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Application of European 2+1 Roadway Designs

This digest summarizes the results of NCHRP Project 20-7/Task 139, “Application of European 2+1 Roadway Designs.”
The great majority of U.S. rural roads have only two lanes. Under NCHRP Project 20-36, researchers conducted a scan of
geometric design practices and identified the 2+1 roadway design as an alternative design used by some European countries.
In NCHRP Project 20-7/Task 139, a research team led by Ms. Ingrid Potts of the Midwest Research Institute
assessed whether the 2+1 design is suitable for use in the United States.

SUMMARY

A 2+1 road design has a continuous three-lane
cross section with alternating passing lanes. A review
of European safety and operational experience with
2+1 roads shows that they can be an attractive alter-
native to two- or four-lane roads in some cases.
This digest describes when a 2+1 design is likely
to be effective and presents some recommenda-
tions for designing 2+1 roads.

Visits were made to Germany, Finland, and
Sweden to meet with agency staff, observe 2+1
roads in operation, and obtain data on their traffic
operational and safety performance. Germany cur-
rently has approximately 360 km (220 mi) of 2+1
roads, which were constructed by restriping exist-
ing two-lane roadways with wide lanes or wide
shoulders. Germany has found that 2+1 roads oper-
ate effectively at average daily traffic (ADT) vol-
umes of 15,000-25,000 vehicles per day (veh/day);
the maximum ADT for 2+1 roads in Germany is
30,000 veh/day. In Germany, 2+1 roads have been
found to operate with accident rates 36 percent
lower than conventional two-lane highways.

Finland currently has approximately 48 km
(30 mi) of 2+1 roads and is planning to build more.
The current 2+1 roads were implemented by
restriping two-lane roads with wide lanes or wide
shoulders; in the future, 2+1 roads will also be
built as new construction. The 2+1 roads in Finland
have annual average daily traffic (AADT) volumes
of up to 14,000 veh/day, but have weekend traffic
volumes as high as 20,000-25,000 veh/day.

Finland has estimated that 2+1 roads operate with
accident rates 22—46 percent lower than conven-
tional two-lane highways.

Sweden currently has over 400 km (240 mi) of
2+1 roads and expects to continue converting exist-
ing two-lane highways with wide lanes to 2+1
roads at the rate of 200-250 km (120-150 mi) per
year. Sweden has implemented the 2+1 concept on
roads with traffic volumes ranging from 4,000 to
20,000 veh/day. While Germany and Finland have
implemented 2+1 roads with the two directions of
travel separated only by pavement markings,
Sweden typically provides a flush divider with a
cable barrier between the two directions of travel.
Sweden has observed a reduction of 55 percent in
fatal and injury accidents with the implementation
of 2+1 roads using the cable barrier design. Previ-
ous trials of 2+1 roads without cable barriers were
less effective.

Because of European experience, the use of
2+1 roads in the United States is recommended. A
2+1 road can serve as an effective design alterna-
tive for higher-volume, two-lane roads where the
provision of a four-lane cross section is not practical
due to budget constraints or environmental con-
cerns. The use of 2+1 roads in level or rolling
terrain is recommended. In mountainous terrain
with long, steep grades, the use of conventional
truck climbing lanes, with downgrade passing
lanes, where needed, is likely to be more effective
operationally.

It has been found that 2+1 roads improve the
traffic operational level of service for two-lane
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roads without increasing their capacity. A 2+1 road will
generally operate at least two levels of service higher than a
conventional two-lane highway serving the same traffic vol-
ume. Under ideal or near ideal conditions, 2+1 roads can
operate at level of service C or better for any traffic volume
that does not exceed the capacity of a two-lane road. It is
recommended that 2+1 roads be used for traffic flow rates
up to 1,200 veh/h in one direction of travel. The use of 2+1
roads is appropriate for a broad range of traffic composition,
including roads with substantial percentages of heavy ve-
hicle traffic.

Passing lanes on 2+1 roads should generally have lengths
of 1.0-1.6 km (0.6-1.0 mi). Beyond a 1.6-km (1.0-mi)
length, the downstream portion of a passing lane may be
underused for passing maneuvers. However, on roads with
flow rates of 700 veh/h or more in one direction of travel,
passing lanes up to 3.2 km (2.0 mi) in length should remain
effective operationally.

2+1 roads can operate safely and effectively in areas
where minor intersections and driveways provide direct
access to the roadway. Major intersections should generally
be located in the buffer areas between passing lanes in
opposing directions of travel and should have left-turn lanes
provided.

2+1 roads can operate effectively with no separation
between the lanes in opposite directions of travel according
to the observed safety performance of passing lanes in the
United States. However, AASHTO policy states that some
separation, however small, between the lanes in opposite
directions of travel is desirable. Therefore, a flush separa-
tion of 1.2 m (4 ft) between the opposing directions of travel
should be considered, where practical.

Sweden has implemented 2+1 roads with a cable barrier
in a flush divider between the lanes in opposing directions
of travel, the flush divider is generally 1.25-2.0 m (4.1-6.6 ft)
wide. Finland does not currently use cable barriers between
the opposing lanes, but is considering their use in future 2+1
roads. Germany considers the use of cable barriers undesir-
able. A potential concern with the use of cable barriers in
such narrow medians in the United States is that the barrier
may deflect such that the vehicle striking the barrier comes
to rest within the opposing lane of traffic. It is recommended
that use of cable barriers between the opposing lanes of 2+1
roads not be considered in the United States until a full
evaluation of tort liability and barrier deflection issues has
been completed.

INTRODUCTION

This digest presents the results of research that included
areview of traffic operational and safety information related
to the design of 2+1 roads in Europe, a traffic operational
and safety assessment of typical passing lane designs in the
United States as compared with the 2+1 design in Europe,
and recommendations for the use of 2+1 designs in the

United States. This first chapter presents the research prob-
lem statement, the research objectives and scope, the re-
search approach, and the organization of this digest.

Research Problem Statement

Several European countries use a design concept identi-
fied as a “2+1” design to improve the safety and operational
efficiency of selected two-lane highways. This concept
involves providing a continuous three-lane cross section and
striping the roadway in such a manner as to provide for
passing lanes in alternating directions throughout the section,
as illustrated in Figure 1. Some countries provide a barrier
between the travel lanes in opposing directions; Sweden, for
example, uses a cable barrier on its 2+1 facilities.

In the United States, many states build passing lanes on
two-lane roadways. While some states have built extended
segments with alternating passing lanes like the 2+1 road-
way concept used in Europe, most states use isolated pass-
ing lanes. Passing lanes in opposite directions of travel are
normally separated by sections of conventional two-lane
highway. Some state highway agencies also increase pass-
ing opportunities by providing short sections of four-lane
undivided highway that are, in effect, side-by-side passing
lanes.

With limited resources available to many agencies for
highway improvements, safe, practical, and low-cost opera-
tional improvements are of benefit to all agencies.

Research Objectives and Scope
The objectives of this research are as follows:

¢ To document European practice concerning 2+1 roads

¢ To compare and contrast that practice with U.S. prac-
tice, identifying aspects of European practice that are
potentially applicable in the United States

e To assess the potential traffic operational and safety
benefits of applying those practices in the United States

¢ To develop recommendations for the use of 2+1 designs
in the United States

The scope of the project focused on European countries
that currently use 2+1 roadway designs in practice. The three
countries from which the researchers obtained traffic opera-
tional and safety performance data include Finland, Germany,
and Sweden.

This research was conducted as a follow-up to the
FHWA/AASHTO International Scanning Tour for Roadway
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Figure 1. Schematic of 2+1 roadway.



Geometric Design conducted in June 2000 (I). This scan
team identified 241 roads as an innovative treatment ob-
served in their review of European geometric design prac-
tices and recommended that this research be performed.

The key issues in the research were (a) how passing
lanes that alternate continuously between the two directions
of travel perform in contrast with passing lanes provided at
intervals and (b) whether the provision of a cable barrier or
guardrail between the two directions of travel improves the
safety performance of the passing lanes.

Organization of this Digest

The remainder of this digest is organized as described
below. Chapter 2 documents European practice concerning
2+1 designs in Germany, Finland, and Sweden. Chapter 3
presents the results of traffic operational and safety com-
parison of 2+1 designs and conventional passing lane de-
signs used in the United States. Chapter 4 presents recom-
mendations for the use of 2+1 designs in the United States.

SUMMARY OF EUROPEAN PRACTICE

This chapter presents a summary of the findings from
meetings with 2+1 experts and site visits to 2+1 roadway
sites in Germany, Finland, and Sweden. Geometric design
details, signing and marking details, and safety and traffic
operational measures of 2+1 designs are presented.

European Trip

During April 2002, the principal investigator visited
three European countries where 2+1 roadways are in use.
Key objectives of the visit were to (1) meet with experts to
discuss specific design issues related to 2+1 roadways and
their safety and operational performance, (2) conduct site
visits at a number of 2+1 roadways currently in use, and (3)
obtain copies of design policies, plans, and traffic opera-
tional and safety performance data. The trip took place dur-
ing the period April 5-19, 2002, and included the following
activities:

April 8

*  Meeting in K&ln (Cologne), Germany, with Mr. Werner
Koppel from the German Insurance Association (GDV)
to discuss safety performance of 2+1 roadways

* Meeting in Bergisch Gladbach, Germany, with
Dr. Roland Weber from the Federal Highway Research
Institute (BASt), who is the 2+1 expert at BASt

April 9

*  Meeting with Dr. Werner Brilon of Ruhr-Universitit in
Bochum, Germany, and Mr. Reinhard Niggemeier of

Strassen.NRW (state highway agency for Nordrhein-
Westfalen) to discuss geometric design and mainte-
nance issues

«  Site visits at a number of 2+1 roadways currently in use
in Germany

April 11

e Meeting in Helsinki, Finland, with Mr. Pauli Velhonoja
and Ms. Piivi Pesu of the Finnish Road Administration
to discuss geometric design issues

e Meeting in Helsinki, Finland, with Ms. Asa Enberg of
the Helsinki University of Technology to discuss safety
and operational performance of 2+1 roadways

e Meeting in Helsinki, Finland, with Dr. Heikki Summala
of the University of Helsinki to learn about human fac-
tors research conducted on 2+1 roadways

April 12

e Meeting in Helsinki, Finland, with Mr. Pauli Velhonoja
and Ms. Piivi Pesu of the Finnish Road Administration
to obtain roadway plans and typical sections

«  Site visits at a number of 2+1 roadways currently in use
in Finland

April 15

e Site visits at a number of 2+1 roadways in the southern
region of Sweden with Mr. Torsten Bergh, of the
Swedish National Road Administration (SNRA) head-
quarters office, and Mr. Mikael Karlsson, of the SNRA
Scania branch

April 16

e Meeting at a regional SNRA office in Kristianstad,
Sweden, with Mr. Torsten Bergh and Mr. Mikael
Karlsson to discuss safety and operational performance
of 2+1 roadways in Sweden and view videos of mainte-
nance crews removing the cable barrier

e Meeting at the Southeast regional SNRA office in
Karlskrona, Sweden, with Mr. Torsten Bergh and Mr.
Ulf Andersson, the SNRA local project manager in
charge of the county of Blekinge, to discuss 2+1 road-
ways in that region

e Site visits at a number of 2+1 roadways currently in use
in Sweden

April 17

e Meeting in Link6ping, Sweden, with Mr. Arne Carlsson
and Mr. Ulf Briide of the Swedish Road and Transport
Research Institute (VTI) to discuss safety and opera-
tional performance of 2+1 roadways in Sweden

«  Site visit at a 2+1 roadway near Link&ping, Sweden



April 18

e Meeting at a regional SNRA office in Jonkoping,
Sweden, with Mr. Rolf Lovkvist, project engineer, to
obtain 2+1 roadway plans

e Site visits at a number of 2+1 roadways currently in use

Germany

Several years ago, two types of wider two-lane high-
ways were used in Germany:

e Two-lane highways with wide paved shoulders intended
to accommodate emergency vehicles and very slow
vehicles, such as farm vehicles

¢ Two-lane highways with wide lanes intended to allow
slower vehicles to move to the right side of their lane to
allow faster vehicles to pass in the center of the road-
way

These types of highway had unsatisfactory safety perfor-
mance because many drivers did not use them appropriately.
For example, on two-lane highways with wide shoulders,
trucks used the shoulder while passenger cars used the
through lane, thus treating the wide two-lane roadway as a
four-lane facility and creating a potential environment for
severe accidents. To improve the safety performance of these
wide two-lane roadways at a minimal cost, most of them
have been restriped into 2+1 roads, as illustrated in Figure 2.

