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Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway admunistrators and engineers Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
thetr state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway and Trans-
portation Officials imtiated in 1962 an objective national
highway research program employing modern scientific
techmiques. This program 1s supported on a continuing
basis by funds from participating member states of the
Association and 1t receives the full cooperation and support
of the Federal Highway Admunistration, United States
Department of Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board’s recog-
nized objectivity and understanding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation subject
may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental
agencies, untversities, and industry; its relationship to its
parent organization, the National Academy of Sciences, a
private, nonprofit istitution, is an insurance of objectivity,
1t maintains a full-time research correlation staff of special-
1sts 1n highway transportation matters to bring the findings
of research directly to those who are in a position to use
them

The program is developed on the basis of research needs
identified by chief administrators of the highway and trans-
portation departments and by commuittees of AASHTO.
Each year, specific areas of research needs to be included
in the program are proposed to the Academy and the Board
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs
are defined by the Board, and qualified research agencies
are selected from those that have submitted proposals. Ad-
munistration and surveillance of research contracts are
responsibilities of the Academy and its Transportation
Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation
problems of mutual concern to many responsible groups.
The program, however, 1s intended to complement rather
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FOREWORD
By Staff

Transportation
Research Board

This feport will especially nterest highway design engineers, traffic engineers, and
all other highway officials concerned with improving traffic operations and safety on
freeways. The report contams the findings of a survey of current design and opera-
tional practice at freeway lane drop sites in selected states across the nation. Most
importantly, it contains recommendations and guidelines for lane drop design in the
form of eight principles applicable to several types of lane drop conditions.

It is necessary in some circumstances to reduce the number of travel lanes on
a freeway. The requirement may occur under a variety of operating and geometric
conditions, and a variety of possible lane drop configurations may be applied. Thus,
sound criteria are needed for the selection of appropriate lane drop designs.

The initial NCHRP research in this subject began in 1969 with the threefold
objective of determining the effectiveness of existing designs, determining the ef-
fects of the significant design parameters, and recommending suitable lane drop
configurations. System Development Corporation undertook this research by in-
tensively studying traffic behavior at three sites with diffeing configuration. The
ﬁnldings from those studies were reported in NCHRP Summary of Progress Through
1971.

| The research reported here had the same three objectives and was also con-
ducted by System Development Corporation with an added objective of recom-
mending remedial treatments for existing mainline lane drop situations. The eight
design principles that were developed have evolved after a review of the design and
operational characteristics of 65 lane drop sites. The validity of the principles has
been demonstrated to a degree by their evaluation with respect to before-and-after
tratll'ﬁc behavior at two sites where design changes were effected during the course of
thelstudy. The report suggests, however, that further validation and research would
be desirable before definite design dimension can be recommended.
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SUMMARY

FREEWAY LANE DROPS

Research into the definition and extent of the freeway lane drop problem has
yielded considerable knowledge regarding the operational characteristics of existing
lane drop locations throughout the country. In general, it has been observed that
existing lane drop design standards fail to provide an effective means of warning
drivers of the presence and location of the impending lane drop. Very little stan-
dardization of lane drop geometric design or traffic control device treatment exists
in the field, resulting in much driver confusion regarding lane drop maneuvers. In
many instances lane drops are not physically well defined; they can be difficult to
see because they might blend into their background or be hidden over the crest of
a grade. In addition, advance warning traffic control devices are many times mis-
leading or obscure.

A well-designed lane drop will inform an approaching driver, in a timely man-
ner, of three very important facts: (1) that a lane drop situation is ahead; (2) how
far ahead; and (3) what action the driver must take.

As a result of this research, the following eight principles have been developed
to serve as guidelines for lane drop design:

1. The lane drop should be placed where the surface of the roadway remains
visible continuously for a significant amount of time.

2. The lane drop should be placed away from attention-dividing conditions,
such as ramps or complicated directional signing

3. The lane drop taper should provide adequate visual cues that inform a
driver that his lane is ending and should allow a smooth lane change transition 1n
the taper area.

4. The lane drop should be placed on the side of the freeway that is better
with respect to given traffic and geometric conditions.

5. The lane should appear to end on the same side of the freeway as the
operational lane drop.

6. When a lane drops at an exit ramp, an escape area of adequate dimensions
should be provided to allow for a smooth transition into through lanes.

7. When a lane is added at an on-ramp and dropped at a nearby off-ramp, the
entering drivers should be notified that the lane they are traveling in is not a con-
tinuous lane for through travel.

8. Consistent and appropriate traffic control devices (TCDs) should be used
in advance of a lane drop.

Five different lane drop situations, based on design functions, have been
identified:

1. Outlying situations—designed to accommodate reduced demand at the
perimeter of a metropolitan area.
2. Add-drop situations—designed to accommodate temporarily increased de-

mand at a weaving section.



3. Drop-add situations—designed to accommodate reduced demand through

a major interchange.

4. Step-over situations—designed to reduce problems caused by left-hand

ramps.

5. Lane split situations—designed to accomplish major route connections.
Applications of the design principles to each of the functional situations are dis-

cussed in this report.

Applications of the design principles have been also applied to lane drop
design changes at two sites. Before-and-after operations analyses were performed
on these two sites, and the results were compared with the conclusions obtained

from application of the design principles.

CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

INTRODUCTION

A nime-month research task was undertaken to determine
the definition and extent of the freeway lane drop problem.
By means of personal visits and a survey of over 20 major
metropolitan areas, several hundred lane drop sites were
observed and 65 were selected for more detailed evaluation.
This document reports the findings of the survey along with
conclusions and recommendations for lane drop design.
Also included are suggestions for further research which
involves the verification, amplification, and quantification
of the design principles set forth in this report.

RESEARCH APPROACH

The research approach consisted of dividing the task into
four major subtasks:

1. Conduct a telephone survey of traffic engineers to

determine the number of lane drops and associated prob-
lems in many areas of the country.

2. Collect lane drop information by mterviewing traffic
engineers and observing lane drop sites. Information col-
lected includes data on the geometrics, accident experience,
and operational characteristics of selected sites; interviews
with traffic engineers concerning lane drop problems; and
solutions and design standards currently in use.

3. Analyze the survey findings to determine whether
patterns exist in lane drop design and, if so, thewr opera-
tional characteristics.

4. Report these findings, lane drop design recommenda-
tions, and suggested further research.

The remainder of this report details the findings of this
effort and indicates areas where additional research might
be conducted. In addition, detailed descriptions of 65 lane
drop sites located throughout the United States are pre-
sented in Appendix A.




CHAPTER TWO

FINDINGS .

This chapter briefly describes some current lane drop de-
sign standards at the Federal and state levels, provides a
classification scheme for basic lane drop situations, rates
lane drop sites observed in the field according to a three-
point scale standard, offers some major reasons for opera-
tional problems at lane drop sites, and presents eight de-
sign principles for lane drop situations

EXISTING LANE DROP DESIGN STANDARDS

Lane drop design standards are not comprehensively cov-
ered 1n existing highway engineering manuals. The survey
indicates that even published standards are frequently not
followed at lane drop sites

Several reports, published by the American Association
of State Highway Officials (AASHO), the Federal High-
way Administration (FHWA), and the Highway Research
Board (HRB),* have briefly treated lane drop designs and
recommended standards A summary of the reports
includes

1 AASHO Report by the Special Freeway Study and
Analysis Comnuttee (1)—indicates lanes should not be
dropped at exit ramps because this results in driver con-
fusion, where through lanes are dropped downstream of
ramps, a long merging lane should be provided

2 Highway Capacity Manual (2)—gives warrants for
number of lanes, but does not discuss lane drop transitions

3 AASHO A4 Policy on Geometric Design of Rural
Highways (3)-—indicates lanes should be dropped beyond
an exit terminal; also specifies lane and taper distances for
several design speeds (by referring to acceleration lane
tables)

4 Report of the Special AASHO Traffic Safety Com-
nuttee (4)—indicates lanes should be dropped on the same
side as and downstream of an exit ramp; taper rate should
be not less than 70.1.

5. FHWA Handbook of Highway Safety Design and
Operating Practices (5)—indicates taper rates should be at
least 50 1 or 100:1, lanes should be dropped downstream
of an off-ramp, signing and striping are important

6. Manual on Uniform Traffic Control Devices (6)—
illustrates several signs for lane drops and recommends
sign locations, describes and recommends use of black-on-
yellow EXIT ONLY advisory signs; taper length should be
lane width times design speed (or 85th percentile off-peak
speed), 1llustrates left-side pavement drop with striping to
merge two right lanes

In addition, design standards collected from many states
are listed below. The Institute of Traffic Engineers has
conducted a mail survey of standard practices for applica-

* AASHO 1s now the American Association of State Highway and
Transportation Officials (AASHTO), and HRB 1s now the Transportation
Research Board (TRB)

tion of traffic control devices at freeway lane drops, which
should provide information in addition to the following
concerning standard practices in a number of states

California

California standards are being revised. The following com-
ments were dertved from interviews with Califorma De-
partment of Transportation personnel

1 Do not drop a lane at the same location as a ramp
end

2. Do not present a driver with successive decisions too
quickly

3 Coordinate geometry and striping, if possible.

4 Avoid drops on curves

5. Consider traffic volumes by lane and composition

6 Do not drop lanes at an off-ramp connection, unless
more than 50 percent of vehicles exit.

7 Through lanes should not be dropped at a local ramp.

8 Taper should begin about 600 ft downstream from a
ramp.

9. Taper length should be about 800 to 1,000 ft.

With respect to item 7, field observation indicates that
through lanes mn Califormia are frequently dropped at a
local ramp

Connecticut

Published standards for pavement design are presented 1n
Figures 1 and 2 Stated signing standards are those of the
MUTCD, but there 1s much variation n existing signing

Michigan

The following comments wer_e derived from interviews with
Michigan highway personnel.

1 Most lane drops occur at exit ramps, currently pro-
vided with an escape lane tapering from 22 ft wide

2 Future design may reduce the escape lane to 14 ft.
Michigan treats add and drop lanes less than 2,600 ft long
as auxiliary lanes, using different-colored pavement.

Minnesota

Minnesota standards are pubhished 1n a manual and 1n staff
memos (see Figs 3 and 4) These sources note that escape
lanes should be considered

1 Following the auxiliary lane between cloverleaf
loops where the loops are immediately adjacent to the
mainline roadway The suggested escape lane design
consists of 200 ft of tangent 12-ft lane followed by a
50:1 taper, provided that the taper would end at least
300 ft in advance of the nose for the following entrance
leg
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2. Following the auxiliary lane between interchanges,
where the auxiliary lane length between noses measures
from 1,000 to 2,000 ft The escape lane should consist
of a 50:1 taper beginning at the exit nose and having a
width at the nose of 14 ft. This design may vary de-
pending upon the projected volumes on the ramps and on
the mainline lanes.

3 Following a short auxiliary lane (less than 1,000 ft
between noses). Normally the escape lane should consist
of 400 ft of tangent 12-ft lane followed by a 50:1 taper.

The suggested dimensions may be considered appli-
cable 1n most nstances; however, in all cases the pro-
jected volumes on the mainlines, ramps, loops, and
weaving areas should be considered to determine the
appropriate design.

For comparison, 1t should be noted that (Minne-
sota’s) present standard for a major exit, which in-
volves the dropping of a mainline lane, specifies that the
escape lane shall consist of a 400-ft length of tangent
12-ft lane followed by a taper having a ratio of the design
speed of fifty to one.

Missouri

The following 1s abstracted from a letter from Robert N
Hunter, Chief Engineer, Missoun1 State Highway Com-
mission.

L Taper = 1 Design Speed (mph)

Missour:1 has no published specifications because lane
drops occur infrequently, Normal practice is to drop the
outside lane at a ramp exit. Missour1 has experienced some
problems when inside lanes were dropped; these situations
have been corrected by restriping and signing to drop the
right lane. Missour: favors the black-on-yellow EXIT ONLY
sign, a solid stripe from 500 ft upstream of the exit gore
through the gore area, and a 70:1 taper rate downstream
of the gore. On those few sites away from ramps, an over-
head RIGHT LANE ENDS Y2 MILE is used in conjunction with
a similar sign on the right, followed by RIGHT LANE ENDS
1500 FT, lane drop symbol (4-2), and LANE ENDS MERGE
LEFT.

New Jersey

The following comments were derived from interviews with
New Jersey personnel:

1. If a lane is dropped at an exit, a standard acceleration
lane (600-ft full lane width, 600-ft taper) should be pro-
vided past the exit gore as an escape area.

2. A standard taper length of 70:1 should be used at a
non-exit lane drop site.
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New York

According to the Deputy Chief Engineer, the following
extracts from New York’s published standards reflect the
results of a California study of a few years ago:

505 06 Lane Drops

At diamond, cloverleaf, or other conventional types of
mnterchanges, do not drop a lane at the exit terminal and
subsequently pick it up again at the next entrance ter-
minal Instead, carry the outside lane through the inter-
change area.

When capacity-dictated lane drops are necessary on
multi-lane divided highways, 1t has been found in one
California study that dropping the striped and constructed
lane on the median side resulted in two-thirds of the acci-
dent rate resulting from a lane drop on the night side

It has also been shown that lane drop transitions on
curves result in from two to ten times the accident rate
as for tangent transitions.

Therefore, capacity-dictated lane drops for multi-lane
facilities should be made on the median side, on tangents,
and away from the influence of the interchange ramps

The lane drop transition should begin at least one-half
mule beyond the nearest exit or entrance ramp nose. The
length of taper should thén be “Design Speed X Lane
Width ”

In direct connection interchanges, where a reduction
1n the number of through lanes 1s indicated by capacity
analysis, these locations should be designed as major
forks, with appropriate advance and gore signing that
give specific and clear lane assignments to guide the
driver.

Ohio

The following priority system is used in determining the
placement of lane drops in Ohio *:

1. Continue the drop lane through an interchange and
begin the taper approximately ¥2 mule past the final exit
ramp.

2. Continue the drop lane past the final exit ramp, ter-
munating the taper prior to the next entrance ramp.

3. Begin the lane drop taper approximately 12 ft beyond
the exat ramp gore.

Right-hand lane drops are accomplished by reducing the
pavement width from the left-hand side, with the pavement
markings for the through lanes placed parallel to the pave-
ment taper through the transition zone. Signing for a drop
away from a ramp includes a black-on-yellow RIGHT LANE
ENDS 1 MILE, and a black-on-yellow RIGHT LANE ENDS
MERGE LEFT at the start of the taper, both signs are over-
head. The EX!IT ONLY panel 1s used for ramp drops, with
an EXIT LEFT 1 MILE for a left-hand ramp.

Oregon

The State of Oregon has published plans for guidance in
the development of lane drop standards (see Fig. 5).

* Unpublished standards based on a Deleuw, Cather and Company
study, by Jack E Leisch, published in the 1965 Canadian Good Roads
Association Proceedings

Washington

The following 15 extracted from a State of Washington
manual (Figs. 6 and 7):

Pavements of Different Widths., When a transition is
required to change the number of lanes on the open high-
way, the following should be used as a guide:

® Locate transitions in full view of the drivers and

preferably on a tangent section.

® Supplement with traffic control devices

e Reduce the number of lanes by only one at a time

and on the nght side in the direction of travel

o The length of transition shall be determined by the

formula.

L=VT
where L = length of transition (ft )

V = design speed (MPH)

T = tangential offset (ft.)
Transitions occurring at turmng roadways, and tapers
into existing pavement widths on low speed conditions
should normally have a tangential rate of change of
1.25 or flatter Nevertheless, the number of tapers should
be held to a mmimum. .

CLASSIFICATION OF BASIC LANE DROPS

Lane drops, as defined by highway personnel, can generally
be categonized into one of five basic types. (Fig. 8 shows
typical configurations of lane drop types ) Appendix A 1s
arranged by these five types of lane drops and can serve as
a guide to examples of current sites.

Outlying Drop Situation

The most familiar type of lane drop site 1s located at the
penimeter of a metropolitan area. The lane drop s pro-
duced when the basic number of lanes 1s no longer required
to carry the traffic generated from an urban center. This
lane drop type has been designated as an outlying drop
situation.

A subcategory of outlying lane drops has also been iden-
tified In some cases, lanes have been dropped to accom-
modate a downstream physical constraint, such as a nar-
row bridge. Such sites have been included 1n this category
because the problems and design of these lane drops gen-
erally reflect those of the remainder of the category.

Add-Drop Situation

A second major lane drop type 1s the add-drop situation,
In many cases a lane is added at an on-ramp and dropped
shortly thereafter at a downstream off-ramp. The observed
distance between the lane addition and the lane drop has
been as short as 1,500 ft or as long as more than 6,000 ft.

Drop-Add Situation

A counterpart of the add-drop situation 1s the drop-add
situation, which has generally been observed at major
freeway-to-freeway interchanges. This type of drop 1s in-
stalled for several reasons. First, traffic exiting from the
freeway may be extremely heavy, indicating a need for two
or more exiting lanes. Thus, if one full lane of traffic exits
to travel to the other freeway, the additional lane is no
longer needed for through traffic. Further, by dropping a
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lane through the interchange, vehicles entering on the other Step-Over Situation

side of the mterchange have a “free” lane in which to enter A fourth type of lane drop situation that results in many
the freeway; they do not have to merge with faster-moving  proplems 15 called the step-over lane drop. In this situation,
through traffic. It thus seems reasonable to drop a lane a freeway step-over 1s accomplished by adding and drop-
through a major interchange ping, or dropping and adding, a lane on opposite sides of
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the freeway This situation 1s common when left-hand
on-ramps are designed. A lane is added on the left at
the on-ramp to avoid merging ramp vehicles with high-
speed traffic and then shortly downstream, a lane is dropped
on the right to avoid carrying an extra lane.

