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What’s fatigue, & why is it important? 

■ “Perceived weariness that can result from prolonged working, 
heavy workload, insufficient rest and inadequate sleep” 
 

■ Fatigue’s effects: 

– Less alert 

– Slower reactions 

– Drowsiness 

– More errors 

– Less patient 

– “Lose the picture…” 
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What factors affect fatigue? 

■ Work related factors e.g. 

– Planned work hours 

• Length, timing in 24h cycle, 
variability, predictability? 

– Actual work hours 

• overtime, extra shifts? 

– Nature of tasks 

• How mentally demanding, 
repetitive, mundane, 
strenuous? 

– Work environment 

• Warm/cool? Bright/dim? People 
around? Active/sitting? 

– Culture?   

• Pressure (real or perceived) to 
carry on? 

 

■ Non-work related factors e.g. 

– Amount of sleep obtained  

• Opportunities for sleep 
between shifts, & how used 
 

– Sleeping environment 

• Light, noise, comfort etc 
 

– Health e.g. 

• Sleep disorders 

• Other health conditions & 
medications 
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Some controls for fatigue 

■ Work & travel hours? 

– Make work patterns “fatigue-

friendly” : keep “fatigue factors” 

to a minimum (see later) 

• e.g. long night shifts 

 

■ Fatigue education & 
awareness? 

– Staff 

– Managers 

– Whoever plans work patterns 

 

 

 

 

 

■ Fitness-for-duty controls? 

– At recruitment:  

• medical, sleep disorder 

screening 

– For every shift:  

• Enough sleep before work? 

How long awake by end of 

shift? 

 

■ Fatigue reporting process? 
 

■ Fatigue surveys & other 
feedback 
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Fatigue Risk Management System? 

■ Fatigue has MANY causes, 
so… 
 

■ Need MANY controls to 
prevent / minimise it 
 

■ A “Fatigue Risk Management 
System” 
 

■ Use HSE’s “POPMAR” risk 
management cycle   
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ORR guidance… 

…a fatigue risk management system 

 

 

• ORR checklist helps company: 

• Assess its fatigue controls 

• build the skeleton of a 
system 
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Some areas rail 

companies struggle 

with… 
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Assessing working patterns 

 

 

 

■ “Triangulate” fatigue  
 

■ Use all 3 corners    
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1st corner : work pattern guidelines 

■ Build fatigue-friendly working 
patterns 

■ “Fatigue Factors” increase the 
likelihood of fatigue  

■ So…where reasonably 
practicable, avoid them 

■ If not reasonably practicable to 
avoid a fatigue factor: 

– Justify why (e.g. clearly, some 

work HAS to be done at night), 

then 

– Minimise the factor, and 

– Control the associated risks 
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Uses of “Fatigue Factors”? 

■ “Fatigue Factors” in: 

– rostering principles? 

– assessing work patterns? 

– Assessing changes to planned 

work e.g. 

• Overtime? 

• rest-day working? 

– investigating incidents & staff 

concerns? 

– fatigue KPIs 

• to help identify fatigue 

hotspots & priorities? 

 

■ Train roster staff in them 
 

■ Incorporate in scheduling 
software, to help predict 
likely problems 
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2nd corner – fatigue tool 

■ Computer program, tries to mimic what makes people 
fatigued e.g. working hours, time of day/night etc 

■ e.g. HSE Fatigue & Risk Index 

■ To SUPPLEMENT other two corners - an aid, not “gospel” ! 

■ Scores aren’t “limits to work up to”: understand what they mean! 

■ Use charts to help ID likely peaks, trends, hotspots… 
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3rd corner: feedback from staff 

■ Talking with staff! 

■ Fatigue survey? 

– “Which  turns do you find 
most tiring?  Why?  How 
could we improve it?” 

■ Fatigue rating scale  

– Takes 10s: e.g. before,  
½ way thru & end of shift 

– To help ID more tiring shifts 

– To assess effect of changes 
to shift (before v after)? 

– Is it the shift or the person? 

– Aim: improve shifts to get rid 
of all sixes? Then reduce 
fives? 

 

 

 

13 
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Remember…all three corners! 
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Fitness for duty: recent sleep is key, but 

often neglected…! 

■ Not enough recent sleep 
and/or staying awake too 
long means fatigue, but: 
 

■ Many tools like Fatigue & 
Risk Index assume you 
get sleep…!  
 

