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® PASSAGE of the Federal Aid High-
way Act of 1956 initiated a tremendous
engineering endeavor, unprecedented in
the history of the United States. It
loomed as a gigantic undertaking to de-
sign and construct the 41,000-mi system
of Interstate and Defense Highways —
highways having freeway characteristics
in a network incorporating “all known
features of safety and utility” — by the
vear 1970. This seemed particularly so
because the highway engineering profes-
sion and the construction industry were
not completely geared for the program.
The challenge is being met, however, and
the problem of shortages has been or is
being resolved.

This paper brings out one facet in
overcoming the lack of highway design
engineers by means of stepping up engi-
ncering productivity. Specifically, the
discussion deals with research and de-
velopment of special tools and techniques
for use in geometric design of highways,
with particular emphasis on interchange
design. This is an experience of one high-
way department in obtaining a three-fold
objective, as follows:

1. To increase production per man-
day.

2. To obtain effective utilization of
young and inexperienced engineers.

3. At the same time, to improve on
the quality of design.

SIMPLIFICATION OF DESIGN PROCEDURES

Developing plans for these high-type
facilities posed many new problems for
highway and traffic engineers. Photo-
grammetry and electronic computation
were employed, but these were not
enough. Need was recognized for simpli-
fication and standardization of design

methods and procedures. After consider-
able study, some of the old methods gave
way to simple, standard means of accom-
plishing many design operations.

Much of this was done with the aid of
specially prepared material and instruc-
tions, coupled with a training program.
Efficiency was gained by using newly de-
veloped standard forms for certain solu-
tions and computations; by utilizing
varieties of design tables prepared to
minimize calculations; by using graphics
in several areas of design in lieu of long,
drawn-out procedures; and by employ-
ing many varieties of newly developed
design templates to improve efficiency
and quality of work.

Most of the effort in attaining engi-
neering productivity was directed to in-
terchange design because of its complex
nature. Nearly 9,000 interchanges are
contemplated on the Interstate system in
rural areas, and an additional 3,000 to
4,000 in urban areas. The design effort
required for these is about equal to that
for the remaining elements of the system
outside the interchange areas. The tech-
niques evolved to facilitate geometric de-
sign, therefore, have been directed pri-
marily to layout of interchanges. These
techniques, their development and their
application, are discussed herein with
respect to the principal elements of in-
terchange design.

INTERCHANGE DESIGN — CHANNELIZED
RAMP TERMINALS

At-grade ramp terminals involving
channelization comprise a significant
part of interchange design. Layouts of
these are based on design criteria for in-
tersection curves, turning roadways,
islands, ete., contained in the AASHO
design policies. These elements and their
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correlation are predicated largely on the
turning charaeteristics of design vehicles
included therein. Even with the use of
the AASHO criteria, which are quite
complete and conveniently set up, the de-
sign of channelized intersections requires
considerable skill and experience.

Turning Vehicle Templates

To facilitate the layout of intersections
and to insure proper design, a set of tem-
plates for turning vehicle paths was de-
veloped. The set, consisting of 27 trans-
parencies, provides for a variety of de-
sign conditions, including three types of
trucks,® three turning radii, and three
scales. Trucks represented are the SU,
single-unit; C43, intermediate semitrailer
combination; and C50, large semitrailer
combination. Turning radii, described by
the outer-front wheel, are 45 ft (or less),
60 ft, and 75 ft.2 Scales used to fit the
usual range and size of layouts are 1 in.
=50 ft, 1 in.=40 ft, and 1 in.=20 ft.
FKach transparency includes paths for a
variety of turning angles (30°, 60°, 90°,
120°, 150°, and 180°).

A typical turning vehicle template is
shown in Figure 1. For the type of ve-
hicle and scale shown, it is one of a set
of three illustrated in Figure 2. The
grouping of templates in Figure 2 is the
same as that contained in the bottom,
middle section of the wall box shown in
Figure 3. A total of nine such groupings
for the three design vehicles and three
scales are filed in this rack.

For ready reference, each template is
edged with a thin band of color across
the top. All templates having a minimum
turning radius are edged red, R=60 ft
green, and R=75 ft blue. For instance,
in Figure 2 the top edging, from left to
right, is blue, green, and red, respectively.

Holes at close intervals are provided
along the wheel paths of each template.
By placing pencil dots through these
perforations, the turning paths may be

1 See “A Policy on Geometric Design of Rural High-
ways,”” AASHO, pages 429 and 432.

2 The 45-ft turning radius is the minimum for the
SU vehicle ; for the C43 and C50 vehicles, minimum radii
are 40 and 44 ft, respectively, Minimum turning radii,

or near-minimum (60 to 75 ft), are normally employed
in intersection design.
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transferred to a plan layout. The center
hole, when used as a pivot, permits the
paths to be adapted to any odd angle of
turn. Right-turning paths are on the
front of the template as shown in Figure
1 (arrows indicate direction of travel).
The same templates apply to left-turning
movements by using the reverse side.
Minimum paths (red-band templates)
usually apply to acute-angle turns,
whereas the larger turning radii (green-
and blue-band templates) generally ap-
ply to obtuse-angle turns.

