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Geometric Design of Highways 

2. ELEMENTS OF DESIGN 

2.1. Sight Distance 

2.2. Horizontal Alignment 

2.2.1. Maximum Coefficient of lateral friction 

2.2.2. Maximum Superelevation Rates for Streets and Highways 

2.2.3. Minimum Radius 𝑅 

Note: Heavy Weight Cars at High and Low Speed: 

See video to see how dangerous to drive heavy trucks at high speed on curved roads. This is 

another video (for test purposes). Some vehicles have high centers of gravity and some 

passenger cars are loosely suspended on their axles. When these vehicles travel slowly on steep 

cross slopes, the down-slope tires carry a high percentage of the vehicle weight. A vehicle can 

roll over if this condition becomes extreme. 

  

Video 1 Actual tractor-trailer overturn 

 

Video 2 Remote Control Semi-Truck Crash 

 

 

https://www.youtube.com/embed/2U8-Zi7w00I?start=66&feature=oembed
https://www.youtube.com/embed/CEMth_XMjiw?start=399&feature=oembed
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2.2.4. Criteria for Measuring Sight Distance 

Height of Driver’s Eye 

For all sight distance calculations for passenger vehicles, the height of the driver’s eye is 

considered to be 1.08 m above the road surface. For large trucks, the driver eye height is 2.33 

m above the road surface.  

Height of Object 

For stopping sight distance and decision sight distance calculations, the height of object is 

considered to be 0.60 m above the road surface. For passing sight distance calculations, the 

height of object is considered to be 1.08 m above the road surface. 

Sight Obstructions 

On a tangent roadway, the obstruction that limits the driver’s sight distance is the road surface 

at some point on a crest vertical curve. On horizontal curves, the obstruction that limits the 

driver’s sight distance may be the road surface at some point on a crest vertical curve or it may 

be some physical feature outside of the travelled way, such as a longitudinal barrier, a bridge-

approach fill slope, a tree, foliage, or the backslope of a cut section. Accordingly, all highway 

construction plans should be checked in both the vertical and horizontal plane for sight distance 

obstructions. 

 

Figure 1 Backslope 



3 
 

Measuring and Recording Sight Distance 

Sight distance should be considered in the preliminary stages of design when both the 

horizontal and vertical alignment are still subject to adjustment. By determining the available 

sight distances graphically on the plans and recording them at frequent intervals, the designer 

can review the overall layout and produce a more balanced design by minor adjustments in the 

plan or profile. Methods for scaling sight distances on plans are demonstrated in Figure 2, which 

also shows a typical sight distance record that would be shown on the final plans. 

Because the view of the highway ahead may change rapidly in a short travel distance, it is 

desirable to measure and record sight distance for both directions of travel at each station. Both 

horizontal and vertical sight distances should be measured, and the shorter lengths recorded. 

In the case of a two-lane highway, passing sight distance should be measured and recorded in 

addition to stopping sight distance. 

Examining sight distances along the proposed highway may be accomplished by direct scaling. 

Sight distance can be easily determined where plans and profiles are drawn using computer-

aided design and drafting (CADD) systems. 

Horizontal sight distance on the inside of a curve is limited by obstructions such as buildings, 

hedges, wooded areas, high ground, or other topographic features. These are generally plotted 

on the plans. Horizontal sight is measured with a straightedge, as indicated in the upper left 

portion of Figure 2. The cut slope obstruction is shown on the worksheets by a line representing 

the proposed excavation slope at a point 0.84 m above the road surface (i.e., the approximate 

average of 1.08 and 0.60 m for stopping sight distance and a point about 1.080 m above the 

road surface for passing sight distance. The position of this line with respect to the centerline 

may be scaled from the plotted highway cross sections. Preferably, the stopping sight distance 

should be measured between points on one traffic lane and passing sight distance from the 

middle of the other lane. 

Vertical sight distance may be scaled from a plotted profile by the method illustrated at the 

right center of Figure 2. A transparent strip with parallel edges 1.08 m apart and with a scratched 

line 0.60 m from the upper edge, in accordance with the vertical scale, is a useful tool. The lower 

edge of the strip is placed on the station from which the vertical sight distance is desired, and 

the strip is pivoted about this point until the upper edge is tangent to the profile. The distance 

between the initial station and the station on the profile intersected by the 0.60-m line is the 
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stopping sight distance. The distance between the initial station and the station on the profile 

intersected by the lower edge of the strip is the passing sight distance. 

Sight distance records for two-lane highways may be used effectively to tentatively determine 

the marking of no-passing zones. Marking of such zones is an operational rather than a design 

responsibility. No-passing zones thus established serve as a guide for markings when the 

highway is completed. The zones so determined should be checked and adjusted by field 

measurements before actual markings are placed. 

 

Figure 2 Scaling and Recording Sight Distances on Plans 

2.2.5. Normal Cross Slope 

The minimum rate of cross slope applicable to the traveled way is determined by drainage 

needs. Consistent with the type of highway and amount of rainfall, snow, and ice, the usually 

accepted minimum values for cross slope range from 1.5% percent to 2.0%. 

