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Abstract 
 

 This project was designed to establish a baseline and evaluate fatigue countermeasures that 

would reduce the risk of human factors related accidents and incidents in the railroad industry. 

Results established a baseline to evaluate existing work schedules using the fatigue models 

approved by the Federal Railroad Administration (FRA).  A representative sample of work 

schedules and sleep diaries were obtained and analyzed for likelihood of risk for fatigue related 

accidents. The results indicate that typical day time schedules have the least risk of fatigue.  

Standard night shifts working from 11 pm to 6 am had the greatest risk of fatigue. Typical work 

schedules were analyzed using modeling techniques to evaluate the inclusion of fatigue 

countermeasures.  Modification of work schedules using strategic naps included in the work 

schedule, addition of off-duty sleep time, and other modifications resulted in a significant 

reduction in fatigue risk. The two main fatigue countermeasures that were shown to be most 

effective were: Increasing the amount of sleep obtained between shifts and instituting a scheduled 

workplace nap of either 60 or 90 minutes in length.  To reduce the accident risk associated with 

fatigue the following countermeasures were considered and recommended as most 
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for the month of February 2011.  The RA employees had 16852 starts or days worked during that 

period.  On the average, the RA employee had 22.35 starts during that time period with an average 

length of shift equal to 9.48 hours with a standard deviation of 2.33 hours.  The maximum hours 

reported working was 15.89.  A little over 15.4 % of the 754 employees reported working a shift 

over 12 hours during that time period.  Data for WATCO companies are not as detailed.  Much of 

the data was recorded by hand.  Nevertheless, data was available for 22 different railroads which 

consisted 
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Figure 3. Rail America Start times for Typical Month. 

 

Schedules of Work  
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Literature Review 
 

Developing fatigue countermeasures for rail operations is based on the assumption that 

consecutive work days and long hours increase the safety and accident risk for persons employed 

in and working in such jobs.  An increased risk of accidents can pose a threat to  the health and 

safety of the public.  The Hursh et. al. (2006) model has been accepted by the FRA as a valid 

means of determining risk associated with work schedules.  Previously Hursh, et al. (2004) 

proposed the SAFETE model for evaluating risk for fatigue.  The Hursh, et al. (2004) model has 

been accepted as valid by FRA however, there are other sources of information and scientifically 

valid models that can shed light on best practices for commuter railroad operations. Van Dongen 
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progression.  These different approaches provide different results.  Note the shape of the various 

lines or curves presented in Figure 1 which summarize the results of the seven studies that were 

used to formulate the FRI relative risk index and to generate the mean for the seven studies upon 

which the FRA extrapolations were based. 

 

 
Figure 4.  Relative Risk Ratios 

In Figure 4 the data on which the proposed extrapolations are based are provided.  It is fairly 

obvious that not all of the lines are rapidly trending upwards in a typical J-shaped or exponential 

fashion. Some go up in a linear fashion (Ogisnki, Smith), some stay relatively flat (Smith,1994), 

and one, the Wagner data, are in a traditional U-shaped form.  At this point, given the limited data 

available for only four consecutive work periods, the fact that both a linear, exponential, and 

polynomial function account for 99% of the variance with differences between the solutions of 

only about 0.68% (.9982 - .9914) suggest that all are roughly equivalent. However, by inspection, 
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Figure 5 demonstrates that using different assumptions about the underlying shape of  the data can 

result in different conclusions about the degree of risk associated with different schedules and the 

effects of consecutive days worked, fatigue and accidents.  The Hursh, et. al (2006) results were 

replicated (Blue or Top Curve) in our analysis using an exponential function to generate a trend.  