The first step in development of the
templates was the derivation of a series
of intermediate paths to the basic 90°
and 180° turning paths of the AASHO
design vehicles. Initially, these paths
were traced on acetate and used in check-
ing intersection layouts. Later, they were
found convenient as guides in design.
Finally, the templates were adapted as
direct aids in design of channelized in-
tersections. This was made possible after
the turning paths were expanded to in-
clude other than minimum turning con-
ditions, and were printed on heavy film
transparencies and perforated along the
described paths. In design, the appro-
priate templates are laid over a skeleton
or base of the intersection plan and the
wheel paths, when located in a desired
position, are transferred to the layout.
The design is then sketched in, fitting
these paths.

Hlustrative Problem

The technique of using these templates
is demonstrated in the following design
problem, shown in sequence in Figures 4,
5, and 6.

The basic condition of the intersection
is illustrated in Figure 4A. Here a 26-ft,
two-way road is intercepted by a divided
highway having two 12-ft lanes in one
direction and three 12-ft lanes in the
other direction, separated by a 16-ft
median. The intersection angle is 68°.
A divisional island, about 8 ft wide, is
desired on the intercepted road. Also a
small directional (triangular) island is
called for in the acute-angle quadrant.

With the approximate position of the
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Figure 3. Set of turning vehicle templates in wall rack.
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Figure 4. Illustrative problem for at-grade terminal: transfer of turning paths from templates to plan.
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Figure 5. Illustrative problem for at-grade terminal: use of turning vehicle templates for odd angles of turn.



Figure 6. Illustrative problem for at-grade terminal: development of channelization to fit paths of turning
vehicles.



LEISCH:

divisional island assumed adjacent to and
on the left of the centerline of the minor
road, left-turning paths arc established.
This is accomplished by placing appro-
priate templates in the desired position
and making pencil dots through the
perforations (Fig. 4B). By this method
the two left turns are transferred to the
plan (dotted lines, Fig. 4C).

The 30° increments of turning paths
do not fit closely enough the angles of
intersection on the plan (in this case 68°
and 112° in the two quadrants). The
desired path for the 112° turning angle
falls between the 90° and 120° angles
available on the template. The sharper
of the two, the stippled path indicated
on the template in Figure 5, is used as
a guide.

The method of adapting these turns to
the exaect angles of turn (68° and 112°)
1s illustrated in the two views of Figure 5.
The template (Fig. 5A) is first placed
with the beginning portion of the path
(a) in proper position and with the outer-
most part of the path, point (b) placed
so as to permit proper entry into the
intercepted road. Then, with a sharp
pencil held firmly in center hole (e¢), the
far end of the path (d) i1s swung into
position by revolving the template (Fig.
5B).

When the template is in its initial po-
sition (Fig. 5A) the beginning portion of
the path is transferred to the layout by
marking through the perforations, as pre-
viously illustrated in Figure 4B. The
remainder of the path is transferred after
the template is swung into the latter
position (Fig. 5B). Thus, the effect pro-
duced is a described path for the specifie
or the odd angle of turn required.

Following establishment of the two
left-turning paths, the median opening
and the crossroad divisional island are
sketched in to fit the left-turning paths.
As shown in Figure 6A, this is done free-
hand, setting the edges of pavements and
islands at approximately 3 ft outside the
wheel paths. Approach ends of islands,
however, are offset slightly more.

In Figure 6B, the right-turning paths
are added to the plan by the use of ap-
propriate templates. The remainder of
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the plan is sketehed in (Fig. 6C) by add-
ing the triangular island and the outer
edges of pavement along the paths of
right-turning vehicles.

At this point the plan is complete ex-
cept for refining the layout and, where
required, fitting caleulated lines to it. To
facilitate this operation, a special tech-
nique, which was developed in the course
of study to improve design methods, is
used. This consists of using alignment
templates correlated with design tables,
and graphics coupled with slide-rule cal-
culations to establish islands, tapers, me-
dian openings, ete. By this procedure,
computations are substantially reduced
or completely eliminated.

