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Executive Summary 

Freight industry is a crucial sector of US economy. In 2011 the value of domestic 
shipments, imports and exports was estimated to approximately 16,804 billion of 2007 
dollars (USDOT, 2012). Among the different modes of transportation, trucks accounted 
for 68% of total shipments tonnage distribution in 2011 (USDOT, 2012). However, 
extended truck operations which are included in the general category of Commercial 
Motor Vehicles (CMV) create issues regarding road safety.  

Safety concerns refer to the interaction of CMVs with other modes of transportation. 
Statistics show that 276,000 trucks were involved in road crashes during 2009 and a 
corresponding increase in fatality levels of 9% was also observed (USDOT, 2012).  

Driver fatigue is a primary cause of truck accidents. Transportation agencies, in order to 
reduce driver fatigue levels and improve road safety, developed Hours of Service (HOS) 
rules for CMV drivers. HOS rules define the maximum allowable driving and working 
hours and the corresponding required rest periods.  

Currently, the Federal Motor Carrier Administration (FMSCA), US-DOT proposed new 
HOS rules for CMV drivers in the context of the continuous effort to improve safety 
standards. New rules suggest the reduction of the allowable working hours per week to 
70 and require two rest periods between 1 a.m. to 5 a.m. to be included in the 34-hour 
off duty restart period (FMSCA, 2012). New regulation has created significant 
controversy regarding the potential effects on truck operations. The longer rest periods 
and the benefits regarding drivers’ health are pointed out. However, various concerns 
are expressed regarding the impact of new rules on industry benefits/costs and also the 
effects on traffic and environmental conditions. 

The major objective of this research was to investigate the potential effects of new HOS 
rules, focusing on the corresponding impact on traffic conditions and mainly congestion 
levels. Analysis included the selection of the case study area based on data availability 
and the identification of the existing truck trip patterns and characteristics using 
GPS/GIS truck data. Existing truck trip patterns were developed by statistically 
analyzing the provided data.  

Then, research focused on developing a methodology to model the impact on traffic 
congestion. Congestion impact was identified by tracking the corresponding changes of 
the Level of Service (LOS) which described the traffic conditions of the case study road 
network. Analysis followed the suggested methodology by the Highway Capacity 
Manual (HCM, 2000); however, various adjustments to the related formulations had to 
take place. These adjustments mainly corresponded to the data characteristics and 
limitations. 

Analysis outcomes from the applied case study revealed a significant impact of the new 
HOS regulations on traffic conditions during peak hours. Worse LOS values showed 
that congestion levels on the case study link could be significantly increased due to the 
application of the new HOS rules and their corresponding restrictions.  
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1. INTRODUCTION 

1.1 Problem Statement 

The role of the freight industry in US economy is crucial. According to 2011 facts 
provided by the US Department of Transportation, total domestic shipments were 
15,336 million tons. Exports were 895 million tons and imports were 1,390 million tons. 
The corresponding value of domestic shipments in 2011 was 13,200 billion of 2007 
dollars. Value of exports was 1,285 billion of 2007 dollars and value of imports was 
2,319 billion of 2007 dollars (USDOT, 2012).   

Among the different modes of transportation, trucks were most significantly involved in 
freight movements, covering approximately 68% of total shipments tonnage distribution 
in 2011 (USDOT, 2012). Trucks are included in the general category of Commercial 
Motor Vehicles (CMV). CMV is defined by the USDOT (2013) as: 

 Any vehicle which weighs 10,001 pounds or more 
 Any vehicle or combination of vehicles with a gross weight rating (GCWR) of 

10,001 pounds   
 A vehicle that carries 16 or more passengers, including the driver not for 

compensation purposes 
 A vehicle that carries 9 or more passengers, including the driver for 

compensation purposes 
 Any vehicle that carries hazardous materials and requires placarding   

CMV volumes significantly affect traffic conditions of road networks. Truck volumes’ 
impact can be identified in various areas which include traffic congestion, safety levels 
and environmental concerns. Regarding road safety, trucks highly affect crash rates. 
Crash statistics show that 276,000 large trucks were involved in road accidents during 
2010 in the US. A 9% increase in the fatality levels of truck involved crashes was also 
observed during this period since 2009 (USDOT, 2012). One of the major causes of 
truck involved crashes is driver fatigue due to the long distances and extended driving 
hours. Freight and transportation agencies in order to reduce crash rates introduced 
and applied approximately the last 76 years various regulation to ensure the ability of 
truck drivers to have efficient rest periods. Regulation was developed in the format of 
Hours of Service (HOS) for CMV drivers.  

HOS rules define the maximum number of driving and working hours per day for a CMV 
driver before a rest period is enforced by law. Additionally, the maximum number of on 
duty hours per week and the length of the rest periods before a new weekly cycle restart 
are also described by HOS. Current HOS rules are presented in Table 1, provided by 
USDOT, 2013: 
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Table 1: Hours-of-Service Rules (USDOT, 2013)  

Property-Carrying CMV Drivers 
Passenger-Carrying CMV Drivers 

(Valid Until July 1, 2013) 

11-Hour Driving Limit                                      
May drive a maximum of 11 hours after 
10 consecutive hours off duty.  

10-Hour Driving Limit 
May drive a maximum of 10 hours after 8 
consecutive hours off duty. 

14-Hour Limit 
May not drive beyond the 14th 
consecutive hour after coming on duty,  
following 10 consecutive hours off 
duty. Off-duty time does not extend the 
14-hour period.  

15-Hour On-Duty Limit 
May not drive after having been on duty for 
15 hours, following 8 consecutive hours off 
duty. Off-duty time is not included in the 
15-hour period 

60/70-Hour On-Duty Limit 
May not drive after 60/70 hours on duty 
in 7/8 consecutive days. A driver may 
restart a 7/8 consecutive day period 
after taking 34 or more consecutive 
hours off duty.  

60/70-Hour On-Duty Limit 
May not drive after 60/70 hours on duty in 
7/8 consecutive days.  

Sleeper Berth Provision 
Drivers using the sleeper berth 
provision must take at least 8 
consecutive hours in the sleeper berth, 
plus a separate 2 consecutive hours 
either in the sleeper berth, off duty, or 
any combination of the two.  

Sleeper Berth Provision 
Drivers using a sleeper berth must take at 
least 8 hours in the sleeper berth, and may 
split the sleeper-berth time into two periods 
provided neither is less than 2 hours.  

 

 

In the context of continuously improving HOS rules efficiency, the Federal Motor Carrier 
Safety Administration, US-DOT recently suggested a set of different changes regarding 
HOS regulation. Suggested changes are summarized in Table 2: 
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Table 2: SUMMARY OF 2011 HOS FINAL RULE PROVISIONS  

Changes Compared to Current Rule (USDOT, 2013) 

PROVISION CURRENT RULE 
FINAL RULE                                             

COMPLIANCE DATE JULY 1, 2013 

Limitations on 
minimum 
“34-hour 
restarts” 

None. 
(1) Must include two periods between 1 
a.m. – 5 a.m. home terminal time. 
(2) May only be used once per week. 

Rest breaks  
None except as limited by other rule 
provisions. 

May drive only if 8 hours or less have 
passed since end of driver’s last off-duty 
period of at least 30 minutes.[HM 397.5 
mandatory “in attendance” time may be 
included in break if no other duties 
performed] 

PROVISION CURRENT RULE 
FINAL RULE                                             

COMPLIANCE DATE FEBRUARY 27, 
2012 

On-duty time  
Includes any time in CMV except 
sleeper-berth. 

Does not include any time resting in a 
parked vehicle (also applies to 
passenger-carrying drivers). In a moving 
property-carrying CMV, does not include 
up to 2 hours in passenger seat 
immediately before or after 8 
consecutive hours in sleeper-berth.  

Penalties 
“Egregious” hours of service violations 
not specifically defined.  

Driving (or allowing a driver to drive) 3 or 
more hours beyond the driving-time limit 
may be considered an egregious 
violation and subject to the maximum 
civil penalties. Also applies to 
passenger-carrying drivers. 

Oilfield 
exemption 

“Waiting time” for certain drivers at 
oilfields (which is off-duty but does 
extend 14-hour duty period) must be 
recorded and available to FMCSA, but 
no method or details are specified for the 
recordkeeping. 

“Waiting time” for certain drivers at 
oilfields must be shown on logbook or 
electronic equivalent as off duty and 
identified by annotations in “remarks” or 
a separate line added to “grid.” 

 

The results of the suggested new HOS rules application are controversial. Many 
concerns are expressed regarding the potential impact on traffic congestion, 
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environmental conditions and the economic standards of trucking industry. A 
characteristic example of new regulation impact focuses on the effects on drivers’ 
working schedules due to the new rule which requires two rest periods from 1:00 to 5:00 
a.m. off duty per week. By reviewing drivers working practices, this new rule will restrict 
truck movements. As a result, a large amount of truck drivers will restart a new weekly 
working cycle on Mondays after 5:00 a.m. so as to comply with new rules. These 
additional truck volumes can significantly affect traffic conditions of the corresponding 
networks, mainly during peak hours. The developed controversy regarding the effects of 
new HOS rules should be answered by investigating the potential consequences of the 
new regulations in different aspects of truck operations.  

1.2 Research Objectives 

The major objective of this project was to perform a thorough analysis regarding the 
effects of new HOS rules of CMV drivers on congestion levels of road networks. In order 
to identify the impact of new regulation, a part of I-40 network between Memphis and 
Nashville, Tennessee was applied as the case study area. Analysis was based on 
tracking potential changes on truck volumes due to the restrictions of new rules. 
Additional tasks of this study included the analysis of the affected truck trip patterns and 
the related trip characteristics of the selected case study area. The impact of these 
modified truck volumes and characteristics on traffic conditions and congestion levels 
were identified by investigating the corresponding effects on the Level of Service of the 
case study network.  

The remainder of this report is as follows: chapter 2 refers to the literature review which 
describes the modifications of HOS rules through history and includes various research 
regarding HOS of CMV drivers and the impact of trucks on traffic congestion. Chapter 3 
focuses on the methodology that was followed, while different subcategories describe 
the case study area and data characteristics. Chapters 4 and 5 focus on the study 
results and the corresponding conclusions respectively. 
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2. LITERATURE REVIEW 

2.1 Introduction 

The major objective of this report was to identify a potential impact of new Hours of 
Service (HOS) for Commercial Motor Vehicle (CMV) drivers on road congestion levels. 
In order to get an efficient background for accomplishing this task, a thorough literature 
review was carried out. The literature that was reviewed is categorized in three different 
sections. The first one focuses on how the HOS regulation has been modified in order 
to get its latest format by describing the most significant revisions that have taken place. 
Next section refers to research that has been done regarding HOS of drivers and their 
effects. The last one concentrates on the research that has been carried out regarding 
the effects of truck and heavy vehicles in total on traffic conditions and congestion. 

