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FOREWORD

This report was written by Eugene D. Arnold, Jr., Virginia Transportation Re­
search Council, under the auspices of and with the assistance of the Task Group on
Limited Access Highways. The group consisted of the following persons:

Eugene D. Arnold, Jr., Chairperson, Virginia Transportation Research Council

Reginald H. Beasley, Jr., Urban Division

Robert E. Blankenship, Traffic Engineering Division

S. Roy Conley, Location and Design Division

Larry D. Dodd, Public Affairs Division

Ralph L. Perry, Transportation Planning Division

David M. Ramsey, Environmental Division

Gerry F. Wells, Right of Way Division
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WHY BUILD LIMITED ACCESS HIGHWAYS?

That is a good question! After all, limiting direct access to a highway can
create the following problems:

• Motorists may have to go out of their way to get to the highway, and moto­
rists on the highway may have to travel further distances to get to where
they are going.

• Businesses may suffer because they do not have direct access for custom­
ers. There may be a loss of development at sites that have no direct ac­
cess to an adjacent highway.

• And finally, limited access highways generally cost more than other types
of highways because of right-of-way requirements and higher design stan­
dards.

So, why are limited access highways built? The many advantages of this type
of highway far outweigh the disadvantages cited. This report describes the benefits
and advantages of limited access highways. But first, let us define limited access
highway.

What Is a Limited Access Highway?

Just as the name implies, a limited access highway is one in which the points
of access (or the points at which motorists may enter or exit the highway) are lim­
ited. Officially, the regulated limitation of access is called access control, and it is
achieved by regulating public access rights to and from properties next to the high­
way. These regulations are generally categorized as either "full control of access" or
"partial control of access."

• Full control ofaccess means that preference is given to traffic going
through the area. Access is regulated by providing interchanges with only
selected public roads, by requiring roadway crossings to be grade-sepa­
rated with bridges, and by prohibiting entrances for private driveways.
Since no at-grade intersections are allowed, traffic can proceed nonstop.
The most familiar example of highways with full control of access is the
interstate system. Also, many bypasses in Virginia are limited access
highways with full control of access.

• With partial control ofaccess, preference is also given to through traffic,
but to a lesser degree. Connections with selected public roads are al­
lowed, but the design may be an at-grade crossing, that is, a crossing
without a bridge. If the at-grade intersection is signalized, through traffic
must often stop. Further, selected private driveway connections are al­
lowed.
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Although most of the benefits and advantages apply to some extent to both

types of limited access highways, the greatest benefits apply to those with full con­
trol of access.

What Are the Benefits and Advantages?

As compared with highways with no control of access, limited access high-
ways (especially those with full control) have:

• greater capacity

• improved safety

• reduced fuel consumption

• less pollution

• more positive impacts on motorists

• more positive impacts on neighborhoods.

Greater Capacity

Capacity is defined as the maximum number of vehicles a roadway can carry
under ideal circumstances. It is usually expressed as the number of passenger cars
per hour per lane. Highways with full control of access are usually built as multi­
lane divided facilities, and each lane can carry 2,000 passenger cars per hour under
ideal conditions. On the other hand, if a signal is installed at an intersection (under
partial or no control of access), the capacity will be greatly reduced. The capacity
can quickly be reduced to 1,000 passenger cars per hour for each lane because the
right of way must be shared with the crossing traffic and travel time is lost due to
starting and stopping at the signal.1 It is clearly advantageous to carry twice the
amount of traffic on the same "amount" of roadway. As a very simplified example,
suppose that the traffic demand is 8,000 vehicles per hour. Which would be bet­
ter-an 8-lane roadway with signalized intersections (1,000 vehiclesllane) or a
4-lane roadway with full control of access (2,000 vehiclesllane)? In most areas, the
4-lane facility would be better.

In addition, a highway with full control of access can more easily accommo­
date traffic growth. If there are partial or no controls on access, a highway will
more quickly reach its capacity and motorists will begin to experience congestion.
Capacity is reached more quickly not only because it is likely to be lower to begin
with but also because traffic growth occurs more quickly as demands for access are
made by rapid development along the highway. In other words, a controlled access
highway typically starts with and maintains a high level of capacity, and access con­
trol prevents the rapid deterioration of traffic flow caused by entrances, strip devel­
opment, and signals. Examples of this can be seen in many towns and cities
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throughout Virginia. In these cases, a noncontrolled bypass that was initially a
free-flowing highway developed into a second "Main Street," often to the detriment
of the original downtown area.