Germany now has over 360 km (220 mi) of 2+1 road-
way sections, all of which are in rural areas. About one-third
of the 2+1 roadways have been constructed by restriping an
existing two-lane roadway with wide shoulders or wide
lanes. The wide shoulders or lanes are narrowed to accom-
modate the third lane. About two-thirds of the 2+1 roadways
are new construction, most of which serve as bypass routes.

Germany does not favor the use of cable barriers be-
tween opposing directions of travel, as is done in some other
countries, because of safety concerns.

Figure 2. 2+1 roadway in Germany.
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Figure 3. Typical 2+1 cross sections used in Germany.

Geometric Design

Depending on the width of the original two-lane road-
way, a number of different cross sections are possible. Fig-
ure 3 illustrates three typical cross sections of 2+1 roadways
in Germany.

Figure 4 illustrates two types of transitions on 2+1 road-
ways in Germany. A “critical” transition is one located im-
mediately downstream of a lane drop. It is called “critical”
because vehicles in the middle lane are heading toward each
other before merging into the right lane; therefore, a sub-
stantial buffer between the vehicles traveling in opposite
directions is needed. The length of a “critical” transition is
180 m (590 ft). A “noncritical” transition is one located
immediately upstream of a lane addition. Transitions up-
stream of a lane addition are not as critical as those down-
stream of a lane drop because vehicles in the middle lane are
heading away from each rather than toward each other. The
length of the “noncritical” transition is at least 30 m (100 ft),
but no longer than 50 m (160 ft). The taper for both types of
transition is at a 45-degree angle, such that the taper length
is equal to the width of the center lane.

Additional details about the geometric design of 2+1
roadways in Germany are summarized below:

e The typical length of a passing lane is 1.0-1.4 km (0.6—
0.9 mi), but usually not more than 2.0 km (1.2 mi).

e While a separation of 0.5 m (1.6 ft) is typically pro-
vided between opposing travel lanes, a separation of 1.0
m (3.3 ft) with a rumble strip is under consideration.

e Lane drops and additions are placed where there is ad-
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Figure 4. Dimensions for “critical” and “noncritical” transitions for 2+1 roads in Germany.

equate sight distance, but there are no specific sight
distance criteria.

* Aroadway may be transitioned back to a two-lane cross
section on sharp curves; however, the Germans con-
sider 2+1 facilities as generally adaptable to any terrain.

* Grade separation is used to accommodate access on
semi-motorways. On conventional 2+1 highways with
access, at-grade intersections are limited. The speed
limit is reduced from 100 km/h (60 mph) to 70 km/h (45
mph) on an approach to an interchange or intersection.

+  Two-lane highways in Germany do not have a normal
crown section like those used in the United States. The
cross section for 2+1 roads is a continuous cross slope
from one edge of pavement to the other. Thus, German
highway designers do not face a decision as to where to
locate the crown or whether to transition the crown from
one side of the center lane to the other at passing lane
transitions. There is also no need to remove the normal
crown at horizontal curves.

Signing and Marking

Figure 5 illustrates the signing and pavement markings
for a lane addition. At the beginning of a passing lane, a sign
is placed on the right side of the roadway to inform motor-
ists that a passing lane has begun and to indicate the length
of the passing lane. Figure 6 illustrates the signing and pave-
ment markings for a lane drop. Advance warning signs to
alert drivers of an upcoming lane drop are placed on both
sides of the roadway 400 m (1,300 ft) ahead of the lane drop
and again at 200 m (650 ft) ahead of the lane drop. Arrows
are painted on the roadway to warn motorists in the passing
lane that they must merge right. All along the 2+1 roadway
section, a double white line (equivalent to a double yellow
centerline in the United States) separates the two opposing
directions of travel to indicate that no passing is allowed
outside of the passing lane.

Safety

Table 1 presents typical accident rates for various road-
way cross sections in Germany. The accident rates for 2+1
roadways are lower than those for all other two-lane high-
ways. They are also lower than those for the four-lane un-
divided cross section.

Accident analyses have concluded the following:

*  Conventional two-lane highways with shoulders and
two-lane highways with wide lanes have lower safety
performance than the 2+1 cross section does. The 2+1
cross section enables passing maneuvers within desig-
nated passing lanes without regard to the opposing
traffic.

*  Four-lane undivided highways have considerably lower
safety performance than 2+1 roadways do.

Additional information that was learned from meetings
with 2+1 experts in Germany include the following:

*  The benefit-cost ratio for implementation of the 2+1
design on existing roads has been between 1 and 10.

¢ There have not been any safety problems in the transi-
tion areas between passing lanes in opposing directions.

Guidelines proposed in Germany in 1992 recommended
the use of 2+1 roadways as appropriate for new construction
of roads in the ADT range from 8,000 veh/day to 22,000 veh/
day.

Traffic Operations

The speed limit on 2+1 roadways in Germany is
100 km/h (60 mph). The traffic volumes range from 15,000
veh/day to 25,000 veh/day; the maximum traffic volume
level observed was 30,000 veh/day. This level represents
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Figure 5. Signing used at the beginning of a passing lane

in Germany.

TABLE 1 Typical accident rates for various roadway cross sections in Germany (2)

i

I

"3

.

\

N\

|

H
|
i
|
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|

Il

I

Figure 6. Signing and pavement markings used for a lane

drop in Germany.

Accident rate (per 10° veh-km)
ADT Fatal and injury Fatal, injury, and
Roadway type (veh/day) accidents serious PDO accidents

6-lane freeway 61,000 0.13 0.35
4-lane freeway 31,000 0.13 0.39
4-lane divided highway with 19,500 0.15 0.37

wide shoulders
4-lane divided highway 16,600 0.19 0.39
4-lane undivided highway 12,100 0.21 0.39
2+1 roadway 14,100 0.16 0.28
2-lane highway with wide lanes 11,900 0.28 0.49
2-lane highway with wide 9,800 0.19 0.35

shoulders®
2-lane highway (conventional) 10,300 0.25 0.39
2-lane highway (narrow lanes) 3,500-6,300 0.22-0.44 0.39-0.71

& With paved shoulders wide enough that they can be used for passing.

PDO = property damage only.



higher traffic volumes than are typically served on 2+1
facilities in Finland and Sweden. Previous research has tried
to determine the capacity of 2+1 roadways in Germany.
Based on speed-volume relationships observed, the capacity
of 2+1 roadway sections could not be derived. Currently,
Brannolte is conducting a study to evaluate the capacity and
level of service of 2+1 roadways. The results of this study
are not yet available, but should be available some time in
2003. Brannolte has previously stated that, from simulation
runs, the 2+1 cross section shows no significant advantages
in capacity over nonwidened typical rural two-lane roads
(3). This makes sense in that the capacity of a 2+1 road is
governed by the capacity of the sections with a single lane in
a given direction of travel.

Additional details about the operational performance of
2+1 roadways in Germany are summarized below:

» It has been determined through observation and simula-
tion that 2+1 roadways operate at a better level of ser-
vice than conventional two-lane roadways do.

*  The overall section length of 2+1 roadway that is needed
to be effective is in the range of 4-6 km (2.5-3.7 mi);
however, 2+1 roadway sections have been effective at
lengths of up to 15 km (9.3 mi).

*  No formal evaluations have been made on the effect on
vehicle speeds of restriping a wide two-lane cross sec-
tion to a 2+1 cross section. However, it is thought that
vehicle speeds on cross sections with very wide lanes
are higher than speeds on 2+1 cross sections.

e The narrow shoulders resulting from restriping a wide
two-lane cross section to a 2+1 cross section present a
problem for maintenance/construction vehicles and dis-
abled vehicles.

Driver Acceptance

A driver survey was conducted at five 2+1 road sites in
Germany between 1983 and 1988. Table 2 presents a sum-
mary of the survey results. Most drivers prefer 241 roads to
normal rural roads and believe that 2+1 roads offer better
passing opportunities. A majority of drivers believe that they
can travel faster on 2+1 roads, but do not believe that 2+1
roads are dangerous.

Finland

With limited funds available for costly investments such
as widening to four lanes, the Finnish Road Administration
addressed the need to improve traffic flows on conventional
two-lane highways and two-lane highways with wide shoul-
ders by widening, where applicable, and restriping these fa-
cilities as 2+1 and wide-lane roads. These new cross sec-
tions were considered a relatively inexpensive way to
improve traffic flow on roadways where the traffic volumes
did not yet warrant a freeway. Figure 7 illustrates a 2+1
roadway in Finland.

The first 2+1 roadway in Finland was opened in 1991.
Finland has had a total of five 2+1 facilities, but some have
been widened to four lanes as traffic grew. Finland currently
has two 2+1 roadway facilities in operation, both in rural
areas. There are nine passing lanes on one 2+1 roadway
section and 14 on the other, for a total length of 48 km (30
mi) of 2+1 roadways. Both 2+1 roadway sites have been
constructed by restriping existing two-lane roadways with
cross sections that were 13 m (43 ft) wide. However, there
are plans to incorporate 2+1 cross sections into new con-
struction. Currently, all 2+1 roadway facilities in Finland

TABLE 2 Results of surveys of German drivers concerning 2+1 roads

Question Percentage of responses
How do 2+1 roads compare to normal rural roads?
Better 92
Worse 5
No difference 3
On 2+1 roads, one can pass much better than on normal rural roads.
Agree 92
Disagree 6
No opinion 2
2+1 roads are dangerous.
Agree 22
Disagree 75
No opinion 3
On 2+1 roads, one can travel faster.
Agree 80
Disagree 15
No opinion 5
NOTE: Survey is based on driver survey results conducted at five 2+1

road sites between 1983 and 1988.



Figure 7. 2+1 roadway in Finland.

use pavement markings only. However, strong consideration
is being given to using a flush divider with a cable barrier to
separate opposing lanes on future 2+1 roadway facilities.

Geometric Design

Figure 8 illustrates a typical cross section for a 2+1
roadway with no median barrier in Finland. Finland does
not currently use median barriers between opposing direc-
tions of travel, but plans to begin incorporating them into
future 2+1 roadway designs. Figure 9 illustrates a typical
cross section for future 2+1 roadways with a median barrier.

Neither of the existing 2+1 roadways in Finland has a
normal crown. At both sites, the roadway has a continuous
cross slope from one side of the pavement to the other. How-
ever, Figures 10 and 11 illustrate how a crowned section,
without a median cable barrier and with a median cable
barrier, would be handled on such a facility in Finland.
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Figure 8. Cross section without median barrier used in
Finland.
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Figure 9. Cross section with median barrier being
considered for use in Finland.
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Figure 10. Recommended crowned section without median
cable barrier being considered for use in Finland.
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Figure 11. Recommended crowned section with median
cable barrier being considered for use in Finland.

Figure 12. Dimensions of lane-drop and lane-addition
transitions used in Finland.

Figure 12 illustrates the dimensions of lane-drop and
lane-addition transitions in Finland. The length of the transi-
tion downstream of a lane drop is 500 m (1,600 ft), includ-
ing taper. The length of the transition upstream of a lane
addition is 50 m (160 ft), including taper. Figure 13 illus-
trates a lane-addition transition at a 2+1 roadway site in
Finland. Figure 14 illustrates a lane-drop transition from
two lanes to one lane at a 2+1 roadway site in Finland.

