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increase in entry and exit volume between noon and 6PM on Sundays.  Intermodal 

facilities (FIGURES B-31 to B-34) also show an increased activity level on Sundays as 

compared to Saturdays.  The entry and exit volumes follow the pattern for the volumes 

within the facility on these days. 

4.1.5 Average Turn-Times and Volume Trends 

 A visible inspection of the graphs shows that with increased volumes in the 

facility, the average turn times, in general, would increase as well.  The weekday graphs 

(located in Appendix C) for all the facility types show that as the volumes increased the 

turn times also increase.  Unfortunately, due to the sparse nature of the data, the average 

turn time’s line has several spikes.  These spikes can be attributed to many factors, 

including the method of data collection via timed GPS “pings” rather than geospatial 

“pings” which would more accurately represent the vehicles entry and exit times.  

However, even with the large spikes in average turn times, it is possible to see a trend as 

it relates to volume.  This provides greater evidence that the development of a model 

based on facility volumes to predict turn times would be feasible given information to 

help fill the gaps that the data cannot provide.  

 The Saturday and Sunday graphs (located Appendix C) show the same 

relationship between volumes and turn times, but it is important to restate that many of 

these facilities do not operate on the weekends (specifically Warehouses).  No graphs are 

available for facilities that are closed (Closed facilities have no data entries).  If the turn-

time’s line is on zero, it means that there was insufficient data to determine and average 

turn-time.   
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4.2 Network Flows Analysis  

4.2.1 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 19 

and FIGURE 20. Truck volumes drastically change from hour to hour.   

 

 
FIGURE 19 Sample of Daily Truck Volume (21-Sep-2011) 
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FIGURE 20 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.  FIGURE 21 through FIGURE 27 show the 

volumes for 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 
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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 21 Average Monday Truck Volumes 
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FIGURE 22 Average Tuesday Truck Volumes 

 

 

FIGURE 23 Average Wednesday Truck Volumes 
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FIGURE 24 Average Thursday Truck Volumes 

 

 

FIGURE 25 Average Friday Truck Volumes 
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FIGURE 26 Average Saturday Truck Volumes 

 

 

FIGURE 27 Average Sunday Truck Volumes 
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 Analysis then focused on the corresponding results of averaging truck volume 

data of weekdays in total. FIGURE 28 shows an identical pattern in the weekly volumes 

along the link. The decreasing volumes in the morning hours were indicative of a 

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 29. 

 

 
FIGURE 28 Average Weekday Truck Volumes 
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FIGURE 29 Average Weekend Truck Volumes 

 

4.2.2 Truck Trip Times 

 Analysis of trip times was conducted by investigating the trip time patterns of the 

trucks on a daily and weekly basis. Initially trip times were identified for each separate 

day considering the available data. FIGURE 30 and FIGURE 31 show the typical results 

produced when analyzing trip times for two randomly selected single days.  The figures 

show 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.  
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FIGURE 30 Sample of Daily Trip Time (22-Sep-2011) 

 

 
FIGURE 31 Sample of Daily Trip Time (08-Sep-2011) 
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FIGURE 32 through FIGURE 38 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 36 shows 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 32 Average Monday Trip Time 

 

 
FIGURE 33 Average Tuesday Trip Time 
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FIGURE 34 Average Wednesday Trip Time 

 

 
FIGURE 35 Average Thursday Trip Time 

0

1

2

3

4

5

6

7

8

9

10

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0

11
:0

0

12
:0

0

13
:0

0

14
:0

0

15
:0

0

16
:0

0

17
:0

0

18
:0

0

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

0:
00

Tr
ip

 T
im

e 
(H

o
u

rs
) 

Hour of Day 

0

1

2

3

4

5

6

7

8

9

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0

11
:0

0

12
:0

0

13
:0

0

14
:0

0

15
:0

0

16
:0

0

17
:0

0

18
:0

0

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

0:
00

Tr
ip

 T
im

e 
(H

o
u

rs
) 

Hour of Day 



70 
 

 

 
FIGURE 36 Average Friday Trip Time 

 

 
FIGURE 37 Average Saturday Trip Time 
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FIGURE 38 Average Sunday Trip Time 

  

Further aggregation of data is shown in FIGURE 39. 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 40) as the corresponding patterns were approximately the same.  
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FIGURE 39 Average Weekday Trip Time 

 

 
FIGURE 40 Average Weekend Trip Time 
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4.3 HOS Regulation Change Analysis 

 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 FIGURE 41 to FIGURE 44. 