Lane Split Situation

The fifth type of lane drop, a lane split, 1s found on a free-
way that divides into two or more legs where the design
speed on each leg 1s generally higher than the conventional
off-ramp which goes to a surface road. The point at which
the division takes place is called a lane split. It 1s difficult
to characterize a lane split because many factors must be
taken nto consideration. A few of these are (a) the num-
ber of lanes on the freeway prior to the split; (b) the num-
ber of lanes on each leg after the split; (c) the traffic de-
mands on each leg downstream of the split; and (d) the
hierarchy of route designations of the freeway upstream of
the split or downstream of the split. In many cases, drivers
are forced to change lanes to continue mn their chosen di-
rection of travel. Thus, some of the problems and some of
the solutions pertinent to other categories of lane drops are
found at lane splits.

CLASSIFICATION AND GRADING OF FIELD DATA
OBSERVATIONS

A rough three-point scale was used to rate the relative
effectiveness of the sites observed. The factors used in the
grading scheme included (1) the number and severity of
erratic movements, (2) lane change behavior, (3) speed
change behavior, (4) opimons of state and local highway
engineers, and (5) amount of citizen complamt regarding
the site. A site was judged good if the number of erratic
movements seemed small, if most lane changing was ac-
complished 1n advance of the taper or gore area, and if
highway engineers thought that the site was currently not



a problem. A site was judged passable if no serious prob-
lems occurred, but indications of problem-producing ma-
neuvers were frequent. A site was judged bad iIf many
erratic movements were observed, if congestion was ap-
parent 1n the lane drop area even if the general area was
flowing at below capacity, or if highway engineers or
citizens expressed awareness of serious problems

It must be remembered that some sites are considered
problems because they are peak-hour bottlenecks If the
traffic demand at peak-hour 1s above downstream capacity,
the lane drop will become congested regardless of how it
1s designed. In cases where such a condition exists, the
site was observed 1n off-peak-period operation. If it worked
well under these conditions, the site was judged good re-
gardless of the fact that during peak-hour operation break-
down occurs 1n the vicinity of the drop.

Each of the 65 sites observed and catalogued in Ap-
pendix A was graded by the researchers and categorized
Into one of the five basic lane drop types described pre-
viously. The categorization scheme 1s not necessarily all-
inclusive or mutually exclusive. A few lane drops will defy
being classified into any of the five categories; a few others
will fit more than one category. However, most lane drops
can be effectively classified into one category. Table 1
presents the ratings of the various sites,

OPERATIONAL PROBLEMS

The categorization scheme allows for ease 1n treating the
situations from a design or remedial treatment standpoint.
From a purely operational or driver’s-eye standpoint, some
of these categories can be grouped together. Thus, prob-
lems associated with exit ramp drops at a drop-add situa-
tion may be simular to those of a lane split, or the apparent
conditions facing a driver entering a freeway from an on-
ramp at an add-drop situation may be simiar to those
experienced by a driver entering the freeway on the lane-
add of a drop-add situation. The problems associated with
each type of basic lane drop situation are discussed, with
the understanding that many problems overlap category
boundaries.

TABLE 1
RATINGS OF LANE DROP SITES

RATING
LANE DROP
CONFIGURATION  GOOD PASSABLE BAD
Outlying 02, 05, 14, 08, 16, 28, 04, 17, 20,
19, 23, 26, 36, 44, 47, 25, 31, 35,
27, 34, 38, 48, 52, 57, 51,61, 65
39, 53, 58, 60
59
Drop-add 41 42,55 30, 40, 49,
50, 54
Add-drop 18, 62, 63, 09, 21, 32, 07, 12, 13,
33 24,37,45
Sphit 64 43 06, 22
Step-over 15 03, 11 01, 10, 29,
46, 56

11

Geometry-Related
Outlying Drop

Problems at outlying lane drops can be divided into two
groups: those which affect drivers at a taper lane drop and
those which affect drivers at an exit lane drop. The major
difference between the two groups 1s 1n the effect of the
chorce of traffic control devices. At a taper lane drop, all
traffic must be moved out of the ending lane. At an exit
lane drop, only some traffic needs to change lanes; the
exiting traffic 1s in the correct lane.

Table 2 gives the ratings for 32 sites, which are split
fairly evenly between nine right-hand tapers, nine left-hand
tapers, thirteen right-hand exit ramp drops and one left-
hand exit ramp No distinct pattern could be observed that
indicated that one of these configurations was significantly
better or worse than the other; examples of both bad and
good sites can be found in each configuration, Thus, it
appears that factors other than simple configuration are
responsible for differences in operation at lane drops.

A total of nine sites were graded mn the bad category.
Site 31, shown in Figure 9, 1s a 3-2 left-hand taper lane
drop just downstream of a right-hand off-ramp/on-ramp
combination. The site has many traffic control devices, but
many drivers remain 1n the left lane until near the end of
the taper. One reason could be that the lane drop occurs
too close to the on-ramp, thus inviting drivers to stay out
of the night-hand lanes to avord the merging slower traffic.
In addition, sight distance 1s rather restricted—approxi-
mately 1,100 ft from the downstream end of the taper.

Another bad lane drop situation occurs at an mcom-
pleted interchange site. Future plans, calling for a freeway
to intersect at site 04 (see Fig. 10), connect the nght-hand
lane of the three lanes with the new freeway and drop the
lane at the site 1n a night exit. As a temporary measure
until the freeway addition 1s constructed, the site has op-
erated with a right-hand taper using eight lighted barri-
cades. The condition has existed for several years; removal
of the temporary nature of the lane drop would probably
improve the site.

Three bad sites (two outlying, one add-drop) seem to
have the same basic problem; that is, the actual pavement
was terminated on one side of the freeway and the lane was
operationally dropped on the other. In all cases, the re-

TABLE 2

RATINGS OF OUTLYING LANE DROP
CONFIGURATION SITES

OUTLYING LANE

RATING

DROP CONFIGU-

RATION GOOD PASSABLE BAD

Right taper 05,19 08, 16, 52, 04,17, 61

57

Left taper 14, 23, 38, 28 65, 25, 31
39,53

Right ramp 02, 26, 27, 36, 44, 47, 20,35
34, 58, 59 48, 60

Left ramp —_ — 51
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sults were poor The three sites studied were all designed
differently and the characteristics of sites 17, 65, and 13
are shown in Figures 11, 12, and 13, respectively. The
pavement at site 17 ends on the left, and the two right lanes
are merged together by moving the four left lanes towards

the right lane. The pavement at site 65 ends on the night .

just downstream of a right-hand on-ramp, and the three
right lanes are moved toward the left lane. The pavement
at site 13 moves toward the right as the median widens and
the pavement tapers nto lane two.

The difference between sites 65 and 13 1s that the site 65
lane lines do not follow the longitudinal pavement joints,
whereas the site 13 lane lines are in accordance with the
pavement joints. In all cases, the sites have been indicated
to be confusing to the driver.

The situations highlight two main points for considera-
tion. First, it 1s difficult for the driver in the median lane
to understand that he must move out of his lane because
of an impending lane drop when he can “see” that the
pavement 1n front of him continues; all his cues and past
experience tell him that his lane s still there. Second, even
if he moves out of this lane the first time through, the com-
muter learns quickly enough that, had he chosen to stay in
hus lane, he would get where he was going just as well. That
sets up a perfect stage for “freeway roulette” in which the
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Figure9. Site 31.

driver in the inner lane fights to remain in his lane which,
according to the lane lines, moves over slightly, while the
driver 1n the outside lane is sure that his lane continues as
well.

Though there have been numerous complaints of driver
confusion over who has the right-of-way at site 13, the
first lane drop study (7) concluded that site 65 experienced
a much greater amount of turbulence than at the other two
sites in that study.

A corollary to this difficult lane drop situation 1s that the
sites are also difficult to sign The standard lane drop signs
(W4-2) have been changed several times due to citizen
complamts that the merge indicated 1s in the wrong direc-
tion; each time the state has made a sign change, they have
received complants A new type of sign (Fig. 14) has been
installed to try to eliminate this driver confusion
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Figure 10. Site 04.




Clearly, this type of lane drop configuration 1s undesir-
able using current techmques. One state highway depart-
ment has eliminated two opposite taper lane drops, one by
extending the dropped lane, and the other by moving the
operational lane drop upstream a few hundred feet and
converting 1t to an exit ramp drop.

Several outlying-type sites have been designated “prob-
lem” sites by state agencies or as a result of citizens’ com-
plaints because congestion occurs during peak-hour traffic.
Geometric design procedures or traffic control devices can-
not ehminate a lane drop problem that is a result of in-
sufficient downstream capacity. Site 34, shown in Figure 15,
1s an example of this situation, This 3-2 right-hand exit lane
drop functions well during off-peak hours, but it routinely
breaks down every week-day afternoon because of above-
capacity demand downstream. In general, if a site suffers
from this type of problem, the solution is either to con-
tinue the additional lane until there is sufficient capacity for
the demand; to reduce demand by upstream control, such
as on-ramp metering, or to accept the occurrence of the
bottleneck

Add-Drop Situation

Almost half of the 13 add-drop sites were given bad ratings.
Most of these have one common problem—poor sight dis-
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tance. If drivers cannot see the lane drop in time to make
a smooth transition out of the dropping lane, erratic ma-
heuvers may result. Sites 24 and 37, respectively shown in
Figures 16 and 17, both less than 1,500 ft long, are good
examples Sight distance i1s very restricted due to the pres-
ence of vertical curves; the lane is dropped just beyond the
crest of the grade. Both sites have one sign 1n the add-drop
lane pertaining to the lane drop, an EXIT ONLY panel on a
directional sign several hundred feet 1n front of the gore of
the off-ramp. Even if a driver is looking for a directional
sign at this point—which he probably 1sn’t because he just
entered the freeway——by the time he is able to read the sign
he is probably close to being committed to an erratic
maneuver to get out of the lane before it veers off the
freeway.

The operational problems at add-drop locations generally
seem to stem from the driver’s confusion over whether he
1s 1n a through lane or not At most add-drop sites, normal
lane lines begin just after the lane add and contmue until
Just before the lane drop. Sometimes a solid white line
replaces the lane line, yet normally it occurs too late to let
the driver avoid an erratic maneuver if he wishes to remain
on the freeway. One additional operational problem exists
for night-lane drivers. It has been observed several times
that drivers who normally travel in the right lane enter an
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add-drop lane from the through lanes only to find them-
selves trapped by the lane drop.

In general, add-drop lanes cause significant operational
problems, possibly because drivers are unaware that the
lane 1s a “special” one and not for through travel.

Drop-Add Situation

The drop-add situation occurs most frequently at major
freeway-to-freeway interchanges As has been stated pre-
viously, the normal reason for this configuration 1nvolves
the expected high volume of exiting and entering traffic at
the interchange Theoretically, dropping a lane through the
nterchange is a good plan if the predicted volume distribu-
tion does split as intended, and if advance signing is ade-
quate so that through drivers do not become entangled with
exiting vehicles and end up on the wrong freeway. Because
trucks and other slower moving vehicles are usually 1n the
right lane, the engineer must be convinced from an opera-
tional standpoint that the benefits of dropping and adding
a lane outweigh the disadvantages of moving the slower
vehicles out of the right lane and back nto the right lane
on the other side of the interchange

Site 50, shown 1n Figure 18, suffers from an unfortunate
volume spht. A lane was dropped on the freeway north-
bound at the interchange to the other freeway because 1t
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Figure 13. Site 13.

was believed that a large percentage of the traffic would be
exiting the northbound freeway at that poimnt n order to
use the other freeway However, for years the other free-
way has remained incomplete and only a short section 1s
operational Thus, fewer vehicles than predicted utilize that
freeway, and more vehicles remain on the northbound free-
way A peak-hour capacity problem has, therefore, de-
veloped on the reduced lane section through the inter-
change. A study at this interchange has been completed by
the state highway department and construction has been
approved to continue the lane through the interchange.
Enforcement of an operationally dropped lane is difficult
to carry out but not impossible Two sites were judged bad
because many drivers violated an operationl drop-add by
remaining 1n the dropped lane, regardless of warning signs
and pavement markings. It must be noted that, even though
compliance with the lane drop restrictions at these sites was
not total, general operations 1n the area improved How-
ever, because some operational lane drops do work well
from a complance standpoint, 1t appears that additional
improvement 1n operations can be made at these sites.

Step-Over Situation

Generally, operations at step-over lane drop sites are no
better, and many times worse, than the average lane drop
site  Step-over lane drops suffer from the same operational
problems as other types of lane drops However, the situa-
tions that have required step-over lane drops to be bult
could probably be avoided. Two bad step-over lane drops
(sites 29 and 46, respectively shown n Figs. 19 and 20),
mvolve left-hand off-ramps. Site 46 is also at a tangent
off-ramp, compounding the problem. The lane drops are
placed so that it is difficult, if not impossible, to do an
adequate advance signing Job. This, combined with poor
geometrics, allows for a very poor accident history.

BLACK MESSAGE ON
YELLOW BACKGROUND
{REFLECTORIZED)

48"x 48"
Figure 14. Newest design for lane drop signing.
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In another instance, two step-over drops were constructed
to accommodate high-volume right-hand ramps. A lane was
added on the left and all traffic was forced to move left one
lane by means of changes in striping. The on-ramp traffic
was given a “free” lane. Then shortly downstream, a high-
volume off-ramp siphoned off right-lane traffic and the
added left lane was dropped, which forced the two left lanes
of traffic to merge. The sites were reconstructed in this
manner because of geometric restrictions on the right; a
weaving lane could have been added on the right. On one
of the sites, a downstream restriction (a narrow two-lane
bridge) prevented the added left lane from continuing.
This section of freeway has a severe problem basically be-
cause of the high-volume ramps and insufficient weaving
area. The forced lane drops do not work well because
they are too close to the weaving section and not enough
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distance is available for adequate warming and smooth
transition.

Lane-Split Situations

Operational problems at the few lane splits observed by the
researchers indicate driver confusion over which route to
travel and, 1n some cases, poor sight distance. Site 06,
shown in Figure 21, has relatively adequate sight distance,
but 1s a very complex interchange. Traveling eastbound
on the freeway, the driver finds that the three left lanes
exit onto a surface street just downstream of the inter-
change while the two right lanes split into an east-west
directionally signed freeway that physically runs north-
south at the interchange. Thus, a driver must be 1n one
of the two right lanes in order to make an effective left-
turn to travel north. Many last-minute maneuvers were
observed by the researchers, including one in which a driver
stopped his vehicle in the gore area and consulted a road
map. This ndicates that many operational problems at
lane splits are not due to simple nattention to road signs.

The more complex problem at lane splits seems to be
directional guidance. However, this 1s a problem which




16

needs an entire study to itself. In the present research
effort, lane splits are treated briefly and in a2 manner com-
parable to other lane drops. Thus, lane splits are considered
from a geometric design viewpomt with regard to sight
distance, construction, and the hike

Traffic Congestion-Related

When traffic demand exceeds the capacity of the freeway
lane drop downstream, congestion and eventual breakdown
occurs. From the observation of lane drop operations that
approach freeway breakdown near lane drop locations, it
appears that the most likely pomnt of breakdown will be
downstream of the lane drop rather than at the lane drop
itself. Flow levels exceeding 2,000 vehicles per lane per
hour for the lanes in the downstream section have been
observed at lane drop sites. At those flow levels, some
vehicles had difficulty finding acceptable gaps in order to
move out of the dropped lane, but total breakdown did not
result from such maneuvers. If freeway breakdown did
occur at a lane drop site, the breakdown point was down-
stream of the actual lane drop, usually at the first ramp.
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1500*

| RIGHT LANE
| i
Figure 17. Site 37.

Driver Behavior-Related

A lane drop site may be a problem even though demand
remains below downstream capacity. In general, an opera-
tional problem exists if a significant number of drivers make
erratic maneuvers mn the area of the lane drop. Erratic
maneuvers include sudden speed changes; abrupt lane
changes; and lane changes that require driving through a
ramp gore area, an escape lane, or a lane drop taper. Some
of these erratic maneuvers can result in unsafe conditions
or even accidents, many may result in increased driver
anxiety.

Although some of these maneuvers may invoive a de-
liberate attempt by a driver to gain some advantage in
traffic position, most maneuvers probably result from the
driver's failure to recognize the requirements to negotiate
the lane drop area until 1t 1s too late for um to reach his
desired lane without making the erratic movement.

The requirements for negotiating a lane drop are (a) an
awareness of an impending lane drop, (b) a knowledge of
the location of the lane drop, and (c) an ability to decide
upon an appropriate maneuver and the ability to execute
the maneuver. When a driver is in the vicimity of a lane
drop, the longer that information regarding these three re-
quirements 1s withheld from him, the fewer the options he
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Figure 18. Site 40.
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has for making a smooth transition through the area. There-
fore, lack of mmportant information necessary for nego-
tiating the lane drop may be seen as the source of
driver behavior-related operational problems at lane drop
locations.

