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Systematic, well-designed research provides the most ef­
fective approach to the solution of many problems facing 
highway administrators and engineers Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their 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 initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the ful l cooperation and support 
of the Federal Highway Administration, 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, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity. 
It maintains a full-time research correlation staff of special­
ists in 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 committees 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
ministration 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, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREWORD 
By Staff 

Transportation 
Research Board 

This report wi l l especially interest highway design engineers, traffic en^neers, and 

all other highway officials concerned with improving traffic operations and safety on 

freeways. The report contains 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 m the 

form of eight principles applicable to several types of lane drop conditions. 

I t is necessary m 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, determinmg 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 diffenng configuration. The 
findings from those studies were reported in NCHRP Summary oj Progress Through 
7977. 

I 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 vaUdity of the pnnciples has 
been demonstrated to a degree by their evaluation with respect to before-and-after 
traffic 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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FREEWAY LANE DROPS 

SUMMARY 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 in 
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 
f rom application of the design principles. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

INTRODUCTION 

A nine-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. 

R E S E A R C H 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 interviewing traffic 
engineers and observing lane drop sites. Information col­
lected includes data on the geometries, 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, i f so, their opera­
tional characteristics. 

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

The remainder of this report details the findmgs 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, ofTers some major reasons for opera­
tional problems at lane drop sites, and presents eight de­
sign principles for lane drop situations 

EXISTING U N E DROP DESIGN STANDARDS 

Lane drop design standards are not comprehensively cov­
ered in 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 Committee (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 A Policy on Geometric Design of Rural 
Highways (i)—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
mittee (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), illustrates 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 is now the American Association of State Highway and 
Transportation Officials (AASHTO), and HRB is 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 derived from interviews with California 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 f t downstream from a 

ramp. 
9. Taper length should be about 800 to 1,000 f t . 

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

Connecticut 

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

Michigan 

The following comments were 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 f t wide 

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

Minnesota 

Minnesota standards are published in a manual and in 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 f t 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 



Granite Slope Curbing only if • 
required for drainage 

600' Minimum 

Double Barrier Line 

Reduce median width 
at a rote of SO I 600' Uinimum 

General Note 
Transitions between two-lone higtiways and four-lane highways shall be designed to direct drivers approaching the 

divided section into the intended path to the right of the median without any appreciable change in direction Any sig­
nificant change in direction shall be mode by drivers leaving the divided section 

FOUR LANES DIVIDED INTO TWO L A N E S UNDIVIDED 

1 . lOOO' Minimum 

General Note 
Normally, the lane drop will take place on the right in the direction of traffic Transitions shall be avoided before 

interchanges and at locations with horizontal and/or vertical sight distance restrictions. 

ROADWAY L A N E DROP 
Figure I. Connecticut design standard for a lane diop away from an interchange 

Vanes 1000' Minimum 

General Notes 
A reduction in the number of lanes at an interchange is on appropriate layout only 

where the traffic warrants for a considerable section of the expressway beyond the inter­
change do not require the greater number of lanes Because of the difficulty of predicting 
the daily and hourly fluctuations of traffic on low volume ramp movements, the number of 
lanes should not be reduced within the interchange area, such as between successive 
"off" and "on" ramps 

Length of parallel section beyond ramp terminal varies to meet special considerations. 
Transition should occur on tangent section wherever possible and should avoid locations 
with horizontal and vertical sight distance restrictions. 

Figure 2. Connecticut design standard for a lane drop at an interchange 



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 f t 
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 in most instances; 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, it 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 is abstracted from a letter from Robert N 
Hunter, Chief Engineer, Missouri State Highway Com­
mission. 

Missouri has no published specifications because lane 
drops occur infrequently. Normal practice is to drop the 
outside lane at a ramp exit. Missouri has experienced some 
problems when inside lanes were dropped; these situations 
have been corrected by restriping and signing to drop the 
right lane. Missouri favors the black-on-yellow E X I T O N L Y 

sign, a solid stripe from 500 f t 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 R I G H T L A N E E N D S Vi M I L E is uscd in C o n j u n c t i o n with 
a similar sign on the right, followed by R I G H T L A N E E N D S 

1500 F T , lane drop symbol (4-2), and L A N E E N D S M E R G E 

L E F T . 

New Jersey 

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

1. I f a lane is dropped at an exit, a standard acceleration 
lane (600-ft ful l 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. 

Taper - 1 Design Speed (mph) 
1 2 x Oes isn Speed (mph) Length 

S u r b c i n g and base 
same a s mainline 

MINOR V O L U M E 

N O T E . 
When the alignment of the highways vanes from 
what IS shown, the rate of convergence of the 
roadways should approximate the relationship 
of a 0 ° 3 0 ' curve to a tangent. 

0 ° 3 0 ' C u r v e 

MINOR VOLUME ON TAN6ENT 
No sca le 
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Figure 3. Minnesota design standard for a lane drop at a ma/or highway fork. 
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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: 

5 05 06 Lane Drops 
At diamond, cloverleaf, or other conventional types of 

interchanges, 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-Iane divided highways, it 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 right 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 
mile beyond the nearest exit or entrance ramp nose. The 
length of taper should then be "Design Speed x Lane 
Width " 

In direct connection interchanges, where a reduction 
in the number of through lanes is 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 V2 mile past the final exit 
ramp. 

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

3. Begin the lane drop taper approximately 12 f t beyond 
the exit 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 R I G H T L A N E 

E N D S 1 M I L E , and a black-on-yellow R I G H T L A N E E N D S 

M E R G E L E F T at the S tar t of the taper, both signs are over­
head. The E X I T O N L Y panel is used for ramp drops, with 
an E X I T L E F T 1 M I L E for a left-hand ramp. 

Oregon 

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

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

Washington 

The following is 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 
• Reduce the number of lanes by only one at a time 

and on the right side in the direction of travel 
• 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 turning 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 minimum. . 

CLASSIFICATION O F BASIC LANE DROPS 

Lane drops, as defined by highway personnel, can generally 
be categorized into one of five basic types. (Fig. 8 shows 
typical configurations of lane drop types ) Appendix A is 
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 is located at the 
penmeter of a metropolitan area. The lane drop is pro­
duced when the basic number of lanes is 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 in 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 is 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 f t or as long as more than 6,000 f t . 

Drop-Add Situation 

A counterpart of the add-drop situation is the drop-add 
situation, which has generally been observed at major 
freeway-to-freeway interchanges. This type of drop is 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 ful l 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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Figure 5 Oregon design recommendations for lane drops 

lane through the interchange, vehicles entering on the other 
side of the interchange have a "free" lane in which to enter 
the freeway; they do not have to merge with faster-moving 
through traffic. It thus seems reasonable to drop a lane 
through a major interchange 

Step-Over Situation 

A fourth type of lane drop situation that results in many 
problems is called the step-over lane drop. In this situation, 
a freeway step-over is accomplished by adding and drop­
ping, or dropping and adding, a lane on opposite sides of 
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Figure 6. Washington design standards for a lane drop at an interchange (single-lane exit). 
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Figure 7. Washington design standards for a lane drop at an interchange {two-iane exit). 

EDGE Of SHOULDER 

Out ly lnR Taper Drop 
(a ) 

S p l i t 
(e ) 

Drop-Add 
( c ) 

Figure 8. Lane drop classifications. 

Add-Drop 
(b) 

Step-Over 
(d) 

the freeway This situation is 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, is found on a free­
way that divides into two or more legs where the design 
speed on each leg is generally higher than the conventional 
oif-ramp which goes to a surface road. The point at which 
the division takes place is called a lane split. It is difficult 
to characterize a lane split because many factors must be 
taken into 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 in 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) opmions of state and local highway 
engineers, and (S) amount of citizen complaint regarding 
the site. A site was judged good if the number of erratic 
movements seemed small, i f most lane changing was ac­
complished in advance of the taper or gore area, and if 
highway engineers thought that the site was currently not 
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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 if many 
erratic movements were observed, if congestion was ap­
parent in 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 I f the 
traffic demand at peak-hour is above downstream 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 off-peak-period operation. I f it worked 
well under these conditions, the site was judged good re­
gardless 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 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 is 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 in treating the 
situations from a design or remedial treatment standpoint. 
From a purely operational or dnver'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 similar 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 similar 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, 

Add-drop 
50,54 

Add-drop 18, 62, 63, 09,21,32, 07,12, 13, 

Spht 
33 24, 37,45 

Spht 64 43 06,22 
Step-over 15 03, 11 01. 10, 29, 

46,56 

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 is in the effect of the 
choice 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 is 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 in the bad category. 
Site 31, shown in Figure 9, is 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 in 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 right-hand lanes to avoid the mergmg slower traffic. 
In addition, sight distance is rather restricted—approxi­
mately 1,100 f t from the downstream end of the taper. 

Another bad lane drop situation occurs at an incom­
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 in a right exit. As a temporary measure 
until the freeway addition is 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 
DROP CONHGU-
RATION 

RATING OUTLYING LANE 
DROP CONHGU-
RATION GOOD PASSABLE BAD 

Right taper 05, 19 08,16, 52, 04,17,61 
57 

04,17,61 

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

65, 25,31 

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

20,35 

Left ramp — — 51 
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suits 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 right 
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 into lane two. 

The diflference between sites 65 and 13 is 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 is 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 in front of him continues; all his cues and past 
experience tell him that his lane is 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 
his lane, he would get where he was going just as well. That 
sets up a perfect stage for "freeway roulette" in which the 

FORM 2 LINES RIGHT 

LEH LAHE 
aOSED 
AHEAD 

LEFT LANE aOSED AHEAD 

FORM TW LINES RIGHT 

driver in the inner lane fights to remain in his lane which, 
according to the lane lines, moves over slightly, while the 
driver in 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 is that the 
sites are also difficult to sign The standard lane drop signs 
(W4-2) have been changed several times due to citizen 
complaints that the merge indicated is m the wrong direc­
tion; each time the state has made a sign change, they have 
received complaints A new type of sign (Fig. 14) has been 
installed to try to eliminate this driver confusion 

( . 7 ] B r t ) 

Figure 9. Site 31. 

barr1csdes 

Figure 10. Site 04. 
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Clearly, this type of lane drop configuration is undesir­
able using current techniques. One state highway depart­
ment has eliminated two opposite taper lane drops, one by 
extending the dropped lane, and the other by movmg the 
operational lane drop upstream a few hundred feet and 
converting it 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 eliminate a lane drop problem that is a result of in­
sufficient downstream capacity. Site 34, shown in Figure 15, 
IS 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

tance. I f drivers cannot see the lane drop in time to make 
a smooth transition out of the dropping lane, erratic ma­
neuvers may result. Sites 24 and 37, respectively shown in 
Figures 16 and 17, both less than 1,500 f t long, are good 
examples Sight distance is 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 in the add-drop 
lane pertaining to the lane drop, an EXIT ONLY panel on a 
directional sign several hundred feet in front of the gore of 
the off-ramp. Even if a driver is looking for a directional 
sign at this point—which he probably isn'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 
IS in 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 remam 
on the freeway. One additional operational problem exists 
for nght-lane drivers. It has been observed several times 
that drivers who normally travel in the right lane enter an 

EXIT 1 MILE 

LANE ENDS 

MERGE LEFT 

2500 ' 
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Figure 11. Site 17. 
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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 is 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 involves 
the expected high volume of exiting and entering traffic at 
the interchange Theoretically, dropping a lane through the 
interchange 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 m 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 into the right lane 
on the other side of the interchange 

Site 50, shown in Figure 18, suffers from an unfortunate 
volume split. A lane was dropped on the freeway north­
bound at the interchange to the other freeway because it 

was believed that a large percentage of the traffic would be 
exiting the northbound freeway at that point in order to 
use the other freeway However, for years the other free­
way has remained incomplete and only a short section is 
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 operation! drop-add by 
remaining in 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 in the area improved How­
ever, because some operational lane drops do work well 
from a compliance standpoint, it appears that additional 
improvement in 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 built 
could probably be avoided. Two bad step-over lane drops 
(sites 29 and 46, respectively shown in Figs. 19 and 20), 
involve 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 
geometries, allows for a very poor accident history. 

BLACK MESSAGE ON 
YELLOW BACKGROUND 

( R E F L E C T O R I Z E O ) 

Figure 13. Site 13. 

48" X 48° 

Figure 14. Newest design for lane drop signing. 
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Figure 15. Site 34. 

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 

EXIT ONLY 

1109' 

Figure 16. Site 24. 

distance is available for adequate warning 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, in some cases, poor sight distance. Site 06, 
shown in Figure 21, has relatively adequate sight distance, 
but IS a very complex interchange. Travelmg 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 in 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 indicates that many operational problems at 
lane splits are not due to simple inattention to road signs. 

The more complex problem at lane splits seems to be 
directional guidance. However, this is a problem which 
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needs an entire study to itself. In the present research 
effort, lane splits are treated briefly and m a manner com­
parable to other lane drops. Thus, lane splits are considered 
from a geometric design viewpoint with regard to sight 
distance, construction, and the like 

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 point of breakdown will be 
downstream of the lane drop rather than at the lane drop 
I t s e l f . 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. I f 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. 

I EXIT ONLY 

1500' 

RIGHT LANE 

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 in 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 involve a de­
liberate attempt by a driver to gam 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 it is too late for him 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 vicinity of a lane 
drop, the longer that information regarding these three re­
quirements IS withheld from him, the fewer the options he 

r t 
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Figure 17. Site 37. 

I I 
Figure 18. Site 40. 
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Figure 19. Site 29. 
Figure 20. Site 46. 

has for making a smooth transition through the area. There­
fore, lack of important 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 is reduced 
to a level below lane reduction capacity, and (b) to reduce 
upstream demand. The 1965 AASHO manual (3) indi­
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 I S not straightforward. Three requirements for ne­
gotiating a lane dop (i.e., indication of presence, indication 
of location, and indication of appropriate action) form the 

basis for design policy in 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 it, how to inform drivers of it. Solutions 
to the design of an effective, safe lane drop involve all of 
those aspects. The goal of lane drop design policy is 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 geometries of 
a lane drop is in designing its location such that it can be 
seen by drivers approaching the area The most direct 
visual cue a driver can receive is that of the roadway 
geometry itself, which shows him that the lane in which 
he I S traveling either ends or leads him in 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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Figure 21 Site 06. 

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 
IS important because it 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 is not desirable 
because the visual cue is 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 appropriate 
advance signing 

The distance required for a driver to (a) perceive that 
a lane is ending, (b) evaluate alternative courses of action. 

and (c) I maneuver to an adjacent lane, if desirable, is the 
minimum distance that should be "in-view" to a driver 
approaching a lane drop. Perception-reaction times as re­
ported in the Transportation and Traffic Engineering Hand­
book (7) can be as much as 3 to 4 sec for complicated 
situations. The AASHO standards (J) 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 is 
not a desirable reaction. AASHO also indicates that a nor­
mal lane change is accomplished at a rate of '/a 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, it has been observed that lane changes 
associated 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 is determined. I f 
one assumes that under nonrestrictive conditions it is de­
sirable to move all vehicles out of the lane before the 
beginning of the taper, or before the operational gore, the 
minimum surface continuity distance is: 

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

where in-view distance is the distance of surface continuity 
to the beginning of the lane drop taper or operational gore. 

Some questions arise: Is in-view distance a practical 
parameter? Can a driver 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. Minimize attention-dividing conditions—The lane 
drop should be placed away from attention-dividing con­
ditions, such as ramps or complicated 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 in front of him and that he will be required 
to make only one decision at a time. 

Ideally, no extraneous attention-dividing conditions exist 
in a lane drop area; practically, this is nearly impossible to 
achieve in 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 built 
where the complete sequence of lane drop information can 
be given to the driver without interruption. 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. 

I 
3 Provide adequate transition cues—The lane drop taper 
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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 
visibility. A visually observable taper is 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 is desirable from a construc­
tion standpoint, it 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 is 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 important visual cues that tell him the 
lane is ending. At some unspecified point, called the closure 
threshold, a driver is unable to visually perceive that the 
lane is narrowing The threshold has not been established 

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

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. I f 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 in the adjacent lanes can safely adjust. In other 
words, the motorist who for any reason is unresponsive to 
all else may be guided by the edge line (right or lef t ) . 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) it I S 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 

THIS LANE ENDS 
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Figure 22. Site 07. Figure 23. Site 11. 
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the right-hand drop is advantageous because (a) drivers are 
accustomed to having lanes (i.e., acceleration lanes) end 
on the right and they can merge better from right to left 
than left to right, (b) traffic is generally slower in the right 
lanes and would make the merge at slower speeds, and 
(c) the right lanes usually carry less traffic* 

• Driver lane preference seems to be a regional phenomenon Several 
states have laws that make it mandatory to remain in the right 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 is expected? I t is 
preferable to merge the two most lightly traveled lanes. 

2 What type of traffic composition is expected? I f 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 
influence of ramp turbulence. 

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

5. Will I t 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 it is 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 in site 17 (see Fig. 11) From a 
construction viewpoint, it is desirable to drop the left lane 
by stubbing off the pavement However, from an opera­
tions view, this handling of a lane drop is far from opti­
mum. To correct the situation, merging the right two lanes 
IS 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 

Figure 24. Disguised continuing pavement at 
an operational lane drop. 

view at poi n t I n Figure 24 

View at p o i n t (5) I n Figure 

Figure 25. Perspective views of the lane drop situation shown in Figure 24. 
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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 California Division of Highways and is shown m 
Figure 24. To a driver approaching this lane drop, the 
visual cues from the shoulder of the freeway indicating 
an impending lane drop are seen at point 1 on the illustra­
tion. At point 2 the driver only sees a slight curving of 
the roadway alignment. Ideally, pomt 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 is 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 is the one lane drop 
that should be hidden. The operational lane drop should 
be constructed so that the lane looks as if it 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 m operational 
efficiency more than offsets the cost of the unused pave­
ment. The "after" configuration described in Appendix D 
IS a good example of how a bad situation can be improved 
by disguising the physical drop from the operational drop. 