Neither of the existing 2+1 roadways have at-grade in-
tersections. All access is accommodated at interchanges. On
future 2+1 facilities, a limited number of intersections and
driveways will be allowed. The specific design of these
future at-grade intersections has not yet been determined.

An at-grade intersection design that is currently in use
on some conventional two-lane roads with passing lanes is a
right-hand diverging lane loop for left turns, as illustrated in
Figure 15. The loop turn is appropriate for cross roads with
very low traffic volumes, such as less than 100 veh/day.
Loop turns are similar to jug handles in the United States. In
making a loop turn to the left, the driver exits the roadway to
the right, enters a lane loop, and then crosses the major road
perpendicularly. The premise behind the loop turn is that the
turning vehicle does not disturb the flow and safety of the
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Figure 13. Example of a lane-addition transition in
Finland.

Figure 15. Right diverging lane loop for left turns used in
Finland.

traffic on the major road. Many highway engineers in Fin-
land believe that if an intersection must be accommodated
on a passing lane section of a two-lane roadway, a loop turn
is the best intersection design to implement. Some, how-
ever, believe that either widening the shoulder to allow
through vehicles to pass to the right of a left-turning vehicle
or providing a left-turn lane is a safer and more functional
option. While there have been no traffic accidents as a result
of the loop turns, Finland has experienced some driver be-
havioral and traffic operational problems. For example,
some drivers either do not understand the loop turns or do
not care to use them when making a left turn. Another prob-
lem involves slow farm equipment having to cross the entire
width of the roadway.

Additional details about the geometric design of 2+1
roadways in Finland are summarized below:

*  The typical length of a passing lane is 1.5 km (0.9 mi).

*  Stopping sight distance (SSD) is provided everywhere;
decision sight distance (DSD) is provided at inter-
changes and lane drops.

Signing and Marking

Figure 16 illustrates the signing and pavement mark-
ings along a 2+1 roadway section in Finland. A sign placed
at the beginning of a passing lane notifies drivers of the
length of the passing lane. Another sign, placed in each one-
lane section, notifies drivers when a passing lane is 1.0 km
(0.6 mi) ahead. Advance warning signs to alert drivers of an
upcoming lane drop are placed on both sides of the roadway
400 m (1,300 ft) ahead of the lane drop and again at 50 m
(160 ft) ahead of the lane drop.

A double barrier line is always provided as a separation
between opposing travel lanes. The specified separation be-
tween the lines is 10 cm (4 in.); the width of each line is also
10 cm (4 in.).
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Figure 16. Signing and pavement markings along a 2+1
roadway section in Finland.




Accident Cost Rate
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Figure 17. Estimated accident cost rates for specific road
types in Finland.

Safety

The safety performance of the two existing 2+1 road-
ways in Finland has not been consistent. On one roadway,
the safety performance has been good; the other roadway
has experienced a number of accidents in the winter.

The Finnish Road Administration has estimated that
traffic safety on 2+1 sections without median barriers is not
much better than on ordinary two-lane roads, as illustrated
in Figure 17. The passing lanes have improved traffic flow,
but have not provided a substantial safety improvement.
Since about half of the fatal accidents are head-on crashes,
Finland is planning to incorporate cable barriers into its 2+1
design for future construction. Finns believe that a median
barrier would reduce head-on accidents by 80 percent. Fig-
ure 17 shows that the estimated accident cost rate for a 2+1
roadway with a median barrier are about 30 percent less
than the estimated accident cost rate for a 2+1 roadway with-
out a median barrier. The accident cost rate is the total esti-
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mated cost of accidents of all severity levels divided by
exposure in veh-km of travel.

Table 3 presents the estimated accident rates for the
same roadway types as presented in Figure 17. Again, the
estimated safety performance of a 2+1 roadway without a
median barrier is similar to that of an ordinary two-lane
road. However, a 2+1 roadway with a median barrier is ex-
pected to have a better safety performance, with nearly half
the fatal accident rate as a 2+1 roadway without a median
barrier and an ordinary two-lane road.

Actual accident rates based on accident data from 1996
to 2000 for several roadway types are presented in Table 4.
No data are presented for 2+1 roadways with median barri-
ers because no median barriers have been implemented yet
in Finland.

One of the existing 2+1 roadways experienced lower
injury and fatality accident rates compared with ordinary
two-lane roads, with and without passing lanes, while the
other 2+1 roadway experienced higher accident rates. Many
of the accidents on Site E have been winter accidents.

The transition areas downstream of a lane drop have
experienced some safety problems. Higher speeds in pass-
ing lanes (15 km/h [9 mph] higher than in through lanes)
and passing maneuvers just before the end of the passing
lane have caused some head-on collisions.

Traffic Operations

The two 2+1 roadway sites in Finland have accommo-
dated AADTsS up to 14,000 veh/day. The capacity on one of
the roads was measured to be about 1,900 veh/h in one di-
rection in 1993. The capacity of the other road was mea-
sured to be 1,600—1,700 veh/h in one direction in 2001. On
Fridays and Saturdays, traffic volumes can be as high as
20,000-25,000 veh/day. When traffic volumes are near
capacity, some operational problems arise. For example, at
flow rates of 1,200-1,400 veh/h, queuing begins at the lane-

TABLE 3 Estimated accident rates for specific road types in Finland

Injury accident rate Fatal accident rate
Roadway type (acc/1 0? veh-km) (acc/1 0° veh-km)
Motorway® 4 0.3
Ordinary semi-motorway? 6 1.5
2+1 roadway without median 8 1.3
barrier
2+1 roadway with median 7 0.7
barrier
Two-lane road with wide lanes 8 1.3
Two-lane road with wide 7 1.1
shoulders
Narrow four-lane road 6 0.5
Ordinary two-lane road® 9 1.3

@ Based on accident data.
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TABLE 4 Accident rates based on accident data from Finland (1996-2000)

Length Injury accident rate  Fatal accident rate

Roadway type (km) (acc/1 0° veh-km) (acc/1 0° veh-km)
Motorway 356 4.3 0.3
Semi-motorway 152 6.2 1.5
Two-lane rural road 10,339 8.7 1.3
Two-lane road with wide lanes

(semi-motorway)

Site A 6 5.9 5.9

Site B 16 4.3 0.8

Site C 13 5.3 3.5
2+1 roadway (semi-motorway)

Site D 26 5.5 0.8

Site E 22 8.9 3.1
Two-lane roadway with passing lane 277 8.8 1.1

NOTE: Not enough accident data to draw any final conclusions.

drop transition, with drivers leaving the queue in the right-
most lane to improve their position in the queue. The speed
limit on 241 roadways in Finland is 100 km/h (60 mph) for
passenger cars and 80 km/h (50 mph) for trucks.

Before-after studies performed using traffic analyzers,
license plate surveys, and simulations reached the following
conclusions:

*  The number of passes increased 20—40 percent in day-
time traffic and more than doubled in weekend peak-
hour traffic. However, on the two-lane highway, both
downstream and upstream of the 2+1 section, the num-
ber of passes per vehicle decreased. This finding is po-
tentially positive for safety, because more risky passes
in the lane normally reserved for opposing traffic are
being reduced.

»  Travel speeds at low flow rates were 1-2 km/h (0.6-1.2
mph) higher for the 2+1 roadway than for the two-lane
cross section it replaced. At higher flow rates, the in-
crease in travel speeds was 4-5 km/h (2.5-3.1 mph);
however, the traffic flow occasionally reached a “break
down” level for short periods of time, which reduced
travel speeds. There was a more gradual decrease in
travel speed with increasing traffic on the 2+1 roadway
sections than on the previous two-lane sections.

»  The capacity for one direction of travel was 1,500-1,600
veh/h for both the 2+1 roadway and the previous two-
lane cross section.

Additional details about the operational performance of
2+1 roadways in Finland are summarized below:

»  The optimum length for a passing lane for a 2+1 road-
way section is estimated to be between 1.0 km and 1.5
km (0.6-0.9 mi).

»  The benefit from the decrease in percent time spent fol-
lowing (PTSF) in the passing lane ends about 3.3 km

(2.1 mi) downstream of the end of the passing lane. The
benefit from increased speeds in the passing lane ends
about 2.7 km (1.7 mi) downstream of the end of the
passing lane.

*  Vehicle speeds are usually higher during the day than at
night.

*  Mean speeds are about 4 km/h (2.5 mph) lower during
snowfall and up to 7 km/h (4.3 mph) lower during slip-
pery conditions.

e Construction costs for 2+1 roads and two-lane roads
with wide lanes are, on average, about 10 percent higher
than construction costs for ordinary two-lane roads.
Construction costs for 2+1 roads with median barriers
are expected to be 15-30 percent higher than construc-
tion costs for conventional two-lane roads.

Driver Acceptance

According to evaluations of traffic operations and driver
behavior, the two existing 241 roadways in Finland have
improved operational efficiency and have been popular with
motorists. In fact, the results of a survey indicate that about
80 percent of motorists prefer the 2+1 road to a conventional
two-lane road. The police have also been satisfied with the
new road type, and drivers have adapted to it quickly.

Sweden

Sweden’s evolution from 13-m (43-ft)-wide, two-lane
roadways to 2+1 roadways is similar to the experience in
Germany. Prior to the introduction of 2+1 roadways, the
Swedish national road network included about 3,600 km
(2,200 mi) of 13-m (43-ft) roads—2,800 km (1,700 mi) with
wide shoulders and 800 km (500 mi) with wide lanes—with
AADTs varying from 4,000 veh/day to 20,000 veh/day. The
traffic operational performance of 13-m (43-ft) roads was
good, but the safety performance, while better than that of



conventional two-lane roads, was disappointing. Nearly
100 fatalities and 300 severe injuries occurred each year on
13-m (43-ft) roads because of the increasing traffic volumes.
More than 50 percent of the fatalities resulted from run-off-
road and head-on accidents, probably caused by driver dis-
traction, driver fatigue, or the monotonous environment on
many of the roads.

While nearly a fourth of all fatalities on state roads in
Sweden occurred on 13-m (43-ft) roads, the Swedish Na-
tional Road Administration (SNRA) introduced a traffic
policy defining “Vision Zero” as a major objective—no one
killed or severely injured in road traffic accidents. At the
same time, the budget for rural road investments was sub-
stantially cut. Thus, SNRA set out to improve traffic safety
on existing 13-m (43-ft) roadways using low-cost measures.
They decided on a 2+1 cross section with a cable barrier and
roadside improvements within the existing right-of-way,
where possible. It was anticipated that this alternative would
prevent up to 50 percent of all severe accidents. The safety
performance of the first 2+1 roads with cable barriers was so
successful that SNRA decided to restripe 13-m (43-ft) roads
with the 2+1 alternative on a more widespread basis. Fig-
ure 18 illustrates a typical 2+1 roadway with a center cable
barrier in Sweden.

Initially, SNRA found it very difficult to promote 2+1
roads in the political planning process. However, the 2+1
concept has turned out to be a political success in Sweden.
The public, media, and politicians have changed their views
almost 180 degrees since the first 2+1 roadway opened.

Sweden now has more than 400 km (240 mi) of 2+1
roadway sections, all of which are located in rural areas. In
some cases, a roadway may consist mostly of a 2+1 cross
section with occasional two- and four-lane sections. The
Swedes expect to continue converting 13-m (43-ft) roads to
2+1 roads at a rate of 200-250 km (120-150 mi) per year.
Currently, about two-thirds of the 2+1 roadways are semi-
motorways, with grade separation and prohibition of farm
vehicles, pedestrians, and bicyclists. The rest have direct
access, including at-grade intersections and occasional
driveways. Nearly all of the 2+1 roadways have been con-
structed by restriping existing 13-m (43-ft) roadways and
narrowing the shoulders. Only one 2+1 facility is new con-
struction, but more are in the planning or design stage.