Solutions

Two solutions to congestion-related operational problems
caused by demand exceeding downstream capacity are
fairly straightforward, although not easy to accomplish.
They are (a) to extend the lane until demand 1s reduced
to a level below lane reduction capacity, and (b) to reduce
upstream demand. The 1965 AASHO manual (3) mdi-
cates a design capacity of 1,200 vehicles per hour (vph)
on suburban freeways and 1,500 vph on urban freeways.
If the demand predictions hold true, then a lane can be
dropped without creating a geometric bottleneck when
demand reaches the design capacity volume of the down-
stream section of the lane drop location.

Solving operational problems caused by erratic driver be-
havior 1s not straightforward. Three requirements for ne-
gotiating a lane dop (1.e., indication of presence, indication
of location, and indication of appropriate action) form the

Figure 20. Sute 46.

basis for design policy 1n the construction of the lane drop
Once a decision has been made that the level of demand
or geometric design constraints indicate a lane drop is
desirable or necessary, then work can begin on the physical
design of the lane drop, such as deciding where to place it,
how to construct 1t, how to inform drivers of it. Solutions
to the design of an effective, safe lane drop nvolve all of
those aspects. The goal of lane drop design policy 1s to
develop a lane drop that gives a driver the appropriate
timely information necessary to allow him to make a
smooth transition through the lane drop area.

Probably the most important factor in the geometrics of
a lane drop 1s 1n designing 1ts location such that it can be
seen by dnivers approaching the area The most direct
visual cue a dniver can receive i1s that of the roadway
geometry 1tself, which shows him that the lane in which
he 1s traveling either ends or leads him 1n a direction con-
trary to his intended direction of travel. Geometric con-
ditions continuously provide the driver with cues that he
uses to negotiate his chosen path of travel. Traffic control
devices, on the other hand, can provide advance warning
of the impending lane drop, enhancement of the visibility
of the actual lane drop area, and directional information
when a choice of traveled way must be made.
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DESIGN PRINCIPLES

Eight principles of lane drop design have been identified.
Discussion of the principles and their applications empha-
sizes the clarity with which geometric cues must be
presented.

1. Provide continuous visibility—The lane drop should
be placed where the surface of the roadway remains con-
tinuously visible for a significant amount of time. The first
design principle indicates that roadway surface continuity
1s important because 1t provides the most reliable visual cue
to the driver. Surface continuity stipulates that the entire
roadway surface must be visible from the beginning of the
lane drop to the end of the lane drop and must remain in
continuous view as the driver traverses the section. In roll-
ing terrain, a lane drop located just over the crest of a
grade or just beyond a horizontal curve 1s not desirable
because the visual cue 1s lost to the driver. On the other
hand, a lane drop located at the end of a sag vertical curve
or on an upgrade can be seen by the driver in time for him
to take proper action even in the absence of appropnate
advance signing

The distance required for a dniver to (a) perceive that
a lane 1s ending, (b) evaluate alternative courses of action,

|
|

and (c)|maneuver to an adjacent lane, if desirable, 1s the
mimmum distance that should be “in-view” to a driver
approaching a lane drop. Perception-reaction times as re-
ported n the Transportation and Traffic Engineering Hand-
book (7) can be as much as 3 to 4 sec for complicated
situations, The AASHO standards (3) assume the per-
ception time value to be 1.5 sec and the total of perception
and brake reaction to be 2.5 sec. At a lane drop, brake
reaction time is probably not appropriate because that 1s
not a desirable reaction. AASHO also indicates that a nor-
mal lane change 1s accomplished at a rate of %5 sec per
foot of lateral movement, or 4 sec for 12-ft lanes. An un-
forced freeway lane change has been observed to average
2 to 3 sec. However, 1t has been observed that lane changes
assoclated with moving out of a lane drop situation av-
erage 7 sec Additional data are required before average
maneuver time for leaving a lane drop 1s determined. If
one assumes that under nonrestrictive conditions 1t is de-
sirable to move all vehicles out of the lane before the
beginning of the taper, or before the operational gore, the
mimmum surface continuity distance is:

“in-view” distance = maneuver time X design speed (1)

where n-view distance 1s the distance of surface continuity
to the beginning of the lane drop taper or operational gore.

Some questions arse: Is m-view distance a practical
parameter? Can a dnver on a straight and level section
of freeway see a lane drop nearly one-quarter mile distant?
Can roadways be designed to accommodate a lane drop
subject to such restraints? The answers to these questions
should be explored in future research

2. Mmimize attention-dividing conditions—The lane
drop should be placed away from attention-dividing con-
ditions, such as ramps or comphcated directional signing
This principle states that conditions that divide the atten-
tion of the driver should be minimized in a lane drop area.
This improves the likelihood that the driver will concentrate
on the roadway 1n front of him and that he will be required
to make only one decision at a time.

Ideally, no extraneous attention-dividing conditions exist
1n a lane drop area; practically, this is nearly impossible to
achieve n urban areas. Some common distractions include
(a) additional ramps other than those directly involved
with the lane drop, (b) directional signs requiring immi-
nent decisions to be made downstream of the lane drop,
(c) service information, and (d) warning signs pertaining
to other geometric conditions. Site 07, shown in Figure 22,
illustrates such distractions in the nature of a left-hand
curve and several on-ramps, which interfere with the lane
drop.

To achieve the objective of minimizing distractions from
a construction standpoint, a lane drop should be buut
where the complete sequence of lane drop information can
be given to the driver without mterruption. Thus, if lane
drop design standards indicate that advance signing for the
lane drop should begin one-half mile upstream of the lane
drop, no additional ramps or other distractions should be
constructed within that distance.

|
3 Provide adequate transition cues—The lane drop taper



should allow for a smooth transition for drivers to make
a lane change in the taper area and should provide adequate
visual cues that inform the driver that his lane is ending.
The third principle indicates that the taper should be long
enough to allow for “fail-safe” maneuvers for drivers who
enter the taper area with no prior knowledge of the lane
drop, this may occur even at lane drops with well-designed
vistbility, A visually observable taper 1s probably the most
reliable cue available for informing drivers of an impend-
ing lane drop

Stub-end lane drops and too-short tapers should be
avoided Where a stub-end 1s desirable from a construc-
tion standpoint, 1t should be disguised by forming an arti-
ficial taper. This can be accomplished by covering upstream
pavement with dirt and adding a removable-type curbing to
form an appropriate taper A too-short taper 1s shown in
Figure 23 Although the visual lane-ending cues are dra-
matic, the situation forces drivers to make undesirable
panic lane changes or speed changes.

On the other hand, a too-long lane drop taper may cause
a driver to miss 1mmportant visual cues that tell him the
lane 1s ending. At some unspecified point, called the closure
threshold, a driver 1s unable to visually perceive that the
lane 1s narrowing The threshold has not been established

Further research should be conducted to define the nu-
merical range of the “happy medwum” for a standard-
length lane drop taper. Lane drops with a taper should be

LANE ENDS
MERGE RIGHT

/
/

Figure 22. Site 07.
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designed to provide a “fail-safe” factor in terms of the
lateral rate at which a full-speed motorist is forced over by
the pavement edge line. If a motorist has failed to under-
stand the advance signs and special pavement markings, he
should be led to merge gradually enough so that he and
motorists 1n the adjacent lanes can safely adjust. In other
words, the motorist who for any reason 1s unresponsive to
all else may be gmided by the edge hine (right or left). It
may also be desirable to create a buffer zone beyond the
edge line before the errant driver reaches the actual edge
of the pavement and/or shoulder.

4. Create lane drops on better freeway side—The lane
drop should be placed on the better side of the freeway for
given traffic and geometric conditions. This principle ad-
dresses whether to build a lane drop taper on the left or the
right. There seems to be no definitive answer to this ques-
tion. One argument states that the left-hand drop is ad-
vantageous because (a) the left two lanes usually carry less
traffic, (b) 1t 1s away from the influence of ramp turbulence
on the right, and (c) vehicles generally flow at a more
uniform speed m the left lanes because there are few slower
commercial vehicles The opposing argument states that
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the right-hand drop 1s advantageous because (a) drivers are
accustomed to having lanes (1.e., acceleration lanes) end
on the right and they can merge better from right to left
than left to right, (b) traffic 1s generally slower in the right
lanes and would make the merge at slower speeds, and
(c) the night lanes usually carry less traffic.*

* Driver lane preference seems to be a regional phenomenon Several
states have laws that make 1t mandatory to remain in the nght lane ex-
cept to pass, others do not Thus, some areas experience different lane
distributions than others

To help determine which lane to drop from a freeway,
the following factors should be considered:

1. What type of lane distribution 1s expected? It 1s
preferable to merge the two most lightly traveled lanes.

2 What type of traffic composition is expected? If a
large percentage of heavy trucks or recreational vehicles
is expected, consideration should be given to merging the
two left lanes.

3. What other geometric features, such as ramps, are
nearby? Lane drops generally work better away from the
mfluence of ramp turbulence.

4. Will the sight distance be significantly better on one
side than the other? Sight distance 1s always critical.

5. Will 1t be more difficult to sign a lane drop on one
side than the other? Appropriate signing can significantly
improve a bad situation.

By examining these factors, an engineer can then make
a reasonable judgment concerning which side of the free-
way should have the lane drop.

5. Coordinate visual and operational drop—The lane
should appear to end on the same side of the freeway as
the operational lane drop. In some cases 1t 1s physically
advantageous, yet not operationally desirable, to drop a
lane on a particular side of the freeway A case of this
sort can occur when the dropped lane has a high probability
of future continuation, as 1n site 17 (see Fig. 11) From a
construction viewpoint, 1t 1s desirable to drop the left lane
by stubbing off the pavement However, from an opera-
tions view, this handling of a lane drop 1s far from opti-
mum. To correct the situation, merging the right two lanes
1s accomplished through striping and signing. (Appendix C
describes the results of such a change in markings.) Theo-
retically, this solves the problem; practically, the results of
such situations are less than optimum For example, such
treatment sets up a right-of-way problem for two drivers
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Figure 24. Disguised continuing pavement at
an operational lane drop.

View at point @ in Figure 24

Figure 25. Perspective views of the lane drop situation shown in Figure 24.



who arrive simultaneously at the lane drop and also results
in the loss of valuable information cues. A practical solu-
tion to this problem should be sought.

A design solution to the problem has been proposed by
the Califorma Division of Highways and 1s shown in
Figure 24. To a driver approaching this lane drop, the
visual cues from the shoulder of the freeway indicating
an 1mpending lane drop are seen at pont 1 on the illustra-
tion. At point 2 the driver only sees a shight curving of
the roadway alignment. Ideally, point 2 and point 1 should
not be in view simultaneously. Figure 25 shows perspective
views from points 1 and 2 shown on Figure 24,

The main requirement for placement of the operational
lane drop 1s the undetectability of the physical lane drop
Even repeat users should not be readily aware of the oc-
currence of the physical lane drop; this 1s the one lane drop
that should be hidden. The operational lane drop should
be constructed so that the lane looks as if 1t is ending. This
may be accomplished through the use of a temporary curb-
ing, filling in the unused pavement with dirt, or making the
surface similar to the shoulder treatment The downstream
drop can be stubbed-off and treated in the same manner.
This technique obviously requires the laying of pavement
and then not using it, but the increase in operational
efficiency more than offsets the cost of the unused pave-
ment. The “after” configuration described in Appendix D
1s a good example of how a bad situation can be improved
by disguising the physical drop from the operational drop.
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6. Provide adequate escape area—When a lane drops at
an exit ramp, an escape area of adequate dimensions should
be provided to allow for a smooth transition into through
lanes. The sixth design principle defines the nature of the
escape area as just that—an area for merging into the
through lane once the driver 1s too close to the exit gore
to make a normal lane change

Figure 26 shows a plan view and a perspective view of
a suggested exit ramp lane drop configuration. There 1s a
definite indication that the lane i1s not continumng past the
interchange, but the configuration does allow a driver to
safely change to a through lane even if he does not begin
his lane change until entering the operational gore area,
which should be plainly visible to the driver. The shoulder
has been eliminated at the physical gore, to be picked up
again as the pavement tapers

A full acceleration lane 1s not needed because the driver
1s probably traveling at or near freeway speed. A full lane
width plus shoulder width can confuse the driver by pro-
viding too wide an area. From a construction standpoint,
it may be desirable to stub off the pavement at the gore and
allow traffic to use the shoulder as the escape area This
1s reasonable 1f pavement markings resembling a taper can
be made permanently as visible as a pavement taper. The
ideal taper length has not yet been determined for this
situation, but it 15 reasonable to hypothesize that the taper
should begin at the physical gore and should resemble a
standard taper.
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Figure 26. Perspective and plan views of an exit ramp lane drop
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7. Notify driver that lane 1s not continuous—When a
lane is added at an on-ramp and dropped at a nearby off-
ramp, the entering drivers should be notified that the lane
they are traveling in is not a continuous lane for through
travel The seventh principle pertains to add-drop lanes
used when an on-ramp/off-ramp pairing warrants an addi-
tional lane for weaving and capacity through the section.
However, steps should be taken to inform drivers entering
the freeway at this point, as well as informing the through
traffic, that the lane is only a temporary addition to the
freeway. Traffic control devices (TCDs) must perform the
information function when sight distance restrictions pre-
vent drivers from observing the lane drop from the lane
add point. These conditions are shown 1n site 62, Figure 27

Normal lane lines should not be used to delineate the
two adjacent lanes because they would reinforce the con-
cept that a through lane has been permanently added In-
stead, the special lane should be as different as possible
from the through lane. Three methods accomplish this:
(a) contrasting pavement, (b) special-purpose lane de-
lineations, and (c) signing. Ideally, some combination of
these methods would be used. Figure 28 shows several
warning methods that can be employed at an add-drop
location. Views B, C, and D give the message that this is
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Figure 27. Site 62.

A. No warning device: Normal lane lines

B

B. Warning device: Special lane lines

C. Warning device: Black-on-yellow
over-head sign

D. Warning device: Contrasting pavement

Figure 28. Warning information systems at lane
add-drop locations.



a special lane Additionally, an add-drop lane should have
normal mimimum sight distance to the lane drop gore and
an escape area, as previously described.

8 Use adequate traffic control devices—Consistent and
appropriate traffic control devices (TCDs) should be used
in advance of a lane drop. The last design principle indi-
cates that consistent and appropriate traffic control devices
should be used 1n advance of a lane drop. The package of
traffic control devices used at a lane drop should inform the
driver (a) what is going to happen, (b) where it 15 going
to happen, and (c) what he should do-about it.

At the present time, many sites have incomplete or mus-
leading information The driver may be told to merge left
but, in actuality, the other lanes may move into his lane,
such as in the situation where a lane 1s operationally
dropped on the opposite side of the freeway from the
physical drop. At some sites where a right-hand lane drop
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occurs, messages such as SLOWER TRAFFIC KEEP RIGHT ap-
pear just prior to the lane drop. Occasionally missing in-
formation is detrimental to lane drop performance. For
example, a simple ROAD NARROWS sign does not inform the
dniver of two very important facts: (a) it does not tell him
how far before the road narrows, and (b) 1t does not tell
him whether he 1s supposed to change lanes. Devices should
not confuse the driver with additional information un-
related to the task of traversing the lane drop section.

Obviously, different TCD packages are necessary for dif-
ferent lane drop situations. The manual (6) designates
four lane drop signs; however, over 50 significantly dif-
ferent lane drop signs have been observed in twenty metro-
politan areas visited during the conduct of this project, and
that does not even begin to consider the combinations and
placement variations put into practice.

CHAPTER THREE

CONCLUSIONS AND SUGGESTED RESEARCH

CONCLUSIONS

Safe driving consists of managing a vehicle n 1ts commutted
zone to avoid obstacles. A vehicle’s commutted zone 1s the
area in which the driver 1s committed to travel based on
current velocity and deceleration characteristics and geo-
metric constraints. This task can become quite complex
when there 1s impairment of the driver’s ability to predict,
or to anticipate, what lies ahead Driver expectation can
be impaired by loss of vision due to fog, snow, rain, dust,
or by missing or misleading visual cues. Highways must be
designed to provide visual cues sufficient to make up for
these losses, often through the use of traffic control devices.
The driver has learned to expect certain visual cues far
enough in advance of hazards, or potential hazards, to
enable him to safely manage his commutted zone and avoid
contact with obstacles.

There are only two things drivers can do to alter their
committed zone: change direction or change speed. A
safe trajectory 1s considered to be one that reveals that the
driver has seen the available visual cues, has correctly
interpreted them, and has adjusted his path smoothly and
well 1 advance of the obstacle. The driver’s trajectory
should be such that there 1s evidence he was not taken by
surprise and that he was able to allow a comfortable margin
for error without having to adjust his speed.

Field observations at over 60 lane drop sites have led to
the conclusion that lane drops that operate successfully
have resulted in safe motoring trajectories, while lane drops
that do not operate successfully reveal the opposite types

of motoring trajectories—namely, abrupt path changes as
well as changes that occur closer to the obstacles, often
accompanied by speed changes.

It 1s not unexpected that many drivers appear to be sur-
prised or confused at lane drops. Although lane drops
have been classified m five basic design categories, over
50 different signs have been observed as well as so many
different combinations of TCDs that almost no two sites
have the same treatment.