2.2 Regulation 

Various changes and revisions throughout history have been applied to regulation 
regarding HOS for CMV drivers. A potential identification of the optimal rules could 
ensure public safety and increase productivity of operations and economic benefits for 
both employers and employees at the trucking industry. 

One of the first attempts for regulating limits regarding driving hours was conducted in 
1936 by the Interstate Commerce Commission (ICC). The first version of these rules 
limited the maximum number of duty hours to 15 per day which included maximum 12 
hours of work and 3 hours for drivers’ rest and breaks. These rules ensured an off-duty 
recovery period of 9 hours. Additional restrictions were set regarding a maximum 
number of 60 duty hours per week or 70 hours per 8 continuous days. After a set of 
revisions and adjustments which took approximately 3 years, rules were updated by 
specifying the maximum allowable number of driving hours which were included in the 
number of working hours. Driving hours’ limit was set to 10 while the total number of 
duty hours per day was increased to 16 by decreasing the maximum number of off duty 
rest recovery period. Rules regarding the maximum allowable number of duty hours per 
week or per 8 days remained the same (FMCSA, 2000).  

The next major revision of the HOS regulation for CMV drivers took place in 1962 by 
ICC. The most important change of the new rules was that the 24-hour restrictions no 
longer existed. This fact combined with the existence of an 8-hour off duty recovery 
period and a maximum allowable number of 10 hours continuous driving resulted in 
cases where a large amount of drivers completed 16 hours of driving in one day. The 
final format of the specific regulation created the need for development of various 
exemptions regarding existing HOS rules (FMCSA, 2000). 

Another significant change at the HOS rules took place in 2003 by the Federal Motor 
Carrier Safety Administration (FMCSA). According to this revised version, the maximum 
number of working hours was set to 14 per 24 hours, something which allowed a 10-
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hour off duty rest recovery for drivers. In the 14-hour working period, an increased limit 
of 11 continuous driving hours was included. An important change to HOS rules was the 
addition of a 34-hour restart period provision which allowed drivers to restart a weekly 
working cycle after 34 continuous hours of rest. The limit of 60 hours per 7 days was 
retained (FMCSA, 2011).   

The most recent changes regarding HOS regulation were suggested by FMCSA in 
2011. Previous rules regarding the 14-hour limit of working hours and the 11-hour limit 
for driving hours remained the same as well as the 60 and 70 hour restrictions. A major 
change of the suggested rules was that if the 34-hour restart option was used, the next 
use of this rule should take place after 168 hours. Additionally, the 34-hour restart 
should be combined with 2 rest breaks between 1:00 and 5:00 a.m. Another important 
change included a rest break of 30 minutes for drivers who had completed 8 hours of 
continuous driving (FMCSA, 2011).   

2.3 Research Regarding Hours of Service 

Various studies in literature review analyze different aspects of the problem related to 
HOS for commercial motor vehicle drivers. Most of the available literature in this area 
focuses on evaluating HOS and their effects on safety, productivity, scheduling and 
economy in general. 

First studies on this area focused on how HOS of drivers were related with safety issues 
(Harris and Mackie, 1972; Hackman et al., 1978) while others analyzed the impact of 
HOS on drivers’ fatigue (Mackie and Miller, 1978). Jones and Stein (1987) studied the 
relationship between truck accidents and working hours of the involved drivers. The 
authors concluded that violation of the existing time period HOS regulation was one of 
the major parameters which affected crash rates.  

HOS rules violation by truck drivers was the area of focus for a study which was carried 
out by Braver et al. (1992). The authors used the method of personal interviewing 1249 
truck drivers and statistical analysis of the collected data to identify the levels of HOS 
violations and the related causes. Major conclusions included that around 75% of truck 
drivers violated regulations due to various reasons such as economic benefits, young 
age, etc. Need for developing efficient mitigation measures against violating rules was 
pointed out and further use of electronic in-vehicle devices or involving employers in 
drivers’ guidance to follow rules were suggested.  

Griffin et al. (1992) carried out an analysis on how drivers HOS affected various related 
areas such as productivity of operations, safety or drivers benefits. Due to lack of 
efficient data, whole analysis was based on developing and comparing alternative 
scenarios regarding driving hours and rest periods. Additional information was collected 
by interviewing drivers. Generally it was concluded that a 24-hour restart policy would 
result in economic and safety benefits for both employers and employees as it ensures 
more efficient rest periods for drivers and better operations’ scheduling.  
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The relationship between working hours of drivers and safety was investigated by Lin et 
al. (1993). Dataset consisted of 1,924 crash/non-crash cases and was provided mainly 
from private company sources. The methodology that was followed in this study was 
based on the application of logistic regression models so as to find out the probability of 
an accident occurrence considering various parameters which included driving hours, 
schedules, time of day driving and working experience. Continuous driving hours were 
found to be a major factor which could result in increased crash ratios. Crash probability 
increased by 50% after 4 hours of consecutive driving and even more after 8 hours of 
driving. Drivers’ age wasn’t found to have a great impact; however, experienced drivers 
had a lower crash probability. Driving during night periods increased accident risk while 
off duty recovery periods didn’t affect results significantly. 

An analysis regarding HOS and speed violations from truck drivers in order to keep on 
schedule was carried out by Beilock (1995). The method of personal interviewing 498 
truck drivers was followed so as to get the required data such as trip origin and 
destination points, existence of co-drivers, etc. After making various assumptions such 
as the existence of a constant average speed, the authors concluded that around 25% 
of drivers were violating regulations so as to comply with schedules and also levels of 
violation were higher in cases where no co-driver existed. 

Arnold et al. (1997) reviewed opinions of people who were involved in truck operations 
in Australia regarding how important were working hours for truck operations and at 
which level they affected drivers’ fatigue. A sample of 1249 drivers and 84 companies 
were involved in this study for data collection regarding driving hours, factors which 
could cause fatigue and additional information. Statistical analysis of the collected data 
followed while a major fact was that no drivers working hour restrictions existed during 
the specific study. The major findings included that a large number of the interviewed 
drivers were working more than 14 hours per day while sleep hours were limited. 
Additionally, it was found that opinions regarding the impact of fatigue varied a lot. 
Drivers who were operating under no restricting rules underestimated effects of fatigue 
on their productivity.  

Wislocki (2000) evaluated the suggested changes of HOS rules at this time period by 
investigating opinions of people who were involved in the truck industry. A major 
concern was expressed regarding the fact that according to new rules, working hours 
were limited, mainly during night. Such a change would result in major road construction 
operations to take place during day and peak hours. The majority of the reviewed 
opinions focused on the increased traffic congestion due to daytime operations, 
however, others concentrate on safety issues regarding maintenance workers’ risk 
rates. 

Belzer et al. (2002) analyzed the suggested changes by the US government of HOS 
rules, focusing on the regulation which restricts maximum number of duty hours to 60 
per week. First section of analysis identified various miscalculations in the original 
proposal regarding the benefits from the HOS reduction while at the second section a 
prediction of the economic results from the hours’ reduction was described. In order to 
carry out the economic forecast analysis, the authors applied a macroscopic 
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econometric model which proved that working hours’ reduction will lead at major 
economic benefits due to new job openings or less accident costs. 

Similar conclusions regarding the 2000 proposed changes of the HOS rules were 
reached by another study of Saltzman and Belzer (2002). Wrong initial estimation of the 
potential benefits from HOS rules revision and the fact that reduction at HOS of drivers 
will result in further economic gains and a lower cost of operations were also verified. 
The authors suggested that HOS regulation revision should focus on restoring a 24-
hour work cycle regarding truck operations as it could assist in increasing driver’s safety 
and health. Also it was concluded that it was crucial the revision of HOS rules to ensure 
reduction of violations by regulating penalties and economic consequences for both 
employers and employees in the trucking industry. 

However, in a different article where Parker (2003) tried to identify opinions of various 
people who were related with trucking industry about new HOS rules, views varied 
significantly. In general many concerns were expressed regarding the fact that new 
rules could increase operational costs and limit productivity due to the reduction of 
working hours or the need for more drivers. 

Amundsen and Sagberg (2003) conducted an extended literature review on how drivers 
working hours were related with road safety. The authors concluded that HOS are a 
crucial factor regarding truck involved accidents. It was found that accident probability 
increases significantly after 9 to 11 hours of continuous driving. High levels of HOS 
rules violations among drivers were also identified due to lack of strict penalties in many 
countries. An increased probability for violators to be involved in accidents was also 
found to exist. The authors suggested various measures for reducing violations by 
adjusting stricter regulation, reducing driving during nights, use of electronic devices, 
drivers’ education and improvement of rest areas.  

A different study from Monaco and Willmert (2003) tried to see if there was any 
correlation between levels of HOS regulations’ violations and drivers’ salaries. Analysis 
was based on an extensive dataset which included information collected in two different 
surveys with personal interviews. The methodology that was followed included statistical 
analysis of collected data. Major findings of this study included noticeable levels of 
regulations violation as approximately 26% to 42% of the interviewed drivers reported 
cases of violating HOS. Correlation between economic benefits and regulations 
violation was also verified as it was found that a potential increase in drivers’ income will 
automatically increase probability of violating a rule. 

Heaton (2005) investigated the efficiency of existing regulation regarding truck drivers 
HOS and what was the impact of such rules on health issues. Analysis was based on 
an extensive literature review that was carried out and focused on different policies-
strategies related to HOS regulation. It was concluded that even though the main 
objective of the existing rules was to improve drivers’ working conditions, their efficiency 
is doubted. Regulation by trying to protect drivers through reducing HOS forced them to 
violating rules for economic reasons. Such issues should be addressed with a revised 
version of HOS regulation which would probably be more adjusted to truck industry 
working environment.   
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Different opinions of people who were involved with truck industry regarding efficiency 
of the revised 2003 HOS rules were reported in another article (Occupational Hazards, 
2005). Some focused on the positive side of HOS changes by pointing out that drivers’ 
safety and health were protected. On the other side, different concerns were expressed 
regarding a significant increase at working hours due to the 34-hour restart option. 

Jones et al. (2005) carried out a study which focused on comparing rules which exist in 
different nations regarding working hours in all modes of transportation. Two major 
categories of regulations were identified. Prescriptive HOS rules suggested a maximum 
number of working hours, while non-prescriptive rules were identified by a methodology 
developed by each company for fatigue management. The authors concluded that non-
prescriptive rules needed to be enhanced and an efficient combination of both 
regulations’ type might be the optimal solution. 

Another study from Jovanis et al. (2005) tried to evaluate the impact of HOS regulation 
changes on accident levels and safety in total. Statistical analysis that was carried out 
was based on use of a time dependent regression model which predicted the probability 
of an accident to occur considering different parameters. An extended sample of 693 
crash/non-crash cases was used. According to major conclusions of this study, an 
accident possibility increases significantly after 11 hours of continuous driving. Also, it 
was found that an accident probability for sleeper operations was more related to 
consecutive driving hours while for non-sleeper operations was more related to multi-
day working.  

