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ABSTRACT

The increasing number of trucks traveling on Virginia highways has led to a growing
demand for public rest areas and private truck stops. This study developed a methodology to
determine the supply and demand for commercial heavy truck parking using I-81 in Virginia as a
case study. In this study, supply was defined as the number of parking spaces available for large
truck parking, and demand at a given time was defined as the sum of the parking accumulation
and the illegal parking.

Extensive data on the characteristics of large truck parking including parking duration
and accumulation for different times of day were obtained. Data were obtained at 14 public rest
areas and 29 private truck stops. Detailed information was also obtained on the characteristics of
each truck stop and rest area, including the location; number and types of parking spaces; and
availability of other facilities, such as restaurants and showers. Two types of questionnaire
surveys were conducted. The first involved truck drivers, and the second involved truck stop
managers/owners. The data collected were used to develop models to describe the relationship
between parking accumulation and independent variables such as traffic volume on the highway,
truck percentage, parking duration, and the distance of a truck stop from the interstate. The
models developed were then used to estimate demand in 10 and 20 years. Any shortfall in
supply with respect to the estimated demand was then determined for each truck stop and the
entire highway.

The results indicated that the existing maximum demand is 2,947 parking spaces, which

exceeds the supply by 309 spaces. This deficiency will increase to 1,193 and 1,463 spaces in
2010 and 2020, respectively, if the number of parking spaces for large trucks does not increase.
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INTRODUCTION

The lack of adequate parking spaces for large trucks at rest areas and truck stops on parts
of the interstate highway system is a serious concern for the driving public and the private
industries that use the system. Several studies have indicated that fatigue-related crashes
involving large trucks may be higher on routes with an insufficient number of truck parking
facilities.'™ In addition, truck drivers who cannot find parking spaces at rest facilities often
choose to park on interstate ram_/ps and roadway shoulders, which may result in accelerated
deterioration of the pavement.s' Studies have also shown that fatal crashes involving vehicles
on shoulders are si gnificant.g’ ® An alternative to shoulder parking that has been used by some
states is to allow large trucks to park at other lots that are accessible to them. For example,
Maryland allows large trucks to park in a park-and-ride lot during nighttime hours.'°

A study conducted by the Trucking Research Institute concluded that I-81 was one of the top
10 interstate highways that had serious truck parking shortfalls.!" The current average annual daily
traffic (AADT) on this route is 150,000, and up to 40 percent of the vehicles in the traffic stream
are trucks."® Crash data show that approximately 35 percent of fatal crashes on I-81 involve a
truck.

Two studies have investigated the demand for and supply of truck parking facilities, but
the results of these studies cannot be directly applied to Virginia highways without further
evaluation.!"'? For example, a study conducted by Wilbur Smith and Associates for the Ohio
Department of Transportation considered only traffic characteristics and did not consider factors
such as parking duration and distances between parking facilities."> In addition, data were
obtained only at rest areas. Because parking characteristics are different at rest areas and private
truck stops in Virginia, it is important that both types of facilities be considered in investigating
the supply and demand for large truck parking.



In addition, previous studies that investigated truck parking demand along interstate
highways focused on public rest areas. This approach will not provide a comprehensive picture of
the state of large truck parking on I-81 in Virginia for several reasons. First, only 267 of the
2,371 large truck parking spaces available are at public rest areas. Second, truck drivers are
allowed a maximum stay of 2 hours at the rest areas, which is insufficient for truck drivers to
take their required 8-hour break. An analysis of the demand for large truck parking on I-81 must
therefore include a detailed review of the parking availability at the truck stops.

PURPOSE AND SCOPE

The purpose of this study was to develop a methodology for estimating the supply and
demand for large truck parking on I-81 in Virginia. This methodology could be used to
determine the shortfall, if any, of parking spaces on different highway segments. This study is
the first phase of a larger study that will examine all interstate highways in Virginia.

