Reinforced Concrete
Beam: Precast Reinforced Concrete
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 68 MPa
Girder: -
Slab: -
Beam: -

3.8.2 Views of the Sirindorn Flyover

-

Fig. 3.37 Views of the Sirindhorn Flyover
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3.8.3 Observed Deteriorations

Fig. 3.38 Cracks along tied bars on the tension side of the eccentric pier
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Fig. 3.39 Some cracks in vertical direction

DETERIORATED CONCRETE BRIDGES

81



October 2003

Fig. 3.40 Compressive strength test by Schmidt hammer

3.9 EKKAMAI FLYOVER
3.9.1 General Information

Year of Construction: Not Available
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Cast-in Place Reinforced Concrete
Beam: Precast Reinforced Concrete
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 62 MPa
Girder: 58 MPa
Beam: 60 MPa
Slab: 64 MPa
Depth of Carbonation at the pier: 0.5 cm

3.9.2 Views of the Ekkamai Flyover
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Fig. 3.41 Views of the Ekkamai Flyover

3.9.3 Observed Deteriorations

Fig. 3.42 Determination of carbonation depth

Fig. 3.43 Imperfect precast girder (repaired portion can be seen)
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Fig. 3.44 Imperfect precast beams (repaired portion can be observed)

3.10 RAMKAMHAENG ELEVATED BRIDGE
3.10.1 General Information

Year of Construction: 2002
Type of Structure
Pier: Cast-in Place Reinforced Concrete
Girder: Precast Reinforced Concrete
Beam: Precast Reinforced Concrete
Slab: Pre-cast Reinforced Concrete
Compressive Strength by Schmidt Hammer
Pier: 54 MPa
Girder: 58 MPa
Beam: 70 MPa
Slab: 65 MPa
Depth of Carbonation at the pier: 0.5 cm.

3.10.2 Views of the Ramkamhaeng Elevated Bridge

Fig. 3.45 Views of the Ramkamhaeng elevated bridge
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3.10.3 Observed Deterioration

Fig. 3.46 Cracks at barriers by crashing of the car

3.11 DEMONSTRATION OF NDT DEVICES AT RATCHAVIPA FLYOVER

Fig. 3.48 Lecture on non-destructive testing techniques for evaluating concrete structures
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Fig. 3.50 The bridge was strengthened and repaired by shortcrete where was hit by a fire
on May 12, 2000

Fig. 3.51 The bridge was strengthened and repaired by carbon fibre sheet where was hit
by a fire on May 12, 2000
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Fig. 3.54 The result of the radar scanning of reinforcements in concrete
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Fig. 3.55 Demonstration of how to use Thermography device

Fig. 3.56 Cracks occurred after the fire hitting on girder of the bridge
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Fig. 3.58 The result of the reinforcement scanning using the impact-echo method
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Fig. 3.59 Compressive strength test by Schmidt hammer at the repaired portions by
carbon fiber sheet and shotcrete
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CHAPTER 4

CONCLUDING REMARKS

The information of all bridges owned by Bangkok Metropolitan Administration was
searched. There are totally 1953 bridges under superintending of BMA which are
categorized as 31 flyovers, 598 pedestrian bridges, and 1324 canal bridges. The types and
dimensions of structural components, location, year of construction, information on repair
and maintenance were recorded in the computer program provided by the BMA’s Civil
Work Department. The information both in the forms of geographic based and tabulated
based can be viewed from the computer program. Amidst the 1953 bridges, the structural
health monitoring of 9 selected flyovers and 2 selected canal bridges were performed in
details. Moreover, at the Ratchavipa flyover on March 13" 2003, the demonstrations of the
non-destructive testing devices, i.e. thermograph, radar penetration, and impact- echo, were
carried out under the flyover in the area which was hit by the fire accident on May 12,
2000.

From the intensive inspection of 9 selected flyovers and 2 selected canal bridges, it
was found that few damages of the bridges were caused by loads, and that majority of
damages were durability problems though many structures are under service for more than
20 years. This may be because the design concept used in the past was working stress
concept with large safety factors (the Engineering Institute of Thailand (EIT) Code provided
larger safety factors than the ACI Code that EIT adopted) and also quality of construction
was better at that period.

Amongst the inspected bridges, it was found that threeo bridges need urgent repair,
i.e. Jaroennakorn canal bridge, Vittayu canal bridge, and Sirindhorn flyover. Jaroennakorn
and Vittayu canal bridges have encountered very severe carbonation causing serious
reduction of the steel cross section.

All information obtained from this study will be used in the near future for bridge
management including repair and maintenance operation in the form of Geographic
Information System.
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