An additional analysis related to new HOS rules was conducted by Olson (2006) who 
focused among others on opinions of truck drivers regarding the suggested HOS 
regulation changes. Methodology was based on a dataset which was collected from 103 
drivers with a combination of electronic devices and questionnaires. From this study, 
acceptance of the HOS rules changes was verified as drivers highlighted the positive 
side of the 34-hour consecutive rest rule or the ability to sleep more.  

Dick et al. (2006) carried out a two-phase study in order to evaluate the 2004 changes 
of HOS regulation for truck drivers. The first phase of this study focused on the 
acceptability of new rules from truck drivers and was based on the method of personal 
interviewing a sample of approximately 1000 divers. The second phase included 
identification of the consequences of HOS revision on safety. Statistical methodology 
was based on data collected from a large number of vehicles which belonged to 23 
truck companies and were provided by American Trucking Association. From drivers’ 
interviews, acceptability of the new regulation was verified as in general new rules 
resulted in reducing driver fatigue however an opposition regarding some rules such as 
the limit of 14 hours of work was expressed. Regarding the safety parameter from data 
comparison it was found that new regulation resulted in reducing crash rate by 3.7%. 

A different aspect of freight operations and how such operations were affected by HOS 
rules was analyzed by Goel and Gruhn (2006). In this study, an investigation on how 
regulations regarding working hours of drivers affected vehicles’ routes and schedules 
was carried out. The authors had to deal with a modified vehicle routing problem with 
time windows in order to include the consequences of driving hours as they highly affect 
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scheduling. Metaheuristics were applied for problem solution. Generally, a significant 
role of driving hours in vehicle routing and scheduling was verified since HOS highly 
affect vehicle travel times.   

Maier-Speredelozzi (2006) focused on how the suggested reduction of HOS of heavy 
vehicle drivers would affect warehouse operations. A major problem was that according 
to new rules loading/unloading time was included in drivers working hours so 
operations’ duration should be minimized in order drivers to comply with working 
schedules. Main objective of this study was to identify the consequences of the 
regulation change and to suggest mitigation solutions. Methodology was based on a 
simulation analysis of warehouse operations. The authors concluded that economic 
consequences of the new rules due a potential need for more drivers could be avoided 
by a more efficient design of warehouse receiving operations which could reduce 
operations duration and drivers waiting time. 

A different study concentrated on how HOS of drivers could affect accidents ratio in 
which trucks were involved and the cost of operations in total (Mukherjee and Hall, 
2005; Mukherjee et al., 2006). Methodology was based on a large dataset which was 
acquired from various private companies and agencies. For identification of the 
relationship between HOS and accident ratio, a statistical analysis with use of various 
tools such as probability distributions and odd ratios were used. Regarding the 
correlation between HOS and cost consequences, analysis was based on the 
application of a linear model. It was found that a limit of 8 to 9 hours of consecutive 
driving could reduce the number of potential accidents by 3% to 5%.  

Robin-Verger (2007) conducted a critique regarding the existing at this time period HOS 
rules for truck drivers. The author through carrying out an extended literature review and 
a deep investigation of the HOS regulation came up with suggestions for potential 
changes in a future regulations’ revision. One major finding to support the authors 
opinion regarding the need for revised rules was that the existing regulations were 
developed based on assumptions and statistical miscalculations of the related costs. 
Revision suggestions include the reduction of the allowable number of continuous 
driving to 10 hours or the cancellation of the rule regarding an off-duty recovery period 
of 34 hours. Also, it was suggested that the hours’ violations should be checked through 
electronic devices so as to ensure the results’ validness. 

A study from Hanowski et al. (2007) focused on how 2003 HOS rules affected sleep 
hours of truck drivers and as a result driving behavior. Data sample included 73 drivers 
and related information was collected through a combination of video devices, 
specialized software and personal questionnaires. Analysis concentrated on identifying 
how sleep hours could affect critical incidents which describe cases where an accident 
or conditions close to accidents occur. Critical incidents were identified through sensors 
which could report unusual conditions such as sudden accelerations. The authors 
concluded that even though 2003 HOS provide more time for drivers’ sleep, accidents 
still occur. Long hour driving found to greatly affect drivers’ performance as 58 incidents 
were reported after 10 hours of drive. Majority of such incidents were related with lack of 
sleep prior to a critical incident. 
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A similar study was conducted from Hanowski et al. (2008) where the authors tried to 
identify effects of 2003 HOS rules on drivers’ performance and safety. One of the major 
changes that were suggested from these regulations was an increase of the allowable 
limit of consecutive truck driving hours from 10 to 11 per day. Analysis focused on 
identifying how new regulation was related with levels of critical incidents occurrence. 
The methodology that was followed was similar to the previous study and was based on 
the use of specific software programs in order to report an incident occurrence. 
Generally it was found that the one hour increase at the maximum number of driving 
hours does not result in an increased number of critical incidents.      

Another analysis on how HOS rules for truck drivers which require a 10-hour break, 
affected vehicle routing and scheduling problem was conducted by Divyang-Shah 
(2008). An optimization problem was formulated and main objective was minimization of 
truck travel times, considering present HOS regulation. HOS rules were considered by 
including in problem’s formulation specific time windows and limitations. A major 
difference of this study was the fact that impact of road congestion was considered in 
modeling process. Metaheuristics were applied for vehicle routing problem and 
identification of optimal solutions.  

A different study focused on evaluating the changes of HOS for truck drivers (McCartt et 
al., 2005; McCartt et al., 2008). Analysis was based on a comprehensive dataset of 
approximately 1,921 drivers and data was collected through personal interviewing. 
Methodology included mainly statistical analysis of the collected data. A major 
consequence of regulation changes was an increase on drivers’ fatigue due to an 
increased number of driving hours. Levels of rules violation weren’t significantly affected 
after regulations change however various reasons such as truck schedules, parking or 
absence of resting areas were found to lead in violations. The beneficial role of vehicle 
electronic devices for data collection was also verified. 

Benstowe (2008) investigated the consequences of long working hours and generally 
HOS of truck drivers on health issues that might arise. Study was mainly based on 
literature review. A major conclusion of this study highlighted the great effect of working 
hours on drivers’ health and came up with various suggestions regarding working 
conditions of truck drivers (rest periods, amenities, etc.). Such suggestions could 
potentially improve drivers’ performance and mitigate consequences of long hour 
driving.    

Min (2009) carried out a comprehensive literature review on the relationship between 
drivers HOS and truck operations efficiency and safety. The author found that safety 
could be affected by various parameters such as road and rest areas conditions; 
however, drivers fatigue was the major one. Various factors were related with fatigue so 
an optimal balance between driving hours and rest periods should be figured out. 
Another major finding from literature was the high levels of rules violation due to 
economic benefits. Regulating strict penalties for violators was suggested. Additionally, 
ideas for future research in various areas such as rest periods and sleep, time of day 
driving, safety and other topics were provided. 
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A similar study regarding how drivers’ health was affected by working hours was carried 
out by Jensen and Dahl (2009). Analysis was based on carrying out an extensive 
literature review regarding various HOS regulation for truck drivers worldwide. Then a 
comparison and evaluation of these different rules followed. The authors found that in 
general, long working hours can have a high negative impact on drivers’ health and 
well-being. Additionally, it was concluded that regarding European regulation, health 
parameter should be more considered. Disadvantages such as inflexibility of European 
regulations were also reported.  

Goel (2009) concentrated on how HOS regulation for commercial vehicle drivers was 
related with trip scheduling and vehicles routing. Methodology focused on European 
HOS regulations and a complete description of these rules was presented during this 
study. Routing problem was formulated as a vehicle routing optimization problem with 
time windows. Time windows were used in order for different time limitations related to 
drivers’ working hours to be considered. Major objectives of the optimization formulation 
were the minimization of fleet size and travel distance. Different methods such as naïve 
and multilabel were applied for the scheduling problem, while the solution of routing 
problem was based on using the Large Neighborhood Search algorithm. This study 
showed how rules regarding drivers’ working hours highly affect trips scheduling and 
routing. The authors concluded that trip scheduling could be much more efficient if 
somehow drivers’ rest periods were included to the available driving hour limit.  

Another study also analyzed how drivers’ HOS regulations affected vehicle scheduling 
and routing (Min, 2009; Min, 2011). Impact of time limitations due to the maximum 
allowable number of driving hours was identified. Formulation included a mixed integer 
optimization problem with the major objective of minimizing total travel time by reducing 
truck driving hours in order to comply with suggested HOS regulation. The problem 
solution involved a combination of different strategies. These included Dijkstra algorithm 
for identification of shortest path between origin and destination and application of 
Metaheuristics and mainly the Simulated Annealing methodology for identification of 
optimal solution. Validness of the suggested methodology was tested and it was found 
to produce results for routing-scheduling problem within the 1% range of optimality.  

A different analysis from Goel (2009) tried to model truck scheduling according to 
existing HOS regulation at this time period. The problem was formulated as a 
scheduling problem under specific time windows which occurred because of time 
limitations related to drivers’ allowable working hours. The methodology that was 
followed was characterized by development and application of a pseudo-code which 
was able to identify optimal truck schedules. The suggested methodology was 
developed for applications in cases of truck scheduling for one week time periods or 
more. The authors concluded that the developed model could also be used for 
investigating the relationship between drivers working hours with fatigue and safety 
issues in general.    

Gron (2009) investigated factors which lead drivers to violating HOS regulation. 
Analysis focused on HOS rules as they were defined by the European Union. Dataset 
included information regarding daily behavior of 16 truck drivers of a private company. 
Various factors were found to be related with regulations violation. Violation of rest hour 
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periods from drivers was a major issue. Other parameters that affected the level of 
violation were related to the strictness of HOS rules which did not provide freedom to 
drivers on adjusting their schedule and manage fatigue. Additionally, the fact that 
existing rules focused on long-distance drivers, created problems as this regulation 
could not efficiently be applied for short distance truck drivers. Furthermore, economic 
benefits for both employers and employees in truck industry resulted in extending 
driving hours. A major conclusion from this study was that truck employers and 
employees should be more involved in the process of defining HOS rules. 

The relationship between truck drivers’ HOS and collision rates was studied by Park 
and Jovanis (2010) as an extension of the work which was carried out by Jovanis et al. 
(2005). Analysis was based on a complete dataset of 693 crash/non-crash cases. 
Methodology included statistical regression analysis in order to identify probability of a 
crash based on time parameters. Additional parameters such as time of day, rest 
periods, working hours and berth sleeping were found to be related with accident levels. 
Multiday driving and off duty rest periods greater than 46 hours were found to increase 
crash rates significantly. A less significant impact of early morning driving was also 
reported. A major conclusion was that a significant increase of 56% and a greater than 
200% on crash risk after 6 and 10 hours of continuous driving respectively occurred. A 
major limitation of this study was the small amount of collected data, so the authors 
suggested a future extension of this study which would probably be based on a larger 
dataset. 