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 th.e 
through lane once the driver is 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 is a 
definite indication that the lane is not continuing past the 
interchange, but the configuration does allow a driver to 
safely change to a through lane even if he does not begm 
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 ful l acceleration lane is not needed because the driver 
IS probably travelmg at or near freeway speed. A ful l lane 
width plus shoulder width can confuse the driver by pro­
viding too wide an area. From a construction standpoint. 
I t may be desirable to stub off the pavement at the gore and 
allow traffic to use the shoulder as the escape area This 
IS reasonable if 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 is reasonable to hypothesize that the taper 
should begin at the physical gore and should resemble a 
standard taper. 

- 7 

Figure 26. Perspective and plan views of an exit ramp lane drop 
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7. Notify driver that lane is not continuous—When a 
lane is added at an on-ramp and dropped at a nearby o f f -
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 in 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. 

D . Warning device: Contrasting pavement 

Figure 28. Warning information systems at lane 
add-drop locations. 
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a special lane Additionally, an add-drop lane should have 
normal minimum 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 mdi-
cates that consistent and appropriate traffic control devices 
should be used in 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 is going 
to happen, and (c) what he should do about it. 

At the present time, many sites have incomplete or mis­
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 is operationally 
dropped on the opposite side of the freeway from the 
physical drop. At some sites where a right-hand lane drop 

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 
driver of two very important facts: (a) it does not tell him 
how far before the road narrows, and (b) it does not tell 
him whether he is 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 in its committed 
zone to avoid obstacles. A vehicle's committed zone is the 
area in which the driver is committed to travel based on 
current velocity and deceleration characteristics and geo­
metric constraints. This task can become quite complex 
when there is 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 committed 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 is 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 in advance of the obstacle. The driver's trajectory 
should be such that there is 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 I S not unexpected that many drivers appear to be sur­
prised or confused at lane drops. Although lane drops 
have been classified in five basic design categories, over 
SO 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 in 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 mmi-
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 ideal 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 ideal 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 iterative process of making small changes in 
the sites and measuring the resulting changes in traffic op­
erations. However, this approach is impractical both from 
a cost standpoint and the risk involved for highway users. 
Additionally, it is 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 in lane change behavior and in the rate of erratic 
maneuvers are the most important differences in traffic 
operations among lane drops. 
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APPENDIX A - A SAHPLE OF LANE DROP SITES ACROSS THE COUNTRY 

S i x t y - f i v e freeway lane drop s i t e s were selected f o r I n c l u s i o n I n 

t h i e study Tha purpose o f t h i s appendix I s t o document the study s i t e s 

v i s i t e d and t o provide a compendium of e x i s t i n g lone drop c o n f i g u r a t i o n s The 

schematic drawings are not t o scale The Appendix I s organlEed by lane drop 

category. 

CLASSIFICATION AND CRADIHC OF FIELD DATA OBSERVATIONS 

A rough three-grade scale was developed t o race the r e l a t i v e e f f e c t i v e n e s s 

of the s i t e s observed. The f a c t o r s used I n the grading scheme Included (1) the 

number and s e v e r i t y o f e r r a t i c movements» (2) lane change behavior, (3) speed 

change behavior, (4) opinions of s t a t e and l o c a l highway engineers, and (5) 

amount o f c l t l c e n complaint regarding the s i t e . A s i t e was judged good I f 

the number o f e r r a t i c movements seemed s m a l l , most lane-changing was accon^llshed 

m advance o f the taper o r gore ares, and highway engineers thought t h a t t h e 

s i t e was not p r e s e n t l y a problem. A s i t e was judged passable I f no serious 

problena occurred, but I n d i c a t i o n s o f problem-producing maneuvers were frequent 

A s i t e was Judged bad i f many e r r a t i c movements were observed. I f congestion 

wBB apparent I n the lane drop area even I f the general area was f l o w i n g a t 

below capacity, or I f highway engineers o r c i t i z e n s e ^ r e s s e d opinions o f 

serious problems. 

TYPE A — OUTLYING DROP SITUATIONS 

Type , 2 ifift 
Sight Distance 5 m i l e 
V e r t i c a l Curvature Level 

H o r i z c - t a l Curvature Tangent 

Pavement Type Concrete 
ADT 

One-way 
Two-way 

5-Minute Count 
Tota l 
Tr u c k f l _ 
Lnne I _ 
lane 2_ 

l-.me 4_ 
lane 3 

Percentage_ 

No Counts A v a i l a b l e 

Accident Experience L i g h t 

i i p c r a t l o n a l C h a r a c t e r i s t i c s * v e h i c l e s use the taper area t o make t h e i r 
lane change Taper area i s r a t h e r short T r a f f i c volumes are f a i r l y l i g h t 
Lane drop works w e l l under present t r a f f i c volumes 

I t must be remembered cliac some s i t e s are considered problems because 

they are peak-hour b o t t l e n e c k s I f the t r a f f i c demand a t peak-hour I s above 

downstream ca p a c i t y , the lane drop w i l l become congested regardless of how i t 

Is designed I n cases where such a c o n d i t i o n e x i s t s , the s i t e was observed i n 

uff-peak-hour o p e r a t i o n I f i t worked w e l l under these c o n d i t i o n s , the s i t e 

was Judged good regardless of the f a c t chat during peak-hour operation break­

down occurs I n the v i c i n i t y of the drop 

Each of the 63 sices observed and catalogued i n t h i s appendix was given 

H grade and categorized i n t o one of the f i v e basic lane drop types described 

In the previous report body The c a t e g o r i z a t i o n scheme i s not n e c e s s a r i l y a l l -

i n ^ l u s l v e or mutually exclusive A few lane drops w i l l defy being c l a s s i f i e d 

i n t o any of the f i v e c a t e g o r i e s , a few lane drops w i l l f i t more than one 

r j t c g o r y However, most lane drops can be e f f e c t i v e l y c l a a a l f i e d i n t o one 

category Tho s i g h t distance ac a s i t e i s token from the p o i n t where the 

i i i c u u l ( o p e r a t i o n a l and/or p h y s i c a l ) lane drop i s v i s i b l e t o an approaching 

d r i v e r 

eilT 3/4 MILE 

1 E X i r | | | ONLTlj 

1/2 MIL E 

NO ; in scALf 
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Type 3 - 2 Ifft Type <• - 3 Tvo. C - B l r t f 
S l g l i t DIacance 26 mile b l g l i t Distance Over 1 m i l e 
V e r t i c a l Curvature Level 

l l u r l z o n t a l Curvature TanRent 

V e r t l i n t Curvature ^ miles upatream beRlnnlng o f long downgrade 

Horizontal Curvature 2 degrees l e f t 

foviment Type Concrete 
ADT 

Oiic-Way 
Tvo-May 29.878 (1972) 

3-Miiiiite Count 

P.iveiDitii rvpc Concrete—upatream / asphalt—downstream 
AI>1 

Oiie-Wjy 58.000 
Two-Ur.y 

5-Hinute Count 
Total 

l i m a - 4 45 P M 
357 

Trucks , Percentaee X Trucks 13 > PercentaRC 3 X 

1 -mo I 1 niie I 36 NUMBER OF ACODEHTS IN Vi HILE CNTERVALS 
1 int. J t mc i 89 a m i«»-iM* 

1 me 1 No Counts A v a i l a b l e Lino 3 103 I 

1 fliie A Laiii! it 129 • ouncTincr 
I Alio S 

ouncTincr 

S * 
B LANt IMOP 

1 1 a a Arrl<li»nt t-XDCrlcnce L l f l h t _ , Ai r l t l e n L Lxoerlcnce 1 1 
LANt IMOP 

1 1 a a • 1 1 1 ] 1 0 0 

(i p e r a t i o n o l C h a r a c t e r i a t l c . T r a f f i c volumes were f a i r l y l i g h t Moat t r a f f i c 
was out of the lane w e l l before the taper area Lane drop works w e l l under 
present t r a f f i c volumes 

Figure A-2 

RIGHT LIWE 

ROAD 
WST EAST 

EXIT 1/4 HILE / * 

( 1/2 HILE ) 

Opt-ratlonal C h a r a c t a r i a t l c s The speed. In . . r h l . n . r.-.!.. . p , . , „ . i . . . > . i ) . 

- t w o - t l i i | f ; l i | 9{ the MY t l i r n i l g l l rhn Inna rtrnp r i p e r »hm!-« grniliinl ILnf 
deertaso i n speeds i s observed. T h i l l i m l f n n a l t y I n nn r r i l i l f r r r n n f I n a l l lanes 
SUHgCStK t h a t t h e rauHl^ o f d» f r« .AH l . i a nnt t-hw 1 »n» Arnji i r a « 1 f K..r r . f h a . - a 

geometric f e a t u r e ( t h e l a v e l l n i i out of a long downgrade) The 
of v e h i c l e s out of the drop lane can be seen t o be smooth and gradual w i t h 
almost no cars i n lane 1 near the end of the taper 

Figure A-3 

A-8 

NOT TO SCALE 
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TyP« i - 3 l e f L t a i i f r 

>;i(jht Distance 
Type S - « " I g h t 

V e n l c a l Curvature S l i g h t upgrade - beginning 3.30U' upstream and c r e s t i n g 
700* upstream 

l l o r i i u n t a l Curvature S t r a i g h t 

Pjvument Type Concrete 
*DT 

One-way lt°.UOO 
Iwo-Way 

3-Hlnutc Count 
Total 

Time - 3 30 P H 

1ruck« If) 
L ine 1 
1 ane 2 
1 ane 3 UQ 
1 an*. 4 IIR 
1 aiic S ISQ 
H im|i 

Percentage^ 

Accfdi-nt Experience ^ " ^ ̂ ^op was I n s t a l l e d June of 1972 No In f o r m a t i o n 
a v a i l a b l e yet 

Operational C h a r a c t e r i a t i c s ^^^^ ̂ oca " o t "ork very w e l l Mf.ny v e h i c l e s do 
not respond u n t i l lane drop l a v i s i b l e , some 700' before the end of the 
tap* r Some d r i v e r s never move out o f r i g h t lane since they know the pave-
aeni continues 

Sice was changed t o an e x i t lane drop I n l a t e January 1973 I t l a 
reevaluated w i t h t h i s c o n f i g u r a t i o n i n Appendix C of t h i s r e p o r t * 

Figure A-4 

I I I 

BLVD 
EXIT 1 NILE / 

Sight Di6tance_ 
V e r t i c a l Curvature l e v e l 

l l o r i l o n t a l Curvature r i g h t - hand curve beginnlni. 3 m l U . u n - f r f 
lane end 

Pavement Type 
ADT 

Oiu-W,iy 
Two-way 

S-Minuti* Count 
Tota l 
rru(.ks_ 
Lane 1 _ 
I line i_ 
Lane J_ 
Lane 4_ 
Lane S 

Percentage^ 
MUM8ER OF ikCCIOEMTS IN I 5 MILE INTERVALS 

tiTi 1 i«t-im 

Accident Experlcncc_ 

D p . r a t l o n i l C h a r a c t e r i s t i c s The r e s u l t s f o r S i t e 65 . i n which lane 3 l a m«.rg«>d 
i n t o lane A. show a u n i f o r m i t y of behavior a t a l l f l o w Th. rw. l . . . , 
that merge at the lane drop show a severe decrease I n speeds, however, lane 1 
han v i r t u a l l y no speed drop and lane 2 drops only a l l j ., , a i a h t l v The dlaturbancea 
I n speed I n a l l lanes Increases as the f l o w increases The t r a f f i c f l o w i;pte 
curves i n d i c a t e that v e h i c l e s i n lane 4 f o l l o w the sif^nlng and a t a r t po m»rat» 
r l f h i upstream o f the lane drop, then are forced hack to the l e f t bv che pavem«>nt 
loarklnHS In thu lane drop taper area Flows i n lanes 1, and ? rfmAi^n y e l f l r l v e l v 
u ndisturbed, except f o r the i n f l u x of a very few v e h i c l e s from the on-ramp 
upstream of the lane drop The s l i g h t speed Increase I n lanes 1 and 2 at ihe 
upstream end of the lane drop caper was observed durlnp; a l l three periods, hut no 
eatplanatlon of i t s cause has been found 

Figure A-S 

A-12 

LANE ENDS 
MERGE RIGHT 

NOT TO SCALE 
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, Type 4 - 3 l e f t 
S ight DUtanca ,1 n i i l o 
V e r t i c a l Curvature Crest of upgrade 500' upstream Taper on s l i g h t downgrade 

i i l g l i t Distance 
V e r t i c a l Curvature 

Type 5 - A Trap - Right 

H o r l t o n t a l Curveture s l i g h t reveroo curve H o r l t o n t a l Curvature 

Pavement Type iyaffhal|t 
ADT 

oo«-w«y. «.000 
Two-Hay: 

5-Hlnute Count 
T o t a l 

Tine - 8i00 a m 

Puvenent rype_ 
AHT 

Ont-Way JS.OOO 
Two-way 

5-Hfi»ite Count 

ea Per correspondence w i t h the State Department 
l^we^e^no^lime^drop^rela^ed^acyid^^ 1971 

Accident Experience 

Operational C h a r a c t e r l e t l c e works w e l l d u r i n g off-peafc hours Downstream 
congestion causes breakdown d u r i n g peak a a. hour Commuters i n l e f t lane take 
advantage o f unloaded lane drop area and cause nerqing problem Several near-
raiss i n c i d e n t s were observed 

Eium. 

Accident Experlencc_ 

Time - 11 40 A M 

Trucks 35 1 Percentese 10 X 1 rucks 47 
Lane 1 68 1 in*. 1 7S 
Lane 2 105 1 aiic 2 hO 

Lane 3 132 Lani 3 70 

Lone 4 34 Line 4 hi 

Lane S 1 Ane 5 

PerccntaRe 11 

Operacionnl C h a r a c t e r l s c l c a ^ s l e n l f l c a n t amount of lasc intnuce maneuvering 
occurs at lane drop 

Figure A-8 F l f u r e A-9 

A-18 

V 

500 n 

uuc ens 
mtei 
RieMT 

11000 n 
THIS L « K 

I isoo FTI 

NOT TO SCALE 

I I 

RIGHT LANE 
MUST 

TURN RIGHT 

INTERNATIONAL 
AIRTORT 

NEXT RIGHT 

EAST NORTX 

NEXT RIGHT 

NORTH UEST EAST 

1 1 

RIGHT LANE 
HUST 

TURN RIGHT 

HCST EAST 

EX I T USE FAR RIGHT LANE AHEAD / 

M M 
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Sight ni.fAnge 06 nlXea 
Type - ? I ' ^ f t 

V t - r t i c a l Curvature_ 

Ho r i z o n t a l Curvature_ 

Vavement Type__ 
ADT 

One-way 
T«-uay 20.150 

5-Mlnute Count Time 4 35 P M 

Trucks 7 

Ltne i 81 
Lane 2 132 

1 ane 3 50 

Lam 4_ , 
Lane 5 , 

, Percentage 2 _ 

Accident F.n.rlfnce Accident exnerlence l a l i g h t . 

Opi r a t i o n a l ' T i . r I r a A f««. l««t d r l v e r n nan «11 r h f r n n f r hnfnrn 
merging I n through lanes Operatea f a i r l y w e l l at h f l n n r n i m r l r v vnllimfa. 

