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ABSTRACT

Over the centuries, bridge agencies faced a common problem which is deterioration
of bridges. However, even after acknowledge of the problem, the agencies still
unable to settle it down because of unorganized of the obtained data. Thus, the
bridge agencies started to adopt an approach in managing their bridge which is called
bridge management. The bridge management system are then develop as a tool to

operate and analyse the bridge management activities.

Ussually, each country have their own bridge management system. For examples,
Malaysia (JKR BMS), Denmark (DANBRO) and U.S.A (PONTIS). The modules
installed in these systems made the systems differ with one another. Each modules
offer different functions for the system and made the systems unique. The quality of
the bridge management systems depends on the installed modules and the systematic
and effective bridge management depends on the systems. The systematic and

effective bridge management system is able to manage bridge activities efficiently.
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ABSTRAK

Agensi jambatan telah mempunyai masalah dalam isu kemerosotan jambatan sejak
berabad yang lepas. Walaupun masalah ini dikenalpasti, masalah ini masih gagal
diselesaikan oleh pihak agensi jambatan kerana ketidaksusunan maklumat jambatan
yang diperolehi. Oleh itu, pihak jambafcan mula menerima pakai satu pendekatan
dalam menguruskan jambatan mereka iaitu pengurusan jambatan. Selepas itu, sistem
pengurusan jambatan mula diperkenalkan sebagai alat untuk mengurus dan

menganalisa aktiviti-aktiviti pengurusan jambatan.

Setiap negara mempunyai sistem pengurusan jambatan yang tersendiri. Contohnya
Malaysia (JKR BMS), Denmark (DANBRO) and Amerika Syarikat (PONTIS).
Modul-modul yang dipasang di dalam sistem membezakan satu sistem dengan sistem
yang lain. Setiap modul menawarkan fungsi yang berlainan dan menjadi faktor
utama keunikan sistem. Kualiti sistem pengurusan jambatan bergantung kepada
modul yang dipasang dan pengurusan jambatan yang sistematik dan berkesan
bergantung kepada sistem. Sistem pengurusan jambatan yang sistematik dan

berkesan mampu menguruskan aktiviti jambatan dengan cekap.



viii

TABLE OF CONTENTS

Page

SUPERVISOR’S DECLARATION ... " iii
STUDENT’S DECLA.RATION e, v
ACKNOWLEDGEMENTS ... v
ABSTRACT ... e vi
ABS T RAK e vii
TABLE OF CONTENTS ... viii
LISTOFTABLES ... e xii
LISTOF FIGURES ... e xiil
LIST OF ABBREVIATIONS ... Xiv
CHAPTER ... e 1
INTRODUCTION ..ot 1
L1 InrodUCtON ......o.ovov e 1
12 Problem Statements ...........................c.ccoiooiiooioeeeeee 2
L3 ObJECHVES ... 3
L4 8COPE OF StUAY ..o 3
L5 Study of MethodolOgY ............c..ovvveoieereeesoeee oo 5

1.6 Significant of the StUAY. ..o 6



ix

CHAPTER 2., e, 7
LITERATURE REVIEW .........ocooiiiiiiiiiiiiiiiinioieeeeee e 7
2.1 Bridge Management ..............coooiiiiiiiiiiiie it 7
2.1.1 INtTOAUCHION ... e 7
2.1.2  Bridge Management.................ooooiiiiiiiiiiiiiiieie e 7
2.1.3  Bridge Management at Project Level ..., 10
2.1.4 Bridge Management at Network-level...................................... 17
2.1.5 CardIndex System...................ocooiiiiiiiiii 20

2.2 Bridge Management SyStem .............ccccooiiiiiiiiiiiiiiiice e 24
221 IntroduCtion ...........oooiiiiiiiiiiii e 24
222 JKRBMS e 24
223 DANBRO .......oooiiii e 29
224  PONTIS ... e 34
CHAPTER 3. e 44
METHODOLOGY ..ot 44
31 INrOdUCHION ..o 44
32 Literature REVIEW .............ococooviiviioeieeeeeoe oo, 45
3.3 CaSE StUAY ..o, 45

3.4 Critical COMMENt............cooeeee oo 46



35  ConClUSION. ... ..o e 46
CHAPTER 4., 47
CASE STUDY ........ RO TR OO ST OO OO U PO RO UR SR PPUSUUSUPRPRPRRN 47

41 IntrodUCHION ... 47

42 Penang Bridge Management System ................ccccooiiviiiiiiieiiiieie 49

421 Introduction ................ccccoooiiiiiiiiiiieieeeieeeeeeee USRS 49
422 PBMSMoAUIES.......ooooiiii e 50
423  Visual INSPECHION ........oooiiiiiiiiiic e 64
424 Underwater InSPeCtion..............cccceooiiiiiioiiiiiiei e 69