American Trucking Associations (2010) carried out a study in response to various 
suggestions for revising HOS regulations for truck drivers, focusing on the positive side 
of existing regulation. The authors tried to address various concerns that had been 
expressed by providing facts which proved the efficiency of existing rules. It was 
reported that in a 4-year period form 2004 until 2008, there was a reduction of 16% to 
21% in cases where trucks were involved in accidents while truck use was increased at 
the same period. Additionally, driving hours’ violations were also reduced by 22%. By 
providing such facts, it was concluded that no revision of existing HOS was needed as 
potential changes could affect safety levels and economic productivity. The authors 
identified a need for more research in areas such as training and education, truck 
parking and driver fatigue mitigation.  

Different opinions regarding suggested changes to HOS regulation and their potential 
effects were included in an article of Cassidy (2010). Various safety groups suggested a 
reduction of consecutive driving hours to 8 per day and a reduction of working hours in 
total to increase drivers’ safety and health levels. Many expressed a clear opposition to 
such changes by referring to a potential danger for public safety due to an increase of 
congestion and crash rates as a result of hours’ reduction. Others focused on economic 
consequences not only for trucking industry but also for the economy of U.S. in total. A 
suggested idea instead of reducing driving hours was to provide more flexibility to 
drivers in arranging their schedules and rest periods. 
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An analysis which considered drivers’ HOS regulations in the process of identifying 
truck routes and schedules was carried out by Rancourt et al. (2010). A combined 
vehicle routing-scheduling problem with time windows was formed in order North 
American HOS rules which defined allowable driving hours, breaks and rest periods to 
be addressed. Significant differences compared to previous research included breaking 
of rest period in more parts, existence of different type of vehicles and analysis of 
operational costs. The objective function of the developed optimization problem focused 
on minimizing fleet size however additional objectives included the minimization of trip 
distance and operational costs. Regarding the solution procedure that was followed, the 
authors extended the formulation of Goel and Kok (2010) and based their methodology 
on using Tabu Search algorithm. It was concluded that a more efficient scheduling-
routing solution could be reached if drivers rest time could be broken and also if these 
rest time could be included to driving time.  

Wu and Jovanis (2010) investigated the effects of rest and off-duty recovery periods on 
the number of accidents that truck drivers are involved. Data collection included 
approximately 696 crash/non-crash cases and was completed in two phases as 
datasets from different time periods were combined. The statistical analysis was based 
on the use of logistic regression models in order to identify the related accident rates. 
The major findings included that after 6 hours of consecutive driving, the possibility of 
an accident increased. Also it was found that rest periods during working hours resulted 
in reduced crash ratios; however, the 34 hour off duty recovery period seemed to have 
negative consequences as it was more possible for drivers to be involved in accidents. 

Jovanis et al. (2011) extended the work of Wu and Jovanis (2010) by carrying out an 
extensive analysis on the relationship between HOS regulations for truck drivers and 
accident ratios. A major difference of this study was that the authors considered the 
existence of a mixed fleet with Truck Load (TL) vehicles which usually serve one 
customer and less-than-truckload vehicles (LTL) which serve multiple customers. 
Dataset consisted of 878 observations which were collected in different time periods. 
This study was based on the same methodology of Wu and Jovanis (2010) which 
included the use of logistic regression models for statistical analysis of the collected 
data. Conclusions shown that after 6 hours of consecutive driving, LTL drivers had a 
significant increase of an accident possibility which reached its maximum value at the 
11th hour. A positive role of rest breaks was confirmed as after two rest breaks, the 
possibility for a driver to be involved in an accident was reduced by 32% and 51% for TL 
and LTL drivers respectively. Regarding off duty rest periods, it was found that the 34 
hour off duty period had a negative impact on accident probabilities for both TL and LTL 
drivers. 

A critique on the study of Jovanis et al. (2011) was carried out from Knipling (2011). The 
author focused criticism on the conclusions of this study regarding truck driving hours 
and especially doubted the small number of crash observations after 11 hours of 
driving. Additional concerns were expressed about data collection and editing while 
findings such as that the 34 hour off duty period had negative impact on accident 
probability should be further investigated. The author reported that more analysis should 
be conducted on issues such as time of day impact or crash characteristics effects. 
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Feasibility of results was doubted and the absence of a validation process in total was 
also reported. Finally the author suggested that the role of fatigue and other accident 
factors should be further analyzed 

Jansy (2011) conducted a study regarding the evaluation of 2010 HOS rules for truck 
drivers and a potential need for revising. The author focused on the suggested changes 
by USDOT which included reduction of allowable consecutive driving hours or 
reassessment of the duty rest periods. Study was based on an extensive literature 
review that was carried out. From literature, it was found that the possibility for a truck 
driver to be involved in an accident increased significantly after 8 hours of driving. Also, 
inefficiency of daytime sleep and the fact that existing regulations limited drivers sleep 
to 6 hours were reported. The author concluded that the suggested changes of the HOS 
regulation could improve both safety and economic factors which were related with truck 
industry.   

Another study which focused on evaluating suggested changes of truck drivers HOS as 
they were published from related agencies on 2010 was carried out by Scribner (2011). 
The author after identifying the characteristics of the suggested changes came up with 
three major comments/concerns regarding the nature of new HOS regulations. A first 
concern had to deal with accuracy of the methodology that was followed in identifying 
the proposed HOS changes. According to the author, various assumptions that were 
considered led to miscalculations of related costs. Additional concerns were expressed 
regarding the fact that suggested changes didn’t consider special cases such as 
economic benefits of risky drivers who violate regulations. Finally, efficiency of the 
whole process of licensing and insuring trucks was doubted in total as it greatly affected 
road safety and public health.   

A different analysis regarding effects of HOS regulation focused on safety parameters 
(Blanco et al., 2011; Soccolich et al., 2012). Major objective of this study was to find out 
the relationship between HOS rules and accident probability by identifying a safety-
critical event (SCE) factor which describes accidents, or cases close to crashes. A 
comprehensive naturalistic dataset which included a sample of 97 truck drivers was 
collected with a combination of video and sensor tools with questionnaires. 
Methodology was based on statistical analysis of dataset using various regression 
models. The study defined the various parts of a typical 14 hour workday for a driver as 
66% driving operations, 23% non-driving operations and 11% rest periods. Analysis 
showed that there was a significant increase in possibility of a critical event to occur, 
comparing the 1st with the 11th hour of driving; however, there was not any noticeable 
difference comparing the 10th with the 11th hour. Additionally, it was found that if driving 
operations were conducted close to the end of a 14 hour work day, the SCE risk was 
higher. The positive role of rest breaks during a typical workday was also confirmed.  

A critique regarding the previous study of Blanco et al. (2011) was conducted by 
Knipling (2011). The critique focused on the data collection model by doubting the 
accuracy of the naturalistic data methodology collection. Through an analytical 
investigation of all the parameters that were considered in the analysis of Blanco et al., 
the author doubted if the safety-critical event (SCE) factor could precisely depict drivers 
fatigue and as a result the corresponding levels of traffic safety. Additional concerns 
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were expressed regarding the whole nature of naturalistic methods, their application 
cost and their effect from traffic conditions. Validation of results regarding rest breaks or 
impact of consecutive driving hours was also doubted. 

An evaluation study of the Federal Motor Carrier Safety Administration proposal 
regarding HOS regulation changes was conducted by Edgeworth Economics (2011). 
The study focused on evaluating alternative options regarding the suggested changes 
which included reduction of working hours per day, reduction of driving hours or 
adjusting off duty hours. The authors after a deep examination of the related proposal 
came up with various doubts regarding the accuracy of the final results due to cases of 
incorrect cost methodology approach, use of inadequate data and infeasible 
assumptions. Additional concerns were expressed about the fact that the use of 
invalidated assumptions could have resulted in miscalculation of cost benefits from 
hours or crash reduction. Furthermore, conclusions regarding fatigue probability and 
sleep availability of drivers were based on unsupported assumptions. At the last part of 
the evaluation study, an updated and corrected version of the related costs (in cases 
where this was feasible) was provided. 

A different study focused on the effects of the HOS changes for Commercial Motor 
Vehicle drivers (FMCSA, 2011). Impact analysis compared and evaluated four 
alternative scenarios of HOS revisions in order to identify the most profitable changes. 
The effects of future changes were located in different areas which included safety, cost 
and health impact. Methodology regarding impact analysis included statistical 
manipulation of the acquired data, by using regression analysis or application of 
different mathematical formulations for identifying values of various economic variables. 
Cost impact was estimated in terms of productivity change, safety effects were defined 
in terms of reducing accidents rates and health impact was estimated by identifying 
mortality risk ratios. From the analysis that was carried out, it was concluded that the 
third alternative scenario, which included the addition of rest break during working 
hours, limiting the 34-restart option to 1 every 7 days and retaining the 11-hour driving 
limit, was the optimal one.  

An evaluation of the suggested changes on HOS regulation from FMCSA was 
conducted the same period (American Trucking Associations, 2011). After a brief 
description of the suggested changes, the authors focused on future consequences by 
highlighting negative aspects of the proposed regulation changes. A significant increase 
in operational costs was predicted due to limitation of working hours, need for more 
drivers or rescheduling of operations. Additionally the claim of FMCSA regarding an 
improvement of health and safety levels because of the proposed changes was doubted 
in total. Increased congestion was also pointed out as a potential consequence of 
suggested rules. The authors doubted the efficiency of the suggested HOS revision in 
total. 

One of the most recent studies was conducted by Goel and Vidal (2012) who focused 
on how HOS regulations affected truck routes and schedules. The problem was 
formulated as a mixed vehicle routing-truck scheduling problem with time windows and 
the major objective was minimizing operational cost. An additional goal of the authors 
was to identify how HOS regulations affected cost parameters. Regarding the 
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methodology that was followed, the authors focused on metaheuristics by developing 
and applying a genetic algorithm to solve the problem. The major difference of the 
suggested methodology was that the developed algorithm with a proper adjustment for 
time windows could be used for comparing and evaluating different HOS options. The 
main conclusions of this study included that European HOS regulation could result in 
higher levels of road safety and the strictness of Canadian regulations was also pointed 
out. Australian rules were characterized by high risk levels, while current changes in US 
regulations were found to have a positive impact by decreasing accident probability. 

