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Three ramp terminal designs were painted successively
at one on-ramp location. The first sequence of ob-
servations was made with the ramp curb encroaching on
the shoulder (2 ft from edge of freewasy pavement) and
a second sequence was observed with the ramp curb off-
set shoulder width from the freeway pavement (in this
case 8 ft), resulting in six separate studies. Speed
and placement of vehicles were recorded and movies
were taken during each phase. Freeway volume varied
from 2,400 to 6,000 vph, while ramp volume varied from
240 to 1,200 vph. Findings include the following:

1. All three designs resulted in similar vehicle
paths, because essentially they were all liberal de-
signs and traffic was able to drive a natural path.
When the nose was offset, a long gradual taper (50:1)
appeared to cause vehicles to use a greater portion of
the ramp than a parallel ramp of the same length.

2. Somewhat more length was used at low volumes
than at high volumes, except during the 8-ft offset
50:1 taper phase, where the length used was approx-
imately constant for all volumes.

3. Merging distance required at high turning
speed is as great as that required at low speed.

L, The natural path of nearly all vehicles is
contained within a 50:1 taper, and this design pro-
vides sufficient acceleration distance for all turning
speeds.

It is concluded that ramp terminal design should
be standardized and a tentative standard is offered
together with supporting data and reasoning.

@IN CALIFORNIA, where more than 600 traffic interchanges have been con-
structed, the shape of on-ramp terminals has gone through an evolutionary
process through the years. In general, this process has been in the di-
rection of more liberal design to provide greater smoothness in merging
operations. There is still discussion, however, as to how liberal the de-
gsign should be. On one hand is the requirement of liberality as determined
through experience to date, and on the other are the limitations of cost

and space.

The objective of the present study was to provide a factual background
regarding traffic behavior as affected by ramp geometry.

SITE

At the Ashby Avenue Interchange on the Eastshore Freeway (US 40) just
across the Bay from San Francisco (Fig. l), there was an entrance ramp
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Figure 1. Looking south on Eastshore Freeway. Ashby Avenue Interchange
in foreground with study site noted. This picture was taken before stud-
ies began and shows a two-lane entrance ramp terminal.

originally designed as a two-lane ramp. This design resulted in a triang-
ular area beyond the ramp nose 840 ft long and 28 ft wide at the nose
(Figs. 2, 3 and 4). This unusual paved area provided an opportunity for
testing several different shapes of ramp terminal while other variables
remained constant. The freeway is level tangent and has 4 lanes in each
direction.

It would have been desirable, for study purposes, to select a loca-
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Figure 2. Test site with ramp curb encroaching on shoulder (2 £t from
edge of freeway pavement).

Figure 3. Test site with ramp curb offset shoulder width (in this case 8
ft from freeway pavement).
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tion where merging volumes exceeded capacity. Some such locations exist
in California, but the opportunity to try various shapes does not occur

at these locations. However, the volumes at the location selected are
substantial, and the maximums observed exceed commonly accepted values for
"practical capacity." The pesk hour volume on the ramp is 900, merging
with h,800 for a total of 5,700 vph in the morning peak, and 800 on the
remp merging with 3,000 on the freeway in the evening peak. During the
peak hours observed in this study, the hourly rate on the four lanes going
away from the end of the merging area exceeded 5,800 vph for about 30 min
out of the hour. The total includes 7.7 percent trucks.

The vehicles on the ramp do not come at random intervals (as they do
on the freeway) because of signal controls on the street system about 4,000
£t before the nose. The ramp vehicles, which come in platoons, make the
instantaneous merging rate much higher than the 5-min volumes indicated
and result in some momentary congestion. However, these momentary accor-
dions last such a short length of time that no backup occurs and the av-
erage speed is affected very little.

The speed of on-ramp vehicles is controlled by a T00-ft radius curve,
which is good for about 50 mph; in other words, it can be assumed that the
distance required after passing the nose is needed for merging and not for
acceleration.

Observations were spaced at least one week apart to permit the traf-
fic to become accustomed to the geometric changes. The location and meth-
od of study were chosen to minimize the effect of variables other than
ramp terminal geometry.