A-22 

1000 FT 

TMIS LANE 
ENDS 2000 FEET ^ 

Type . 2 Trap-i(lght 

Sight Distance ° " ' 
V e r t i c a l Curvature_ 

Ho r i z o n t a l Curvature i*^fa^Bht 

I'avemcnt Type Asphalt 
ADT 

Oni-Hay 
Tvo-Way 

3-Hinute Count 

Trucks 1 
Lane 1 77 
Lane 2 SI 
Lane 3 
Lane 4 
1 Ane S 
KamD 1ft 
LKK 

11 10 A M 

Pcrcentage_ 

Att idt-iit (•xperlence_ 

Operational C h a r a c t e r l a t i c . M a n y v e h i c l e s crossed t l i e s o l i d white l i n e at the 

<li<J noL sfcm d i s t u r b e d about t r a v e l i n g i n t h i s lane f o r some time T r a f f i c 
VullUllC-i are f a i r l y l i g h t 

Figure A - l l 

A-24 

RIGHT LANE 
EX I T ONLY 

NORTH 

i i 

THIS LANE 
EX I T ONLY 

SCENIC 
OVERLOOK 



T T M ; « - 3 R i g h t 
Sight D l a t a i i c a _ 
V e r t i c a l Curvature 

H o r l s o n t a l Curvatura 

Pavaaant Typa concrete 
ADT 

One-way 
T^Way 

S-HlDute Count 
T o t a l 
Tnicka__ 
Lane 1 

Parcaataga_ 

Lane 3 _ 
Lane 4 

Accident Exparl«nea_ 

31 

l y p a . 3 Right taper 
Sight Dlatanca_ 
V e r t i c a l Curvatura Level eacept over Interchange 

I t up and 3% down ( 1 / 2 m i l e eaet t o 1/4 m i l e weat o f interchange) 

K o r l i o n t a l Q i r v a t u r a S l i g h t l e f t - r i g h t reverse curve between on-ramp and 
l e f t - h a n d e x i t 

Paveaant Type 
ADT 

One-way 
Two-way 

5-Hlnute Count 
T o t a l 

163,500 

Tnicka_ 
Lana 1_ 
Lane 2 _ 
Lane 3 _ 
Lane «_ 
Lane 5 

Percaataga_ 

Operational C h a t a c t a t l a t t c a S i t e vary c o . f u . l n . . Poor d e l i n e a t i o n of 
M W I I t t l C l l i 

Accident Experlence__ A c c i d e n t s / M i l l i o n Vehicle Miles 
munr St P i u i i u e B > 
F . t a l i t v Bate; 

1964 ' S6 19e S . 
» M • O--?? 11965 • 0 92 

Operational C h a r a c t a r l a t i c a I t works q u i t e w e l l I n off-peak hours but has 
downstream capacity problem, which cause freeway breakdown d u r i n g the evening 
rush hour Signing i s minimal but the s i g h t distance i s c o m p a r i t i v e l y good 

Figure A-12 Plgure A-13 

A-26 A-28 

1 TOLL BRIDGE 

i 1 ONLY 1 1 

1 1 ONLY 1 j 

1 1 NIL E ^ 

NOT TO SCALE NOT TO SCALE 
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Sight Dietance__i i2£l , 

• ( t o becone t r a p ) 
j y p g 3 - 2 r i g h t taper (under c o n s t r u c t i o n ) 

3rd lane add-on,right 
. Type 3 - 2 Hamn 

V e r t i c a l " " o h t downgrade 1/4 mile before drop 

H o r i i o n t a l Klaht-hand curve downstream o f I a n , drop 

ADT 

Two-Uav 84,900 
^ H l n u t c CounC Time - 11 00 a m 

To t a l 161 
47 . Parrantaaa 29 % 

Lan« 1 1 
Lane 2 80 

I ane 3 80 

Lane S 

Accident F.anerlance Ser: ious accidents a t tlie lane drop have boon reported 

o p e r a t i o n a l r>..,.,,..t.,ir. « l o t o f l.st-minute lane ch.ngea are made i n the 
r - l ojv.m.nt l.haded are.) The s i t , i s c u r r e n t l y under c o n s t r u c t i o n and i s 
bo inn c l i i m c d from a taper lane drop t o an e x i t ramp lane drop 

Sight Distance 
V e r t i c a l c . r v . t u r e 0 3 miles upstream - -2 40t. 0 0 - 2 001 

o r i r o n t a l c u r v a t u r e 0 3 miles upatream. D-3'00'. R-1910' 
0 0 D-0'45'. l>-7639 

Pavmaint Type Concrete 
ADl 

0,,,-Woy 41,578 (1971) 
Two-way 

T o t a l 
Trucka_ 
I ane 1 _ 
I inc 2_ 
I ane 1_ 
I ane 4_ 
I ane 5 

Average ho u r l y volumes 
_2fli6 

Accident F.n.rlrnce Accident r a t e • 1 12 accidents per m i l l i o n v e h i c l e s 

Operational r h . r T t . r l a t i c s "ean apeeds ranged from 48-53 mph dur i n g 
study O v e r a l l e r r a t i c movement r a t e • 6.100/million v e h i c l e a . o v e r a l l 
b r a k e l i g h t r a t e - 57.800/mllllon v e h i c l e a 

A c c M l e n t s / H i l l i o n v e h i c l e M l l " s 1964 • 0 41 
Numbor o f F a t a l i t i e s l^tj I 0 89 
F a t a l i t y Rate - 0 89 

Figure A-U 
A-30 

I9i>' - 0 *'9 
1965 • 10 
1965 - 1 62 

SLOWER 
TRAFFIC 

NOT TO SCALE 

Figure A-IS. 

A-32 

RIGHT LANE 
HOST 

TURN RIGHT 

RIGHT LANE 

EXIT i ONLY SECOHD RIGHT 

MHT RIGHT 

RIGHT LANE 
MUST 

TUm RIGHT 

EXIT 3/4 HILE 
EXIT I ONLY 

EXITS ONLY 
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iyp«:. 
sight Olacanc* { 
V . r t l c . 1 Curvatura 1.31 . r . H . , . n . f r . ^ „f i . . . i , . ^ / - , i . i , „ H . A 

— " t r t a n at Innti i lrnr. 
Horlsoncal Curvatura s t r a i g h t Section 

Paveaent TTpa Concrete 
ADT 

One-way 17,71B (1971) 
T»o-llaj 

3 Minute -Oount Average hourly volumes 
T o t a l 930 
Trucka_ 
Lana 1 _ 
Lane 2_ 
Lane J _ 
Lane 4_ 
Lana 5 

PercaDtaga_ 

Accident Ejtparlanca Accident Rate 0 77 accidents per m i l l i o n v e h i c l e s (1971) 
Sue Attached 

Oparational C h a r a c t a r i a t i c a s^e attached - E r r a t i c maneuver counts and 
spot speeds 

Figure A-16 

A-34 

1 1 

• I 

^ ONLY 

I ONLY 

SOUTH 

J t T 1 1/2 HUES 

A-35 

ACaOENT SUMMARY 
STUDY PERIOD • iuniaiy 1, 1971 - Decembei 31. 1971 

ACaOENT RATE • 077 acddtnu per million vehicbt 

INJURY RATE 046 li^uiy accldeoto per miUioii vehiclei 

NUMBER OF ACCIDENTS 

ACCIDENT TYPES 
Real-End 
Multiple Rear-End 
Lott Control 
Sideiwlpe 

ACCIDENTS INVOLVING INJURY 

TOTAL NUMBER INJURED 

TOTAL FATAUTIES 

UCHT CONDITION 
Daylight 
Dark 
Dawn or Dusk 

PAVEMENT CONDITION 
Wet 
Dry 

F i g u r e A-16. 

TOTAL 

$ 

2 
1 
1 
I 

3 

6 

0 

A-36 

^ ^ 8 

cq 

1 

9=^ 

i i 
i | 8 

11 

PERCENT 

100 

40 
20 
20 
20 

60 

60 
20 
20 

0 
100 

a hi 
4^ 

I I 
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A - 3 7 

D e l i n e a t o r s 
t r i p e s 
, L D e l i n e a t o r s 

n i l l a l 
D e l i n e a t o r s 
S t r i p e s 

I D e l i n e a t o r s 

S o u t h b o u n d 

r ^ 
Si 

73 
2 

J. if 
'-11 

63 
63 
65 
6^ 

SPEED LIMIT - 70 

ALTOS 

t n - t a l 
b e l . r e a t o r s 
^ t r i f a s 

L D e l i n e a t o r s 

• r 7 

All 

S o u t h b o u n d 

n i * i t i i 
b e l i n e a t c r s 

f. O e l i n e . T o r s 

63 5 
6U 
67 
70 

AUTOS 

I n i t i a l 
D e l i n e a t o r s 
S t r i p e s 
S, 6 D e l i n e a t o r s 

TRUCKS 

I n i t i a l 
D e l i n e a t o r s 
S t r i p e s 
£, & D e l i n e a t o r s 

AUTOS 

I n i t i a l 
D e l i n e a t o r s 
S t r i p e s 
S, t D e l i n e a t o r s 

I n i t i a l 
D e l i n e a t o r s 
3 t r i p e s 
S, 6 D e l i n e a t o r s 

- : B 

-6 
- r e 

-63 
62 

-60 
61 

S o u t i b o u n d 

r r 68 
r r̂ " 

r r 63 

[hi 

I n i t i a l 
D e l i n e a t o r s 
* = t r i p e s 
S, S D e l i n e a t o r s 

/ 
r re'" 

I n i t i a l 
D e l i n e a t o r s 
S t r i p e s 
S, S D e l i n e a t o r s 

r r c " 
Ah 

I 

I n t i a l 
D e l i n e a t o r s 
S t r i p e s 
S, & D e l i n e a t o r s 

r r 65 

[ [ [ » 

I n i t i a l 
D e l i n e a t o r s 
S t r i p e s 
S» 6 D e l i n e a t o r s 

r ' ' 
ril 5 

iB 
>- 1-56 

1 

BI'ACKtTS DENOTE STATISTICALLY SI'SNIFICANT MEAN SPEED DEVIATIONS 

Mean Speeds at the Single Lane Exit with Taper 

F i g u r e A - 1 6 . 



sight D l i t u i c e 
V e r t i c a l Curvature__ 

H o r i z o n t a l Curvature 

Pevaunt Type Asphalt 
ADT 

One-way 
T«o-Uay 

5-Nlaute Count 
T o t a l 
Tnjcka_ 
Lane 1 

Lane 3_ 
Lane « 

Accident ExpeTience_ 

Type; 3 - 2 Trap, r i g h t 

Percentage,, 

Operational C h e r a e t e r U t i c a T r a f f i c vary l l a h t . no nroblema. 

Sight Distance 2 a l l e s 
V e r t i c a l Curvature 

H o r i z o n t a l Curvature 

Pavement Type Aaphalt 
ADT 

One-way 
Tvo-Way 

5-Mlnute Count 
T o t a l 
Truclts_ 
Lane 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane i 

ALcideiit l-zperlcnce_ 

35 

Type 3 - 2 Trap m.hr 

Percentage_ 

Uperatlonal C h a r a c t e r i a t i c . T r a f f i c very l i g h t . 3 - 2 lane dron r..,,^ Ky 
two lane b r i d g e , lane i s added again beyond b r l d . e 

Figure A-17 Figure A-18 

A-39 A-41 

I RIGHT LANE 
EX I T 

V 

BRIDGE 

NOT TO SCALE 
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_. Tvpa. 4 - 3 Trap, r i g h t 

Sight Distance 
V e r t i c a l Curvature 

Sight Discanca 
V e r t i c a l Curvature 

Typei 3 - 2 Taper, r i g h t 

K o r i t o n t a l Curvature_ H o r l s o n t a l Curvature 

Pavement Type Asphalt 
ADT 

One-Uay 
Two-Uay 

5-Hlnute Count 
T o t a l 
Trucks_ 
Lane 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane i 

PerceDtaga_ 

Accident Experlence_ 

Pavement Type__ 
ADT 

Operational C h T a e t a r i a t l c e H«.»y «fr»r«»nn ^ r a f f ^ r A few on-ramo v e h i c l e s 
liavt. t r o u b l e morolno i n r n i-hrn.ttFh r r a f f H r Wnr.. 1 •T.A pnH« rn haam. f r a f f l c 
and short weaving area 

Accident Experlflnce__ 

One-Vsv 
Two-Wav 

5-Hinute Count 
T o t a l 104 

Time - 111 30 a m 

Trucka 16 Fereentase ^5 t 
Lane 1 23 
Lane 2 49 
Lane 3 18 
Lane 4 
Lane 5 
ERR 6 
R 14 

Operational C h e r a c t e r l e t i c e Hany ve h i c l e a croas pavement s t r i p i n g near gore 
area Some vehiclea e n t e r i n g llreeway j u s t upatream o f lane drop have 
d i f f i c u l t i e s merging i n t o a through lane before the lane drop area 

Figure A-20 
Hgure A-19 

A-43 A-45 

c m r i / 

HOT TO SCALE NOT TO SCALE 
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s i g h t Diltanee l/» P i l e or more 
Type 3 - 2 m.hr T.p.r 

V e r t i c a l Curvature l«v«l 
Sight Dietance__ 
V e r t i c a l Curvature 

Type 4 - 3 TV., 

H o r i z o n t a l Curvature S l i g h t l e f t - h a n d curve i n taper arwa 

Pavement Tvne Concrete 
ADT 

Horizontal Curvature 

Pavement Type_ 
ADT 

Two-Wav: T»o-Way 
Minute Count Tina - 7t30 A.M. 3-Mlnute Count Time - 5 10 P.M 
T o t a l 267 T o t a l 379 
Trucks < 1 Percentage 2 t TruLks 12 . Percentage 3 X 

Lane 1 133 Lane 1 153 

Lane 2 US Lane 2 125 
1 ane 3 19 Lane 3 101 
lane <• Lane U 
Lane S I.ene i 

Accident Egperiencg L i g h t 

Operational C h a r a e t e r i e t i c a AM peak hour c a r r i e s the mnnf trnffir A»*4^ « 

t y p i c a l day Speeds eteady through e n t i r e area. SS-tO mph. 5o». U M . , . . 

use trapped lane t o g a i n an advantage because I t l a empry i , 
3000-4000 f B , t . Thoae v e h i c l e , u s u a l l y t r g v e l l n . o u i r . f . . r i - . v . ^ 
squeezing i n becauae volume 1 . b e l o . c a p a c i t y . No v i . l M . n.v.r» n.,,. 
other than s k i p i i l i l t e . 

Figure A-21. 

barrlcadM 

Accident Ixperience Lov 

Operational C h a r a c t e r i s t i c s Downstream congestion backing up I n t o area caused 
slowdowns Stoppages noted a f t e r counts were made. During peak 5-mlnute period 
speeds v a r i e d from «5 t o 25. Some v e h l d e g using escape lane get honked a t . but 
gene r a l l y merges were smooth Shock wsvea i n right-hand lane take longer t o d l e -
sip a t e Generally, operation must be conaldered a u i t e acceptable. Metered 
freeway demo w i l l have e f f e c t impi.~.nted i n 1973. Signing f o r t h i s lane 
drop I s e n t i r e l y temporarr. «« B t . t e enginemra CYMlgaKctf that nniwrr I n o r U l n n l 
contract S o l i d white l i n e v i r t u a l l y gone already f o r t h l . w^nr... 

Figure A-22 

A-49 
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TO PASS 

ON 
SHOULOCR 
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Typa 3 - ^ Taper, r l f i h t 
S ight Dl.tance 3 mllea 
V e r t i c a l Curvature .3 S l l n h t up-grade 

l l c i r i x o n t a l Curvature Sharp l e f t 7 

Pavement Type Concrete 
ADT 

One-way 
Two-way 

5-Hlnute Count 
T o t a l 
TruckB_ 
Lane 1 _ 
Lane 2_ 
I ane 3_ 
Lane 4_ 
Lane 5 

Percentage^ 

Accident l-xperience U m e number o f a e c i d . n t . I n . r . . . y . . r i y . „ < j . . — 

o p e r a t i o n a l lanedrop aa f o l l o w s 1968-4. 1969-^. H7n.?l l i m . n l o n . a « 
Operational C h a r a c t e r i a t i c s Operatea p o o r l y , a capacity problem d u r i n g peak 

hours When freeway waa o r l R i n a l l y dealgned. the r i g h t lane waa continued to 
the second e x i t causing problems between through d r i v e r s , e x i t t r e f f l c and 
t r a f f i c e n t e r i n g from the loop connection Hence, the r i g h t lane was s t r i p e d 
closed c r e s t l n . a lane drnn at the f i r s t e x i t . Some ve h i c l e s Ignore the 
op e r a t i o n a l drop causing downstream c o n f l i c t s 

S i t e M 

Sight Distance a l i a s 
Type 3 - 2 Taper l e f t 

V e r t i c a l Curvatura 12 S l i g h t up-grade 

H o r l s o n t a l Curvatura None 

Pavencnt Type 
ADT 

One-way 
Two-way 

5-Hinute Count 
T o t a l 
Tnjck8_ 
Lane 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane S 

Percentage_ 

Accident bxperience L i g h t , a l i g h t increase I n number of eccldenta over the yeara, 
probably due t o increaaed volumes 

Operational C h a r a c t e r i a t i c e At 4 20 P M the s i t e had ca p a c i t y problems 
ates poorly d u r i n g peak hours, c a p a c i t y problem 

JtS.»i-

nramatlc increaae between 1969 and 1970 has not yet been explained 

Figure A-23. 

A-Sl 

Figure A-24 
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A-53 

l " ' T l\ 

4/10 HILt 

LANE ENDS 
ISOO FEET 

WEST 

i I 

NOT TO SCALE 



39 

Type i - 3 B t l t R l . h t 
Sight Dlatanca 1 m i l e 
V e r t i c a l Curvatura S l i g h t upgrade 

Sight Dlatane«_ 

V a r c l c a l Curvatura 

TTPa! 3 - 2 Trap, r i g h t 

H e r l i o n t a l Curvatura S l i g h t r i g h t - h a n d curve - .65. S l l a h t l e f t - .1 Hori toata l Curvatura 

Pavemant Type Concrete Pavemsnt Type Asphalt 
ADT ADT 

One-way 36,625 (1970) One-way* 42,750 aoproachln^ 4.750 e x i t i n g 
Tvo-Uay Tw-H«y. 

5-Hlnute Count }-Hlnute Count Tine - 3t45 p m 
T o t a l T o t a l 268 
Trucks . Percentaae X Trucks 12 • Percentage 4 z 
Lane 1 Lana 1 122 
Lane 2 Lane 2 111 
Lane 3 No Counts A v a i l a b l e Lane 3 
Lane & Lane 4 
Lane 3 Lane S 

Accident Experience 1970 accideat r a t e - 2.07 a c c i d e n t a / m l l l i o n vnhfr1« miia. 

Operational C h a r a c t a r i a t i c a S i t e worka OK a t l i g h t volunea 

Accident expartai>ca_ 

Operational C h a r a c t a r i a t i c a s i t e mrXa w e l l d u r i n g otf-oeak hours. 
—BreaXdotm occura d u r i n g paaX hour due t o a domatresm caoacitv r e s t r i c t i o n 

Figure A-25. Figure A-26 

A-57 

A-55 

aiaiT TURN ONLT 

T H I S | lAHE 

EXITS 1/4 NILE 

TNIS LAKE ENDS 

THIS LANE ENDS 
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Slca 33 

A-58 

1; 
. TYDS 4 - 3 Rlaht a t ROIBD 

Slflht Distance .2 miles 
V e r t i c a l Curvature . 

Hor l s o n t a l Curvature 

Pavement Type Concrete 
ADT 

One-Wav 28,200 approaching 6,300 e x l t i n j t 

Two-Uav 
S-Mlnute Count 

T o t a l 132 
T i m - 11 35 A.M 

Trucks 9 . Percentage 3 X 

I . nnB 1 

Lane 2 71 
lane 3 21 
Lane 4 14 
Lane 5 
Ramp 26 

Accident E g p e r i e n c e L i g h t accident experience 

Operational C h a r a c t e r l a t i c a Many e r r a t i c maneuvers observed i n encana «r«« 
a f t e r gore. 

