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One of the more pervasive myths about fatigue is the idea that we can push through it. On the 
surface, fatigue seems straight forward. We all get tired, do what we need to do to get through 
it, and then catch up on our sleep when we can. To some, it is a badge of honor. Despite public 
campaigns in the press and on highway billboards about driving while fatigued and a growing body 
of scientific literature about Fatigue Risk Management directed at the safety departments of safety 
sensitive industries, we continue to harbor a cultural mentality of mind over matter, and of human 
failure if one is tired to the point of being unfit for duty. 

From a management perspective, fatigue is often perceived as a behavioral problem, caused by 
personal irresponsibility when in reality internal factors such as operating policies and procedures 
have a critical impact on worker fatigue. Shiftwork is an excellent example of how operational 
factors can have a tremendous effect on human fatigue. For instance, sleeping during the daytime 
is a challenge to most shift workers. Furthermore, there are considerable amounts of research on 
how the lack of sleep and exposure to blue rich light omitted by most LEDs and flourescent fixtures 
(while working the night shift) at night causes circadian disruption and consequences on shift 
workers health.

The number of people working extended hours has grown steadily, due to globalizations and 
businesses responding to economic competition to meet 24-hour demands for services and 
products. Based on these growing demands, separating the myths from realities of fatigue has 
become more important than ever. 

It has been reported that almost 30% of the US workforce is currently employed in a work schedule 
that is outside of the standard 6:00 AM – 6:00 PM schedule (Alterman et al., 2013; Hamermesh & 
Stancanelli, 2015). In addition, extended shifts (> 8 hours) are increasingly being used, as evidenced 
by the two-fold increase over a fifteen-year period (2002 and 2017) in companies operating 24/7 
using 12-hour shifts.
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The issue of human fatigue, as defined as the physiological state of diminished capacity caused by 
acute or chronic sleep deprivation, has increasingly become relevant and has been the subject of 
public debate and high-profile litigation.

A substantial body of scientific research on sleep, alertness and circadian rhythms over the past 35 
years has radically altered our understanding of the physiology of human fatigue. Yet regulations that 
govern work and rest limits and often times schedules set by 24/7 operations, follow concepts and 
paradigms from years ago.

This report will review several fatigue-related myths and discuss the realities of worker fatigue in 24/7 
operations. In addition, the prevalence and consequences of fatigue are presented along with a gold 
standard model on how to address shift worker fatigue, a Fatigue Risk Management System. 

Myth: Fatigue at work is a ‘state of mind’ that can be pushed through using a ‘mind over matter’ 
mentality.

Reality: Fatigue has biological causes and is a physiological response to insufficient sleep or prolonged 
physical and mental exertion. The best remedy to fatigue is sleep. Even ten-minute naps have been 
shown to; decrease fatigue, increase vigor, improve performance, improve communication, decrease 
blood pressure, improve reaction time, improve subject well-being, and increase alertness.

Human fatigue is an impairment of mental and physical function manifested by a cluster of 
debilitating symptoms, usually including excessive sleepiness, reduced physical and mental 
performance, depressed mood and loss of motivation. It is important to recognize that fatigue is a 
result of physiological factors and is not a ‘state of mind’. Simply put, fatigue has biological causes. 
The effects of not getting enough sleep build up (this is known as sleep debt) and for the average 
adult receiving less than seven or eight hours of sleep a night, sleep debt can rapidly accumulate 
and result in reduced alertness and increased sleep pressure (i.e. the feeling of having to sleep).
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WHAT IS FATIGUE?



Fatigue is our body’s response to sleep loss or to prolonged physical or mental exertion. One 
of the body’s responses to fatigue is sleepiness. Sleep propensity whether caused by fatigue or 
an underlying illness or medical condition affects worker productivity, safety and overall health 
(Lerman et al, 2012). Fatigue resulting from insufficient or poor-quality sleep can result in a loss of 
environmental awareness, impairment of cognitive/logical reasoning skills, poor judgment and 
diminished ability to communicate and/or process communications and information – all of which 
have potential safety-related consequences. A person experiencing fatigue may be more likely 
to make mistakes and take risks and may be less able to respond to unusual or emergency events. 
Someone experiencing significant fatigue is at an increased risk of experiencing lapses of attention 
or microsleeps, elevating the risk to a wholly unacceptable level.