Alignment templates were developed
using curve combinations for turning
roadways in accordance with AASHO
criteria. A three-centered curve template
representative of this group is shown in
Figure 7. This is one of a set of ten 11-
by 9-in. transparencies to a scale of 1
in.=20 ft, ranging from 100-20-100-ft to
180-90-180-ft radii curves. Another group
consists of twelve transparencies to a
scale of 1 in.=50 ft, ranging from 100-
20-100-ft to 460-230-260-ft radii curves.
A third set to a scale of 1 in.=50 ft, ex-
pressed in degrees of curve rather than
in radii, also is available. As shown in
Figure 8, the various sets of templates
are filed for ready reference in book fold-
ers and wall racks.

Accompanying these templates are two
sets of tables (Fig. 9), one for radii and
the other for degrees of curves. The ta-
bles furnish complete properties of three-
centered curves for the large number of
curve combinations represented on the
templates. For example, the tabulation
shown in Figure 10 is a companion to the
template illustrated in Figure 7. The
great varicty of conditions for which
this template may be used is represented
in the table, with curve data completely
furnished.

In developing the plan, the templates
are usced as testing devices to determine
what three-centered curve combinations
fit the layout. This 1s illustrated by
Figure 11, in which the problem solution
of Figures 4, 5 and 6 is continued. The
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Figure 7. A typical three-centered curve template.
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Figurc 9. Design tables in terms of
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Figure 10. Typical design table for properties of thrce-ccntered curves.
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Figure 11. Illustrative problem for at-grade terminal: use of three-centered curve templates to test out and
determine the curves that fit the plan.
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curve combinations fitting the curb re-
turns (having central angles of 68° and
112°) are found quickly, as shown by
the shaded curve on the transparency in
each view of Figure 11. With this infor-
mation, appropriate tables are entered,
in which are given complete curve data
for the three-centered curves selected.
The two sets of values for this problem
are shown by shaded bands on Figure 10.

The three-centered curve templates
may be used for any intersection angle,
no matter how odd. The companion ta-
bles, however, are set up in terms of
even delta angles. Still, the tables can
be used in most cases and calculations
avoided by adhering to a design policy
of using even azimuths and, thus, even
intersection angles. Where an effort is
made to do so in design, bearings and
angles established in terms of degrees,
without minutes and seconds, are found
to be practicable in nearly all cases.
Occasionally, where an odd angle can-
not be avoided, the required curve data
can be computed by the use of formulas
summarized on the cover of each table
(see Fig. 9).

Having the preliminary layout of Fig-
ure 6C and the data for the three-cen-
tered curve combinations of the two curb
returns, the final plan is carefully con-
structed as an overlay of the preliminary
plan (Fig. 12). The median opening,
islands, and tapers are transferred from
the preliminary plan and are positioned
graphically as follows. Using the selected
2.0-ft radi, median and island ends are
fixed and referenced from scaled dimen-
sions to the centerline of the two roads.
The remaining shapes, of median-end
tapers and the elongated island, are es-
tablished by intermediate offsets based
on parabolic distribution. The offsets, us-
ing the relations indicated in the upper
left corner of Figure 12, are obtained by
slide rule. These are plotted and tabu-
lated on the plan, verifying the shapes
assumed on the preliminary layout. Thus,
the plan is completed without calculation.

This technique was ultimately adopted
throughout the department. Designs of
channelized intersections and ramp ter-
minals which used to take days now can
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be done in a matter of hours. Moreover,
the quality of design has been improved,
even when performed by less experienced
engineers,

INTERCHANGE DESIGN —RAMP ALIGNMENT
Development of Design Techniques

Establishing the ramp alignment of
interchanges (that is, producing a fully
computed and integrated layout) gen-
erally is a time-consuming, detailed pro-
cedure. Before discussing the new tech-
niques, it would be well to describe
briefly the steps that are normally taken
for this phase of design.

In starting the final design, there is
generally available a preliminary plan of
the interchange (a graphical layout) to
a scale of 1 in.=100 ft or 1 in.=200 ft.
Upon verification of profiles, right-of-
way, and requirements for handling traf-
fic, the preliminary plan (over-all con-
figuration, as well as shapes of individual
ramps) is followed fairly closely in de-
velopment of the ultimate plan. The final
layout is started by reproducing and
refining graphically the preliminary plan
to a larger scale, generally 1 in.=50 ft
or 1 in.=40 ft. Each ramp is carefully
constructed, using certain combinations
of radii, measured angles, and distances.
This information is then used to calculate
each ramp, producing mathematically
closed figures on a coordinate system.