1-81 was selected for the case study as it carries a relatively high percentage of trucks
compared with other interstate highways in Virginia. This study was conducted at all 14 rest
areas and at 29 truck stops along I-81 in Virginia. Only truck stops that have 15 or more large
truck parking spaces and that are within 2 miles of I-81 were included. A preliminary survey
found that nearly all truck drivers used truck stops within 2 miles of the interstate, so this was
used as the limit for the study. Of the 29 truck stops, 16 are in the southbound direction and 13
are in the northbound direction.

In this study, demand for large truck parking at any given time is the sum of the parking
accumulation and the illegal parking, and supply is the number of parking spaces available.

The objectives of the study were as follows:

1. Determine the supply characteristics of large truck parking facilities.

2. Determine the demand characteristics of large truck parking.

3. Determine current shortfalls in the supply of large truck parking spaces.

4. Estimate demand and shortfalls for large truck parking for the next 10 and 20 years.

5. Estimate the cost of meeting any current shortfall and for meeting long-term demand.



METHODOLOGY
In this study, extensive data on the truck stops and rest areas along I-81 were collected,
and these data were used to develop demand models. The models were then used to estimate

future demand at different sections of the highway.

In order to achieve the objectives of the project, a methodology was used that consisted
of the following four major tasks:

1. data collection
2. model development
3. demand forecasting and parking shortfall determination
4. cost estimation.
Data Collection
This task consisted of five subtasks carried out between May 1999 and April 2000:
1. identification of rest areas and truck stops
2. inventory of rest areas and truck stops
3. survey of truck drivers and truck stop owners/managers
4. collection of traffic information

5. collection of truck parking accumulation and duration data.

Identification of Rest Areas and Truck Stops

Researchers identified rest area locations by consulting with personnel of the Virginia
Department of Transportation (VDOT). Rest areas in Virginia are operated and maintained by
VMS, Inc.; are open 24 hours; and are located adjacent to the interstate. Rest areas can be
entered or exited directly from the highway. Most of the rest areas provide parking spaces for
passenger cars and large trucks. All rest areas are operated free of charge to the public but have
a 2-hour parking limit. Amenities at most rest areas include rest rooms, vending machines,
telephones, picnic areas, and pet rest areas.

Truck stop locations were identified by two methods. First, a reference document that
lists the locations and amenities of truck stops was consulted.'* Additional truck stops were
identified by driving I-81 and determining if any other stops were visible from the highway.
Truck stops are privately owned by both individuals and national or regional franchises. Most



truck stops that serve interstate highways are located within 2 miles of an interchange on the
interstate, and most operate 24 hours a day. Service is usually provided for all vehicle types,
although emphasis is placed on services for commercial vehicle drivers. In general, the range of
services depends on the size of the truck stop. A small truck stop (30 parking spaces or less)
generally provides facilities for the purchase of fuel and a convenience store (basic service).
Large truck stops may offer additional services, such as restaurants, TV lounge areas, shower
stalls, laundromats, game rooms, truck washes, truck repairs, and sleeping facilities (full service).
However, not all large truck stops provide all of these facilities. Since truck stops are privately
owned, there is no government subsidy. Many truck stops have business relationships with large
trucking companies so that drivers of particular trucking companies can stop for fuel and other
services at particular truck stops.

Each rest area and truck stop was identified and its location determined and recorded on a
Geographic Information System (GIS) map of the Commonwealth of Virginia. The Trimble
Navigation GeoExplorer GPS and ArcView GIS software were used to determine the coordinates
of each site for subsequent mapping.

Inventory of Rest Areas and Truck Stops

Each rest area and truck stop was visited, and a detailed inventory taken. Information
obtained included the layout and number of parking spaces for passenger cars and large trucks,
hours of operation, parking restrictions, parking fees, and services provided (e.g., restaurants,
shower stalls, TV lounge).

Questionnaire Surveys for Truck Drivers and Truck Stop Owners/Managers

Questionnaire surveys were administered to truck drivers at truck stops and at rest areas.
An additional questionnaire survey was administered to truck stop owners or managers. It was
necessary to use different survey forms at the rest areas and at the truck stops since the
characteristics of these facilities were different. For example, it was necessary to obtain
information on the influence of different types of services on the selection of a truck stop by a
driver, but this information was not applicable to the rest areas since they all have identical
services.