In fact, there is scientific evidence that suggests when we’re tired (or mentally fatigued) our ability 
to perform the simplest of tasks is impaired to the same level as if we were legally intoxicated 
(Dawson and Reid, 1997; Fletcher et al., 2003).
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FATIGUE IN SHIFTWORK OPERATIONS

Extensive research is clear that fatigue, as related to shiftwork, is fundamentally a physiological 
problem, not a behavioral one. Certainly, one’s behavior can induce or compound fatigue, but 
with most shift workers this is the exception and not the rule. Rather, shift worker fatigue is intrinsically 
affected by four operational factors:.

 1. Circadian Clock Factors  
  a. Working when you would normally be asleep
  b. Sleeping when you would normally be awake
  c. Frequent changes to your sleep/wake cycles
  d. Misalignment of daily alertness cycles with work requirements 

 2. Work and Environmental Factors 
  a. Early shift start times
  b. Fast rotating schedules and/or long, irregular hours (i.e. overtime)
  c. Inadequate rest/recovery time between shifts and/or work blocks
  d. Monotonous jobs and/or work environment

 3. Sleep Factors
  a. Inability to get adequate hours of sleep
  b. Inability to get adequate quality of sleep
  c. Inability to have consistent bedtime routines
  d. Inadequate sleep environments

 4. Health Factors
  a. Medical sleep disorders
  b. Underlying health issues (e.g. hypertension, diabetes, epilepsy, etc.)
  c. Improper timing and choice of foods
  d. Use/abuse of coping substances (e.g. caffeine, sleeping pills, alcohol, etc.)
  e. General lifestyle issues



Myth: The human body can successfully adjust to the night shift. 

Reality: Our internal circadian clock is regulated by the light and dark cycle, programmed to feel most 
sleepy during the darkness and most alert during times when it is light. While our bodies may adjust to 
a certain extent to a fixed schedule of nightshifts, shift workers often live on a day/awake schedule 
when off-duty, limiting a full physiological adaptation.

The circadian clock (#1) and sleep (#3) factors impacting fatigue levels in shiftwork operations, are 
inherent for everyone (Moore-Ede, 1982, Akerstedt, 1995). Human biology has been “hardwired” 
since the beginning of humankind although this did not become an issue until the development 
of electricity. The advent of electricity facilitated the modern era of shiftwork and consequently 
compromised our physiology. As a result, for the past 120 years shift workers have endured the 
consequences of circadian disruption, a state which negatively impacts our performance, safety 
and health. 

Operational necessity to keep equipment running 24-hours per day (e.g. automation, continuous 
process, asset utilization, reduced unit costs, improved customer service, etc.) to keep up with 
global competitors has been the primary force impacting operational circadian and sleep factors. 
In contrast, the work and environmental (#2) factors impacting fatigue levels in shiftwork operations, 
are influenced by counter-productive and uninformed management attitudes, policies, practices 
and operating procedures. Often times existing work and environmental conditions confuse human 
physiology with human behavior, and compromise versus support, worker performance and 
productivity. 

Health (#4) factors impacting fatigue levels in shiftwork operations are driven by all of the other 
operational factors as well as by the lack of employee knowledge and understanding on how to 
manage shiftwork, in general, and to manage fatigue and alertness levels, in particular (i.e. lack of 
shiftwork lifestyle training and education). 

The net results have been chronic health issues, inherent safety issues, high divorce rates, and 
reduced productivity (U.S. Office of Technology Assessment, 1991; Kecklund & Axelsson, 2016).
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Over 90% of shift workers 
receive no training on how to 
manage their schedules and 

shiftwork lifestyles 
(Aguirre and Moore-Ede, 2008).



Minimizing employee fatigue is one of the constant challenges in 24/7 operations. If fatigue is not 
adequately prevented and managed, 24/7 operations are more vulnerable to human errors and 
accidents, increased absenteeism and turnover and lower productivity.