The procedure described is unduly de-
tailed and drawn-out. Analyzing the vari-
ous steps, it became evident that there
were ways of stepping up design effi-
ciency. These were gradually introduced.
First, ramps were classified as to types
for caleulation purposes. Then, the ways
or methods of caleulation to attain a
solution were narrowed down to rela-
tively few. Thus, for each ramp type
there was a preferred way, and one or
two alternate ways, of effecting a solu-
tion. Standard procedure and calculation
forms were set up for this purpose. In-
cluded in the procedure was the adoption,
where feasible, of even degrees of curva-
ture, coupled with the use of even bear-
ings and, thus, even degrees of central
angles. Later, such practice led to the
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Figure 12. Illustrative problem for at-grade terminal: final design resulting from use of templates, design
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development of design tables, eliminating
in large measure the calculations required
for curve data. All of this was used effec-
tively to cut design time and permitted
inexperienced engineers to grasp the tech-
nique quickly. Ultimately programs were
developed for some of these procedures
on the electronic computer, so that cal-
culation time was further reduced.
However, the step that still appeared
to take too much time was that of graph-
ically constructing the interchange on a
relatively large scale as a prerequisite to
calculation. Further study revealed that
this phase of the work could be facili-
tated by using adjustable tracing paper
overlays of portions of ramp alignment.
That 1s, parts of desired ramp align-
ments, involving compound curves, were
constructed to the required scale in two
or more sections with overlapping curves
on separate pieces of tracing paper. These
were used as overlays of the base map,
and by matching and joining the sep-
arate pieces of alignment plottings, the
desired ramp shapes could be formed.
After the alignment was transferred from
the overlays to the base map, measure-
ments from it were used to set up the

calculations. It became obvious, after a
while, that if enough shapes of ramp
alignments were set up permanently on
transparent material and used as tem-
plates, the process could be further sim-
plified.

Ramp Alignment Templates

A series of templates was finally de-
veloped, representing sections of align-
ment which, when joined, could form
practically any shape of ramp. This was
accomplished by devising sections of
alignment consisting of three major
forms of curves, as follows:

1. Compound curves.
2. Three-centered curves.
3. Multi-centered curves.

Each form was made up of families of
curves. Even-degree curves and combi-
nations of eurves popularly used in ac-
cordance with AASHO criteria were em-
ployed to produce a great variety of
configurations. These were printed photo-
graphically on heavy film transparencies
to be used as overlays. Typical tem-
plates to a scale of 1 in.=100 ft are
shown in Figures 13, 14, and 15. Thesc,
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too, are filed in folders and in a wall
rack as in Figure 8.

Compound-curve templates consist of
many curve combinations, such as a
given degree of curve compounded with
a number of flatter curves; for example,
an initial 3° curve compounded with 2°,
1°-30", 1°, 0°-45’, 0°-30', and 0°-1%
curves; or, at the other extreme, an in-
itial 12° curve compounded with 10°, 9°,
8°, 6°, 5°, and 4° curves. Four 11- by
14-in. template sheets, cover the entire
range between initial 3° and initial 12°
curves with their families of compound
curves. The example in Figure 13 is
typical of these series. The templates of
compound curves are designed primarily
for establishing high-speed exit and en-
trance ramp terminals. Other configura-
tions, however, may be produced by com-
bining two or more of these templates.
Examples are multi-centered curves as
8°-6°-4°, 12°-6°-3°, etc. Three-centered
curve combinations with a variety of
angles also may be formed by two dupli-
cate templates, as 8°-12°-8°, 3°-6°-3°,
ete.

Three-centered curve templates are
made up of many variations in which
the middle arc ranges from a 12° to a
38° curve, or from about 500- to 150-ft
radius. The two terminal ares in each
case have radii twice that of the mid-
dle arc. This fits normal ramp design
practice of doubling the radius in com-
pounding curves. A typical three-cen-
tered curve template is illustrated in
Figure 14. Twelve templates of 9- by
11-in. transparencies make up the series.
In cases where curve combinations flat-
ter than 6°-12°-6° are called for, they
can be produced by using two duplicate
compound-curve templates as described
in the preceding paragraph.

Multi-centered curve templates com-
bine three curves of different radii to
produce a transitional effect in curvature.
The radius of each succeeding curve is
made twice that of the preceding curve
in accordance with AASHO criteria. For
any one combination a family of curves
is introduced by varying the arc length
of the intermediate curve. The example
in Figure 15 is typical of a set of 14 tem-
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plates. The controlling or sharpest curve
on each 9- by 11-in. transparency varies
from an 18° to a 64° curve, and from a
300- to a 50-ft radius. The three-centered
curve templates are particularly adapt-
able to design of loop ramps by over-
lapping curves from duplicate transpar-
encies. Many other configurations may
be produced for any type or shape of
ramp by combining parts of one template
with parts of another, or with compound-
curve or three-centered curve templates
previously described.