■ Q: Fitness for duty thru’ 
whole shift?  Travelling  
home?  Hard to judge… 
 

■ RSSB Project T1082  
Decision-aids for fitness-
for-duty (booking on etc) 

https://www.youtube.com/watch?v=_C3hsHltF6Q
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Rough “rules of thumb” on recent sleep… 

■ “Have I had enough sleep?” 

– You may feel OK when you book-on, but it’s hard to tell how tired you’re 
likely to become through the whole of your shift.  Here are some rough 
guidelines. Everyone’s different, and many things affect fatigue - you may be 
too tired even within these guidelines.  If in doubt, put safety first, tell your 
supervisor and don’t put yourself or others at risk. 

■ Your performance is likely to be impaired: 

– If you’ve had less than 6 hours’ sleep in the previous 24 
hours 

– If you’ve had less than 12 hours’ sleep in the previous 48 
hours 

– When you’ve been awake longer than your total sleep in the 
previous 48 hours (up to a maximum of 16 hours, whichever 
is the lower) 
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Sleep disorders 

■ Still get incidents due to sleep 
disorders e.g. sleep apnoea 
 

■ Get Occupational Health 
advice on medical 
assessments, including  

– sleep disorder screening 

– Require staff to declare any 

sleep disorder 

 

■ Remember : sleep disorders 
can often be successfully 
treated 
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What to measure – devise suitable fatigue KPIs? 

Outcome indicators e.g. 

■ % of shifts (planned/actual) 
containing xyz fatigue factors 

■ % of shifts covered by 
overtime 
 

Activity indicators e.g.  

■ % rosters assessed using 
“fatigue factors” & fatigue tool 

■ % shifts where fitness-for-duty 
checks completed (e.g. recent 
sleep & time awake) 

■ % of rostering staff assessed 
as competent in fatigue 
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Links with company “culture” 

■ Management, staff / union 
interests may conflict 
 

■ Pay arrangements may 
encourage long hours:  
 may suppress fatigue 
reporting? 
 

■ Staff may like fewer, longer 
shifts for long blocks off 
work…but how safe? 
 

■ Pressure (real or perceived…) 
to keep service running may 
suppress fatigue reporting 

■ Personal responsibility to use 
sleep opportunities, but: 
 

■ Staff won’t raise fatigue 
concerns if think they’ll be 
“punished” 

– “How will I be treated if I say I’m 

too tired?” 

 

■ Openness, trust, honesty: a 
“just” culture 
 

■ Collaboration 

– a joint management & staff group 

to progress fatigue? 
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No magic wand for fatigue! 

■ Comprehensive fatigue risk 
management system 
 

■ Staff involvement 
 

■ Open, honest, trusting culture 

 



21 

More info? ORR website “Working Patterns” 
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Thank you - questions? 



P erceptions  and 
L essons  L earned in 
Managing F atigue in 
Aviation O perations  

D ouglas  Mellor 
F ounder and D irector F R MS c L imited 

 
14th November 2017 

 
douglas .mellor@ frmsc.com 
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C ontent 

1. T he Aviation B us ines s  
E nvironment 

2. T he Need for F atigue 
Management 

3. T he Approach - how it is  
managed in aviation 

4. Who B enefits  
5. S ummary 
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1. T HE  AVIAT IO N B US INE S S  
E NVIR O NME NT  
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T he Aviation B us ines s  E nvironment 

• Highly competitive environment 
– L ow C ost C arrier model challenging 

• Highly regulated safety culture 
– Two pilots  minimum 
– P ilots  have heavy res pons ibility for 

safety 
– IC AO  – world source of s afety policy 

• Wafer thin margins  (mostly) 
– Main cos t is  aircraft… … . 
– … then fuel cos ts , aircrew and s upport 

s taff and then… …  not a lot left for other 
s tuff. 

– All paid in US  D ollars . 

• Highly unionised workforce 
– Agreements  often work agains t fatigue 

management… . 
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2. T HE  NE E D  F O R  
MA NA G E ME NT  
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Is  there a P roblem? 

O ur ex perienc e s ug g es ts : 
• Airline industry is  a lot safer than other 

modes  of transport 
– 2 pilots  check each other’s  decis ions  

• E arly s tarts  and late finishes  are 
problematic as  are long, consecutive 
duties  and overnight flights .   