Geometric Design

Sweden currently uses a CEN N2 barrier, which is a
three- or four-cable barrier, between the travel lanes in op-
posing directions. The barrier is intended to prevent vehicles
from entering into oncoming traffic and potentially causing
a head-on collision. Quick locks make it possible to open
the cable barrier in each transition and at fixed intervals
along the roadway to accommodate maintenance and emer-
gency vehicles. Where quick locks are not present, the cables
can be taken down manually. Figure 19 illustrates a three-
cable barrier end treatment. Several manufacturers of cable
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Figure 18. Typical 2+1 roadway with center cable barrier
in Sweden.

barrier exist in Sweden, so the specific type of barrier used
varies from one 2+1 facility to another. The safety perfor-
mance of the cable barrier and the effect of the cable barrier
on the traffic operational performance of 2+1 roads are dis-
cussed later in this section.

Figure 20 illustrates a typical cross section for existing
2+1 roadways with cable barriers in Sweden. The 0.75-m
(2.5-ft) hard outer shoulders facilitate very low-volume pe-
destrian and bicycle traffic. A strip of 1.0 m (3.3 ft) with full
bearing capacity without overlay can be added in the one-
lane direction of travel to accommodate emergency vehicles.
In some cases, existing 13-m (43-ft) roadways have been
widened to accommodate a wider 2+1 cross section.

Sweden has recently revised its design guidelines for
2+1 roadways. The revised guidelines state that, for reha-
bilitation projects, the total roadway width may remain at 13
m (43 ft) or may be widened to 14 m (46 ft); for newly
constructed 2+1 roadways, a total roadway width of 14 m
(46 ft) is recommended. Figure 21 illustrates the cross sec-
tions recommended in Sweden’s recently revised guidelines
for the following:

»  Conventional 2+1 roadways with a total roadway width
of 13 m (43 ft)
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Figure 19. Cable barrier end treatment in Sweden.
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Figure 20. Cross section of existing 2+1 roadways with
cable barrier in Sweden.

a) Conventional 2+1 roadway—13-m (43-ft) cross section

(B

b) 2+1 semi-motorway—13-m (43-ft) cross section

Figure 21. Recommended cross sections for 13-m (43-ft)-
wide 2+1 roadway with cable barrier in Sweden
(conventional and semi-motorway).

e 2+1 semi-motorways with a total roadway width of 13
m (43 ft)

Figure 22 illustrates the cross sections recommended in the
guidelines for the following:

e Conventional 2+1 roadways with a total roadway width
of 14 m (46 ft)

e 241 semi-motorways with a total roadway width of 14
m (46 ft)

Many of the 2+1 roadways in Sweden are not semi-
motorways and, therefore, accommodate at-grade intersec-
tions. Typically, at-grade intersections are located in the
transition area between alternating passing lanes. In other
words, when designing the layout of alternating passing
lanes, designers intentionally place intersections between
passing lanes in opposing directions of travel. The design of
at-grade intersections in Sweden is similar to at-grade inter-
sections on two-lane roads in the United States, with left-
turn lanes and painted channelization. Figure 23 presents a
photograph of a three-legged intersection on a 2+1 roadway
in Sweden. Figure 24 presents a photograph of a four-legged
intersection on a 2+1 roadway in Sweden.

Additional details about the geometric design of 2+1
roadways in Sweden are summarized below:

»  Transition zones from two lanes to one lane (“critical”
transitions) are 300 m (1,000 ft) long. Transition zones

a) Conventional 2+1 roadway—14-m (46-ft) cross section

b) 2+1 semi-motorway—14-m (46-ft) cross section

Figure 22. Recommended cross sections for 14-m (46-ft)-
wide 2+1 roadway with cable barrier in Sweden
(conventional and semi-motorway).



Figure 23. Three-legged intersection on 2+1 roadway in
Sweden.

Figure 24. Four-legged intersection on 2+1 roadway in
Sweden.

from one lane to two lanes (‘“noncritical” transitions)
are 100 m (330 ft) long.

e Passing lanes are provided at intervals of 1.0-2.0 km
(0.6-1.2 mi). The length depends on alignment, loca-
tions of intersections, etc. Two-lane cross sections can
be provided at long bridges and on sections with fre-
quent access roads, with frequent pedestrians and bicy-
clists, or where separation is not feasible.
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»  For rehabilitation projects, the SNRA recommends that
side barriers be implemented in rock cuts, in low earth
cuts, and at all embankments with poles, rocks, or trees
within the clear zone. Some projects are designed with
1:6 fore slopes in one-lane sections and with clearance
of hazardous objects in two-lane sections.

*  Permanent emergency openings in the cable barrier are
established every 3—5 km (2-3 mi) to allow emergency
vehicles to make U-turns.

e Access points are limited, and separate pedestrian and
bicycle facilities are provided whenever possible.

¢ The width of the flush median containing the cable bar-
rier varies from 1.25 m to 2.0 m (4.1-6.6 ft).

Signing and Marking

At the beginning of the transition for a lane addition, a
sign is sometimes placed on both sides of the roadway to
inform motorists that a passing lane is about to begin and to
indicate the length of the passing lane. Figure 25 presents a
photograph of a noncritical transition at a 2+1 roadway site
in Sweden.

Figure 26 illustrates the signing and pavement mark-
ings for a lane drop. Advance warning signs to alert drivers
of an upcoming lane drop are placed on both sides of the
roadway 400 m (1,300 ft) ahead of the lane drop and at the
beginning of the transition zone. The barrier poles typically
have delineator posts at a 100-m (330-ft) spacing; this
spacing is decreased to 10 m (33 ft) in the transitions. Arrows
are painted on the roadway to warn motorists in the passing
lane that they must merge right. All along the 2+1 roadway
section, a solid white line is painted on either side of the
cable barrier separating the two opposing directions of
travel.

Figure 25. Example of a noncritical transition in Sweden.
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Figure 26. Signing and pavement markings for a lane drop

Figure 27 presents a critical transition at a 241 roadway
site in Sweden.

Safety

The Swedes expected that 2+1 roadways with cable bar-
riers would reduce accidents involving severe injuries or
fatalities by up to 50 percent from ordinary 13-m (43-ft)
roadways. So far, the safety performance of these roads has
been even better than expected. On semi-motorways (i.e.,
facilities with partial access control), there has been one
fatal accident and six severe injuries, representing about a
55-percent reduction in fatalities and severe injuries from
ordinary 13-m (43-ft) roadways. It is worth noting that the
fatal accident involved a bicyclist riding at nighttime on a
2+1 semi-motorway, where bicycle traffic is prohibited.
Table 5 presents the distribution of all accidents on all 2+1
roadways in Sweden through April 2001.

The safety performance of 13-m (43-ft) roads prior to
being restriped as 2+1 roads provides a framework for esti-
mating what the safety performance would have been had
these roads not been converted to a 2+1 cross section. Table 6
presents a comparison between the predicted number of
accidents on ordinary 13-m (43-ft) roads with the observed
number of accidents after conversion to a 2+1 cross section.

The comparison between the number of predicted and
observed accidents in Table 6 suggests that converting 13-m
(43-ft) roads to 2+1 cross sections with cable barriers has

in Sweden.

Figure 27. Example of a critical transition in Sweden.

potentially prevented a number of fatalities and severe inju-
ries. This prevention may be largely attributed to the median
cable barrier. However, while the median cable barrier has
prevented a number of potentially severe accidents, median
barrier crashes are frequent, as demonstrated by the increase
in property-damage-only (PDO) accidents (188 predicted
versus 248 observed). In fact, the median cable barrier crash
rate is about 0.5 million crashes per axle-pair-km. This crash
rate translates to about one median barrier crash per week.
About 60 percent of the median barrier crashes occur in the



TABLE 5 Distribution of 2+1 roadway accidents in Sweden
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Total number of Number of injuries
Accident type accidents Slight Severe Fatalities
Single vehicle 69 18 5 0
Passing 29 5 0 0
Rear-end 14 8 0 0
Other 9 0 1 1

TABLE 6 Comparison of predicted and observed accident experience for 2+1 roads in Sweden

Number of accidents
Accident type Predicted Observed
Fatality 9 1
Severe injury and fatality 36 14
Injury 120 91
Fatality, injury, and PDO 188 248

PDO = property damage only.

one-lane section, about 55 percent occur during the winter,
and about 8 percent occur in the transition from two lanes to
one lane. Median barrier crashes are often caused by loss of
control due to skidding or flat tires, but usually involve only
property damage to the vehicle involved.

One of the concerns with median cable barriers has been
how well they would perform in transition areas, particu-
larly the lane-drop transition, and at the cable barrier ends.
The lane-drop transition areas have performed well. Drivers
have used the transition areas in a cautious and responsible
manner. The cable barrier ends have been tested and do not
cause any ramp effects. In fact, there have been no safety
problems with cable barrier ends on any of the 2+1 road-
ways in Sweden.

Another concern with median cable barriers has been
the extent to which it deflects when struck by a vehicle. In
other words, a vehicle that strikes the median cable barrier
should not get “trapped” in the cables with the front of the
vehicle projecting into the opposing travel lane. The median
cable barrier used on 2+1 roadways in Sweden complies
with Swedish N2 regulation that states that a passenger car
striking the barrier at a 20-degree angle at 100 km/h (60
mph) should cause a deflection in the barrier between 1 m
and 2 m (3.3-6.6 ft). Given the 1.25-m (4.1-ft) separation
between the two lanes of opposing traffic and the typical
distance a driver keeps between the vehicle and the edge
line, SNRA considers that a deflection between 1 m and 2 m
(3.3-6.6 ft) should not cause a greater safety problem than
would occur without a barrier. Furthermore, the cables are
attached to “breakaway” posts. Thus, a vehicle that strikes
the cable barrier generally snaps off the posts and gets redi-
rected by the cables back into the travel lane. While the

cable barriers have not been tested with trucks, they have
withstood heavy vehicle crashes at narrow angles. In fact, at
least two 60-ton trucks have been “caught” by the barrier.

In the 1980s and 1990s, Sweden constructed five 2+1
roadways with pavement markings only. Since using cable
barriers on its 2+1 roadways, Sweden has found that the
safety performance of its 2+1 roadways with cable barriers
has been much better than the safety performance of its 2+1
roadways with pavement markings only.

Traffic Operations

When SNRA initiated the program to restripe 13-m (43-
ft) roads to 2+1 cross sections, it faced criticism about the
narrow one-lane sections potentially having a negative ef-
fect on speed performance. The Swedes expected that 2+1
roadways with cable barriers would reduce speeds by 2—4
km/h (1.2-2.5 mph). However, the average speed has in-
creased by 2 km/h (1.2 mph). Overall, the speed perfor-
mance on 2+1 roadways is the same as or even better than
normal 13-m (43-ft) roads at one-directional flow rates up to
1,400 veh/h.

On existing semi-motorways in Sweden, speed limits of
90 km/h and 110 km/h (55 mph and 70 mph) have been
used. Recently revised Swedish guidelines recommend
speed limits of 110 km/h (70 mph) for new 2+1 roads on
semi-motorways and speed limits of either 90 km/h or
110 km/h (55 mph or 70 mph) for new conventional 2+1
roads. The speed limit for trucks on 2+1 roads is 80 km/h
(50 mph). An evaluation of travel speeds was conducted on
one of the 2+1 facilities in Sweden using the following tech-
niques:
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«  Before-after spot speed measurements compared with a
control section on an adjacent 13-m (43-ft) road

»  Floating car studies in high traffic volumes

*  Continuous lane-based spot speed measurements at the
beginning of a one-lane section in one direction of travel
and at the end of a two-lane section in the other direc-
tion of travel

Bergh and Carlsson present the following conclusions
based on early speed performance of the first 2+1 roadways
in Sweden (4):

o Average travel speeds for passenger cars increased
about 2 km/h (1.2 mph) at a speed limit of 90 km/h (55
mph) when a 13-m (43-ft) roadway was restriped to a
2+1 cross section.

»  The average spot speed for passenger cars on roadways
with a 90-km/h (55 mph) speed limit is 101 km/h (63
mph). The average spot speed for passenger cars on
roadways with a 110-km/h (70-mph) speed limit is 107
km/h (66 mph).