In the early stages of development,
templates were experimented with as
tools to facilitate graphics in layout of
interchanges on a scale of 1 in.=50 ft
preparatory to calculation. Although the
templates proved to be of great aid in
this operation, further study showed that
practically all graphics, as a step in
forming the final plan, could be elim-
inated. This was accomplished by using
the templates as devices to test align-
ment on & preliminary plan of an inter-
change, rather than as direct construc-
tion elements for the final plan layout.
(The preliminary plan of any interchange
is a design requirement and is normally
available prior to final design. It is pre-
pared quickly to a relatively small scale,
1 in.=200 ft or 1 in.=100 ft.) By ap-
plying appropriate templates to a pre-
liminary plan on a scale of 1 in.=100 ft,
the information needed for ramp align-
ment calculations can be readily ob-
tained. Upon completion of calculations,
the ramps are plotted (by coordinates)
for the first time on a base of the final
plan, using a scale of 1 in.=50 ft or
larger.

This technique proved successful. As
a result, all templates for ramp align-
ment design were standardized to a scale
of 1in.=100 ft. To further facilitate this
design process, central angles of arcs are
appropriately marked along the curves
of the templates, so that the combination
of radius, R, of any curve and its central
angle, /\, could be immediately spotted
(see Figs. 13-15). As required, minimum
and desirable-minimum lengths of ares,
in accordance with AASHO criteria, are
noted for ready reference by solid and
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open arrowheads, respectively. To faecili-
tate matching and manipulating of tem-
plates, holes are provided on points of
compounding, on central-angle ticks, and
on curve centers.

Although the primary purpose of the
templates is to evolve the alignment for
the final layout, they may also be used
as devices for the construction of pre-
liminary plans. This is done by trans-
ferring the desired configurations, by
means of the template holes, to the base
of the preliminary plan. Using templates
for both the preliminary and final plans
permits a high degree of correlation and
cfficiency between them.

How the templates are used to form
a certain ramp shape is shown in the
several views of Figure 16. The upper and
middle pietures show duplicate multi-
centered curve templates representing
the series, D: 6°-12°-24°, These are two
copies of the template depicted in Fig-
ure 15. Only the upper and lower curves
are shown; the rest have been removed
to make the demonstration clear. In
Figure 16A a loop ramp is formed be-
tween intersceting roads (dash lines) by
using the upper curve of each template.
Note that this i1s accomplished by re-
versing one of the templates and joining
the centers of the sharpest curve. A
pencil point passing through the center
hole permits the two parts to be matched
quickly and to be manipulated into place.

In Figure 16B a somewhat different
shape of loop ramp is formed by using
the same two transparencies. This time,
however, the bottom curve is employed
on the template closer to the camera.
The shape of the previous curve is shown
dotted for comparison.

Looking back at Figure 15, it may be
noted that the family of D: 6°-12°-24°
curves consists of nine configurations.
Any one curve on this template may be
matched with any one of nine curves of
a duplicate template. This makes 81 pos-
sible variations of ramp shapes employ-
ing the same degree of curves. Further
variations using the same templates may
be effected by varying the relationship
between the lengths of the two terminal
curves utilized.

A large number of additional shapes
may be formed by combining different
templates. This is shown in Figure 16C,
where a template of the series D: 9.5°-
19°-38° is substituted in place of one
of the transparencies used in the pre-
ceding demonstrations. The two previous
shapes are retained by dotted lines on
the base for comparison.

By this process of combining tem-
plates, any desired shape and size of
ramp can be established, and its entire
alignment, preselected. That is, all the
radil or degrees of curves, together with
their central angles, are chosen; straight
portions and reversc curves, if any, are
included.

Computer Program

After the alignment of the ramp is
completely selected, it is injected, by
computation, into proper position with
respect to the intersecting roads. The
general method of solution is indicated
in Figure 17. For example, the selected
alignment B'CDEA’, shown dotted for a
loop ramp in the upper and for a direct
connection in the lower diagram, is slid
into place between the intersecting roads.
A special method of solution resolves the
points of tangeney A and B and, hence,
distances m and n, which provide the
necessary mathematical closure. This
procedure is programmed on an elec-
tronic computer to give rapid results.

Ilustrative Problem

To comprehend fully how this over-all
technique is applied in design of inter-
changes, an example is presented here
and explained through a sequence of
illustrations (Figs. 18-27).

A preliminary plan of the northeast
quadrant of a cloverleaf interchange is
shown in Figure 18. This 100-ft scale
layout has been checked and approved
for final design and preparation of con-
struction plans.

The solution is begun by testing and
selecting the alignment for the loop ramp
(Fig. 19). Appropriate multi-centered
templates are found to be D: 9.5°-19°-
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Figure 16. Forming ramp alignment by combining and overlapping of templates.
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Figure 17. Method of computation for ramp alignment, programmed for solution by electronic computer.



