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The purpose of the research was to study some particular 
ways in which the highway designer can be assisted in his task 
of designing a visually stimulating highway. The research was 
limited to the following: (a) the sag vertical curve was studied 
in order to place limits on the length of vertical curve so that 
an aesthetically pleasing ribbon of roadway will result; (b) a 
small change in direction of horizontal alignment was studied 
to determine the length of curve required for the alignment to 
appear smooth and flowing rather than a "kink." 

Computer-drawn perspectives of the roadway from the driv
er's vantage point were made and provided a highly realistic 
picture. A large number of perspective drawings provided the 
basis for a graph showing visually desirable and acceptable 
relationships between the length of sag vertical curve and view
ing distances for various grade changes. This graph should be 
of significant aid to the highway designer. In a similar man
ner perspective drawings of the kink alignment provided the 
basis for a number of conclusions regarding the appearance of 
the alignment with respect to various locations of the observer 
and various lengths of horizontal curve. 

A previously unpublished technique, developed by others, 
transforming space coordinates to "picture plane" coordinates 
(perspective drawing coordinates) is included. Perspective 
drawings, produced by the electronic plotter, provided a highly 
versatile and valuable tool and show great promise as an aid 
to the highway designer in his complex task. 

•THE research reported in this paper was conducted under an agreement between the 
State Highway Commission of Kansas, the Civil Engineering Department and the Engi
neering Experiment Station of Kansas State University, Manhattan. The study was 
jointly financed by the highway commission and the U.S. Bureau of Public Roads. 

The highway designer is faced with an extremely complex task if he is to design a 
complete highway; i. e. one which is functional, safe, economical, and aesthetically 
(visually) pleasing. 

A number of people believe that the highway designer has not been concerned enough 
or aware of the impo1·tance of the "visual aspect" of highway design. Pushkarev (1) 
presents his opinion perhaps best of all. Appleyard et al (2) present a convincing pic
ture of some of the problems and suggest a general solution. Smith and Fogo (3) made 
a further attempt to bring an awareness of the problem to the highway designer." F. W. 
Cron (4, 5) offers some solutions to problems of fitting the highway to the landscape. 
Leisch-(61 suggests some techniques for solving some of the vexing problems facing 
the designer. Snowden (J__) has prepared an annotated bibliography of 10 references. 

PURPOSE AND SCOPE 

The purpose of the research was to study some particular ways in which the highway 
designer can be assisted in his task of designing a visually stimulating highway. 
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The research was limited to the following: 

1. The sag vertical curve was studied to place limits on the length of vertical curve 
so that an aesthetically pleasing ribbon of roadway will result. 

2. A small change in direction of the horizontal alignment was studied to determine 
the length of curve required for the alignment to appear smooth and flowing rather than 
a kink. 

3. An investigation was made of some ways in which the highway designer could 
test his design for visually disturbing elements. 

BACKGROUND 

In May 1967, just prior to the initial work on this research, the authors, accompa
nied by a senior in Civil Engineering at Kansas State University and a member of the 
Landscape Architecture faculty, visually rated sections of Interstate Highways, I-35 
and I-40, in Oklahoma. An attempt was made to rate the visual adequacy or flowing 
quality of the roadways. Of particular concern was the appearance of sag vertical 
curves. Good agreement among raters was obtained as to when the curves appeared 
too short, acceptable, or quite good. This judgment was based on the premise that the 
roadway (centerline or pavement edge) should appear to flow smoothly from tangent
vertical curve-tangent rather than to give an abrupt or jerky appearance. In attempting 
to analyze why certain curve lengths appeared acceptable and others appeared too short, 
it was noted that as one viewed the curves from shorter and shorter distances, they 
looked progressively better. As a matter of fact, any vertical curve viewed from its 
PVC or beginning point always looked smooth and flowing. This observation was the 
same as that made by Smith (3) earlier. An attempt was made to graphically portray 
the observations showing length of vertical curve, change of grade, viewing distance, 
and curve rating. The resulting graphs showed some promise. 

RESEARCH PROCEDURE 

Early efforts in the research were aimed at: (a) the development of an analytical 
approach that would be of help in solving the sag vertical curve problem, and (b) the 
the development of scale models which would look like the real roadway and which 
could be used to visually test solutions to highway alignment problems. The scale 
models and photographs of them were not very helpful for the particular problem 
studied. 

