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(ABSTRACT)

While the idea of critical break rate of water distribution pipeline (defined as the break
rate after which it is no longer economical to continuously repair) has been accepted in
the literature and among the practicing engineers, the formula to obtain the critical break
rate has remained elusive. In this dissertation, an equation for identifying the threshold
break rate of a pipe is developed. The threshold break rate equation gives a rule of thumb
for pipe replacement decision. Input parameters to obtain the threshold break rate of a
pipe are repair and replacement costs, interest rate, and the length of the pipe. In addition,
a methodology that enables the use of threshold break rate with the failure intensity and
hazard functions is developed. The methodology is drawn by considering the
relationships of the definitions of the threshold break rate with intensity and hazard
functions in the context of a repairable system’s failure process modeling. As aresult, the
newly developed threshold break rate equation can be coupled with any appropriate
intensity and hazard function to obtain economically optimal replacement time of a pipe.
Also, practical usage of the threshold break rate is demonstrated with a number of
numerical examples. Design aids in the form of charts and tables are provided. The
threshold break rate can be easily obtained either graphically or with the aid of the tables.
The methodology that links the threshold break rate and failure rate (intensity and hazard)
functions is extended to accommodate stress multiplying environmental factors in the
form of the proportional intensity and hazards model. The two models consist of an age
dependent failure rate function and a covariate structure. They are applied to a case study
area pipe system to obtain optimal replacement times for individual pipes in the system.
As a result, important hazard characteristics of water distribution pipes are drawn, and
implications on the optimal replacement analysis are discussed. A pipe break prediction
model is aso developed in this research. The model spans the space between the linear
and exponential break trends. The model is applied to the case study area pipe system
with various cost options. The results from this analysis are discussed in terms of
practical implementation of the replacement strategies.