Figure A-27 

A-59 

EX I T 1/2 HI L E 

NOT TO SCALE 

TTpe 3 - 2 Right t o r a i T 
Sight Distance 
V e r t i c a l Curvature 

H o r l s o n t a l C urvsture_ 

Pavement Type Asphalt 
ADT' 

One-way 39,100 approaching 
Two-way 

6,100 e x i t i n g 

5-Hlnute Count 
T o t a l 

Time - 4 45 P m 

Trucka_ 
Lane 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane 5_ 
Ramp 

Pereeocage_ 

Accident Experience Most accldenta aeem t o be congestion r e l a t e d , only a few 
near lane drop 
Operational C h a r s c t e r l a t l c a This s i t e operatea w i t h a minimum o f disturbance 
A few v e h i c l e s were observed making laat-minute maneuvera 

Figure A-28 

A-61 
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S i t e 20 
Type 4 - } Mght 

Sight Distance 1 m i l e 
V e r t i c a l Curvature -0 30» grade 

Sight Dlatanca -5 mile 
Type, « - 3 Taper, l e f t 

V e r t i c a l Curvature <** t o *1 «°0' v e r t i c a l curve) 

H o r l s o n t a l Curvature No curve K o r l i o n t a l Curvatura No curve 

Pavenant Typa Concrete Pavement Type Concrete 
ADT ADT 

One-Uay One-Vay: 
Two-Wsy Tw»-Way 26,842 

S-Hlnute Count Time - 4.50 P.M 3-HinuCe Count 
T o t a l 191 T o t a l 115 
Trucka 8 . Percentase 4 % Trucks Percantasa Z 
Lnne 1 47 Lane 1 25 
Lane 2 47 Lane 2 45 
Lane 3 49 Lane 3 40 
1 ane 4 48 Lane 4 5 
Lane i Lane i 

Accident l-xperience LlRht - 9 accldente over l a s t 3 years a t f i r s t o f f ramp. Accident Experience Only a few accidents i n d i c a t e d 
3 accidents a t lane drop o f f - r a n p 

ODeracional-.CharacteristiCB T r a f f i c moves f a i r l y v a i l throuRh s e c t i o n , smte Operational C h a r a c t a r l a t i c a This l e f t - h a n d taper works r a t h e r w e l l Host 
l a s t minute manuevers ve h i c l e s seemed t o make a smooth t r a n s i t i o n i n t o the o t h e r lanes Only 4% 

of the t o t a l volume o f t r a f f i c waa i n the l e f t lane 3 m i l e upatrean o f the 
lane drop 

Figure A-29. Figure A-30. 

A-63 A-65 

RIGHT LANE 

WESTBOUND EASTBOUND 
E X I T 4' ONLY 

E X I T ONLY 

E X I T 2/3 N I L E 

NOT TO SCALE NOT TO SCALE 
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A-68 
TYPE B — ADD-DROr SITUATIONS 

Sight D U t a m e 21 n l l e a 

lano drop l e f t 

V e r t i c a l Curvature 

H o r l i o n t e l Gurveture_ 

Pavenenc Type_ 
ADT 

One-Uiy 
TUD-Way 

5-Hlnuce Count 
T o t a l 10< 
Tnicka_ 
Lane 1 _ 
Lane 2_ 
Lane J_ 
Lane 4_ 
Lane 5 

Accident Experlenee__ 

Time - 12 00 noon 

Perceatece_ 

Operetlooal C h a r a e t e r i e t i c a Vehiclee tend t o w a i t u n t i l the l a s t minute t o 
merge r i g h t , reqardleaa t h a t t r a f f i c i s l i g h t and t h a t t h ere arc 8 signs 

_ , T T O I 5 - < Trap-Right 
Sight Dlataaca 25 miles 
V e r t i c a l Currature l i t t l e c u r vature 

H o r i s o n t a l Curvature S l l g i i t upgrade c r e s t i n g a t 25 miles upstream 

Pavement Type Concrete 
ADT 

One-Mav 1«»,000 <1968) PeaX Hour 11,800 
Two-Way 1 

3-Hlnuta Count T i n " »'!» AM 
T o t a l 6 " 
Trucka_ 
Lane 1 

Percaataga_ 

U n a 5_ 
Ramp 

Accident Eap«rl«n£a_ 

The p r o x i m i t y o f an upstream on-ramp and the f a c t t h a t there are few problems 
i n f i n d i n g a s u i t a b l e gap i n t r a f f i c may be responsible f o r t h i s behavior The 

Operational C h a r a e t e r i e t i c a very few e r r a t i c maneuvers were observed, however, 
9 00 A M comnuter t r a f f i c may w e l l make up the m a j o r i t y o f v e h i c l e s 

State Highway Commiesion i n d i c a t e d t h a t the s i t e has been a problem and the 
extensive s i g n i n g has been l a r g e l y successful i n s o l v i n g the problem 

Figure A-31 
Pigure A-3J 

A-67 
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s i g h t Distance 
V e r t i c a l Curvature 

Type 5 - 4 Trap-Rlnht Tm: 3-2 Trap, r i g h t 
Sight Slataaca 1 m i l e 
V e r t i c a l Curvature S l l a h t donnqraJe begins e n i l e a 

H o r l s o n t a l Curvature H o r l s o n t a l Curvature s l i g h t l e f t hand curve a t lane add 

Pavencnt Type__ 

One-way W.nOI) 
Tuo-Way 

5-Hlnute Count Time - 11 «0 A H 
Tocal 1(1(1 
Trucks 
Lant 1 7* 
Lana 2 
Lana 3 7n 
Lane 4 
Lane S 

Percentage ) ) 

Pavaaant Type Concrete 
ADT 

One-way. 
T»o-UaT. 

S-Hlnute Count Time - 3iS5 p m 
T o t a l 203 
Tnieka 16 1 PereantaM 7 > 
Lane 1 74 
Lana 2 70 
Lane 3 S9 
Lane 4 
Lane i 
CM 2 

Accident bxpcrlence_ Accident Experianca_ 

Operational C h a r a c t e r i s t i c s * s i g n i f i c a n t amount of l a s t minute naneuverlnR 
occurs St lane drop 

Operational C h a r a c t a r l s t l c * The a t t e looHs g u l t e w e l l even though geometric 
c o n d i t i o n s arc f a r from mtimm. Both e r r a U c maneuvers »ere caused by v e h i c l e s 
attempting t o p>f tteevay 

Figure A-32 Figure A-34 

A-71 A-73 

1 1 
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TURN RIEHT 
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THRU 
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sight D l i t a n e e 1 m l l a 
V e r t i c a l Curvatura 

Tviial 3 - 2 Trap. r l 9 h t 

H o r l i o n t a l Curvatura F a i r l y aharp l e f t curve endlna at 3 n l l e a upai 

followed by a sharp r i g h t curve 
Pavenent Tviie Concrete 
ADT 

T w a i i - * I ' f t taper w i t h aU-m l e f t 
Sight Dlatance ^ m i l e 
V e r t i c a l Curvature '•evel 

H o r l i o n t a l Curvature s t r a i g h t but lane drop tapera I n a aharp l e t t - h a n j curve 
about 40' downstreajn o f l a a t on-raa9 

Pcvenent Type_ 

Accident Experlcttce_ 

Two-Wav Tuo-Wayi 195,500 

Hlnute Count Time - 4 30 P H 5-Mlnute Count Tljne - 1100 p is 

T o t a l 269 T o t a l 454 

Trucka 17 Pereentaae 6 Z Trucka 55 Parcaatafe 12 X 

Lane 1 16 Lane 1 64 

Lane 2 116 Lane 2 99 

Lane 3 137 Lene 3 123 

Lane 4 Lane i 134 

Lane 5 Lane 5 34 

Operetlonal C h a r a c t e r l a t l c i T r a f f i c voluoe vas Quite heavy, very fev e r r a t i c 
manucvers were observed even though s i g h t d i stance l a minimal 

Accident gaperlence A c c i d e n t s / M i l l i o n V ehicle Miles 1964 - 0 30 1965 - 0 32 
No o f P a t a l l t i e s i 1964 - 1} 1965 - 11 F a t a l i t y Rate. 1964 - 1 55 1965 - 1.26 

Operational C h a r a e t e r i a t l c e Many v e h i c l e s atop or nearly stop a t lane drop 
v e h i c l e s from ramp j u s t before lane drop have much d i f f i c u l t y merging I n t o 
through lanes 

Figure A-35 Figure A-36 

I ^ TRAFFIC 

TRAFFIC 

TRAFFIC 
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S i t e 09 
Typ« « - 3 TTHB. B l i h r 

Sighc Di8Cance_ 
V e r t i c a l Curvature Jovngrade - 7 2 upgrade enile 

H o r l t o n t a l Curvature S l i g h t l e f t - h a n d curve 

Povenent Type Concrete 
ADT 

Onc-Uay 
Txo-Way 77.7a7 (1?7» 

S-Klnute Count 
Total 
Trucka_ 
Lane 1_ 

Ianc 2_ 
Lane 3_ 
I ani* 4_ 
Lane i 

Percentage^ 

_j Trpai ^ - 3 Double taper, l e f t 
S ight Pi«fBc« 3 n i l e s 
V e r t i c a l Curvagiw Long - up grade 

H o r i i o D t a l Curvature 

Pavti 
ADT 

n t Tjrp._ 

0ne-V«7i_ 

>-Mlmite Count 
T o t a l 
Truck»_ 
Lane 1 _ 
Lena 2_ 
Lane 3_ 
Lane 4 

^ Percaataga_ 

Accident Kxperlence_ 

Operational C h a r a c t e r l a t l c a D i r e c t obaervation waa not a v a i l a b l e , due t o 
l a a c c e a a i b i l i t y o f B i t e 

Fldure A-37 

Accident Btparlenea Several poaeible laae drop r e l a t e d accldente i n d i c a t e d 

Operational C h a r a e t e r t a t i c a The eecond lane drop i a d i f f i c u l t t o eee u n t i l 
j u a t before t i l e taper beqina v e h i c l e s e n t e r i n g from the on-regq> muat merge 
r a p i d l y I n t o Che t»o through lanes t o avoid being trapped and elowed i n the 
lane drop area 

Figure A-38 

A-79 A-81 

EXIT 23 EXIT 23 

EXIT 23 I 

EXIT 23 
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Typel < - 3 Taper, r i g h t - l e f t add-drop Type 4 - 3 Trap, r i . h t 

S ight D l a t a n c a _ i 5 L . 
V e r t i c a l Curvatura Long doxncirade beginning a t 58 miles upstream 

Sag a t 13 m i l e s upstream 
H o i i s o n t a l n i r v a t u r e S t r a i g h t 

Accident • t v . r i . n t . No accident m a t e r i a l a v a i l a b l e 

Sight Distance .2 
V e r t i c a l Curvature S l i g h t upgrade, c r e s t i n g a t 1 milea 

H o r l s o n t a l Curvature Right hand curve begins 4 miles unfltr^am 

PcvcBsnt Typ6 Concrete Pavement Type Concrete 

ADT ADT 

Ona-Uav. Oiie-Uay S3.95U 

TvD-Way t Tvo-Uav 

S>Minut« Count S-Mlnute Count Tljae 3 SO P H 

T o t a l T o t a l 
T f i i r l r * . Fercentana > Trucka 28 • Percentage 6 I 

Lane 1 Lane 1 30 

Lane 2 Lane 2 133 

Lane 3 Lane 3 131 

Lane 4 1 ane 4 160 

Lana 5 Lane 3 

Accident Experience 1970 accident r a t e - 7 68 a c c l d s n t a / m l l H n n v . h l r l . 

Operational c h a r a c t e r l e t l c a D r i v e r confusion haa baen anoarent. Many 
complaints (backed up by observation) i n d i c a t e t h a t d r i v e r s are not stire who 
has the r i g h t - o f - w a y and »ho i a responsible t o r merging. 

Operational C h a r a c t e r i s t i c s M u c h uee o f the escape lane l a madw. T r a f f i r una 
q u i t e heavy and d e f i n i t e merge problems occur i n the lane drop arfta. SnniB 
v e h i c l e s are almost slowed t o a atop before f i n d i n g a ean t o m.r.A I n r n rh« 
through lanes 

Figure A-39 Figure A-40 

A-83 

A-85 
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sight Diatanca 07 miles 
V e r t i c a l Curvature 

Type 3 - 2 Right t o ramp _i Type I i - 3 Trap, r i g h t 
Sight Distance 
V e r t i c a l Curvature - j-i A^V „*^A^ 

H o r i s o n t a l Curvature H o r i s o n t a l Curvature A . n'oo'oo" i t ' D.3'OO'00" K-HU9 86 

Paveaant Typ« Concrete Favament Type Concrete 
ADT ADT 

Ons-WaT 4^ ,000 approaching 10,500 e x i t i n g One-Wav 
Two-Vay Two-War 36,633 ADT 

5-Hliuice Count Time - 9 30 A H 5-Hlnute Count 
T o t a l 199 T o t a l 139 
Trucka 21 Parcantaaa X Trucka 12 Percanca£a 9 Z 
Lana 1 Lane 1 37 
Lane 2 93 Lane 2 37 
Laae 3 64 Lane 3 30 
Laoa 4 Lane 4 45 
Lana 3 Lana S 

_Rs«e_ 

Accident Experience Accident experience i s heavy 

Operational C h a r a c t e r l a t l c a The s i t e i s considered t o be a hasardous l o c a t i o n 
by many C o l l i s i o n a t t e n u a t o r s have been i n s t a l l e d i n the gore area Many 

Accident E»perlenca_ Mo accidents a t sore area. 
M7n - 11 

ve h i c l e s were observed t o make last-minute lane changes 

Operetlonal C h a r a e t e r U t l c a Dron . n r k . w e l l i n nomine. 1/4 c r . f f l r . . I f . 
a l l l a s t mimitp msMnvprn d u r l n . t h l . t l m . n.rlnX w.r. .«tter. movin. I n t o 
the e x i t lane. S i t . 1. on . c r y . . Rama movea o f f t o n . h t f . t r . l . h r i m . 

S l l . h f rtnwn.r.d. h . l n . s l . h t J l . t . n r . . 

f i g u r e A-41 Figure A-42 

A-87 

E I I T OMLV 

NOT TO SCALE 

A-89 

I I 
I I 
I I 

11 

I I 

RIGHT LAHE 

WIST K I T 
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_. Tv... 4 - 3 Trap, r i g h t 

Sight Biatanea .03 mile 
V e r t i c a l C u r v a t u r a - 2 695> t o *S 5< (1200' v e r t i c a l curve) 

H o r l s o n t a l a i r v a t u r a t- 5' 51' 56' Rt D - 2' 30' 00" R . 2291 83 

Psvamant T..a Aaphalt 
ADI 

Oae-UaT. 
Tvo-We; 

)-Nlnute Count 
61 

Accident Bieertenca Several gora-located eccldents have occurred 

Operational r h . , . , ^ t . r l a t l c a Lane drop i a a problem even though volumes are 
l i g h t v e h i c l e s e n t e r i n g from upstream reap t h i n k they have a t h r u lane t o 
t r a v e l i n I t a b r u p t l y ends Last minute maneuvers were mostly t o avoid 
l e a v i n g freeway — — 

Typel 4 - 3 Trap, r i g h t 
Sight Dlatance 37 miles 
V e r t i c a l Curvature i n n , „p,r.H,. ̂ r..><n, m n n ' . . r - r , . . - A. 

i » v H " i " ' — J " r 
H o r l i o n t a l Ourvetura cn,i.> ,.„.., 

Pavement Type 
ADT 

One-way 
Hio-Way. 

VMlnute Count 
T o t e l 

Truck* 4 Parcancasa 5 K Trucks 

Lana 1 33 ramp Lana 1 

Lena 2 15 Lana 2 

Lane 3 23 Lana 3 

Lasa 4 10 Lana 4 

Lana 5 
Lana 5 

Perceotage__ 

Accident Experience n r r l i l n f r - ' • - y ' • - " " r 

Operational C h a r a e t e r i a t l c e T r a f f i c volumfs we^e ^ ^ m y H a m (luitnK PM-<HT, 

Some e r r a t i c manuevers were observed near the .ore area. 

Figure A-43 Figure A-44 

A-93 

EXIT OW.t I 

NOT TO SCALE 

I « ) M 4 cwt 

EXIT I an .T 

RIGHT LANE 

TUM RIGHT 

j 1 fttii 
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sight Dlatanca M miles 
Tvpei Trap, l e f t 

V e r t i c a l Curvature 

H o r l s o n t a l Curvature 

Pavement Type Concrete 
ADT 

One-way 
T<K>-Way 

}-Nlnute Count 
T o t a l 
Trueka_ 
Lane 1 _ 
Lane 2_ 
Lone 3_ 
Lena 4 

Percantaga__ 

A-96 
TYPE C — DROP-ADD SITUATIONS 

Sight Distance 1 m i l e 
. Type 3 - 2 Proi>-Add. l.>> 

V e r t i c a l Curvature very s l i g h t dowigrede and uosrsJe. sse. a t .4 

H o r l i o n t s l Curvature S l i g h t rl«ht curve 40 - Sham l«ft curve .74 

Pavement Type Concrete 

ADT 
One-Way 

Tuo-Way 
5-Mlnule Count 

T o t a l 
T r u c k 8 _ 

Lane 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane i 

Percentage__ 

Accident EKperience * three year study of accidents reveals 33 accidents 
occurred of wiiich 3 were considered lane drop r e l a t e d 

Operational c h a r a c t e r l e t l c a T r a f f i c volumes are f a i r l y l i g h t mucn maneuvering 
was observed i n the s e c t i o n , however, d i r e c t observation of e r r a t i c maneuvers 
was not pogsiblc over a long period of time 

Accident Experience m.i, .„....•. 