DESCRIPTION OF RAMP SHAPES STUDIED
The sequence of observation was as follows:

1. One-lane 50:1 (in this report, a ramp terminal described by a
ratio such as "50:1" is a constantly tapering area, with the ratio rep-
resenting the cotangent of the angle of convergence between the outer
edge of the ramp terminal and the pavement edge of the freeway) on-ramp
with lane stripe on left and a painted hatched area on right (Fig. 5).
The right-hand edge tapers from 18 ft at the curb nose of the on-ramp to
8 ft in a distance of 500 ft. An imaginary projection of this right-hand
edge would go another 40O ft, making a total of 900, to an intersection
with the right-hand edge of the through lane.

2., One-lane parallel on-ramp with lane stripe on left and hatched
area on right (Fig. 6). In the parallel ramp, the right-hand edge was
carried parallel to the through pavement, and 12 ft wide, up to a point
500 ft beyond the nose, and then squeezed off on a 30:1 (rolled gutter)
taper for 120 ft, at which point it was 8 ft from the through pavement.
An imsginary projection of the right-hand edge would intersect the pave-
ment in another 240 ft, or a total of 860 £t from the nose.

3. One-lane 30:1 on-ramp with lane stripe on left and hatched area
on right (Fig. 7). The total length to the imaginary intersection of the
right edge was S0 ft.

4, The above ramp shapes were repeated with the ramp curb recon-
structed at a distance of 8 ft (freeway shoulder width) from the edge of
the through traffic lanes, resulting in six separate studies. Recon-
structing the curb moved the curb nose back 130 ft as shown in the in-
serts in Figures 4, 5, 6 and 7.
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The transition from 2 lanes to 1 and the delineation of the wvarious
sequences in the study were by means of white traffic paint. The transi-
tion from 2 lanes to 1 is shown in Figure L.

Traffic obeyed the paint almost universally. The exceptional car
that traveled across the hatched area had no measurable effect on the data.

METHOD OF COLLECTING DATA
Field data for this study were collected in the following manner:

All observations were made manually and based on 5-min counts with
2 min between periods to record the data. Observers were located on the
frontage road behind a chain link fence.

1. BRamp Count—made at the nose of the ramp. The number of autos
and trucks were recorded for each period and each break between periods.

2. Ramp Speeds—computed from observations with stop watches and 5
consecutive speed traps 150 ft in length marked with road tubes across
the ramp. The first speed trap was 150 ft back of the ramp nose and the
last one was 450 ft to 600 ft beyond the nose as shown on Figure 4. Sam-
ples were teken continuously and times recorded for sample vehicles to
travel from one mark to the other.

3. Lateral Placements—observed at 5 locations at 100-ft intervals
from the nose as shown on‘figure 4. Each location was marked by 5 lines
1 £t apart, starting from the edge of freeway pavement. One man observed
each location and recorded the distance from the edge of the freeway pave-
ment to the right rear wheel of the ramp vehicles.

. End of Ramp Count—made at location 600 £t from nose. Counts
were made of the number of vehicles in ILene 1 and on the ramp.

5. Freeway Count-—made by lanes before the merging area of the ac-
celeration lane.

6. Freeway Speeds—computed from stopwatch observations of speed
traps as shown in Figure 4, Stations 150 ft apart were painted in each
lane. Time to travel the distance between the two stations was estimated
to the nearest 0.05 sec.

7. Freeway Lane Changes—observed from the location of freeway count
to end of accelerstion lane. The lane changes made by traffic that was
already on the freeway were not significant in the study. However, it
should be mentioned that a major interchange having a 3-lane branch con-
nection to Oakland on the left and & three-lane branch to the San Francis-
co Bay Bridge on the right was located l% mi beyond the observation site.
For this reason, there was a noticeable tendency for many of the ramp cars
to weave right on across into Lanes 2 or 3 (and occasionally Lane L) in-
stead of merging into Lane 1. It is assumed that most of these cars were
heading for the left-hand branch of the major interchange.

ANALYSTS OF DATA

Due to the wide range of remp and freeway volumes during the study
of each on-ramp degign, it was necessary to classify placement and speed
data into volume groups so that comparisons between the three designs
could be made for equal volume conditions. The volume groups were divid-
ed as given in Table 1.