Circadian has conducted a Shiftwork Practices survey of 24/7 workplaces for over two decades, 
evaluating the health, safety and training of shift workers. Circadian’s results show that almost half 
of the companies (46%) surveyed for the Shiftwork Practices 2017 Survey reported that fatigue was a 
moderate/severe problem in their operations (See Figure 1). Furthermore, fatigue mitigating efforts 
apparently have not yet gained a foothold as the majority of companies (76%) reported that fatigue 
levels stayed the same over the past year, consequently 75% of the companies reported that their 
number of human errors, incidents and accidents also remained the same over the past year.

Circadian’s findings of high levels of fatigue in 24/7 operations were similar to those found by the 
National Safety Council (NSC).  Nearly half of the 2,010 working adults surveyed by the NSC reported 
feeling tired at least some of the time during their work shift (NSC, 2017c) and 90% of the employers 
reported being negatively impacted by fatigue (NSC, 2017b).
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PREVALENCE OF FATIGUE IN SHIFTWORK OPERATIONS 

Figure 1: Fatigue levels in 24/7 operations.
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In a survey of over 225 shiftwork operations in the 
United States and Canada, fatigue was reported 
as a moderate/severe problem in almost half of 

shiftwork companies (CIRCADIAN, 2017).
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Everyone experiences fatigue at one time or another. The question is whether there has been 
enough sleep deprivation or restriction that it will result in a level of critically reduced alertness. 
Fatigue is associated with long hours of work, the conditions in a work environment, and the 
requirement to work when people would normally be resting (e.g. night shift). 

Myth: Employee work capacity is like process equipment with a lineal function where 80 hours of 
work will yield 80 hours of productive output. 

Reality: Eighty hours of human work will net no more than 50-55 hours of productive work depending 
on the level of employee interaction with the process (Nevison, 2001, Dembe, et al. 2005).

Examples of operationally induced causes of excessive fatigue in shiftwork operations include: 

 INADEQUATE STAFFING LEVELS
 Staffing levels have a clear impact on fatigue: 66% of the 
 24/7 companies surveyed by Circadian for the 2017
 Shiftwork Practices Survey that report they do not have 
 enough employees to cover permanent positions also
 report moderate/ severe fatigue levels, compared to 34% 
 of companies with adequate staffing levels.  

 EXCESSIVE OVERTIME
 Research has shown that excessive long hours (which may 
 result from excessive overtime) affect employee health 
 and may result in cardiovascular disease including high
 blood pressure, increased risk of injuries, and repetitive 
 strain injuries due to poor ergonomics. The relationship  
 between excessive overtime and increased employee 
 fatigue is shown clearly in the Figure below, with the exception of a surprisingly high percentage  
 of moderate/severe fatigue in companies with very low overtime.

 

CAUSES OF EXCESSIVE FATIGUE IN SHIFTWORK OPERATIONS
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In a survey of over 225 
shiftwork operations in 
the United States and 
Canada, inadequate 
staffing and excessive 
overtime were related 

to greater fatigue levels 
(CIRCADIAN, 2017).

Overtime Rate

Figure 2: Overtime levels and percentage of companies with moderate/severe levels
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 SCHEDULING FACTORS 
 Some work schedules can significantly impact the level of fatigue in the workplace, by not   
 allowing for adequate rest and/or having physically demanding conditions. Factors such as    
 shift length and pattern, and the number of consecutive workdays and work hours influence  
 general fatigue. For instance, even under ideal conditions, night-time alertness will generally be  
 less than daytime alertness. Reducing worker fatigue might therefore be improved by finding the  
 right combination of days and hours worked.

 The NSC Study (2017)of 2,010 working adults  reported several schedule-related risk factors that  
 do not provide time for adequate rest between shifts: 

 Circadian had similar findings in our 2017 Shiftwork Practices Survey results: 

  Consecutive Workday
  Companies surveyed reported lower fatigue levels when there was a limitation on the number  
  of consecutive workdays. The lowest levels of fatigue were found in operations that limited  
  workdays to 4 consecutive days or less. Companies with schedules allowing 11-14 consecutive  
  days of work or more, reported the highest level of fatigue.

Quick Shift Returns

Long Weeks

Shift Work

High-Risk Hours

Long Commutes

No Rest Breaks

Long Shifts

Demanding Jobs

0% 20% 30%10% 40% 50% 60%

Percentage of respondents who report sleeping
less than 7 hours a day.