Oper.tlonal C h a r a c t e r i s t i c s Many e r r a t i c maneuver, .nri o.»r.M.,...i r „ n — 
hjve occured a t t h i s s i t e . S i t e i s d u e t o h. . i 
lane Jrop 

Figure A-45 
Figure A-44 

A-95 

Separation 
Stnicture 

A-97 
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t* m < at < H 
B W O 
H H 

•m »4 <o o 9> 

S i t e a i 

A-105 

, Tyoa: 4 - 3 t r a p , r i a h t 
J SlBhE Distance 
H O o —1 VerelcAl Curvature 

«| - H o r l c o n t a l Curvature 

Paveaanc Type 
•̂  lO »• • - e 

ADT 
One-Way 39,767 

^ Tvo-Uey •< 
H O - « o 

3-Hlnute Count Time - 1 50 p m 

To t a l 220 
o « CO Trucks 29 . Pcrcaataga 13 t 
r4 Os -

« CO 

Lane 1 67 
Lana 2 68 

«1 o » Lane 3 40 
Lane 4 
Lane 3 

H « Ramn 45 
O 

Arr l d e n t Exoerlence T o t a l accidents: 1969 - 5 1970 • 3 1971 - 1 Avg - 3 
S Q o 1^ Accidents per 100,000,000 v e h i c l e s • 20 67 

Operetlonal r h . r . c t e r i a t i c a Some vehiclee tended t o t r a v e l i n the long 
csLape lane f o r q u i t e a distance The cross-hatching a t the gore area does not 
no c c s s a r l l y convince d r i v e r s t o merge i n t o the tjirough lanes 

• c 

Plgure A-48 

HOBTHBOUND LANE DROP 

A c c i d e n t s A t t r i b u t a b l e t o B o t t l e n e c k 

1) T o t a l a c c i d e n t s between I - -
and — Lane Drop 

2) T o t a l A c c i d e n t s o c c u r r i n g d u r i n g 
t h e peak h o u r s (3 pm t o 7 pm) 

A c c i d e n t s a t t r i b u t a b l e t o t h e 
b o t t l e n e c k and u p s t r e a m 
d e l a y s i 

1 A c c i d e n t s o c c u r r i n g a t 

th e b o t t l e n e c k 

a) Reor £nd 

b) Lane Change o r S i d e s w i p e 

c ) O u t - o f - C o n t r o l 

2 A c c i d e n t s o c c u r r i n R u n n t r c a m 
f r o m t h e b o t t l e n e c k 

a) Roar End 

t>) Lane Change o r S i d e s w i p e 

c> O u t - o f - C o n i r o l 

3 I n j u r y and Property Damage 
Ac c l d o n [ < ; , 

11 

5 

T) I n j u r y 

h) p r o p e r t y Danage 

17 

20 

0 

0 

16 

2 

0 

10 

20 

Figure A-49 

A-106 

aiT i ONLY 
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Type ? - 2 tyflg Ught 
Sight Distance 
V e r t i c a l Curvature 

_ l trw. « - 3 
Sight Statanca 
V e r t i c a l Curvature 

H o r i z o n t a l Curvature H o r t i o n t a l Cunratura_ 

Pavement Type Concrete 
ADT 

One-way 51,500 (1970) Peak Hour 3600 - 3650 

Pavement Type Asphalt/Concrete a t 67 1 
AST 

Minute Count Time - 4 30 F M 5-Mlnute Count Time - l l i 3 0 A M 
T o t a l 287 T o t a l J73 
Trucka 23 Percentage 8 > Trucka 0 _ Pareancaga 
Lane 1 131 Lane 1 70 
Lane 2 110 Lane 2 54 
Lane 3 46 Lana 3 S3 
Lane 4 Lane 4 66 
Lane 5 Lane S 

X Trucks P r o h i b i t ) 

Accident txperlence Heavy (per a t a t e e s t i m a t e ) . Hany accldenta I n area. 
p r i m a r i l y Jua t o other f a c t o r s , p r i n c i p a l l y road curvature (compound curved 

Operational C h a r a c t e r l a t l c a Severe conftestlon I D area due t o cauaea other {han 
lane drop Likewise,lane drop i s not prime cause of accldenta. a l t h 9 u g h . i t 
probably c o n t r i b u t e s Speed l i m i t r e c e n t l y lowered from 60 t o 55 throuch 
the area Personal observation i s t h a t t r a f f i c l a smoother - l e s f l Hoeed 
diff«.rcntialH between v e h i c l e s 

Accident ExpcrleBee_ 

Operational C h a r a c t e r l a t l c a Many v e h i c l e s make la s t - m i n u t e maneuvers 
T r a f f i c c o n y o s i t i o n included percentage of taKi-cabs 

Figure A-50 Figure A-51 

A-108 A-110 

1 

NOT TO SCALE 

LAST EXIT BEFOKE TOLL 

LAST EXIT BEraK TOLL 

EXIT ) / 2 NILE 

LAST EXIT BEFORE TOU 

lOT TO SCALE 
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A - l l l 

Sight Distance .7^ 

, T.i.«. ^ - 1 Tran-Kleht 

V e r t i c a l Curvatura_ 

H o r l s o n t a l Curvature c:l..,p r i g h r cn.^l.r l e f t curve 

Pavement Type_ 
ADT 

One-Wav 
Two-Wav 

5-Minute Count Tine - 12 20 
T o t a l 717 

Trucks n 
Lane 1 77 

Lane 2 ^1 
Lane 3 
Lane 4 7(1 

Lane 5 

m . . i n 

Percentage_ 

Trucks P r o h i b i t e d 

Acclilent hxperience__ 

S i t e 
Typo- 3 - ; TTAB. r t f l h t 

S ight Distance 1 m i l . 
V e r t l c s l Curvature l e v e l 

H o r l s o n t a l Curvature l e f t hand sweeping curve ending 1 mile 

Pevement Tvne Concrete 
ADT 

One-way 
Two-way 

S-Htnuta Count Time- I t 3 5 P rt 
To t a l U a 
Trucka_ 
Lana 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 

Lane S 

Percentaae j n 

-£0. 

Accident Experience^. 

OpLtational C h . r q c c e r l s t l c s x.ny . r r . t l c manuevers occur at t h i s s i t e V i o l a t i o n s Operetional C h a r a c t e r l e t l c a . K-. , „.„.,.v.r. w.r. •.h-.rv.d. 

. 1 - ~ r " ' •''"<' " " t ^ ' ' - " ' ' ' ' ' d u r i n g peak hour t r a f f i c 

Figure A-52 

A-112 

EXIT 1 on.r 

EXIT 1/t NILE 

|THRU TRAFFIC 

i i 

\ / TRAFFIC \ 

THRU TRAFFIC 

THRU TRAFFIC 

I EXIT 1̂ 1 ONLY 

EXIT ^ 1 NILE 

(1 2 MILES) 
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A-117 

STBP-OVEE SITDATIONS 

Type 4 - 3 Tree, r i a h t 
Sight Dlatance ^ miUa 

V e r t i c a l Curvature_ 

H o r l x o n t a l Curvature_ 

Povement Type Concrete 
ADT 

( l i i e - U a y 

Accident H n . r i e n c e accident r a t e per MVW • 2 1, only one accident 
w;iH ludgeJ t o be lane drop r e l a t e d , IS were congestion r e l a t e d . 

i l p e r a t l o n o l C h a r a c t a r l e t l c e 'tony l a a t minute lane changea were observed 
*>ii;lit l i l s t a n c e i s r e s t r i c t e d 

Figure A-S4 

A-116 

LEFT UUE 

rUM LEFT 

LEFT u m 

T U M LEFT 

EXIT 1 (MY 

»IA TOLL BRIDGE 

Trpel 4 - 3 Trap r i g h t , add-on l e f t 
S ight Dlatance_ 1,500' 

V s T t l c a l Curvatur«_Jf™L 

H o r l i o n t a l Curvature 

Pavel 
ADT 

»t I y p e _ 

One-Hay . 
144,000 (1968) pea)i hour 11,200 

5-Mlaute Count Time - 2ilO p m 
Twti-Wav - T o t a l 469 

Hlnute Count Time S 30 P H Trucka 70 
Tota l 313 Lane 1 56 
Trucks 17 , Percentage 5 X Lana 2 140 
1 nne 1 47 Lane 3 122 
Lane 2 95 Lane 4 105 
Lane 3 127 Lane 5 
lane 4 44 3 - 4 247 
Lane 5 1 - 2 222 

Pareuitaga^ 

Accldant Exp«rlattca_ 

NUMBER OF ACCIDENTS IN I 5 NILE INTERVALS 
n i l I i M - i m 

Oparatlonal C h a r a c t a r l a t l c a Tha r a a u l t a frcm tha f l r a t lane drop c o n t r a c t t o r 
t h i s s i t e , i n which the l e f t two lanea are merged, ahow a u n i f o r m i t y o f behavior 
a t a l l flow l e v e l s The two lanes t h a t merge a t the lane drop show a severe 
decrease i n speedsi however, the r i g h t lane has v i r t u a l l y no speed drop and lone 2 
drops only s l i g h t l y The disturbances I n i n a l l lanes increases as the flow 
Increases The t r a f f i c f l o w r a t e curves i n d i c a t e t h a t v e h i c l e s i n the l e f t lane 
f o l l o w the s i g n i n g and s t a r t t o merge r i g h t upstream o f the lane drop, then are 
forced back t o the l e f t by the pavement markings i n the lane drop taper area 
Flows i n the r i g h t two lanes remain r e l a t i v e l y undisturbed, except f o r the i n f l u x 
o f a very few v e h i c l e s from the on-ramp upstream o f the lane drop 

The a l i g h t speed increase i n the r i g h t two lanes a t the upstream end o f 
the lane drop taper was observed d u r i n g a l l three f i l m p e riods, but no applanation 
of i t s causa has been found 

Figure A-SS 

A-118 

I I 

NOT TO SCALE 

I I 

I I 

f w i I [MD 

NOT TO SCALE 
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Type 3 - 2 Trap-Left 

Sight Dlatance 
V e r t i c a l Curvature_ 

o r l i o n t a l C u r v a t u r e S l l B h t curve t o the r i g h t 22 

Pavement Type__ 
ADT 

One-way 

Two-way 
5-Hlnute Count 

T o t a l 
Trucka_ 
Line 1 _ 
Lane 2_ 
Lane 3_ 
Lane 4_ 
Lane 5 

Percentage_ 

Accident Experlence__ 

o p e r a t i o n a l r h . , . . , . , l . t l c . " I n l m a l s i g h t d i s t . n c e cause, many l a s t minute 
manuevers Gore srea I s not very w e l l defined 

_. I m a i 3 - 2 l e f t - t a p e r 

Sight Mitanc«_ 
V e r t i c a l Curvatura l e v e l 

H o r l s o n t a l Curvature s t r a i g h t 

Pavel 
AST 

a t T V B « Concrete 

One-way 
T«.-Wav. 4g.SM» » « 7 n 

}-Mlnuta Couat 
T o t a l 
Trueka 18 
L « M 1 118 
Lane 2 129 
Lane 3 17 
Lana 4 
Lana S 

} Pare«atafa_ 

Accident Experiettce_ 
lane drop area ) 

number of accidents 1971 14 (S were i n the Imnedtate 

Operetional C h a r a c t e r l e t l c a Thia s i t e i s h e a v i l y conaeated d u r i n g the AM 
peak-hour Manv l a s t minute maneuvers were observed 

Figure A-S6 Figure A-57 

A-120 A-122 

U I T 2S 

1 T 0 1 L | | B > I 0 8 E | 

NORTH JCT 
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E X I T 2 9 
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/ 1 TOLL 1 | | BRIDGE | / 
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2 0 0 0 FEET 
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T y p e i . 2 Taper, l e f t 

Sight 01stanca_ 
V e r t i c a l Curvatura S l i g h t downgrade ( 65) 

H o r i i o n t a l GurvatuTa_ 

Favamant Tvne concrete 
ADT 

One-Uay: 
Two-way 48.500 (1971) 

5-Mlnute Count 

Accident Eanarlanca number of accidents 1971' 5 - a t l e a s t one n i g h t be 

Operational C h a r a c t e r l a t l c a Thia a i t e i s comparable t o Bite 10, they are at 
the aame l o c a t i o n on ooDoalta d i r e c t i o n a o f t r a v e l . Many l a s t minute. 
e r r a t i c manuev.ra were observed, even at low t r a f f i c volumes. 

Type 3 - ; latt 
Sight Dletance 700 f e e t 
V e r t i c a l Curvature l e v e l 

H o r i c o n t a l Curvature tangent 

Pavement Type Concrete 
ADT 

One-way 51,500 (1970) 
Two-way 7».325 

5-Mlnute Count 
T o t a l 

Time - 5-00 P.N. 

Trucks 1 P a r c w t A M X Trucka 23 
Lana 1 Lane 1 110 
Lana 2 Lane 2 109 
Laas 3 Lane 3 94 
Lana 4 Lane A 
Lane 5 Lane 5 

Fercentage_ 

Figure A-58 

Accident ECTsrience L i g h t t o modar.ta (avaraga) - Wm, .rr»..>. 

Operational C h a r a e t e r i a t l e a Supy^jj^^^j^^y good opiirji»<r.n rn^m4Amr4^ »,.p--j 
lane l a around a h o r i i o n t a l cur... o.., . v.,»>.i v.. 
distance t o the gore, and e g i t l a on the l e f t . S . , K M . . „ ^ , ^ ^ 

heavy t r u c k volumes i n l e f t lane ( L e f t e x i t leads t o a t r u c k t e r m i n a l area) 
Geometry due t o r e s t r i c t e d R/W & planned connection t o f u t u r e crosstown f r e e ­
way extending acroaa the r i v e r 

Figure A-59 

A-124 A-126 

T H I S LANE ENDS 

2«oo nn 

4 S 0 0 ' 

NOT TO SCALE 

1/4 n 

NOT TO SCALE 
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_| T ~ . 4 - I Trap. l . f t 

SllhC n i . t m e j 1.000' 
T a r t l u l r n ^ . t ~ r . s l l a h t uDar«a« b M i a n l i w a t 95 mi l e s uDBtr.m 

H o T l i o i i t a l C l i m c u n . Klght-cuCTM a t 90r« areai l»n« Jrop zame t o t m a a n t 

Pavannt T.-. conerate/aaphalt a t .3 m i l e 

ADT 
On^tjs M.6B0 
Tuo-Hayi . 

]-Mlnuta Couac 
Total 

_ I P«teut<t*_ 

Ho counts a v a i l a b l e 

Accident »...r<.nc. Accident r a t e I n 1970 - 4.8 . c c i J e n t s M l l l l o n v e h i c l e 
miles , 

Oparacianal r h . , . r t . , l . t l c This s i t e l a Imom t o b. a s e r v i c e accident 
l o c a t i o n The l e f t lane seems t o be unloaded w a l l before the lane drop b u t 
congestion »as apparent a t 4 i l 0 p.m. Breakdeiin may be due t o capacity j r o b l e i 
The l e f t tangent o f f - r a n y lane drop cosibined w i t h a sharp curve on the ramp 
produces a key hasardoua l o c a t i o n 

Figure A-60 

A-128 

1 1 roBTI 
1 1 

109 

ko« 99 — o \ * 

Figure A-60. 
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sight D l « t m « 
VartlCAl Curvatur* 

_1 t T M l 3 - 2 ntp, l e f t 

HorUoatal Curvator* 

P i v a 
ADT 

I t Tyi>e_ 

Ou-Wa7 
Two-W«y 

S-Mlnuta Count 
T o t t l 

Tine - 9 30 « n 

Truelu 23 
Laa« 1 62 
Lana 2 111 
Lane 3 51 
Lana 4 
Laoa 5 

F«rc«ntiM 10 

Accident Exparlence See attached 

Oparatlonal Charactarlatlca The a i t e l a conaiderad t o d e f i n i t e l y be a h l q h -
accident l o c a t i o n There IB no eacape lana from the trapped lana a t the 
off-ramp C o l l i a i o n a t tanuatora have been placed I n the gore area Signing 
La poor bccauae another l e f t - h a n d e x i t t o the freeway'a expreaa lanea l a 
located only 1100' upatrean o f the lane drop. The aigna located on the r i g h t 
probably are not t e r r i b l y e f f e c t i v e Hence the only two aigna p r i o r t o the 
lane drop are w i t h i n o n e - f i f t h m i l e o f the e x i t 

ACCIDENT SUMMWtr 

Drop Lanes 
1971 Aeeldants 

Figure A-61 

Location 
MMapost 

ProportY Damage Accidents 

I n j u r y Accidents 

Fa t a l Accidents 

T o t a l Accidents 

NB o f f 
16!.10 - 169.60 

29 

13 

I 

39 

SB o f f 
168.30 - 168.80 

19 

17 

0 

36 

A-131 

>«Uid CMcnto by1Ui**4 -

SSO-

800' 

VTHICLES OVER 
30n PROHIBITED 

LEH LWC 

L E n 1/2 NILE 

TWN urr 

LEn LANE 

TURN LEFT 

Parsons I n j u r e d 24 

F a t a l i t i e s I 

PropertY Daniage ( 3I»000 

Economic Loss SI4I,000 

Accidents per MVM 4.0 

Aor 52,900 

Drop Lane Related Accidents I 

Rear-end Aces Due t o Congestion 29 

28 

0 

S 27,000 

tl02,000 

2.1 

72,200 

I 

18 

1971 average statewide r a t e f o r urban I n t e r s t a t e roadway Is 2 I . 