Thus a group labeled R1 - F2 has a 5-min ramp volume between 20-39
vehicles and a 5-min freeway volume between 200-299 vehicles. Freeway
volume distribution by lene is given for all volume groups in Table 2.
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TABLE 1
VOLUME GROUP CLASSIFICATTON

Free- Hourly
Ramp 5-Min Hourly way 5-Min Hourly Rate
Group Volume Rate Group Volume Rate in Lane 12
R1 20-39 240-479 F 1 100-199 1,200-2,400 190-380
R 2 L0-59 480-7119 F 2 200-299 2,400-3,600 380-580
R 3 60-79  720-959 F 3 300-399  3,600-k,800  580-770
RL 80-100 960+ T L4 400-500 L ,800-6,000 770-960

& Hourly rate in Lane 1 based on 16 percent of freeway volume (see Table
2). This volume does not include ramp vehicles.

TABLE 2
DISTRIBUTION BY LANE AT APPROACH TO ON-RAMP MERGING AREA

Lane 1 Lane 2 Lane 3 Lane 4
Volume Ramp P-ft Curb B-ft Curb 2-ft Curb O-f%t Curb 2-ft Curb B-ft Curb 2-ft Curd B8-ft Curb
Group Design Offset Offset Offset Offset Offset Offset Offset Offset
(%) (® (%) (%) (%) (%) (%)
50:1 19.1 17.0 26.0 26.7 31.8 3L.4 23.1 2k.9
R1-F1 Parallel 19.1 17.9 27.4 25.6 30.7 30.4 22.8 26.1
30:1 16.0 14.8 29.7 27.9 32.5 32.1 21.8 25,2
50:1 16.5 16.0 24,2 23.9 31.9 31.6 27.4 28.5
R1-F2 Parallel 17.1 x 23.1 x 31.1 x 28.7 x
30:1 12,6 17.0 25.2 23.5 29.7 31.3 32.5 28.2
50:1 17.6 15.6 25.6 25.8 31.9 32.4 2k.9 26.2
R2-F1 Parallel 16.1 16.0 25.0 25.8 31.8 30.7 27.1 27.5
30:1 16.2 1k.6 28.8 2k.9 30.8 33.2 24,2 27.3
50:1 15.8 14.8 25.3 25.4 29.9 30.2 29.0 29.6
R2-F2 Parallel 16.6 14.9 25.4 24,2 30.5 31.0 27.6 29.9
30:1 15.1 15.2 25.1 24,2 31.6 31.2 28.0 29,4
50:1 15.7 15.4 26.6 22,2 29.1 28.7 29.6 33.7
R2-F3 Parallel 15.0 15.2 2k.0 26.5 30.% 30.2 30.6 28.1
30:1 15.5 x 23.9 x 30.0 x 30.6 x
50:1 15.1 15.5 24 .h 23.9 30.6 29.9 29.9 30.7
R3-F2 Parallel 1k.5 k.1 26.1 24,1 30.2 31.0 29.2 30.8
30:1 16.7 16.4 24.8 21.8 30.1 28.7 28.% 33.1
50:1 15.8 15.7 24,8 23.3 29.3 29.7 30.1 31.3
R3-F3 Parallel 16.0 14.8 22,1 2k.0 29,4 28.2 32.5 33.0
30:1 16.7 15.0 24,1 24,2 28.4 28.9 30.8 31.9
50:1 15.6 14.6 24,7 23.0 29.0 27.9 30.7 3k.5
R3-Fi Parallel 1k.8 13.2 24,5 22.2 28.4 30.7 32.3 33.9
30:1 15.7 k.7 24,1 22.6 28.4 27.8 31.8 3k.9
50:1 15.1 13.6 2.4 29.1 30.6 30.1 29,9 27.2
R4-F2 Parallel 13.1 13.8 25.3 22.2 33.2 30.0 28.4 34.0
30:1 16.7 k.1 24.8 25.9 30.1 28.7 28.4 31.3
50:1 15.7 14.8 25.1 2k.0 28.9 28.6 30.3 32.6
Rt-F3 Parallel 16.L 16.7 24 23.3 29.1 28.4 30.1 31.6
30:1 16.3 13.8 24.3 22.8 24,7 29.7 32.0 33.7
50:1 15.6 16.4 24,0 22,3 28.3 29.0 32,1 32.3
R4-Fl4t Parallel 15.9 4.6 21.5 22,9 30.8 29.1 31.8 33.h
30:1 16.0 13.4 22.8 22.9 29.0 29.6 32.2 3h.1

NOTE: x indicates insufficient data.
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TABIE 3
NUMBER OF RAMP VEHICLES OBSERVED IN EACH VOLUME GROUP