• Air C rew tend not to report fatigue until 
asked 

– F ear of being criticis ed for declaring 
fatigue 

• F atigue is sues  can be hidden 
– E mployees  of all indus tries  prefer to work 

additional duties  to get a longer time off 
work 

– C ulture and payment s ys tems  can mas k 
fatigue is s ues  

 
 
 



Why worry? 
F atigue related accidents  and incidents  

•  1993 K alitta International DC -8-61F  at 
G uantanamo B ay 

•   1994 A ir A lgerie737-200F  at C oventry, UK  
•   1997 K orean A ir 747-300 at G uam 
•   1999 American A irlines  MD -82 at L ittle 

R ock, US A 
•   2001 C ross  A irB Ae146 at Z urich, 

S witzerland 
•   2002 Agco C orp C hallenger 604 at 

B irmingham, UK  
•   2004 MK  Airlines  747-200F  at Halifax 
•   2004 C orporate A irlines  B AeJ ets tream31 at 

K irksville, US A 
•   2004 Med Air L earjet35A at S an B ernadino, 

C alifornia 
© F R MS c L imited 2017 

 



Why worry? 
F atigue related accidents  and incidents  

• 2005 L oganair B -N Is lander at  
Machrihanish, UK  

• 2006 C omair C R J 100 at L exington K Y  
• 2007 C athay P acific 747F  ground 

collis ion at S tockholm Arlanda 
• 2007 P innacle A irlines  B ombardier C R J -

200 ran off runway at Traverse C ity, 
Michigan 

• 2008 G o B ombardier C R J -200 flew pas t 
des tination airport, Hawaii 

• 2009 C olgan Dash 8-Q 400 at B uffalo, NY  
• 2010 A ir India E xpress , B oeing 737-800, 

Mangalore, India 
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Why worry? 
F atigue related accidents  and incidents  

• 2012 C R J 7, L orient F rance, a B rit A ir 
B ombardier C R J  700 landed long on a 
wet runway at L orient and overran the 
runway. P oor decis ion making as  a result 
of fatigue 

• 2013 L ondon Heathrow, the fan cowl 
doors  on both engines  of an A irbus  A319 
detached as  it took off from L ondon 
Heathrow. 

• 2013 As iana A ir – pilot mis judgement on 
speed and height on landing. C rashed 
into sea wall. P assengers  ejected on 
impact. 

• 2015 B Ae HS 125-700/ Hawker 700A 
from Dayton to Akron failed to complete 
a non-precis ion approach. A ll on board 
were killed 
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C E O  R equires  Information: 

1. Are we compliant? 

2. What could go wrong? Why 
won’t that happen? 

a) today? 

b) tomorrow? 

3. Is  the S afety Management 
S ys tem working as  it s hould? 

4. What res ources  do you need? 
Why? Where is  the bus ines s  
cas e? 

5. Are we improving? S how me the 
data.  

 
© F R MS c L imited 2017 



3. T HE  MA NA G E ME NT  
A P P R O A C H IN AV IAT IO N 
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It s tarted with F light Time L imitations … .. 

© F R MS c L imited 2017 
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L imits  for total flight time (or duty time) 

Time 
interval AUS CRO FRA GB GER JAP RUS SCA SWI USA 

1 week 30 - - (50) - - (41) - - 30 

2 weeks - - - - - - - - 60 - 

1 month 100 - 75-95* 100 (210) 80 70-80* - 100 100 

2 
months - - 180 - - - - - - - 

3 
months - - 265 - - 220 - - 280 300-

350* 

6 
months - - 510 - - - - - - - 

1 year 900 1000-
(1600) 935 900 1000 840 700-

800* - 1000 1400 

* D epending on the aircraft type and flight range F rom Mis s oni et al 2009 

T his  s hows  the hours  that were  allowed by  eac h 
reg ulatory  body. T here is  quite a differenc e for 

es s entially  the s ame job 
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F actors  us ed in s cheduling in 10 IC AO  
member s tates  

AUS CRO FRA GB GER JAP RUS SCA SWI USA Total 
states 

Aircraft type + - + - - + + - - - 4 
Crew no. # + - - + - - + - - + 4 
No. of flight segments - + - + + + - + + - 6 
Flt range + + + - - + + - - + 6 
Flt time - - + + - + - - + + 5 
Duty time + + - + + + + + + - 8 
Time of day* - - - + - - - - + - 2 
Time zones - - - - + - - + + - 3 
Night flying + + + + + - - + + - 7 
Augmentation + - - + + + + + + + 8 
Previous rest - + - - - - + - - + 3 
Night sleep + - + - - - - + - - 3 

Total no. of factors 7 5 5 7 5 6 6 6 7 5 

O
pe

ra
tio

ns
 

S
ch

ed
ul

in
g 

C
re

w
 

F rom Mis s oni et al 2009 # excluding augmentation not mentioned (-); * excluding night hours  

E ac h R eg ulator look s  at a portfolio of different meas ures  to reg ulate  es s entially  the 
s ame indus try. 