Figure A-61 



60 
A-133 

TYPE E — UNE SPLIT SITUATIONS 

TY I ^ I 3 - (2-1) S p l i t 
Sight Dl«t«ne« .2 m i l e 
V a r t l u l C u m t u r . S l i g h t domnrato 

H o r l i o n t a l nir..e.ir« Right h m i l carve 

Pavement Type Concrete 
*DT 

One-Key 
T«o-Wey • 

S-Ninute Count 
T o t e l 
Trucke_ 
Lene 1 _ 
Lene 2_ 
Lene J_ 
Lene «_ 
Lene 5 

Percentege_ 

Accident Experience^ 

_ i Tvpei 5 t o 3 (1/2 a p l l t ) a f t e r eJd-on. r i g h t 
Sight Dlatance_ 
V e r t l c e l Curvature s l i g h t downgrade upstream o f lane s p l i t 

H o r l s o n t e l Curveture_ 
upfltreari 

Generally a t r a i g h t , a l i g h t r i g h t - h a n d curve 6 n l l e s 

Pave 
ADT 

ent Type Asphalt 

One-Key 
THD-KeyI 159,700 

5-Hlaute Count 
T o t e l 

Time - 7i30 a m 

Tnicka_ 
Lane 1 _ 
Lane 2_ 
Lene 3_ 
Lene 4_ 
Lane 5_ 
1 - 3 

Pereentege__ 

Oporetional C h a r a e t a r l a t l c e The s i t e had o p e r a t i o n a l problems when the middle 
lano was an o p t i o n a l lane forming a 3 t o 2-2 s p l i t The m a l o r i t v o f the t r a f f i c 
uses the l e f t f o r l i o f the s p l i t The s i t e wee r e s t r i p e d t o force the l e f t two 
lanes l e f t o n l y and the r i g h t lane r i g h t o n l y According t o the 
Department o f Tr a n a p o r t a t i o n , operations have improved considerably since the 
r o s t r l p i n q 

Accident Experience A c c i d e n t a / H l l l l o n Vehicle Miles 1964 • 66 1965 - 47 
Ho o f F a t a l i t i e s 1964 - 6 1965 • 7 F a t a l i t y Bate 1964 - 0 79 1965 - 0 92 

Operational c h a r a e t a r l a t l c e This s i t e has congestion problems throughout most 
of the day Many l a s t minute lane changes were observed Ramp t r a f f i c unable t o 
merge downstream backa-up i n t o lane drop s i t e . 

Figure A-62 HRure A-63 

A-134 
A-136 

NOT TO SCALE 
I I I 

U n 2 UWES 

U6NT 2 LARES 

( l . t NRES) 
HOT TO SCALI 



s i t e 43 

Sight Dlatjnce 39 mi l e s 
Type 3 - (2-» S c H t 

V e r t i c a l Curvature S l i g h t upgrade c r e s t i n g a t .94 n l l e i i .mntrpmn. .H.hf 
downgrade l e v e l i n g o f f at 59 miles unntr.im 

l l o r l z o f t t a l Curvature S l i g h t 

Pavement Type Concrete 
ADT 

i)iie-Uav 
Two-Uov 

5-Hlnute Count 
r u t j i 222 

Time 5 30 P M 

Trucks 5 . Perccntaee 2 X 
Lane 1 61 
1 aiie 2 105 
1 ane 3 56 
1 ane ^ 
1 anu 5 

KUht Fork 101 

AcclJviit l'xperlcncc_ 

i i p o r . i l l o n . i l C h a r a c t e r i s t l c a T r a f f i c volume s o l l t a evenly. Th.r. w»r. . f -
e r r . t l c maneuvers ob.erved, however, t r a f f i c m n e t a H y flnWBll snnnrMy 

61 

s i g h t Dt«t«»es 1 m i l e 
V e r t i c a l Curvature *0,52% grade 

HorUoocal Curvatura no curve 

Paveaaat Tvpe concrete 
ADT 

Ona-Uay 
Two-way 

5-Mlnuce Count 
Total 256 

Perc«nt«M 8 5 

Lasa 3. 
U n a t 
Una 3 

Aceidaat Ewarlanca High accident ejgerience i n d i c a t e d Ho a c t u a l data 
obtained 

Oporatlooal Charactarlatica Th. v.,v 
lelmost unexpected) taa t - i n i n u t e maneuvers wer» observed w i t h some frequency 

Figure A-64 Figure A-65 

A-138 A-140 

UST SIOWBS 
MCHT 2 UWU 

SOUTH 

isrr 2 uwEs RIGHT 2 LANES 

HOT TO SCAlf 

I I 
I I 

I I 
! I 

I I 
I I 

EAST TQ SOUTH 

4 I 

ROUTES SEPARATE ORE NILE 

EAST TO 

1 ROUTES SEPARATE TVO MILES | 

EAST TO SOUTH 



62 

APPENDIX B - DATA COLLECTION FORMS USED IN PHASE I SITE VISITS OPERATIONS FOBM 

Appendix B conslotB of data forma developed f o r g a t h e r i n g lam 

drop I n f o r m a t i o n from State and M e t r o p o l i t a n egenclea and at 

lane drop e l t e e d u r i n g Phaae I e f f o r t e . 

PHONE IHTERVIEW SHEET 

Person contacted 

Approximately how Dany lane drops are I n your state? 

Are any of them considered t o be problems, I n terms of high accident rates or 
unusual congeatlonf How many? . 

Which ones? — 

OrganizaCIon 

Interviewed 

Uhoro urc your problem a l t e s located? 

How doea your s t a t e determine problem locations? 

Does your s t a t e have any documented lane drop dealgo p o l i c i e s and practices? 

How do problem l o c a t i o n s deviate from the eatabllshed design p o l i c i e s and 
practices? 

Can SDC ob t a i n plans of lane drops, accident end t r a f f i c counts, photographs, 
or other data? 

B-4 

-2-

Mave you done any studies at these s i t e s ? I f so, what k i n d , and what were the 
r e s u l t s ? 

I s there anyone elae I n your s t a t e ( i n a r e g i o n a l o f f i c e perhaps?) who might 
have knowledge of lane drops there? 

Can we v i s i t you t o c o l l e c t data, discuss design p o l i c i e s and observe t r a f f i c 
at some of your lane drops? 

Date o f personal i n t e r v i e w 

Areas I n s t a t e Co be v i s i t e d 

Do you have any s i t e s which you f e e l work wel l ? 

f so, where are they l o c a t e d ' 

Wliac type of accident record i n f o r m a t i o n and volume i n f o r m a t i o n can be i 
av a i l a b l e f o r these s i t e s (good and bad)? 

L e t t e r sent 

Commen ta 

What i s the best method f o r o b t a i n i n g t h i s i n f o n o a t i o n ? 
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POLICIES & PROCEDURES FORM 

Date 

Incervlewed Location 

Do you conform t o the AASKO'e red book guldallnea? 

Do you have a State Manual on Signing, a t r i p l n g , and geometric dealgn 
and does I t conform t o current practlcea? 

Are there any lane drop a i t e a I n your a t a t e which conform t o current dealgn 
apeclficatlona'' I f ao, where are theyf 

What has been your experience w i t h t h e i r o perating c h a r a c t e r i a t l c B ? 

B r i e f l y describe c u r r e n t g u i d e l i n e s f o r s t r i p i n g , s i g n i n g & geometric design 
(Attach handouts ) 

LUCATION State 

Route Designation __ 

, Ci t y 
Route No 

Ch a r a c t e r l s t l c a upstream of lane drop 

Ceoinetrlc Deslf;n 

Distance t o closest ramp 

Name of ramp 

Type of ramp (on, o f f , d i r e c t , loop, e tc ) 

Huidtar o f freeway . 

Width o f nedlan . 

Gradient 

Length of graded s e c t i o n 

Begin p o i n t 

Curvature , 

Begin p o i n t 

Pavement type , 

Sight Distance 

Width of lane 

Width o f shoulder 

End p o i n t 

End p o i n t 

( t o end o f taper or lane) 

C h a r a c t e r i s t i c s downstream of lane drop 

Geometric DealRn 

Distance t o closest ramp 

Name of ramp 

Type of ramp (on, o f f , d i r e c t , loop, e tc ) 

Have there been any lane-drop atudies done i n your StateT 

I f ao, are there reporta a v a i l a b l e ? 

Are there any st u d i e s c u r r e n t l y I n progress? 

I f ao. when w i l l they be completed and can coplea o f any rep o r t s be made 
a v a i l a b l e t o us? 

Are there gaometric plana and s i g n i n g and s t r i p i n g i n v e n t o r l e a a v a i l a b ] i f o r 
a l t e s ? 

What i a the best method f o r o b t a i n i n g t h i s Information? 

Nusiier o f freeway lanea . 

Width of median 

Gradient 

Length of graded s e c t i o n 

Begin p o i n t 

Curvature 

Begin p o i n t 

Pavement type 

Sight distance 

Width o f lane 

Width of shoulder 

Lane drop c h a r a c t e r i s t i c s 

Which lane p h y s i c a l l y dropped? 

Which lane o p e r a t i o n a l l y dropped? 

Type of lane drop 

Type of lane s p l i t 

Length of p h y s i c a l taper 

Length of o p e r a t i o n a l taper 

Provide sketch of area 

End p o i n t 

End p o i n t 

( t o end of taper or lane) 
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OPBBATIOHAL CaABACTBEISnCS 

S i t e No 

Location Staca 

Route No 

ADT 

Routa Daalgnatlon 
(oeiBOTlal nana) 

C i t y 

f o r Che year 

O v e r a l l accident experleoce 

Date of a l t e v l a l t 

Day o f week Time of day 

S-mlnuce counta 

T I M 

Heseags 

Color background 

S i i e w i d t h he i g h t 

Location above ground 

Location I n r e l a t i o n t o freeww 

Distance t o lane drop 

( 1 - f t , r i g h t , overhead) 

PAVEMEHT MAHKINGS 

Location begin p o i n t 

Type of marking 

Color 

end p o i n t 

Odomecar readlnga fc apeeds 

Tine o f day l e t paaa 2nd pass 

Neareat upstream ramp 

Beginning o f caper 

End of toper 

Ramp gore (crapped lane) 

Nearest dAmscream ramp 

Sign l o c a t i o n 1 

Sign l o c a t i o n 2 

Sign l o c a t i o n 3 

Sign l o c a t i o n 4 

Sign l o c a t i o n S 

Sight distance t o end o f taper or gore 

CoasKnca about o p e r a t i o n a l c h a r a c t e r i s t i c s of aice 
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c - i 

APPENDIX C - BEFORE/AFTER STUDY AT A METROPOLITW LANE DBOP LOCATIO) 

A "b«foro-and-after" study was conducted a t an urban lone drop s i t e t o 

dete m l n e it t r a f f i c operations and s a f e t y a t the s i t e could be Improved 

through the Implementation o f t r a f f i c c o n t r o l devices 

I n June, 1972. a l e f t - h a n d lane drop vas created near an off-ramp of a 

northbound freeway. Because t r a f f i c volumes are very heavy I n the l e f t 

lanes d u r i n g peak-hour o p e r a t i o n , I t was decided t h a t the lane drop 

should be accomplished by o p e r a t i o n a l l y merging the r i g h t two lanes 

upstream o f the p h y s i c a l lane drop An o p e r a t i o n a l r i g h t - l a n e taper 

vas I n s t a l l e d f o r t h i s purpose. Subsequent problems w i t h t h i s c o n f i g u r a ­

t i o n r e s u l t e d i n the transforming o f t h i s lane drop i n t o an o p e r a t i o n a l 

e x i t ramp drop i n January 1973. Both "before" and " a f t e r " data were 

c o l l e c t e d a t the s i t e , The data support the s u b j e c t i v e o p i n i o n t h a t 

Improvement i n operations and an apparent lessening of d r i v e r confusion 

r e s u l t e d from the change. 

"Before" S i t e C o n f i g u r a t i o n 

The Idnc drop was created when a f i f t h lane was added i n the median o f a f o u r -

lane s e c t i o n of freeway The f i f t h lone was continued from a l e f t - h a n d on-ramp 

connection from another freeway approximately three miles upstream o f the 

selected off-ramp The lane was p h y s i c a l l y dropped on the l e f t , but opera­

t i o n a l l y the two r i g h t lanes were merged by moving the four l e f t lanes of 

t r a f f i c to the r i g h t one lane-width through pavement s t r i p i n g Advance 

s i g n i n g and pavement markings i n s t r u c t e d an approaching d r i v e r i n the r i g h t 

ianc t o nerge l e f t . Figure C-1 I l l u s t r a t e s the geometric c o n f i g u r a t i o n and 

t r a f f i c c o n t r o l devices a t the lane drop s i t e , 

C-3 

EtIT 1 MLE 

I I I I 

I I I I 

M M 

NOT TO SCALE 

• A f t e r " S i t e C o n f i g u r a t i o n 

On January 28, 1973, the a i t e was reconfigured t o drop the r i g h t lane operation­

a l l y a t the selected off-ramp An e x i s t i n g short up-grade between the off-rsmp 

and the beginning of t h e ^ o l d o p e r a t i o n a l taper waa e f f e c t i v e l y used t o h i d e 

the p h y s i c a l c o n t i n u a t i o n o f the r i g h t lane from the approaching r i g h t lane 

d r i v e r . Figure C-2 i l l u s t r a t e s the " a f t e r " design c o n f i g u r a t i o n . 

Analysis o f Configurations i n Terms of Lane Drop Design P r i n c i p l e s 

I n the main body o f the r e p o r t , e i ^ t lane drop design p r i n c i p l e s M r e out­

l i n e d I t was expected t h a t i f these p r i n c i p l e s were v i o l a t e d , poor t r a f f i c 

operations would r e s u l t i conversely, I f these p r i n c i p l e s were obeyed, lane drop 

operations would be s a t i s f a c t o r y A H a t i n g o f the design p r i n c i p l e s and the 

adherence of both design c o n f i g u r a t i o n s t o these p r i n c i p l e s f o l l o w s . 

1 THE LANE DROP SHOULD BE PLACED WHERE THE SURFACE OF THE RDADWAY REMAINS 

VISIBLE CONTINUOUSLY FOR A SIGNIFICANT AMOUNT OF 7l« 

-Before-

NO Sight distance i s 6S0'f a 

v e r t i c a l curve hides t h e 

op e r a t i o n a l lane drop. 

- A f t e r -

S i g h t distance i s 1650'j 

the o p e r a t i o n a l lane drop 

i a on a s l i g h t up-grade 

C-4 

REBION 1 

RCGION 2 

RICHT LAKE 
MUST 
EXIT 

TRAFFIC 

T 1 NILE AVEIlUt 

^ EXIT ONLr 

Pigun C-1. Schematic Orawinq of "Before" Configuration F i g u r e C-2. S c h e m a t i c D r a w i n g o f " A f t e r " C o n f i g u r a t i o n 
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2 THE LANE 0«0P SHOULD BE PWCED AWAY FROM ATTENTION-DIVIDING CONDITIONS, 

SUCH AS RAMPS Oft C0I«»L1CATED DIRECTIONAL SIGNING 

- A f t e r -

rSE The off-ramp i s now 

pa r t of the lane drop, an on-

rcmp 3850' upstream of the lone 

drop Bight cause p r o b l s a t f o r 

e n t e r i n g d r i v e r s I f so, an ad­

d i t i o n a l s ign on or near the 

on-romp mlghc help 

THE LANE DROP TAPER SHOULD ALLOW FOR A SMOOTH TRANSITION TOR DRIVERS Ti} 

MAKE A LANE CHANGE IN THE TAPER AREA AND SHOULD PROVIDE ADEQUATE VISUAL 

CUES WHICH INFOfW THE OHIVEH THAT HIS LANE IS ENDING 

-Before-

The o f f - r a n r i s 

s i t u a t e d i n the middle o f 

the lane drop s i g n i n g 

sequence. 6S0' upstream o f 

the beginning of the taper 

-Before-

The 50 1 taper i s probably 

adequate but v i s u a l cues 

are very misleading, Che 

lane p h y a i c a l l y continues 

In a screlghc l i n e 

- A f t e r -

Not a p p l i c a b l e , lone drop 

i e at an e x i t ramp 

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

TRAFFIC AND GEOMETRIC CONDITIONS 

-Before- - A f t e r -

YLS C o n s t r u c d o n a l l y Che lane YES Same as "Before " 

drop Bhould be on the l e f t , 

o p e r a t i o n a l l y on the r i g h t 

I t i s 80 placed. 

