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[bookmark: _Toc196722616]I.I   What is a Fault Tree Analysis
A Fault Tree Analysis (FTA) is a form of failure analysis which collects and analyses data in order to identify the incidentals of a failure, often with the additional objective of deducing any remedial actions or liabilities. It is mainly used in safety engineering as well as reliability engineering so as to illustrate the mechanisms behind system failure and how to best mitigate and reduce the chance of failure and to understand the rate chance of a safety failure at a desired system level functional failure. FTAs are used in a wide range of industries including, but not limited to; aerospace engineering, civic nuclear engineering, chemical and pharmaceutical synthesis, petrochemical refinement as well as other industries that are considered to be high-hazard environments.

[bookmark: _Toc196722617]I.II   How Do They Work
FTAs are a graphical representation of a system where a clearly defined failure event, referred to as the top event of the fault tree, is identified and broken down by analysts in a deductive manner in order to understand the mechanisms for complex system failure. The top event is broken down into a structured hierarchy of contributing events using logic gates. There are two types of gate used in FTAs; being ‘AND’ and ‘OR’ gates. ‘AND’ gates show that several events must occur concurrently to yield any consequence, while ‘OR’ gates stipulates that any one of the contributing events can result in a failure. 

FTAs also utilise geometric indicators to describe the event that is taking place at a given point in the fault tree. A rectangular gate is used to indicate a fault event that has to be evaluated further, a circular gate indicates a basic event that at base level that has no further developments, a square gate is used to describe an underdeveloped event that is inconsequential or does not have sufficient information for further development, and a pentagonal gate is used to describe a normal event that is expected to occur regardless. This system of geometric indicators helps to make FTAs easier to read and more user friendly. 

Each branch of the fault tree represents a chain of events starting intermediate events which progresses down to more fundamental failure causes. Data from records or assessed judgement is used to assign probabilities to these events. By mathematically combining these probabilities according to the tree’s logic (AND / OR), the likelihood of a top-level event can be estimated. This allows the user of the FTA to understand the vulnerabilities of a system and aids the prioritisation of corrective measures.
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Figure 1: FTA for Making Hot Drink
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Table 1: Failure Probabilities

In order to calculate the probability of events using the probability matrix and the logic gates, the formula for each gate must be understood.

For an ‘AND’ gate, the formula is:

Equation 1:AND Gate
 Which equals:
.

On the other hand, the formula for an ‘OR’ gate is:

Equation 2: OR Gate
which equates to:


Using these formulas, we can calculate the probability of successfully making a hot drink.
To calculate the success probability of water being in the kettle, the formula for the ‘AND’ gate must be used. Since the water supply failure rate is 0.01 and the chance of the kettle being leaky is 0.1, the failure probability of water being in the kettle is calculated with the formula: 




Equation 3: Failure probability of Kettle
Using this method, the failure probability of making the hot drink can be calculated. The completed calculations for the FTA are shown in Figure 2.
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Figure 2: Completed FTA




[bookmark: _Toc196722619]III  Application of Human Factors
The subjects ability to switch on and plug in the kettle will drop to 75% of normal and his ability to select a cup will drop to 90% of normal given that it is the middle of the night and the subject is no doubt drowsy from just having woken up. 
As 75% of 0.7 is 0.53 and 90% of 1 is 0.9, a new FTA can be calculated using these new probabilities.
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Figure 3: Human Factors FTA
As can be seen by the FTA amended to account for the subject’s human factors of him being tired and drowsy, the subject’s probability of successfully making a cup of hot drink with milk and sugar decreases accordingly in areas where it is applicable. His reduced success rate to successfully select a cup and plug in and switch on the kettle has a knock-on effect in the FTA hierarchy which ultimately accumulates at the highest level of the FTA.
[bookmark: _Toc196722620]IV   Conclusions
In conclusion, an FTA diagram is in important industry tool in identifying failure modes in systems involving human interactions, as can be seen with the FTA regarding making a cup of hot drink with milk and sugar. The usefulness of the diagram is exemplified when the reduced capability of a subject is considered due to, in the case in Figure 3, tiredness and drowsiness. This then leads to a reduces success rate in making the cup of hot drink with milk and sugar.
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Event Probability
Tea availability 0.8
Coffee availability 0.9
Chance of leaky Kettle 0.1
Chance of water supply failure 0.01
Kettle reliability 0.99
Plug in operation reliability 0.7
Switch on reliability 0.7
Mains supply failure chance 0.01
Cup availability 1
Cup reliability 0.7
Milk availability 0.9
Milk freshness 0.8
Sugar availability 0.6
Sweetener Availability 0.9





image5.png
Make Hot Drink E 2365106

0.0049 0.98 * 0.96 : 0.98 *

e0oeee 060680