One-Way Freeway Volume Rate Prior to Remp (vph)
F1 ¥2 3 T
Remp Vol- 1,200-2,400 2,400-3,600 3,600-k,800 4,800-6,000
ume Rate Ramp 2-ft Curb O-ft Curb 2-ft Curb O-ft Curb 2-Ft Curb O-ft Curb 2-ft Curb O-ft Curb
(vph) Design Offset Offset Offset Offset Offset Offset Offset Offset

R1 50:1 210 335 39 206 x x x x
240-480 Parallel 172 315 T x x x x x
30:1 132 333 39 108 x x x X

R2 50:1 360 227 ks0 768 210 105 x 59
480-720  Parallel 279 460 321 769 160 5T 56 1k
30:1 LoT 223 551 869 158 x 99 57

R3 50:1 x x 341 345 67 330 Lo5 432
T20-960 Parallel x x 265 384 280 h23 206 0
30:1 x x 340 263 kg2 608 294 212

Rb 50:1 x x x 101 259 437 184 8k
960-1,200 Parallel x x 186 92 82 0 264 806
30:1 x x 199 172 254 348 51% 520

NOTE: x indicates insufficient data.

It is to be noted that the distribution for the various ramp designs is
very similar and can be minimized as a variable affecting the study.

In this study, some combinations of volume groups were eliminated
due to insufficient data. The groups used in the analysis and the num-
ber of observations in each group are given in Table 3.

RESULTS
Placement

Paths of the right rear wheels of observed vehicles are shown in
Figures 8, 9 and 10 for the 2-ft curb offset studies and Figures 12, 13
and 14 for the 8-ft curb offset studies. The diagrams on these figures
are drawn on a scale that exaggerates the lateral distance in a ratio of
5 to 1 as compared with the longitudinal distance. Each figure represents
one ramp terminal shape, and the four diagrams on each figure represent
the four ramp-volume groups, with the lowest ramp-volume at the top.

l. It will be noted that the variation in wheel paths for changing
freeway volumes with any given ramp volume is small. This fact does not
necessarily show that freeway volume is unimportant in determining ramp
length, but it does suggest that when adequate length is available, it
will be used during light volumes as much as during heavy volumes.

Because the paths for varying freeway volumes were similar, two ad-
ditional drawings were made (Figs. 11 and 15) in which freeway volumes
were combined for any given ramp volume. On these diagrams it is easier
to see the relationship between the paths as affected by geometry.

2. An unexpected result was to find that as the ramp volume in-
creased, the length of ramp used decreased.

With the 2-ft curb offset, the 85th percentile did not change much
but the 50th percentile decreased from about 390 ft to about 300 ft as
the ramp volume increased from less than 480 vph to more than 960 vph.
With the 8-ft curb offset and the 50:1 design, the 50th percentile de-
creased from about 480 ft to about 420 ft through this volume range and
with the parallel and 30:1 designs, the 50th percentile decreased from
about 430 ft to 300 ft. During the high ramp volumes, the freeway vol-
umes were also higher.
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Figure 9.
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This result (decreased distance with increased volume) was not ex-
pected. However, it is easy to explain and should have been expected. Tt
is simply because more cars come on simultaneously when volume is high,
and while the car (or truck) at the head of the platoon behaves very much
like the ones at the head of the line during the low-volume periods, there
are more "following" cars that are anxious to get into the main stream in
the same gap as the lead car than there are during low-volume periods.

3. Wheel paths were similar for all designs except the 50:1 design
with an 8-ft curb offset, which resulted in a more gradual path at high
ramp volumes than the other designs.

In retrospect, it is not hard to see why this result was observed.

It is because all designs studied actually provided ample room, especially
if the 8-ft paved shoulder continuing beyond the end of the taper was
used, as it was used by more than 15 percent of the vehicles in the 30:1
study. The 50:1 and "parallel" shapes, as pointed out in the introduction,
actually were within 4O £t of being the same length. When the study was
being planned, however, the lack of variability was not foreseen. It was
thought, instead, that drivers would be influenced by the shape. This
thought was based on the common knowledge that ramps of many shapes are
working fairly well, and it was assumed that drivers comform to what is
provided. The important finding here is that they tend to drive one way
regardless of ramp shape, within the limits, of course, of what is avail-
able to drive on.