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

AS THE OPERATIONAL LANE DROP 

-Before-

The r i g h t lane eppears to,and YES 

does p h y s i c a l l y , continue 

through the lane drop area 

- A f t e r -

The v e r t i c a l up-grade bides the 

s i g h t i n g o f Che r i g h t lone down-

scream of the lone drop area f r o n 

Che o p e r a t i o n a l lane drop viewing 

po i n t 

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-

Noc a p p l i c a b l e 

-Afcer-

The o p e r a t i o n a l gore extends f o r 

300* and the unused o l d chrough 

lane continues f o r 6S0' before the 

beginning o f the p h y s i c a l taper area 

7 WHEN A LANE IS ADDED AT AN ON-RAW» AND DROPPED AT A NEAHBY OFF-RAMP, THE 

ENTERING DRIVERS SHOULD BE NOTIFIED THAT THE LANE THEY ARE TRAVELING IN 

IS NOT A CONTINUOUS LANE FOR THROUGH TRAVEL 

-Before-

Not a p p l i c a b l e 

- A f t e r -

Hot applicable 

8 CONSISTENT AND APPROPRIATE TRAFFIC CONTROL DEVICES (TCOs) SHOULD BE USED 

IN ADVANCE OF A LANE DROP 

-Before-

TCDs Inform the d r i v e r t h a t YES 

I)1H lane i s p h y s i c a l l y ending, 

which i s In c o n s i s t e n t w i t h che 

fact chat Che lane I s v i s i b l e 

a f t e r the lane drop The f i r s t 

TCO l e 1300* upstream of the 

beginning of the taper, not 

much n o t i c e t o make a smooth 

t r a n s i t i o n ouc o f the lene 

- A f t e r -

S i g n i n g , which begins l u s t over 

1 mile upstream, and s k i p - s c r i p i n g , 

which begins 1/2 m i l e upstream, 

give adequate and consistent 

warning Chec Che lane l a f o r 

e x i t i n g v e h i c l e s only Notice 

t h e t t h e re i s no mencion o f Che 

lone p h y s i c a l l y ending, only that 

che lane i s reecrved f o r e x i t i n g 

v e h l d e a 

In sumoary, the o r i g i n a l lane drop v i o l a t e d several of the design p r i n c i p l e s , 

but the current lane drop aeens consistent w i t h mosc of these p r l n c i p l e R 

Presentation of Data 

"Before" data were collecCed on two d i f f e r e n t occasions On Thursday, J u l y 20, 

1972, afternoon peak-hour t r a f f i c was observed, and on Wedneaday, January 24, 1973, 

midmornlng off-peak t r a f f i c was observed Volume counts, lane d i s t r i b u t i o n s , 

c r e r f t c composition, and ramp voluoes were c o l l e c t e d on both days Due t o che 

development o f new data c o l l e c t i o n end an a l y s i s techniques I n the i n t e r i m 

between the two data c o l l e c t i o n e f f o r t s , peak-hour counts were made 600 f e e t 

downtitrean of off-peak hour counts 

Peak-hour and off-peak-hour data were again c o l l e c t e d at the slCc a f t e r the 

changes were made Since a change i n c o n f i g u r a t i o n (from a taper t o a ramp 

drop) was made, approximately four weeks was allowed f o r the a e t c l i n g down of 

Che Bice before data were c o l l e c t e d 

Table C-1 sumnariies average slx-mlnute volume counts, lane d i s c r i b u t i o n . t r a f f i c 

coraposUlon, and ramp volume8*both before and a f t e r the change du r i n g peak-hour 

and off-peak-hour o p e r a t i o n 
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"BEPORZ" AND "ATTER" AVERAGE SIX-MINUTE COUNTS TABLE C-2 - "BEFORE" AND "AFTER" SIX-MINUTE LANE CHANCE COUNTS 

Before Peak-Hour* 
7/20/72 (Thurs ) 
3 30-S 00 PM 

T o t a l 
Lane 
1 

Lane 
2 

Lane 
3 

Lane 
4 

Lane 
5 

Of f -
Trucka 

Before Peak-Hour* 
7/20/72 (Thurs ) 
3 30-S 00 PM 

809 - 157 179 166 191 116 22 

A f t e r Peek-Hour* 
3/1/73 (Thurs ) 
3 30-5 00 PM 

S31 - 173 178 187 203 90 21 

A f t e r Peak-Hour 
3/1/73 (Thurs.) 
3 30-5 00 PM 

773 107 131 181 175 179 - 20 

Before Off-Peak-
Hour, l/2«/73 (Wed 
10.30-11 00 AM 

) 480 8t 111 107 103 73 46 32 

A f t e r Off-Peak-Hour 
2/23/7J ( F r l ) 1 468 
10 30-11 30 AM 1 

50 105 122 106 85 44 33 

*The8e Lounts were i approKlmacely 600' downatrean o f the other counts 

I n a d d i t i o n , lane change I n f o r m a t i o n was obtained i n the off-peak data c o l ­

l e c t i o n a c t i v i t y . For t h i s purpose, the s i c e was d i v i d e d I n t o three reglona. 

Region 1 contained the area from the selected e x i t gore t o the end o f the 

taper area. Region Z contained the area from the LANE ENDS MERGE LEFT sign 

to the e x i t gore. Region 3 contained the area from 2flOO feec upstream of the 

taper t o the s i g n . These regions sre i n d i c a t e d I n Table C-1 Slx-ninute 

counts were made of vehlclea changing e i t h e r I n t o or out of the lane drop lane 

f o r each region. These average counts are contained I n Table C-2 I f a 

vehi c l e d i d not move out o f lane 1 by the end of the taper area, i t was s t i l l 

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

Before O f f -
Peak-Kour 
1/24/73 (Wed ) 
10*30-11 30 AH 

Besion 1 Reiiion 2 Resion 3 

Before O f f -
Peak-Kour 
1/24/73 (Wed ) 
10*30-11 30 AH 

I n t o ; Out Of 
Lone 1 • Lone 1 

I n t o ; Out Of 
Lane 1 • Lone i 

I n t o I Out Of 
Lane 1 Lane 1 

Before O f f -
Peak-Kour 
1/24/73 (Wed ) 
10*30-11 30 AH 

0 33 1 ! 6 12 7 

A f t e r O f f -
Peak-Hour 
2/23/73 ( F r l ) 
10 30-11 30 AH 

0 0 

* 

0 ; 11 7 ; 18 

Table C-2 I n d i c a t e s a s i g n i f i c a n t change I n where v e h i c l e s nove out of Che 

dropped lane However, since the o p e r a t i o n a l lane drop waa moved upstream 

approximately 650 feec, i t la reasonable to re a d j u s t Che region l o c a t i o n s Co 

account f o r Che change I n c o n f l g u r a c i o n . This waa done ( t h e new region l o c a ­

t i o n s are i l l u s t r a t e d i n Figure C-2) and a d d i t i o n a l volume and lane change 

data were c o l l e c t e d on Fr i d a y , March 16, 1973. Table C-3 auianariEes the 

voluae and lane change daca from chaC e f f o r t compared w i t h the "before" data. 

Hoce chat the regions and volume count l o c a t i o n s are r e l a t i v e t o the l o c a t i o n 

of each lane drop c o n f i g u r a t i o n and, t h e r e f o r e , counts were not taken a t the 

same ph y s i c a l l o c a t i o n . Refer t o Figure C-1 and C-2 f o r the locaClons o f 

region boundaries 

TABU 3 - "BEIOU" AND "APTBR" VOLOMB AND LANS OlANGB AVBRACB SIX-MXNUTB 0DUMT8 

Before 
1/24/73 (Wed ) 
10 30-11 30 AM 

T o t a l 
Laaa 
1 

Lane 
2 

Lena 
3 

Lane 
4 

Lena 
} 

Of f -
Neareat 
Upatraam 
On—R^BD Trucks 

Before 
1/24/73 (Wed ) 
10 30-11 30 AM 

480 86 111 107 103 73 46 - 32 

A f t e r 
3/16/73 ( F r l ) 
lOlOO-lllOO AM 

459 54 104 100 110 91 44 42 38 

Before 
1/24/73 (Wed ) 
10 30-11 30 AH 

RsBion 1 Raalon 2 Realoo 3 

Before 
1/24/73 (Wed ) 
10 30-11 30 AH 

I n t o ' Out Of 
Lane 1 • Lane 1 

I n t o 1 Out Of 
Lane 1 > Lane 1 

I n t o ' (hit Of 
Lane 1 • Lane 1 

Before 
1/24/73 (Wed ) 
10 30-11 30 AH 

1 
0 ; 33 1 6 12 7 

A f t e r 
3/16/73 ( F r l ) 
10 30-11 00 AM 

1 i 5 6 ' 15 8 : 16 

Ana l y s t , of "Before'VAfCar" DaCa and S i t e Observations 

"Befora" t r a f f i c operations d u r i n g both peak-hours and off-peak hours were 

Judged less than optimum Ihrough observation of t r a f f i c I t was concluded 

Chat two undesirable t r a f f i c p a t t a m a ware t a k i n g place) 

(1) Hany d r i v e r * made e r r a t i c msBauvar* i n moving out o f chv lane 

drop area and 

(2) Hany more d r i v e r s refused Co leave Che op e r a d o n a l drop lane a t 

a l l and conclnued I n a s t r a i ^ c - l l n e d i r e c c i o n . w h i l e a l l other 

t r a f f i c moved t o the r i g h t one lane-wldch 

E r r a t i c maneuvers were observed w i t h some frequency These maneuvers were 

Renerally e i t h e r r e d u c t i o n I n speed ( i n d i c a t e d by brake l i g h t l l l u m l n a t l o a ) 

or the acceptance of small gaps co accomplish a lane change Just p r i o r t o , or 

in^ Che Caper area. I t I s f e l t that s e v e r a l f a c t o r s caused d r i v e r s t o misunder­

stand whac was expecCed of chem and. t h e r e f o r e , mdde e r r a c i c maneuvers Co 

compensace 

F i r s c , advance warning waa accomplished by a LANE ENDS ME ROT LEFT sign approx­

imately 1350 f e e t upstream of the caper and 7S0 f e e t upstream of the e x i t ramp 

I n a d d l c i o n , s e v e r a l whlce pavemenc arrows were locaced between the e x i t ramp 

and Che lane drop taper Apparencly Che advance warning d i d not e f f e c c l v e l y 

inform Che d r i v e r s of Che Impending lane drop, because many v e h i c l e s , i n c l u d i n g 

large coimnerclal Crucks, d i d not move out of the lane i n advance of the lane 

drop area 

Secondly, s i g h t distance was r e s t r i c t e d by the presence of a short up-grade 

beginning at the exit-ramp gore and c r e s t i n g near che beginning of che lane 

drop caper This slghc d i s t a n c e , approxlmacely 650 f e e t , doea not allow many 

d r i v e r s Co observe and reacC Co che lane drop wlchouc making an e r r a t i c maneuver 

F i n a l l y , che lane drop i c s e l f could be misleading t o a d r i v e r because he can 

see ChaC a t h r o u ^ t r a f f i c lane continues I n h i s l i n e o f s i g h t downstream of 

the lane drop This may cause confusion as t o whether he should b e l i e v e t h e 

t r a f f i c c o n t r o l devices and merge l e f t or b e l i e v e h i s eyes and continue s t r a i g h t 
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C-14 

Many d r i v e r s l a t h i s a l t u a t l o n continued s t r a i g h t through the lane drop area, 

caualng a aacond type of o p a r a t l o n a l c o n f l i c t The s t r a i g h t - t h r o u g h t r a f f i c 

f o rced a f i g h t f o r lana p o s i t i o n w i t h the d r l v a r a f o l l o w i n g lane l l n a a and, 

t h e r e f o r a , aovlng over from the l e f t I n aooe cases when two ve h l c l c a I n 

a d j o i n i n g lanea a r r i v e d aioniltaneoualy at the lane drop merge area, an 

e r r a t i c maneuver was coffloitted by one or both d r i v e r a t o avoid an accident 

The change i n c o n f i g u r a t i o n aaens t o have improved the lane drop a i t a con­

s i d e r a b l y D r i v e r s appear t o be oevlng out of the drop lana f u r t h e r upstracm 

and I n a safe r maansr 

T r a f f i c voluass. t r a f f i c compositions and o f f - r a o ^ volumea ware conalstent 

between the "before" and " a f t e r " data c o l l e c t i o n a c t i v i t i e s The lane d i s t r i b ­

u t i o n s d i d change somewhat, but t h l a i s t o be expected i f d r i v e r a are aovlng 

out of the drop Jane e a r l i e r 

In addlEton, i t ahould be noted t h a t although d r i v e r a moved out of the drop 

lane w e j l I n advance of the gore area i n off-peak-period operaclona, many 

c o n f l i c t s and l a t e lane changes were (Aaerved d u r i n g peak-period operation 

Ti l l s i s probably due t o the lack of a u l t a b l a gaps f o r merging i n heavy t r a f f i c , 

but the nusiter of such Instancaa waa aharply reduced a f t e r the lane drop was 

reconfigured 

A graph, as shown I n PlRure C-3, o f cumulative percent lane changes out o f the 

drop lane was produced f o r several m e t r o p o l i t a n area lane drops A more convex 

curve Indicates that most d r i v e r s are le a v i n g the drop lane w e l l i n advance o f 

s 
I " 

(TAPER) 

E X I T ) 
(TAPER) 

T E S T S I T E 

DISTANCL 
in ULE UPSTREAM t«0 OF TAPER OR ESCAPE AREA 

F i g u r e C-3 C u m u l a t i v e Lane Change C u r v e s a t S e v e r a l l a n e D r o p L o c a L i o n s 

the taper or gore area and thua i a considered a well-working lane drop. Con­

v e r s e l y , a concave curve w i l l I n d i c a t e a p o o r l y working lane drop. I n t h i s 

study, three curves ware generated, rcpreeentlng the "before" c o n d i t i o n , the 

" a f t e r " c o n d i t i o n ualng reglona i d e n t i c a l t o the "before" c o n d i t i o n * and the 

" a f t e r " c o n d i t i o n using regions s i m i l a r I n n a t u r e , but not l o c a t i o n , t o the 

"before" c o n d i t i o n These curves are auperli^oaed over s i m i l a r curvea f o r 

other lane drop s l t e a . 

A quick comparison of the curves I n d i c a t e s the r e l a t i v e e f f e c t i v e n e s s of the 

s i t e before and a f t e r change i n c o n f i g u r a t i o n . Two d i f f e r e n t curvea are 

developed f o r the " a f t e r " c o n f i g u r a t i o n , because the l o c a t i o n of the opera­

t i o n a l lane drop was changed I t i a f e l t t h a t when the l o c a t i o n of the lane 

drop i s changed that two seta of curvea should be developed, one comparing the 

" a f t e r " c o n f i g u r a t i o n d i r e c t l y w i t h the "before" c o n f i g u r a t i o n by ualng the 

sarne region houndarlea l o c a t i o n s and the o t h e r t o compare the r e l a t i v e e f f e c ­

tiveness of the c o n f i g u r a t i o n s using region boundary l o c a t i o n s appropriate f o r 

each c o n f i g u r a t i o n I t can be seen from the three curves that an improvement 

I n lane change behavior waa made by the change i n c o n f i g u r a t i o n . I n a d d i t i o n , 

by coiiq>aring the "before" and " a f t e r " c o n f i g u r e t l o n a t o o t h e r lane drops i n the 

area. I t can be aeen that the a i t e invroved r e l a t i v e t o other a l t e s as w e l l . 

Conclusions 

A right-hand o p e r a t i o n a l merge a t a l e f t - h a n d p h y a l c a l lane drop located Just 

downstream of the aelected e x i t of the freeway i n the area r e s u l t e d I n several 

problematic maneuver p a t t e r n s d u r i n g both peak and off-peak p e r i o d operation 

The major problems aeened t o stem from two eources, I ) l i t t l e advance warning, 

compounded by an i n t e r f e r i n g r ight-hand e x i t ramp located 6S0' upstream of the 

beginning of the o p e r a t i o n a l taper, and 2) the v i s u a l c o n t i n u a t i o n of the opera­

t i o n a l drop lane past the merge area Many d r i v e r s made l a s t minute or e r r a t i c 

lane changes out of the o p a r a t l o n a l taper area, and many a d d i t i o n a l d r i v e r a con­

t i n u e d through the o p e r a t i o n a l taper f o r c i n g a downstream c o n f l i c t w i t h t r a f f i c 

moving from the l e f t i n t o t h e i r path o f t r a v e l 

A change i n c o n f i g u r a t i o n using t r a f f i c c o n t r o l devices transformed the opera­

t i o n a l taper lane drop i n t o an o p e r a t i o n a l e x i t lane drop at the off-ramp A 

short up-grade which formerly Impaired the lane drop taper s i g h t distance became 

the f o c a l p o i n t of an ope r a t i o n a l gore extending 300' upstream of the phyalcal 

gore The up-grade also aided i n h i d i n g the p h y s i c a l lane c o n t i n u a t i o n from 

approaching r i g h t lane d r i v e r s . 