From the analysis of site observations, discussions with
engineers 1n many state agencies, and at meetings of
AASHTO, ITE, and TRB, a set of principles for the design
of lane drops have been developed. The design principles
have been translated into tentative application procedures,
but further experiments are needed to test these procedures.

SUGGESTED RESEARCH

Further research will be required to translate design pro-
cedures into practical procedures for implementation. For
example, several different values of taper length and ratio
have been proposed; experiments to determine the mini-
mum and maximum taper values would be desirable. Also,
many different traffic control device treatments are in use
for each lane drop category; properly designed experiments
should be conducted to select the best treatments for each
category. Other items that need testing include the length
and width of escape areas at exit ramp drops, the best loca-
tions for warning signs, and the best location for the opera-
tional taper if it is to be on the opposite side of the roadway
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from the physical lane end In addition to developing
criteria for 1deal lane drops and new construction, methods
for improving existing conditions are needed.

Additional basic research is needed into driver reaction
and the time needed for lane changing at freeway lane
drops, sight distance requirements for advance warning
signs and for pavement markings, and enhancement of
taper and gore marking visibility.

The 1deal method for conducting lane drop research
would be to collect detailed field observations on existing
lane drop sites at which conditions can be controlled, and
to continue an 1iterative process of making small changes 1n
the sites and measuring the resulting changes 1n traffic op-
erations. However, this approach is impractical both from
a cost standpoint and the risk involved for highway users.
Additionally, it 1s impossible to control essential conditions

such as weather, seasonal shifts in driver population, and
nearby distracting geometric conditions, such as ramps.

A more practical approach involves collecting field data
to support the development of some of the basic hypotheses
and, concurrently, conducting a series of laboratory ex-
periments to test these hypotheses The laboratory experi-
ments can also be used to compare a large range of solu-
tions to specific problems and to select that alternative
which appears most promising for field application

An objective procedure is needed for evaluating traffic
operations at lane drops so that the engineer can measure
the effect of any changes he may implement and determine
how a site compares with others of its type In this regard,
variations 1n lane change behavior and 1n the rate of erratic
maneuvers are the most important differences 1n traffic
operations among lane drops.
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APPENDIX A - A SAMPLE OF LANE DROP SITES ACROSS THE COUNTRY

Sizty-five freeway lane drop sites were selected for inclusion in
thie study The purpose of this appendix is to document the study sites
visited and to provide a compendium of existing lame drop configurations The
schematic drawings are not to scale The Appendix is organized by lane drop

category.

CLASSIFICATION AND GRADING OF PIELD DATA OBSERVATIONS

A rough three-grade scale was developed to rate the relative effectiveness
of the sites observed. The factors used in the grading echeme included (1) the
number and severity of erratic povements, (2) lane change behavior, (3) speed
change behavior, (4) opinions of etate and local highway engineers, and (5)
amount of citizen complaint regarding the site. A site was Judged good if
the number of erratic movements seemed small, most lane-changing vas accomplished
in advance of the taper or gore ares, and highway engineers thought that the

oite was not presently a problem. A sfte vas Judged passable if no serious
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A-3
TYPE A -- OUTLYING DROP SITUATIONS

Site 38

» Type 3 -2 left

-

5 mile

Vertical Curvature__Level

Sight Distance

Horizortal Curvature_Tangent

Pavement Type__ Comcrete

ADT

i{ne-Way

Two-Hay

5-Minute Count

Total

Trucks » Percentage ) 4

Lane 1

No Counts Available

Accident Experience  Light

problems occurred, but indications of probl producing s vere freq
A site wvas judged bad {f many erratic movements were observed, if congestion
vas apparent in the lane drop area even if the general area was flowing at
below capacity, or if highway engigeers or citizens expressed opinions of

serious problems.

It must be remembered that some sites are consldered problems because
they are peak-hour bottlenecks If the traffic demand at peak-hour i{s above
downstreanm capacity, the lane drop will become congested regardless of how it
is designed In cases where such a condition exists, the site was observed in
of f-peak-hour operation If ft worked well under these conditions, the site
was judged good regardless of the fact that during peak-hour operation break-

down occurs in the vicinity of the drop

Each of the 65 sites observed and catalogued in this appendix was given
a grade and categorized into one of the five basic lane drop types described
In the previous report body The categorization scheme {s not necessarily all-
fnclusive or mutually exclusive A few lane drope will defy being clagsified
into any of the five categories, a few lane drops will fit more than one
category  However, most lane drops can be effectively classified into one
category  The sight distance at a site is taken from the point where the
actual (vperational and/or physical) lane drop is visible to an approaching

driver

Uperational Chsracteristice A few vehicles use the taper ares to make thelr

lane change Taper area is rather short Traffic volumes are fairly light _

Lune drop works well under present traffic volumes

Figure A-1
A-4
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site 39

» Type _3 - 2 left

Sight Distance 28 mile

Vertical Curvature_Level

florizontal Curvature__Tangent

Site 19

+ Type 4 -3 TypeC - Right

sight Distance__ Over 1 mile
Vertic 1l Curvature__ 7 miles upstream beginning of long dowmgrade

Horizontal Curvature 2 degrees left

Pavement Type Concrete

ADT

Oue-Way

Two-Way __ 29,878 (1972)

5-Minute Count
fotal

Trucks » Percentage 4

tae L

L 2

1 me No Counts Avaliable

k)
lane 4
b]

Lane

Accident kxperience__ Light

Pavement Type Concrete--upstream / asphalt--downstream
A

One-Way 58, 000
Two-Way
5-Minute Count Time - 4 45 P M
Total 357
Trucks 13 + Percentage, 3 4
lane 1 36 NUMBER OF ACCIDENTS IN 1/5 MILE INTERVALS
I we £ 99 VI 1IN
.
Line 3 103
Lane & 129 . -—
—_— omECTion o
Lane $ s TavEL
B 0
. —————— Lant prop
e ' /
Accident bxperience | N l I l l | .
=, ne ne me WUROD

Operatlonal Characteristice Traffic volumes were fairly light Most traffic

was out of the lanme well before the taper area Lane drop works well under

Opcrational Characteristice_The speeds {in each lane remain appraximataly constant

present traffic volumes

Figure A-2

_amtil two-thirda of the way through the lane drop taper whexe s _gradual line

decreasc_in g nes

i O

eometric feature (the leveling out of a long downgrade The movement
of vehicles out of the drop lane can be seen to be smooth and gradual with
almost no cars in lane 1 near the end of the taper

Figure A-3
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Site 17

, Type __5 - & Right

Sight Distance__ 700’

Vertical Curvature_ S1light upgrade - beginning 3,300 upstream and cresting

700" upstreaw

llorizontal Curvature_ Straight

Pavement Type Concrete

ADT
One-Way __ 160,000

Iwo-Way
5-Minute Count Time -~ 3 30 P M
fotal 121
Trucks 18 » Percentage 2 4
Lane 1 L6
lane 2 162
tane 3 149
tane 4 _ 118 _
lane 5 159
__Ramp 97

Accident Experience Lane drop was installed June of 1972 No Information

available yot

Operational Characteristics Site does not work very well Many vehicles do

Aot respond until lane drop is visible, some 700’ before the end of the

-uun r Some drivers never move out of right lane since they know the pave-

@ent continues

Site was changed to an exit lane drop in late January 1973 It is

reevaluated with this configuration in Appendix C of this report.

Figure A-4

A-10
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A-11
Site 65

» Type 4 -3  lefr taper

Sight Distance

Vertical Curvature _ level

Norizontal Curvature_ right - hand curve beginning 3 miles upatrenn of righe

lane end
Pavement Type Concrete
ADT
One -Way
Two-Way 53,000
S-Minute Count
Total
Trucks » Percentage k4
Lane 1 NUMBER OF ACCIDENTS IN 1 5 MILE INTERVALS
I nna 2 BTC) 188-199%
Lane 3 ! —
Lane 4 . LARC DADP ull‘!.C"::U
Lane 5 E Q
‘.
- g ,
Accldent Experience__ l I
— (YN Y] 10 10 WLPOIY
Upirationa] Characteristice _The results for Site 65 , in which lane 3 {a merged

Into lane 4, show a uniformity of behavior at all flow levels. The twe lanes
that merge at the lane drop show a severe decrease in speeds, however, lane 1.
haw virtually no speed drop and lane 2 dro 8 only slightl:

in speed in all lanes increases as the flow increases  The traffic flow rate

curves indicate that vehicles in lane 4 follow the signi and sgar

right upstream of the lane drop, then are forced back to the left by the ent
markings in the lane drop teper area Flows in lanes 1 d y

undisturbed, except for the influx of a very few vehicles from the on-ramp

upstream of the lane drop The slight epeed increase in lanes 1 and 2 ot the

upstream end of the lane drop taper vas observed during all three periods, bhut no

explanation of its cause has been found

A

BLYD /
EXIT 1 MILE AVENUE

T8

NOT TO SCALE

Figure A-S

A-12
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, A-17 A-19
Site 25 Site 26
o Type _4 -3 left . Type __ 5 - &4 Trap - Right

Sight Distance 1l mlo Sight Distance
Vertical Curvature Crest of upgrade 500' upstream Taper on slight downgrade Vertical Curvature
Horizontal Curvsture Slaght revexse curve Horizontal Curvature
Pavenent Type Asphalt Pavement lype
ADT ADT

One-Vay. 45,000 One-Way 38,000

Two-Way: Two-Hay
S-Minute Count Time - 8:100 a m 5-Mfoute Count Time - 11 40 A M

Total 339 Total 369

Trucks 35 i P ag 10 ) 4 Trucks 42 » Percentage 1) 4

Lane 1 68 T 1 15

Lane 2 105 lane 2 60

Lane 3 132 Land 3 0

Lane & 34 Lne 4 6l

Lane 5 lane S

——~Bump 61

Accident Experience Per correspondence with the State Department A:ci—;n—l_i:perlence
of Iughuﬁz, :heﬁ veie no lane drop ulnﬁd aciiﬁnn from chmf 12, 1971 to
Operational Characteristics Worke well during off-peak hours Downstream Operationnl Characteristics A significant amount of last minute maneuver lng
congestion causes breakdown during peak a m. hour Commuters in left lane take occurs at lane drop

advantage of unloaded lanec drop area and cause merging problem Several near-

miss incidents were observed

Figure A-8 Fipure A-9
A-18 A-20
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A-21 A-23

site 28 Site 57

, Type __3 -2 laft , Type _ 3 = 2 Trap-right

Sight Distance 25 mile
level

Sight Distance 06 miles

Vertical Curvature

Vertical Curvature

Horizontal Curvature Horizontal Curvature_ Straight

.Puvement Type Pavement Type, Asphalt
ADT ADT
One-Way Ond-Way
Two-Way _ 20,150 Two-Way
5-M{oute Count Time 4 35 P M 5-Minute Count Time - 11 10 A M
Total 263 Totsl 108
Trucks 7 » Percentage 2 3 Trucks 1 » Percentage 1 z
Lane L 81 Lane 1 22
Lane 2 132 Lane 2 53
I ane 3 50 Lane 3 17
Lanu & Lane &
Lane 5 lane 5
_ _Ramp 16
LRR [

Accideut Fxperience

Accident Fxperience_Accident experjence is light

Opcrat ional Characteristics_ A few last drivers uae all the taper bhefore

Many vehicles crossed the solid white line at the

Opcrationat Characteristics

merging in through lanes Operate:

gore wd continued in the long escape area for some distance

Some vehicles

did nnt secm disturbed about traveling in this lane for some time

Traffic

volumes are fairly light

Figure A-10

A-22

NOT TO SCALE

Figure A-11

A-24

RIGHT LANE
EXIT ONLY
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EXIT ONLY
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0 SCALE




A-25

Site 2}

. Type:_4 - 3 Right

31

A-27

Site 03

» Type 4 - 3 Right taper

Sight Dietance
Vertical Curvature .

Sight Distance
Vertical Curvature__Level except over interchange

1% up and 3% down (1/2 mile east to 1/4 mile west of interchange)

Horizontal Curvature

Pavensnt Type, Concrete

ADT
One-Way
Two-Way

5-Mioute Count
Total,
Trucks, ., Percantag 2

Lane 1

2
Lane 3
Lane 4

S

Accident Experience

Horfzontal Curvature _Slight left-right reverse curve between on-ramp and
left-hand exit

Pavement Type Concrete
ADT
One-Way
Two-Way
5-Minute Count
Total
Trucks » Per 4

163,500

Lane 1

Lane

2
Lane 3
Lane &

5

Lane

Accident Experience Accidents/Million Vehicle Miles 1964 = 86 1965 = 47

T968 = © T
Eatality Rate;

Operstional Characteristics Size yory confuaing. Poox delineationof
—fgometrics,

IO &Y

1964 = 0.79 1965 = 0 92
Operational Characteristice It works quite well in off-peak hours but has
downstream capacity problems which cause freeway breakdown during the evening

rush hour  Signing is minimal but the sight distance is comparitively good
Figure A-12 Figure A-13
A-26 A-28
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A-29
Site 08

, Type __3 - 2 right taper [undar
—Juncer COnS"
3rd lane add-on.right

Sight Distanca__ 1100
Vertical Curvature__ Slight downgrade 1/4 mile before drop

Horizontal Curvature Right-hand curve downstream of lane drop

Pavenment Type concrete
ADT
One-Way
Two-Way 84,900
S-Minute Count Time - 11 00 am
Total 161
Trucks 47 , Percentage 29 1
Lane 1 1
Lane 2 80
lTane 3 80
Lane 4
Lane 5

Accident Experience Serious accidents at the lane drop have been reportcd *

Operational Characteristice__ A lot of last-minute lane changes are made in the

rud pavement (shaded area) The site is currently under construction and 1s

being chinged from a taper lane drop to an exit ramp lane drop

« Accrdents/Million Vehicle Miles 1964 = 0 41 196 = 0 n9
Number of Fatalities 1964 = 6 1965 = 10
Fatality Rate 1964 = 0 89 1965 = 1 62

Pigure A-14
A-30
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A-31
Site 47

o Type _3 -~ 2Rgmp

Sight Distance
Vertical Curvature 0 3 miles upstream = -2 40X, 0 0 = 2 00% .

Norizontal Lurvature O 3 miles upstream, D=3°00', R=191Q' .
00 D=0°%5", R=7639
Pavement Type_Concrete
AD1
One-Way 41,578 (1971)

Two-Way
RATERIRTENRII Average hourly volumes
Total 2068
Trucks + Percentage z
lane 1 346
1 e 2 Q20
| ane } 800
lane 4
lane S

Accident Experlence Accident rate = 1 12 accidents per million vehicles

Operational Characteristice Mesn speeds ranged from 48-53 mph during
study Overall erratjc movement rate = 6,100/million vehicles, overall
brakelight rate = 57,800/million vehicles

Figure A-15,

A-32
'
\ NORTH NORTH
L - £AST
i Q
q L e Il (1)
A J
|
i
| exIT
|t 1. /' /'
b
L L RIGHT LANE
SES st
L TURN RIGHT
[
[
il RIGHT LANf
SECOND RIGHT BT § ony
[ e L4
I
[
1
Ll NEXT RIGHT
b
i RIGHT LANE
| TT—] WUST
I TURN RIGHT
[ NORTH
- EXIT 3/4 MILE
| / + 4 EXIT ¢ ONLY
bk
|
I NORTH O
1 / earts | ons
ooy ‘ l

NOT TO SCALE




A-33

Stee 48

» Type:

3 - 2 Ramp

Sight Distance,

i

Vertical Curvature 1 3% grede upstxesn of lane drap/-2.18% grade uar down-

stream of lane drop,

Horizontal Curvature Straight Section

Pavement Type Concrete

ADT

One-Way 17,718 (1971)

Two-Way

S$=MtuuteGount Average hourly volumes
Total 830

Trucks

+» Percentage

Lane 1

Lane 2

Lane 3

Lane &

Lane 5

Accident Experience__ Accident Rate 0 77 accidents per million vehicles (1971)

Sce_Attached

Operational Characteristics

See attached - Exratic maneuver counts and

spot speeds

Figure A-16
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A-35

ACCIDENT SUMMARY
January 1, 1971 - December 31, 1971

STUDY PERIOD -
ACCIDENT RATE -
INJURY RATE -

077 accidents per million vehicles

046 injury accidents per million vehicles

33

TOTAL PERCENT
NUMBER OF ACCIDENTS 5 100
ACCIDENT TYPES
Rear-End 2 40
Multiple Rear-End 1 20
Lost Contral 1 20
Sideswipe 1 20
ACCIDENTS INVOLVING INJURY 3 60
TOTAL NUMBER INJURED [
TOTAL FATALITIES 0 0
LIGHT CONDITION
Daylight 3 60
Dark 1 20
Dawn or Dusk 1 20
PAVEMIQ\IT CONDITION
Wet 0 0
Dry 5 100
Figure A-16,
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¢

4

Southbound
AUTOS
Initaal 73
Delineators [72
Stripes EGP
%, & Delaneators 72

TRUCKS®
initial 63
Felxneators 63
Stripes 65
5, & Delineators 65

SPEED LIMIT - 70

r.D. AN
AUTCS
[n.t al 7.
pel.reators [[73
ptrires [ 68
B, & Delineators 70
TRUCKS®
smaft ciey
a7 'e < "efnicial 63
* r a2 .or- pPelineatcrs 64
par . ptr.pes 67
E, & Delineators 70

