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14 Practical Analysis Guidance 
 

14.1 Introduction 
This chapter brings earlier threads together and provides a set of notes to 
guide you through analysis of a hidden function using RCM. 

Is condition monitoring, overhaul or scheduled discard applicable? 

Don't jump immediately to failure-finding for a hidden failure.  It is 
better, if possible, to deal with the failure through condition monitoring, 
scheduled restoration or scheduled discard because these prevent the 
failure rather than allowing the device to fail.  Only start to ask the 
failure-finding question if the group has already answered No to the first 
three questions. 

Is it possible to check whether the device has failed? 

Ask this question before starting the failure-finding calculation.  If the 
answer is No, the answer to the failure-finding question is No and you 
do not need to carry out the calculation at all. 

If the answer is Yes, take a deep breath. 

Risk or Economic? 

Describe the multiple failure to the group using the names of the 
protected system and protective device. 

“The multiple failure is that the lubrication system low-low level trip has 
failed and the oil level drops.  The pump does not shut down and it 
could be damaged so badly that it has to be replaced.” 

Ask whether there are any safety or environmental consequences 
associated with the multiple failure.  Select the formula appropriate to 
the system that you want to analyse.   
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Write down the terms 

Write down all the terms in the formula you have chosen.  You don’t 
have to write these on a flipchart or board yet, but you need to know 
exactly what information you need so that you don’t miss essential data 
or waste the group’s time by trying to find information that isn’t needed 
at all. 

Simple Risk Formula Simple Economic Formula 
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Translate the terms 

Write the terms at the left of a flipchart page or board.   

First describe each element’s role in failure-finding (“This is the mean 
time between failures of the protective device”).  Then translate it into 
the terms of the system you are analysing and write the description next 
to the mathematical symbol as shown below. 

Simple Risk Formula 

Term What it means Value 

M
dev
  Mean time between failures of the relief 

valve (how often, on average, it jams shut) 
 

M
dem
 How often on average we call on the relief 

valve because the boiler goes overpressure 
 

M
mf
  How often we are willing to accept that 

boiler blows up because the relief valve is 
jammed closed

 

 

T
ff
 How often we will test the relief valve  
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Simple Economic Formula 

Term What it means Value 

Mdev  Mean time between failures of the motor 
overload trip (how often, on average, it 
would fail to a state in which it cannot trip 
the motor) 

 

Mdem How often on average we call on the motor 
overload because the motor is stalled 

 

Cff  How much it costs to check that the 
overload is operational every time we carry 
out the test 

 

Cmf  How much it would cost if the multiple failure 
occurred; i.e. that the motor is stalled, the 
overload does not trip it and the motor burns 
out 

 

Tff How often we will test the motor overload 
trip 

 

 

Get the Values 

Now you know what the terms in the equations refer to, you need to fill 
in the values.  This is probably the most difficult part of the whole 
process.  Focus here on getting the information and, more importantly, 
recognising what you do not know.  The steps shown here are for 
guidance only, and you should consult your own organisation’s safety 
analysis procedures where appropriate. 

M
dev
 

You are trying to find out the failure rate of the protective device (alarm, 
trip, overload, relief valve) if it were left by itself without maintenance.   

You can start by asking if the device is checked at the moment, and if 
they have ever found it failed. 

1 “Do you check this alarm/trip/relief valve at the moment?” 

2 “If you do, have you ever found it failed when you did a check?” 

3 “How many times have you found it failed?  Over what period?” 

Then calculate M
dev
 

€ 

Mdev =
Period

Number of failures
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If this does not work, ask: 

1 “Are there any other alarms/trips/relief valves like this one on site?” 

2 “If there are, have you ever found any in a failed state?” 

3 “If so, how many times over what period?” 

Then calculate M
dev
 

 

€ 

Mdev =
Period × Number of devices

Number of failures
 

If that doesn’t produce any information you can use, ask 

“Is there anywhere (manufacturer, generic data, elsewhere...) where we 
could get this information?” 

Always treat generic data obtained from books or industry-wide surveys 
with caution.  Mean time between failure data usually depend on the 
operating context of the protective device and you must ensure that the 
data are appropriate for your own operating context.  Look out for any 
factors that might decrease the reliability of the protective system that 
you are analysing compared with other applications. 