It would, of course, be possible to think of endless combinations of
geometry and try them with many combinetions of ramp and freeway volumes
and also with several different turning speeds. It would not be prudent,
however, to experiment with public traffic on a design more restrictive
than the 30:1 study. Despite the lack of variation between the three de-
signs, some principles have been evolved which will be discussed later.

L. For the low ramp volumes, the 85th percentile calls for a merg-
ing distance of about 600 ft from the point where the left edge of the
ramp is 6 ft from the edge of the freeway to the point where the right
wheels enter the through lane. Because the right-hand edge of the ramp
is 18 ft away at the beginning and can be assumed to be 3 ft away from
the right wheel at the point where the right wheel enters the freeway,
this represents a taper of 15 ft in 600, or 40:1. At higher ramp volumes,
the distance for the 85th percentile was slightly reduced, but this is
mainly because at the higher volumes, the vehicles using more than 600 £t
comprised a smaller percentage of the total.

Unfortunately, the free-running vehicles (as opposed to those caught
in platoons) were not identified during the study so it is not possible to
meke a quantitative statement about free-choice paths. However, observa-
tion in the field, confirmed by study of the movies, showed that the ve-
hicles caught in a platoon felt obliged to sidle on over into the freeway
at an earlier location than did the vehicles at the head of a platoon or
those running by themselves.

5. The percentile paths, as plotted, indicate that vehicles drive
nearly a straight line instead of zigzagging. It was observed in the
field and is demonstrated in the movies that this is the case, although
it must be pointed out that it would have been possible for them to zig-
zag and still the lines connecting equal percentiles could have come out
straight. With five observation stations, however, it would be extremely
unlikely that a straight line for a given percentile could be drawn through
more than two stations if many of the individual cars comprising that per-
centile zigzagged.
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This point is made because the "parallel®™ design calls for the ve-
hicles to drive a zigzag path if they are to follow the outlines of the
ramp.

6. A comparison of Figure 1l with Figure 15 shows that the distance
from the physical nose is increased just about the same amount as the nose
was moved back. This shows that the nose should not be used as a control
in computing length required, but that a distance of about 6 ft from the
edge of the through lanes to the left edge of the ramp marks the real be-
ginning of the merging area. It may also be implied that angle of con-
vergence is a more significant control than distance from the physical
nose.

Speed

Figures 16 to 21 show the speeds observed for each ramp shape and
volume group. The upper row of boxes on each figure shows the speed of
ramp vehicles for each speed trap labeled on the plan, but does not include
vehicles which have already entered the freeway. The lower row of boxes
shows the average speed of entering vehicles at the point of entry indi-
cated. Blank squares in the boxes indicate a lack of sufficient measure-
ments to establish a reliable estimate for the particular volume combina-
tion. The lower right-hand box shows the average speed approaching from
Lane 1 of the freeway. For studies made with the curb offset 8 ft, ad-
ditional average speeds for Lane 1 of the freeway at the beginning and end
of the on-ramp are shown in the two boxes at the bottom of Figures 19, 20
and 21.

1., With a T00-ft radius approach lane (turning lane), the turning
speed (box A in upper row) was in most cases higher then the merging
speed. This does not necessarily mean that the ramp area was not used
for accelerating. But it does indicate that when drivers attained the
speed they thought necessary, they drove on in to the freeway without ac-
celerating.

2. With ramp curb offset 8 ft, the ramp and freeway speeds were sim-
ilar for all ramp designs.

3. The difference between entering speed and speed of the approach-
ing traffic in Lane 1 was from 2 to 8 mph, and speeds of both the ramp ve-
hicles and freeway vehicles in the right-hand lane are in the 40-50 mph
range.

4. The freeway speeds, 45 to 50 mph, were higher than expected for
Lane 1 which included 35 percent trucks during the off-peak hours and 10
percent trucks during the peak hours.

CONCIUSIONS

As a result of the present study and previous experience of the
authors in the design of interchanges and in making freeway capacity
studies, it is concluded that entrance ramp terminal design should take
into consideration the following requirements:

l. A direct alinement should be provided. This study reaffirmed
findings reported elsewhere (1) that drivers tend to follow a straight
line from the point where ramp curvature ends until they have entered
the freeway traffic lane.