A-37

Southbound
AUTOS
Initial ]
Delineators 7
Stripes ~6
S, & Delineators 6

TRUCKS
Initial 63
Delineatnrs [52
Straipes 60
€, & Delineators 61

ALTOS
Initial 68
Delineators [[58
Straipes [ 65
S, § Delineators 66

TRUCKS

Initial
Delineators
jtripes

S, & Delineators

(L&

'l
‘|

BPATKETS DENOTE STATISTICALLY SIGNIFICANT MEAN SPEED DEVIATIONS

Mean Speeds at the — - - ~ — — —

Figure A-16.
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A-38 A-40
site 39 Sice 58

s Type:_3 - 2 Trap, right

» Type _3 - 2 Trap Right
Sight Distance 3 miles Sight Distance 2 miles

Vertical Curvature

Vertical Curvature

Horizontal Curvature

Horizontal Curvature

Pevenent Type__ Asphalt

Pavement Type__Asphalt

ADT ADT
One-Way One-Way
Two-Way Two-Way
5-Ninute Count 5-Minute Count
Total Total
Trucks , F ag 2 Trucks » Percentage ) 4
Lane 1 ' Lane 1
Lane 2 Lane 2
Lane 3 Lane 3 -
Lane & Lane &
Lane 5 i Lane 5
\
Accident Experience ! Accident Fxperience,
i
Operational Characteristics___ Traffic v 1igh 4 Operational Characteristics Traffic very light: 3 - 2 lape drop caused hy
tvo lane bridge, lane is added again beyond bridge
1
!
!
Pigure A-17 : Figure A-18
A-39 ; A-41
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A-G2 A-44
:
Site 60 Site 51
, Type.__4 - 3 Trap, right , Type:_ 3 - 2 Taper, right
Sight Distance Sight Distance
Verticsl Curvature Vertical Curvature
Horizontal Curvature Horigontal Curvature
Pavement Type_ Asphalt Pavement Type
ADT ADT
One-Way One-Way
Two-Way Two-Way
5~Minute Count 5-Minute Count Time - 11:30 a m
Total Total 104
Trucks, ,» Percentage X Trucke 16 , Per ag 15 14
Lane 1 Lane } 23
Lane 2 Lane 2 49
Lane 3 Lane 3 18
Lane 4 Lane &
Lane 5, Lane 5
ERR 6
R 14
Accident Experience Accident Experience
Operatjonal Characteristice_jaavy afrernoon traffic. A few on-yamp vehicles Operational Characteristice__ Many vehicles cross pavement striping near gore
\ N arca Some vehicles entering !reu\uy Just upstrean of lane drop Eave
Jhave trouble merging into through traffic hefare lane epda dus to heawy traffic
and short weaving area difficulties merging Into a through lane before the lane drop area
Figure A-20
tigure A-19
A-43 A-45

Il
14 1
]

ROAD
NARROWS

!
/'||

NOT TO SCALE NOT TO SCALE
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A-46

Stea__ 04

37

A-48
Stte 02

s Type _3 - 2 Right Taper

» Type _4 - 3 Txap Right

8ight Distancel/4 mile or more

Vertical Curvature_level

Sight Distance

Vertical Curvature

Horizontal Curvature_Slight left-hand cu; Axea

Horizontal Curvature

Pavement Type__Concrete

ADT
One-Way.__ 41,800 (1970)
Two-Way!
3-Minute Count Time - 7130 A.M.
Total 267
Trucks (] i Percentage 2 ' 4
Lane 1 133
Lane 2 115
lane 3 19
lane 4
Lane 5

Accident Experfence  Light

Pavement Type

ADT
Ume-Way _ 52,700 (1970) Peak Hour - 6,126
Two-Way

5-Minute Count Time - 5 10 P.M
Total 379
Trucks 12 » Percentage__ 3 X
Lane 1 153
Lane 2 125
Lane 3 101
lane &
l.ane 5

Accident Fxperience Low

Operational Characteristica AM peak hour carriep the mont traffic during a
typical day Speeds steady through entire
use trapped lane to gain an ndvnntgge because it {s £opty wall in ad

Operational Characteristics Downstream congestion back.lni up into area caused

alowdowns Stoppages noted after counts were made. Duriog peak S-minute period
speeds varied from 45 to 25. Some vehicles using escape lane get honked at, but

3000-4000 feet. Those vehicles usually ¢

generally merges were smooth Shock waves in rlg&t-hnnd lane take longer to dis-

aqueezing in because volums 1 below c inible N sipate Generally, operation must be considered quite acceptable. Metered
other than skip vhite. freeway demo will have effect when implemented in 1973, Signing for this lape
drop 1s entirely t. ra As state engineers 1
: contract  Solid white lime virtually gone already for this winter,
|
Figure A-21. Figure A-22
a-47 A-49
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4-50 A-S2
Site 52 Site 53
» Type __3 - 2 Taper, right . Type 3-2 Taper left
Sight Dietance 3 miles Sight Distance_ -2 miles
Vertical Curvature .3  Slight up-grade Vertical Curvature 12 Slight up-grede
llorizontal Curvature Sharp left 7 Horizontal Curvature None
Pavement Type Concrete Pavenent Type
ADT ADT
One-Way One-Vay
Two-Hay Two-Way
5-Minute Count 5~-Minute Count
Total Total
Trucks, » Percentage z Trucks » Percentage ) 4
Lane 1 Lane 1
Lane 2 Lane 2
lane 3 Lane 3
Lane 4 Lane &
Lane 5 Lane 5

Accident kxperfence Light, elight increase in mumber of accidents over the years,

Accident Fxperience Large mymber of accidopta in area, yearly accidents near

operational lanedrop as_follovp 1968=4, 1969=5, 1970w21,1971=13, 1922a8 . * probably due to incressed volumes

Operational Characteristics__ Operates poorly, a capacity problem during peak Operational Characteristics At 4 20 P M the site had capacity problems Oper-
ates poorly during peak hours, capacity problem

hours When freeway was originally designed, the right lane was continued to
the second exit causing problems between through drivers, exit traffic and

traffic entering from the loop connection Hence, the right lane vas striped

S

closcd creatf

operational drop causing downstream conflicts

* Dramatic increase between 1969 and 1970 has not yet been explained
Figure A-24

Figure A-23.
A-51 A-53

(exrt e |
/'

EXIT VE EXIT W I
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A-54

Site “

» Type 4 - 3 Pxig Right

Sight Dietence 1 mile
Vertical Curvature Slight upgrade

Horizontal Curvature_Slight right-hand curve ~ .65, Slight left - .1

Pavement Type__ Concrete
ADT
One-Way 36,625 (1970)
Two-Way
5-Minute Count

Total

Trucks » Percentage h 4

Lane 1

Lane 2

Lane No Counts Available

3
Lane &
5

Lane

Accident Experience 1970 accidest rate = 2,07 accidents/million vahicls milea

Operational Characteristics_Site works OK at light volymes

39

_ 4-56
Site 24

» Type:_3 - 2 Trap, right

Sight Distance,
Vartical Curvature

Horizontal Curvatura

Pavement Type__Asphalt

ADT
One-Way* 42,750 approaching 4,750 exiting
Two-Way.
5-Minute Count Time - 3:45 p m
Total 268
Trucks, 12 s P ag 4 4
Lane 1} 122
Lane 2 111
Lane 3
Lane &
Lane 5
—Raop 38

Accident Experience. 599 attached

Operational Characteristics__Site works well during off-peak hours,

lOW])

gl 2 nd_Re

Figure A-25.

A-55

0 0 GXIT § LR

[

Figure A-26

A-57

NORTH,

| EXITS 174 MILE

By s
= W
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A-58

Site 33 f.'

,Type __4-3 Right at Remp

A-60

Site 36

s Type _3 - 2 Right to ramp

Sight Distence__ -2 miles

Vertical Curvature

Sight Distance

Vertical Curvature

Horizontsl Curvature

Horizontal Curvature

Pavement Type Concrete

ADT
One-Way 28,200 approaching 6,300 exiting
Two-Way
S-Minute Count Time - 11 35 A.M
Total 132
Trucks 9 » Percentage 3 X
Lane 1
Lane 2 11
Lane 3 21
Lane & 14
Lane 5
Ramp 26

Accident Experience  Light accident experience

Pavenment Type Asphalt

o1
One-Vay 39,100 approaching 6,100 exiting
Two-Way

S-Minute Count Time - 4 45p ™
Total 292
Trucks 22 . Per ag: z
Lane 1
Lage 2 114
Lane 3 139
Lane &

Lane 5
Ramp 39

Accident Experience  Most accidents seem to be congestion related, only a few

near lane drop

Operational Characteristica__ Many erratic maneuvers obscrved in eacape area

after gore.

Operational Charscteristics This site operates with a minimum of disturbance

A few vehicles were observed making last-minute maneuvers

Figure A-27 Figure A-28
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A-62
Site 20

i Type

4 -3 Txap Right

8ite 1]

A-64

41

s Typet

4 - 3 Taper, left

Sight Distance 1 mile

Verfical Curvature_ -0 30X grade

Stght Distance

.5 mile

Vertical Curvature,

-1 068 to +1 4968

(400 vertical curve)

Horizontal Curvature_ No curve Horizontal Curvature _No curve
Pavement Type__ Concrete Pavement Type Concrete
ADT ADT

One-Way One-Way:

Two-Way z Two-Way* 26,842
5-Mtnute Count Time - 4.50 P.M 5-Minute Count

Total 191 Total 115

Trucks [ , Percentage 4 X Trucks i Percentags 13

Lane 1 47 Lane 1 25

Lane 2 47 Lane 2 45

Lane 3 49 Lane 3 40

lane & 48 Lane 4 5

Lane 5 Lane 5

Accid

Accident Bxperience_Light - 9 accidente over last 3 years at first off ramp,

3 accidents at lane drop off-remp

Experience

Only 8 few accidenta indicated

UperationalyCharacteristice__Traffic moves fairly well through section, ecme

last minute manuevers

Operational Ch

ietics This left-hand taper works rather well

Most

vehiclos seemed to make a smooth transition into the other lanes

Only 4%

of the total volume of traffic was in the left lane 3 mile upatream of the

lane drop

Figure A-29.
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A-s6 A-68
8ite 31 TYPE B -- ADD-DROP SITUATIONS
. 3 -2 1. d
Type: ane drop left Site 18
Sight Dietance 21 miles
» Typet_5 - 4 Trap-Right

Vertical Curvaturs

Sight Distance 25 miles
Vertical Curvature __little curvature

Horizontal Curvature,

Horisontsl Curvature Slignt upgrade cresting at 25 miles upstream

Pavenent Type

ADT
Pavement Type Concrete
One-Vay*
Two-W, ot
- One-Way'__ 149,000 (1968) Peak Hour 11,800
5-Minute Count Time -~ 12 00 noon
Two-Way:
Total 104
Trucks 20 19 5-Minute Count Time 9:00 AM
e 1 38 o Percancage 2 Total 633
Lane
Trucks 24 , P 3 Y
Lane 2 56 ag
L, 3 10 Lane 1 89
l.::. 4 Lane 2 84
e
Lane 5 Lane 3 133
o
Lane 4 130
Lane 3§, 128
Ramp 69

Accident Experience

Accident Experience

Operational Characteristics__ Vehicles tend to wait until the last minute to
merge right, regardless that traffic is light and that there are 8 signs

Operational Characteristics Very few erratic maneuvers were observed, however,

The proximity of an upstream on-ramp and the fact that there are few problems

9 00 A M commuter traffic may well make up the majority of vehicles

in finding a suitable gap in traffic may be responsible for this behavior The
State Highway Commiesion indicated that the site has been a problem and the

extensive signing has been largely successful in solving the problem

Figure A-31
Figure A-33
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A-70

Stce 2

» Type __5 - & Trap-Right

43

A-72
Site 62

s Type:_3 - 2 Trap, right

Sight Distance

Vertical Curvature

Sight Distance 1mile
Vertical Curvature _5light d rade

ing 8 miles

Horizontal Curvature

Horizontal Curvaturs Slight left hand curve at lane add
Right hand curve begins .3 miles

Pavement Type

ADT
One-Way 38000
Two-Way
5-Minute Count Time - 11 40 A M
Total k7]
Trucke A2 » Percentage 11 ) 4
Lane ] 28
Lane 2 &0
Lane 3 20
Lane & Al
Lane 5
——tdamp Al

Accident Experience

Pavement Type__ Concrete

ADT
One-Way.
Two-Uay.
S-Minute Count Time - 3:55 pm
Total 203
Trucks, 16 i P ag 7 X
Lane 1 24
Lane 2 70
Lane 3 59
Lane &
Lane 5
EM 2

Accident Exparience

Operational Characteristice_A 8significant amount of last minute maneuvering
occurs at lane drop

Operational Characteristics The site looks quite well even though geometric

conditions b or; (3 were cause hicles

attempting to exi ewa;

Figure A-32
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A-74

Site 63

» Type:i_3 - 2 Trap, right

A-76

Site, 07

; Type:_3 - 4 left taper with add-on left

Sight Dietance 1 mile
Vertical Curvature

Sight Distance 09 mile
Verticel Curvature__Level

Horizontal Curvaturs__Pairly sharp left curve ending at 3 miles upstreanm,
followed by a sharp right curve !

Horizontal Curvature__ Straight but lane drop tapers in a sharp left-hand curve
about 40’ downstream of last on-ramp

Pavement Type___ Concrete ‘

ADT
One-Way
Two-Way .
S~Minute Count Time - 4 30 P M
Total 269
Trucks 17 . 6 ) §
Lene 1 16
Lane 2 116
Lane 3 137
Lane &
Lane 5

Accident Experience

Pavemsnt Typa Concrete
ADT
One-Wsy
Two-Way! 195,500
S-Minute Count Time ~ 100 p m
Total 454
Trucks 55 , P ag: 12 1
Lane ] 64
Lane 2 99
Lane 3 123
Lane & 134
Lane 5 4

Accident Experience Accidents/Million Vehicle Miles 1964 = 0 30 1965 = 0 32
No of Patalities: 1964 = 13 1965 = 1 Fatality Rate: - - 1.26

Operational Characteristice_ Traffic volume was quite heavy, very few erratic

Operational Characteristice Many vehicles stop or nearly stop at lane drop
vehicles from ramp just before lane drop have much difficulty merging Into

manucvers were observed even though sight distance is minimal

through lanesg

Pigure A-35
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A-78

Site 99

s Type 4 - 3 _Trap, Right
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A-80

8ite. 12

3 Types 4 - 3 Double taper, left

Sight Distance

Vertical Curvature__d rade - 7 2 upgrade ends

8ight Dietance 3 miles
Vertical Curvature__ Long - up grade

Horizontal Curvature Slight left-hand curve

Horizontal Curvature

Pavement Type_ Concrete

ADT

ine-¥ay

Two~Way 77,797 1971)

5-Minute Count
fotal
Trucks + Percentage 4

Lane 1

lane 2

Lane

3
tane 4
5

Lane

Accident kxperience

Pavemant Type.
ADT
One-Way:
Two-Uayt 30,225 (1971)
5-Minute Count
Totsl
Trucks. 3
Lane 1
Lane 2

Lane 3
Lane 4
Lane 5.