National Safety Council (2017) Fatigue in the Workplace: Causes & Consequences of Employee Fatigue

Figure 3: Consecutive work days and moderate/severe fatigue levels
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   Shift Duration
  As illustrated in the Figure below, fatigue levels were substantially higher in companies that had 
  no limits for consecutive work hours and therefore longer shift durations than in companies that  
  limited the number of consecutive work hours.

 

  It should also be noted, that while not part of a company required shift, long commutes to and  
  from work can add to a person’s time awake, and take away from their time for rest, and  
  consequently contribute to their level of fatigue.
 

Figure 4: Consecutive work hours and moderate/severe fatigue levels
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CONSEQUENCES OF EXCESSIVE FATIGUE

Fatigue is a workplace hazard and can be associated with the safety and health of workers as well 
as financial costs to employers. No matter how well trained, skilled, motivated, or experienced, 
workers, especially those working extended hours, are frequently compromised by fatigue. 
Fatigue correlates with higher maintenance costs, lost productivity, increased turn over, 
absenteeism and presenteeism, higher health and wellness costs, and, ultimately, reduction in 
overall operating profits.

 FATIGUE AND SAFETY 
 There is a substantial body of literature demonstrating a nexus between shiftwork and an 
 increased risk of workplace accidents and injuries. And, there is considerable investigative  
 evidence that fatigue has contributed to serious incidents and accidents in industrial operations,  
 nuclear power plants, and in all modes of transportation. 

 When an individual is fatigued, the probability of poor, inefficient, and variable performance  
 increases. Performance deficits such delayed responses or no-responses (lapses) during attention- 
 based tasks, slowed information processing, reduced accuracy of short-term memory, and  
 accelerated decrements in performance with time on task. 

 Divided attention tasks requiring anticipation and proactive planning are typically the first  
 to degrade when someone is fatigued. As fatigue impairment progresses, the likelihood of 
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 automatic behavior (performance of tasks without cognitive awareness) and “microsleep” lapses  
 of attention significantly increases. The net result is increased human error, and reduced ability to  
 work safely and productively, can have devastating outcomes. 

 One of the primary roots of the increased risk in shiftwork is the inevitable circadian misalignment  
 caused by nighttime shift schedules. It is not surprising then that a number of headline disasters  
 and accidents have occurred during the nighttime hours. Generally, the number of fatigue- 
 related accidents is considerably higher at night than during the daytime (Mitler 1988; Garbarino  
 et al., 2001).  Similarly, night shift workers are three times more likely to be injured than workers on  
 day shift schedules (Swaen et al., 2003).
 
 Given that more than 1/3 of shift workers work schedules requiring them to work when they would  
 ordinarily sleep and sleep when they would ordinarily be awake (US Dept of Labor, 2004), it is    
 critical to find solutions to the inevitable worker fatigue of running a 24/7 operation.

 FATIGUE AND HEALTH 
 It is indisputable that the physiological stress of inadequate sleep affects individual health  
 outcomes. Generally, fatigued workers report more physical health and social functioning  
 problems than workers without fatigue. This can be explained in part by the circadian  
 misalignment caused by night shift work. Circadian misalignment is associated with a range 
 of short-and long-term, negative health outcomes that may be mediated and moderated with  
 fatigue mitigating countermeasures. 

 Not only has research shown a correlation of sleep deprivation to diseases such as diabetes,  
 hypertension and depression, but in addition studies have linked a lack of sleep to certain  
 cancers. Furthermore, research suggests that getting fewer than 6 hours of sleep can quadruple  
 the risk of having a stroke. Multiple studies have suggested a relationship between chronic  
 sleep deprivation and an increased risk of obesity while individuals experiencing short term sleep  
 deprivation are more likely to consume high-calorie, high-carb foods. 

 Besides affecting worker performance and physical health, fatigue also affects mood. The  
 National Sleep Foundation found that people who do not get enough sleep are more likely  
 to get impatient or aggravated, and have more difficulty getting along with others. Increased  
 irritability and stress negatively influence relationships. In the workplace, that translates into  
 reduced morale and poorer labor relations. 