Analysis that was carried out by Blalnchard (2012) focused on the revised HOS rules for 
truck drivers and the corresponding levels of acceptability from people who were closely 
related with truck industry. The author identified high levels of rejection of new 
regulation as many truck drivers clearly stated an opposition regarding new rules. It was 
reported that new rules such as the reduction of allowable working hours per week to 70 
and rest periods from 1:00 to 5:00 a.m. will increase road congestion as many trucks 
will operate during peak hours. Additional safety concerns were expressed as high truck 
volumes during peak hours could potentially increase crash rates with private cars, so 
public safety was doubted. Generally it was found that many drivers suggested the 
cancelation of new regulation application.  

Johnston (2012) focused on economic results of the latest regulations regarding drivers 
HOS. Data collection was based on combining different sources which included 14 truck 
companies and private firms for economic information. Statistical analysis of dataset 
included development and application of three economic models which identified 
different factors related to the productivity and profitability of truck operations. The 
authors found a direct connectivity between driving hours and the previously described 
economic factors. It was concluded that a further reduction of driving hours would 
probably affect productivity however some factors of profitability could be retained. 

One of the most recent articles regarding HOS regulation by Ross (2013) analyzed the 
concerns of American Trucking Association (ATA) regarding the efficiency of new rules 
and the requested delay in the compliance deadline. New regulation would require 
training of truck industry personnel and programs update. Compliance delay was 
requested by ATA in order to consider the jurist decision against the new rules. This 
could potentially reduce the risk and cost of an unnecessary training and programs 
upgrade. The additional objections of ATA regarding the accuracy of the benefit/cost 
analysis that was conducted by FMCSA were described. Similar concerns were 
expressed regarding the safety improvements that FMCSA forecasted to occur after the 
compliance with the new rules. According to ATA, an overestimation of the truck crash 
rates which were related with drivers fatigue took place. 

2.4 Research regarding Truck Volumes and Congestion 

An important task of this report is to identify potential effects of HOS changes on 
congestion. In this section, a literature review was carried out on how traffic conditions 
and congestion are affected by heavy vehicles operations in total. One of the earliest 
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studies that tried to identify the impact of heavy vehicles on traffic by analyzing the 
related travel times or intersection delays, was carried out by Fisk (1990). Grenzeback 
et al. (1990) investigated the consequences of truck operations on congestion during 
peak hours. The authors found that truck volumes did not significantly affect congestion 
during peak traffic periods; however, congestion levels were greatly increased in cases 
of truck involved crashes. 

Regarding the impact of trucks on congestion, Kockelman and Shabih (2000) analyzed 
how truck volumes affected traffic conditions at signalized intersections. The authors 
focused on cases of light trucks. Analysis was based on a dataset which were collected 
with video devices from two different signalized intersections and included different 
information such as travel time, type of vehicle, etc. Methodology was based on 
statistical analysis and regression models were used to identify the time needed in order 
to serve all vehicles of a signalized intersection. It was found that light trucks greatly 
affected traffic conditions at signalized intersections by increasing congestion. Light 
trucks were approximately equal to 1.2 cars, something which resulted in a 10% 
reduction of intersection capacity while 20% of time was lost because of starting times 
of light trucks at fronts of a queue. The authors concluded that more research should be 
carried out as light truck volumes increased significantly congestion levels. 

Effects of increased freight and especially truck volumes on the Ohio state road system 
were also analyzed by Cambridge Systematics (2000). Methodology included an 
extensive analysis of existing data regarding freight movements and application of a 
statistical forecast model. A major objective was, among others, the identification of the 
future impact of truck freight increase on traffic conditions, focusing on congestion. It 
was concluded that the predicted increase of 58% truck volumes by 2020 would result 
in an increase of approximately 80% in congestion levels, while a 60% increase of 
accident costs would also occur. The authors reported that the predicted consequences 
on congestion should be mitigated as global economy would be greatly affected by new 
traffic conditions. Roadway maintenance and improvement, construction of new road 
facilities or application of intelligent transportation systems were mainly suggested. 

Another study related to effects of trucks and heavy vehicles on signalized intersections 
was also conducted by Haldane and Bunker (2002). Analysis used data that was 
collected with on-site inspection. Methodology was based on various on-site tests which 
represented conditions of clearing out a queue at signalized intersections. The authors 
confirmed the impact of large trucks on traffic conditions as it was found that they were 
equal to approximately 2.5 to 7 cars, depending on the corresponding size. 

Al-Kaisy and Jung (2004) studied the impact of truck volumes in cases of roadways with 
increased congestion levels. Methodology was based on applying a simulation model 
which could show how different parameters were related with trucks’ impact on traffic 
conditions. Identifying the passenger car equivalent factor for trucks was a key element 
of this study. Field data were used for calibration and validation. The authors confirmed 
the close relationship between heavy vehicles and traffic congestion. Additional factors 
which include road grade and existence of restrictions regarding the use of left lanes 
from trucks were also found to be significant contributors in increasing congestion. 
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Ramsay et al. (2006) also investigated the impact of heavy vehicles on road traffic 
conditions. Analysis focused on developing a simulation model of a selected road 
segment by using micro-simulation software for representing everyday traffic conditions. 
Effects of trucks on traffic were identified by analyzing how the model’s measures of 
effectiveness, which included speed, capacity, delay etc., where affected by a 
hypothetical large increase of truck volumes. Model calibration was based on adjusting 
speed and acceleration parameters according to data which were acquired through 
GPS devices. Findings of this study included that a potential increase of truck volumes 
will result in a decrease of systems travel speeds and especially significant decrease of 
private cars speed. Additionally an increase of systems delay times and a reduction at 
intersection service rates were also reported. Different mitigation strategies regarding 
consequences of truck traffic which involved signal adjustments or lane restrictions were 
also evaluated. 

Washburn and Cruz-Casas (2007) carried out an extensive analysis on how trucks 
affected traffic conditions in general, focusing on cases of signalized intersections. 
Impact of trucks on traffic was usually estimated using passenger car equivalent (PCE) 
factor. The authors tried to evaluate the accuracy of existing views regarding trucks 
impact as they were expressed through Highway Capacity Manual (HCM). Study was 
based on data which were collected through camera devices and included traffic and 
signal information. Data analysis involved developing a simulation application which 
allowed more efficient data manipulation. Final objective of this study was the 
development of updated mathematical models for precise calculation of PCE factor. In 
general it was found that the impact of truck traffic was more significant than previously 
believed. The authors suggested an update of the existing HCM guidelines by 
increasing value of PCE for trucks from two to three so as the increased effect of trucks 
on traffic conditions to be more accurately represented.  

Another study, which was conducted by Vierth et al. (2008), investigated effects of large 
trucks in general by analyzing different aspects which included traffic conditions, safety, 
costs and environmental consequences. Data were collected from different sources and 
involved various public agencies. A major element of the developed methodology was 
the statistical analysis of the acquired data by applying various mathematical 
formulations. Increased delay times for cars due to increased truck volumes, which 
resulted in higher levels of congestion, were confirmed.  

Harris and Anderson (2009) investigated how increased truck volumes affected different 
aspects of transportation which included safety, facilities condition and traffic 
congestion. Methodology included combining a traffic simulation modeling software with 
a travel demand model in order to produce an accurate simulation model which 
represented traffic conditions of the study network.  Analysis focused on how different 
future scenarios of increased truck volumes affect measures of effectiveness such as 
travel times or areas with increased levels of congestion. It was concluded that 
predicted increased truck volumes would greatly affect traffic conditions by highly 
increasing congestion levels of the network unless various mitigation measures were 
considered.   
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A different study tried to identify how empty truck volumes affected congestion and 
pollution levels under various scenarios where truck operations started from different 
origin points due to a new inland port on the greater study area (Englert and Lam, 2009; 
Englert and Lam, 2011). Analysis included collection of an extensive dataset with the 
method of personal interviewing and involved a great sample of truck drivers and 
employers from 65 different companies. Methodology focused on statistical analysis of 
collected data in order to predict consequences of different truck volumes and routes 
scenarios. The authors concluded that empty truck volumes highly affected congestion 
levels and in the majority of the scenarios that were tested, changing vehicle routing by 
altering origin points resulted in increased congestion. It was stated that a relocation of 
trucks origin due to a development of a new inland port should be the result of a 
thorough investigation of potential consequences. 

Another study analyzed the impact of truck volumes on road congestion especially due 
to movement of trucks during peak hours (Aschauer et al., 2010; Aschauer et al., 2011). 
Various data such as traffic and weather information, truck schedules, etc. from different 
sources, which included public and private agencies, were used. Methodology was 
based on predicting the potential consequences of different scenarios of peak hour 
truck volumes reduction on traffic and the related costs. Analysis was carried out with 
development of a computer application which allowed manipulating data and 
calculating-predicting future traffic-cost changes based on specific mathematical 
formulations. It was found that a reduction of 20% to 60% on truck volumes during peak 
hours could significantly result in reduction of congestion levels as corresponding travel 
times became smaller. However, a higher than 60% reduction was not suggested as it 
resulted in high congestion levels during off peak hour periods. 

2.5 Conclusions 

From literature review it was concluded that major changes have taken place in the 
format of HOS rules as related agencies tried to find an optimal balance between public 
safety and profitability for companies and drivers. Significant research has been done 
regarding HOS regulations and their impact on different areas which included safety 
and drivers’ health, employer and employees’ profits, scheduling and productivity of 
operations. Regarding the effects of heavy vehicles on traffic congestion, some studies 
focus on this area. However, from the literature review it was found that only few studies 
focused on the effects of HOS rules on traffic congestion. Regarding the potential 
impact of the suggested 2011 revised HOS rules for CMV drivers on congestion levels 
there is a clear need for more research in this area. This report’s major objective is to fill 
this gap. 
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3. METHODOLOGY 

This chapter focuses on the methodology that was followed in order to model the effects 
of new HOS rules on traffic conditions. Different sub-categories of this chapter provide 
an overview of the methodology that was followed and also describe the case study 
area and dataset characteristics. Additionally, the software selection process and their 
application are described. The last part focuses on the congestion impact analysis that 
was carried out. 

3.1 Overview 

As mentioned earlier, the major objective of the suggested methodology was to specify 
the impact of the new HOS regulation for CMV drivers on traffic conditions. The major 
change regarding drivers’ working schedules will take place due to the new regulation 
which requires two periods from 1:00 to 5:00 a.m. off duty per weekly working cycle. 
This will restrict truck movements and will lead a large amount of truck drivers to wait 
until Mondays 5:00 a.m. to restart a new weekly working cycle in order to comply with 
new rules. This fact could significantly affect traffic conditions as high truck volumes 
would utilize specific segments of road networks during peak hour periods. 