Accident Exparience Several possible lane drop related accidents indicated

Operational Characteristics__Direct observation was not gvailable, Jdue to

inaccessibility of site

Operational Characteristics _ Tho second lane drop is difficult to eee until

just before the taper begins Vehicles entering from the on-ramp must merge

rapidly into the two through lanes to avoid being trapped and slowed in the

lane drop area

Figure A-37
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A-82

Bite b ]

; Type: 4 -~ 3 Taper, right-left add-drop

A-B4
Site 45

» Type 4 - ) Trap, right

sight Diet .56

Vertical Curvature__Long downgrade beginning at 58 miles upstream
Sag at 13 miles upstream

Sight Distance .2
Vertical Curvature_ Slight upgrade, cresting at 1 mileg

Horizontsl Curvature__Straight

Horizontal Curvature Right hand curve beging 4 miles upatrean

Pevement Type__ Concrete
ADT
One-Vay.
Two-Way: 16,250 (1971}
S-Mfnute Count
Total

Trucks » Percentage X

Lane 1

Lane 2

Lane 3

Lane &

Lane 5,

Accident Experience_ No accident material available

Pavement Type__ Concrete

ADT
One-Way 53,950
Two-Way
5-Minute Count Time 3 S0P M
Total 454
Trucks 28 » Percentage__ 6 b 4
Lane 1 30
Lane 2 133
Lane 3 131
lane & 160
Lane 5

Accident Experience 1970 accident vate = 7 68 accidents/million vahicle miles

Operational Characterietice _Drivexr confuaion hee beon apoaxent. Many
complaints (backed up by cbservation) indicate that drivers are not sure who

Operational Characteristice Much use of the escape lane is mada, Traffic was
quite heavy and definite merge problems occur in the lane drop area. Some

has the right-of-way and who is responsible for merging.

vehicles are almost slowed to a stop before find,

through lanes

Figure A-39
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A-86

Site 3

» Type _ 3 - 2 Right to ramp

47

A-88

Site al

i Typat_4 - 3 Trap, right

S1ght Distance 07 miles

Vertical Curvature

Sight Distance
Vertical Curvature__s1 4sX orade

Horisontal Curvature

Horisontal Curvature _Aa

Pavement Type _ Concrete

ADT
One-Way 46,000 approaching 10,500 exiting
Two-¥ay
S-Minute Count Time - 9 30 A M
Totel 199
Trucks 21 i P 10 X
Lane 1
Lane 2 93
Lane 3 64
Lane &
Lane 3.
Ramp 42

Accident Experience_ Accident experience is heavy

Operational Characteristics The site is considered to be a hazardous location
by many Collision attenuators have been installed in the gore area Many

vehicles were observed to make last-minute lane changes

Pavement Type__ Concrete

ADT
One-Way
Two-Way 36,633 ADT
S5-Minute Count
Total 139
Trucks 12 » Percentage 9 X
Lane 1 37
Lane 2 37
Lane 3 30
Lane & 45
Lane $

Accident Experience Ho accidente At gore axea,

—_— 1969 - 11 1970 - 11 1971 - 14

Operational Characteristics__Drop works well in morping. 1/4 traffic exics,
——all last mipute maenvera duriog thip time perdod vere exiters moving into
——the exit lage, Site is on a curve, Ramp poves off to rdsht (straight linpe
——maioling contioues thraugh curyel. . Slight downgrada helpa sight distagce,

Flgure A-41
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A-~90

8ite 24

» Typet 4 - 3 Trap, right

Sight Distance .03 mile
-2 695\ to +5 5% {1200' vertical curve)

Vertical Curvaturs

Horisontal Curvature & = 5° 51' 56 Rt D = 2° 30' 00" R » 2291 83
P Type. Asphalt
ADT
One-Way.
Two-Way
S-Miaute Count
Total 81
Trucks 4 » Percentage 5 z
Lane 1 33 ramp '
Lane 2 15
Lane 3 23
Lane 4 10
Lane 5

Accident Experience Several gore-located accidents have occurred

Operationsl Characteristics Lane drop is a problem even though volumes are
light Vehicles entering from upstream ramp think they have a thru lane to

travel in It abruptly ends Last minute maneuvers were mostly to avoid

leaving freeway

Flgure A-4)

A-91

BLYD
EXIT ONLY

1109
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A-92
Sita 32 -

» Typet 4 - 3 Trap., right

Sight Distance
Vertical Curvature__long de creating 2000° upstream. heginaing.of deacent
——abL -1.995% and leveling our at lape drap
Horigontal Curvature__S)ight curve to xight dowunatream - o

37 miles

Pavement Type Concrete
ADT
One-Way
Two-Way.
3-Minute Count
Total

Trucks +» Percentage X

Lane 1

Lane 2

Lane 3
Lene 4
Lane 5

Aceident Experience_Many accidner- ' .area.several may he lana drap related

Operationsl Characteristice_ Traffic volumes wegre fairly lizut during mid-day,
Some erratic_manuevers were observed near the gore area,

Figure A-44
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A-94

Site a3

» Type:_ Trap, left

Sight Distance 26 miles

Vertical Curvature

Horisontal Curvature

Pavement Type Concrete

ADT
One-tay*
Two-Vay

S=-Minute Count
Total
Trucks
Lane 1

Lane 2

Lane 3
Lane §
Lane 3,

Accident Experience A three year study of accidents reveals 33 accidents

occurred of which 3 were considered lane drop related

Operational Characterietice Iraffic volumes are fairly light mucn maneuvering

49

4-96
TYPE C — DROP-ADD SITUATIONS
Stte 34

¢ Type

3 -2 Drop-Add, left

Sight Distance 1 mile

Vertical Curvature_Very slight downgrade and upgrade, pag, at .4
Horizontal Curvature_Slight right curve 40 - Sharp left curva .24

Concrete

Pavement Type
ADT

Une-Way

Two-Way

5-Minute Count
Total

Trucks + Percentage 4

Lane 1

Lane 2

Lane 3

Lane &

Lane $

Accident Experience_High accidanr locarion

was observed in the section, however, direct observation of erratic maneuvers

was aot possible over a long period of time

Operational Characterietica_Mgny erratic mameuvers apd operational prohlems
have occured at this site, Site de due Lo be yeconatrucred to slimipars the

lane Jrop

Figure A-45

A-95

Figure A-46
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A-102
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NORTHBOURD LANE DROP - ALL ACCIDENTS
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Pigure A-48
'
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'
‘ A-104

1)

2)

NORTHBOUND LANE DROP

Accidents Attributable to Bottleneck

accidents betveen I --—
— -« — Lane Drop

Total
and

Total
the

Accidents occurring during
peak hours (3 pm to 7 pm)

Accidents attributable to the
bottleneck and upstrean
delays

A

1 nccidents occurring at
the hottleneck

a) Rear End
b) Lane Chuﬁ;e or Sideswipe
c) Ou!-of-cén:rol

2 Accidents occurring upatream
from the bottleneck

a) Rear End
b) Lane Change or Sideswipe
¢) Out-of-Control

3 Injury and Property Damage
Accidents |
2} Injury

b) Property Damage

Light Conditions

23

14

19

Light

1

- A-105
-
Site 4l
» Type:_4 - 3 trap right
- Sight Distance
~
Vertical Curvature
-
- Horizontal Curvature
° P Type,
ADT
One-Way 39,767
° Two-Way -
- S-Minute Count Time - 1 S0 p m
Totel 229
~ Trucks 29 s P 13 b 4
Lane 1 §7
Lene 2 68
-
Lene 3 40
Lane &
Lane S
e Ramp 43
< Accident Experience Total accidents: 1969 = S5 1970 = 3 1971 = 1 Avg = 3
Accidents per 100,000,000 vehicles = 20 67
Operational Characteristics Some vehicles tended to travel in the long
~ cwcape lane for quite a distance The crose-hatching at the gore area does not
nocossarily convince drivers to merge into the through lanes
€
©
-
“
-
L]
-
v a
- 3
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Site 1)

A-107

S1ght Distance

» Type _3 = 2 txap right

8ice 49

A-109

53

3 Type: 4 -1

Vertical Curvature

Sight Distance
Vertical Curvature

Horizontal Curvature

Horisontal Curvature

Pavenent Type Concrete

Peak liour 3600 - 3650

Time - 4 30 P M

ADT
One-Way 51,500  (1970)
Two-Way

5-Minute Count
Total 287
Trucks 23
Lane 1 131
Lane 2 110
Lane 3 46
Lane 4
Lane S

s Percentage 8 4

Accident txperience_Heavy (per atate estimate). Many accidents_in ages,
primarily due to other factors, principally road curvature (compound curve)

Operational Characteristics_Severe congestion in area due to cauges other thap

lane drop

Likewige, lane drop is pot prime cause of accidents, although, it

probably

contributes  Speed limit recently lowered from 60 to 55 through

the area

Personal observation is that traffic is smoother - lesd gpeed

diffirentials between vehicles

Pavement Type _Asphalt/Concrete at 67 1

AT
Oune-Way:
Two-Nay:
S-Minute Count Time - 11:30 A M
Total 273
Trucks 0 ;P g
Lane 1 70
Lane 2 54
Lane 3 83
Lane 4§ 66
Lane 5
o 10

Accident Experience

g Trucks Prohibit

Operationsl Characteristics Many vehicles make last-minute maneuvers

Traffic composition included percentage of taxi-cabs

Figure A-50
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Figure A-51
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A-111 A-113
Site 30 site 42
» Type'__4 - 3} Ixap-Risht
Sight Distance 24 miles Sight Distance 1 mule
Vertical Curvatura level Vertical Curvature__ level

Horizontal Curvature__ Sharp right, Slight left cuzve .

Horiszontal Curvature left hand sweeping curve ending 1 mile

Pavement Type Concreta Pavement Type__ Concrete
ADT ADT
One-Way One-Way
Two-Way Two-Way
S-Minute Count Time - 12 20 P M. 5-Minute Count Time- 1135 P o
Total 212 Total 110
Trucks, Q » Percentage 4 Trucks 22 » Percentage 20, ) 4
Lane 1 22 Trucks Prohibited Lana 1 24
Lane 2 55 Lane 2 60
Lane 3 20 Lane 3 46
Lane & 20 Lane &
Lane 5 Lane 5
M 10
Accident Fxperience Accident Experience
Opcrational Characteristics_ Many erratic manuevers occur at this site Violations Qperstionsl Characteristics 4 oucbar of errakic were ph d

£ the aperational lane drop are noticable during peak hour traffic

Flgure A-52
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Flgure A-53
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A-117
TYPE D —- STEP-QVER SITUATIONS

A-115 Bite 13
s Typei__ 4 - 3 Trap right, add-on left
Site 30 Sight Distence__ 1,500
» Type 4 -3 Trap, risht Vertical Curvsture__Level
Sight Distance__ 1 miles
Vertical Curvature Horizontal Curvature
Horizontal Curvature P Type,
ADT
Pavement Type _ Concrete One-Way
AT Two-Way. 144,000 (1968) peak_hour 11,200
ne-Way 72,200 S-Minute Count Time - 110 p m
Two-Way Total 469
5-Minute Count Time 5 30 P M Trucks 70 3 Pe ag! 15 L
Total 33 Lane 1 56 NUMBER OF ACCIDENTS (N | § MILE INTERVALS
-
Trucks 17 , Percentage 5 2 Lane 2 140 - uner l:::v.n-ov
tane 1 & Lene 3 122 Y] TRAVEL
95 £
Lane 2 Lane & 105 £ .
Lane } 127 Lene § 5 » LANg oo
tane & 44 3-4 247 £
Lane 5 1-2 222 "
.
Accident Experience .
.

Accident Fxperience

1971 accident rate per MVM = 2 1, only one accident

L4

win judged to be lane drop related, 18 were congestion related.

Operational Characteristice
Sight Jistance is restricted

Many last minute lane changes were observed

124 v "a
Opsrationsl Ch {otics The results from the first lane drop contract for
this site, in which the left two lanes are merged, show a uniformity of behavior

at all flow levels The two lanes that merge at the lane drop show a seavere

decrease 1n speeda; however, the right lane has virtually no gspeed drop and lane 2

drops only slightly The disturbances in speed in all lanes increases as the flow

increases The traffic flow rate curves indicate that vehicles in the left lane

follow the signing and start to merge right upstream of the lane drop, then are

forced back to the left by the pavement markings in the lane drop taper area

Flows 1n the right two lanes remain relatively undisturbed, except for the influx
of a very few vehicles from the on-ramp upstream of the lane drop

The slight speed increase in the right two lanes at the upstream end of
the lane drop taper was observed during all three film periods, but no explanation

Figure A-54 of ite cause has been found
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A-119 A-121
Stte, % - Stte 10
, Type 3 -2 Trap-Lefe ; Typer_3 - 2 left-taper

Sight Distance 05 aile Sight Distence 32 miles
Vertical Curvature___ 13 Vertical Curvature  level
Horizontal Curvature__ Slight curve to the right 22 Horisontal Curvature_Straight
Pavement Type Concrete Pavemsnt Type__ Concrete
ADT ADT

One-Way One-Way

Two-Way Two-Way: 48,300 (1974)

5-Minute Count 5-Minute Count

Tocal Total 264
Trucks ___+ Percentage 1 Trucks 18 3 P ag ] ) §
Lane 1 Lane 1 118
Lane 2 Lane 2 129
Lane 3 Lene 3 17
Lane & Lane §
Lane 5 Lane 3,
Accident Experience Accident Experience number of accidents 1971 14 (5 were in the immediate
lane drop area )
Operational Characteristics, Minimal sight dietance causes many last minute Operational Characteristics_ Thig site is heavily congested during the AM
manuevers Gore area 1s not very well defined o __peak-hour _Many laet minute maneuvers were observed
Figure A-56 Filgure A-57
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A-123 A-125
Site 11 Site 03
: Type: 3 - 2 Taper, left » Type 3 - 2 laft
Sight Distance Sight Dietanca _ 700 feet
Vertical Curvature__ Slight rade ( 65) Vertical Curvature_ level
Horizontal Curvature Horizontel Curvature tangent
Psvenent Type__ Concrete Pavement Type__ Concrete
ADT ADT
One-Way: One-Way _ 51,500 (1970)
Tvo-Way'__48,500  (1971) Two-Way _73,323
5-Minute Count 5-Minute Count Time - 5°00 P.NM.
Total, Total 313
Trucks 3 P z Trucks 23 » Parcentage bl ) 4
Lane 1 Lane 1 110
Lane 2 3 Lane 2 109
Lane 3 ! Lane 3 94
Lane & Lane 4
Lane 5 Lane 5
Accident Experience__ Number of accidents 1971° 5 - st least one night be Accident Experience_Light to modersate {nverage) - Few accidents
—~—sonaidared lane drop gelated,
Operationsl Characteristics__This site is comparable to site 10, they are at Operational Characteristice_Suprisinaly good gperation idard d
ute lane 1s around a_horizontsl cu
erracic manyevers were obaserved. even ag low traffic volumes. distance to the gore, and exit 1o on the lefc, Speedn affected by ralariusly
heavy truck volumes {n left lame (Left exit lsads to a truck terminal area)
Geometry due to restricted R/W & planned comnection to future crosstown free-
way extending across the river
Figure A-58 Figure A-59
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A-127 .

8iee__46

; Types__4 - 3 Trap, left

Sight Distance___1,000'

Vertical Curvature__ Slight upgrade begimaing at 95 miles upgtroan

Horisontal Curvature Right-curves at gore area: lane drop ramp to tangent

V10921 o

P Type, Concrete/asphalt at .3 mile
ADT
One-tay: 64,680
Two-Way! a
S-Mioute Count
Total N o
Trucks 3 P X h
Lane 1

Lane 2
Lane 3 No counts available

Lane &
Lane 5

Accident Experience Acrident rate in 1970 = 4.8 accidents/million vehicle

miles

P 1onal Ch: 1stice This site is known to be a service accident
location The left lane seems to be unloaded well before the lane drop but
congestion was apparent at 4:30 p.m. Breakdown may be dus to capacity problems.
The left tangent off-ramp lane drop combined with a sharp curve on the ramp

produces a key hazardous location

Figure A-60
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A-130

| 81te, 29
‘ i Typei_3 - 2 Trap, left
‘

Sight Distance 11 mile
Vertical Curvature

Horisontal Curvature

Pavement Type

ADT
Ona-Way 7200 52,900
Two-Way

S~Minute Count Time - 9 30 am
Total 224
Trucks 23 s P 10 4
Lane 1 62
Lane 2 111
Lane 3 51
Lane &
Lane 5

Accident Exparience See attached

‘ Operational Charscteristics___ The site is considered to definitely be a high-
accident location There 18 no escape lane from the trapped lane at the

off-ramp Collision attenuators have been placed in the gore area Signing
Ts poor because another left-hand exit to the freeway's express lanes is

located only 1100' upstream of the lane drop. The signs located on the right

probably are not terribly effective Hence the only two signs prior to the

lane drop are within one-fifth mile of the exit

Figure A-61
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Location NB of
Milepost 165.10 - 165
Proporty Damage Accldents 25
tnjury Accldents 13
Fatal Accldents 1
Total Accidaents 39
Persons Injured 24
Fatalitles '
Property Damage $ 31,000
Economic Loss $141,000
Accidents per MVM 4.0
ADT 52,900
Drop Lane Related Accidents I
Rear-end Accs Due to Congestlon 29

A-132

ACCIDENT SUMMARY

Orop Lanes
1971 Accldents

59

$B oft

168,30 - 168.80

9
17

0
36

28
0

$ 27,000
$102,000
2.1
72,200

|

18

1971 average statewlde rate for urban Interstate roadway is 2 .

Figure A-61
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A-133
TYPE E -- LANE SPLIT SITUATIONS A-135
Site o4 Site 06
; Typet_3 - (2-1) split : Type:_5 to 3 (1/2 split) after add-on, right
Sight Distance .2 mile Sight Distance,
Vertical Curvature__Slight downgrade Vertical Curvature__Slight downgrade upstream of lane split
Hordsontal Curvature _ Right hand curve Horizontal Curvature _ Generally straight, slight right-hand curve 6 miles
upstream
Pavement Type___ Concrete Pavenent Type Asphalt
ADT ADT
One-Way One-Way
Two-Way* Two-Way: 159,700
S~Minute Count S5-Minute Count Time - 7:30 a m
Total Total 559
Trucks s P ag 4 Trucks » Parcentage } 4
Lane 1 Lane 1
Lane 2 Lane 2
Lane 3 Lane J
Lane & Lane & -
Lane 5 Lane 5
1 -3 286
4 -6 273
Accident Experfience Accident Experience Accidents/Million Vehicle Miles 1964 = 86 1965 = 47
No of Fatalities 1964 = 6 1965 = 7 Fatality Rate 1964 = 0 79 1965 = 0 92
Operationsal Characteristics__The site had operational problems when the middle Operational Characteristice__ This site has congestion problems throughout most

lane was an optional lane forming a 3 to 2-2 split The majority of the traffic of the day Many last minute lane changes were observed Ramp traffic unable to
uses the left fork of the split The site was restri to force the left two merge downstream backs-up into lane drop site.

lanes left only and the right lane right only According to the
Department of Transportation, operations have improved congiderably eince the

restriping
Figure A-62 Flpure A-63
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A-137

Site 43

» Type _3 - (2-2) Split

Sight Distance__ 39 miles

Vertical Curvature _ Slight upgrade cresting at .94 miles upstream, alight

downgrade leveling off at 59 mileg upgtream
Horizohtal Curvature Slight

Pavement Type Concrete

61

A-139

8ite 22

, Types_ 4 - (2-2) split

Sight Distance 1 mile
+0,52% grade

Vertical Curvature

Horizontal Curvature _ no curve

P Type. Concrete

ADT

One-Hay

lwo-Way

5-Minute Count Time 5 30 P M

fotal 222
Trucks 5 » Percentage 2 ) 4
Lane 1 61
lane 2 105
lane 3 56
lane 4
lane S
Right Pork 101

Accident I'xperience,

ADT
One-Way

Two-vay _____ 19,482
S5~-Mtnute Count

Total 256
Trucks 21 s P 85 X
Lane 14 160 to I-18 =
Lane 2
Lase 3, 9 to 1-80
Lane &
Lane $
.