Merging vehicles can be broadly classified as: (a) individual un-
obstructed vehicles, and (v) vehicles in platoons. The individual ve-
hicles almost invariably drive a direct line, and if the outline of the
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ramp terminal is a series of curve, then diagonal, then parallel, then
squeeze-off, these drivers cut across the convex corners which appear al-
ternately on the left and right. Vehicles in platoons frequently execute
a "left-oblique" maneuver in which each vehicle can execute either a zig-
zag motion or a direct line. If the left-oblique is performed zigzag, the
azimuths of each path will be equal, whereas if each vehicle on reaching
the nose assumes a different azimuth (with the rear vehicle taking the
greatest angle of convergence), the same effect will be achieved. At high
volumes, this effect is to be desired, because it results in any long gap
in the freeway traffic being filled. At low volumes, a direct but gradual
approach will give the freeway traffic more "notice" that the entering car
is encroaching, and thus provide an opportunity for cooperative adjustment
of speeds.

The direct alinement, or constant taper design, makes it possible to
perform any of these desirable maneuvers. Although the zigzag design will,
if long enough, usually provide space for the same maneuvers, it is always
possible that the designer may leave a nose or a corner in such a place
that traffic will have to cut across it, and at best the zigzag design
will waste pavement on one side while restricting clearance on the other.

2, The angle of convergence is an important control. Drivers should
be encouraged to merge at a small angle of convergence (Figs. 224, 22B,
22C and 22D).

A ramp terminal is essentially an elongated intersection. If the in-
tersection area is short, as on a conventional highway, freeway operating
characteristics are not present and as a result both capacity and safety
suffer. The difference between traffic operation at an ordinary inter-
section and that at a freeway ramp terminal is primarily in the angle at
which the entering traffic and the through traffic converge, which in turn
controls the lateral speed at which the entering vehicle approaches a ve-
hicle on the through highway.

If the latersel speed of approach is slow enough, it is almost impos-
sible for two cars to collide. One of them will adjust his speed so as to
fall in behind the other. If both cars are in the centers of the 12-ft
Janes at the point where the left edge of the ramp lane intersects the
right edge of the freeway lane, there will be 6 ft between them and the
convergence angle should be such that they have gtout 300 ft in which to
adjust.

There is no mathematical formula nor psychological test that can be
cited to show that 300 ft is the amount of distance needed for this ad-
Justment; neither is there any to show that 1 sec, 2 sec, or any particu-
lar length of time is required. However, a distance such as 300 ft is much
easier for the driver and, for that matter, for the engineer to visualize.
A distance of 300 ft for a lateral movement of 6 ft results in a 50:1 taper.
With this taper, the entering driver can confidently accelerate continu-
ously, secure in the knowledge that he will see any freeway vehicle before
he hits it, and soon enough to avoid hitting it. Vice versa, the freeway
driver will see the entering vehicle before hitting it and in time to ad-
Just his speed to avoid it.

A parallel ramp with a sudden squeeze-off at the end forces a decision
on the driver: ©Shall I go on down and take a chance when I get there, or
shall I cut in short? A constant taper design makes it easy for the driver
to do what he is supposed to do, because he has a line to follow. When
properly delineated by pavement markings, it also gives notice to the free-
way driver that he is in a merging area.
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Foreground ramp car 1s merging into a 166-foot, 2.7-sec.
gap in Lane 1. Average headway between merged vehicles is
1.35 sec. Note that third car in Lane 1 is moving to Lane 2,
anticipating that traffic in Lane 1 will slow down slightly.
The four cars now occupying 275 feet (4.3 sec.) will stretch
out to about 5.4 sec. or 400 feet.

Instantaneous rate-of-flow in this picture is:

BB s 6p0us sansnsssasresmnncenains SO VOR
Freeway Lane 1 (near lane)........ 860 vph
DANE 2. ienenennswnaneissss GO0 -FDH
LBNE Buvseniennsashesinons 0t YHH
LR T e s b Won s a4 wnnids 000 BN

PORRLL L o viwnions suan in ds 5 v an s ~U3GH volt

Figure 22A. Light Traffic—merging maneuvers with a 50:1 tapered on-ramp
(heavy white stripe is 50:1 taper).

Another reason why rate of convergence should be a control is capacity.
It has been observed in capacity studies elsewhere (2,3) that “saturated
flow" can only be obtained where the squeeze-off distance is about 500 ft
or more. The only way saturated flow (usually more than 2,000 vph per
lane) can be obtained is to have more lanes coming in to a point than go
away from it (as is typical of an entrance ramp), and in order to convert
the stop-and-go motion behind the point of convergence into steady flow,
the convergence has to be gradual.

