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1. [bookmark: _Toc227326866]Background
Modern engineering systems are rarely composed of a single component; instead, they consist of multiple interacting parts, each of which contributes to overall system success (or failure). Variability in component reliability, resource availability, and human performance means that even simple systems can fail due to a combination of minor issues. As the saying goes, Show me a man with a single root cause and I’ll show you a liar! [1] highlighting the danger of attributing failures to one isolated factor. Understanding how these individual factors interact is a fundamental concern within systems engineering and reliability analysis [2] [3].
Fault Tree Analysis (FTA) is a structured analytical technique [4] developed to identify and quantify the causes of system failures. By modelling the logical relationships between component‑level events and a defined system outcome, FTA enables engineers to assess system reliability, identify dominant failure contributors, and evaluate the impact of both technical and human factors. While commonly applied to safety‑critical and industrial systems, the method is equally applicable to everyday life, where it can provide clear insight into how success depends on multiple interdependent conditions.
In this exercise, the process of making a cup of tea is analysed. By applying FTA, the exercise demonstrates how equipment reliability, resource availability, and human actions combine to influence the probability of a successful outcome.
[bookmark: _Toc518639978][bookmark: _Toc66872036][bookmark: _Toc227326867]Introduction
The objective of this assignment is to apply FTA to determine the probability that an individual successfully makes a cup of tea. A defined process model is used to identify all events required for success, and probabilities are assigned to each event based on provided data.
The analysis is first carried out under normal operating conditions, assuming typical availability of resources and baseline human reliability. The study is then extended to consider the impact of human factors, specifically fatigue, by adjusting the probabilities associated with key human actions. This comparison highlights how degraded human performance can significantly affect system reliability.
Through this exercise, FTA is used not only as a calculation tool, but also as a means of identifying where failures are most likely to occur and which aspects of the system contribute most strongly to unsuccessful outcomes.
[bookmark: _Toc518639979][bookmark: _Toc66872037][bookmark: _Toc227326868]Scope
The scope of this report is limited to the probabilistic analysis of making a cup of tea using the FTA method. The analysis considers only the events and probabilities provided in the assignment brief as given in [Table 1].
	Event
	Probability

	Tea availability
	0.98

	Coffee availability
	0.98

	Chance of leaky Kettle
	0.001

	Chance of water supply failure
	0.01

	Kettle reliability
	0.99

	Plug in operation reliability
	0.89

	Switch on reliability
	0.89

	Mains supply failure chance
	0.01

	Cup availability
	1

	Cup reliability
	0.99

	Milk availability
	0.95

	Milk freshness
	0.95

	Sugar availability
	0.88

	Sweetener Availability
	0.99


[bookmark: _Ref227216965]Table 1 - Supplied Event Probabilities
The report focuses on calculating the probability of a successful outcome under two scenarios: normal conditions and conditions where human performance is degraded due to fatigue, which are highlighted in [Table 2]. Broader considerations such as long‑term reliability trends, repeated attempts, or improvements to system design are outside the scope of this work.
	Event
	Fatigued Probability