Early in the research it was learned that a French highway group (9) was able to 
draw perspectives of the roadway using an electronic plotter. The lack of success 
with models coupled with the apparent advantages of perspective plotting led to the in
vestigation of the use of perspective drawings for the research. This technique pro
vided a laboratory in which many roadway alignment situations could be studied visual
ly due to the rapidity with which the highly realistic drawings could be made using the 
electronic plotter. 

Smith and Yotter (8) give the results of the model studies and a more detailed discus
sion of the perspective plotting technique and other aspects of the research. 

ANALYTICAL APPROACH 

It was assumed throughout the research that a visually pleasing alignment is one 
which produces a ribbon of roadway that appears to be smooth and flowing. Of particu
lar concern are the small changes in grade joined by relatively short vertical curves 
(see Figs. 22, 23, and 24 (3)). The authors have studied this problem for some time 
and believe that the visual discontinuity or visual "jerk" of such alignment occurs when 
one sees, without refocusing the eye, portions of each tangent enclosing the vertical 
curve. 

Figure 1 illustrates the above hypothesis. Figure lA shows a sag vertical curve 
which is too short because the tangent sections are seen in the outer edges of the sharp 
focus angle. Figure lB shows a curve which should give good visual appearance since 
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Figure l. Theoretical relationships: angle of sharp focus vs vertical curve length. 
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the outer edges of the sharp focus angle are within the curved section. Figure lC il
lustrates the minimum length of curve which should give a good visual appearance. 

Figure 2 contains the derivation of a formula relating change of grade, length of 
vertical curve, eye height above roadway, angle of sharp focus, and distance from ob
server to the P. I. of the vertical curve (sight distance). 

The formula as developed assumes the observer to be located in the same plane as 
the vertical curve. Obviously the observer must be a bit to one side of this plane to 
see anything other than a straight line on a tangent alignment. However, the formula 
developed is believed to be a good first approximation. 

Several references on seeing and the eye were studied in an effort to gain some 
usable insight into this problem. Very little information applicable to this problem 
was found. A crude experiment led us to believe that the angle of sharp focus, B, was 
about 30' of arc . 

Using the formula as derived in Figure 2, a plot was made of length of vertical 
curve vs sight distance for grade changes of 1, 2 and 4 percent (Fig. 3). An attempt 
was made to verify the curves using the vertical curve ratings from the visual analysis 
of I-40 in Oklahoma. The data were much too sparse to permit conclusions. 

Scale models did not provide the desired realism for testing the analytical results . 
Perspective drawings, on the other hand, did provide a laboratory for a detailed study 
of the sag vertical curve problem. The use of perspectives is discussed in a following 
section. 
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DEFINITIONS: 

L • Length of vertical cutve in feet (horizontal projection) 
S • Distance from .,_.hich curve is first sighted in feet (horizontal projection) 
g
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• Grade of tangent in percent (feet/station) 
h • Height of eye above tangent ( feet) 
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DERIVATION: 

For small angles 
tan 8 • e (radians) 

tan Q • __ h_ • ..l!!.... • ¢. tan <ti • 4' (radians) 
S-(L/2) 2S-L ""' ~ • ~ ( rodians) 

B • ·+• • ~ + _1!!._ • 2ALr- 00hS-Al.
2
+200h!.+400hS+200hL 

' • 200SHOOL 2S-L 2 . 2 
400SS2 -lOOSL 2 • 2,\LS-AL lHOOhL 400S +200LS-200LS-l00L 

tan a • AL/200) -h AL • W Oh 
-~i:-S+ t. "1 

4ooas
2 
-1ooa1 

2 
- 2ALS+AL 2 -400hL - o 

(A-100o)L2 - (400h+2A5)L + 4006S 2 • 

Figure 2. Theoretical relationships-L,S,A. 
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PERSPECTIVE PLOTTING BY COMPUTER 

As mentioned earlier, it became apparent that perspective drawings should be of sig
nificant aid provided they could be made quickly. Cron (4) illustrated many awkward 
highway design situations by using freehand sketches which are certainly a form of 
perspective. 

To make a perspective drawing, using the electronic plotter, it is first necessary to 
determine the space coordinates of points on the object of which the drawing is to be 
made. The space coordinates must then be transformed into "picture plane" coordi
nates which, with an appropriate set of commands, enables the electronic plotter to 
draw the desired perspective. 

The space coordinates of points along the ribbon of roadway were quickly and ac
curately calculated using a computer program, COGO (10). The transformation of the 
space coordinates into picture plane coordinates was accomplished using a procedure 
obtained from Walter Bernhart, Wichita State University. Bernhart's paper, "The De
velopment of a Perspective Coordinate Transformation" (11), is very general in its ap
plication and is included by Smith anci Yotter (8) as Appendix A. 