Two methods were used to distribute the survey forms to the truck drivers. In the first
method, truck drivers were asked to complete the survey forms while they were at a truck stop or
rest area. About 99 percent of the drivers completed and returned their forms before leaving the
truck stop or rest area. The remainder opted to mail their completed forms. At truck stops, truck
drivers were randomly selected for the survey as they arrived. At the rest areas, drivers of all
trucks parked or arriving during the survey period were given the survey forms. At the truck
stops, the survey forms were distributed from 1:30 P.M. to 1:30 A.M. while demand and
accumulation data were being collected. This was done to ensure that the responses were from
drivers who arrived during the data collection period. The survey was conducted at the time of
the inventory at the rest areas. In the second method, blank copies of the survey forms were



mailed to trucking associations and individual trucking companies. The response rate of this
group was about 51 percent. A letter (see Appendix A) stating the reason for the survey was also
included in each package. Managers were asked to ensure that truck drivers who had previously
completed a form for either a truck stop or rest area did not complete another form for that
parking facility. Information obtained from the truck drivers included frequency of use, factors
that influence their selection of a particular truck stop, adequacy of existing parking facilities,
and where they would park if there were no parking spaces at the rest areas and truck stops of
their choice. Space was also provided for the truck drivers to record any comments they wished
to convey to the researchers.

On the day of the inventory of each truck stop, a survey form was given to the truck stop
operator/manager and was returned to a member of the research team before the researchers left
the site. Information obtained from the truck stop operators/managers included the day of the
week and time of day that maximum accumulation occurred, the types of services provided, and
the adequacy of the existing parking facilities for large trucks. The survey forms are shown in
Appendix A.

Obtaining Traffic Information

The traffic information for this study was obtained from VDOT and through field studies
conducted during the summer of 1999. Traffic volumes collected in either 1996 or 1997 were
obtained from VDOT. These data included AADT; peak (AM, mid-day, and PM) traffic; total
traffic for I-81 mainline and minor roads; on- and off-ramp traffic; and percentage of trucks on
mainline, ramp, and minor road traffic. These data were obtained in electronic format for the
entire length of I-81 within Virginia.

Since the traffic data obtained from VDOT were collected in 1996 and 1997 and the
parking accumulation data were collected during the summer of 1999, adjustments were made to
update the traffic data. Traffic growth rates were applied to VDOT traffic data to derive the
1999 traffic data. Growth rates were obtained from VDOT’s Transportation & Mobility
Planning Division for the widened condition of I-81 and varied by road segment.

Truck Parking Accumulation and Duration Data

This task involved collecting data on the number of trucks parked by time of day, the
number of trucks parked in designated spaces, and the length of time each truck remained
parked.

The number of trucks parked by time of day gave the parking accumulation, and the
change in number of trucks parked in each space during a given time period and the length of
time each truck remained parked gave the turnover rate and parking duration, respectively. The
researchers obtained this information by recording the last three letters or numbers of the license
plate of a truck parked in a legal parking space. This was used to determine the number of trucks
parked in each space and the length of time each truck remained parked in a particular parking



bay. Data were collected at 30-minute intervals. Since this methodology is time-consuming and
labor intensive, it was not feasible to collect the accumulation and duration data at all of the truck
stops identified. The 29 truck stops were therefore first divided into three categories (small,
medium, and large) based on the number of truck spaces at the truck stop. Small truck stops had
60 or fewer parking spaces, medium truck stops had between 60 and 100 parking spaces, and
large truck stops had more than 100 parking spaces.

Seventeen candidate truck stop sites were selected for the accumulation and duration
studies. These truck stops were selected to represent different sizes of truck stops, based on the
number of truck stops in each category; the location of the truck stops; and site permission from
truck stop owners/managers. Only one owner/manager declined the request for data to be
collected at his truck stop, which did not affect the selection of representative truck stops for data
collection in each category. The accumulation and duration data were collected between July
1999 and October 1999 on a Tuesday, Wednesday, or Thursday at each of the 17 truck stops as
preliminary information received from truck stop owners/managers indicated that the maximum
usage occurs on these days. In addition, information received from the truck stop
owners/managers indicated that usage was low in the morning periods (6 A.M. to noon) and that
most drivers arriving at 9:30 P.M. or later stayed for the night, with most of them leaving between
6 A.M. and 8 A.M. Thus, the required data were collected at all 17 representative truck stops
between 1:30 P.M. and 1:30 A.M. This period of data collection allowed for the collection of data
while the duration and accumulation varied; in most cases, the truck stops were full by 1 A.M.,
with very few trucks either arriving or departing. Thus the parking accumulation and duration
remained constant until approximately 6 A.M.

