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Abstract: Industrial surveys show that a very much sum of money is usually spent on repair and maintenance activities of the
plants. This is more in case of deterioration, wear and corrosion. Therefore, by applying suitable and proactive approaches, the
optimal maintenance time for the industrial structures can be determined and unnecessary maintenance costs can be reduced.
Even a 5-10% reduction in maintenance costs will result in the industrial economy improvement. This paper emphasizes on the
condition based preventive maintenance approach rather than the time based maintenance or corrective maintenance
approaches because more accurate information regarding the building condition can be determined by using condition based
approach. This paper shows the use of statistics to predict the deterioration of the building structures based on their current
condition. Various types of statistical distributions are also illustrated. As the building deterioration is a non-negative
phenomenon, it can best be analysed by the gamma distribution process which is a continuous type statistical distribution.
Therefore, the gamma distribution is used as a tool in this paper for the deterioration prediction analysis.
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I. INTRODUCTION
Various surveys carried out on industrial infrastructure reveal that a very much amount of money is consumed in the repair and
maintenance activities of the industrial plants. This is due to lack of knowledge about the rate at which the deterioration or wear is
taking place with time in any building structure. After certain period of operations, assets and their components start deteriorating
with the age and cause failure of the whole system. . Determination of optimal maintenance decisions is widely recommended as an
effective way of minimizing system failure and corresponding maintenance costs. Infrastructure maintenance practices are carried
out by one of the two following methods:
A. Corrective maintenance approach
B. Preventive maintenance approach
Corrective maintenance approach includes the repairing or replacement of failed components and systems whereas in preventive
maintenance approach the systematic inspection and correction of incipient failures is carried out before they develop into major
defects. Preventive maintenance is planned maintenance of industrial structures and their components which is designed to improve
structural life and avoid any unplanned maintenance activity. Recent years have seen increasing use of PM approaches with overall
costs demonstrated to be lower than for a CM strategy. PM is widely used to mitigate asset deterioration and reduces the risk of
unexpected failure and as a strategy can be sub-classified into two approaches; time-based maintenance (TBM), where maintenance
activities take place at regular time intervals, and condition-based maintenance (CBM) where the maintenance of the structures
takes place by information collected through condition sensing and monitoring processes (either manual or automated).
Preventive maintenance strategies (both time and condition based) are widely used for infrastructure life-cycle management decision
making. These strategies can be planned and scheduled and their costs are typically lower than those for CM approaches. However
early preventive maintenance intervention adds little to the reliability of the system and can lead to unnecessary costs, hence
maintenance strategies often comprise a combination of preventive and corrective approaches.
Reasons for using preventive maintenance approaches in the current times:
1) Increasing the life expectancy of the structures.
2) Minimising the unexpected failure of the assets.
3) To determine the rate of deterioration for structures thereby applying condition based approaches.
4) To reduce the unnecessary maintenance costs which are higher while applying corrective maintenance strategies.
5) To improve safety and quality conditions.
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II. STATISTICS
Statistics and mathematics play vital role in the implementation of preventive maintenance strategies for industrial plants. Statistical
distributions, particularly normal, gamma, Weibull, binomial and Poisson distributions, play important role in estimation during the
quality control inspections and in predictive maintenance.
Different types of statistical distributions are in use. They are categorised as discrete and continuous type. The following table I
provides the list of various types of distributions.
Table I: List of Various Types of Statistical Distributions
Discrete type
Continuous type
Bernoulli
Beta
Binomial
Chi-square
Geometric
Exponential
Hypergeometric
Gamma
Logarithmic
Laplace
Poisson
Normal
Zeta
Weibull
A. Descriptive Statistical Terms
1) Probability Density Function (PDF): The PDF curve indicates regions of higher and lower probabilities for different values of
random variables.
2) Cumulative Distribution Function (CDF): It is used to determine the probability that an observed value from the data set will
be less than or equal to a certain value.
3) Inverse CDF: It is also known as quantile function which gives the value of the variable associated with a specific cumulative
probability. Generally 95th percentile of the given probability is taken as quantile function.
4) Survival Function: The survival function or reliability function is the probability that a variable takes on a value greater than a
certain value.
5) Hazard Function: It is also called the failure rate which is the ratio of probability density function (PDF) to the survival
function. It is used in reliability applications to determine the instantaneous failure rate at any point in time.
Applications of various distributions: Weibull distribution can be used provide an estimate for life of parts which fail frequently
like LEDs, electronic chips etc. Poisson distribution which is a discrete type distribution, can be used for events which are isolated.
For example, no. of machinery breakdowns in a workshop can be illustrated by Poisson distribution. Gamma distribution can be
applied to the areas where gradual degradation or change is occurring with the time.
III. METHODOLOGY
As the deterioration for any structure is a non-decreasing phenomenon which gradually increases with the time, the gamma process
is considered to be an effective method to analyse and predict it. A gamma distribution is a non-negative continuous type statistical
distribution with certain shape ( ) and scale or rate ( ) parameter values which can best be fit to the variable degradation data.
The probability density function (PDF) for gamma distribution is given by
( )=
Where gamma function,