Accid Experience__High accident experience indicated No actual data

obtained

Uperat ional Characteristics Traffic volume splits evenly., There were a few

Operational Characteristics___Tha gure Axea gocma to appesr vary auddenly

erratic maneuvers observed, however, traffic generally flowed spaathly. {almost unexpected) Last-minute maneuvers were observed with some_frequency
Plgure A-64 Figure A-65
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B-1

APPENDIX B - DATA COLLECTION PORMS USED IN PRASE I SITE VISITS

Appendix B consists of data forms developed for gathering lane
drop information from State and Metropolitan agencies and at

lane drop sites during Phase I efforts.

PHONE INTERVIEW SHEET

State Date Phone No

Person contacted Position

Approximately how many lane drops are in your state?

Are any of them considered to be problems, in terms of high accident rates or

unusual congestion? __ How many?

Which ones?

How does your state determins problem locations?

Doea your state have any documented lane drop design policies and practices?

How do problem locations deviate from the established design policies and
practicea?

B-2

Can SDC obtain plans of lane drops, accident and traffic counts, photographs,
or other data?

B-3

OPERATIONS FORM

Organization Date

laterviewed Location

Where are your problem sites located?

i

2

8-4
-2-

Have you done any studies at these sites? If so, what kind, and what were the
results?

Is there anyone else in your state (in a regionsl office perhaps?) wvho might
have knowledge of lane drops thare?

Can we visit you to collect data, discuss design policies and observe traffic
at some of your lane drope?

Date of personal interview

Areas in state to be visited

Letter sent

Comments

Do you have any sites which you feel work well?

[f so, where are they located?

1

2

Wwhat type of accident record information and volume information can be made
available for these sites (good and bad)?

What 18 the best method for obtaining this information?




POLICIES & PROCEDURES FORM

State Date

Intervieved Location

Name Title

Do you conform to the AASHO's red book guidelines?

Do you have a State Manual on Signing, striping, and geometric design
and does it conform to current practices?

Are there any lane drop sites in your state which conform to current design
specifications? If so, where are they!

What has been your experience with their operating characteristics?

Briefly describe current guidelines for striping, signing & geomstric design
(Attach handouts )

Have there been any lane-drop studies done in your State? ,
If 8o, are there reports available?

Are there any studies currently in progress?

If 80, when will they be completed and can copies of any reports be made
available to us?

Are there geometric plans and signing and striping inventories svailabl: for
sites?

What is the best method for obtaining this information?

63

SITE FORM

Site No Route Designation

LUCATION  Stcate , City N
Route No

Characteristics upstream of lane drop
Geometric Design

Distance to closest ramp

Name of ramp

Type of ramp (on, off, direct, loop, etc )

Number of freeway lanes s Width of lane
Width of median » Width of shoulder
Gradient

Length of graded section

Begin point End point

Curvature

Begin point End peint

Pavement type

Sight Distance (to end of taper or lane)

Characteristics downstream of lane drop
Geometric Desaign

Distance to closest ramp

Name of ramp

Type of ramp (on, off, direct, loop, etc )

B-8

Number of freeway lanes , Width of lane
Width of median , Width of shoulder
Gradient
Length of graded section

Begin point End point
Curvature

Begin point End point
Pavement type

Sight distance (to end of taper or lane)

Lane drop characteristica

¥hich lane physically dropped?
Which lane operationally dropped?
Type of lane drop

Type of lane split

Length of physical taper

Length of operational taper

Provide sketch of area
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B-9 B-11
OPERATIONAL CHARACTERISTICS SIGNING
Site No Route Designstion Type
(Demorial name)
Message
Location State ’ City
Color background . letters
Route No » Direction
Size width ,» height
ADT for the year - —

Location above ground

Overall accident experience

Location in relation to freewsv (1-ft, right, overhead)

Distance to lane drop

Date of eite visit

Day of week , Time of day to

S-minute counta

Time

Lenes

PAVEMENT MARKINGS

Location begin point end point

Type of marking

Color

B-10
Odometer readings & speeds
Time of day lst pass 2nd pass
Location Speed Speed

Nearest upstream ramp

Beginning of taper

End of taper

Ramp gore (trapped lame)

Nearest downstream ramp

Sign location 1

Sign location 2

Sign location 3

Sign location 4

Sign location 5

sight distance to end of taper or gore

Comments about operationsl characteristics of site
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APPENDIX C - BEFORE/AFTER STUDY AT A METROPOLITAN LANE DROP LOCATION
A "before-and-after" study was conducted at an urban leme drop site to
deternine if traffic operations and safety at the site could be improved
through the implementation of traffic control devices
In June, 1972, a left-hand lane drop was created near an off-ramp of a
northbound freeway. Because traffic volumes are very heavy in the left
lanes during peak-hour operation, it was decided that the lane drop
should be accomplished by operationally merging the right two lanes
upstream of the physical lene drop An operational right-lane taper
was installed for this purpose. Subsequent problems with this configura-
tion resulted in the transforming of thie lane drop into an operational
exit ramp drop in January 1973. Both "before" end "after" data were
collected at the site  The data support the subjective opinion that
improvement in operations and an apparent lesseming of driver confusion

resulted from the change.

"Beforc" Site Configuration
The lanc drop was created wvhen a fifth lane was added in the median of a four-

lane section of freeway The fifth lane was continued from a left-hand on-ramp

connection from freeway app ely three miles upstream of the
sclected of f~ramp The lane was physically dropped on the left, but opera-
tionally the two right lanes were merged by moving the four left lanes of
traffic to the right onc lane-width through pavement striping Advance
si1gning and pavement markings instructed an approaching driver in the right
lanc to merge left, Flgure C-1 illustrates the geometric configuration and

traffic control devices at the lane drop site,

!\
I
t

Y
NE

c-3

—- o —

EXIT 1 WILE

SEER

i i a

NOT TO SCALE

Pigure C-l. Schematic Drawing of "Before" Configuration
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ZAfter® Site Configuration
On January 28, 1973, the site was reconfigured to drop the right lane operation-

ally at the selected off-ramp An existing short up-grade between the of f-ramp
and the beginning of the:old operational taper was effectively used to hide
the physical continuation of the right lane from the approaching right lane

driver. Figure C-2 illustrates the "after" design configuration.

Analyais of Configurations in Terms of Lane Drop Design Principles

In the main body of the report, eight lane drop design principles were out-
lined It was expected that if these principles were violated, poor traffic
operations would result; conversely, if these principles were cbeyed, lane drop
operations would be satisfactory A listing of the design principles and the

adherence of both design configurations to these principles follows.

1 THE LANE DROP SHOULD BE PLACED WHERE THE SURFACE OF THE ROADWAY REMAINS
VISIBLE CONTINUOUSLY FOR A SIGNIFICANT AMOUNT OF TIME
~Before- -After-

NO Sight distance is 650'; a YRS Sight distance is 1650';
vertical curve hides the the operational lane drop
operational lane drop. is on a slight up-grade

C-4
/ EXIT ) NILE AVENUE /
REGION )
| RIGHT LAXE
/’_" MST
L EXIT
|"“ Bl
1 THRY
maton3 | L)1 1 TRAFFIC
[ MERGE
1 NN LEFt
[
I
| I : = || ¢ exrony e
NOT TO SCALE

Figure C-2. Schematic Drawing of "After" Configuration
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2 THE LANE DROP SHOULD BE PLACED AWAY FROM ATTENTION-DIVIDING CONDITIONS,

SUCH AS RAMPS OR COMPLICATED DIRECTIONAL SIGNING

-Before- -After-

NO The off-ramp is The off-ramp is now
situated in the middle of part of the lane drop, an on-
the lane drop signing remp 3850' upstream of the lane
sequence, 650' upstreem of drop might cause problems for

the beginning of the taper entering drivers If so, an ad-
ditional sign on or near the

on-ramp might help

3 THE LANE DROP TAPER SHOULD ALLOW FOR A SMOOTH TRANSITION TOR DRIVERS To
MAKE A LANE CHANGE IN THE TAPER AREA AND SHOULD PROVIDE ADEQUATE VISUAL

CUES WHIOH INFORM THE ORIVER THAT HIS LANE IS ENDING

-Before- -After-

No The 50 1 taper is probebly Not applicsble, lane drop
adequate but visual cues is at an exit ramp
are very misleading, the
lane physically continues

in a straight line

7 WHEN A LANE 15 ADDED AT AN ON-RAMP AND DROPPED AT A NEARBY OFF-RAMP, THE
ENTERING ORIVERS SHOULD BE NOTIFIED THAT THE LANE THEY ARE TRAVELING IN

15 NOT A CONTINUOUS LANE FOR THROUGH TRAVEL

-Before- -After-

Not applicable Not applicable

8 CONSISTENT AND APPROPRIATE TRAFFIC CONTROL DEVICES (TCDs) SHOULD BE USEDL

'

IN ADVANCE OF A LANE DROP

-Before- ~-After-

NO TCDs inform the driver that YES Signing, which begins just over
his lane is physically ending, 1 mile upstream, and skip-striping,
which is inconsistent with the which begins 1/2 mile upstream,
fact that the lane is visible give adequate and consistent

after the lane drop The first warning that the lane is for

TCD is 1300 upstream of the exiting vehicles only Notice

beginning of the taper, not that there is no mention of the
auch notice to make a smooth lane physically ending, only that
transition out of the lane the lane is reserved for exiting

vehicles

In summary, the original lane drop violated several of the design principles,

but the current lane drop seems consistent with most of these principles

c-6

4  THE LANE DROP SHOULD BE PLACED ON THE BETTER SIDE OF FREEWAY FOR GIVEN
TRAFFIC AND GEOMETRIC CONDITIONS

-Before- -After-

YES Constructionally the lane YES Same as "Before "
drop should be on the left,
operationally on the right

It 18 so placed.

5  YHE LANE SHOULD APPEAR TO PHYSICALLY END ON THE SAME SIDE OF THE FREEWAY

AS THE OPERATIONAL LANE OROP

-Before- -After-

NO The right lane appears to,and YES The vertical up-grade hides the
does physically, continue sighting of the right lane down-

through the lane drop area atream of the lane drop area [rom
the operational lane drop viewing

point

6 WHEN A LANC DROPS AT AN EXIT RAMP, AN ESCAPE AREA OF ADEQUATE DIMENSIONS

SHOULD BE PROVIDED TO ALLOW FOR A SMOOTH TRANSITION INTO THROUGH LANES

-Before~ -After-

Not applicable YES The operational gore extends for
300" and the unused old through
lane continues for 650°' before the
beginning of the physical taper area

c-8

Presentation of Data

wBefore" data were collected on two different occasions On Thursday, July 20,

1972, afternoon peak-hour traffic was observed, and on Wednesday, Janusry 24, 1973,
midmorning of f-peak traffic was observed Volume counts, lane distributions,
craffic composition, and ramp volumes were collected on both days Due to the
development of new data collection end analysis techniques in the interim
between the two data collection efforts, peak-hour counts were made 600 feet

downstream of off-peak hour counts

Peak-hour and off-peak-hour data were again collected at the site after the
changes were made Since a change in configuration (from a taper to a vamp
drop) was made, approximately four weeks was allowed for the settling down of

the site before data were collected

Table C-1 summarizes average six-minute volume counta, lane distribution, traffic
composition, and vamp volumes *both before and after the change during peak-hour

and of f-peak-hour operation



TABLE C-1 - “BEPORE" AND "AFTER" AVERAGE SIX-MINUTE COUNTS

Lane [ Lane | Lane | Lane | Lane | Off-
Totel 1 2 J [] 5 _Remp | Trucks

Before Peak-Hour®
7/20/72 (Thurs ) 809 - 157 179 166 191 116 22
3 30-5 00 PM

After Peak-Hour#
3/1/73 (Thurs ) 831 - 173 178 187 203 90 21
3 30-5 00 PM

After Peak-Hour
3/1/73 (Thurs.) m 107 131 181 175 179 - 20
3 30-5 00 PM

Before Of f-Peak-
Hour, 1/24/73 (Wed ) 480 86 1 107 103 n 46 32
10.30-11 00 AM 1

4
After Of f-Peak-Hour
2/23/13 (Fri ) l 468 50 105 122 106 85 &4 33
ho 30-11 30 AM

*These counts were made approximately 600' downstream of the other counts

In addition, lane change information was obteined in the off-peak data col-

lection activity. FPor this purpose, the site was divided into three regions.
Region 1 contained the area from the selected exit gore to the end of the
taper area, Region 2 contained the area from the LANE ENDS MERGE LEFT sign
to the exit gore, Region 3 contained the area from 2800 feet upstream of the
taper to the sign., These regions sre indicated in Tabls C-1 Six-minute
counts vere made of vehicles changing either into or out of the lane drop lane
for each region. These average counts are contained in Table C-2 If a
vehicle did not move out of lane 1 by the end of the taper area, it was still

counted as moving out of lane 1 {n region 1.

c-11

TABLE 3 - "BEFORE" AND "AFTER" VOLUME AND LANE CHANGE AVERAGE SIX-MINUTE COUNTS
Hearest
Lano | Lane | Lene | Lane | Lane | Off~ | Upstrean
Totall 1 2 3 [3 3 | Ramp | On-Ramp | Trucks

Before
1/24/73 (Wed ) 480 86 11| 107 103 73 46 - 32
10_30-11 30 AM
After
3/16/73 (Fri ) 459 54 104] 100] 110f 91 L1 42 38
10:00-11:00 AM

Region 1 Region 2 Region 3
Into Out Of Into | Out Of Into Out Of
Lane 1 : Lane 1 Lane 1 : Lane 1 l.nnl;l.mnl
g g =
Before ' ' :
1/24/73 (Wed ) 0 M | 1 6 12 , 7
10 30-11 30 AM L .
After . X
3/16/73 (Fr1 ) 1 ' 3 6 ' 13 8 . 16
10 30-11 00 AM N »

Analysis of "Before'/"After"

"Before" traffic operations during both peek-hours end off-peak hours were
Judged less than optimum Through obeervation of traffic it was concluded

that two undesirasbla traffic patterns were taking place:

(1) Mesny drivers made erratic msneuvers in moving out of the lane

drop area and

(2) Many more drivers refused to leave the operational drop lane at
all and continued {n a straight-line direction, while all other

traffic moved to the right one lane-width
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TABLE C-2 ~ "BEFORE" AND "AFTER" SIX-MINUTE LANE CRANGE COUNTS

Begion 1 Region 2 Region 3
Into | Out Of Into | Out Of Into | Out Of|
Lane 1 ' Lane 1 Lane 1 « Lane 1 Lane 1 Lane 1
—_— e St~ - ufme ] lane
Before Off- ' '
Peak-Hour ' . .
1/24/73 (Wed ) 0 s 1 ¢ 7o
10°30-11 30 AM L
Aftor Off- . .
Peak-Hour ! . '
2/23/13 (Prt ) °o 0 o 7.
10 J0-11 30 AM i "

Table C-2 indicates a significant change in vhere vehicles move cut of the
dropped lane However, since the operational lane drop was moved upstream
approximately 650 feet, it is reasonable to readjust the region locations to
account for the change in configuration. This was done (the new region loca~-
tions are illustrated in Pigure C-2) and additional volume and lane change
data were collected on Friday, March 16, 1973, Table C-3 summarizes the
volume and lane change data from that effort compared with the "before" data.
Note that the regions and volume count locations are relative to the location
of each lane drop configuration and, therefore, counts were not taken at the
same physical location, Refer to Pigure C-1 and C-2 for the locations of

region boundaries

c-12

Erratic maneuvers were observed with some fr q y These rs were
fenerally either reduction in speed (indicated by brake light 1llumination)
or the acceptance of small gaps to accomplish a lane change just prior to, or
in, the taper area. It is felt that several factors caused drivers to misunder-
stand vhat was expected of them and, therefore, made erratic maneuvers to

compensate

First, advance warning was accomplished by a LANE ENDS MERGE LEFT sign approx~
imately 1350 feet upstream of the taper and 750 feet upstream of the exit ramp
Tn addition, several white pavement arrows were located between the exit ramp
and the lane drop taper Apparently the advance warning did not effectively

inform the drivers of the impending lane drop, because many vehicles, including

large commercial trucks, did not move out of the lane in advance of the lane

drop area

Secondly, sight distance was restricted by the presence of a short up-grade
beginning at the exit-ramp gore and cresting near the beginning of the lane
drop taper This sight distance, approximately 650 feet, does not allow many

drivers to observe and react to the lane drop without making an erratic maneuver

Finally, the lane drop itself could be misleading to a driver because he can
see that a through traffic lane continues in his line of sight downstream of
the lane drop This may cause confusion as to whether he should believe the

traffic control devices and merge left or believe his eyes and continue straight
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Many drivers in thie situation continued straight through the lane drop area,
causing a sacond type of operational conflict The atraight-through traffic
forced a fight for lene position with the drivers following lane lines and,
therefore, moving over from the left In some cases when tvo vehicles in
adjoining lanes arrived simultaneously at the lane drop merge area, an

erratic maneuver was committed by one or both drivers to avoid an accident

The change in configuration seems to have improved the lane drop site con-
siderably Drivers appear to be moving out of the drop lane further upstresn

and in a safer manner

Traffic volumes, traffic compositions and off-ramp volumes were consistent
between the "before” and "after" data collection activities The lane distrib-
utions did change somewhat, but this Is to be expected {f drivers are woving

out of the drop lane earlier

In addition, it should be noted that although drivers moved out of the drop
lane well {n advance of the gore area in off-pesk-period operations, many
conflicts and late lane changes were observed during peak-period operation
This is probably due to the lack of suitsble gaps for merging in heavy traffic,
but the number of such instances vas sharply reduced after the lane drop vas

reconfigured

A graph, as shown in Figure C-3, of cumulative percent lane changes out of the
drop lane was produced for several metropolitan area lane drops A more convex

curve indlcates that most drivers are leaving the drop lana well in advance of
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the taper or gore area and thus 1s considered a wvell-working lane drop. Con-
versely, a concave curve will indicate a poorly working lane drop. In this
study, three curves were generated, representing the "before” condition, the
"after” condition using regions identical to the "before" condition, and the
Yafter” condition using regions similar in nature, but not location, to the
"before" condition These curves are superimposed over similar curves for

other lane drop sites.