 FINANCIAL COSTS OF FATIGUE 
 Fatigue impacts a company’s operating efficiency and costs. Fatigue results in reduced  
 productivity and customer service quality, reduced operating reliability and decreased operating  
 profit, increased health and wellness costs, and therefore higher overall costs, risks, and liabilities. 

  Lost Productivity
  Sleep deprived individuals have difficulty in responding to rapidly changing situations and  
  making rational judgments, making it a challenge to be as productive as a rested worker.
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  Fatigue has been associated with an increase in Lost Productive Time (LPT). Among workers  
  reporting fatigue, 65.7% report health related LPT compared to 26.4% of those without fatigue.  
  Workers with fatigue cost employers $136.4 billion annually in health related LPT, an excess  
  of $101.1 billion compared to workers without fatigue. Fatigue impairs productivity primarily by  
  increasing workers’ time to accomplish tasks and impairing their concentration. 

  There are multiple reports quantifying the financial loss of employee fatigue though few, focus 
  on the cost of shift worker fatigue. Circadian has calculated that conservatively shift workers 
  cost companies $8,600 per person per year in excess costs over and above their daytime  
  counterparts (Kerin and Carbone, 2003).

  Turnover
  The negative impact of fatigue on operational turnover was illustrated in Circadian’s 2017  
  Shiftwork Practices Survey data. These data (See Figure below) demonstrate that turnover  
  rates increase linearly with increased fatigue levels: 100% of 24/7 companies with severe  
  fatigue problems had turnover rates of 15% or greater, compared to 14% of companies that  
  reported that fatigue was not a problem.

Figure 5: Turnover rates and fatigue levels
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  Absenteeism
  

  The negative impact of fatigue on absenteeism was illustrated in Circadian’s 2017 Shiftwork  
  Practices Survey data. Circadian surveys have also found that absenteeism rates in facilities  
  with severe fatigue problems (12.5%) approach double that found in facilities where fatigue is  
  not a problem (7.5%) (See Figure 6) (Aguirre and Moore-Ede, 2008). In addition, similar to  
  turnover rates, the survey revealed that absenteeism rates increased linearly with increased  
  fatigue levels: 100% of the 24/7 companies with severe fatigue issues had high absenteeism,  
  defined as greater than 5%. This is compared with the 40% of companies that had “no” issues  
  with worker fatigue (See Figure 7). 

In a survey of over 225 shiftwork operations in the United 
States and Canada, excessive fatigue was associated with 
increased absenteeism and turnover (CIRCADIAN, 2017).

Figure 6: Fatigue levels and
absenteeism in 24/7 operations
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Figure 7: Absenteeism rates and fatigue levels
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   Overtime
  Myth: Overtime levels are driven by the shift schedules in 24/7 operations. 

  Reality: It is the staffing levels that predict overtime levels, average time off-duty and other key  
  factors related to employee fatigue. It is vital therefore to address task load and work flow  
  issues to ensure adequate staffing levels to proportionally balance them to meet the needs of  
  the workload across the 24/7 schedule.

  Overtime saves having to hire more people during a ‘busy’ season and fills absences,  
  vacations and other benefit days off by assigning the overtime to those who want it. As  
  overtime increases, the fatigue levels rise among workers and the likelihood of a fatigue- 
  related accident increases. Employees who work long hours not only accumulate fatigue over  
  the extended shift, but typically they have less time to recover and recuperate between shifts. 
 
  Generally, overtime puts a strain on the workforce and increases the risk of accidents and  
  injuries. One study shows injury risk begins to increase after 8 hours of work. There is a 13%  
  increase if the shift is extended to 10 hour and a 30% increased risk when the shift is extended  
  to 12 hours (Folkard & Lombardi, 2006).

  In addition, multiple studies have shown that productivity levels decrease as the number of  
  hours worked per week increase (See figure below).
 

Overtime vs. Productivity
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So how can fatigue objectively, systematically, and measurably be eliminated from operations, 
thereby reducing costs, risks and liabilities and increasing employee health, productivity and safety? 
The gold standard to address workplace fatigue, a Fatigue Risk Management System (FRMS) is based 
on circadian science and is already a rapidly developing (set of) solution(s) in a number of safety-
sensitive industries. The American College of Occupational and Environmental Medicine (ACOEM) 
defines FRMS as:

“A scientifically based, data-driven addition or alternative to prescriptive hours of work limitations 
which manages employee fatigue in a flexible manner appropriate to the level of risk exposure and 
the nature of the operation.”