The first step in order to identify the impact on traffic conditions and congestion levels 
included the selection of the case study area, which was based on data availability. 
Then the major concept behind the developed methodology was to estimate the number 
of truck movements that would potentially be affected by the new rules. Analysis 
focused on identifying the exact number of truck trips, which took place on a typical 
Monday from 1:00-5:00 a.m. within the borders of the case study area, heading from 
Memphis to Nashville area. These truck volumes would be restricted and proportions of 
them would be gradually loaded on the network after 5:00 a.m. of the new weekly 
restart period. An important limitation of the provided data was that they referred to 
approximately 3%-8% of the actual daily truck volumes. This created the need for some 
adjustments to take place in order for the final results to capture real traffic conditions. 

Next step focused on the impact of the increased truck volumes on traffic congestion. 
This was answered by following the methodology that was provided by the Highway 
Capacity Manual (HCM) in order to identify how these increased truck volumes could 
affect the Level of Service (LOS) of the case study area. Different scenarios which 
referred to cases where proportions of the restricted truck volumes were simultaneously 
loaded on the case study network were tested, following the new HOS rules limitations. 

3.2 Description of Case Study Area 

Part of Interstate 40 (I-40) road network was selected as the case study area. I-40 is the 
third longest Interstate Highway in United States with a total length of approximately 
2,555 miles long, connecting the east with the west part of the country. The eastern 
border of I-40 is located at Wilmington area, North Carolina while the western border is 
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located at Barstow area, California (i40highway.com, 2013). A general map of I-40 is 
presented in Figure 1: 

 

 

Figure 1: Interstate 40 Map (Source: i40highway.com)  

 

Our analysis focuses on a part of I-40 between Memphis and Nashville, Tennessee 
which includes a network’s segment of approximately 212 miles long. The specific area 
was selected mainly because of data availability and it is presented in Figure 2: 
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Figure 2: Case Study Area (source: maps.google.com)  

3.3 Data Description 

Analysis was based on the use of a comprehensive dataset provided by the American 
Trucking Research Institute (ATRI). Database included Global Positioning System 
(GPS) data, which tracked the route and trip characteristics of each truck operating 
within the borders of the case study area. As it was mentioned earlier, the data sample 
that was available referred to 3%-8% of the total population (everyday truck volumes 
between Memphis and Nashville). The dataset included information covering a two 
month period from September 1st, 2011 until October 31st, 2011 with a total of 
13,510,974 observations. The major attributes of the provided database are 
summarized below: 

“x”- Horizontal coordinate of truck location 

“y”- Vertical coordinate of truck location 

“truckid”- Unique ID of each different truck 

“readate”- Date of observation  

“time”- Time of observation 

“speed”- Truck speed 

“heading”- Truck heading 
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A sample of the provided database is presented in   

Table 3: 

 

Table 3: Data Sample 

 

 

Additional data regarding truck and freight movements in general were also collected 
from different sources, including Freight Analysis Framework (FAF) database. Different 
type of information such as current freight movements, forecasts for future truck 
volumes and characteristics of freight operations can be acquired using FAF database. 
Our data collection process focused among others on any available information 
regarding the Average Annual Daily traffic (AADT) and the related truck volumes which 
corresponded to the selected case study area. 

3.4 Software Selection 

Regarding software selection, analysis was based on the use of ArcGIS and MathWorks 
MATLAB software. The ArcGIS application was selected due to its efficient capabilities 
for data analysis and its compatibility with data format (GPS data). MATLAB software 
was chosen since it allows the simultaneous manipulation of a large amount of data 
which can result in great time savings regarding analysis duration. The availability of the 
specific software platforms was an additional reason for using these tools. 

Geographic Information System (GIS) is a system which was mainly designed for 
geographical data manipulation. GIS applications are tools that allow users to create 
interactive queries, analyze spatial information, edit data in maps, and present the 

1 -86.7697702 36.1176578 100634 9/1/2011 15:05:00 58 SW

2 -86.7604118 36.0916562 100634 9/1/2011 15:10:44 4 S

3 -86.7603566 36.0908501 100634 9/1/2011 12:11:34 8 SE

…

…

…

…

…

13,510,972 -89.7235719 35.2311472 98980 10/31/2011 5:24:00 58 NE

13,510,973 -89.6532061 35.2682464 98980 10/31/2011 5:29:00 53 NE

13,510,974 -89.7319791 35.2264422 99128 10/31/2011 19:05:38 61 SW

time speed headingx y truckid readdate
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results of all these operations (Clarke, 1986). One of the major steps regarding GIS 
development took place back on 1960 in Ottawa, Canada by the federal Department of 
Forestry and Rural Development. The initial format of GIS was developed as the 
Canada Geographic Information System (CGIS) and was applied in different cases in 
order to analyze data for the Canada Land Inventory (Tomlinson, Retrieved 2007). 
Since then, researchers have been in a continuous effort of improving GIS capabilities 
by providing new and more powerful versions of GIS software. 

Matrix Laboratory (MATLAB) is a fourth-generation programming language. MATLAB 
programming environment and features allow data manipulation, algorithm application 
and models’ development (Altius Directory, 2010). A primal format of MATLAB software 
was initially developed in the University of New Mexico in 1970s. A significant step 
regarding MATLAB development took place in 1984 by MathWorks by rewriting 
MATLAB in C programming language. Since then, MATLAB is under a continuous 
process of update and development (Moler, 2004). 

3.5 GIS Analysis 

Among the different application of ArcGIS suite, ArcMap and ArcCatalog were the two 
major tools which were used. ArcMap is the major application for analyzing and 
manipulating geospatial data and creating the related maps. ArcCatalog is an additional 
tool for database management and organization. 

Prior to the import of GPS data to GIS platform, due to data size limitations, database 
was modified using SPSS Statistics software. SPSS Statistics is a platform, suitable for 
statistical analysis which allows managing databases of large size. In order to overcome 
the size problem of the provided database (13,510,974 truck observations), 60 separate 
“CSV” files were created using SPSS software, corresponding to each one of the 
different days of the two month observation period (Sep 1st - Oct 31st).  

The next step focused on developing a Geo-database using ArcCatalog application 
which included all the required information (Maps, GPS data) for the methodology 
accomplishment. A large Geo-database which included 60 CSV files with GPS data and 
the corresponding Google maps of the case study area was created and then imported 
in ArcMap tool for further analysis.  

ArcMap application was the major tool for identifying truck data which were related with 
the case study area. This information was crucial for the further data analysis using 
MATLAB software. The first step included the proper import of GPS truck data (CSV 
files) in ArcMap platform and the display of the provided information. A sample of the 
data display which refers to one single day of observation is presented in Figure 3: 
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Figure 3: GPS Data Display 

 

Then, analysis focused on specifying the GPS data which refer to the case study area. 
This was done by specifying the truck occurrences within the greater borders of 
Memphis and Nashville area, respectively, and creating the corresponding databases 
which refer to the two separate areas. These areas were specified using ArcMap 
selection tool. 

The data, which were related with the greater Memphis area, are presented in Figure 4: 

 

 

Figure 4: Truck Data for the Memphis Area  
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The GPS truck data, which referred to truck observations in the greater Nashville area, 
are shown in Figure 5: 

 

 

Figure 5: Truck Data for the Nashville Area  

 

The output information of GIS analysis was provided as separate CSV files which 
referred to Memphis and Nashville areas separately and included the corresponding 
truck observations and their characteristics. A total of 120 different CSV files were 
created for describing the output results and then were imported in MATLAB software 
for further analysis which included truck volumes and trip times’ identification on I-40 
roadway segment. 

3.6 MATLAB Analysis 

MATLAB software was used to analyze the GPS data which were manipulated by GIS 
tools. MATLAB analysis was completed in two separate phases. The first one focused 
on identifying truck volumes and trip characteristics while the other one analyzed the 
impact of new truck volumes (due to new HOS rules restrictions) on congestion levels.  
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3.6.1 Truck Volumes and Trip Characteristics 

As mentioned earlier, GIS analysis was able to capture data for every day of the study 
period. MATLAB provided the capability of accurate matrix table comparisons using an 
iterative process. Given the significant amount of data, this was selected as the most 
efficient method of analysis.   

Data were received from GIS software in CSV files that were separated by both day and 
city (Memphis or Nashville) criteria. A file read function in MATLAB enabled the 
download of the files to matrix tables within the program. The process was conducted 
for both cities and for each day of data availability. Due to the processor limitations, 
departure time, trip time, and volume analysis could only be conducted for one day of 
data at a time. Iterating this process in MATLAB enabled the faster files download. 
Once a day’s data for the two cities had been downloaded, a series of sorts and 
calculations followed. The sorting process ordered data in ascending order by truck ID 
and time. This process grouped the data by individual truck ID and then by time of day.  

As mentioned earlier, these calculations produced departure time and trip time for each 
truck during each separate day and the corresponding truck volumes on a 24-hour 
basis. Trip time was calculated by comparing the recorded times for a unique truck ID in 
both cities. The process looped through the data hundreds of times looking for recorded 
time points in the Memphis area data that correlated chronologically with recorded time 
points for the same truck ID in Nashville area. When a match was found, the match was 
verified by comparing the Nashville time observation to the next recorded time 
observation for that unique truck in the Memphis data. If the values were verified, trip 
time was then calculated by setting the Memphis recorded time as the departure time 
and the Nashville recorded time as the arrival time and then calculating the 
corresponding difference. This process also produced the required departure and arrival 
times. Volume calculations consisted of trucks that were present along the link between 
Memphis and Nashville during a given period of time, on a 24-hour basis.  

Error! Reference source not found. shows the process of calculating truck volumes 
and the corresponding departure and trip times. Mx and Nx represent the individual lines 
of data within the Memphis and Nashville data, respectively.  After sorting, the process 
entered into the trip time calculation where individual lines of data were matched and 
compared.  Mx+1 represent the next consecutive line of data within the Memphis data. 
This process continued until the end of the Memphis data was reached. The Nashville 
data started over at the beginning every time a departure-arrival time had been matched 
and progressed through the data until all intercity movements had been recorded.  At 
the end of Memphis data, the process switched to volume calculation, where it again 
entered an iterative process of comparing departure-arrival times to a set time of day.  
These are periods of one hour in which a truck was counted as occurring on the link if 
the departure and arrival times fall within a given hour. This process was repeated for 
each hour of a 24-hour day. The output was the truck volumes that were present on the 
link during a specific time period of day. 
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 Figure 6: MATLAB Analysis Flowchart  
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3.6.2 Congestion Impact 

The next phase of MATLAB analysis focused on the effects of new HOS of truck drivers 
on traffic conditions and manly congestion levels of the case study area. Congestion 
impact was estimated by tracking changes of the corresponding Level of Service (LOS) 
of the selected I-40 freeway segment. LOS is defined as a measure of traffic operation 
conditions and is evaluated in a scale from A through F. The definition of the evaluation 
scale is described in  

Table 4 as it is provided by the HCM 2000 version: 

 

Table 4: LOS Definition (Source: HCM 2000) 

 

 

Analysis followed the methodology suggested by the Highway capacity manual (HCM) 
regarding the LOS estimation of basic freeway segments. LOS was estimated for both 
the current and the new traffic conditions, which were created due to the updated HOS 
rules. A general version of this methodology is presented below. 