LEISCH:

GEOMETRIC DESIGN OF HIGHWAYS 343

N 201,509 |

| 86 500

|w 86,000

|w a5 500

L 85, 000

PRELIMINARY PLAN

N 200,423.530
£ 8470054 D
SCALE /1" = jg0’
W 84,500 S+ - N W 84500
: : g
z| x| 2|

¥ 201,095.26
+ £85/7.60

N 201,000
(@)

S
3
a
| s
~N
EY

w 86.500_|]

W 86,000

w45 500 ]

Figure 18. INlustrative problem for ramp alignment: preliminary plan of one quadrant of interchange used as

base for final alignment determination.
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Figure 19. Illustrative problem for ramp alignment: placing of three-centered curve templates over preliminary
plan to form the alignment for loop ramp.
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38°. With the templates positioned to
fit the ramp, the degrees of curves and
their central angles are read and jotted
down on a standard form for ramp
alignment input data shown in Figure 23.

The alignment of the outer connection
is similarly tested by templates. In Fig-
ure 20 a compound-curve template is
applied to the exit terminal. On this
template, only the curve needed for the
problem is shown; all other curves are
excluded for clarity in presentation. (The
actual complete template is pictured in
Figure 13.) Another compound-curve
template is used to fit the entrance ter-
minal of this ramp, as shown in Figure
21. Finally, a three-centered curve tem-
plate (selected from the actual template
depicted in Figure 14) is used in Figure
22 to complete the alignment. The data
taken from these templates and those re-
quired from the base map are placed on
the input data sheet in Figure 24.

It may be noted on both input data
sheets (Figs. 23 and 24) that little infor-

s
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mation is needed for the computer. The
data required consist basically of two ele-
ments: the selected ramp alignment (de-
grees of curves and their central angles) ;
and a bearing and one coordinated point
on the centerline of each intersecting
highway.

These data are fed into an electronic
computer. The solution for each ramp is
shown on computer output sheets (Figs.
25 and 26). The answer is automatically
typed out, including stationing of all
control points and their coordinates, dis-
tances and bearings of tangents, and
complete properties of curves.

These results are plotted by coordi-
nates directly on a 50-ft scale base, form-
ing the final layout plan for the inter-
change, as shown in Figure 27.

CONCLUSION

The techniques and devices here dem-
onstrated in the geometric design of high-

Figure 20. Illustrative problem for ramp alignment:

placing of compound-curve template over preliminary

plan to fit exit terminal of outer connection.



Figure 21. Illustrative problem for ramp alignment: placing of compound-curve template over preliminary
plan to fit entrance terminal of outer connection.

Figure 22. Illustrative problem for ramp alignment: adjusting final (three-centered curve) template to
complete the configuration of outer connection.
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RAMP ALIGNMENT INPUT DATA SOLUTION

F
Ramp B0 ORM |
Interchange at:

Fraaklin Bivd Project . ; /

/,

[t Job No, ZO",Z
By %ﬁ. Date /2-/5-4¢ ch'd s

SKETCH & DATA:

&
Slatroning: 7ronsfer
Line DC 5/0,.*'/0/7/1'_757 2o
{1 A remp ond coniiniie
H A /
Y. anecd Srom Do A4,
% /A
2 Y3
o7
~HeS130.00 | 8
Y45
PN

N 2009825
E 8571760 b

<2 o0’ |
Al a - ijANKL N BLYD o q
/ 7 .
D _ i é N A . -
0; ’_ 200 N PEE > K 205
W

~ ! N

3 \I[N 200,423.90 S

N { E &4 700 54 ©.

.

S B

™

N

- INSTRUCTIONS -

1. Prepare sketch with predetermined alignment showing A angles and radii
(or degrees of curves); if intersecting highways are on tangent the sum
of A angles must equal intersection angle.

2. Show centerline bearing of each highway and coordinates of one point on each;
indicate north direction,

3.

Show width, centerline to edge pavement, and stationing on each highway.
4, Indicate method of stationing on ramp.

Figure 23. Illustrative problem for ramp alignment: input data for computer taken from templates and base
map for solution of loop ramp.
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SOLUTION

RAMP ALIGNMENT INPUT DATA FORM |

Ramp CA

Interchange at:

Erank/mn Blvd Project %ct’ézﬁtif é&QCCY-rZZ' Job No, __ZQJ{O_
' Bv%ﬁé_ Date /2-/S"5¢ ch'd __Be.

SKETCH & DATA:

S 2‘0/‘/'0/7//7?_.’ TFanster
Line AB 545107775 4o
rom@ 913 bock ¢

/rom 8B /o C,

B‘/ £ fé 700, .54

= INSTRUCTIONS -

1. Prepare sketch with predetermined alignment showing A angles and radii
(or degrees of curves); if intersecting highways are on tangent the sum
of A angles must equal intersection angle.

