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Abstract

Worldwide. there is a shift in focus of attention from constructing new bridges to maintaining
existing ones. This is due to 1) bridges are coming of age; 2) fund is low and 3) public
outcries over occurrence of a great number of catastrophic bridge failures. In Malaysia,
managing bridges had been the monopoly of the Government until around 1984 when
highways were privatized. Users and stakeholders of tolled highways. concerned over value
for money. are increasingly exerting pressure for better level of scrvice. Bridge management
is fast becoming an important subject of discussion. This paper discusses key issues in bridge
management. The aims are to provide an insight into the nature of bridge management and to
indicate necessary research directions in bridge management.

1. INTRODUCTION

Bridges can become unfit for their intended purpose due cither to structural deficiency or
functional obsolescence. The former refers to bridges that have suffered physical damages or
defects. or instability to such a degree that their reliability becomes questionable (see Fig. 1 &
Fig. 2). The latter refers to bridges that were previously designed to a lower loading

specification but are now expected to withstand a higher loading because of new
requirements. In order that the existing bridge stock continues to function safely bridges need
to be properly managed.

o

Fig. 1 Severe stalactites und lime Fig. 2 General scouring at pier
stains at deck soffit due to water exposing the piles and
leaking through cracks at deck slab threatening stability of the bridge

Looking after existing bridges has often been considered as lacking in glamour. Aspiring
young engineers would prefer creating new bridges to maintaining ones already built. In




creating new ones the engineers can claim “ownership” of the bridges. To some, design and
construction of new structures seem to demonstrate caliber of the engineer involved. Also,
political paymasters, as a rule, often pay more attention to construction of new structures
rather than existing ones.

There is, however. indication worldwide of a shift in focus of attention from building new
bridges to maintaining existing ones [1]. This is due to 1) bridges are coming of age; 2) fund
is low and 3) public outcries over occurrence of a number of catastrophic bridge failures. The
great number of deficient bridges and the enormous amount of money needed to reconstruct
them have prompted many bridge agencies to consider this two-pronged approach to preserve
the capital investment:

(1) To find ways to extend the service lives of existing bridges; so as to postpone
the need for total bridge replacement;
(11) To seek optimal solutions to bridge problems so that scarce resources could be

used in a more cost-efficient or cost-effective manner.

Approach (1) involves research for more durable materials and techniques for new
construction and more cffective system ot bridge repair and strengthening.  Approach (i)
could be called “a systems approach to bridge management™ [2]. It looks at bridge-related
problems in total and attempts to solve them globally using techniques transferred from many
diverse disciplines of study:

. Bridge engineering
. Operations research/ management science
. Computer science and information technology

The focus of this paper will be on the systems approach. Our discussions will be arranged in
the context of these three arcas.

In Malaysia. there are over 6.647 bridges and culverts along federal routes: and perhaps.
about the same number of state bridges [3]. The Public Works Department ot Malaysia or
JKR, as the technical arm of the Government has been entrusted the responsibility to manage
these bridges. JKR, through a series of bridge related studies, has gained sufficient
knowledge to become quite proficient in managing this bridge stock [4]. Thus, management
of existing bridges has hitherto been the monopoly of the Government.

With the privatization of road projects in Malaysia since 1984 bridges are now also operated
and managed by private organizations. There is likelihood that maintenance of federal roads
in the peninsular Malaysia may be privatized early next year. A new scenario has already
emerged where operations and management of bridges have become a business endeavor.
road users being the customers. Toll operators very often adopt the “users pay™ principle
where payment in toll is proportionate to the benefits enjoyed by road users [5]. Since users
and other stakeholders of tolled highways are always concerned with getting appropriate
value for money concessionaires of tolled highways are increasingly under pressure to deliver
high level of service. It is no wonder that bridge management is fast becoming an important
subject of discussions in Malaysia; as is evident from the number of bridge related proposals




(either for Government contracts or research funds) submitted to the Government for
approval.

The purpose of this paper is to discuss key issues in bridge management. The paper draws on
the author’s experience in JKR and his research interests in bridge management systems
(BMS) and bridge assessment. The targeted readers are managers and engineers who are
involved in up-keeping bridges and researchers who wish to identify areas for research.