e

( )

> 0,

> 0, > 0

(1)

Γ(α) = ∫

(2)

Let cumulative deterioration at time to are Z( )
Z( ), respectively. The deterioration increment from time to be
independent of the cumulative deterioration at time and it is a non-negative quantity, i.e. Z( ) − ( ) is independent of Z( ).
( ) − ( )~ (( ) − ( ))
Further,
(3)
The gamma cumulative distribution function (CDF) of the damage is denoted as F(z)= ∫ ( | , )
(4)
Mean value of cumulative deterioration at time t is
Survival function is given by,
S(z)= 1-F(z)

( )

= αβ; Variance of cum. deterioration at time t is

Hazard rate gives the instantaneous failure rate and is given by H(z)=
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IV. DATA ANALYSIS AND RESULTS
The condition data of several industrial buildings is used in the analysis and deterioration prediction of buildings is carried out.
Condition data: The elements are categorised into three groups according to the inspection data. Let the element condition in most
recent inspection be Cc (recent condition) and the condition in previous inspection be Cp (previous condition). Then an element can
be in one of the following three states S1, S2 or S3 which are mutually exclusive and exhaustive states defined based on two
consecutive element conditions. The state are S1 , where Cc ≥ Cp ; S2 , where Cc < Cp and S3 , where Cc = Cp. S2 represents a
state where the element has been renewed or refurbished as the current condition is improved compared to the previous condition.
S3 represents a state where the element has not been deteriorated as the condition remains the same.
S1 represents a state where the element has been actually deteriorated as the current condition is poor compared to the previous
condition. The gamma process is used to model the incremental deterioration over time. Hence, the non-incremental datasets
corresponds to states S2 and S3 are omitted in this study. The dataset corresponds to the state S1 that exhibits the positive
increments are used in our gamma process.
Deterioration data: As the gamma process model is used for the damage or the deterioration, the inspection data are to be adjusted to
derive the deterioration of the building element under consideration. Hence, the condition data are adjusted so that,
AccumulatedDeterioration = condition −1
(7)
For example, a brand new element which is in condition 1 has the accumulated deterioration 0 and a failed element which is in
condition 10 has the accumulated deterioration 9. Hence, from this point onwards the paper refers to the deterioration rather than the
condition of the element.
Parameter estimation: With the help of a statistical distribution fit software, the parameter values and are calculated as it uses
the maximum likelihood estimation method to derive out these factors automatically.
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Fig. 1: Probability density function (PDF) curve for buildings
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Cumulative Distribution Function
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Fig. 2: Cumulative distribution function (CDF) curve
Survival Function
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Fig.3: Survival function curve
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Cumulative Hazard Function
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Fig. 4: Hazard function curve
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Fig. 5: Predicted deterioration curve for building structures based on the inspection data
V. CONCLUSIONS
Reliability based approaches of deterioration prediction for infrastructure assets have been reviewed and gamma process has been
selected as a possible mechanism to be examined. From the above concluded analysis the following results can be inferred:
A. The expected deterioration rating for the Year 0 (2016) is calculated as 2.54 which signifies the current condition rating for the
Year 0 as 3.54 i.e. somewhere between condition 3 & 4. According to condition rating table it corresponds to an asset which is
in very good overall condition with deterioration and serviceability loss small in nature.
B. To keep the infrastructure assets in condition nearby 4 or better it is suggested to apply the inspection and maintenance
procedures by Year 3.
C. Estimated shape ( ) parameter value is 2.4203 and rate ( ) parameter value is 1.7984.
D. The expected life of the industrial buildings based on the above analysis is calculated as 56 years.
E. According to the inverse CDF value based on this inspection data analysis, 95% portion of the industrial buildings will fail
when the deterioration rating reaches 9.73 (condition rating >10).
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