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1. [bookmark: _Toc227575327]Introduction
A fault tree is a method to break down how and why something might fail. Instead of looking at a process step by step in the order it happens, a fault tree starts with the desired outcome and works backwards. This outcome is called the top event. From there, you map out all the different things that would need to go wrong (or right, depending on the analysis) for that event to occur. The structure ends up looking like an upside‑down tree, with the top event at the root and all the contributing factors branching out beneath it.
Fault trees use simple logic to show how different events combine. An AND gate means several things must all happen together for the next event to occur, while an OR gate means that any one of the listed events is enough on its own. By laying out a system in this way, you can identify the individual causes of failure and how they interact. This makes fault trees especially useful in situations where many small issues can add up to a larger problem.
Although FTA is often used in high-risk industries such as aviation or nuclear power, the same principles apply to everyday tasks. Even something as simple as making a cup of tea relies on a chain of conditions: the equipment must work, the ingredients must be available, and the person doing the task must perform each step correctly. A fault tree helps make these dependencies visible. Once the tree is built, you can attach probabilities to each event and calculate the overall chance of success or failure.
What makes this approach valuable is that it highlights weak points in the process. It shows where a single failure could stop the whole task and where human factors, such as fatigue, distraction, or stress, can have a significant impact. In other words, a fault tree does not just tell you what might go wrong; it helps explain why it is likely to go wrong and where improvements could be made.









1.1 [bookmark: _Toc227575328]How do they work?
A fault tree works by taking the outcome you want to analyse, in this case, successfully making a cup of tea with milk and sugar, and breaking it down into all the things that must go right for that to happen. Instead of following the steps in time order, the fault tree focuses on the logical relationships between different conditions. This makes it easier to see how equipment failures, missing ingredients, or simple human errors can stop the task from succeeding.
The structure uses two main types of logic gates:
· AND gates: every event underneath must be true for the next step to succeed. For example, to get hot water, the kettle must have water and power.
· OR gates: only one of the events underneath needs to be true. For example, Bill can sweeten his tea with either sugar or a sweetener.
By laying the task out this way, the fault tree shows how different parts of the process depend on one another. It also highlights how a single failure, such as no mains power, stale milk, or forgetting to plug in the kettle, can stop the whole task.
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2. [bookmark: _Toc227575329]Calculations of probabilities 
[bookmark: _Toc227575330]2.1 Probabilities under normal conditions
To work out Bill’s overall chance of successfully making a cup of tea with milk and sugar, the fault tree breaks the task into three main areas: producing hot water, having a usable cup, and having the correct ingredients available. Because all three of these must be true for the drink to succeed, the top event is controlled by an AND gate, which means the overall probability is the product of the probabilities of each branch. The calculations below follow the fault tree structure and show how each part contributes to the outcome.
Hot Water
The first requirement is that Bill can produce hot water. This depends on three things: there must be water in the kettle, the kettle must receive electrical power, and the kettle itself must be functioning. All three are essential, so this part of the tree is also an AND gate.
Water in the Kettle
Two things can prevent water from being available: the water supply could fail, or the kettle could leak. The probability of the water supply being available is simply the complement of the failure probability:
· Water supply available = 
Similarly, the chance that the kettle is not leaking is:
· Kettle not leaking = 
Because both conditions must be true, we multiply them:

Power to the Element
The kettle will only heat if the mains supply is available, and Bill successfully plugs it in and switches it on. These are again all required events:
· Mains available = 
· Plug reliability = 
· Switch reliability = 
The probability of power being delivered is:

Kettle Reliability
The kettle has a reliability of:

Hot Water Probability
Combining all three parts:

Bill has roughly a 77% chance of successfully producing hot water.
Cup Usable
The second branch of the fault tree concerns the cup. Bill needs a cup to be available, and it must be in good condition. These are both required, so again we multiply:
· Cup availability = 
· Cup reliability = 

This branch contributes little risk to the overall task.
Ingredients
The final branch is the ingredients: Bill must have a suitable drink (tea or coffee), something to sweeten it, and fresh, available milk. This is another AND gate, so all three must be true.
Correct Drink (OR Gate)
The fault tree treats “tea or coffee” as an OR gate. The probability that at least one is available is:


Sweetening (OR Gate)
Bill can use either sugar or a sweetener. Again, this is an OR gate:




Milk (AND Gate)
Milk must be both available and fresh:

Ingredients Probability
Combining all three:

The ingredients branch succeeds about 90% of the time.
Overall Probability of Success (Normal Conditions)
Now that each branch has been calculated, the overall probability is simply the product of the three:



Under normal conditions, Bill has a 68% chance of successfully making his cup of tea.

[bookmark: _Toc227575331]2.2 Probabilities with human factors
The second part of the task asks us to consider Bill’s performance when he wakes up in the middle of the night. The problem tells us that fatigue can affect three specific actions:
· Plugging in the kettle drops to 75% of normal
· Switching on the kettle drops to 75% of normal
· Selecting a cup drops to 90% of normal
All other probabilities remain unchanged.
Adjusted Plug and Switch Probabilities
The original values for plugging in and switching on were both 0.89. Under fatigue:




Adjusted Power Probability



This is a drop from the original value of 0.784.
Adjusted Hot Water Probability


So, hot water availability falls from 77% to 43%.
Adjusted Cup Probability
Cup availability remains 1.0, but Bill’s ability to select a cup drops to 90%:

Ingredients Under Fatigue
No changes are specified, so:

Overall Probability of Success (Fatigued)



When Bill is tired, his chance of success drops to around 35%, almost half of the normal value. The biggest contributors to this reduction are the plug‑in and switch‑on actions, which are both manual tasks that rely heavily on attention and coordination.






3. [bookmark: _Toc227575332]Conclusion
When using the fault tree, it became clear that making a cup of tea isn’t as simple as it seems in everyday life; there are lots of small steps that must go right. Under normal conditions, Bill’s chance of getting everything right is around 68%. Nothing big is failing; it is just that a chain of likely events still leaves room for things to go wrong.
The standout from the analysis is the electrical steps. Plugging in the kettle and switching it on are both manual actions, and they are the least reliable parts of the whole process. The ingredients are almost always available, and the cup is rarely a problem, but the kettle only works if Bill manages to activate it properly. Because those steps sit high up in the structure and feed into an AND gate, any slip there has a big impact on the outcome.
Once fatigue is added, Bill’s ability to plug in and switch on the kettle is reduced, and even though nothing else in the system changes, his overall chance of success drops to about 35%. The cup selection drop also contributes, but the electrical actions remain the biggest source of risk. This shows how everyday tasks can be influenced by human factors, especially when they rely on small, deliberate actions.
Overall, the fault tree shows not just whether the task is likely to succeed but also why it might fail and which parts of the process deserve the most attention. In this case, the technical components are all reliable; it is the human‑dependent steps that have most of the uncertainty. It is a good reminder that even simple tasks can be influenced by human factors. 





image1.png
Make Hot Drink





image2.svg
                         Make Hot Drink   Hot Water   Hot Drink Milk and Sugar  Ingredients in cup  Cup  Milk  Sugar  White  Sweetener  In good order  Available  Water in Kettle  Power to Element  Fresh  Available                       Water    Supply  Mains Supply  Plugged in  Switched on  Kettle OK  No Leaks  Coffee  Tea           Correct Drink           