2. Show centerline bearing of each highway and coordinates of one point on each;
indicate north direction.

3. Show width, centerline to edge pavement, and stationing on each highway.

4. Indicate method of stationing on ramp,

Figure 24. Illustrative problem for ramp alignment: input data for computer taken from templates and base
map for solution of outer connection.
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RAMP ALIGNMENT OUTPUT DATA

RAMP INTERCHANGE AT JOB NO. BY DATE
BD Frank/in Blvd. /040 p.74 /2-/5-58
STATION AZIMUTH OR LENOTH COORDINATES
BEARING NORTH EAST
asﬁas.aoes;ss o . 200458326346 085028084811 INTERSECT.
1 008000000000 000124111689 000122903843 0000171273009
46010.9185247 Do i 200581230189 085045352820 "b"
| 2 082000000000 000047000000 - 000006541136 000046562599
460010.9185247 200574689054 085091900419  PC 1

I
46010.9185247

46010.9185247
: 1
46084.9715471

1
461582869458
1

46208,7502365
. 1
46258.2869458

2

XXX

. 2
46795.1290510

; 3
46845.5923417
: 3
46895,1290510

46&95.1290510
20069 . 1986500
\ 2
20069 . 1986500

; 3
19826.5490211

= 46010,9185247 STATION EQUATION

‘ 200574689054
008000000000 oooo7:t53022 00007 3332343
A 200648021397
022000000000 000074053022 0000686607 67
. I 200716682164
022000000000 000050463291 0000467 88748
N \ 20076370912
041000000000 000050463291 000038085129
R 1 200801556041
049000000000 000150778367 = 000098919509
Lo i 200702636532
025000000000 000150?73357 - 000136651608

200565984923

065000000000 000050663291 - 000021326708
] 200544658216
084000000000 000050663291 - 0000051274850

200539383365

20069.1986500 STATION EQUATION

200539383365

006000000000 000056000000 - 700055693226
i Iok ] 200483690139
0840000p0000 000242649629 -  000025P363793
200458326346

CURVE DATA

46010.9185247 46158.2869458
46158.2869458 46258.2869458

14.0000000000 19.0000000000
9. 30000000000 19.0000000000
603.113468558 301.556734278
74.0530224115 50.4632907003
147.368421051 100.000000000
147,002084823 99.5424340480

085091000419 PC 1
000011306189
085102206608 PI 1
000027740750
085129947359 POC 1=2
000018903881
085148851240 PI 2
000033106897
085181958138 PCC 2-3
000113793878
085295752016  "04"
000063721691
08535973707 PCC 3~4
0000457 35273
085313738434 PL &
000050186848
085263551586 PT 4

085263551586 PT 4
000005853594
085269405180 "d"
000241320369
085028084811 INTERSECT.

46258.2869458 46795.1290510 PC STA.
46795.1290510 46895.1290510 PT STA.

204.000000000 19.0000000000 -~
38,0000000000 19.0000000000 D
150.778367138 301.556734278 R

XXX 50.4632907003 T
536.842105263 100.000000000 L
294.966996120 99.5424340480 LC

Figure 25. Illustrative problem for ramp alignment: computer output of solution for loop ramp.
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RAMP ALIGNMENT OUTPUT DATA

RAMP INTERCHANGE AT JOB NO. BY DATE
CA Frankiin Bivd. /040 F 74 /2-/5 58
STATION AZDUTH OR LENATH COCRD INA TBS

“EERIG HoRTH E

+ . .

19!126.5490211 P . 2004580326346 0850280084811 INTERSECT.

! 1 D! 00000 oonacﬂosms 000180840701 001720584334
21556.6108143 200639[167047 086748669145 "C"

i 4 00 0000 000044000000 000043758963 = 000004599252
21556.6108143 200682026011 086744069893 PT 6
21556.6108143 = 21556.6108143 (STATION EQUATION)

21556.6108143 086744069893  PT 6
3 084000000000 000350636000 - - 000348516275
212070468141 | 086395553618  PI 6
4 08 0000 000350436000 - 000350382627
208566108143 : 086045170991  PCC 5-6

i 08900PA00000 000405343591 - 000405281856

zu&s.zanm ! 085639889136 PI 5
4 043000000000 000405343591 - 000276443665
20089 .9441476 ! ; 08536345471  PCC 4-5

: 4 043000000000 000136910837 - 000093372966
19960.1883176 ; : 201056065430 085270072505 P1 &

; 4 011000000000 000136910837 000134395399 - 000026123819
19823.2774809 ! : 201190660828 085243948686 PCC 34

-{ 4 011000000000 000083545520 000082010553 - 000015841237
1974%0.1563338 201272671381 085228007449 PI 3

: 4 001000000000 000083545520 000083532795 - 000001658070
19656.6108143 i 201356004177 085226549378 PCC 2-3