	Plug-in Operation Success
	0.75

	Switch-on Operation Success
	0.75

	Combined Probability of cup
	0.90


[bookmark: _Ref227217121]Table 2 - Supplied Event Probabilities with Fatigued
The findings hopefully demonstrate the principles and application of FTA rather than represent a comprehensive study.
[bookmark: _Toc227326869]System Definition 
[bookmark: _Toc208712996][bookmark: _Toc227326870]The Event
The top event for this analysis is the successful preparation of a cup of tea. Success is defined as the completion of the process such that all required resources are available and all necessary actions are performed correctly within a single attempt.
The top event is modelled using an AND gate, meaning that failure of any required sub‑event results in overall system failure. Where alternative resources may satisfy a requirement success is represented using OR logic at the relevant sub‑system level.
[bookmark: _Toc227326871]Assumptions
· All events are statistically independent
· Probabilities provided represent single attempt at success 
· If any required event fails, the attempt is unsuccessful
· Tea is the intended drink
[bookmark: _Toc227326872]Probability Calculation
The following probability calculations assume normal operating conditions, with all supplied event probabilities representing baseline performance. Human actions are therefore treated as nominal and unaffected by fatigue or other performance‑degrading factors, which are considered separately in [‎Section 6].
[bookmark: _Toc227326873]Required Events for Success
For Bill to successfully make tea, the following must all succeed:
1. Tea is available
2. Water supply is available
3. Kettle is functional and does not leak
4. Mains electricity is available
5. Kettle is plugged in successfully
6. Kettle is switched on successfully
7. A usable cup is available
8. Milk is available and fresh
9. Sugar or sweetener is available
[bookmark: _Toc227326874]Calculated Probability of Each Sub-System
The calculated probabilities for each sub-system are summarised in [Table 3]. These values are derived from the component and human action probabilities as previously defined in [Table 1] and represent performance under normal operating conditions. 
	Event
	Probability Calculation
	Probability Total

	Tea Availability
	-
	0.98

	Water Supply Success
	1.00-0.01
	0.99

	Kettle Reliability
	-
	0.99

	Kettle no leaks
	1.000-0.001
	0.999

	Mains Supply Availability 
	1.00-0.01
	0.99

	Plug-in Operation Success
	-
	0.89

	Switch-on Operation Success
	-
	0.89

	Combined Probability of boiled water
	0.98*0.99*0.99*0.999*0.99*0.89*0.89
	0.752

	
	
	

	Cup Availability
	-
	1.00

	Cup Reliability 
	-
	0.99

	Combined Probability of cup
	1.00*0.99
	0.99

	
	
	

	Milk Availability 
	-
	0.95

	Milk Freshness
	-
	0.95

	Combined Probability of milk
	0.95*0.95
	0.903

	
	
	

	No Sugar Availability
	1.00-0.88
	0.12

	No Sweetener Availability 
	1.00-0.99
	0.01

	No either Availability 
	0.12*0.01
	0.0012

	Probability of Sweetener Success 
	1.0000-0.012
	0.9988

	
	
	

	Overall System Probability of Success
	0.752*0.99*0.903*0.9988
	0.6715


[bookmark: _Ref227323697][bookmark: _Ref227324628]Table 3 -Calculated Probability of Each Sub-System
[bookmark: _Toc227326875]Human Factors
[bookmark: _Toc227326876]Impact of Fatigue on Human Actions
Bill has woken up in the middle of the night. Fatigue directly affects human cognitive and motor performance, especially in tasks involving attention, sequencing, and fine motor control.
The following degradations are provided:
· Plug-in Operation Success, 75% of normal
· Switch-on Operation Success, 75% of normal
· Combined Probability of cup, 90% of normal.
[bookmark: _Toc227326877]Adjusted Calculated Probability of Each Sub-System
	Event
	Probability Calculation
	Probability Total

	Tea Availability
	-
	0.98

	Water Supply Success
	1.00-0.01
	0.99

	Kettle Reliability
	-
	0.99

	Kettle no leaks
	1.000-0.001
	0.999

	Mains Supply Availability 
	1.00-0.01
	0.99

	Plug-in Operation Success
	0.89*0.75
	0.6675

	Switch-on Operation Success
	0.89*0.75
	0.6675

	Combined Probability of boiled water
	0.98*0.99*0.99*0.999*0.99*0.6675*0.6675
	0.4233

	
	
	

	Cup Availability
	-
	1.00

	Cup Reliability 
	-
	0.99

	Combined Probability of cup, less fatigue
	(1.00*0.99)*0.90
	0.891

	
	
	

	Milk Availability 
	-
	0.95

	Milk Freshness
	-
	0.95

	Combined Probability of milk
	0.95*0.95
	0.903

	
	
	

	No Sugar Availability
	1.00-0.88
	0.12

	No Sweetener Availability 
	1.00-0.99
	0.01

	No either Availability 
	0.12*0.01
	0.0012

	Probability of Sweetener Success 
	1.0000-0.012
	0.9988

	
	