43 CONCIUSION. ...ttt e 80
CHAPTER S, e e 81
CRITICAL COMMENT S ..o, 81

ST INEIOAUCHON .....oviieiiet oo e, 81

52 Critical COMMENtS ..o, 81

521  Referencing SyStem .................cccocoiiiiiieoeeieeeeeeeeee e 81
S22 INSPECLION ..o, 83
5.2.3  Database Management SYStem................ccoccocovoroiemieonereeneenen.n. 86

524  The MR&R DECISION .......coo. oo, 86



xi

525 Deterioration Model...................coooooo Ceens 88
52.6  Optimization Approach.............cccoooiiiiiiiiiiiii e 90

53 CONCIUSION. ..ot 92
CHAPTERG. ..., e 94
CONCLUSIONS AND RECOMMENDATIONS ..., 94
6.1 INtrodUCHION .......ooiiiiiiii e, 94
6.2 Evaluation of the ObjectiVes .................ccccooiiiiiiiiiiei e 94
6.3 Recommendations for Future Study. ..............c..cooooiiiiiiiiiiiii 95

REFERENCES ... e 97



Table No.

4231

42411 .

5221
5222
5223

LIST OF TABLES

Condi;ion rating

Summary of general inspection
Condition rating of JKR BMS
DANBRO rating condition

Summarized of critical comments

xii

Page

51
62
66
67
74



Figure No.

1.5.1
2.121
2.13.1

2132
2.133
2.14.1
2.15.1
2152
41.1
42.1.1
4221
4222
4223
4224
4225
4226
4227
4228
4229
42210
42211
42212
42213
42214

LIST OF FIGURES

Flowchart of the methodology

The six stages of bridge life span

Example of rule based hierarchical knowledge structure

for defect diagnosis.

Markov Model (Markov et al 1993)

Flow diagram showing a conceptual of Project Level

Flow diagram showing a conceptual of Network Level

Front side of a bridge record card

Back side of a bridge record card

Penang Bridge

Process flow of PBMS

Penang Bridge Management System
Schematic Module interface

Elements under Control Module

Visual Assessment Module interface

Data and Proforma Transfer Module interface
Condition Rating Module interface

Repair History Module interface

Interface of defect location

Interface of severe defect list

Routine maintenance list interface

Repair cost: Summary by defect type and package
Repair cost: Summary by defect type

Defect occurrence

Estimated repair cost

Xiil

Page

11

12
16

22
23
31
32
33
35
36
37
38
39
40
41
41
42
43
43
44
44



Xiv

42215 Repair costs by bridge : 45
42216 As-Built Drawing Module interface 46
42217 Deterioration model by PBMS 47
423.1 Plan view of Penang Bridge 48
4232 Visual inspection activities 49
4233 Crack observation and measurement 49
4234 Inspection work using Automatic Bridge Controller (ABC) 50
— Hydra Platform
4235 Inspection work using Automatic Bridge Controller (ABC) 50

— Barin Platform

4241 Inspector diver with wet tender 53
4242 Inspector diver carried out the inspection 54
4243 Recording the inspection finding 54
4244 Combinations of human eyes and specialist inspection equipment 56
4245 Still Photography 56
4246 Closed circuit television (CCTV) 57
4247 Cleaning with high pressure water jetting 8,000 psi fixed 58
4248 Cleaning with hand tool (steel scrapper) 58
4249 Inspector diver ready to carry out the inspections 59
42410 Post Cleaning Inspection 59
42411 Pre-clean inspection 60
42412 Post clean inspection 61
42413 Identification of defect 61
42414 Marking the defect part with crayon 62
525.1 JKR BMS Deterioration Model 70
5252 Deterioration model by PBMS 72

LIST OF ABBREVIATIONS



BMS
EDP
FHWA
FRP
JKR
MR&R
NBI
OECD
PBMS
PBSB
PC
UK.
USA.

XV

Bridge Management System

Electronic Data Processing

Federal Highway Administration

Fiber Reinforced Polymer

Public Work Department Malaysia
Multi-year Rehabilitation and Reconstruction
National Bridge Inventory

Organization for Economic Co-orperation and Development
Penang Bridge Management System

Penang Bridge Sdn Bhd |
Personal Computer

United Kingdom

United State of America



CHAPTER 1

INTRODUCTION

1.1 Introduction

Over the centuries, bridge agencies faced a common problem which is
deterioration of bridges. In Malaysia, there are more than 7000 of federal bridge. A
great number from that bridge are showing varying degrees of deterioration
(Masjuki, 2010). This situation is not unique to Malaysia because many others

countries facing the same problem.

Moreover, even after acknowledge of the problem, the agencies still unable to
settle it down. This is because unorganized of the obtained data. In order to cope with
both problems, the bridge agencies started to adopt an approach in managing their

bridge which is called bridge m'anagement.