F R MS  – A continuous  improvement 
cycle 

 

R eg ulators  
C ompliance, A lleviation & 
R egulation Development 

 
 O perators  

S afe performance 
O perational F lexibility 

C ost reduction 
 

R es earc h  
F atigue science & 
 operational risk 

 assessments  

F R MS  
C yc le 

© F R MS c L imited 2017 
 



An outline of F R MS  

P olic y  and 
Doc umentation 

F R MS  P romotion 
P roc es s es  

E ffective R eporting 

Fatigue Risk Management Processes 

F atigue 
Hazard 

Identification 

Manage 

R isk 
Assessmen

t 

FRMS Safety Assurance Processes 

C ompliance 
Inves tigations  

P erformance Indicators  Analys is  and S ys tem 
E valuation 

E videnc
e- 
based 
controls  

J us t 
C ulture 

Manage 

© F R MS c L imited 2017 
 

F atig ue S afety  A c tion G roup Identic al to S afety   
Manag ement S ys tem 



4B . ME A S UR E ME NT  
 IS  MA NA G E ME NT  

© F R MS c L imited 2017 



Sleep before early starts 
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Sleep after late finishes 
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T he effect of early s tarts  
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duty start (hours LT)

fatigue
(7-pt)

© F R MS c L imited 2017 



• P attern of adaptation varies  
cons iderably 
– some individuals  took more 

than a week to adapt 
• E ven the direction of adaptation 

varied 
• T he amplitude of the rhythms  was  

much reduced 
 

R ecovery after a 10-hour eas tward 
trans ition 

© F R MS c L imited 2017 



B io-mathematical Models  
T he S AF E  model for pilots  

Useful for identifying and assess ing hazards  
1. How many 
2. How big 
3. Where they are © F R MS c L imited 2017 



B io-mathematical Models  

G ood for: 
1. E valuating fatigue on new routes  
2. E valuating planned vs  Actual schedules  
3. S etting limits  (regulation/management) 
4. E valuating fatigue reports  
5. Assess ing fatigue in accidents  and incidents  
6. Improving labour productivity 

 

© F R MS c L imited 2017 



T he F atigue R is k Index 
Available from HS E  webs ite 

Risk Index Calculator
Read the manual before using!  Go to

Company  Assessor
Location

Shift ID
Date

Mode © Crown Copyright 2005
Version 2.3

Day On Duty Off Duty Job type / 
breaks

Commuting 
Time Duty Length Rest Length Average duty 

per day
Cumulative 
component

Duty timing 
component

Job type / 
Breaks 

component
Risk Index

01/06/2013 06:00 16:00 Default Default 10h Fully Rested 10h 0.89 0.81 1.05 0.75
03/06/2013 07:30 14:30 Default Default 7h 1d 15h 30m 5h 40m 0.89 0.71 1.05 0.66
07/06/2013 07:30 14:30 Default Default 7h 3d 17h 3h 26m 0.89 0.71 1.05 0.66
09/06/2013 00:01 07:01 Default Default 7h 1d 9h 31m 3h 27m 0.89 0.83 1.05 0.77
10/06/2013 07:30 14:30 Default Default 7h 1d 29m 3h 48m 0.96 0.71 1.05 0.72
11/06/2013 07:30 14:30 Default Default 7h 17h 4h 5m 1.01 0.71 1.05 0.75
12/06/2013 07:30 14:30 Default Default 7h 17h 4h 20m 1.06 0.71 1.05 0.79
13/06/2013 07:30 14:30 Default Default 7h 17h 4h 32m 1.11 0.71 1.05 0.83
14/06/2013 07:30 14:30 Default Default 7h 17h 4h 43m 1.15 0.71 1.05 0.86
15/06/2013 06:00 13:00 Default Default 7h 15h 30m 4h 52m 1.20 0.73 1.05 0.92
16/06/2013 06:00 13:00 Default Default 7h 17h 5h 1.26 0.73 1.05 0.96
17/06/2013 07:30 14:30 Default Default 7h 18h 30m 5h 7m 1.31 0.71 1.05 0.98
18/06/2013 07:30 14:30 Default Default 7h 17h 5h 13m 1.36 0.71 1.05 1.01
19/06/2013 07:30 14:30 Default Default 7h 17h 5h 19m 1.40 0.71 1.05 1.05
20/06/2013 07:30 14:30 Default Default 7h 17h 5h 24m 1.45 0.71 1.05 1.09
21/06/2013 07:30 14:30 Default Default 7h 17h 5h 29m 1.50 0.71 1.05 1.12
22/06/2013 06:00 13:00 Default Default 7h 15h 30m 5h 33m 1.55 0.73 1.05 1.18
24/06/2013 07:30 14:30 Default Default 7h 1d 18h 30m 5h 22m 1.55 0.71 1.05 1.16