Definition

A

Represents a free-flow operation. Vehicles are 

almost completely unimpeded in their ability to 

maneuver within the traffic system.

B

Represents reasonably free-flow operation. The 

ability to maneuver within the traffic stream is 

slightly restricted.

C

Represents a traffic flow with speeds near or at 

free-flow speed of the freeway. Ability to 

maneuver within the traffic stream is noticeably 

restricted.

D

Represents speeds that begin to decline with 

increased density. Ability to maneuver within 

the traffic stream is noticeably limited.

E

Represents operation at its capacity. Vehicles 

are closely spaced within the traffic stream and 

there are virtually no useable gaps to maneuver.

F

Represents a breakdown of vehicle flow. This 

condition exists within queues forming behind 

the breakdown points.  
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One of the major parameters that had to be estimated was the corresponding flow rate 
(  ). The basic equation which was used for estimating flow rate (  ) is presented in 

equation 1: 

 

   
 

            
          (Eq. 1) 

 

Where              

  : refers to 15-min passenger car equivalent flow rate (pc/h/ln) 

 : refers to hourly volume (veh/h) 

   : refers to peak hour factor  

 : refers to number of lanes 

   : refers to heavy vehicle adjustment factor  

  : refers to driver population factor  

 

Regarding the identification of the heavy-vehicle adjustment factor (   ), this is 
described in equation 2: 

 

    
 

    (    )   (    )
          (Eq.2) 

 

Where              

     : refer to passenger-car equivalents for trucks/buses and recreational vehicles 
(RVs) in the traffic stream respectively 

     : proportion of trucks/buses and RVs in the traffic stream respectively 

 

Another crucial factor regarding the precise identification of LOS is the corresponding 
free-flow speed (FFS) levels. Free-flow speed is estimated using equation 3: 
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                                 (Eq. 3) 

 

Where              

   : corresponds to free-flow speed (mi/h) 

    : corresponds to base free-flow speed, 70 mi/h (urban) or 75 mi/h (rural) 

   : corresponds to adjustment for lane width 

   : corresponds to adjustment for right-shoulder lateral clearance 

  : corresponds to adjustment for number of lanes  

   : corresponds to adjustment for interchange density 

 

Then, considering the corresponding values of free flow speed (FFS) and flow rate (  ), 

LOS can be identified using Table 5, provided by HCM: 
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Table 5: LOS Criteria for Basic Freeway Segments (Source: HCM 200) 

  LOS 

Criteria A B C D E 

FFS = 75 mi/h 

Maximum density (pc/mi/ln) 11 18 26 35 45 

Minimum speed (mi/h) 75.0 74.8 70.6 62.2 53.3 

Maximum v/c 0.34 0.56 0.76 0.90 1.00 

Maximum service flow rate (pc/h/ln) 820 1350 1830 2170 2400 

FFS = 70 mi/h 

Maximum density (pc/mi/ln) 11 18 26 35 45 

Minimum speed (mi/h) 70.0 70.0 68.2 61.5 53.3 

Maximum v/c 0.32 0.53 0.74 0.90 1.00 

Maximum service flow rate (pc/h/ln) 770 1260 1770 2150 2400 

FFS = 65 mi/h 

Maximum density (pc/mi/ln) 11 18 26 35 45 

Minimum speed (mi/h) 65.0 65.0 64.6 59.7 52.2 

Maximum v/c 0.30 0.50 0.71 0.89 1.00 

Maximum service flow rate (pc/h/ln) 710 1170 1680 2090 2350 

FFS = 60 mi/h 

Maximum density (pc/mi/ln) 11 18 26 35 45 

Minimum speed (mi/h) 60.0 60.0 60.0 57.6 51.1 

Maximum v/c 0.29 0.47 0.68 0.88 1.00 

Maximum service flow rate (pc/h/ln) 660 1080 1560 2020 2300 

FFS = 55 mi/h 

Maximum density (pc/mi/ln) 11 18 26 35 45 

Minimum speed (mi/h) 55.0 55.0 55.0 54.7 50.0 

Maximum v/c 0.27 0.44 0.64 0.85 1.00 

Maximum service flow rate (pc/h/ln) 600 990 1430 1910 2250 

 

3.6.2.1 Formulation Adjustments 

However, due to some special characteristics of this case study and data limitations, 
different adjustments on the suggested methodology were applied. The adjustments 
that were made are described for each different case separately. 
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3.6.2.1.1 Current Traffic Conditions 

Current traffic conditions refer to the case where new HOS rules have not been applied 
and their impact was not considered.  

 

Equation 1 which was used for estimating flow rate (  ), was modified as follows: 

 

   
             

            
          (Eq. 4) 

 

Where: 

AADT: is the annual average daily traffic (provided by FAF database) 

Dtot: is the directional split and refers to the directional distribution of total hourly 
volume 

PDT: is the percent of hourly AADT and refers to the corresponding daily traffic demand 
pattern. This specifies the proportion of the total AADT which affects traffic conditions of 
a roadway link during a specific time period of the day 

 

Equation 2 which was used for the identification of the heavy-vehicle adjustment factor 

(   ), was modified as follows: 

 

    
 

  
              

             
(    )   (    )

          (Eq. 5) 

 

Where: 

TAADT: is the truck annual average daily traffic (provided by FAF database) 

TPDT: is the truck percent of TAADT and refers to the corresponding daily truck traffic 
demand pattern 

Dtr: is the directional split and refers to the directional distribution of trucks hourly 
volume 

AADT: is the annual average daily traffic (provided by FAF database) 
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Dtot: is the directional split and refers to the directional distribution of total hourly 
volume 

PDT: is the percent of hourly AADT and refers to the corresponding daily traffic demand 
pattern. This specifies the proportion of the total AADT which affects traffic conditions of 
a roadway link during a specific time period of the day 

 

The final format of the modified formulation for estimating the flow rate (  ) is presented 

in equation 6: 

 

   
             

      
 

  
              
             

(    )   (    )
   

          (Eq. 6) 

 

3.6.2.1.2 New Traffic Conditions 

New traffic conditions correspond to the case, which due to the new HOS rules, 
additional truck volumes were considered. Additional trucks (AT) were estimated using 
the provided GPS data and identifying the trucks which were operating between 1:00 
and 5:00 a.m. on a typical Monday. However, different adjustments took place. 

The provided GPS data were a sample of the total truck population therefore an 
adjustment factor (CF), which corresponded to the proportion of the total truck 
population, was considered. So additional truck volumes were as follows: 

 

Additional Truck Volumes: *AT/CF 

 

Other adjustments that had to take place regarding the additional truck volumes referred 
to the portion of the additional truck (PT) which affected traffic conditions on any 
separate link of the case study network during specific time periods.  

The levels of impact on each different time period had to be defined by: 

- Departure time at the origin point 
- Corresponding trip time to the destination point (case study link) 

 

The additional truck volumes were identified as: 
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Additional Truck Volumes: (PT*AT)/CF 

 

The modified equation for estimating flow rate (  ), is presented in equation 7: 

 

   
                

     

  
 

            
          (Eq. 7) 

 

Where: 

AADT: is the annual average daily traffic (provided by FAF database) 

Dtot: is the directional split and refers to the directional distribution of total hourly  

PDT: is the percent of daily traffic factor and refers to the corresponding daily traffic 
demand pattern  

PT: is the proportion of the additional trucks which affected a specific road link during a 
time period of the day 

CF: is an adjustment factor and corresponded to the proportion of the total truck 
population  

AT: is the number of additional trucks which were operating between 1:00 and 5:00 a.m. 
on a typical Monday 

 

 Additionally, the equation regarding the estimation of the heavy-vehicle adjustment 

factor (   ), was modified as follows: 

 

    
 

  
                

     
  

               
     
  

(    )   (    )

          (Eq. 8) 

 

The updated final format of the formulation for estimating the flow rate (  ) is presented 

in equation 9: 
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(    )   (    )

   
          (Eq. 9) 
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4. RESULTS 

As described in previous chapters, analysis data referred to Memphis-Nashville section 
of I-40 during the months of September and October, 2011. The first part of this analysis 
focused on identifying the characteristics of two parameters that were significant 
regarding the impact of new HOS rules. These two parameters were trip time by time of 
day and volume by time of day and were analyzed on a daily and weekly/weekend 
basis. This allowed for a detailed snapshot of activities during a particular period of time. 
In order to overcome some irregularities which appeared due to data limitations, 
averages of the hourly trip times and volumes were taken. The next part of the analysis 
focused on the impact of new regulation on traffic conditions and the corresponding 
congestion levels of the case study area.   

This chapter includes three sections in total. The first one describes the truck volumes 
of the case study area for different time periods, while the next one refers to the 
corresponding trip times of trucks for the I-40 segment between Memphis and Nashville 
area. The last section includes the analysis results regarding the impact of new HOS 
rules on LOS and congestion levels. 

4.1 Truck Volumes 

Trucks can have a significant effect on traffic conditions and congestion levels. The new 
HOS regulations may cause an increase on the corresponding truck volumes on road 
networks. In order to determine the possible magnitude, if any, of this shift, an initial 
state of the system should be determined. Truck volumes were firstly defined for each 
separate day of the 2-month observation period. A sample of truck volumes for two 
randomly selected days along the Memphis to Nashville link are presented in Figure 7 
and Figure 8. Truck volumes drastically change from hour to hour.   
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Figure 7: Sample of Daily Truck Volume (21-Sep-2011) 

 

 

Figure 8: Sample of Daily Truck Volume (28-Sep-2011) 

 

 

The resulting weekday aggregated volumes paints a much different picture of the 
average volumes than the daily graphs. Figures 11 through 17 show the volumes for 
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each day of the week after averaging the corresponding values of the 2-month data 
period. When viewed side-by-side, a noticeable pattern emerges. During the early hours 
of the day (12AM-6AM), truck volumes were higher than during the morning period 
(6AM-12PM). This could have been affected by the number of trucks that were 
immobilized (rest periods) during early hours’ period at rest areas along the link. Along 
morning progress, truck volumes decreased as the trucks re-entered the network and 
later cleared the case study segment. During afternoon hours (12PM-6PM), there was a 
large spike in the number of trucks operating on the link. This would suggest that the 
majority of truck operations occurred during this period of the day as trucks departed 
from origin points in Memphis and arrived at destinations in Nashville. After 9PM, on 
most weekdays, truck volumes drastically decreased suggesting that few new trucks 
entered the case study links at this time period. 