Data c o l l e c t e d b efore and a f t e r the change i n c o n f i g u r a t i o n d u r i n g both peak 

and off-peak p e r i o d operationa c o n f i r m the s u b j e c t i v e o p i n i o n t h a t moat through 

d r i v e r a now leave the r i g h t lane w e l l upstream of the lane drop I n a d d i t i o n 

d r i v e r a only r a r e l y remain I n the r i g h t lane beyond the o p e r a t i o n a l gore area 

Merging c o n f l i c t s were s t i l l observed d u r i n g peak*period operationa a f t e r the 

change I n c o n f i g u r a t i o n , but were moat l i k e l y the r e a u l t of the near-capacity 

volumes r a t h e r than the c o n f i g u r a t i o n F i n a l l y i t ahould be noted t h a t the 

inprovement I n a i t e operationa i s not n e c e a s a r l l y due t o one c o n f i g u r a t i o n type 

I n h e r e n t l y being b e t t e r than the other ( 1 e., an e x i t lane drop vs. a taper lane 

drop) More l i k e l y , the Improvement r e s u l t a from the adherence t o the design 

p r l n c i p l e a 
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APPENDIX D - BEFORE/AFTER STUDY AT A UWE DBOP LOCATION 

A "befora-and-after" study was conducted a t a lane drop s i t e i n a moderate-

a l t e c i t y t o determine the e f f e c t o f the l a ^ l e m e n t a t l o n o f changes I n t r a f f i c 

c o n t r o l d w i c e a upon t r a f f i c o p e r a t i o n s and s a f e t y I n March, 1973, a l e f t 

hand lane drop was changed t o a rig h t - h a n d lane drop through the use o f 

t r a f f i c c o n t r o l devices This change was picaaptnA by the observation by the 

O i v i a i o n o f Highways t h a t d u r i n g peak-hour f l o w , Sunday s f t e r n o o n r e t u r n i n g 

r e c r e a t i o n a l t r a f f i c , an uneven lane d i s t r i b u t i o n was causing premature 

c a p a c i t y breakdown a t the l o c a t i o n 

"Before" and " a f t e r " data were c o l l e c t e d a t the s i t e d u r i n g off-peak hour 

o p e r a t i o n as w e l l as peak-hour o p e r a t i o n The change i n t r a f f i c c o n t r o l 

devices had a s i g n i f i c a n t e f f e c t on both peak and off-peak o p e r a t i o n s , 

causing peak hour operations t o improve cons i d e r a b l y b u t causing many 

c o n f l i c t i n g d r i v e r p a t t e r n s , a t t i n e s w i t h undesirable r e s u l t s , t o emerge 

dur i n g off-peak operations 

"Before" S i t e C o n f i g u r a t i o n 

The lane drop was created due t o a stage c o n s t m i c t i o n on a three-lane 

freeway Two lanes o f the freeway were I n i t i a l l y constructed along the 

eastern l e n g t h o f the s e c t i o n A t h i r d lane i s being constructed i n stages 

From a c o n s t r u c t i o n p o i n t o f viev> i t was wise t o add pavement i n the f r e e ­

way median, thus decreeing a l e f t - h a n d p h y s i c a l lane drop Figure I H l 

i l l u s t r a t e s the lane drop as i t appeared i n December 1972 

D-2 

tubular oarfcert 

rwbie stHps 

LEFT LANE ENDS 
O 1 "ILE 

(1 4 NILES) 
»T TO SCALE 

A f t e r " s i t e C o n f i g u r a t i o n 

On Harch 9, 1973 the s i t e was reconfigured t o improve an uneven lane 

d i s t r i b u t i o n observed d u r i n g peak hour operation Tho p h y s i c a l lane 

drop remained on the l e f t but r e s i g n i n g and a t r i p i n g o p e r a t i o n a l l y 

attempted t o merge the two r i g h t lanes Figure D-2 i l l u s t r a t e a the 

" a f t e r " c o n f i g x i r a t i o n 

Analysis o f Configxirationa i n Terms o f Lane Drop Design P r i n c i p l e s 

F i q h t t e n t a t i v e lane drop design p r i n c i p l e s %#ere o u t l i n e d i n the main 

body o f the r e p o r t I t was expected t h a t i f these p r i n c i p l e s were 

v i o l a t e d , poor t r a f f i c o p e r a t i o n s would r e s u l t Conversely, i f the 

p r i n c i p l e s were obeyed, lane drop operations should be s a t i s f a c t o r y . A 

l i s t i n g o f the design p r i n c i p l e s and the adherence o f both design con­

f i g u r a t i o n s t o these p r i n c i p l e s f o l l o w s 

I THE LANE DROP SHOULD BE PLACED WHERE THE SURFACE OF THE ROADWAY 

REMAINS V I S I B L E CONTINUOUSLY FOR A S I G N I F I C A N T AMOUNT OF TIME 

-Before-

YEfa Sight distance i s about 

1/2 m i l e , the lane drop i s 

on a l e v e l s e c t i o n o f f r e e ­

way a f t e r a downgrade 

- A f t e r ­

ras Same as "before 

D-« 

TUBULAR NARKERS 

RIGHT LANE ENDS 

o 1 NILE o 
(1 4 NILES) 

HOT TO SCALE 

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 

- A f t o r -

ime aa "before" 
-Befote-

YES Cloeeat upstream on 

ramp I s 1 m i l e . 

Closest downstream o f f -

ramp I s 1600 feet 

5 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 WHICH INFORM THE DRIVER THAT 

HIS LANE IS ENDING 

-Before-

YES The 50 1 taper length r e s u l t s 

i n smooth t r a n s i t i o n s f o r mosc 

d r i v e r s making lane changes 

i n the taper area 

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

GIVEN TRAFFIC AND GEOMETRIC CONDITIONS 

-Defore-

HO P h y a i c a l l y . the lane should be 

dropped on the l e f t and I s . but 

o p e r a t i o n a l l y , uneven peak hour 

d i s t r i b u t i o n caused premsture 

breakdown problems 

- A f t e r -

KO V i s u a l cues are c o n t r a d i c t o r y 

to s i g n i n g and s t r i p i n g cues 

- A f t e r -

YES During peak hour 

o p e r a t i o n capacity flows 

i n both lanes occur be­

f o r e breakdown f r o n down­

stream romp back'up i n t o 

area. P h y s l c s l l y the lane 

should be dropped on Che 

l e f t and i s 

5 THE LANE SHOULD APPEAR TO PHYSICALLY END ON THE SAME bIDC OF 

THE FREEWAY AS THE OPERATIONAL LANE DROP 

-Afcer--Before-

YES The p h y s i c a l and o p e r a t i o n a l 

lane drop are both on the l e f t 

NO Signing Informs the r i g h t 

lane d r i v e r t h a t h i s lane 

ends I t does n o t , and does 

not appear t o do so 

6 WHEN A LANE DROPS AT AN EXIT RAMP. AN ESCAPE AREA OF ADEQUAlt 

DIMENSIONS SHOULD BE PROVlOEO TO ALLOW FOR A SMOOTH TRANSITION 

INTO THROUGH LANES 

-Before- - A f t e r -

Not a p p l i c a b l e Not Ap p l i c a b l e 

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 CONTINUOUS LANE FOR 

THROUGH TRAVEL 

-Before-

Not A p p l i c a b l e 

- A f t e r -

Not A p p l i c a b l e 

6 CONSISTENT AND APPROPRIATE TRAFFIC CONTROL DEVICES (TCOs) 

SHOULD BE USED IN ADVANCE OF A LANE DROP 

-Before-

YES TCOs c o r r e c t l y I n d l c a t a t h a t the 

l e f t lane ends and t h a t the 

t r a f f i c i n t h i s lane should 

merge r i g h t 

- A f t e r -

K> Signing informs Che d r i v e r i n 

i n cha r i g h t U o e chac b i s Une 

ends, but he can see i t does not 

S t r i p i n g i n d i c a t e s t h a t the center 

lane i s merging I n t t che r i g h t 

lane and Cbe l o n g i t u d i n a l pavement 

J o i n t s I n d i c a t e t h a t both the 

r i g h t and the center lanescontinue 

the "before" c o n f i g u r a t i o n v i o l a t e d one lane drop p r i n c i p l e r 

t r a f f i c o perations i n d i c a t e d t h a t a ri g h t - h a n d larte drop would r e s u l t i n 

merging the two l i g h t e r t r a v e l e d lanes c o n f l i c t i n g w i t h Che i n s t a l l e d 

l e f t - h a n d p h y s i c a l lane drop design The " o f t e r " c o n f l g u r a c l o n , 

even though adhering t o t h i s p r i n c i p l e , v i o l a t e d several other design 

p r i n c i p l e s 

Presentation of Data 

"Before" data were c o l l e c t e d on several d l f f e r e n c occasions O f f -

peak operations %rere obeerved on Wednesday, December 70, 1972 Lane 

volumoa, lane change counts, and t r a f f i c c o n v o s l t l o n were t a l l i e d , and 

approximately one hour o f 2-second I n t e r v a l 3SmB f i l m was shot from a 

nearby overcrosslng On February 4, 1973 and Korch 4, 1973 peak hour 

d^ita were c o l l e c t e d by the D i v i s i o n o f Highways, using 16nia t i n - l a p s e , 

c o l o r ihotography and t r a f f i c counters. Lane volumes and d i s t r i b u t i o n s 

were noted 

"After''data were c o l l e c c c d d u r i n g off-peak operations on Tuesday, 

A p r i l 10, 1973 and peak-hour operations on March 18, 1973 Since a 

change i n c o n f i g u r a t i o n was made, time was allowed f o r Che s e t t l i n g 

down of the s i t e before data were c o l l e c t e d 

Table D-1 summarizes average slx-mlnute volume counts, lane d i s t r i b u t i o n 

and t r a f f i c composition both before and a f t e r the change du r i n g poak-

hour and off-peok houi o p e r a t i o n 
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TABLE D-1 - "BEFORE" AND "AFTER" AVERAGE SIX NIKUTE COIMTS 

Before off-peak^ 
12/20/72 (Had) 
10 00-12 00 Noon 

T o t a l U n a i s Lane 2 Lana 3 Trucka 
Before off-peak^ 
12/20/72 (Had) 
10 00-12 00 Noon 

207 76 
(371) 

no 
(33Z) 

21 
(10») 

13 
( 6 t ) 

b 
A f t e r off-peak 
«/2]/73 (Hon) 
10 00-12 00 Noon 

214 51 
(23Z) 

96 
(45X) 

69 
(32» 

32 
(15» 

Afcar off-peak^ 
«/10/73 (Tuaa) 
lO-OO-lt 00 Noon 

171 110 
(6SS) 

61 
(351) 

A f t e r peak^ 
1/18/73 (Sun) 
2 00-4 00 PM 

313 172 
(551) 

143 
(45X) 

Before peak^ 
2/4/7J (Sun) 
2 00-4 00 PN 

312 108 
(35J) 

202 
(6S>) 

D-11 

"Lane 1 l a the shoulder lane. 
^These counts were taken 1500' upatream o f the lane drop t r a n s i t i o n 
^Thesa counts were taken downstream o f t h e lana drop t r a n s i t i o n 

Cn a d d i t i o n , I n the off-peak data c o l l e c t i o n a c t i v i t i e s lane change i n f o r ­

mation was produced I n one axparlaent the t e s t s i t e waa d i v i d e d I n t o three 

regions Kaglon 1 contained the area from th« l o c a t i o n of the t h i r d rumble 

s t r i p t o Che overcroaalng, r e g i o n 2 contained t h e area from the f i r s t rudble 

s t r i p t o the t h i r d rumble a t r i p (see Figure D-l f o r r e l a t i v e l o c a t i o n s ) . Six 

minute counts u c r v made o f v e h i c l e a dtanging e i t h e r i n t o or out of the lana 

drop lane f o r each region These average counts arc contained i n Table D-2 

I f a v e h i c l e d i d not move out of the drop lane by the end of the taper area, i t < 

counted as moving out of the drop lane i n region 1. 

LANE 2| I LANE 

TABLE D-2 - "BEFORE" AMD "AFTER" SIX MINUTE DROP LANE CHANGE COUNTS BY REGION 

Before off-peak 
12/20/72 (Uedneaday) 
10 00-12 00 Nooa 

Railon 1 Beslon 2 Renlon 3 

Before off-peak 
12/20/72 (Uedneaday) 
10 00-12 00 Nooa 

I n t o ' Out of 
Drop Lane'Drop Lane 

I n t o ; Out of 
Drop Lane, Drop Lane 

I n t o ' Out of 
Drop LaneJ)rop Lan( 

Before off-peak 
12/20/72 (Uedneaday) 
10 00-12 00 Nooa 

1 
1 
r 5 

1 
1 
t 13 

1 
1 22 

A f t e r off-peak 
4/10/73 (Tuaaday) 
10 00-12 00 Nooa 

1 (+ 33 ao 
1 l e a v i n g 
1 lana) 

1 
I 

Because aavezal d i s t i n c t lana chaoga p a t t e r n s were obaerved i n the " A f t e r " 

c o n f i g u r a t i o n , a d d i t i o n a l counts were obtained. 

During the " a f t e r " data c o l l e c t i o n actlvitiea« i t was observed t h a t the 

t r a f f i c i n lane 2 (the center lane) could be d i v i d e d I n t o several d i s t i n c t 

t r a f f i c p a t t e m a Counta ware taken o f the nvnober o f v e h i c l e s t r a v e l i n g Jn 

each o f the p a t t e r n s I t waa found t h a t d u r i n g off-peak operationa, 9% o f 

the lane ^ ••ehlclea made d e f i n i t e lane change maneuvers i n t o lane I (the 

ou t s i d e l a n e ) , 7S% o f the v e h i c l e a f o l l o w e d t h e i r l e f t lane l i n e pavement 

marking, thereby g r a d u a l l y merging i n t o the p h y s i c a l lane 1 (as d e f i n e d by 

the l o n g i t u d i n a l pevenent J o i n t a ) , 9% o f t h e lane 2 v e h i c l e a rasaained 

p h y a l c a l l y i n lane 2, thua f o l l o w i n g t h e s t r a i g h t l i n e o f e i g h t and pavement 

J o i n t a and cr o s s i n g over the lane l i n e pavement narkings i n t o the l e f t - h a n d 

o p e r a t i o n a l lana (the downatream median l a n e ) , and 7% o f the center lane 

v e h i c l e a chooae t o make d e f i n i t e lane changea i n t o lane 3 (the upstream 

median lane) and then g r a d u a l l y merge beck i n t o the p h y s i c a l lane 2 trtten the 

PAVEMENT JOINTS 

PAVEMENT MARKING 

TRAFFIC PATTERNS 

• 9* FOLLW LINE OF SIOHT 6 PAVEMENT JOINTS 

-75* FOLLON LEFT LANE LINE PAVEMENT MARKING 

- » CHANGE LANES INTO LANE 1 

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

LANE 3 LANE 2 LANE I 

F i g u r e D-3. T r a f f i c P a t t e r n s 
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physical lane 3 was ended Figure D-3 l l l u s t r a C e s these various t r a f f i c 

maneuvers. 

Analysis of -Before"/"After* Data and S i t e Observations 

"Before" t r a f f i c operations during off-peak hours were judged to be 

s a t i s f a c t o r y even though the lane d i s t r i b u t i o n waa uneven Almoat a l l 

d r i v e r s moved out of the l e f t lane well i n advance of the lane drop taper 

The uneven lane d i s t r i b u t i o n did not cause s i g n i f i c a n t problems aa t r a f f i c 

volumes were low and opportunities to merge were num arous However, during 

peak-hour operation, the uneven lane d i s t r i b u t i o n caused s i g n i f i c a n t 

problems for returning Sunday afternoon recreational t r a f f i c . Capacity was 

quickly reached i n the median lane, even whan the shouldar lane was running 

well below capacity This caused a preaature breakdown of the system 

The change in configuration is^roved t h i s paok-hour s i t u a t i o n by merging 

the two l i g h t e r traveled lanes of t r a f f i c The lane d i s t r i b u t i o n waa almost 

equal {55% lane I i 45% lane 2) Huch l e s s queuing waa observed and fewer 

shock waves were noticed Eventually, breakdown did occur fron the 

downstream off-ramp congestion backup 

During off-peak hour operation, the change i n configuration apparently 

caused confusion to d r i v e r s and led to a s i t u a t i o n of unpredictability 

Two major changes in t r a f f i c behavior were noticed F i r s t , the majority 

of the d r i v e r s in the shoulder lane did not merge out of that lane, as 

requested by the advance warning algna, but instead continued s t r a i g h t 

through the lane drop area, forcing the center lane t r a f f i c to c c o ^ t e 

with them for the shoulder lane 

Secondly, several t r a f f i c patterns were observed i n t h i s configuration, 

whereas i n the "before" configuration only one t r a f f i c pattern was observed 

(1 o almost a l l vehicles in the median lane changed lanes into the center 

Lane and almost a l l t r a f f i c i n the shoulder and center lanes remained in 

their respective lanes) As noted above, the majority of the t r a f f i c i n 

tho shoulder remained in that lane throughout the lane drop area However, 

a fraction of the d r i v e r s did obey the advance warning signs and merged 

into the center lane Thus, two d i s t i n c t t r a f f i c patterns were observed 

for the shoulder lane d r i v e r s The center lane t r a f f i c con be divided into 

four t r a f f i c patterns. These have been described i n the previous section 

of t h i s report and are I l l u s t r a t e d i n Figure D-3 

Ooncluaions 

The analysis of the data indicates that the uneven lane d i s ­

t r i b u t i o n which adversely affected peak-hour operations has been corrected 

by the change i n configuration However, since the lane drop s i t e has been 

reconfigured, an increase i n t r a f f i c patterns through the section has been 

observed This increase obviously reduces the p r e d i c t a b i l i t y of any 

vehicle t r a veling through the saction I t i s thus desirable to determine 

a method for lessening the off-peak hour driver confusion observed i n t h i s 

configuration while maintaining the peak hour operation Improvement 

experienced with t h i s configuration. 

I t i s apparent then that the two r i g h t lonaa of t r a f f i c should remain those 

to be merged In the design p r i n c i p l e s outlined e a r l i e r i n t h i s paper. 

I t was seen that the " a f t e r " configuration violated three of these 

p r i n c i p l e s A solution to the problems encountered i n the " a f t e r " con­

figuration may be found i n the following discussion 

Driver confusion i s probably the main source of the varying patterns of 

t r a f f i c behavior In other words, the s i t e i s ambiguous Hany d i f f e r e n t 

cues, often c o n f l i c t i n g , are presented to each driver The shoulder 

lane driver's f i r s t cue i s the advance warning signs warning Chat the right 

lane i s ending and that he should merge l e f t . The next cue he receives i s 

from the roadway I t s e l f which appears not to end a t a l l Additional cues 

may a l s o be received from the behavior of other v e h i c l e s The center lane 

'driver's f i r s t cues are also the advance warning signs, but i n hie cose the 

signs indicate that the lone he occupies I s continuous and that he should 

expect shoulder lane t r a f f i c to merge into h i s lane The next cue che cencer 

lane driver receives i s from the lane l i n e pavement marking which begins 

gradually moving to Che righc inco the shoulder lone In addition, at the 

same time, the longitudinal pavement Joints Indicate that both the shoulder 

and cencer lanes concinue In a scraighc l i n e Ocher vehicles may also 

provide cues. 

The si t u a t i o n v i o l a t e s Che design p r i n c i p l e s by not providing adequate 

v i s u a l cues which inform Che driver Chac h i s lane i s ending (principle 3 ) , 

by not making the Isne appear to end physically as well as operationally 

(principle 5 ) , and by noc providing consistent and approprisce t r a f f i c cone 

control devices (prin c i p l e 8 ) . 

The solution should be found by correcting the d i f f i c u l t i e s described i n 

the preceding paragraphs. One apparent nsthod i s described i n Appendix C 

The s i t e w i l l then l i n e up affirmatively with a l l design p r i n c i p l e s As at 

the s i t e described above, Che l e f t lone was physically dropped and the two 

righc lanes were merged. To correcC Che currenC d e f i c i e n c i e s of Chls alCe 

the two right lanes should be merged upstream as i l l u s t r a t e d l a Figure 24 
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