I. BRIDGE MANAGEMENT AND BRIDGE MANAGEMENT SYSTEM (BMS)
A. Bridge management problem
Bridge management entails a broad range of activities carried out to ensure that every bridge

in the highway network remains fit for its intended usc throughout its life span. These
activitics are inter-related and include:

o Planning. design and construction ot new bridges

. [nspection and assessment of current bridge pertformance level
. Maintenance, repair and rehabilitation of bridges

. Operation and control of bridges

In order to ctfectively manage our bridges. important questions that need to be addressed arce
Which bridges are to be taken action, what actions and when?  Fig. 3 depicts a conceptual
model of the decision options [6]. Each box within the three axes represents an option of
choice. For example. decision option [ refers to replacing Bridge A in the first year. This
option will be compared with other options in an optimization exercise.
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Treatment Option [ - To replace Bridge ‘A’ in the first year

Fig. 3 A conceptual model of bridge decision [6]

The search for an optimal bridge decision is rarely made in one stage by considering all three
1ssues simultaneously. Rather, optimal decisions are often made in two levels. namely, the
network and project levels. In the nerwork level, optimal solutions are sought among bridges
in the network. This tackles the “which?” issue. In the project level, optimal solutions are




sought among various feasible treatments for specific bridges. This tackles the *what?’ and
‘when?” issues.

In developing a decision-making scheme to address the above bridge management questions
it is useful to look at the so-called “scientific method™ of problem solving as shown in Fig. 4
[7]. The method begins with problem statement in which the nature of the problem is clearly
stated. This will help in the identification of the objective and selection of the criterion of
choice. The next step is gathering of data and enumeration of feasible alternatives. The
fourth step involves determining or predicting the impact(s) due to each alternative. The fifth
step is the ranking of all the alternatives in relation to the impact(s) each produces. Finally.
the best alternative is chosen based on the principle of choice. We will refer to this scheme
later in the paper.

Define problems and needs
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Select alternative(s) based on the principle of choice established

Fig. 4 The scientific method of decision making/problem solving [7]

B. Bridge management system (BMS)

The traditional approach to bridge management tends to be ad hoc. Bridges are planned and
designed without much consideration of any future inspection and maintenance needs.
Indeed. there is hardly any planned maintenance at all. Bridge decisions are often based on
subjective appraisals of individual engineers and may not be timely or optimal. A systems
approach to bridge management would overcome these weaknesses. It requires that a
comprehensive bridge management system (BMS) be developed.




B1.  Whatis a BMS?
Bridge Management System has been defined as [1]

“... atool to assist highway and bridge agencies in their choice of optimal improvements
to the bridge network. [lIt] encompasses all engineering and management functions that
are necessary to efficiently carry out bridge operations. These include data collection
and management. inspection. planning, programming, construction and maintenance. A
BMS also includes formal procedures for coordinating these functions and analytical
tools for models to help identify bridge needs and establish priorities™,

In short, a BMS serves these two main functions:

° Data management
. Decision supports

[n order to achieve these functions. a BMS should have a structure consisting of the following
components:

. BMS Software
o Statfing
o Manuals/guides

The BMS sofivware consists of a suite of computer programs for managing and manipulating
the data to provide decision supports in specific bridge decision problems. Its main
components arc the database system. the prediction model and decision model.  The
collection of data in a manageable database is indeed the core for any bridge management
system.  The prediction models make use of the data to make predictions about futurc
performance and needs. and also the impacts under each treatment option. The decision
models. on the other hand. make use of the predicted data to make optimal decisions.

Many people often think that the system software is the system. Indeed. the personnel
operating and maintaining the software is also part of the overall bridge management system.
There are numerous activities that could best or perhaps only practical to be performed by
human. They include gathering of bridge data. bridge assessment and interpretation ot the
processed data.

The procedures to carry out bridge management activities must be standardized such that they
are consistent and uniform. This calls for documentation of the procedures and work
instructions for the staff. Besides being a major component of a BMS, these documents will
also serve the quality management system of the organization.

B2. JKR BMS

JKR developed the nation’s first computerized BMS in 1989 called JKR BMS [8.9]. JKR
BMS has been designed to aid bridge managers and engineers in the following activities:

1. Ranking of bridges for actions
il. Selection of "best” treatment options




1il. Bridge data management

iv. Project data management

V. Cost data management

Vi, Preparation of annual budget

V. Control of abnormal vehicle movement

JKR BMS was developed in-house by bridge engineers for bridge engineers using dBaselV
database management system [9]. It is a pity that JKR BMS has not been fully implemented
and only the bridge information module is used. The system has undergone a few
improvements over the years [10] but the original DOS-based version remains popular
because of its simplicity and tailor-made features.