hnproved Safety

When access is controlled, intersections with and entrances to the highway
are minimized. Further, they are located at points best suited for traffic and
land-use needs and are designed to allow vehicles to enter and exit as safely as pos­
sible. Thus, regardless of the type or intensity of roadside development, a high
quality of service is maintained and accident potential is reduced. In fact, it has
been stated that the most significant design factor contributing to safety is full con­
trol of access.2

The reduction in accident potential is reflected in accident rates. An accident
rate is the number of accidents, persons injured, or persons killed for every 100 mil­
lion vehicle miles traveled (VMT) (1 VMT =1 vehicle traveling 1 mile). The follow­
ing are the 1988 accident rates for Virginia3:

Highway Type Accidents Persons Injured Persons Killed

Interstate 76 41 100
Primary (full access control) 89 54 0.9
Primary (partial access control) 205 138 2.1
Primary (no access control) 184 113 2.8

Similar accident rates were reported for interstate and primary highways with full
control of access. On the other hand, primary highways with partial or no control of
access had significantly higher accident rates. In every category, the rate more
than doubled!

Further accident analysis of specific highway sections in the Richmond area
yielded the following accident rates for 1987-1989:
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Highway Accidents Persons Injured

Rte. 250 from Short Pump to Glenside Dr. (no access control) 435
1-64 from Short Pump to Glenside Dr. (full access control) 60

Rte. 60 from Richmond City Limits to Huguenot Rd. (no access control) 432
Rte. 150 from Jeff. Davis Hwy. to Powhite Pkwy. (full access control) 107

241
29

226
57

In the first set of statistics, accident rates for a section of Route 250, which has no
access control, and a similar section of the parallel 1-64 were compared. The acci­
dent rate for Route 250 was more than 7 times the rate for 1-64. Similarly, the inju­
ry rate was more than 8 times the rate for 1-64. During the 3-year period, 1-64 car­
ried almost 19 million more vehicles than Route 250. In the second set of statistics,
accident rates for Route 60 and Route 150 in southside Richmond were compared.
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Both roads are major primary routes and serve both commuters and shoppers. The
accident rate for Route 60 (no access control) was slightly more than 4 times the
rate for Route 150 (full access control), and the injury rate was slightly less than 4
times the rate for Route 150.

Reduced Fuel ConsUDlption

Vehicles traveling at a steady speed are more fuel-efficient than vehicles trav­
eling in stop-and-go traffic. Based on a formula developed by the Federal Highway
Administration (FHWA),' for speeds up to about 55 mph, it can be shown that the
miles per gallon (mpg) increase as speed increases. (At higher speeds, air resis­
tance or wind drag causes decreased fuel efficiency.) Considered another way, fuel
consumption, in gallons per mile (gpm), decreases as speed increases (up to 55
mph). Thus, highways on which vehicles travel at steady speeds and higher speeds
are associated with less fuel consumption-thus fuel is saved. It is clearly the case
that highways with full control of access are typically associated with a higher aver­
age speed than highways with partial control or no control of access. Obviously,
when at-grade signalized intersections and frequent driveways and entrances are
located along a highway, neither steady nor high speeds can be maintained.

Although statewide average highway speeds are unavailable, a hypothetical
example can demonstrate the potential fuel savings on limited access highways.
Let us compare fuel consumption on a limited access highway with a speed limit of
55 mph with that on an uncontrolled highway with a speed limit of 35 mph. As­
SlJming that the average speed is close to the speed limit, and using the FHWA for­
mula, the following statistics can be derived:

Type of Highway

Average
Speed
(mph)

Fuel
Efficiency

(mpg)

Fuel
Consumption

(gpm)

Limited access 55 22.55 0.044
Uncontrolled access 35 17.55 0.057

Let US further consider a 10-mile section of each type of highway, each with a
daily traffic volume of 15,000 vehicles. In this situation, 6,600 gallons of fuel are
consumed on the limited access highway and 8,550 gallons are consumed on the un­
controlled highway. The 1,950 gallons saved daily on the limited access highway
amounts to almost 712,000 gallons in a year's time!

Less Pollution

The major pollutant emitted by motor vehicles is carbon monoxide (CO). Ve­
hicles operate more efficiently when traveling at high, steady speeds than at slow,
varying speeds, with the result that smaller amounts of CO are emitted. The
FHWA developed tables that relate grams of CO per vehicle-mile and average high­
way speed.4 As speed increases, CO emissions decrease. Thus, highways with full
control of access (higher average speed) are associated with less pollution.
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Again, a hypothetical example can demonstrate the potential reduction in CO
pollution. By using the speeds given previously, and the FHWA tables, the follow­
ing statistics can be derived:
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Type of Highway

Limited access
Uncontrolled access

Average
Speed
(mph)

55
35

COlMile
(grams)

14
38

Again, let us consider a 10-mile section of each type of highway, each carrying
15,000 vehicles per day. On a daily basis, 2,100 kilograms (kg) of CO are emitted by
vehicles on the limited access highway and 5,700 kg are emitted on the uncontrolled
highway. Thus, 3,600 fewer kilograms of CO are emitted per day on the limited ac­
cess highway. This amounts to more than 1.3 million kg per year, which is equiva­
lent to almost 1,450 tons!