3. Adequate merging distance should be provided for low volumes as
well as high volumes.

It has been shown in this study that vehicles entering at low ramp
and freeway volumes use as much as or more distance than those entering
at higher volumes. The R1-Fl group of observations was taken when freeway
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Foreground ramp car is merging into a 75-foot gap
(1.2 second) in Lane 1. This shows that even with very
light traffic, a gradual merge is necessary. After the
merge, the average headway of the 3 cars in the foreground
will be 0.6 sec., for a short length of time.

Instantaneous rate-of-flow in this picture is:
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Figure 22B. Very light traffic—merging maneuvers with a 50:1 tapered
on-ramp (heavy white stripe is 50:1 taper).

volume was less than 600 per lane per hour. Conversely, it has been shown
that with a taper which is adequate for proper merging of a single pair of
vehicles, there is adequate length for any combination of ramp and freeway
volumes up to possible capacity. Controls which call for high volumes be-
fore providing adequate merging distance are therefore not tenable.

Furthermore, the science of predicting traffic for a 20-yr period is
far from exact. Freeways cost so much and ramp terminals so little that
it would seem only sensible to design for maximum conditions, especially
when considering ramp traffic. One industrial plant, unforeseen at the
design stage, not only can change the ramp volume but can radically change
the design hourly volume on the freeway itself.

4. Adequate merging distance should be provided for high speeds as
well as low speeds.



Foreground ramp car is merging into a 150-foot,
2.5-sec. gap. Judging by the space between 2nd and 3rd
cars in Lane 1 (about 0.3 sec.), 2nd car has yielded right-
of-way to ramp vehicle. This 1s the only way that smooth
flow can be obtained at saturated rate-of-flow.

Instantaneous rate-of-flow in this picture is:

RBIMD Gain o0 w0 wm v o wew e aebmn e o sl woe e LEDHO: 'DH
Freeway. Lane l..cececscocsccccees. 860 vph

LA B, ., asnendiensinnes st OO YD
LANE B vaawnmannnyssissmnediog. vph
Lane Uieuesssinsanssnosvan 2850 Yph

TOTAL.....-...c..t.o.oooo.c..oo. 06910 Vph

Figure 22C. Heavy traffic—merging maneuvers with a 50:1 tapered on-ramp
(heavy white stripe is 50:1 taper).

As previously intimated, the higher the speed of the converging traf-
fic, the more distance is required for a given length of time in which
to adjust speeds, and also the higher the lateral rate of approach will
be. This seems self-evident, and yet it must be mentioned because when
the length of merging area is controlled by the difference between turning
speed and freeway speed, it turns out that very short merging areas are
provided for high turning speeds. Another way of stating this principle
is that assumed high turning speeds should not result in reduced merging
distance.

At the Ashby Avenue site where the observations were made, the design
speed of the freeway was 60 mph, and the turning radius was 700 ft. As-
suming that this is a "high volume" highway, Table VII-10 of the AASHO
policy (;) would provide a total length of 250 ft, including taper. Ex-
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Note that by gradual angle of convergence, ramp and
freeway traffic will merge like a hand in a glove.

Instantaneous rate-of-flow in this picture is:

Ra-rnpo.oc'ou'ooocooo0000-00000000001200 vph

Freewsy LENe lisssssnsssovsnsenses 100 VDO
LEOR Bessonvisssnssansssss SO0 VER
LA Fesssnonssnsinnssnna 1200 vph
LEDE By gurssorssen iy ivirssitde Yoh

TOTAL.0.....l.!‘.l..'.‘..l"..l‘l.5500 Vph

Figure 22D. Heavy commercial traffic, especially in Lane l—merging ma-
neuvers with a 50:1 tapered on-ramp (heavy white stripe is 50:1 taper).

amination of Figures 11 and 15 shows that less than 15 percent of the cars
observed could have stayed within this ramp, and probably less than 5 per-
cent could have driven with 3-ft clearance on the right.

5. In combination with the approach ramp, adequate length should be
provided for entering cars to accelerate from any turning speed.