SOLUTION: FATIGUE RISK MANAGEMENT SYSTEM (FRMS) 

FRMS focuses on systematically identifying and mitigating fatigue risk factors by creating multiple 
layers of defense against errors, incidents and accidents. Industries that have adopted FRMS as 
a long-term sustainable approach to ameliorate fatigue risk include aviation, mining, healthcare, 
emergency services and more. In addition, a number of regulatory bodies have incorporated FRMS 
into industry-specific mandates:

Figure 8: Key characteristics of a successful
Fatigue Risk Management System

Science based      Supported by established peer-reviewed science
Data driven       Decisions based on collection and objective analysis of data
Cooperative       Designed together by all stakeholders
Fully implemented    System-wide use of tools, systems, policies, procedures
Integrated        Built into the corporate safety & health management systems
Continuously improved  Progressively reduces risk using feedback, evaluation & modification
Budgeted        Justified by an accurate ROI business case
Owned         Responsibility accepted by senior corporate leadership

• The American Petroleum Institute published an ANSI standard (RP-755) 
 that makes FRMS the operating requirement for the petrochemical industry

• The Federal Rail Safety Act mandated that US railroads have fatigue risk   
 management plans

• PHMSA has changed rules for natural gas pipeline control rooms that require  
 fatigue risk management
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The first, and most important step to developing an FRMS is to achieve consensus from the 
organizational infrastructure and support from corporate stakeholders to recognize and acknowledge 
the causes and costs of fatigue, and to make a corporate commitment to address them. 

Once company management has made a corporate commitment to reduce fatigue and optimize 
the productivity and safety of their workforce, the fatigue risk management plan must at the very 
least evaluate and adjust current policies and practices in the following five areas:

 1.	Workload	Staffing 
  a. Evaluate work tasks to reduce monotony 
  b. Re-evaluate policies/practices that are counterproductive to our human physiology 
 2. Scheduling
  a. Re-evaluate work schedules and overtime policies/practices 
  b. Optimize staffing and crew levels to manage overtime 

 3. Training and Education
  a. Employee training on fatigue, shiftwork lifestyle and sleep management
  b. Supervisor training on how to identify and intervene with tired shift workershift workers
  c. Educational support publications and practical shiftwork information to employees
  d. Screening and treating sleep disorders 

 4. Workplace Design
  a. Evaluate in- and outdoor environments for potential modifications
  b. Evaluate circadian lighting that reduces blue light at night to less than 2%, while providing   
       rich-blue light during the day for improved worker alertness, productivity, health, and safety  
 5. Fitness-for-Duty
  a. Incorporate fitness-for-duty screening programs

Myth: What employees do on their own time is not our business therefore providing sleep education 
and training should not be part of an FRMS.

Reality: Educating employees to better understand and manager their personal sleep and fatigue 
risk is a critical component of any FRMS. Factors such as inadequate shiftwork lifestyle coping skills, 
family illness, and undiagnosed and treated sleep disorders may prevent employees from obtaining 
adequate sleep. Teaching ways to optimize time available for sleep will facilitate higher productivity 
levels, lower absenteeism levels and better health outcomes.

Critical to any effective FRMS are methods for continuous improvement which include: (1) 
incorporating fatigue analytics/human error analysis into reporting systems to monitor and track 
results; (2) obtaining updates of new R&D initiatives; (3) establish a continuous improvement process 
that becomes a permanent core operating value of the company.

Provided it is properly designed, implemented and managed, an FRMS offers a key step change 
in addressing the health and safety risks in 24/7 operations. Organizations that implement an FRMS 
need to ensure that the system is firmly embedded in the health and safety management systems 
of the company and that it is rigorously maintained, carefully monitored and continuously improved 
upon. Optimailly,this continuous improvement process is part of the routine cycle of managing the 
risk profile of any organization’s management system. 
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As described in Professor James Reason’s 1990 book “Human Error,” most major industrial and 
transportation accidents are the result of multiple latent points of system failure and not just the 
immediately obvious active error of the human at the controls. Reason introduced the imagery of 
a series of Swiss cheese slices (Figure 9) to explain that every level of organizational defense against 
potential hazards has holes in it. It is when the holes line up that a pathway for potential accidents 
emerge. These slices of cheese, which Reason calls “defenses in depth,” operate at different levels of 
control.