	

	Overall System Probability of Success
	0.4233*0.891*0.903*0.9988
	0.3402


[bookmark: _Ref227325365]Table 4 -Adjusted Probability of Each Sub-System
[bookmark: _Toc227326878]Discussion
[bookmark: _Toc299963605][bookmark: _Toc299979339][bookmark: _Toc299979445][bookmark: _Toc299979576][bookmark: _Toc300064561][bookmark: _Toc300065658][bookmark: _Toc299963606][bookmark: _Toc299979340][bookmark: _Toc299979446][bookmark: _Toc299979577][bookmark: _Toc300064562][bookmark: _Toc300065659][bookmark: _Toc299963607][bookmark: _Toc299979341][bookmark: _Toc299979447][bookmark: _Toc299979578][bookmark: _Toc300064563][bookmark: _Toc300065660][bookmark: _Toc299963608][bookmark: _Toc299979342][bookmark: _Toc299979448][bookmark: _Toc299979579][bookmark: _Toc300064564][bookmark: _Toc300065661][bookmark: _Toc299963609][bookmark: _Toc299979343][bookmark: _Toc299979449][bookmark: _Toc299979580][bookmark: _Toc300064565][bookmark: _Toc300065662][bookmark: _Toc299963610][bookmark: _Toc299979344][bookmark: _Toc299979450][bookmark: _Toc299979581][bookmark: _Toc300064566][bookmark: _Toc300065663][bookmark: _Toc299963612][bookmark: _Toc299979346][bookmark: _Toc299979452][bookmark: _Toc299979583][bookmark: _Toc300064568][bookmark: _Toc300065665][bookmark: _Toc299963613][bookmark: _Toc299979347][bookmark: _Toc299979453][bookmark: _Toc299979584][bookmark: _Toc300064569][bookmark: _Toc300065666][bookmark: _Toc299963614][bookmark: _Toc299979348][bookmark: _Toc299979454][bookmark: _Toc299979585][bookmark: _Toc300064570][bookmark: _Toc300065667][bookmark: _Toc299963615][bookmark: _Toc299979349][bookmark: _Toc299979455][bookmark: _Toc299979586][bookmark: _Toc300064571][bookmark: _Toc300065668][bookmark: _Toc299963616][bookmark: _Toc299979350][bookmark: _Toc299979456][bookmark: _Toc299979587][bookmark: _Toc300064572][bookmark: _Toc300065669][bookmark: _Toc299963617][bookmark: _Toc299979351][bookmark: _Toc299979457][bookmark: _Toc299979588][bookmark: _Toc300064573][bookmark: _Toc300065670][bookmark: _Toc299963618][bookmark: _Toc299979352][bookmark: _Toc299979458][bookmark: _Toc299979589][bookmark: _Toc300064574][bookmark: _Toc300065671][bookmark: _Toc299963619][bookmark: _Toc299979353][bookmark: _Toc299979459][bookmark: _Toc299979590][bookmark: _Toc300064575][bookmark: _Toc300065672]This FTA demonstrates how even simple everyday tasks can be treated as engineering systems with measurable reliability. Under normal conditions, Bill has a reasonable chance (approximately 67%) of successfully making a cup of tea, with most failures driven by the human to machine interaction rather than resource availability [Table 3].
When fatigue is introduced, Bill’s reliability (human reliability) becomes the dominant contributor to system failure. The reduction in plug‑in/switch‑on success probabilities leads to a significant reduction in overall system reliability, halving Bill’s chance of success to approximately 34% [Table 4].
[bookmark: _Toc227326879]Conclusion
This analysis highlights the importance of considering human factors in system design and reliability assessment. In many real‑world engineering systems, human interaction points represent critical vulnerabilities.
FTA provides a powerful framework for identifying these vulnerabilities and understanding where technical and or procedural improvements would yield the greatest increase in system reliability.
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