»  Spot speeds for passenger cars at the beginning of one-
lane sections range from 93 km/h to 100 km/h (58—62
mph) at traffic flows between 1,200 veh/h and 1,350
veh/h.

»  Spot speeds for passenger cars in the passing lane range
from 110 km/h to 120 km/h (68—75 mph), far above the
official speed limit of 90 km/h (55 mph) (before April
1999).

e On average, there is about a 5-km/h (3-mph) difference
in average travel speeds for passenger cars between one-
lane and two-lane sections.

» Average passenger car spot speeds on two-lane sections
are 4 km/h (2.5 mph) higher on a 241 roadway with a
median cable barrier than on a 13-m (43-ft) roadway
with wide lanes.

» The spot speeds on the two-lane section are slightly
higher on a 2+1 roadway without a median cable barrier
than on a 2+1 roadway with median cable barrier.

»  Five percent of the hourly speeds are below 90 km/h
(55 mph) on roadways with a 90-km/h (55-mph) speed
limit.

* At one-directional flows above 900 veh/h, there is con-
siderable variation in speed profile among the different
segments.

» Side cable barriers located 1 m (3.3 ft) from the pave-
ment do not affect speeds.

The level of service on 2+1 roadways in Sweden has
been better than originally anticipated. The capacity of a
2+1 roadway is estimated to be 1,600-1,700 veh/h in one
direction during a 15-min period. This value is estimated to
be about 300 veh/h less than for an ordinary 13-m (43-ft)
road with wide lanes. Floating car studies confirm a good
level of service at traffic flows up to 1,300-1,400 veh/h in

one direction. AADTSs for which 2+1 roadways have been
used vary from 4,000 veh/day to 20,000 veh/day.

Additional details about the operational performance of
2+1 roadways in Sweden are summarized below:

¢ The maintenance problems experienced so far are basi-
cally as expected. The main difficulty has been with
traffic work zone safety, especially at barrier repairs.

*  The frequency of cable barrier repair has been 0.1-0.9
crashes per million axle-pair-kilometer, with an aver-
age of 0.5 crashes per million axle-pair-kilometer. This
frequency is in line with the expected frequency of cable
barrier repair, which was 0.5-1.0 crashes per million
axle-pair-kilometer.

«  Winter maintenance has been much better than expected.
In fact, snow plowing and removal are not as costly as
estimated. Snow is removed in the first 0.4 m (1.3 ft) of
the median. The visibility of edge lines is maintained.

¢ Emergency vehicle operations and tow agencies have
complained that their working conditions and service at
emergency sites have deteriorated. With limited space
in the median, emergency and towing personnel work
in proximity to moving traffic. However, these agencies
have become more supportive of 2+1 roadways over
time.

» Bridge inspections and overlay repairs are coordinated
to minimize the number of traffic diversions. Delinea-
tor post washing is performed during low-traffic-
volume conditions.

e« There has been some concern that pavements may
deteriorate more quickly on 2+1 roads because of the
narrower traffic lanes and the resulting heavy traffic
traveling closer to the pavement edge or on the shoulder,
where the pavement may not be stabilized.

Driver Acceptance

Drivers adapted quickly to the concept of a 2+1 road-
way in Sweden. In fact, since the first 2+1 roadway opened
in Sweden, 2+1 facilities have become popular with the pub-
lic, media, and politicians.

Other Countries

In addition to the three countries that were visited—
Germany, Finland, and Sweden—the research team obtained
information on 2+1 roadways in Denmark and other coun-
tries. The information on these countries is less extensive,
but provides a useful supplement to the review of European
practice related to the design of 2+1 roads.

Denmark

The information on 2+1 roadways in Denmark, pre-
sented below, is taken from a paper by Herrstedt (5).



In 1993, prompted by the positive experience with 2+1
roadways in other countries, the Danish Road Directorate
converted three rural roadway sections to 2+1 roadways.
Each roadway section was resurfaced in combination with
remarking with 2+1 markings, partly to avoid the “scars”
left by removing existing road markings. Each roadway sec-
tion is described below.

The first 2+1 roadway section is 5.2 km (3.2 mi) long. It
had previously been marked partly as a three-lane road and
partly as a two-lane road. The speed limit is 80 km/h
(50 mph). The section is now marked as a 2+1 roadway,
consisting of seven passing sections that range from 400 m
to 750 m (1,300-2,450 ft) in length. The AADT is less than
7,000 veh/day, with 11 percent heavy vehicles.

The second 2+1 roadway section is about 10 km (6 mi)
long. It is an expressway with a speed limit of 90 km/h (55
mph). This section had previously been marked as a 2+1
roadway, consisting of six passing sections that ranged from
0.7 km to 1.8 km (0.4—1.1 mi) in length, but was restriped to
consist of seven passing sections that range from 0.9 km to
1.4 km (0.6-0.9 mi). The AADT is about 14,000 veh/day,
with 6-8 percent heavy vehicles.

The third 2+1 section is about 9 km (5.6 mi) long and
has a speed limit of 80 km/h (50 mph). It had previously
been marked partly as a three-lane road and partly as a wide
two-lane road. The section is now marked as a 2+1 roadway,
consisting of eight passing sections that range from 0.35 km
to 1.55 km (0.2-1.0 mi) in length. The AADT is about
11,500 veh/day, with 10-12 percent heavy vehicles. During
peak summer holiday periods, traffic volumes increase
throughout the section. In fact, during the first weekend of
the summer holiday period, traffic volumes up to 16,400
veh/day have been observed (15,300 veh/day since conver-
sion to the 2+1 road marking).

Safety. A preliminary accident analysis was performed on
the three roadway sections in 1996, followed by another
accident analysis in 1999. It was concluded that the 2+1
roadway markings have not significantly impacted the
number of injury and PDO collisions. However, there has
been a decrease in the severity of accidents. In fact, the
number of fatalities for all three sections combined was
lower in the after period. Table 7 presents the number of
accidents before and after the 2+1 roadway markings were
installed.
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Traffic Operations. A number of speed and driver
behavior studies have been conducted to evaluate the
2+1 roads as an alternative to three-lane roads and wide
two-lane roads in Denmark.

Traffic counts, average speed measurements, speed pro-
file measurements, and travel speed measurements have
been conducted on the three test sections in Denmark. Find-
ings of these studies include the following:

* Speeds before and after conversion to 2+1 roadway
markings were above the posted speed limit on all three
test sections.

*  Speeds are especially high in the passing lanes.

*  Speeds are higher in the two-lane direction of passing
sections than in the one-lane direction.

*  Speeds in the passing lane increase at the critical transi-
tion section.

e Opverall, the 2+1 road markings have not led to a signifi-
cant change in travel speeds.

Driver behavioral studies of drivers merging from two
lanes to one were conducted. Drivers were observed on the
last 100 m (330 ft) of the passing lane sections to determine
the percentage of vehicles that cross the chevron markings
or brake during the merge. Findings of this study include the
following:

e About 2-6 percent of vehicles pass on the last 100 m
(330 ft) of the passing section.

¢ Anincrease in traffic volume may lead to an increase in
the percentage of vehicles making passing maneuvers
on the last 100 m (330 ft) of the passing section.

¢ On the two test sections with posted speed limits of 80
km/h (50 mph), about 60 percent of vehicles merge from
the passing lane into the right lane before the transition
from two lanes to one lane, about 30 percent merge
within the transition, and 12—14 percent cross the chev-
ron markings during merging.

¢ On the other test section, which is an expressway with a
posted speed limit of 90 km/h (55 mph), a somewhat
larger percentage of the merging occurs in the transi-
tion. However, only 5-7 percent of the vehicles passing
on the last 100 m (330 ft) cross the chevron markings.

e About 80 percent of merging is performed without brak-
ing.

TABLE 7 Number of accidents before and after installation of 2+1 roadway markings in Denmark (5)

Observed Expected
Accident type Before period After period After period
Injury 61 49 50
Injury + PDO 103 99 85
Injury + Fatality 100 83 83
Fatality 11 3 9

PDO = property damage only.
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* In 2-3 percent of merging maneuvers, it is necessary
for the vehicles to brake.

» The passing vehicle has to brake in 10-20 percent of
merging maneuvers.

» In the majority of cases, merging at the end of the pass-
ing section takes place without problems.

*  When traffic volumes are high (e.g., during the morning
rush hours), traffic in the passing lane has been ob-
served to stop and wait for an opportunity to merge
back into the main lane.

In Denmark, the most effective length for passing sec-
tions has been found to be 1 km (0.6 mi). On shorter passing
sections of 400—-600 m (1,300-2,000 ft) in length, relatively
few vehicles (i.e., not more than 10 percent) make passing
maneuvers. On longer passing sections, the number of ve-
hicles making passing maneuvers decreases in the latter part
of the passing section.

Driver Acceptance. Interviews were conducted with
drivers on two of the three test sections. The findings of the
interviews include the following:

* A majority of drivers believe that it is easier to make
passing maneuvers on the 2+1 roadways.

* A majority of drivers think that the 2+1 roadway makes
drivers feel safer.

* A majority of drivers think that the passing sections are
of a suitable length.

*  Over 80 percent of those interviewed had a generally
positive attitude toward the 2+1 roadway markings.

Other International Applications of 2+1 Roads

The 2+1 road concept has also been used in France,
Italy, Spain, and the United Kingdom, but no traffic opera-
tional or safety performance measures are available for 2+1
road applications in those countries.

TRAFFIC OPERATIONAL AND SAFETY
ASSESSMENTS

An important goal of the research was to assess the
potential applicability of the 2+1 road concept in the United
States. To meet this objective, analyses were performed to
compare the traffic operational and safety performance of
2+1 roadways with conventional passing lane designs like
those used in the United States. Both the traffic operational
and safety analyses provided results that are applicable to
developing specific recommendations for the potential use
of 2+1 designs in the United States. The results of the traffic
operational and safety assessments are presented in this sec-
tion.

Traffic Operational Assessment

An analysis was conducted to compare the traffic op-
erational performance of the 2+1 designs used in Europe
with conventional passing lane designs used in the United
States. The objective of the analysis was to determine how
passing lanes that alternate continuously between the two
directions of travel perform (i.e., what levels of service can
be achieved) under U.S. conditions in contrast to passing
lanes provided at intervals, as is the most common practice
in the United States. A series of representative roadway types
were included in the analyses:

¢ Two-lane roadway with no passing lanes

¢ Two-lane roadway with minimal passing lane frequency

e Two-lane roadway with intermediate passing lane fre-
quency

e 241 roadway with continuously alternating passing
lanes

Each representative roadway section is 24 km (15 mi) long.
The roadway types range from no passing lanes provided on
a conventional two-lane roadway to continuously alternat-
ing passing lanes provided on the 2+1 roadway. The two-
lane roadway with minimal passing lane frequency consists
of two 1.6-km (1-mi) passing lanes in each direction of
travel, separated by a distance of 11 km (7 mi). The two-
lane roadway with intermediate passing lane frequency con-
sists of four 1.6-km (1-mi) passing lanes in each direction of
travel, each separated by a distance of 4.8 km (3 mi). The
2+1 roadway with continuously alternating passing lanes
consists of one 2.4-km (1.5-mi) passing lane followed by six
1.6-km (1-mi) passing lanes in each direction of travel, each
separated by a distance of 1.6 km (1 mi). Figure 28 and
Table 8 summarize the layout of the roadways that were
compared.