4 ooxp«*xooooo 000100091486 0001000762641 = 000001746837
19556.7022998 201456080418 085224802541 PI 2
1 005000000000 000100091486 0000997 10607 0000087 23548
19456.6108143 201555791025 085233526089 PCC l-2
1 005000000000 000300068558 000298926706 000026152698
19156.6793720 . : 201854717731 085259678787 P11
1 008000000000 000300068558 0002971148311 000041761472
18856.6108143 202151866043 085301640259 PC 1
18856.6108143 = 47601.9088449 (STATION EQUATION)
476019088449 ) 202151866043 085301440259 PC 1
4 082000000000 000035000000 000004871059 « 000034659382
47601.9088449 : 202156737101 085266780876  "A"

3 . 008000000000 001715102010 - 001698410755 - 000238696065
45886.8068353 200458326346 085028084811 INTERSECT.
CURVE DATA:

21556.6108143 20856.6108143 20089.9441476 PT STA.
20856.6108143 20089 .9441476 19823.2774809 PC STA.
7.00000000000 46.0000000000 32.0000000000 A
1.00000000000 6.00000000000 12.000000000¢ D
5729.57795130 954.929658551 477464829275 R
350.435999858 405.343591306 136.910836656 T
700.000000000 766.666666666 266.666666666 L
699564732156 746,241486227 263.214286073  LC
19823,2774809 19656.6108143 19456.6108143 PT STA.
19656.6108143 19456.6108143 18856.6108143 PC STA.
10.0000000000 6.00000000000 3,00000000000 A4
600000000000 3.00000000000 .300000000000 D
954.929658551 1909.85931710 11459.1559025 R
83.5455195878 100.091485551 300.068557714 T
166.666666666 200000000000 600.000000000 L
166.455207325 199.908627 300 599,931463429 LC

Figure 26. Illustrative problem for ramp alignment: computer output of solution for outer connection.
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§| PCC 20845661 ﬁ
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|E 86,000 g <1 E 86,000
z
ALIGN MENT DATA
[URVE DeGREE| RADIUS LENGTH | TANGENT.
CA-316° 007 954,93’ IQ‘OO' 66.67" | 83.55"
CA- 4773671 32°00"| 266,67, { 136.91]
CA- 15;;5.9} 46°00 405, :

|E 85,500

N ZOI 095.26
€ 85 117.60

CURVE BD-4

095

pT 4689
ioo‘bs

B
|£_85,000 + ey
3
ﬁ_ﬁﬁr
B . l
80 :25 —:g'%" \y
46250 {8.00" |
¢ LAYOUT PLAN ¢ |5 oupgit
2‘1 SCALE I.l 50' g € ©4,70054

RAMP NARROWING
STA. OFFSET
75
00
25
36% 6"*

458+86.81 (AB) =
198+ 26.55 (CD)
N 200,458.33

E 8502808

Figure 27. Illustrative problem

for ramp alignment:
scale of 1 in. = 50

final layout plan plotted from computer output to
ft.
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ways provide the means of stepping up
engineering productivity, by:

1. Reducing manpower requirements.

2. Utilizing effectively young and in-
experienced engineers.

3. Producing designs of higher quality.

In the case of channelization and at-
grade ramp terminals, all guesswork as
to position of islands, median openings,
tapers, offsets, cte., is removed. The de-
signer 1s able to approach a problem
directly by applying turning vehicle tem-
plates which permit him to make the
layout effectively and rapidly. Nearly
all computations are eliminated by use
of three-centered curve templates coupled
with design tables and graphies, includ-
ing slide rule determinations by para-
bolic distribution of flare and taper off-
sets. Thus, an intersection design which
previously took days can now be done
in a matter of hours.

Geometric design of interchanges also
is greatly facilitated by the use of align-
ment templates. These preclude tedious
graphical construction as a prerequisite

DESIGN

to ecaleulations. Data taken from tem-
plates are fed into an eclectronic com-
puter to produce a complete solution.
An alignment for most ramps can be
selected in 15 or 20 min and solved on
the computer in another 25 min. By this
method, the alignment of a cloverleaf
interchange, for example, can be com-
pletely worked out in one day, compared
to a week or longer by the previous
method without templates and electronic
computer.

Although the results obtained through
this endeavor have been gratifying, it is
realized that the over-all effort in devel-
opment of tools and techniques for geo-
metric design of highways has been quite
small. Many methods and procedures of
design in use today are not compatible
with modern requirements. There is much
that can be done to simplify and stream-
line design by developing special tech-
niques and various design aids. These
possibilities should be explored on a
broad scale to help expedite the Inter-
state highway program.