 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 5:00AM. 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 10:00AM. 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 (AT) volumes 

(0, 25, 50, 75 and 100%) during the time period from 7:00 to 10:00AM. The basic 

alternative combinations which reflect the impact on LOS and congestions levels during 

AM peak period are presented through FIGURE 41 to FIGURE 44 (all the different 

permutations of additional truck rates and their corresponding effects on traffic 

conditions are included in Appendix D).  The corresponding results from the analysis 

regarding the impact of new HOS rules on traffic conditions are summarized in FIGURE 

41 to FIGURE 44: 
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FIGURE 41 LOS Change due to Scenario 50-25-25 

 

 FIGURE 41 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 8:00AM, 25% from 8:00 

to 9:00AM. and 25% from 9:00 to 10:00AM. 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 42 LOS Change due to Scenario 0-50-50 

 

 From FIGURE 41 and FIGURE 42 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 43 LOS Change due to Scenario 25-75-0 

 

 FIGURE 43 shows the significant impact on a link’s traffic conditions if an 

additional 75% of trucks utilize this link during 8:00 to 9:00AM. 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 44 LOS Change due to Scenario 0-100-0 

 

 FIGURE 44 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 

9:00AM. 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. 
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5. CONCLUSIONS AND FUTURE RESEARCH 

Current methods used to determine freight movement and network flows utilize 

FHWA’s Freight Analysis Framework or TRANSEARCH, both of which only offer 

commodity flows with varying degrees of detail. Other methods include spot count data 

and roadside interviews which can provide insufficient information and can potentially be 

cost prohibitive. The ability to track singular vehicle movements can provide insights into 

specific route choices and activities that have, so far, required inference and assumptions 

limiting the accuracy of previous analysis. Further development of a freight network 

flows performance measure is a critical area of interest for researchers and policy makers 

alike. While there is relatively substantial research available on network flows for 

personal vehicles, development of freight network flows is still in its infancy. GPS 

technology can offer the ability to study route volumes and travel times as well as route 

choice. Data available through GPS devices could lead to more accurate freight 

transportation models that may be used in conjunction with current transportation models 

(especially if combined with trip information e.g. commodity moved). 

 Other uses of these data enable the research of freight handling facilities that were 

once considered to be a difficult task due to lack of publicly available data. A unique 

FPM that can be assessed with these data is facility turn-times for many freight terminals. 

Normally a researcher would have to ask for the information (which is often proprietary) 

or survey the facility, which is time consuming, but with these data, detail truck 

movement in and out of the facility can be assessed. These data can then be used in 

developing more accurate miscro- or mesoscopic simulation models in areas with heavy 

intermodal freight traffic (Karafa, Golias, Boile, & Theofanis, 2013). 
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Even more so, these data enable research on road safety to be conducted that is 

otherwise impossible without significant observations requiring significant man hours to 

perform.  This is especially true for transportation agencies and authorities who have 

limited resources to devote to safety research. 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 require 

additional breaks and 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.  

 The major objective of this research was to investigate the potential effects of 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 degrade 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. 
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 Results from a case study indicated that new HOS regulation will significantly 

affect traffic conditions and consequently congestion levels. This was concluded from the 

majority of cases analyzed, as LOS on the case study link during peak hour periods 

decreased. The levels of impact varied significantly depending on the proportion of 

additional trucks which utilized a road link during specific time periods. However, a 

common characteristic observed from the different cases analyzed suggests that traffic 

congestion will be negatively affected once the new HOS rules are in effect. 

 The field of freight research is changing with the increasing presence of 

technology and innovation.  The use of GPS data is a stepping stone to understanding the 

day-to-day operations of freight facilities and the safety impact that sweeping reform on 

truck operations will have on the nation.  Further research with truck GPS data will 

illuminate knowledge that has so far been hidden by the ever changing world of freight 

movement and operations. 
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FIGURE C-26 Comparison of Weekday Volume and Average Turn Time for Private Warehouse Facility C 
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FIGURE C-27 Comparison of Saturday Volume and Average Turn Time for Private Warehouse Facility C 
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FIGURE C-28 Comparison of Sunday Volume and Average Turn Time for Private Warehouse Facility C 
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APPENDIX D

 

FIGURE D- 1 LOS Change due to Rates: 75-25-0 

 

 

FIGURE D- 2 LOS Change due to Rates: 50-50-0 
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FIGURE D- 3 LOS Change due to Rates: 25-75-0 

 

 

FIGURE D- 4 LOS Change due to Rates: 75-0-25 
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FIGURE D- 5 LOS Change due to Rates: 50-25-25 

 

 

FIGURE D- 6 LOS Change due to Rates: 25-50-25 
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FIGURE D- 15 LOS Change due to Rates: 0-100-0 
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