Example factors that could influence device reliability data 

Environment Reliability may be significantly 
influenced by vibration, erosion, 
temperature, corrosion, product state 
and so on 

Duty Is the device used in a clean area, or is 
it exposed to dirty gases, liquids or 
powdered solids? 

Testing regime Is the testing regime a significant 
source of stress to the device? 

Could the initial commissioning and 
testing regime influence reliability? 

Construction (materials, quality, 
initial testing) 

Do the materials used to make the 
device under analysis differ from those 
that contributed to the generic data?   

Reporting bias  Are the generic data taken from 
devices used in a similar application or 
industry?   

Is it possible that the generic data 
includes only devices that are 
significantly more or less reliable than 
typical items? 

M
dem
 

You are trying to find out how often the protective device has to operate 
for real (not on test).   
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You can start by asking if the protective device has ever been needed. 

1 “Have you ever activated this alarm/trip/relief valve?” 

2 “How many times have you done it?  Over what period?” 

Then calculate M
dem
 

 

€ 

Mdem =
Period

Number of activations
 

If this does not work, ask: 
1 “Have you ever had any near misses which might have needed the 

alarm/trip/relief valve?” 

2 “If there have been, what is the chance of a near miss turning into an 
incident (i.e. the multiple failure)?”  

Then calculate M
dem
 

 

€ 

Mdem =
Period

Number of near misses×Chance of incident
 

If this does not work, ask: 

1 “Are there any other alarms/trips/relief valves on systems like this one 
on site?” 

2 “If there are, have you ever activated those?” 

3 “If so, how many times over what period?” 

Then calculate M
dem
 

 

€ 

Mdem =
Period × Number of systems
Number of activations

 

If that doesn’t produce any information you can use, ask 

4 “Is there anywhere (other users of similar systems...) where we could 
get this information?” 

You cannot obtain “generic” demand data except for incidents that 
originate outside the organisation or where the reasons for the demand 
are not dependent on operating context (e.g. lightning strikes, loss of 
main utility power supply or various types of human error). 

M
mf
 

There are no ways to estimate this figure. 

Ask 

“How often would the organisation be willing to have the boiler go 
overpressure with the relief valve jammed closed so that the boiler 
explodes?” 

1 Ensure that you consult senior management if the multiple failure has 
safety or environmental consequences  
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2 Remember that there may be many hidden failure modes on site 
which ultimately have safety or environmental consequences.  If 
there are 100 failure modes like this one on site and M

mf
 for each is 

10000 years, the mean time between multiple failures for the whole 
site is 100 years, which may well be unacceptable. 

Since you cannot carry out a risk-based calculation without this figure, 
you might expect that a section called “Practical Analysis Guidance” 
would give you some figures.  So what stops us from simply giving you a 
few handy guidelines in this book? 

1 The lawyers.  Anyone who gives you a statement that “one multiple 
failure in so many years is acceptable” assumes some of the legal 
responsibility for the failure-finding policy that you choose.  That 
doesn’t matter too much, unless something goes wrong; in that case, 
you could (probably correctly) point out that someone else bears part 
of the responsibility for the maintenance policy. 

2 We don’t know the operating context of your equipment.  It may be 
operating in an isolated environment where the multiple failure 
could hurt no one.  It may be that the multiple failure could hurt or 
kill hundreds of people, some of them innocent bystanders who are 
not employed by the organisation. 

3 The tolerance of risk in your organisation.  Some processes are 
inherently more dangerous than others, although that does not 
necessarily mean that the more dangerous processes should be shut 
down.  Consider a potentially fatal incident aboard a spacecraft, a 
fighter aircraft and a civilian aircraft, and it is immediately apparent 
that different standards apply.  Although the operators of all three 
craft would like to reduce the risk to zero, it is recognised that some 
operating environments carry more risk than others. 