Positive Impacts on Motorists

The benefits of limited access highways have direct, positive impacts on mo­
torists. Motorists are in a safer and much more comfortable driving environment.
There are minimal conflicts, little stop-and-go travel, less congestion, and steady
driving conditions.

In addition to these comforts, there are direct out-of-pocket savings to motor­
ists. Based on accident records in Virginia,3 the average cost of property damage
per accident on highways with full control of access in 1988 was $3,970, and on
highways with partial or no control was $3,340. This did not include the distress
and costs associated with injuries and deaths. There is less than one-half the num­
ber of accidents on highways with full control of access than on other highways.
Thus, for every 100 million VMT on highways with full control of access, the cost of
property damage caused by accidents in 1988 was about $310,000. The comparable
amount for highways with partial or no control of access was $618,000. Thus,
$308,000 in out-of-pocket costs were saved by motorists per 100 million VMT. Since
travel on these two categories of highways was approximately the same in 1988 (16
billion VMT), it can be said that motorists saved about $49 million in the costs of
property damage in 1988 by traveling on highways with full control of access.

Fuel savings also translate into direct out-of-pocket savings. If the calcula­
tions from the previous hypothetical example are used, a motorist traveling 10
miles on a limited access highway uses about 0.13 gallons of fuel less than a motor­
ist traveling 10 miles on an uncontrolled highway. !fit is assumed that the trip is
made daily, the motorist saves more than 47 gallons per year. At a cost of $1.25/gal­
lon, the motorist saves about $59 per year. Considered another way, the 15,000 dai­
ly travelers on the 10-mile section of limited access highway save, over a year's
time, about 712,000 gallons-worth about $890,000!

The final cost incurred by motorists is the cost of lost time, or delay. Because
of the steady and higher speeds on limited access highways, there is less delay than
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on other roads. The reduction in delay can be estimated by comparing average
speeds on different types of highways. For any given trip, the higher the speed. the
less the delay. At the speeds given earlier, it takes 1.09 minutes to travell mile on
a limited access highway and 1.71 minutes on an uncontrolled highway. The differ­
ence in time represents the savings attributable to control of access. Thus, a motor­
ist making a daily 10-mile trip saves more than 6 minutes, which amounts to more
than 37 hours a year. Based on a cost of time at $6.50/hour, the motorist on the lim­
ited access highway saves about $245 per year. If these savings are applied to the
15,000 vehicles a day, almost 566,000 hours are saved per year. Assuming an aver­
age occupancy of 1.5 persons per vehicle, this amounts to more than $5e5 million in
cost savings!

Positive Im.pacts on Neighborhoods

Nobody wants a highway in his or her backyard! However, if one must be
there, a limited access highway is preferable to a highway with no control of access.
To begin with, a limited access highway is typically much more attractive-exten­
sive landscaping with trees and shrubbery is usually incorporated in its design.
The neighborhood has a healthier environment because there are fewer harmful
emissions 0 Fencing affords protection to both children and pets. Neighborhood
streets are safer because fewer commuters try to avoid congested, stop-and-go traf­
fic by cutting through parallel neighborhood streets. Land usage is stable in the
corridor. The neighborhood remains a pleasant place to live, even with a highway
as a neighbor.

so - WHY BUILD LIMITED ACCESS HIGHWAYS?

The answer to the question is now knownl Despite the disadvantages of lim..
iting access to a highway, the benefits and advantages clearly justify such a high­
way. Limited access highways, especially those with full control of access, are asso­
ciated with the following benefits:

• They can carry much more traffic per lane (typically, 2,000 vs. 1,000 ve­
hicles).

• They are significantly safer (accident rates are less than half those for
other roads).

• They conserve fuel (47 gallons per vehicle per year for a daily 10-mile
trip).

• They reduce pollution (88 kg, or 194 Ib, of CO per vehicle per year for a
daily 10-mile trip).

• They provide positive impacts on motorists:
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- more comfortable driving

- savings in accident costs ($630 in property damage per accident)

- savings in fuel costs ($59 per vehicle per year for a daily lO-mile trip)

- savings in delay costs ($368 per vehicle per year for a daily lO-mile
trip).

• They provide positive impacts on neighborhoods:

- more attractive

- healthier environment

- safer for children and pets

- no detrimental changes.

SO ... continue to support and build limited access highways!
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