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1. [bookmark: _Toc196831687]Introduction

1.1 [bookmark: _Toc196831688]Task Description

Bill has woken up in the middle of the night and wants to make a cup of tea. Use the probability multipliers and process chart (see table 1 and figure 1 below) provided to show where his key errors may lie when acting under fatigue.
What is his chance of success now?
Bill’s ability to plug in and switch on the kettle will drop to 75% of normal and his ability to select a cup will drop to 90% of normal.
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[bookmark: _Toc196831696]Figure 1 - Fault Tree Diagram
 

[bookmark: _Toc196831719]Table 1 - Probability Multipliers
	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



1.2 [bookmark: _Toc196831689]Fault Tree Analysis and Diagrams

Fault Tree Analysis (FTA) was first developed in 1962 by Bell Laboratories for the US Air Force.  This was to help them better understand the flaws in the Minuteman Missile System [1, 2].  It has since been used across various industries, primarily by safety engineers.
Fault Tree Analysis is a top-down approach to determine a specific event that could cause your overall undesired event in a complex system [3, 2].  It explores the causes of system level failures by evaluating each event and their immediate effects that lead to the undesired event [1]. 
A Fault Tree Diagram (FTD) is a graphical analysis tool used in a Fault Tree Analysis.  Most of the time, an FTD uses;  circular symbols to show a basic event; a rectangular symbol to show the top event (or intermediate events in between);  ‘AND’ gates (see figure 2); and ‘OR’ gates (see figure 3).  
[image: ]
[bookmark: _Toc196831697]Figure 2 -'and' gate
[image: ]
[bookmark: _Toc196831698]Figure 3 - 'or' gate
An ‘AND’ gate means that all inputs need to occur simultaneously for the output to occur, and an ‘OR’ gate means that either one of the inputs can lead to the output event [2, 3].

2. [bookmark: _Toc196831690]Calculation of Probabilities

2.1 [bookmark: _Toc196831691]Part 1

Bill has woken up in the middle of the night and wants to make a cup of tea. Use the probability multipliers (table 1) provided to show where his key errors may lie when acting under fatigue.
When comparing the FTD provided to the probability values provided there were a few anomalies in wording:

[bookmark: _Toc196831720]Table 2 - Comparison of probability wording
	Table of Probabilities Wording
	FTD Wording

	Chance of leaky kettle
	No leaks

	Chance of water supply failure
	Water supply

	Mains supply failure chance
	Mains supply



This means we need to change the probabilities recorded for these values.

[bookmark: _Toc196831701]Equation 1 - Probability of No Leaks


[bookmark: _Toc196831702]Equation 2 - Probability of Water Supply


[bookmark: _Toc196831703]Equation 3 - Probability of Mains Supply
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[bookmark: _Toc195703049][bookmark: _Toc196831699]Figure 4 - Fault Tree Diagram with Probabilities Applied

[bookmark: _Toc196831704]Equation 4 - Probability of Water in Kettle


[bookmark: _Toc196831705]Equation 5 - Probability of Power to Element


[bookmark: _Toc196831706]Equation 6 - Probability of Cup


[bookmark: _Toc196831707]Equation 7 - Probability of Correct Drink


[bookmark: _Toc196831708]Equation 8 - Probability of Sugar


[bookmark: _Toc196831709]Equation 9 - Probability of Milk


[bookmark: _Toc196831710]Equation 10 - Probability of Hot Water



[bookmark: _Toc196831711]Equation 11 - Probability of Ingredients in Cup


[bookmark: _Toc196831712]Equation 12 - Probability of Hot Drink Milk and Sugar


2.2 [bookmark: _Toc196831692]Part 2 

Bill’s ability to plug in and switch on the kettle will drop to 75% of normal and his ability to select a cup will drop to 90% of normal.

[image: ]
[bookmark: _Toc195703050][bookmark: _Toc196831700]Figure 5 - Fault Tree Diagram with New Probabilities Applied

[bookmark: _Toc196831713]Equation 13 - 75% ability to plug in kettle.

[bookmark: _Toc196831714]Equation 14 - 75% ability to switch on kettle.


[bookmark: _Toc196831715]Equation 15 – New Probability of Power to Element


[bookmark: _Toc196831716]Equation 16 - 90% ability to select cup.


[bookmark: _Toc196831717]Equation 17 - New Probability of Hot Water


[bookmark: _Toc196831718]Equation 18 - New Probability of Hot Drink Milk and Sugar








3. [bookmark: _Toc196831693]Application of Human Factors

The impact of human factors must be considered when undertaking a given task.  Human Factors takes in to consideration, human and individual characteristics, environmental, organisational and job factors, that could affect performance of a job in a way that can affect health and safety [4].  When carrying out a Fault Tree Analysis (FTA) it is important to also conduct a Human Reliability Analysis (HRA).  HRA take account of human factors and the affect they have on the safety and reliability of a system [5].  These factors include things such as; stress levels, fatigue, ergonmics,  knowledge, skills and training.  HRA can be used to predict the likelihood of human failure.   Once this has been calculated, mitigations can be put in place to reduce the likelihood of accidents occuring.  Incorporating an HRA into a FTA helps give a better, overall picture of how reliable or safe a system is.  This was demonstrated in the Part 2 calculations above, by introducing probability factors that were impacted by Bill’s fatigue.  


4. [bookmark: _Toc196831694]Conclusion

In summary, this assignment used the fult tree analysis methodology to work out the probability of Bill being able to make a cup of tea in the middle of the night.  The initial probability that was calculated, consisted of Bill waking up in the middle of the night with no other considerations to be taken.  This probability was found to be aorund 20%.  The second calculation required the consideration of human factors in the task being undertaken.  Bill’s ability to plug in and switch on the kettle would reduce to 75% of normal and his ability to select a cup dropped to 90% of normal.  This probabiltity was calculated at around 11%.  It can be noted that the probability of Bill being able to make a cup of tea successfully has now dropped by almost 10%.  This shows the impact that human factors can have on a given task.
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