 

 

Figure 9: Average Monday Truck Volumes  
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Figure 10: Average Tuesday Truck Volumes 

 

 

Figure 11: Average Wednesday Truck Volumes  
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Figure 12: Average Thursday Truck Volumes  

 

 

Figure 13: Average Friday Truck Volumes 
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Figure 14: Average Saturday Truck Volumes 

 

 

Figure 15: Average Sunday Truck Volumes 
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relatively small number of trucks entering the network during this period. Conversely, a 
mass of trucks entered the link during afternoon hours of the day. This suggested that 
the majority of trucks utilized roadway links more during afternoon hours rather than 
morning hours. Similar conclusions can be reached regarding the characteristics of 
average weekend truck volumes as showed in Figure 17. 

 

 

Figure 16: Average Weekday Truck Volumes 
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Figure 17: Average Weekend Truck Volumes 
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Figure 18: Sample of Daily Trip Time (22-Sep-2011) 

 

 

Figure 19: Sample of Daily Trip Time (08-Sep-2011) 
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From the figures above it was shown that during the hours between 6AM and 9PM, trip 
times were relatively consistent. Also, the outlying nighttime hours between 10PM and 
5AM typically had much higher trip times than the daytime hours. However, safer results 
might be reached by investigating the average truck trip times for each separate day as 
they were produced by averaging the corresponding trip times of the two month data 
period.  

Figures 22 through 28 present average daily trip times for trucks for each single day. 
During the early morning hours (12AM to 5AM) trip times were significantly higher, 
compared with the daytime hours. This could be caused due to the fact that early 
morning hours could be used as rest and break periods for a large number of truck 
drivers, something which could significantly affect the corresponding trip times.  

During the day time hours (6AM to 9PM), trip times averaged between 3-4 hours. This 
was the typical truck trip time between Memphis and Nashville area without significant 
rest or break periods. Additionally, a slight decline in the average trip times as the day 
progressed towards the late afternoon hours was observed. One cause of such a 
decrease might be the need for truck drivers to accomplish a delivery within specific 
time windows; however, this decline was very gradual and might merely be the result of 
data type and quality. 

In the late evening hours (10PM to 12AM), the travel time spiked. This was similar to 
what was observed in the early hours of the morning. Drivers might include rest periods 
in their schedules during this time causing the trip time between Memphis and Nashville 
to increase. A notable difference at this time period of the day occurred on Fridays. 
Figure 24 showed that the average trip time during the late night hours was much lower 
than the other days of the week. One cause of this phenomenon could be regarding the 
type of driver that operated during the weekdays versus the weekends. Different 
companies have different policies on the operational hours of truck drivers.  A number of 
companies only operate during the weekdays which would mean that come Friday night 
many of these drivers are off the road. This could potentially explain the differences in 
late night trip times observed on Fridays.  
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Figure 20: Average Monday Trip Time 

 

 

Figure 21: Average Tuesday Trip Time 
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Figure 22: Average Wednesday Trip Time  

 

 

Figure 23: Average Thursday Trip Time  
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Figure 24: Average Friday Trip Time  

 

 

Figure 25: Average Saturday Trip Time  
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Figure 26:  Average Sunday Trip Time 

  

Further aggregation of data is shown in Figure 27. It shows the averages of all the 
weekdays’ trip times. The pattern was very similar to the pattern that was observed 
during the individual days. Trip time between Memphis and Nashville was approximately 
equal to 5-7 hours during the early hours of the morning. Trip times decreased relatively 
steeply until the midday hours (11AM-4PM) where trip times averaged out to about 3.5 
hours. During the early evening hours (8PM-10PM), trip times decreased more to about 
3 hours. A significant increase in trip times (7-8 hours) during the late hours of the day 
was observed.   

Similar conclusions can be reached for the average weekend trip times (Figure 28) as 
the corresponding patterns were approximately the same.  
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Figure 27: Average Weekday Trip Time  

 

 

Figure 28: Average Weekend Trip Time 
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4.3 HOS Rules - Congestion Impact 

New HOS rules impact on congestion levels was identified by tracking the potential 
effects of additional trucks volumes on LOS. The results from a case study which were 
produced after modifying the suggested methodology of the HCM are presented in 
figures 29 to 32. 

Additional trucks volumes were defined by analyzing the existing truck patterns and 
focused on the truck trips which were taking place during the early hours of Monday, 
between 1:00 and 5:00 a.m. These trips were considered to be more affected by new 
rules restrictions.  

Considering the average trip times between Memphis and Nashville area, analysis 
focused on the potential impact of these additional truck volumes on traffic conditions 
during peak hour period from 7:00 to 10:00 a.m. Due to data limitation, different 
scenarios which corresponded to which proportion (proportions were considered on a 
25% rates-base) of the additional trucks affected the case study road segment during 
specific time periods, were analyzed. In more details, the case study roadway link in our 
analysis could be affected by five different proportions of additional truck volumes (0, 
25, 50, 75 and 100%) during the time period from 7:00 to 10:00 a.m. The basic 
alternative combinations which reflect the impact on LOS and congestions levels during 
a.m. peak period are presented through figures 29 to 32 (all the different permutations 
of additional truck rates and their corresponding effects on traffic conditions are included 
in the appendix report).  

These graphs were developed after summarizing the results from 1944 different cases 
which corresponded to all the different combinations of parameters values. The value 
ranges of the different parameters are described as follows: 

 

Dtot: is the directional split and refers to the directional distribution of total hourly 
volume (Values range: 40%-60%) 

Dtr: is the directional split and refers to the directional distribution of trucks hourly 
volume (Values range: 40%-60%) 

CF: is an adjustment factor and corresponded to the proportion of the total truck data 
population (Values range: 3%-8%)  

PDT: is the percent of hourly AADT and refers to the corresponding daily traffic demand 
pattern (Values range: 5%-10%) 

TPDT: is the truck percentage of TAADT and refers to the corresponding daily truck 
traffic demand pattern (Values range: 5%-10%) 
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The corresponding results from the analysis regarding the impact of new HOS rules on 
traffic conditions as described above are summarized in figures 29 to 32: 

 

 

Figure 29: LOS Change due to Scenario 50-25-25 

 

Figure 31 refers to the scenario 50-25-25 which describes the case where 50% of the 
additional trucks affect the case study link during 7:00 to 8:00 a.m., 25% from 8:00 to 
9:00 a.m. and 25% from 9:00 to 10:00 a.m. Regarding the scenario where 25% of the 
additional truck volumes affect a specific link, it was found that in 60% of the cases LOS 
remained the same. However a notable negative impact on traffic conditions was 
identified as LOS was impaired in the rest of the cases. Especially, LOS was modified 
from level B to C in 28% and from C to D in 8% of the corresponding cases. 
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Figure 30: LOS Change due to Scenario 0-50-50 

 

From Figure 29 and Figure 30 the impact of an additional 50% of trucks volumes during 
a specific time period is presented. These truck volumes would significantly affect traffic 
conditions and the corresponding congestion levels as LOS is worsened in many cases. 
In more details, analysis showed that a 50% increase in truck volumes resulted in a 
LOS modification from B to C in 45% of the cases while a worsening from LOS C to D in 
18% of the cases was also observed. In approximately 3% of the cases, LOS changed 
from B to D and from C to E, something which revealed an even more intense negative 
impact.  
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Figure 31: LOS Change due to Scenario 25-75-0 

 

Figure 31 shows the significant impact on a link’s traffic conditions if an additional 75% 
of trucks utilize this link during 8:00 to 9:00 a.m. The negative impact on traffic 
conditions is revealed through the fact that in almost 93% of the observations LOS 
worsened. Especially, in 40% of the analyzed cases LOS changed from B to C and in 
17% of the cases from C to D. Additionally, 15% of the cases showed that LOS 
changed from B to D and a change from C to E by 7%. 
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Figure 32: LOS Change due to Scenario 0-100-0 

 

Error! Reference source not found. describes the worst case scenario where all the 
additional trucks affect a roadway segment during a specific time period, for example 
from 8:00 to 9:00 a.m. Traffic conditions and congestions levels on this link were highly 
affected as in almost 100% of the cases LOS became worse. In more details, in 30% of 
the cases LOS changed from B to C and in 20% from B to D. Other noticeable changes 
include a significant modification of the LOS from C to D in approximately 12% of the 
cases and from C to F in almost 11% of the cases.  

 

 

 

 

 

 

 

 

0

20

40

60

80

100

120

7:00 to 8:00 8:00 to 9:00 9:00 to 10:00

P
e

rc
e

n
ta

ge
 C

h
an

ge
 (

%
) 

Time of Day 

LOS Change due to Rates: 0-100-0 

AtoB AtoC BtoC AtoD BtoD CtoD BtoE CtoE DtoE BtoF CtoF DtoF No Change



EVALUATING THE HOURS-OF-SERVICE RULE VIA GPS/GIS TRUCK TRIP DATA 
 

63 
 

5. CONCLUSIONS  

Road safety has always been a constant issue for transportation agencies and 
authorities. Truck volumes and Commercial Motor Vehicles (CMV) in general can 
significantly increase crash rates due to the interaction of large vehicles with the rest of 
traffic. Driver fatigue has been identified as one of the major causes for truck-involved 
crashes.  

Transportation authorities, in order to reduce driver fatigue levels and ensure efficient 
rest periods, regulated Hours of Service (HOS) rules for CMV drivers. HOS rules define 
the allowable working and driving hours along with the required corresponding rest 
periods and breaks. Recently, transportation agencies in order to improve road safety 
suggested an update of HOS rules. These new rules reduce the weekly allowable 
number of working hours and require additional night rest periods for CMV drivers.  

However, new HOS regulation has created significant controversy among CMV drivers 
and the truck industry in general. The efficiency of new HOS rules is doubted and many 
concerns regarding the potential effects are expressed. Concerns focus on the potential 
impact on traffic conditions and mainly congestion levels during peak-hour periods due 
to the additional nights rest period provision.  

The major objective of this research was to investigate the potential effects of the new 
HOS rules and model the corresponding impact on traffic conditions. Due to new rules, 
increased truck volumes were expected to utilize road networks during peak hour 
periods, which could significantly modify traffic conditions. Analysis focused on tracking 
the corresponding changes on the LOS of the related roadway segments as a measure 
of the potential impact on congestion levels. 

Results from a case study indicated that new HOS regulation will significantly affect 
traffic conditions and consequently congestion levels. This was concluded as in the 
majority of the different cases that were analyzed, LOS which described traffic 
conditions on the case study link during peak hour periods was impaired. The levels of 
impact varied significantly depending on the proportion of the additional trucks which 
utilized a road link during specific time periods. However, a common fact was that all the 
different scenarios that were tested verified that traffic congestion will be negatively 
affected after applying new HOS rules. 
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APPENDIX A. Truck Volumes Boxplots 
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APPENDIX B. Trip Time Boxplots 
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APPENDIX C. Impact on LOS 
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