One of the key features of an FRMS is that the process seeks to identify the holes in the “Swiss cheese 
slices” from a fatigue perspective. Identifying ways to either close the holes or at least reduce their 
size is critical to the success of any FRMS.

CIRCADIAN®’s experience in designing and implementing FRMS over the past twenty years has  
led to the appreciation of a critical path for assessing and managing fatigue risk. As illustrated in 
Figure 10, there are five key “defenses in depth” (similar to Reason’s ‘cheese slices’) and a feedback 
loop which analyzes fatigue-related errors and incidents and strengthens defenses that must be 
managed by FRMS. The first three of these defenses impact sleep management, and the last two 
provide alertness management. To learn more about how CIRCADIAN effectively assists in the design 
and implementation of an FRMS, please contact us at Info@circadlian.com.

FRMS: ADDRESSING HEALTH AND SAFETY RISKS IN 24/7 OPERATIONS  

Hazards

Losses

THE ‘SWISS CHEESE’ MODEL OF SYSTEM ACCIDENTS

Successive layers of defenses, barriers, and safeguards

Some holes due to
active failures...
other holes due 

to latent conditions

Figure 9: The successive layers of defense in depth in a safety 
(and fatigue risk) management system and the strategy of

addressing risk © 2009 James Reason
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Figure 10: The five major lines of defense used in designing and implementing a 
Fatigue Risk Management System and the feedback loop which analyses 

fatigue-related errors & incidents and strengthens defenses to ensure the FRMS  
is risk-informed, performance- based, and continuously improved.
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CONCLUSION

ABOUT CIRCADIAN™

CIRCADIAN is the global leader in providing 24/7 workforce performance and safety solutions for 
businesses that operate around the clock. Through a unique combination of consulting expertise, 
research, software tools and informative publications, CIRCADIAN helps organizations in the 24-hour 
economy optimize employee performance and reduce the inherent risks and costs of their extended 
hours operations.

Working from offices in North America, Europe and Asia, CIRCADIAN experts ensure that over half the 
Fortune 500, and other leading international companies, thrive in the global 24/7 economy.

CIRCADIAN’s core expertise is the staffing, scheduling, training and risk management of their most 
vital asset - the 24/7 workforce. Founded in 1983 by Dr. Martin Moore-Ede, a former professor at 
Harvard Medical School and author of the best-selling book “ The Twenty-Four Hour Society”, 
CIRCADIAN has led the development of innovative new technologies and tools to enable employees 
to successfully adapt to today’s high performance 24/7 workplace.

Responsible managers and operators strive to keep mechanical equipment well-oiled and well 
maintained, ensuring it operates in full accordance with the manufacturers design specifications in 
terms of temperatures, pressures, flow rates, etc. To do otherwise would ensure premature failure, 
costly downtime, high maintenance, and lost productivity/capacity. It thus makes sense to keep our 
“most important asset” - our people - equally well maintained and operating optimally.

Yet, ironically, workers are frequently asked to operate outside of their design specs to support 
continuous production requirements. The net result has been premature failure (in terms of sickness 
and injury), costly downtime (in terms of absenteeism and presenteeism), high maintenance (in terms 
of health and wellness costs), and lost productivity due to human error. 

The high costs, risks and liabilities of fatigue no longer have to be accepted and financed as a part 
of everyday business. Today’s knowledge, technology, and available fatigue/ shiftwork interventions 
can be systematically addressed through a collaborative, human involvement process between 
labor and management to achieve substantial win-win benefits.

Tel 781-439-6300 • Fax 781-439-6399 • info@circadian.com • www.circadian.com

In a survey of over 225 shiftwork operations in the United States and Canada, 
companies with implemented FRMS (Fatigue Risk Management System) had 

lower fatigue levels than companies without FRMS (CIRCADIAN, 2017).
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