A quick comparfscn of the curves indicates the relative effectiveness of the
site before and after change in configuration. Two different curves are
developed for the "after" configuration, because the location of the opera—
tional lane drop was changed It is felt that when the location of the lane
drop is changed that two sets of curves should be developed, one comparing the
“after" configuration directly with the "before" configuration by using the
same region houndaries locacione and the other to compare the relative effec-
tiveness of the configurations using region boundery locations appropriate for
each configuration It can be seen from the three curves that an {mprovement
in lane change behavior was made by the change in configuration. In addition,

by comparing the "before" and "“after" configurations to other lane drops in the

area, it can be seen that the site improved relative to other sites as well.

Conclusions
A right-hand operstional merge at a left-hand physical lane drop located just

downstream of the selected exit of the freeway in the area resulted in several

™ REGION 3 REGION 2 REGION 1
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° }—— (EXIT)
L (TAPER)
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g ¥
=1
£
s 0
El
3
»
0
10
DISTANCE
172 MILE YPSTREAM END OF TAPER OR ESCAPE AREA
Figure C-3 Cumulative Lane Change Curves at Several lane Drop Locations
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problematic maneuver patterns during both peak and off-peak period cperation
The major problems seemed to stem from two sources, 1) little advance warming,
compounded by an interfering right-hand exit ramp located 650" upstream of the
beginning of the operational taper, and 2) the visual continuation of the opera-
tional drop lane past the marge area Many drivers made last minute or erratic
lane changes out of the operational taper area, and many additional drivers con-

tinued through the operational taper forcing a downstream conflict with traffic

moving from the left into their path of travel

A change in configuration using traffic control devices transformed the opera-
tional taper lane drop {nto an operational exit lane drop at the off-ramp A
short up-grade which formerly impaired the lane drop taper sight distance became
the foclnl point of an operational gore extending 300' upstream of the physical
gore The up-grade also alded in hiding the physical lane continuation from

approaching right lane drivers.

Data collected before and after the change in configuration during both peak
and of f-peak period operations confirm the subjective opinfon that most through
drivers now leave the right lane wvell upstream of the lane drop in addition
drivers only rarely remain in the right lane beyond the operational gore area
Merging conflicts were atill observed during peak-period operations after the
change in configuration, but were most likely the result of the near-capacity
velumes rather than the configuration Finally it should be noted that the
improvement in site operations is not necessarily due to ome configuration type
inherently being better than the other (i e., an exit lane drop vs, a taper lane

drop) More likely, the improvement results from the adherence to the design

principles
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APPENDIX D - BEPORE/AFTER STUDY AT A LANE DROP LOCATION

A "before-and-after” study was conducted at a lane drop site in a moderate-

site city to determine the effect of the impl on of ch in traffic

control devices upon traffic operations and safety In March, 1973, a left
hand lane drop was changed to a right-hand lane drop through the uge of
traffic control devices Thia change was prompted by the observation by the
Division of Highways that during peak-hour flow, Sunday afternoon returning
recreational traffic, an uneven lane distribution was causing premature
capacity breakdown at the location

"Before” and "after" data were collected at the site during off-peak hour
operation as well as peak-hour operation The change in traffic control
devices had a significant effect on both peak and off-peak operations,
causing peak hour operations to improve conaiderably but causing many
conflicting driver patterns, at times with undeairable results, to energe

during off-peak operations

“Before"~ Site Configuration

The lane drop was created due to a stage construction on a three-lane
freeway Two lanes of the freeway were initially constructed along the
eastern length of the section A third lane is being constructed in stages
Prom a construction point of view, it wvas wise to add pavement in the free-
way medisn, thus decreeing a left-hand physical lane drop Figure D-1

1llustrates the lane drop as it appeared in December 1972
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After” Site Configuration

On March 9, 1973 the site was reconfigured to improve an uneven lane
distribution observed during peak hour operation Tho physical lane
drop remained on the left but resigning and striping operationally

attempted to merge the two right lanes Figure D-2 illustrates the

“after" configuration

Analysis of Configurations in Terms of Lane Drop Deaign Principles

Fight tentative lane drop design Principles were outlined in the main
body of the report It was expected that if these principles were
violated, poor traffic operations would result Conversely, if the
principles were obeyed, lane drop operations should be satisfactory. A
Listing of the design principles and the adherence of both design con-

figurations to these principles follows

1 THE LANE DROP SHOULD BE PLACED WHERE THE SURFACE OF THE ROADWAY
REMAINS VISIBLE CONTINUQUSLY FOR A SIGNIFICANT AMOUNT OF TIME

-Before- -After-

YES Sight distance is about YES Same as “"before”
1/2 mile, the lane drop is
on a level gection of free-

way after a downgrade
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Figure D-1. Schematic Drawing of "Before" Configuration

Figure D-2. Schematic Drawing of "After" Configuration
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2 THE LANE DROP SHOULD UE PLACLD AWAY FROM ATTENTION-DIVIDING
CONDITIONS, SUCH AS RAMPS OR COMPLICATED DIRECTIONAL SIGNING

-Before- -After-

YES Closest upstream oo YES Same as "before”.
ramp is 1 mile,
Closest downstreas off-

ramp is 1600 feet

3 THE LANE DROP TAPER SHOULD ALLOW FOR A SMOOTH TRANSITION FOR
DRIVERS TO MAKE A LANE CHANGE IN THE TAPER AREA AND SHOULD
PROV IDE ADEQUATE VISUAL CUES WHICH INFORM THE DRIVER THAT

HIS LANE 15 ENDING

-Before- -Afcer-

YES The 50 1 taper length results NO Visual cues are contradictory
1n smooth transitions for most to signing and striping cues
drivers making lapne changes

in the taper area

4 THE LANE DROP SHOULD BE PLACED ON THE BETTER SIDE OF FREEWAY FOR

GIVEN TRAFFIC AND GEOMETRIC CONDITIONS
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7 WHEN A LANE 1S ADDED AT AN ON-RAMP AND OROPPED AT A NEARBY
OFF-RAMP, THE ENTERING ORIVERS SHOULD BE NOTIFIED THAT THE
LANE THEY ARE TRAVELING IN 15 NOT A CONTINUOUS LANE FOR

THROUGH TRAVEL

-Bafore- -After-

Not Applicable Not Applicable
&  CONSISTENT AND APPROPRIATE TRAFFIC CONTROL DEVICES (TCDs)
SHOULD BE USED IN ADVANCE OF A LANE OROP
-Beforxe- ~After-
YES TCDs correctly indicate that the MO Signing informs the driver in
left lane ends and that the in the right lane chat his lane
traffic in this lans should ends, but he can see it does not
merge right Striping indicates that the center
lane is merging iatn the right
lane and the longitudinsl pavement
joints indicate that both the

right and the center lanescontinue
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-Before- -After-

NO Physicslly, the lane should be YES During peak hour

dropped on the left and is, but operation capaciLy flows
operationally, uneven peak hour in both lanes occur be-
distribution caused premature fore breakdown from down-
breakdown problems astrean ramp back-up into
area. Physically the lane
should be dropped on the

left and 18

5 THE LANE SHOULD APPEAR TO PHYSICALLY END ON THE SAME 5IDE OF
THE FREEWAY AS THE OPERATIONAL LANE OROP

-Before- ~After-

YES The physical and operational NO Signing i{nforms the right

lane drop are both on the left lene driver that his lane
ends It does not, and does

not appear to do so

6  WHEN A LANE DROPS AT AN EXIT RAMP, AN ESCAPE AREA OF ADEQUATE
DIMENSIONS SHOULD BE PROVIDED TO ALLOW FOR A SMOQTH TRANSITION
INTO THROUGH LANES
-Batore- -After-

Not spplicable Not Applicable
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In summary, the "before™ configuration violated one lane drop principle;
traffic operations indicated that a right-hand lane drop would result in
merging the two lighter traveled lanes conflicting with the installed
left-hand physical lane drop design The "after" configuration,

even though adhering to this principle, violated several other design

principles

Presantation of Data

wBefore" data were collected on several different occasions off-

peak operations were observed on Wednesday, December 20, 1972 Lane
volumes, lane change counts, and traffic composition were tallied, and
approximately one hour of 2-pecond interval 35mm film was shot from a
nearby overcrossing On February 4, 1973 and March 4, 1973 peak hour
Jdata were collected by the Division of Highways, using lémm time-lapse.,
color photography and traffic counters. Lane volumes and distributions

were noted

“after” data were collected during off-peak operations on Tuesday,
April 10, 1973 and peak-hour operations on March 18, 1973 Since a
change in configuration was made, time was allowed for the settling

down of the site before data were collected

Table D-1 gumrmarizes average six-minute volume counts, lane distribution
and traffic composition both before and after the change during peak-

hour and off-peak hour operation
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TABLE D-1 - “BEFORE" AND "APTER" AVERAGE SIX MINUTE COUNTS

Total Lapne 19 Lane 2 Lena Trucks
Before of f-peak? 207 7 110 21 1
12/20/72 (Wed) (312) {531) {10%) (6%)
10 00-12 00 Noon
[After off~-peak 214 51 9 69 32
4/23/73 (Mon) (232) (45%) (32%) (152)
10 00-12 00 Noon
afeer off-peak” i 110 61
4/10/73 (Tues) (65%) (351)
10-00-12 00 Noon
After peak® as 2 143
1/18/73 (Sun) (552) (457)
2 00-4 00 PM
Before peu.kc 312 108 202
2/4/73 (Sun) 5%) (65%)
2 00-4 00 PM

Lane 1 1s the shoulder lane.
These counts were taken 1500' upstream of the lane drop transition
CThese counts were taken downstream of the lane drop transition

In addition, in the off-peak data collection activities lane change infor-
mation was produced In one experiment the test site was divided into three
reglons  Region 1 contained the ares from the locatien of the third rumble
strip to the overcrossing, regton 2 contained the area from the first rumble
strip to the third rumble strip (see Figure D-1 for relative locations). Six
minute counts werc made of vehicles changing either into or out of the lane
drop lane for each region These average counts are contained in Table D-2
If a vehicle did not move out of the drop lane by the end of the taper area, it wvag

counted as moving out of the drop lene in region 1.
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TABLE D-2 - "BEFURE" AND "AFTER” SIX MINUTE DROP LANE CHANGE COUNTS BY REGION

Region 1
Into Out of Into | Out of
Drop Lane'Drop Lane{Drop Lane:Drop Lane

' 1
Before of f-peak |' | ]
12/20/72 (Wednesday) vS 13 122
10 00-12 00 Noon N . !
After off-pesk 1, 1 2 ) 2 ¢ | 9
4/10/73 (Tuesday) 1 {+ 33 not ' '
10 00-12 00 Noon + lesving \
' lane) L !

Because several distinct lane change patterns were observed in the “After”

configuration, additional counts were obtained.

During the “after® data collection activities, it was observed that the
traffic in lane 2 (the center lane) could be divided into several distinct
traffic patterns Counts were taken of the number of vehicles traveling in
each of the patterns It was found that during off -peak operations, 9% of
the lane ¢ vehicles made definite lane change mansuvers into lane 1 {the
outside lane), 758 of the vehicles followed their left lane line pavensnt
marking, thereby gradually merging into the physical lane 1 (as defined by
the longitucinal pavement joints), 9% of the lane 2 vehiclen remained
physically in lane 2, thus following the straight line of sight and pavement
Joints and crossing over the lane line pavenent markinge into the left-hand
operational lane (the downstream median lane), and 7% of the center lane
vehicles chooss to make definite lane changes into lane 3 (the upstrean

median lane) and then gradually merge back into the physical lane 2 when the

REGION 2 —.lﬂ— REGION l—‘l

REGION 3

Il
LAN!!“LANE

|

!
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Figure D=-3.

7% CHANGE LANES INTO LANE 3 AND GRADUALLY MERGE
BACK INTO LANE 2

Traffic Patterns
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physical lane 3 was ended Figure D-3 illustrates these various traffic

fganeuvers.

Analysis of “Befor "/"After” Data and_Site Observations
=pefore” traffic operations during off-peak hours were judged to be

satisfactory even though the lane distribution was uneven Almost all
drivers moved out of the left lane well in advance of the lane drop taper
The uneven lane dietribution did not cause significant problems as traffic
volumes were low and opportunities to merge were num erous However, during
peak-hour operation, the uneven lane distribution caused significant
problems for returning Sunday afterncon recreational traffic. Capacity was
quickly reached in the median lane, even when the shoulder lane was running

well below capacity This caused a premature breakdown of the system

The change in configuration improved this peak-hour situation by merging
the two lighter traveled lanes of traffic The lane distribution was almost
equal {55% lane 1; 45% lane 2) Much lass queuing was observed and fewer
shock waves were noticed Eventually, breakdown did occur from the

downstream off-ramp congestion backup

During off-peak hour operation, the change in configuration apparently
caused confusion to drivers and led to a situation of unpredictability
Two major changes in traffic behavior were noticed First, the majority
of the drivers in the shoulder lane did not merge out of that lane, as

requested by the advance warning signs, but instead continued straight

Conclusions

The analysis of the data indicates that the uneven lame dis-

tribution which adversely affected peak-hour operations has been corrected
by the change in configuration However, since the lane drop site has been
reconfigured, an increase in traffic patterns through the section has been
observed This increase obvicusly reduces the predictability of any
vehicle traveling through the section It ie thms desirable to determine
a method for lessening the off-peak hour driver confusion cbserved in thie
configuration while maintaining the peak hour operation improvement

experienced with thie configuration.

It is apparent then that the two right lanes of traffic should remain those
to be merged In the design principles outlined earlier in this paper,

1t was seen that the “after” configuration violated three of these
principles A solution to the problems encoumtered in the "after” con-

figuration may be found in the followlag discusseion

Driver confusion is probably the main source of the varying patterns of
traffic behavior In other words, the site is ambiguous Many different
cues, often conflicting, are presented to each driver The shoulder

lane driver's first cue is the advance warning signs warning that the right
lane is ending and that he should merge left. The next cue he receives is
from the roadway itself which appears not to end at all Additional cues
may also be received from the behavior of other vehicles The center lane

1driver's first cues are also the advance waruing signs, but in his case the
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through the lane drop area, forcing the center lane traffic to compete

with them for the shoulder lane

sccondly, several traffic patterns were observed in this configuration,
whereas in the "before” configuration only one traffic pattern was observed
(1 ¢ almost all vehicles in the median lane changed lanes into the center
lane and almost all traffic in the shoulder and center lanes remained in
their respective lanes) As noted above, the majority of the traffic in
the shoulder remained in that lane throughout the lane drop area  However,
a fraction of the drivers did obey the advance warning signs and merged
into the center lane Thus, two distinct traffic patterns were observed
for the shoulder lane drivers The center lane traffic can be divided into
four traffic patterns. These have been described in the previous section

of this report and are illustrated in Figure D=3
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aigns indicate that the lane he occupies is continuous and that he should
expect shoulder lene traffic to merge into his lane The next cue the center
lane driver receives is from the lane line pavement marking which begine
gradually moving to the right into the shoulder lane In addition, at the
same time, the longitudinal pavement joints indicate that both the shoulder
and center lanes continue in a straight line Other vehicles may also

provide cues.

The situation violates the design principles by not providing adequate
visual cues which inform the driver that his lane is ending (principle 3),
by not making the lane appear to end physically as vell as operationally
(principle 5), and by not providing consistent and appropriate traffic cont

control devices (principle 8).

The solution should be found by correcting the difficulties described 1inm
the preceding paragraphs. One apparent method is described in Appendix C
The site will then line up affirmatively with all design principles As at
the site described above, the left lane was physically dropped and the two
right lanea were merged. To correct the current deficiencies of this site

the two right lanes should be merged upstream as illustrated in Figure 24
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