However, a similar analysis can also be conducted based on a linear view of the relationship. Thus, 

the basic question is: Which approach or type of function is correct?  Different assumptions lead 

to different conclusions. The authors of the study from which these data are derived used the data 

to develop the Health Safety Executive (HSE) Fatigue Risk Index. In their discussion of the data 
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estimates of relative risk of incidents.  The Risk Index has been normalized such that if a rotating 

work schedule is repeated over a 24-week period that the risk of an incident is equal to 1.00. A 

typical rotating schedule is assumed: two days on, two nights on, four days off.  In addition, the 

index assumes that shift changes occur at 07:00 and 19:00, that typical commute time equals 40 

minutes; that the work is moderately demanding in terms of vigilance, that a rest break is taken 

every two hours, and that the longest a person would work without a rest break would be 4 hours 

with a 30 minute break.  Several assumptions and cautions regarding the use of the model are listed 

in FRI manual.  The authors urge caution in using the FRI with permanent night shift workers 

since research suggests that a small percentage permanent night shift workers may have a positive 

adjustment to the night shift. They note that the Fatigue Index for permanent night shift workers 

might be “over-restrictive for the significant minority (about 30%) of permanent night workers 
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Using the FRI the following estimates of risk were generated for several different work 

schedules.  First, a typical 8 hour daylight work schedule is presented in Figure 3. 

 

 
Figure 6. Relative Risk over 14 days 8 hr schedule. 

 

The schedule depicted in Figure 3 achieves a relative risk of 1.09 ( RR=1.09) at the end of 14 

days of consecutive daytime work.   Thus, using the assumptions from the formulation of the 

model we arrive at a much lower estimate of risk than what is determined simply by 

extrapolating from the 4 days of data and the average relative risk ratio derived from that 

analysis.   

 

Looking at the data for night shifts (23:00 to 07:00) in Figure 4 produces a similar 

 

 
Figure 7.  Relative Risk over 14 days for an 8hr Midnight Schedule. 

 

graph with a maximum RR=1.85 at the end of the 14 day period.  Remember, this might be over-

restrictive due to possible adjustment to nighttime work for some 30% of the workers.   Lastly, 

examining the relative risk associated with an afternoon shift is shown in Figure 5.  As can be 

seen the relative risk associated with this type of schedule, running from 15:00 to 23:00 or a 

typical swing shift indicates that there is a steadily increasing level of risk that increases to a RR 

= 1.635.  

 

   Relative Risk Over Time for an 8hr daylight schedule (7:00 - 15:00)
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hour afternoon or swing shift (RR=1.57) appears to have a greatef40ing shift (RR=1.57)
0 G
[(21)] TJ
ET
Q
q
526.68 32.304 12 13.8 re
W* n
BT792 re
W* 3* n
BT792 re
W* 3* n
=1.n
BT
/F2 12 Tf
1 0 0 1 72.024 708.84 Tm
0 g
0 G
[(hour )3( )-69(or )-66(swing)9( )-79(shif1.n
BT
/F2 12 Tf
0.00000912 0 612 792 re
W* 57W*  12 13.8 rda)-5re30re
W* 
=tion/4 12 13.8 re
W* n
BT
/F2 12 Tf
1 0 0 1 526.68 34.944 Tm
0 g
0 G
[



MPC – 409 - Fatigue Study 

Sherry – 2018   22 

Previous research has found a linear model to be a reasonable fit and a parsimonious approximation 

to the progression of relative risk ratios over time. Additional research is needed to verify the true 

nature of the data.  Results of analyses of 5-2 and 6-1 daytime work schedules show low overall 

risk (RR<1.00) and little difference between the two. Comparisons of the relative risk associated 

with 5-2 and 6-1 nighttime schedules show that relative risk is greater than one (RR = 1.15 vs. 

1.54) on the 12th and 13th day of a 14-day period.  Caution should be used when simply counting 

the number of days worked or the number of hours worked as they do not necessarily relate to 

increased risk for incidents as shown by the fact that certain 5 day schedules are riskier than 4 day 

schedules.   

 

Railroad Sleep Patterns 

 

In 2009 the FRA published a study of the work/rest schedules and sleep patterns of US railroad 

train, engine and yard personnel.  In order to obtain information needed to develop work rest 

guidelines for the hours of service the FRA conducted a survey of a random sample of railroad 

employees.  At the time of the study it was estimated that there were 85594 
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Methodology 

Participants 

 

A sample of participants from the Shortline railroad workforce was drawn from the ranks of 

existing 





MPC – 409 - Fatigue Study 



MPC – 409 - Fatigue Study 

Sherry – 2018   26 

 
Figure 11. Percent respondents at various types of shifts. 