Model Development

Stepwise regression analysis was used to develop models that would relate the truck stop
parking accumulation at any given 30-minute period with specific independent variables. Based
on the inventory and traffic data, 22 independent variables were initially considered for
developing the models. Many of these variables were eliminated because they were found to
have an insignificant effect on the model. A correlation analysis was also conducted to test
whether there was any correlation between two or more independent variables that were to be
considered in developing the models. Variables that did not correlate were used in the
development of the models. This correlation analysis is shown in Appendix C. The independent
variables used were:

e TotalTruck: Total number of trucks on I-81 near a truck stop in half-hour intervals.
e PercentTruck: Percentage of trucks in the traffic stream in half-hour intervals.

e Duration: Duration at a truck stop in half-hour intervals.

e Dist_81: Distance from a truck stop to I-81.

e Dist_TS: Distance from a truck stop to the nearest other truck stop.



e Dist_RA: Distance from a truck stop to nearest rest area.

e SERVICE: Dummy variable for measuring the difference of services between large
and small truck stops. (Number of spaces > 60, SERVICE = 1.)

The values for these variables were obtained from a variety of sources. A previous
consultant study of I-81 was used to generate the TotalTruck and PercentTruck variables."> The
data from this study were used to identify traffic variables near the truck stops at particular times
of the year and on particular days of the week. The remaining variables were obtained during the
data collection phase of this project. The distance to truck stops and rest areas in adjacent states

was collected when necessary.

The models were developed using all of the data collected except those at two sites that
were later used to test the accuracy of the models. The two truck stops used to validate the
model were randomly selected, with the only criterion being that they were located in two
different geographic areas. Two models were developed, with each based on one of two
assumptions made on the duration after 9 .M. Model 1 was based on the assumption that trucks
arriving at a truck stop between 8 P.M. and 9 P.M. will stay for an average of 5 hours and that
trucks arriving at a truck stop after 9 P.M. will stay for an average of 6 hours. Model 2 was based
on the assumption that trucks arriving after 9 P.M. will stay until 5 A.M. the next day. These
assumptions were based on the information obtained from the truck stop managers/operators.

Demand Forecasting

Future demand for large truck parking was estimated by examining (1) the predicted
maximum parking accumulation at the truck stops based on the models, (2) parking at rest areas,
and (3) parking on interstate ramps or shoulders, which is illegal. When the data were analyzed,
the entire length of I-81 within Virginia was divided into six sections, with each approximately
55 miles long. Table 1 shows the begin-and-end mileposts, length, and total number of large
truck parking spaces available in each section. It can be seen that sections 2 and 4 have more
parking spaces than the others do. The reasons are that section 2 includes an overlap of I-81 and
I-77, and section 4 includes an overlap of I-81 and I-64. Section 1 is unique as it has more
parking spaces at rest areas than at truck stops; the largest rest area with 110 parking spaces is
located in this section.

Table 1. Description of Sections Along 1-81 Within Virginia

Section Begin End Length Parking Parking Illegal Total
Milepost | Milepost Spaces in Spaces in Parking
Rest Areas | Truck Stops | (estimation)
1 0 55 55 118 65 108 291
2 55 110 55 29 783 48 860
3 110 165 55 33 174 54 261
4 165 220 55 10 761 36 807
5 220 275 55 65 210 66 341
6 275 325 50 12 378 72 462




The demand for parking on I-81 was determined by separately estimating the demand for
truck stops, rest areas, and illegal parking. The predicted truck stop maximum accumulations for
the years 2010 and 2020 were determined by using the appropriate values for the variables in the
regression models. Information obtained from VDOT’s Transportation & Mobility Planning
Division indicated that the traffic growth rate is predicted to increase at a rate of about 53 percent
from the base year to 2010 and about 27 percent from 2010 to 2020 separately. These increases
in volumes were used to predict future accumulations at truck stops on the I-81 corridor.