Parks et al (12) and Geissler (13) have published computational procedures for the 
transformation of space coordinates to picture plane coordinates. 

CALCULATION OF PICTURE PLANE COORDINATES 

Figure 4, based on Bernhart's work (11), was the basis for the computational pro-
cedure described in the following. -
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Figure 4. Transformation of space coordinates to picture plane coordinates. 
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The space coordinates (Xspace• Y space• Zspace) of all points were first determined. 

Next, the center of interest, 0, was selected. A simple subtraction of the space coord
inates of the center of interest from the space coordinates of all points effectively 
translated the space coordinate axes to the center of interest coordinate axes. Next 
the position of the eye, e, was chosen and also translated to the center of interest co
ordinate system. After the center of interest, 0, and the position of the eye, e, were 
selected, a line between 0 and e was taken as the primary line of sight. The picture 
plane was then positioned perpendicular to the primary line of sight and located be
tween 0 and e (Fig. 4). 

A scale factor, K, determined the location of the picture plane. A value of K = 1 lo
cated the picture plane at the center of interest 0. A value of K = ½ placed the picture 
plane midway between 0 and e. A scale factor of K = 1 was used in this study. 

The transformation of the coordinates of any point "i" (xi, Yi, Zj) from the center of 
interest coordinate system to the picture plane (H and V axes) coordinate system with 
coordinates hi and Vi was accomplished using the equations given in Figure 4 and de
veloped by Bernhart (11). 

As noted earlier, the picture plane coordinates of points on the object, with an ap
propriate set of commands, enabled the plotter to draw the desired perspective; how
ever, all points on the object did not necessarily appear in the perspective drawing 

Figure 5. Photograph and perspective of Maple Hi II location. 
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(e.g., those points "behind" the eye or observer's position and those points "outside" 
a selected picture plane size). Negative values of Di indicated points behind the ob
server while absolute values of hi and Vi, which exceeded selected maximum values of 
hand v, indicated those points falling "outside" the picture plane. In this research 
maximum values of hand v were limited to 1000 feet. 

REALISM OF PERSPECTIVES 

Although examples of computer-plotted perspective drawings of roadways, airplanes, 
runways, etc., had been observed, there was some question concerning how closely 
they resembled the real situation. Perspective drawings of two existing roadway align
ments were made placing the observer at the same location from which a photograph 
was made. The Maple Hill location on 1-70 was photographed and drawn (Fig. 5). The 

Figure 6. Photograph and perspective of kink location. 
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Figure 7. Photograph and perspective of barbel I location. 

kink location in Ellsworth County was also photographed and drawn (Fig. 6). It was 
concluded that the perspectives did, in fact, very closely resemble the real situation. 

A third site was photographed and later drawn perspectively (Fig. 7). This was 
called the barbell location because of its appearance. In this case the perspective draw
ing was made with the observer's eye in the median rather than on the outside shoulder. 
The perspective drawing points up the awkwardness of the alignment quite vividly. When 
the plan view of this particular section was examined from usual vantage points above 
the highway plans, no particular problem was apparent. However, if the eye was placed 
near the plans (the driver's vantage point), the barbell effect was very pronounced. 

THE SAG VERTICAL CURVE PROBLEM 

The visual problem concerning sag vertical curves has been discussed in a previous 
section. To develop relationships among length of vertical curve, L, algebraic change 
of grade, A, and viewing sight distance, S, for curves which appeared too short, accept
able, or quite good, a series of perspectives were drawn and then judged visually. The 
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Figure 8. Vertical curve perspective, A=2 percent, L=800 ft, S=500 ft. 

roadway section was a 24-ft roadway with a 6-ft shoulder on the left and a 10-ft shoulder 
on the right. The roadway had a 0.25 crown with left and right shoulders lying 0.54 feet 
and 0. 74 feet, respectively, below centerline elevation. The observer was placed 2 feet 
right of centerline and 3. 5 feet above the roadway surface. The center of interest of 
the observer was taken to be the midpoint of the vertical curve on the centerline. The 
sight distance, S, was the horizontal distance from observer to center of interest. 

The vertical curves were on tangent alignment and the grades were assumed to be 
symmetrical; e.g., for A= 2 percent, the initial grade, gi> was -1 percent and the 
forward grade, g2, was +1 percent. 

For various changes in grade and sight distances 116 perspective drawings were made. 
The selection of perspectives to be drawn were made in two stages: first, elements 

Figure 9. Vertical curve perspective, A=2 percent, L=800 ft, S=lO00 ft. 