http://www.hse.gov.uk/RESEARCH/rrpdf/rr446g.pdf

JAM

June 2013 to 21 Jan 2014

Test

NN accident

anon 

Defaults

Display schedule

Display charts

Risk AboutCalculate IndexReset Index

© F R MS c L imited 2017 



T he (New) F atigue R is k Index 

© F R MS c L imited 2017 



B us ines s  Information 

© F R MS c L imited 2017 



4C . P R O C E S S E S  
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Advice from IC AO  
T he “What to D o” 

• F irs t produced in 2011 
• Updated 2016 
• O perators  manual 
• R egulators  manual 
• C ontains  

– F atigue science 
– Management requirements  

• Including P olicy, F S AG , 
management of ris k, 
documentation, data collection 

– Q A processes  
– Training requirements  
– P romotion processes  

 
 

Us e S afety  Manag ement S ys tem 

© F R MS c L imited 2017 
 



4C . E X T E R NA L  HE L P  
How to do it 

© F R MS c L imited 2017 



30 

Networking and learning opportunity 
The “How to do it” 

T he F R MS  F orum s tarted in 
2008 
• Not for profit organis ation 
• R un by the aviation indus try 

for any indus try 
• Members hip provides  acces s  

to documents , advice and 
meetings  

 
www.frms forum.org  

© F R MS c L imited 2017 
 



O s lo C onference Agenda 
28 and 29 November 2017 



5. B E NE F IT S  O F  A N F R MS  
A P P R O A C H 

WIIF M 
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B enefits  from implementing an F R MS  
C ollecting data, creating leading indicators  

• B enefits  to A ir C rew 
– F eel better, perform better, fly s afer 
– “T he company’s  recognition of our fatigue 

indicates  we’re a team!“ 
• B enefits  to s afety  manag er 

– Higher s afety perimeter,  
• another risk managed 

– R egulatory compliance. 
• B enefits  for C E O  

– A high performance workforce  
– L ower ris k of O n the J ob Injuries  
– Increas e flexibility and productivity 
– L ower operational ris k = lower ins urance 

cos ts . 
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6. S O ME  L E S S O NS  L E A R NE D 

© F R MS c L imited 2017 



S ome les s ons  learned 

T he O perator: G etting  s tarted 
• G et the buy in from all three s takeholders  right at the 

beginning 
– Union, operator, regulator 
– All three have a role in managing fatigue 
– G et O perator C E O  buy-in at s tart. 

• C ommunicate constantly 
• P ut respons ibility at right level in organisation 
• F S AG  has  important to drive fatigue management 

through the organis ation 
• Many high scores  have roots  in lifes tyle or health of 

employees  
• Use fatigue management within the regulations . Use 

F R MS  when working outs ide regulations . 
• Train well on fatigue and countermeasures . 

© F R MS c L imited 2017 



S ome les s ons  learned 

Manag ement 

• G et top level management s upport 

• P ut res pons ibility at right level in organis ation 

• Meas ure and us e data to s upport decis ion making 

• Modelling can inexpens ively identify and des cribe the 

fatigue hazard 

• E ncourage fatigue reporting 

• Us e exis ting s afety management proces s es - don’t 

duplicate 

• P romote the J us t C ulture to harves t fatigue reports  and 

promote res pons ibility 

– Analys e and feed back on all reports  

• P rovide napping facilities  

• D on’t as s ume every occupation has  the s ame workload: 

pilot vs  cabin crew vs  maintenance engineers  

• T he company will try to keep s tatus  quo. 

• F ocus  not only on S afety but als o on better bus ines s  

 

Managing fatigue makes  good bus ines s  s ens e 
© F R MS c L imited 2017 



Ques tions ? 

 

T hanks  for lis tening 

 

D ouglas  Mellor 

douglas .mellor@ frmsc.com 

+44 7879 887489 
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