The comparison was made with the TWOPAS model, a
state-of-the-art computer simulation model of two-lane high-
way traffic operations. Traffic operational analyses were
performed for both level and rolling terrain and for a variety
of combinations of traffic volume and directional split. Spe-
cifically, the analyses included traffic volumes ranging from
400 veh/h to 2,800 veh/h in each direction. Three combina-
tions of directional split were analyzed: 50/50, 60/40, and
70/30. The traffic composition consisted of 4 percent trucks
and 3 percent recreational vehicles. Tables 9 through 12
present the results of the traffic operational analyses for the
four representative roadway types in level terrain. The same
analyses were performed for rolling terrain, but the results
were nearly identical. In the tables, Direction 1 refers to the
direction of travel with the higher traffic flow rate. For ex-
ample, for the analyses of the 60/40 directional split, Direc-
tion 1 is the direction of travel that carries 60 percent of the
traffic and Direction 2 is the direction of travel that carries



(a) Two-lane roadway with no passing lanes

(c) Two-lane roadway with intermediate passing lane frequency

.| L |
I I
(b) Two-lane roadway with minimal passing lane frequency
— — — —

(d) 2+1 roadway with continuously alternating passing lanes

Figure 28. Layout of roadways analyzed by TWOPAS.

TABLE 8 Arrangement of passing lanes on roadways analyzed by TWOPAS

Spacing
between passing
lanes in each

Number of

passing lanes in Length of each

Percentage of
total roadway
length with
passing lanes in

alternating (2+1)

Passing lane Total roadway each direction of passing lane direction of each direction of
frequency length travel (mi) travel® (mi) travel
None 15 0 — — 0
Minimal 15 2 1 7 13
Intermediate 15 4 1 3 27
Continuously 15 7 1° 1 47

? Distance from end of one passing lane to beginning of the next.
® First passing lane in each direction of travel = 1.5 mi.
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TABLE 9 Two-lane roadway with no passing lanes

Two-way Mean speed (mph) Percent time spent following
Directional  volume Direction Direction Direction Direction
split (veh/h) 1 2 Combined 1 2 Combined LOS
50/50 400 59.1 594 59.2 39.8 36.6 38.4 B
800 57.8 57.6 57.7 54.4 56.7 55.6 C
1,200 56.3 56.5 56.4 68.2 67.7 67.9 D
1,600 554 555 55.5 76.2 75.7 76.0 D
2,000 54.7 54.9 54.8 81.7 80.2 81.0 E
2,400 54.3 541 54.2 84.4 84.5 84.5 E
2,800 53.6 53.3 53.5 87.8 88.5 88.1 E
60/40 400 59.1 59.5 59.2 39.7 35.7 38.4 B
800 58.1 57.7 58.0 51.3 56.0 53.3 C
1,200 56.6 56.3 56.5 65.7 69.8 67.4 D
1,600 554 55.7 55.5 75.3 75.7 75.5 D
2,000 54.7 55.1 54.8 81.6 79.8 80.9 E
2,400 53.8 545 541 86.4 83.6 85.3 E
2,800 — — — — — — —
70/30 400 594 59.5 594 38.3 34.0 371 B
800 58.2 57.8 58.1 51.6 54.3 525 C
1,200 56.7 56.6 56.7 65.0 68.5 66.1 D
1,600 555 55.9 55.6 75.5 73.9 751 D
2,000 54.4 55.5 54.8 82.8 78.4 81.5 E
2,400 — — — — — — —
2,800 — — — — — — —

NOTE: LOS = level of service based on 2000 Highway Capacity Manual definitions.

40 percent of the traffic. The levels of service shown in the
tables are based on the 2000 Highway Capacity Manual
(HCM) procedures for two-lane highways (6).

Comparing the two-lane roadway with no passing lanes
to the two-lane roadway with minimal passing lane fre-
quency, it can be seen that the addition of even a few pass-
ing lanes improves the level of service in many cases. The
pattern of traffic operational improvement continues as more
passing lanes are added, as on the two-lane roadway with
intermediate passing lane frequency and on the 2+1 road-
way. As expected, the 2+1 roadway performs at the highest
overall level of service. The smallest increment of level of
service improvement occurs between the two-lane roadway
with minimal passing lane frequency and the two-lane road-
way with intermediate passing lane frequency.

Table 13 summarizes the results of the level of service
comparison. This comparison shows that, at medium and
high volumes, 2+1 roadways provide an improvement by
two levels of service over a conventional two-lane highway
without passing lanes and an improvement of at least one
level of service over two-lane highways with less frequent
passing lanes, which is typical of current U.S. practice. Per-

haps the most attractive feature of 2+1 roads shown in this
analysis is that they provide traffic operations at level of
service C for all combinations of traffic volume and direc-
tional split considered that do not exceed the capacity of a
two-lane roadway.

Like all roadways with passing lanes, 2+1 roads have
the potential to improve the traffic operational level of ser-
vice without increasing the capacity of the roadway. In all
cases, the capacity of the roadway is controlled by the sec-
tions with one lane in a given direction of travel. The HCM
indicates that the capacity of a normal two-lane highway is
1,700 passenger cars per hour for one direction of travel,
and this capacity constraint is not affected by the presence
of passing lanes. Since 2+1 roadways do not increase the
roadway capacity, they may be an acceptable alternative at
locations where air quality or limits-to-growth requirements
restrict capacity increases.

Ultimately, the traffic operational considerations in
whether to choose a conventional two-lane highway, a two-
lane highway with passing lanes at intervals, a 2+1 road-
way, or a four-lane roadway will be based on level of ser-
vice considerations. Table 13 gives guidance on what levels
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TABLE 10 Two-lane roadway with minimal passing lane frequency

Two-way Mean speed (mph) Percent time spent following
Directional ~ volume Direction Direction Direction Direction
split (veh/h) 1 2 Combined 1 2 Combined LOS
50/50 400 59.5 59.6 59.5 33.9 32.7 334 A
800 58.2 57.9 58.0 49.1 51.2 50.3 C
1,200 56.8 56.8 56.8 61.7 62.1 61.9 C
1,600 55.8 55.9 55.9 69.7 69.0 69.3 D
2,000 55.1 55.2 55.1 74.2 74.4 74.3 D
2,400 54.6 54.6 54.6 77.5 77.6 77.5 D
2,800 54.0 53.8 53.9 80.6 81.1 80.9 E
60/40 400 59.6 59.6 59.6 33.1 325 33.1 A
800 58.4 58.1 58.3 47.9 50.0 48.8 B
1,200 56.6 56.9 56.7 62.6 61.6 62.2 C
1,600 55.7 56.2 55.9 70.5 67.5 69.3 D
2,000 54.9 55.6 55.2 75.9 71.8 74.3 D
2,400 53.9 55.1 54.4 80.6 75.3 78.5 D
2,800 — — — — — — —
70/30 400 59.6 59.9 59.7 33.3 29.1 32.2 A
800 58.3 58.4 58.3 47.7 46.4 47.4 B
1,200 56.6 57.4 56.8 62.8 57.7 61.3 C
1,600 55.6 56.6 55.9 71.4 64.3 69.3 D
2,000 54.5 56.1 55.0 77.6 68.8 74.9 D
2,400 — — — — — — —
2,800 — — — — — — —

NOTE: LOS = level of service based on 2000 Highway Capacity Manual definitions.

of service can be expected from each roadway type. While
the table does not show the levels of service for four-lane
highways under comparable traffic volumes, they would be
at level of service A or a high level of service B in all cases.
The decision about when to provide a four-lane highway
should be based on whether an acceptable level of service
can be attained with one of the two-lane highway or passing
lane alternatives shown in Table 13. If the level of service
attainable with a two-lane highway with passing lanes is not
acceptable or cannot be sustained over the design life of a
project, a four-lane highway is needed. However, with many
highway agencies facing funding limitations or environmen-
tal considerations that restrict building as many four-lane
highways as might be desirable from the standpoint of traf-
fic operations, a two-lane highway with passing lanes or a
2+1 road may be the best available alternative. In situations
where a four-lane cross section is ultimately what is needed
to accommodate future traffic projections, a 2+1 road may
serve as an intermediate cross section, or a type of “staged
construction,” until funding for a four-lane roadway be-
comes available.

Safety Assessment

The safety investigation was based on a comparison of
safety performance data for 2+1 roadways in Europe with
the known safety performance of passing lanes in the United
States based on published literature. The objectives of the
safety assessment were (1) to determine what safety benefits
the 2+1 design has in comparison with typical passing lane
designs used in the United States and (2) to determine what
effects on safety may be obtained by placing a traffic barrier
between the two directions of travel, as is now being done in
Sweden.

Overall Accident Reduction Effectiveness of 2+1 Roads

Table 14 compares the safety effectiveness of 2+1
roads, expressed as a percentage reduction in accident fre-
quency, in comparison with a conventional two-lane road-
way for Germany, Finland, Sweden, and the United States.
The effectiveness estimates for Germany, Finland, and Swe-
den are based on the data presented in Chapter 2 of this
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TABLE 11 Two-lane roadway with intermediate passing lane frequency

Two-way Mean speed (mph) Percent time spent following
Directional ~ volume Direction Direction Direction Direction
split (veh/h) 1 2 Combined 1 2 Combined LOS
50/50 400 59.5 59.5 59.5 32.0 32.2 32.1 A
800 58.4 58.0 58.2 45.2 48.6 47.0 B
1,200 57.2 57.1 57.1 55.7 57.3 56.5 C
1,600 56.3 56.2 56.3 62.3 63.3 62.8 C
2,000 55.6 55.5 55.6 67.2 67.9 67.5 D
2,400 55.1 55.0 55.1 70.1 70.7 70.4 D
2,800 54.4 54.2 54.3 73.4 73.8 73.6 D
60/40 400 59.4 59.8 59.5 33.3 29.1 31.9 A
800 58.2 58.4 58.3 47.0 44.8 46.1 B
1,200 56.8 57.2 57.0 58.1 55.1 56.9 C
1,600 55.8 56.7 56.2 65.4 60.0 63.2 C
2,000 55.2 56.1 55.5 69.7 64.3 67.5 D
2,400 54.2 55.6 54.8 73.9 67.6 71.4 D
2,800 — — —_ — — — —
70/30 400 59.4 59.9 59.5 34.4 26.6 32.3 A
800 58.1 58.8 58.3 48.0 39.9 45.7 B
1,200 56.5 57.9 57.0 60.5 49.5 57.2 C
1,600 55.5 57.2 56.0 67.4 55.7 63.8 C
2,000 54.6 56.7 55.3 72.5 59.6 68.5 D
2,400 — — — — — — —
2,800 — — — — — — —

NOTE: LOS = level of service based on 2000 Highway Capacity Manual definitions.

digest and include safety effectiveness measures by accident
severity level, where such estimates were available.

The 2+1 road configuration has been used in only lim-
ited situations in the United States, so there are no formal
U.S. evaluations of the 2+1 road configuration’s safety ef-
fectiveness. Therefore, safety effectiveness can be estimated

from only what is known about the general safety effective-
ness of passing lanes. An evaluation by Harwood and St.
John (7) concluded that passing lanes reduce accidents by
25 percent. This result was based on an analysis of a com-
bined data set, including data obtained from 11 states by
Harwood and St. John (7) and data from California analyzed



TABLE 12 2+1 roadway with continuously alternating passing lanes
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Two-way Mean speed (mph) Percent time spent following
Directional ~ volume Direction Direction Direction Direction
split (veh/h) 1 2 Combined 1 2 Combined LOS
50/50 400 60.1 60.1 60.1 23.7 23.2 23.6 A
800 59.0 58.6 58.8 35.5 38.3 37.0 B
1,200 58.1 57.8 58.0 42.9 451 44.0 B
1,600 57.3 57.3 57.3 48.7 49.3 49.0 B
2,000 56.6 56.5 56.6 53.1 53.6 53.3 C
2,400 56.1 56.0 56.0 56.3 56.7 56.5 C
2,800 55.3 55.1 55.2 59.7 60.3 60.0 C
60/40 400 59.8 60.3 60.0 26.0 21.3 24.3 A
800 58.8 59.3 59.0 37.6 325 35.6 B
1,200 57.5 58.2 57.8 46.8 41.4 44.6 B
1,600 56.7 57.8 57.2 52.7 45.4 49.7 B
2,000 56.1 57.2 56.5 56.3 49.5 53.6 C
2,400 55.0 56.8 55.7 60.5 52.9 57.5 C
2,800 — — — — — — —
70/30 400 59.7 60.5 59.9 28.7 19.1 26.1 A
800 58.4 59.8 58.8 411 26.6 36.9 B
1,200 57.3 58.9 57.8 49.5 35.6 45.3 B
1,600 56.3 58.3 56.9 55.4 411 51.0 C
2,000 55.1 57.8 56.0 59.9 45.0 55.3 C
2,400 — — — — — — —
2,800 — — — — — — —

NOTE: LOS = level of service based on 2000 Highway Capacity Manual definitions.

by Rinde (8). This effectiveness measure is the same for all
accident severity levels; that is, no difference in the safety
effectiveness of passing lanes by severity levels was found.
This 25-percent accident reduction effectiveness estimate
for passing lanes has been incorporated in the crash predic-
tion algorithm for the FHWA Interactive Highway Safety
Design Model IHSDM) (9).