 

 

The average number of hours of sleep obtained per 24-hour period was determined. The 

following chart shows that the average hours of sleep per night reported by our sample was 

approximately 5.9 hours.   

 

 
Figure 12. Average Hours of Sleep Obtained. 

Please note that while there were 151 total useable surveys not all surveys had complete data.  

Consequently, the number for various measures varies from 112 to 135.  As can be seen in the next 

table, the average number of hours of sleep obtained by persons on the different shifts varies from 

5.87 for those on the afternoon shift to 6.45 for those on the day shift.   
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Table 4. Average Hours of Sleep per 24 H Period 

Type of Shift 
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Figure 14. Work End-times by Hour of Day. 

 

 

Thus, it could be argued that the only about 22% of the workforce is engaged in work that takes 

them into the most serious times for being at risk for fatigue.   
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Figure 16. ESS by Start Time. 

 

 

Interestingly, 
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Evaluation of Fatigue Countermeasures 

Sleep Logs & Fatigue Modeling 
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Typical Schedule 

 
Table 6. Schedule:  JB-001 - Actual 

 Start   End   Stats   

 Day Date Time Day Date Time Dur Eff %BCL 

1 Sun 3/18/2012 14:00 Sun 3/18/2012 20:00 360 94.86 0.00 

2 Mon 3/19/2012 12:00 Mon 3/19/2012 23:59 719 89.62 0.00 

Star
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Thu 7/19/2012+ 21:00+ Fri+ 7/20/2012+ 09:00+ 720 82.76 33.75 

Fri 7/20/2012+ 23:00+ Sat+ 7/21/2012+ 10:00+ 660 80.58 41.82 

Mon 7/23/2012+ 20:00+ Tue+ 

1641.8241Mon
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Figure 20. Schedule:  J0012 ς Actual Schedule edited - off days plus 60-minute naps. 

The naps are easily seen in the second week of work by the gaps in the dark curve during the 

middle of the shift. They are also shown by the thin perpendicular blue lines on the x axis at the 

bottom of the graph. The participant’s lowest effectiveness score during the week with naps is 71 

 



MPC – 409 - Fatigue Study 

Sherry – 2018   40 

 
In addition to the schedules submitted by the study participants, that are displayed in the 

appendices, several different typical work schedules utilized by members of the Shortline 

Association were subjected to modeling.  For example, one work schedule depicted in Figure 22 

through 25 was studied.  First, by adding an hour to each sleep period overall average effectiveness 

increased thereby decreasing the risk of fatigue (see Figure 23 & 24).  Next, by adding an 

operational nap period of 60 minutes, risk of fatigue was reduced even further (See Figure 25). 

 

 

 
Figure 22. Schedule: PHL-BK _Nights - 2000 - 0600 ς (10 Hrs work) (5 hrs sleep) No Naps. 

 

 
Figure 23. Schedule: PHL-BK _Nights - 2000 - 0600 ς (10 Hrs work) (6 hrs sleep) No Naps. 
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Figure 24. Schedule: PHL-BK _Nights - 2000 - 0600 ς (10 Hrs
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5. Decrease the number of hours worked 

 

  

 Interventions 

 

The interventions and countermeasures that are most likely to be utilized in the Shortline rail 

industry consist of three different approaches that are designed to minimize the risk of accident or 

injury due to fatigue. 

  

Education  

 

Employees should receive briefings and handouts with information pertaining to sleep 

hygiene.  The benefits of sleep and the negative consequences of restricted and shortened sleep 

will be described.  Study participants will complete a short quiz at pretest and then at the end of 

the intervention period designed to assess their knowledge of preventative sleep hygiene. 

  

Close Supervision 

 

During the course of work railroad supervisors should provide additional supervision and close 

monitoring.  Given the fact that the individuals are working under conditions for which there is a 

greater risk of  human factors caused accidents, railroad managers should provide closer 

supervision of their employees during this time.   Providing more frequent contact with operating 

personnel can be undertaken either in the form of visual inspection or phone contact during these 

times.  For example, a supervisor could contact the operating crew at least twice by phone during 

the hours between 2am and 5am.  A checklist can be included in the sleep diary that will document 

the amount of supervisory contact received during the at-risk period. 