It is useful to note that a BMS must always be customized to fit the needs of the organization.
Tham et al [11] discusses how JKR BMS was conceived and developed as a business system
and applying the techniques thereof.

11. KEY ISSUES IN BRIDGE ENGINEERING

Common bridge engineering activities include feasible bridge actions and activities to gather
data prior to taking the actions.

A. Bridge actions/treatments

Basic decisions and treatments include bridge maintenance. repair and rehabilitation.
replacement and posting of weight restriction. Ref. | 12] classifies muinienance operations as
ordinary maintenance and specialized maintenance operations.  Ordinary maintenance
operations are operations of a repetitive nature and in general, technically rather simple. The
intervention level for an ordinary maintenance operation is often already established.
Specialized maintenance operations are essentially repair work triggered by the results of a
bridge inspection.  Ordinary and specialized maintenance operations are thus commonly
called collectively as maintenance and repair (M&R). Bridge rehabilitation s an extensive
repair.

Whilst M&R and rehabilitation are more to restore the structural components for physical
damages or defects. bridge strengthening is upgrading work to increase the load-carrying
capacity of bridges. The bridge to be strengthened may be in good physical condition but
was however designed to a lower loading specification. In many instances, under-strength
bridges may not necessarily have to be replaced if known to carry only light vehicular loads.
In such cases, it may be more economical to post the bridge with weight restrictions.
However. weight restriction posting is not a common practice in Malaysia.

B. Bridge assessment

Prior to an action a bridge needs to be assessed of its current level of performance. An
important point is in identifying an appropriate performance measure that would indicate or
reflect the “health condition’ of the bridge and thus its needs. The performance measure
would preferably be in a high level of data measurement so that meaningful comparison




between two different values of performance measures can be made. A scale of data
measurement can be thought of in terms of the amount of information it contains. Nominal
scale is at the lowest level among other types of scales and is used for naming different
category of performance levels. The value does not carry any meaning to allow comparisons
to be made. The next level of data measurement is the ordinal scale. In the ordinal scale. the
numerical values connote the order or rank notwithstanding by how much. For the interval
scale, comparisons can be made based on the differences. Ratio scale is the highest level
allowing comparisons to be made in ratios.

B1.  Condition rating

Two common performance measures used in existing BMSs are condition rating and load
rating. Condition rating can be in a nominal scale if used merely as a coding to represent
each description of bridge condition. However, it is more often defined in an ordinal scalc
where the numerical values of. say. 1 to 5 do indicate the order, 1 being better than 2 and so
on. In JKR BMS, condition rating of 1 to 5 is defined in the interval scale such that an
improvement from 5 (the worst condition) to 4 has the same impact as an improvement from
3 to 2. Guidelines on condition assessment are provided in a national guide for bridge
inspection by the Road Engincering Association of Malaysia (REAM) [13] and will not be
further discussed here. Sufficed to say that due to simplicity condition rating will continue to
be used as a performance measure in addition to load rating.

B2.  Load rating

Load rating is the theoretical safe load-carrying capacity of a bridge expressed in respect of a
standard vehicle. Load rating may be a better indicator of performance level as compared to
condition rating [14]. Firstly. it can be objectively calculated rather than by subjective
cvaluation. Secondly, it is in a continuous scale rather than a discrete scale so it can assume
any real value. Thirdly. it is a ratio scale rather than an ordinal scale and thus is more
amcnable to mathematical manipulation.  The only problem is load rating may require
involved calculations.

In fact. load rating is concerned with a different aspect of measuring bridge performance. It
measures not just the capacity of structural members alone (as for condition rating) but the
capacity in relation to live loads. This way. it permits use of site specific information. for

example, types of traffic. in its evaluation. In many instances. for example, in posting weight
restriction on bridges load rating is a better criterion for decision making.

A load rating exercise essentially involves comparisons of resistance and load effects. Major
issues to be considered are lateral load distribution properties, definition of standard
assessment loading and safety factors. In Malaysia. a procedure based on a JKR study [15]
has been adopted. The procedure involves preceding rigorous analysis of all bridges in the
network individually by hound analysis. Bound analysis is nothing more than simplified
analyses treating the bridge superstructure separately as fully rigid and fully flexible. By
bound analysis the whole bridge population can be categorized into three bridge groups: 1)
Bridges which are definitely under-strength in terms of the legal load limits; 2) Bridges which
are definitely capable of withstanding the legal loads and 3) Bridges which require further
rigorous analysis.








