The 25-percent effectiveness estimate for passing lanes,
discussed above, applies only to the portions of the roadway
where passing lanes are provided. An advantage of 2+1
roads is that passing lanes are provided over a greater pro-
portion of the roadway than is the case for isolated passing
lanes. Table 8 shows that the two-lane highway with mini-
mal passing lane frequency studied in the traffic operational
analysis provides passing lanes over 13 percent of the road-
way in each direction of travel; comparable estimates are 27
percent for a two-lane highway with intermediate passing
lane frequency and 47 percent for a 2+1 road with continu-
ously alternating passing lanes. Thus, the total percentage of
roadway length with passing lanes added in one direction or
the other is 26 percent for minimal passing lane frequency,
54 percent for intermediate passing lane frequency, and 94
percent for a 2+1 road (see Figure 26).

Table 14 includes estimates of the expected percentage
accident reductions, in comparison with a conventional two-
lane roadway, based on U.S. data for the three passing lane
configurations discussed above. If passing lanes were pro-
vided over the entire roadway length, the best available
safety effectiveness estimate for U.S. conditions would be a
25-percent reduction in accidents. The 241 road provides
added lanes over 94 percent of the roadway length (with
only small gaps at transition areas), so the expected effec-
tiveness would be 24 percent (0.94 times 25 percent). The
effectiveness estimates for the two-lane highways with in-
termediate and minimal passing lane frequencies would be
proportionally smaller—14 percent and 7 percent, respectively.

Overall, Table 14 shows that the safety performance of
2+1 roads in Europe in countries other than Sweden is not
too different from what would be expected from 2+1 roads
if they were used more widely in the United States. The
projected 24-percent reduction in accident frequency in the
United States is quite comparable to the 28- to 36-percent
range observed in Germany and the 11- to 25-percent range
observed in Finland. The 55-percent accident reduction ef-
fectiveness for 2+1 roads in Sweden is extraordinarily high
compared with any effect observed for passing lanes in the
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TABLE 13 Comparison of level of service analysis results

Level of service by passing lane frequency
Two-way volume Continuously
(veh/h) None Minimal Intermediate alternating (2+1)
50/50 Directional Split
400 B A A A
800 C C B B
1,200 D C C B
1,600 D D C B
2,000 E D D C
2,400 E D D C
2,800 E E D C
60/40 Directional Split
400 B A A A
800 C B B B
1,200 D C C B
1,600 D D C B
2,000 E D D C
2,400 E D D C
2,800° — — — —
70/30 Directional Split
400 B A A A
800 C B B B
1,200 D C C B
1,600 D D C C
2,000 E D D C
2,400 — — — —
2,800° — — — —

@ Combination of two-way volume and directional split exceeds the capacity of a two-lane

highway.

United States or for 2+1 roads in Germany or Finland. The
relationship of the superior performance of 2+1 roads in
Sweden to the use of median barrier is discussed below.

The overall finding of the safety analysis is that, were
2+1 roads to be used extensively in the United States, they
would achieve an overall reduction in accident frequency of
25 percent within the areas where passing lanes are pro-
vided. This reduction, if the passing lanes were nearly con-
tinuous except for transition areas, would be equivalent to a
reduction in accident frequency over nearly the entire road-
way length. This finding is based on U.S. research of pass-
ing lanes and is consistent with the effectiveness of 2+1
roads observed in Germany and Finland.

Use of Cable Median Barrier on 2+1 Roads

European experience indicates not only that the use of
cable median barriers in the center of a 241 roadway holds
promise for the improvement of safety on 2+1 roads, but
also that the use of cable barriers has sufficient disadvan-
tages that it has been accepted in some, but not all, coun-
tries. European experience can be summarized as follows:

* Sweden uses cable barriers widely on 2+1 roads and
has achieved good results.

» Finland has not used cable barriers in its existing 2+1
roads, but plans to use it in the future and expects ben-
efits from its use.

e Germany does not consider the use of cable barriers
desirable.

The performance of 2+1 roads in Sweden is very favorable,
and the reported 40- to 55-percent decrease in fatal and seri-
ous injury accident frequency, in comparison with a conven-
tional two-lane road, is the highest reported safety effective-
ness measure. It is apparent from Swedish data that the
presence of the cable barrier leads to an increase in PDO
accidents, and possibly minor injury accidents, but no spe-
cific data on the magnitude of that increase are available.
The disadvantages of cable median barrier are the po-
tential increase in minor injury and PDO accidents, the po-
tential for the barrier to deflect into the opposing lanes of
travel when struck, and the need for maintenance activity
after each barrier collision. U.S. highway agencies are in a
very different tort liability situation than highway agencies
in Europe are. A barrier collision resulting in a barrier de-
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TABLE 14 Comparison of U.S. and international safety performance for two-lane highways with passing lanes and 2+1 roads

Estimated percent reduction in accident frequency
compared with a conventional two-lane highway
_ Fatal plus All severity
_ _ Median Fatal Injury injury levels
Country Design alternative barrier used? accidents accidents  accidents  combined
Germany 2+1 road No — — 36 28
Finland  2+1 road® No 0 13 11 —
2+1 road® Yes 46 22 25 °
Sweden  2+1 road on semi- Yes 60-70 — 40-55° b
motorway
Conventional 2+1 road Yes 45-55 — 30-50 b
Conventional 2+1 road No — — 5-10 b
u.S. Minimal passing lane No 7 7 7 7
frequencyd
Intermediate passing No 14 14 14 14
lane frequency®
Continuous alternating No 24 24 24 24
2+1)°

@Based on estimates from limited data.

® No data are available for property damage only (PDO) accidents; however, PDO accidents may have increased

because of the presence of the cable barrier.
°Includes fatal and serious injury accidents only.

9 Based on the same passing lane configurations shown in Figure 28 and Table 8; percentage reduction in accidents
estimated with results from Harwood and St. John (7) for passing lane lengths shown in Table 8.

flection into the opposing travel lane, with the possibility of
the vehicle that struck the barrier coming to rest in the op-
posing lane, could make the highway agency liable for an
accident when the agency might not have been liable had
there been no barrier. (That is, the argument could be made
that neither the barrier nor the vehicle that struck the barrier
would have come to rest in such an exposed position had the
barrier not been installed by the highway agency.)

From the available data, it is reccommended that the 2+1
road concept be considered proven technology, but inclu-
sion of cable barriers between the lanes in opposite direc-
tions of travel should not be considered unless a full tort
liability assessment of their use is conducted and, then, only
after some trial installations are built and their performance
assessed under U.S. conditions. While the research team
does not recommend cable barriers for immediate imple-
mentation on 2+1 roads in the United States, the excellent
safety performance of 2+1 roads reported in Sweden makes
further consideration of the potential use of cable barriers
desirable.

RECOMMENDATIONS FOR USE OF 2+1 ROADS
IN THE UNITED STATES

The research team’s finding is that 2+1 roadways have
potential application in the United States. The configuration
may be a suitable treatment for roadways with traffic vol-
umes higher than can be served by isolated passing lanes,
but not high enough to justify a four-lane roadway. The
configuration is also potentially applicable where a four-
lane roadway would be desirable, but sufficient funds are
not available to construct a four-lane facility. In this age of
limited resources, this application for 2+1 roadways may
become increasingly important. In addition, 241 roads are
appropriate for use at locations where environmental con-
cerns make provision of a four-lane facility infeasible.

Using the research results, the research team developed
specific recommendations for the use of 2+1 designs in the
United States. These recommendations take into consider-
ation the following factors: terrain, traffic volume, traffic
composition, passing lane length, location and transition of
crown, superelevation, level of access, lane and shoulder
widths, and separation of opposing lanes.
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Terrain

Most of the 2+1 roadways in Europe are located in either
level or gently rolling terrain. In a few cases, the grades are
steep enough to become a consideration in locating the pass-
ing lanes. In such cases, passing lanes are strategically
placed on the upgrades to serve as climbing lanes for trucks,
recreational vehicles, and other slow-moving vehicles. A
2+1 roadway may be transitioned back to a conventional
two-lane cross section on sharp curves; however, the
Germans consider 2+1 facilities generally adaptable to any
terrain.

It is recommended that 2+1 roads be used in the United
States in level or rolling terrain. In mountainous terrain or
on isolated steep grades, the use of conventional truck climb-
ing lanes is more appropriate. AASHTO’s A Policy on Geo-
metric Design of Highways and Streets (10), commonly
known as the Green Book, provides criteria to identify where
truck climbing lanes are needed. Passing lanes may also be
provided on steep downgrades to allow faster vehicles to
pass slow-moving trucks.

Traffic Volume

In Germany, traffic volumes on 241 roadways range
from 15,000 veh/day to 25,000 veh/day; the maximum traf-
fic volume level observed was 30,000 veh/day. This level
represents higher traffic volumes than are typically served
on 2+1 facilities in Finland and Sweden. In Finland,
2+1 roadways have accommodated traffic volumes of up to
14,000 veh/day. On Fridays and Saturdays, recreational traf-
fic volumes can be as high as 20,000-25,000 veh/day. In
Sweden, ADTs for which 2+1 roadways have been used are
4,000-20,000 veh/day. Two-lane highways in the United
States have traffic volumes that span the full range of traffic
volumes observed for 2+1 roads in Europe.

With respect to hourly volumes, the capacity of one of
the 2+1 roadways in Finland was measured to be about
1,900 veh/h in one direction, and the capacity of the other
2+1 roadway was measured to be 1,600—1,700 veh/h in one
direction. In Sweden, the capacity of a 2+1 roadway is esti-
mated to be 1,600—1,700 veh/h in one direction during a 15-
min period. Floating car studies confirm a good level of
service at traffic flows up to 1,300-1,400 veh/h in one direc-
tion. The HCM (6) indicates that the capacity for one direc-
tion of travel on a two-lane highway occurs at a flow rate of
1,700 passenger cars per hour; the capacity for both direc-
tions of travel combined is 3,200 passenger cars per hour.
However, passing lanes are not normally used at such high
flow rates approaching capacity because congestion is likely
to develop at the lane drop transitions. Finland has experi-
enced just such congestion on one particular 2+1 road where
weekend recreational traffic peaks exceed the capacity of
the road. In fact, at flow rates of 1,200-1,400 veh/h in one
direction of travel, Finland has experienced queuing at the
beginning of the lane-drop transition, with drivers leaving

the queue in the right-most lane to improve their position in
the queue.

Because of experience in Finland, it is recommended
that 2+1 roads not be considered where current or projected
flow rates exceed 1,200 veh/h in one direction of travel. A
four-lane roadway is more appropriate at such high flow
rates.

Traffic Composition

Traffic composition is another consideration in design-
ing 2+1 roadways. Heavy vehicles—including trucks, recre-
ational vehicles, and agricultural vehicles—can have a large
effect on passing demand. Agricultural vehicles are not an
issue on many of the 2+1 roadways in Europe because many
of the 2+1 roadways are operated on semi-motorways, where
agricultural and other very slow-moving vehicles are pro-
hibited. In Europe overall, 10-20 percent of heavy vehicles
are on 2+1 roadways, which is comparable to the traffic
composition on most two-lane roadways in the United States.

