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ABSTRACT: The most widely used deterioration model today is one that is based on the Markov chain theory.
. In this paper, the unnecessarily restrictive requirement for exponential or geometric holding times of the
"‘Markov process is relaxed in a more general stochastic model called semi-Markov process. Examples using
NBI data (USA) are provided which illustrate this new approach. )

1 INTRODUCTION

The reliability of a bridge declines with time due to
the degradation of the material and the increase in
vehicular load. To effectively manage an existing
bridge stock requires that the bridges be monitored
throughout their life spans.

Bridge deterioration modeling is thus a very
important activity in bridge management system
(BMS) development. It involves establishing a
relationship between the bridge performance and
time. This relationship may be assumed to be
deterministic or stochastic in nature. A deterministic
deterioration mode! assumes that future bridge
performance (or its expected value) is known with
certainty.  In this case, the performance-time
relationship is described by a mathematical equation
relating  either the performance or expected
performance with time. A commonly used
deterministic model is the repression function
obtained by doing a regression analysis on historical
bridge data (Veshosky et al 1994}.

A stochastic model, on the other hand, treats the
deterioration process as a stochastic process. The
state-of-the-art stochastic model has been based on
the Markov chain theory (Jiang & Sinha 1990,
Cesare et al 1992). In the Markov-chain
deterioration model, the performance level 1is
specified as discrete states. The performance of the
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bridges changes from one state to another in
accordance with a set of transition probabilities pj.
py 1s defined as the probability for the bridge to
move from state i to state j in one step; which may be
one year; or two years etc. : ‘

The Markov-chain bridge deterioration model
often assumes that a bridge can either remain in the
current state or deteriorate to the next lower state in
one step. Also, the worst state & in a state space of
{1, 2, ..., N} is considered an absorbing state; which
means that once the process enters the state it will
never leave it.  The stochastic nature of the
deterioration process is thus characterized by the
transition probability matrix of this format:

o l-p 0
0 P, 0 0
P=|: : : : (1)
0 0 Pur 1= Py
0 0 0 1

where p;, i =1, 2, ..., N represents the probability of
remaining in the ith state in the next step. Notice
that py is equated to 1 since N is an absorbing state.
There is now wide acceptance of the use of
Markov-chain deterioration models but it is
important to investigate the validity of the Markov
chain assumptions in bridge deterioration modeling.
