  

Adjusted Hours  

 

In some cases it may be possible to adjust the hours employees work to create a work situation 

more favorable to the alleviation of fatigue.  For example, adjusting start times, end times etc., 

could be very effective.  One such adjustment would be to end work prior to 5 am.  These 

adjustments will be dependent upon the operational characteristics of the situation and the demands 

of the work environment.  But, as a general principle, supervisors should think twice about 

scheduling work between the hours of 1 am and 5 am due to the higher risk of fatigue during these 

times.  
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Appendices I.  Data from Study Participants  
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Table 9. Schedule:  JB-001 - Actual 

 

 Start   End   Stats   

 Day Date Time Day Date Time Dur Eff %BCL 

1 Sun 3/18/2012 14:00 Sun 3/18/2012 20:00 360 94.86 0.00 

2 Mon 3/19/2012 12:00 Mon 3/19/2012 23:59
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Appendix II. Study Participant Data - Day Shifts 
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Table 22. J0014 - Actual  

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 
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Table 23. J0015 - Actual  

 

 

Day Date Time Day Date Time Dur Eff %BCL 

Sat 5/12/2012 04:00 Sat 5/12/2012 12:00 480 79.50 0.00 
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Table 24. J0016 - Actual  

 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 

Sat 8/20/2011+ 07:00+ Sat+ 8/20/2011+ 19:00+ 
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Table 26. J0021 - Actual 
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Appendix III. Study Participant Data - Night Shifts 
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Table 28. J0009 – Actual (Night)
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Table 32. J0012 – Actual (Night) – Edited – Plus Naps 

 
j0012-
Edited-
Plus  60m Naps              

Start     End     Stats     
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Table 33. J0018 - Actual (Night) 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 

Mon 

E] TJ
ETJJ
ET
Q
q
446.62 660.46 43272 13.8 re
W* n
B] TJ
ETJJ
ET
Q
q
446./MCID 20>> BDC q
7 0 457
ET
 663.1 Tm
0 Tf
9re060.46 43.32 13.8 rW* n
B] TJ
ETJJ
ET
Q
q
446./MCID 20>> BDC q
7 0 484
ET
 663.1 Tm
0 Tf
f
1 0 0 1 495.58 663.1 Tm
0 G
[] TJ
ECL
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Table 34. J0019 - Actual (Night) 

 

Start   
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Table 35. J0020 - Actual (Night) 
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Table 36. J0022 - Actual  (Night) 

 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 
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Table 39. J0025 – Actual (Night) 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 

Mon 4/23/2012+ 23:00+ Tue+ 4/24/2012+ 07:00+ 480 80.31 49.17 

Wed 4/25/2012+ 16:00+ Thu+ 4/26/2012+ 00:00+ 480 99.01 0.00 

Fri 4/27/2012+ 10:00+ Fri+ 4/27/2012+ 20:00+ 600 91.89 0.00 

Sat 4/28/2012+ 15:00+ Sun+ 4/29/2012+ 00:00+ 540 95.21 0.00 

Sun 4/29/2012+ 16:00+ Mon+ 4/30/2012+ 00:00+ 480 97.89 0.00 

Thu 5/3/2012+ 17:00+ Fri+ 5/4/2012+ 04:00+ 660 93.67 2.88 

Fri 5/4/2012+ 17:00+ Sat+ 5/5/2012+ 05:00+ 720 90.24 
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Table 40. J0026 - Actual (Night) 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 

Thu 7/12/2012+



MPC 
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Table 41. PHL 6 N 6hr slp no naps 1900-0500 - Work 

 

PHL 6 N 6hr slp no naps 1900-0500.fas  Work 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 

