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PAM Asset Deterioration Curves Module 

 

Introduction 

 

The Asset Deterioration Curves module is used for tactical level asset management optimisation. The 

output of the module is a series of asset deterioration (risk) curves. They curves are used to identify the 

asset type with the highest survival probabilities (or lowest cumulative hazards [cumulative risk at time t 

of asset failure]) as assets are used. The module produces: 

 

 deterioration curves for single factors, for example manufacturer 

 deterioration curves for stratified factors, for example manufacturer stratified by functional site 

 deterioration curves for single assets that did not have maintenance interventions 

 deterioration curves for single assets that had maintenance interventions. 

 

In addition to producing curves for times to the first failure, curves for the times between successive 

failures can also be produced. 

 

The curves are produced using the Kaplan Meier estimator (see the appendix in Introduction to PAM in 

PAM Introduction). 

 

 

Schema 

 

Figure 1 shows the schema for the Asset Deterioration Curves module. 

 

Figure 1 
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Output Files 

 

The output is graphs and tables that are accessed from the module’s visualisation component. 

 

Figure 2 shows the cumulative hazard curves for 2,250 pumps in waste water pumping stations for four 

manufacturers in 800 locations based on 12 years of failure data. It consists of a series of discrete points 

where each point is an asset. 

 

Figure 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At all times pumps from manufacturer D had the highest cumulative hazards and pumps from 

manufacturer A had the lowest cumulative hazards, and so pumps from manufacturer A had the lowest 

maintenance costs. After ten years, the risk of failure of pumps from manufacturer D is about 3.25 times 

that of pumps from manufacturer A (1.3/0.4). 

 

As shown in the legend, the small crosses on the graphs are censored pumps. Censored pumps are 

pumps that had not failed by the end of the study, and are discussed with the concept of risk sets in the 

appendix in Introduction to PAM in PAM Introduction. 
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In general, if first asset failures are being analysed, the time to failure is the age of the asset. 

 

Figure 3 shows the survival probability curves for the same data. 

 

Figure 3 

 

 

 

At all times pumps from manufacturer D had the lowest survival probabilities and pumps from 

manufacturer A had the highest survival probabilities. Since survival probability and cumulative hazard 

are related, Figures 2 and 3 provide the same information and conclusions. Figure 3 shows that after 

ten years the ratio of the survival probabilities of pumps from manufacturers A and D is not 3.25 (the 

ratio of the cumulative hazards) but about 2.25 (0.63/0.28). 

 

At very long times to failure when there are relatively few observations the cumulative hazard and 

survival probability plots must be interpreted with caution. 

 

In addition to graphs of the cumulative and survival function, tables with the pumps’ failure statistics and 

survival time statistics are produced. Table 1 shows the number of manufacturers of each type (Total 

N), the number of failures (N of Events) and the number of censored events (Censored, N). 
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Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 shows the mean and median survival times and their 95 percent confidence intervals for each 

manufacturer. 

 

Table 2 

 

 

Manufacturer I has the highest mean and median survival times, and manufacturer J has the lowest 

mean and median survival times by a significant margin. 
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Failure (Hazard) Rate Curve 

 

The literature has many studies on how the failure (hazard) rate of assets changes as assets are used. 

A plot of the failure rate against time is the asset deterioration curve. A common form of the curve is the 

well known bathtub curve, as shown in Figure 4. Its name derives from the shape of the observed failure 

rate curve (the blue line). Failure rate is explained in the appendix in Introduction to PAM in PAM 

Introduction (the term ‘hazard rate’ rather than ‘failure rate’ is used in the document). 

 

Figure 4 

 

 

 

 

Figure 4 shows that the failure rate curve has three asset life stages (early (infant) mortality failure, 

constant (random) failure rate, and wear out failures) and Table 3 summarises their main features. 

 

Table 3 

 

Asset Life Stage 
Failure Rate 

Characteristic 
Cause 

Start-up/commissioning Decreasing Early (infant) mortality 

Normal operation 

(most of the asset’s life) 
Pseudo constant Normal operation 

End of life Increasing Wear out 
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Since the failure rate curve in Figure 4 does not assume a model (distribution), it is non-parametric and 

derived by empirical analysis of the data. One curve is calculated for each defined group of assets, for 

example pumps with the same specification operating in the same environment. The profiles of different 

groups can then be compared to see how they perform in each life stage. 

 

The curves assume that the assets were not maintained after installation and commissioning. If some 

assets were maintained to reduce their failure rates and extend their lifetimes, the curve can be 

generated but it cannot be interpreted meaningfully because it was formed using data from assets that 

were maintained and assets that were not maintained. Furthermore, the assets that were maintained 

were most likely maintained in different ways and at different times. In summary, it is not possible to 

draw valid conclusions from deterioration curves formed using data from assets operating under different 

conditions. 