Bridge management encompassed all activities carried out to ensure that
bridge remains fit for its intended purpose throughout its effective life span. Bridge
Mmanagement activities include bridge inspection and assessment, bridge

reconstruction, bridge maintenance and rehabilitation.



In Malaysia, Public Work Department (locally known as JKR) is’elntrusts in
managing all federal bridge in country. Establishment of the Bridge Unit turned as a
design standard, bridge inspection, and maintenance and rehabilitation authority. In
1984, an attempt to initiate a systematic bridge inspection and strength assessment
program leads to development of computerized bridge management system called

JKR BMS. Bridge inspection provides some necessary inputs for the JKR BMS.

This research discussed on the different types of bridge management system
practiced worldwide and Penang Bridge as a case study. Analysis will be done by
highlighted the merit and demerit of bridge management system that Malaysia

currently practiced.

1.2 Problem Statements

Distress, defects, damage, deterioration and faultiness during bridge
construction were the example of the bridge problem. Bridge problem caused by a
various factors such as deficient design, construction fault, or vehicular impact.

These problems will lead to the bridge failures and shorten the life span of the
bridge.

Distress in bridge can be divided into three main categories which are
structural defect, non-structural defect and defect due to faulty installation of bridge
equipment (Masjuki, 2010).

All above problems are acknowledged by the bridge owner last a decade ago.
Unfortunately, because of the lack of knowledge and system, the problems were not

properly organized by the owner. This situation worsens the bridge condition.



However, the problem settle when Roman appears to became the first to
realize that the constructed bridge requires some special attention. Bridges like the
Alcantara Bridge over the River Tagus 1n Spain (more than 200 years old) and Pont
du Gard near Nimes in southern France are examples of well-constructed and
maintained Roman bridges. Roman practices are good examples of bridge

management system (Ryall, 2010).

Bridge management system is a system that used to manage all the bridge
management activities in order to make the bridge maintain fit and safe throughout

its life span.

1.3  Objectives

The related objectives of this research are as follows:
1) Study on different types of bridge management system.

ii) Study on current practices of bridge management system (Case study: Penang
Bridge).

iii) Compare and to highlight the merit and demerit of Bridge Management

System in Malaysia.

1.4 Scope of Study

This research concentrates on the study of the bridge management system
(BMS) worldwide. BMS for each country is differs with one another. For example,
Malaysia used a bridge management system called as ‘JKR BMS’. Other examples

of bridge Mmanagement system for other countries are DANBRO (Denmark) and
PONTIS (U.S.A).



Besides, this research also highlight on the current practices of bridge

management system used in Malaysia which Penang Bridge was used.

As for the ana:lysis section, this research will do the comparisons between the
bridge management system that practice in Malaysia and worldwide and highlight

the merit and demerit of the systems used in Malaysia.



1.5  Study of Methodology

The flowchart below explained the research methodology that was

implemented in order to complete this research.
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Figure 1.5.1: Flowchart of the methodology.




1.6 Significant of the Study

The study of bridge management system becomes very important after a great
number from the bridge in Malaysia are showing varying degrees of deterioration.
Bridge management systems need inputs that obtained from inspection process and
will produce the maintenance that need to carry out as well as the cost for the

maintenance work.

A systematic bridge management system helps in reducing the deterioration
of the bridge. Thus, the bridge is safe to use by the public throughout its life span.
Besides, the systems also help to figure out most economic solution for each bridge

problem.



CHAPTER 2

LITERATURE REVIEW

2.1 Bridge Management

2.1.1 Introduction

Bridge management became an important task that every country needs to
pay attention over last decade. Almost all bridges show the signs of deterioration
even just after the construction completed (Omar, Razak, King, & Arshad, 1992).
Unfortunately, the bridge engineers and authorities that acknowledge the problem
failed to plan for future planning at the conception and design stage to prevent the
problem repeatedly and in the mean time able to maximise the bridge durability and

reduce number of maintenance.

2.1.2  Bridge Management

Bridge management consist of all activities carried out to ensure the bridge is

safe and serviceable throughout its life span. The activities are bridge inspection and



assessment, bridge reconstruction, bridge maintenance and rehabilitation. According
to M. 1. Ryall (2010), the bridge management activities are collection of inventory
data, regular inspection, assessment of condition and strength, repair, strengthening,

or replacement, prioritising allocation of funds and the safety.

Bridge management activities lies in the six critical stages of the bridge life

span.

Conception ] Creative

interaction

Construction \

Creative Service \
) ) Demolition/
interaction
Collapse
Preventative Regular maintenance
Management and repair

Figure 2.1.2.1: The six stages of bridge life span.

The six stages explained that the management activities divided into two
stages. Preventative management is important to ensur; the bridge was design with
implementation of sound principle. Thus, the durability of bridge could be maximise
and reduce the maintenance needed. Preventative management is in conception,

analysis and design stage.