Next, the demand for rest areas was determined. The researchers determined that data
were insufficient to generate separate regression models for rest area parking accumulation, so
rest area demand was assumed to mirror truck stop demand. The researchers determined that the
demand exceeded the capacity during the peak period for all rest areas on I-81. The data showed
that the peak period parking demand was approximately double the available supply for all rest
areas, with the exception of the truck-only rest area at exit 14. The capacity at this rest area was
exceeded by only 20 percent. To simplify calculations, the researchers assumed that demand
was 200 percent of supply for all rest areas except the one at exit 14. The researchers also
assumed that demand for rest areas would increase at the same rate as truck stop demand.

The amount of illegal parking in the areas around truck stops and rest areas was
determined by observing interchanges adjacent to truck stops. At the conclusion of data
collection at a truck stop or rest area, researchers would examine the interchanges surrounding
these locations to determine if any trucks were parking illegally on the interchange ramps. These
field observations showed that a maximum of six trucks (three per side) were parked on I-81
interchange ramps downstream of interchanges that had a truck stop or rest area. To simplify the
analysis, the researchers assumed that six vehicles would be parked illegally at any interchange
that did not have a truck stop or was a freeway-to-freeway interchange. Further, the researchers
also assumed that the amount of illegal parking would increase at the same rate as truck stop
parking accumulation. The researchers observed that illegal parking occurred once trucks stops
reached full capacity. It was believed reasonable to assume that the occurrence of illegal parking
would mirror the demand for truck stop parking.

The model results were compared with the available parking supply. The predicted
number of parking spaces was varied using several assumptions for the growth rate of truck
parking spaces in the I-81 corridor. This allowed the researchers to compare the predicted
demand with several supply scenarios.

RESULTS
Inventory of Rest Areas and Truck Stops (Parking Supply)

The number of commercial vehicle parking spaces available at the public rest areas and
truck stops in each county along I-81 in Virginia are given in Table 2. Table 3 gives the name,
location, and number of parking spaces for large trucks at each truck stop and rest area. Figure 1
shows the locations of the rest areas and truck stops in each county based on the GPS data, and
Figure 2 shows the locations of the parking facilities and the number of parking spaces in each
section.



Table 2. Number of Rest Areas and Truck Stops in Every County Along I-81 Within Virginia

Rest Areas Truck Stops
County Large truck Large truck
No. parking spaces No. parking spaces
Washington 2 110 1 35
Smyth 2 8 2 55
Wythe 0 0 6 628
Pulaski 0 0 2 115
Montgomery 3 52 2 55
Roanoke 0 0 0 0
Botetourt 1 10 2 134
Rockbridge 1 10 6 644
Augusta 2 28 2 117
Rockingham 2 37 1 69
Shenandoah 0 0 4 376
Clarke 1 12 1 143
Total 14 267 29 2371

CLARK
SHENANDOAH

ROCKINGHA M

A ROCKBRIDGE

BOTETOURT

ROANOKE

MONTGOMERY
Total

23 Truck Stops
14 Rest Areas

4 Rest Area

@ Truck Stop
-81 (VA)
Country

WASHINGTON

Figure 1. Layout of Commercial Vehicle Parking Facilities Along I-81 Within Virginia