Wed 5/1/2013 19:00 Thu 5/2/2013 05:00 600 80.08 30.33 

Thu 5/2/2013 19:00 Fri 5/3/2013 05:00 600 77.63 35.50 

Fri 5/3/2013 19:00 Sat 5/4/2013 05:00 600 77.09 35.33 

Sat 5/4/2013 19:00 Sun 5/5/2013 05:00 600 77.09 34.00 

Sun 5/5/2013 19:00 Mon 5/6/2013 05:00 600 77.39 31.83 

Mon 5/6/2013 19:00 Tue 5/7/2013 05:00 600 77.88 29.33 

Wed 5/8/2013 19:00 Thu 5/9/2013 05:00 600 79.13 23.50 

Thu 5/9/2013 19:00 Fri 5/10/2013 05:00 600 79.81 20.17 

Fri 5/10/2013 19:00 Sat 5/11/2013 05:00 600 80.51 16.83 

Sat 5/11/2013 19:00 Sun 5/12/2013 05:00 600 81.20 13.33 

Sun 5/12/2013 19:00 Mon 5/13/2013 05:00 600 81.89 9.67 

Mon 5/13/2013 19:00 Tue 5/14/2013 05:00 600 87.47 0.00 

Wed 5/15/2013 19:00 Thu 5/16/2013 05:00 600 85.75 0.00 

Thu 5/16/2013 19:00 Fri 5/17/2013 05:00 600 85.88 0.00 

Fri 5/17/2013 19:00 Sat 5/18/2013 05:00 600 86.18 0.00 

Sat 5/18/2013 19:00 Sun 5/19/2013 05:00 600 86.58 0.00 

Sun 5/19/2013 19:00 Mon 5/20/2013 05:00 600 87.04 0.00 

      600.00 81.68 16.46 

 

 

 

 
 

Figure 58. PHL 6 N 6hr slp no naps 1900-0500.fas-Work. 
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Table 43. PHL 6 N 6hr slp 90m nap 1900-0500a-Work 

 

Start   End   Stats   

Day Date Time Day Date Time Dur Eff %BCL 
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Transportation Workers  

Health and Wellness Survey 

 

 
Portions of this questionnaire have been developed as a result of a joint effort between the 



MPC – 409 - Fatigue Study 

Sherry – 2018   90 

How likely are you to doze off or fall asleep in the following situation, in contrast to feeling just tired? This 

refers to your usual way of life.  Even if you have not done some of these things recently, try to work out how 

they would have affected you. Use the following scale rate for each situation:   

would  

never doze 

slight  

chance of  dozing 

moderate  

chance of dozing 

high  

chance of dozing 

0 1 2 3 

1. Sitting and reading?     0    1   2   3 

2. Watching TV? 0    1   2   3 

3. Sitting, inactive in a public place (e.g. a theater or a meeting)? 0    1   2   3 

4. As a passenger in a car for an hour without a break? 0    1   2   3 

5. Lying down to rest in the afternoon when circumstances permit ? 0    1   2   3 

6. Sitting and talking to someone? 0    1   2   3 

7. Sitting quietly after a lunch without alcohol? 0    1   2   3 

8. In a car, while stopped for a few minutes 
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The following questions are related to your work.  

 

 

1. About how many hours altogether did you work in the past 7 days? ____ (00-97) 
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16. How would you rate YOUR usual job performance over the past year or two? 

 

Worst Performance  Top Performance 

0 1 2 3 4 5 6 7 8 9
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Appendix VI – Denver Sleep Diary 
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Denver  
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In order to give you your gift certificate we need: 
 

                              First Name: __________________ Last Name:_________________ (print)  

                              Address: ____________________________________________________ 

                              City:  _______________                 State:  _________    Zip: __________ 

mailto:psherry@du.edu
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Sleep 

Wake 

How 

Sleepy 

How 

Stress 

Diff to 

Sleep 

Sleep 

Quality 

# 

Caffeine 
 Month/Day:_____/_____ 

0:01  
     Sleep/Wake 

Sleep Activity Code 

CAFÉ=Caffeine Use 

1:00       

Estimate # of cups or 
beverages  (e.g. Coffee, 
energy drinks, cola, tea,  

2:00           SHO=sleep at home 

3:00           W=working - awake 

4:00           P = awake personal time 

5:00           SAW= sleep at work  

6:00           N=NAP  

7:00        Stress &  DIFF 

DIFF=Difficulty 

Falling Asleep 

8:00  
      

9:00  
     Sleepiness Rating 

10:00       1.Ex9Q
(E)-7remely alert     1=None 
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