58 

Figure 10. Vertical curve perspective, A=2 percent, L=800 ft, S=l250 ft. 

were selected based on Figure 3; and later, additional selections were made in order 
that good to poor situations could be drawn in regions not previously covered. 

The perspectives were examined in each grade change-curve length group, and a 
subjective decision was made as to whether the particular drawings exhibited smooth
flowing lines. The drawings within each group were laid on the table with no identifica
tion on the face of the drawings. The drawings were then ranked from excellent, to 
good, to barely acceptable, to unacceptable. 

Figures 8 through 11 show a series of perspectives for A = 2 percent and L = 800 
feet, and various viewing distances. Figure 8 was judged to look very good. Figure 9 

Figure 11. Vertical curve perspective, A=2 percent L=800 ft, S=2000 ft. 
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Figure 12. Desirable and acceptable relationships-L,S,A. 

was judged to be desirable, whereas Figure 10 was judged to be almost acceptable or 
just below the acceptable line. Figure 11 was judged to be unacceptable. 
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Those perspectives rated as good were the basis of the solid line curves' desirable 
relationship in Figure 12. Those rated barely acceptable were the basis for the dashed 
line curves' acceptable relationship in Figure 12. 

Observations 

It was hoped that Figure 12 would substantiate Figure 3, the graph of theoretical re
lationships among L, S, and A. An examination of the graphs shows extensive differ
ences. The shape of the curves for individual values of A are similar, but the relative 
position of the curves for various A values is reversed. The theoretical approach ap
parently did not take into account enough of the factors involved. Although the theoreti
cal curves could not be substantiated, it is felt that the basic hypothesis has not been 
disproved. 

The authors feel that the curves for A values up to 2 percent (Fig. 12) are the most 
valid. The vertical jerk for small grade changes is perhaps more offensive because 
there is likely to be no apparent reason for such situations. On the other hand, the 
reasons for large grade changes are usually obvious and sharper-appearing curves are 
more acceptable. 

It is believed that the curves in Figure 12 can be of significant aid to the designer. 
For example, the designer can examine for selected locations the sight distance, S, and 
change of grade, A, and select a minimum curve length based on a dashed curve (ac
ceptable relationship) in Figure 12. 

Another alternative open to the designer is to decrease the distance, S, from which 
one sees the curve. This can be accomplished by searching for appropriate locations 
in which horizontal curvature can be inserted into the alignment. It should be kept in 
mind that proper coordination of the alignment becomes extremely critical to the visual 
quality of the resulting roadway. 
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Note that the graph is based on tangent alignment and has not been shown to be appli
cable to curvilinear alignment. 

THE KINK PROBLEM 

On page 191 of the AASHO Blue Book (13) appears the following statement: 

4. For small deflections angles, curves should be sufficiently long to ovoid 
the appearance of a kink . Curves should be at least 500 feet long for a cen
tral angle of 5 degrees, and the minimum length should be increased 100 feet 
for each I- degree decrease in centra l angle. 

The kink location (see Fig. 6) conforms to the above recommendations and yet the 
kinked appearance is very noticeable. The curve is 900 feet in length with a change in 
direction of 1° 30'. It is believed that this problem is similar to that of the short verti
cal curve; i.e., the horizontal kink becomes noticeable when one sees, without refo
cusing the eye, portions of each tangent enclosing the horizontal curve. After studying 
the problem further, it became apparent that the problem is compounded when the curve 
is displayed or laid out before the driver. For example, if the driver is in the plane of 
the curve, such as on a long grade, the kink may be barely discernible. If, however, 
the driver is traveling in a plane different than that of the curve, the kink is likely to 
be readily apparent. 

In view of the time available for the research only two lengths of curve, both longer 
than the 900-ft existing curve, were tested for their usual effect. First a length of 
curve was selected such that no tangent alignment existed between the vertical curve 
and the point at which the highway disappeared over the hill. In this instance a 0° 01' 
curve was selected giving a curve length of 9000 feet. Figure 13 shows the perspec
tive drawing with the observer 7410 feet from the P. I. This design gives a smooth 
and flowing appearance to the change of direction. However, the shortness of the vertical 
curve is more pronounced and it appears that this design may merely have moved the 
kink to the vertical curve location. The real problem, in this instance, is one of co
ordination of the vertical and horizontal alignment. The length of horizontal curve was 
increased so much that the vertical curve was actually located at the beginning of the 
horizontal curve-a situation that is always potentially awkward. 