Table 3. Truck Stops and Rest Areas Along I-81 Within Virginia

Type Name Exit/ | Direction |No. Parking| Longitude Latitude
Milepost Spaces For
Trucks
RA  |Bristol (no trucks allowed) 0.2 NB 0 W 82°14'47.7" N 39°14'34.40"
RA  |Abingdon (trucks only) 13.9 NB 110 W 82°01'52.39" [N 36°41'00.73"
TS |Texaco 19 NB 35 W 81°55'54.18" [N 36°42'45.18"
TS Village Truck Stop (Texaco) |54 NB 30 W 81°2222.18" |N 36°53'09.25"
RA  |Atkins 54 SB 8 W 81°23'09.65" |N 36°53'01.30"
TS CITGO 60 NB 25 W 81°1625.30" [N 36°54'37.26"
RA  |Rural Retreat (closed) 61 NB 0 W 81°15'53.36" |N 36°54'58.94"
TS Shell (Sentry Food & Travel) |72 SB 18 W 81°04'10.63" [N 36°57'58.70"
TS TA Travel Plaza (BP) 72 SB 116 W 81°04'05.96" [N 36°57'54.46"
TS Flying J 77 NB 161 W 80°59'34.60" [N 36°56'09.25"
TS CITGO (Sentry Food & Travel)|77 NB 30 W 80°59'40.92" |N 36°56'07.47"
TS Petro 80 NB 262 W 80°56'44.15" |N 36°56'42.20"
TS Travel Plaza (Chevron) 86 SB 41 W 80°51'11.55" |N 36°57'57.15"
TS Texaco 98 SB 30 W 80°4129.19" [N 37°04'57.89"
TS Lancer Travel Plaza (Chevron) (101 SB 85 W 80°38'59.80" ([N 37°05'10.27"
RA  |Radford 108.5 |NB 15 W 80°317227.73" |N 37°05'53.12"
RA (Radford 108.5 SB 14 W 80°31'16.31" |N 37°05'58.05"
TS BP 109 SB 15 W 80°30'43.83" N 37°05'58.04"
TS CITGO 128 SB 40 W 80°14'23.24" [N 37°13'59.31"
RA  |Ironto 129 NB 23 W 80°13'31.12" [N 37°14°21.15"
TS Pilot 150 NB 15 W 79°54'03.63" [N 37°23'19.64"
TS TA Travel Center (BP) 150 NB 119 W 79°54'09.82" [N 37°23'19.82"
RA  |Botetourt 158.1 SB 10 W 79°48'43.79" |N 37°28'08.59"
TS Lee Hi Truck Stop (Shell) 195 SB 167 W 79°22'38.70" |N 37°49'54.24"
RA  |Fairfield 199.1 SB 10 W 79°18'33.29" [N 37°52'32.27"
TS Sunshine Truck/Auto Plaza 200 SB 80 W 79°17'22.73" [N 37°53'06.82"
(CITGO)
TS White's Truck Stop (Exxon) 205 NB 185 W 79°13'47.42" |N 37°55'45.68"
TS  |Fuel City 205 NB 29 W 79°13'31.23" [N 37°55'51.34"
TS Texaco 205 SB 40 W 79°13'56.62" N 37°55'50.84"
TS Wilco Auto Truck 205 SB 143 W 79°13'53.72" [N 37°55'55.45"
TS Pilot 213 NB 87 W 79°08'36.99" [N 38°01'07.71"
TS CITGO 217 SB 30 W 79°0520.31" [N 38°04'37.82"
RA |Mt. Sydney 2322 |NB 17 W 78°57°16.18" |N 38°15'00.94"
RA |Mt. Sydney 2322 |SB 11 W 78°5720.96" |N 38°15'04.09"
TS Travel Center 243 SB 69 W 78°54'38.90" |N 38°24'14.33"
RA  |New Market 262.2 |NB 19 W 78°4221.85" {N 38°36'50.68"
RA  {New Market 262.2 |SB 18 W 78°4221.90" [N 38°37'01.26"
TS Sheetz 701 273 NB 72 W 78°37'55.52" |N 38°45'38.98"
TS Shenandoah Truck Center 273 NB 69 W 78°37'55.52" |N 38°45'38.98"
TS The Virginian 291 SB 77 W 78°2622.11" [N 38°57'56.12"
TS Wilco Travel Plaza 705 291 SB 158 W 78°26'15.05" |N 38°57'59.68"
(CITGO)

RA  |Clearbrook 320 SB 12 W 78°06'55.09" |N 39°14'34.40"
TS Olde Stone Auto/Truck Stop {323 SB 143 W 78°0520.18" [N 39°16'52.69"

RA =rest area; TS = truck stop; NB = northbound; SB = southbound.

N
































































































































