Conception is the first step in translating the criteria and site constraints into a
workable design. At this stage, the objective is primarily to select concepts and
identify and solve major design problems. It is basically the verification that there are
no physical constraints which will prevent meeting the production goals and

purposes of the project.

The conceptioh stage identifies, assesses, and recommends design alternatives
for meeting production goals. These alternatives should reflect the use of local

construction techniques and materials where applicable.

Analysis and design stage are closely related and usually run at the same
time. In analysis stage, there are two important parameters that need to be analyzed,

project evaluation and project finance.

Following preparation of the cost estimates, a preliminary financial analysis
can be made to determine if there are financial constraints to proceeding with the
project as it has been conceptualized. The financial analysis must consider the
objectives of the project, including cost/benefit requirements of the owner and

financing organization.

In design stage, the project were design based on the concept that done

earlier. In the meanwhile, the design must also consider all the analysis done.

At regular maintenance and repair stage, here the actual management exist.
This started with collection of the basic bridge data in the form of a database
followed by the regular logging and recording of information through inspections to

examine the bridge condition and also the rate of deterioration.
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Then, the information from both managements and other information are used
to analyze load-carrying capacity which that bridge able to withstand. Besides that,
the information also helps in order to prior the financial resources for maintenance

purposes.

At bridge management, there are two types of approach that could be practice
which are bridge management at project-level and bridge management at network-

level.

2.1.3 Bridge Management at Project Level

The bridge management research on the individual bridge can be categories
as project-level type. Project-level contains several modules that deal with activities

that related to individual bridge such as (Omer, 2004):-

a) Inspection Module

The engineer records observation of the condition of the bridge during
inspection. The extent and severity of major defects on structural elements are
recorded in detail. This module helps in identifying the causes of defects and distress
in structural elements. The knowledge-based system in this module contains a
hierarchical knowledge structure; the most important component is usually addressed
first in top-down design. This design is used when the knowledge-based system is
designed to achieve goal/or sub-goals, based on the resolutions of rules that are .

establish. An example of a typical defect diagnostic system is shown partially in
Figure 2.1.3.1.
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Crack on Concrete
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Crack pattern
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Figure 2.1.3.1: Example of Rule based hierarchical knowledge structure for defect

diagnosis.

b) Deterioration Module

Deterioration modelling is used to conduct an analysis of the possibility of the
defects worsening over the period of time once the cause, extent and severity of
defects on a bridge are recorded (usually the worst affected) to determine the

remaining life of that structural element. This module identifies whether the element
needs attention.
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The analysis of the deterioration rate is carried out using a: Markovian
deterioration model shown in Figure 2.1.3.2 as described by Thompson and Kerr
(2000). The model uses the information gathered during the inspection process to
provide an easy way to explain possibility ofeach possible change
in circumstances from time to time. The Markov model assumes that measurements
are taken or used at evenly spaced intervals, and that the condition in the next

interval depends only on the current condition state and not on any other attribute.

Condition State

Excellent 4 I 100% 82% 67% 55% 45%

Good 3 18% 30% 36% 39%

Fair 2 3% 8% 11%
Poor 1 1% 5%

v

Oyears 5 10 15 20

Figure 2.1.3.2: Markov Model (Markov et al 1993).

Since the deterioration modelling conducted at the project level, an
adjustment factor is ‘required to calculate the deterioration probabilities. The
adjustment factor would come from knowledge-based models that reflect any
relevant bridge or element attributes in the database, including the behaviour of other

elements on the same bridge, and attributes of the environment in which the bridge is
located.
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c) Treatment Alternative Module

Alternative treatment can be identified based on the result of the deterioration
model. The deterioration model predicts the condition of the element at the end of
each treatment period. This condition is predicted to become the basis for generating
a list of appropriate treatment for the second period, which in turn allows the model
to predict the deterioration condition at the end of the second period for each
treatment. This simulation pattern is a traditional life cycle cost analysis that can be

repeated for as many periods as possible.

Each possible combination of element-level treatment on a bridge is a
potential alternative projects. Although this theory is hundreds of possible
alternatives can be found on a typical bridge, only a few are practical from the
economic and engineering aspects. The system uses a knowledge-based model to

reduce the list of alternatives to a manageable number.

The benefit of a project alternative is the saving in life cycle social cost that is
achieved by implementing the project rather than doing nothing. It includes the
difference in life cycle cost between subject project alternative and the do-nothing
alternative, plus the predicted savings in user cost. Issues such as political pressure
and interrelationshipv of the project, determined manually or by knowledge-based

models can also contribute to the calculations of interest.

d) The Maintenance Module

An important part of the maintenance activity is the rehabilitation or repair
methods. The treatment alternative model to identify the technical options for

rehabilitation of various bridge elements and the maintenance model determines how
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