6. It would be highly desirable for every entrance ramp terminal to
have the same shape. When the length of the ramp terminal is dependent
on assumed design speed of the freeway and safe turning speed of the ap-
proach ramp, a driver entering a level tangent freeway can be confronted
with ramp terminals varying from 250 ft to 1,200 ft in length, and unless
he is a commuter, he never knows quite what to do; i.e., whether to stop
and take a look, to feel his way along gingerly, or to boldly step on the
gas and go on into the traffic stream as the designer intended him to.



It is obvious that a standard
vl design for all locations would go a
long way toward eliminating this con-
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I fusion. A standard design would al-
| so simplify design and stake-out pro-
| cedure, and would make signing, pave-
ment marking and delineation more
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An anomaly which has arisen out
of designs that vary with assumed
turning speed is that the merging
area is long (and adequate) at the
unimportant ramps but is frequently
inadequate at the important ramps,
because the less important ramps
are usually designed with a sharper
turning radius than the more im-
portant ramps.

7. The 10-ft shoulder offset
must be accommodated. Current con-
trol standards ignore the lateral
space between the freeway lane and
the ramp lane. Because the total
length is controlled by design
speeds, designs with shoulder off-
sets provide a sharper approach
angle and a shorter merging distance
than those with narrow shoulders or
curb noses adjacent to the freeway
lane.,

8. Pavement area must not be
excessive,

9. A "natural" or unforced
appearance should be achieved.
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A ramp design that meets all

of the above requirements is offer-
ed in Figure 23. This design can be
used for any typical application and
) g' has been adequately tested and ob-

N| served under traffic at the Ashby
Avenue site for level tangent free-
ways with high turning speeds.

Figure 23.

8"Solhid Stripe

|

! Subjective tests have been made
I showing that a 1952 model 6-cylinder
medium-priced car with 60,000 miles
Shife since the last overhaul, and a 1958
| 6-cylinder low-priced car can merge
[ smoothly with heavy freeway traffic
|

I

from a 10 mph start at the nose
(marked "ramp PCC" on the drawing).
It may be noted that the length of
the proposed standard ramp, using
the definition of length given in
Fig. VII-20 (p. 494) of the AASHO

. Shoulder,
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Policy (l) is 1,070 ft. Accepting the tabular values of the Policy, this
mekes it sufficiently long for all turning speeds on "main" highways re-
gardless of design speed of the latter, and for "high volume" highways
having design speeds of 60 mph. It is long enough for "high volume" high-
ways with a 70 mph design speed provided that the turning radius is 150

£t or better.

It may be reasoned that the tabular values in the Policy are con-
servative because of the increase in auto acceleration during the past
few years, a trend which is not likely to reverse. It follows that the
proposed ramp design is sufficient for low turning speeds as well as the
high turning speeds observed.

The data collected in the present study would warrant a 4o:1 taper
instead of 50:1 if the 85 percentile vehicle path is accepted as being
all that should be accommodated, but 50:1 is recommended, first because
of the margin of safety, and for two other reasons: it makes the ramp
terminal long enough to accommodate all the lengths in the AASHO table,
and this in turn mekes it possible to use a uniform shape at all locations.
The difference between a 40:1 and a 50:1 taper amounts to 35 sq yd of pave-
ment and 107 sq yd of shoulder, outside of the 10-ft shoulder of the
through roadway.

The 3,000-ft radius curve shown in Figure 22 was arrived at because
it was desired to lose width as rapidly as possible for the sake of econ-
omy, and yet not introduce so much delta that a straight ramp from a di-
amond interchange would require a reverse curve.

Any offset between nose and through pavement can be fitted to this
curve without changing the design. The 8-in. solid stripe has proven very
effective in guiding traffic into the desired 50:1 taper.

EFFECT OF GRADES

Although no quantitative observations were made of traffic behavior
on ramps having grades, the logic of the relation between grade and length
may be examined. It is obvious, of course, that for a gilven increase in
speed, more length is required by a car (on the ramp) going uphill than
on the level. But it is also true that vehicles in the right-hand lane
of a freeway going uphill are on the average moving much less than 50 mph.
"Design speed" here becomes meaningless. Passenger cars on the entering
ramp can easily overtake the slow vehicles on the freeway with less accel-
eration distance than they need on the level, and the time rate of conver-
gence is less than it would be on the level with the same taper. Passenger
cars in the right-hand lane of the freeway will have less difficulty avoid-
ing entering cars than they will have avoiding slow trucks that are already
on the freeway and which they encounter continuously on the main line. It
therefore seems that the design shown in Figure 23 will work on any grade.
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