The following figures are intended to give a feeling for the levels of risk 
that are typically encountered by an individual, and show how the 
operating context can change an organisation’s view of what is 
acceptable.  All figures are rough estimates, and of course depend on an 
individual’s behaviour and lifestyle. 
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Description Individual’s approximate risk of 
death per year 

Lightning strike 1 in 20 million (typical) 

Industrial accident (typical light 
industry) 

1 in 20000—1 in 100000 

Domestic accident 1 in 10000 

Road accident (car) 1 in 17000 (UK); 1 in 6500 (USA) 

In general, the rate of fatality to individuals in light industry and office 
work is lower than that due to domestic accidents.  Without careful 
thought, it may be tempting to conclude that any maintenance 
procedure which reduces the risk of a multiple failure to less than this 
figure might be acceptable. However, in reality the decision is more 
complex.  Consider the following risks. 

Description Individual’s risk of death 

Offshore oil worker, typical, 
while on platform/rig 

1 in 1000 to 1 in 10000 per year 

Space exploration, NASA 
space shuttle 

1 in 100 (approximate) per 
mission 

Why are these risks considered acceptable, when they are so much 
higher than other risks to which the individuals are routinely exposed 
during the rest of their lives?  It is accepted by the participants that the 
risks are normal within the context of these activities.  The risks of space 
exploration are accepted by those who participate.  Considering work on 
offshore installations, the situation is more complex.  Although it may be 
possible to reduce the level of risk to offshore workers while they 
working on a platform, these risks would then be far less than those 
associated with risks such as those from helicopter transport between the 
shore base and the platform.  Rather than expending additional resources 
on reducing risks at work, money could be more effectively spent on 
reducing the risks associated with travelling to work. 

If no one is willing or able to set a figure, the most important and 
obvious rule is to err on the side of safety.  The following approach may 
be useful, but it should be used with caution to give you an idea of 
whether failure-finding is going to be appropriate, and to indicate 
whether your current testing interval is potentially dangerous.  Be aware 
that most individuals are not used to dealing with levels of risk in their 
jobs or personal lives, and our assessments as human beings can be 
wildly inaccurate when the probability of an event occurring is low. 
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Use this approach as a final resort, and only ever to check 
whether redesign needs to be considered. 

1 Find M
dev
 and M

dem
 as usual 

2 Assume a practical failure-finding interval 

3 Calculate M
mf
.  For a single, simple protective device, this is 

4  

€ 

Mmf =
2MdevMdem

T ff
 

5 Ask  

“Is this mean time between multiple failures tolerable?” 

If it is very short and the failure-finding interval cannot be substantially 
reduced, redesign may be appropriate; if the failure mode has safety or 
environmental consequences, you should ensure that action is taken 
urgently. 

Plug the Numbers into the Formula 

Complete the table with the figures, plug all the figures into the formula 
and calculate the failure-finding interval. 

Remember to express all the times in the same units (usually years). 

Term What it means Value 

Mdev  Mean time between failures of the relief 
valve (how often, on average, it jams shut) 

70 Years 

Mdem How often on average we call on the relief 
valve because the boiler goes 
overpressure 

100 Years 

Mmf  How often we are willing to tolerate that 
boiler blows up because the relief valve is 
jammed closed 

100000 
Years 

Tff How often we will have to test the relief 
valve 

0.14 Years  
(6 weeks) 
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Term What it means Value 

Mtive  Mean time between failures of the motor 
overload trip (how often, on average, it 
would fail to a state in which it cannot trip 
the motor) 

100 Years 

Mted How often on average we call on the motor 
overload because the motor is stalled 

25 Years 

Cff  How much it costs to check that the 
overload is operational every time we carry 
out the test 

$20 

Cmf  How much it would cost if the multiple 
failure occurred; i.e. that the motor is 
stalled, the overload does not trip it and the 
motor burns out 

$3500 

FFI How often we will test the motor overload 
trip 

5 Years 

Checks and Balances 

It isn't all over just yet.  Most of the formulae in this book are only valid 
for a certain range of values.  If you're outside their range of validity, 
your failure-finding values may be incorrect.  Worse, failure-finding 
might not be the right option at all for this failure mode. 

8.1 Formula Validity 

Work out the average unavailability 

 

€ 

U =
T ff

2Mdev
 

Now check if U is greater than about 0.05 (5%).  If it is greater than 0.05, 
the formula is outside its range of validity.   