It was also reasoned that perhaps a short length of tangent on either end of the curve 
might not be objectionable. In view of this, a 0°03' curve was selected giving a length 

----
Figure 13. Kink location with 9000-ft horizontal curve viewing distance 7410 feet to P. I. 
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Figure 14. Kink location with 3000-ft horizontal curve viewing distance 7410 feet to P.I. 

of curve of 3000 feet. Figure 14 shows the perspective drawing with the observer 7410 
feet from the P. I. This design eliminated the kink appearance and yet did not present 
as serious a coordination problem as the 9000-ft curve. 

A series of perspectives were drawn of the kink alignment to determine if the ob
server's position above the alignment as well as his distance from the alignment did, 
in fact, significantly affect the appearance of the alignment. 

The horizontal alignment (A=l 0 30') was on a +1.42 percent grade. For the 900- and 
3000-ft horizontal curves, perspectives were drawn with the observer at two locations 
from the P. I. and at various elevations above the +1.42 percent grade, extended. 

Figures 15 and 16 show the 900-ft curve viewed at a distance of S = 4910 feet from 
the P. I. and at the indicated heights above the plane of the horizontal curve. The curve 
is noticeably smoother (Fig. 16) when viewed from a height of 203. 5 feet. 

Figure 15. Perspective of 900-ft curve, S=4910 feet, H=l03.5 feet above curve plane. 
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Figure 16. Perspective of 900-ft curve, S=4910 feet, H=203.5 feet above curve plane. 

Figures 17 and 18 show the same curve viewed from 7410 feet and at the indicated 
heights of observer. The curves in these figures appear noticeably sharper than those 
in Figures 15 and 16. 

Figures 15 and 18 lie in about the same inclined plane, thus the display of the curve 
should be about the same. It is felt that Figure 18 shows somewhat more lateral jerk 
than Figure 15 where the observer is nearer the curve. 

Two perspectives were drawn of the 900-ft curve from a position directly over the 
P. I. As one would expect, they gave the same effect as the highway plans. The kink 
was not discernible. 

Similar perspectives of the 3000-ft curve were studied and the same conclusions 
were reached ~). 

Figure 17. Perspective of 900-ft curve, S=74 l0 feet, H= 103.5 feet above curve plane. 
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Figure 18. Perspective of 900-ft curve, S=7410 feet, H=l53.5 feet above curve plane. 

Observations 

In studying the kink problem it is readily apparent that the best solution is not to 
have such small changes in direction in the design. If a small change in horizontal 
direction is necessary, hide it on the top of a bill. This can be done quite easily with
out surprising the driver and need not violate the Blue Book's (16) admonition, "Sharp 
curvature should not be introduced near the top of a pronouncedcrest vertical curve." 
For example, there is another small change in direction (.6.= 2° 05 ') about a mile beyond 
the kink and in driving this curve, no kink effect was evident. The curve lies on a 
crest vertical curve and thus is not totally displayed. As a matter of fact, when the 
kink location was approached, driving the opposite direction of that shown in Figures 
14 through 18, no kink effect was visable. If the small change in direction is really 
necessary and cannot be bidden, it is believed that the evaluation of the design can best 
be made, at this time, by studying a series of perspective drawings. 

CONCLUSIONS 

The following conclusions resulted from this study : 

1. Perspective drawings provide a very realistic picture of the roadway. 
2. Perspective drawings, produced by the electronic plotter, provided an extremely 

versatile and valuable tool and show great promise as an aid to the highway designer 
in his complex task. 

3. The graph (Fig. 12) showing visually desirable and acceptable relationships be
tween the length of sag vertical curve and viewing distances for various grade changes 
should be of significant aid to the highway designer . 

4. For sag vertical curves, as the algebraic change in grade increases, the length 
of vertical curve should increase for good visual quality of the roadway. 

5. For sag vertical curves, as the distance from viewer to curve increases, the 
length of curve should increase for good visual quality. 

6. Although the results of the analytical approach to the sag vertical curve problem 
were not fully supported by the study of the perspective drawings, the theory was not 
shown to be invalid. 

7. As the viewer significantly increases his height above the p lane of a kink-type 
alignment (small change in horizontal direction), the kink effect becomes less noticeable. 

8. As the viewer gets nearer to the kink alignment the kink appears somewhat less 
noticeable. 
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9. The kink appearance is more sensitive to the viewer's height above the plane of 
the kink than to the distance from which the kink is observed. 

10. If a small change of direction in horizontal aignment is placed on the crest of 
a vertical curve (so that the viewer cannot see the tangent beyond the curve) no kink 
should be apparent. 
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