The 2+1 roadway concept appears to be appropriate
over a broad range of traffic composition. The need for 2+1
roadways, or other methods of providing more passing op-
portunities, increases as the percentage of heavy vehicles
increases.

Passing Lane Length

In Germany, the typical length of a passing lane within
a 2+1 roadway is 1.0-1.4 km (0.6-0.9 mi), but usually not
more than 2.0 km (1.2 mi). In Finland, the optimum length
for a passing lane is estimated to be 1.0-1.5 km (0.6-1.0
mi); the typical length of a passing lane is about 1.5 km (1.0
mi). Sweden provides passing lanes at intervals of 1.0—
2.0 km (0.6—1.2 mi). The length depends on alignment, lo-
cations of intersections, etc. Two-lane cross sections can be
provided at long bridges; on sections with frequent access
roads, pedestrians, and bicyclists; or where separation is not
feasible.

European practice related to passing lane length, with
passing lanes ranging 1.0-2.0 km (0.6—1.2 mi), is similar to
U.S. practice. Harwood and Hoban provide guidance on
passing lane length in an FHWA report entitled Low-Cost
Methods for Improving Traffic Operations on Two-Lane
Roads (11). This report states that the optimal length of a
passing lane to reduce platooning is usually 0.8—1.6 km (0.5—
1.0 mi). Harwood and Hoban recommend that passing lanes
not be shorter than 0.3 km (0.2 mi) long because this mini-
mum length is needed to ensure that delayed vehicles have
an opportunity to complete at least one pass in the passing
lane. Shorter passing lanes, with lengths of 0.4 km (0.25 mi)
or less, are not very effective in reducing traffic platooning.
As the length of a passing lane increases above 1.6 km (1.0
mi), passing lanes generally provide diminishing operational
benefits. Passing lanes more than 1.6 km (1.0 mi) in length
are generally appropriate only on higher-volume facilities,



with flow rates over 700 veh/h. Table 15 presents the opti-
mal design lengths for passing lanes in the United States, as
developed by Harwood and Hoban (/7). These optimal pass
lane lengths are consistent with European practice for 2+1
roads and are recommended for use in the United States.

Location and Transition of Crown

Two-lane highways in Germany do not have a normal
crown section like those used in the United States. The cross
section for 2+1 roads is a continuous cross slope from one
edge of pavement to the other. Thus, German highway de-
signers do not face a decision as to where to locate the crown
or whether to transition the crown from one side of the cen-
ter lane to the other at passing lane transitions. There is also
no need to remove the normal crown in superelevation tran-
sitions at horizontal curves.

Where existing two-lane highways with a normal crown
are converted to 2+1 roadways, the location and transition
of the crown is perhaps one of the more complicated design
issues. In Sweden, most of the 2+1 roadways were imple-
mented by restriping 13-m (43-ft)-wide, two-lane roadways
with a normal crown in the center. During the conversion to
a 2+1 cross section, no attempt was made to position the
existing crown under the cable barrier or along the edge of a
lane. In fact, when such roadways are restriped to accommo-
date three lanes within the same cross section, the crown
typically falls about a foot or two inside the center lane,
depending on the specific lane and shoulder widths of a
given roadway. Sweden has not experienced any problems
with drivers getting “hung up” on the crown or feeling their
vehicles pull toward the cable barrier. In the transition be-
tween passing lanes in opposite directions, the crown re-
mains in the same actual location within the cross section
while the barrier is transitioned from one side of the center
flush median to the other. In this process, the crown is effec-
tively transitioned from a point located just inside the pass-
ing lane in one direction of travel to a point located just
inside the passing lane in the other direction of travel.

Neither of the existing 2+1 roadways in Finland has a
normal crown. At both sites, the roadway has a continuous
cross slope from one side of the pavement to the other. How-

TABLE 15 Optimal design lengths for passing lanes in the
United States (11)

One-Way Flow Rate Optimal Passing Lane
(veh/h) Length (mi)
100 0.50
200 0.50-0.75
400 0.75-1.00
700 1.00-2.00
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ever, Figure 11 illustrates how Finland plans to handle a
normal crown on future 2+1 roadways with a median bar-
rier. Pavement would be added to extend the cross slope up
to the barrier, creating a light “drop off” directly under the
barrier. It is not clear how a normal crown will be
transitioned at the buffer areas between passing lanes in op-
posing directions on 2+1 roadways without a median barrier
in Finland.

While 2+1 roadways have not been formally adopted in
the United States, several states have constructed continu-
ously alternating passing lanes on sections of two-lane high-
way. At least one of these states has accommodated the
crown by keeping it in the center of the roadway and widen-
ing the two-lane highway on both sides, rather than adding
pavement to one side only. Thus, the crown is located in the
center of the passing lane, which alternates between the two
directions of travel. Other states that have passing lanes on
two-lane highways implement a variety of practices in han-
dling the crown on passing lane sections, and there is no
indication of safety problems related to any of these practices.

According to both European and U.S. experience, there
is no known difference in safety between placing the road-
way crown at a lane boundary and placing it within a lane.
In design of a new 2+1 road, it would be preferable to locate
the crown at a lane boundary, but the location of the crown
should not be an impediment to obtaining safety benefits by
converting existing wider two-lane highways to 2+1 road-
ways.

As a maintenance issue, if the location of the crown is
within a lane, rather than at a lane line, snow plowing opera-
tions may become difficult. However, there is no indication
of any adverse effect on snow plowing operations in Sweden.

Superelevation

Because 2+1 roadways in Germany have a continuous
cross slope, superelevation is handled in the same manner as
other roadways with a continuous cross slope. In Sweden,
superelevation is handled no differently on 2+1 roadways
than on the 13-m (43-ft)-wide, two-lane roadways that the
2+1 roadways replaced, since the conversion to a 2+1 road-
way involved restriping only.

It is recommended that horizontal curves on 2+1 road-
ways be superelevated in accordance with the AASHTO
Green Book. Superelevation should be handled no differ-
ently on 2+1 roadways than on conventional two-lane or
four-lane undivided roads.

Level of Access

In Germany and Finland, most 2+1 roadways are con-
structed as semi-motorways with full access control. How-
ever, if application of 2+1 roadways were limited to facili-
ties with full access control, their application in the United
States might be quite limited. Sweden has demonstrated that
2+1 roadways can be operated safely with at-grade intersec-
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tions. In Sweden, major at-grade intersections are located in
the buffer areas between opposing passing lanes; the center
lane is used for left-turn lanes at the intersection (see Fig-
ures 21 and 22). Thus, major at-grade intersections on 2+1
roadways in Sweden are designed and operate in a similar
manner as at-grade intersections on two-lane highways in
the United States. Furthermore, there is no indication that at-
grade intersections on 2+1 roadways cannot accommodate
the same turning volumes as at-grade intersections on two-
lane highways in the United States with similar ADTs. In
Sweden, minor driveways serving individual residences and
small commercial entrances are permitted along passing lane
sections, but their frequency is minimized.

The location of major intersections and high-volume
driveways should be a key consideration when selecting
passing lane locations on 2+1 roadways in the United States.
Proper placement of passing lanes and transition sections
with respect to higher-volume intersections will minimize
the number of turning movements within the passing lane
sections. Major intersections should be located in the buffer
or transition areas between opposing passing lanes, and the
center lane should be used for left-turn lanes at the intersec-
tion. Low-volume intersections and driveways may be ac-
commodated safely within passing lane sections.

Lane and Shoulder Widths

Lane widths for 2+1 roads in Europe are 3.25-4.25 m
(10.6—13.9 ft). Cross sections for some 2+1 roads in Europe
incorporate a wider lane for the direction of travel with one
lane than for the direction of travel with two lanes; some
2+1 roads also incorporate slightly wider lanes for the left or
passing lane than for the right lane in the direction of travel
with two lanes.

Shoulder widths on 2+1 roads in Europe vary from 0.25
m (0.8 ft) in Germany to 1.0 m (3.3 ft) where stabilized
shoulders are provided in Sweden. Thus, shoulders on 2+1
roads in Europe are generally narrower than those recom-
mended for use on two-lane highways in the United States.

It is recommended that lane and shoulder widths on 2+1
roads in the United States be comparable to those recom-
mended for conventional two-lane highways in the
AASHTO Green Book. European practice indicates that nar-
row lanes and shoulders may be used safely. It is recom-
mended that narrower lanes and shoulders be considered in
the United States, where appropriate, through the design ex-
ception process.

Separation of Opposing Lanes

The separation of opposing lanes is another important
design issue. In Germany, a separation of 0.5 m (1.6 ft) is
typically provided between opposing travel lanes; however,
a separation of 1.0 m (3.3 ft) with a rumble strip is under
consideration. Finland typically provides a separation of
0.5 m (1.6 ft) and 1.7 m (5.6 ft) on 2+1 roadways without a

median barrier and with a median barrier, respectively. In
Sweden, where cable barriers are provided on nearly all 2+1
roadways, a separation of 1.25 m (4.1 ft) is typically pro-
vided between opposing travel lanes.

While no separation of opposing lanes is needed unless
a cable barrier is to be provided, the AASHTO Green Book
states that some separation between the lanes in opposing
directions of travel, however small, is always desirable.
Therefore, a small separation between the opposing direc-
tions of travel of 1.2 m (4 ft) should be considered, where
practical.

Summary of Recommendations

Presented below is a summary of specific recommenda-
tions for the use of 2+1 designs in the United States:

e 2+1 roadways have been shown in Europe to have sub-
stantial safety benefits, and their use in the United States
is recommended. 2+1 roads may be a suitable treatment
for roadways with traffic volumes higher than can be
served by isolated passing lanes, but not high enough to
justify a four-lane roadway. They are also potentially
applicable where a four-lane roadway would be desir-
able, but sufficient funds are not available to construct a
four-lane facility.

e 2+1 roadways are most appropriate for use in level or
rolling terrain. In mountainous terrain and on isolated
steep grades, it is normally more appropriate to have
truck climbing lanes on upgrades and, where needed,
passing lanes on downgrades than to have 2+1 road-
ways.

e It is recommended that 2+1 roadways be considered in
the United States for highways with traffic flow rates
up to 1,200 veh/h in one direction of travel.

¢ Passing lane lengths on 2+1 roadways should be consis-
tent with optimal lengths for isolated passing lanes on
two-lane highways. To ensure efficient traffic opera-
tions, recommended values for passing lane length rela-
tive to the flow rate in one direction of travel are as

follows:
One-Way Flow Rate Optimal Passing Lane
(veh/h) Length (mi)
100 0.50
200 0.50-0.75
400 0.75-1.00
700 1.00-2.00

* A variety of practices relate to the location of the crown
on 2+1 roadways. For newly designed 2+1 roads, it is
recommended that the crown be placed at a lane bound-
ary. However, where an existing two-lane highway is



restriped as a 2+1 road or widened to become a 2+1
road, the placement of the crown within a travel lane
may be permitted.

e Horizontal curves on 241 roadways should be
superelevated in accordance with the AASHTO Green
Book. Superelevation should be handled no differently
on a 2+1 road than on a comparable two-lane or four-
lane undivided road.

*  Major intersections should be located in the buffer or
transition areas between opposing passing lanes on 2+1
roads, and the center lane should be used to provide
left-turn lanes at the intersection. Low-volume intersec-
tions and driveways may be accommodated within pass-
ing lane sections.

¢ The use of cable barrier between the opposing lanes of a
2+1 road has been found in Sweden to have substantial
safety benefits. Where a cable barrier is used, a separa-
tion of 1.2-1.8 m (4-6 ft) between the opposing direc-
tions of travel is desirable. However, the use of a cable
barrier for 2+1 roadways in the United States is not
recommended until a full evaluation of tort liability and
barrier deflection issues is completed.

¢ While no separation of opposing lanes is needed unless
a cable barrier is to be provided, the AASHTO Green
Book states that some separation between lanes in op-
posing directions of travel, however small, is always
desirable. Therefore, a flush separation of 1.2 m (4 ft)
between the opposing directions of travel should be con-
sidered, where practical.
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