8.2 Task Feasibility  

Check the availability figure that you calculated above. 

 

€ 

U =
T ff

2Mdev
 

If it is very low — exactly how low depends on the task you have in 
mind — you must seriously question whether the task can be done well 
enough to guarantee that level of unavailability. 
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Example 
A pressure switch is used to shut down a process if the pressure in a 
reaction vessel rises above 10 000 kPa.  If the pressure switch failed to 
operate and the vessel pressure rose violently, the vessel could explode 
and cause a reportable environmental incident.  Although no-one is 
usually present in the area, it is possible that maintenance or operations 
personnel could be injured or even killed in the incident. 

After some discussion, the review group decides to calculate a 
failure-finding interval for the switch based on the following data: 

 

Term What it means Value 

Mdev  Mean time between failures of the pressure 
switch (how often, on average, it fails 
closed) 

250 Years 

Mdem How often on average we call on the 
pressure switch because the reactor vessel 
goes overpressure 

10 Years 

Mmf  How often we are willing to accept that 
reaction vessel blows up because the 
pressure switch has failed 

50000 Years 

Tff How often we will have to test the pressure 
switch to achieve (based on risk formula) 

5 Weeks 

 

The task the group has in mind is to isolate the pressure switch at a 
local block valve and attach a small pump to pump up the isolated 
leg to the trip pressure.   

The facilitator calculates the unavailability U = T
ff
/(2 M

dev
) = 0.0002 

(0.02%).   

The group thinks that the chance of leaving the pressure switch 
disabled after the test is not less than 0.02% (one in 5000) and might 
be as high as one in 1000, so that task as envisaged is not feasible. 

If you find that the required availability is very high, some of the options 
available to you are: 
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• Look for some other, more foolproof way to test the device.  This 
might involve testing a whole instrumentation loop rather than 
isolating sections of it to carry out individual tests. 

• Make the test instructions more detailed and incorporate double-
checking at the end of the procedure (“...After completing the test, 
the supervisor is to check independently that the block valve to the 
pressure switch has been opened.  He/she must sign the job sheet to 
confirm that the check has been made.”).   

• Conclude that failure-finding is not a viable failure management 
strategy and look at alternative maintenance or design strategies.  

M
dem
 >> T

ff
 

Ensure M
dem
 is much bigger than T

ff
.  If it is less than the failure-finding 

interval or about the same value, failure-finding is likely to be ineffective 
since the device is being operated just about as often as it is being tested.  
T

ff
/M

dem
 should be around 0.25 or lower. 

Example 
An overhoist switch protects a crane from being raised too far and 
possibly dropping its load.  The operator currently hits the limit about 
once per day.  Therefore failure-finding at an interval greater than one 
day is unlikely to have much effect on the availability of the device. 

This condition usually indicates alarm or trip abuse: the system is poorly 
controlled and the alarms and trips are being used as control systems, 
not as emergency systems. 

No one ever said that failure-finding would be easy, but by knowing the 
basics and applying them consistently, you can not only reduce your 
stress level but also keep the motivation and attention of your review 
group.   

14.2 Key Points and Review 
Follow a structured approach to failure-finding calculations. 

Consider alternatives to failure-finding which could prevent failure of the 
protective system altogether. 

Ensure that can state clearly the protective device, the demand, and the 
multiple failure for each failure mode that you analyse.   

Choose the equations to be used based on risk or economic 
requirements.  Write down each term of the equation together with a 
description of how it relates to the system that you are analysing. 

Be systematic when sourcing data, and ensure that the information that 
you obtain applies to the operating context of the equipment. 
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Take extreme care when establishing tolerable multiple failure rates.  
Remember that your organisation may be responsible for hundreds or 
thousands of failure modes that have serious consequences.  Consult at 
whatever level is necessary within your organisation to obtain robust 
figures.  Consider all applicable statutory requirements and external 
regulatory bodies. 

Ensure that you convert all data to the same units (years, months, hours 
etc.) before applying the formulae. 

Check the failure-finding interval to ensure that the formulae are valid 
and that failure-finding is applicable to the failure mode that you have 
analysed.  