2.2.6. Design for Rural Highways, Urban Freeways, and High-Speed 

Urban Streets 

On rural highways, on urban freeways, and on urban streets where speed is relatively high and 

relatively uniform, horizontal curves are generally superelevated and successive curves are 
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generally balanced to provide a smooth-riding transition from one curve to the next. A balanced 

design for a series of curves of varying radii is provided by the appropriate distribution of 𝑒 and 

𝑓 values, as discussed before, to select an appropriate superelevation rate in the range from 

the normal cross slope to maximum superelevation. 

Side Friction Factors 

Figure 7 of Lecture 15 shows the recommended side friction factors for rural highways, urban 

freeways, and highspeed urban streets and highways as a solid line. They provide a reasonable 

margin of safety for the various speeds. The maximum side friction factors vary directly with 

design speed from 0.14 at 80 km/h to 0.08 at 130 km/h. 

Superelevation 

Method 5 is recommended for the distribution of 𝑒 and 𝑓 for all curves with radii greater than 

the minimum radius of curvature on rural highways, urban freeways, and high-speed urban 

streets. Use of Method 5 is discussed in the following text and figures. 

Average Running Speed 

Running speed was explained in Section 1.1.4 Lecture 14. The average running speed can be 

determined from the following table. 

Table 1 Average running speed 

 

https://classroom.google.com/c/NjIwMjQ1MzMzNDla/m/NDgxNTA1MjQzNzY4/details
https://classroom.google.com/c/NjIwMjQ1MzMzNDla/m/MjI4NjA4MDY0NDMx/details
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2.2.7. Procedure for Development of Method 5 Superelevation 

Distribution 

The side friction factors shown as the solid line on Figure 7 of Lecture 15 represent the maximum 

𝑓 values selected for design for each speed. When these values are used in conjunction with the 

recommended Method 5, they determine the 𝑓 distribution curves for the various speeds. 

Subtracting these computed 𝑓 values from the computed value of 𝑒/100 + 𝑓 at the design speed, 

the finalized 𝑒 distribution is thus obtained (see Figure 3). The finalized 𝑒 distribution curves 

resulting from this approach, based on Method 5, and used below, are shown in Figures 4 to 8. 

 

Figure 3 Method 5 Procedure for Development of the Superelevation Distribution 

https://classroom.google.com/c/NjIwMjQ1MzMzNDla/m/NDgxNTA1MjQzNzY4/details
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Figure 4 Design Superelevation Rates for Maximum Superelevation Rate of 4 Percent 

 

Figure 5 Design Superelevation Rates for Maximum Superelevation Rate of 6 Percent 
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Figure 6 Design Superelevation Rates for Maximum Superelevation Rate of 8 Percent 

 

Figure 7 Design Superelevation Rates for Maximum Superelevation Rate of 10 Percent 
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Figure 8 Design Superelevation Rates for Maximum Superelevation Rate of 12 Percent 

The 𝑒 and 𝑓 distributions for Method 5 may be derived using the basic curve equation, 

neglecting the (1 – 0.01𝑒𝑓 ) term as discussed earlier in this chapter, using the following 

sequence of equations: 
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Figure 3 is a typical layout illustrating the Method 5 procedure for development of the finalized 

𝑒 distribution. The figure depicts how the 𝑓 value is determined for 1/𝑅 and then subtracted 

from the value of (𝑒/100 + 𝑓 ) to determine 𝑒/100. 

Sample Example 1: 

Calculate 𝑒 for a design speed of 80 km/h and an 𝑒max of 8 percent. 

Solution: 

From Table 1 of Lecture 15: 𝑉R = 70 km/h 

From Table 3-7 of Lecture 15: 𝑓 = 0.14 (maximum allowable side friction factor) 

Using the appropriate equations yields: 

https://classroom.google.com/c/NjIwMjQ1MzMzNDla/m/NDgxNTA1MjQzNzY4/details
https://classroom.google.com/c/NjIwMjQ1MzMzNDla/m/NDgxNTA1MjQzNzY4/details
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𝑅min =
𝑉D

2

127(0.01𝑒max + 𝑓max)
=

802

127(0.01 × 8 + 0.14)
= 229.1 m 

𝑅PI =
𝑉2

R

1.27𝑒max
=

702

1.27 × 8
= 482.3 m 

ℎPI =
(0.01𝑒max)𝑉D

2

𝑉R
2 − 0.01𝑒max =

0.08 × 802

702
− 0.08 = 0.02449 

𝑆1 = ℎPI(𝑅PI) = 0.02449 × 482.3 = 11.8 

𝑆2 =
𝑓max − ℎPI

(
1

𝑅min
−

1
𝑅PI

)
=

0.14 − 0.02449

(
1

229.1 −
1

482.3)
= 50.4 

𝐿1 =
1

𝑅PI
=

1

482.3
= 0.002073 

𝐿2 =
1

𝑅min
−

1

𝑅PI
=

1

229.1
−

1

482.3
= 0.002292 

𝑀𝑂 =
𝐿1𝐿2(𝑆2 − 𝑆1)

2(𝐿1 + 𝐿2)
=

0.002073 × 0.002292 × (50.4 − 11.8)

2(0.002073 + 0.002292)
= 0.02101 

𝑓1 = 𝑀𝑂 (
𝑅PI

𝑅
)

2

+
𝑆1

𝑅
 

Assume 𝑅 = 𝑅PI 

𝑓1 = 0.02101 +
11.8

482.3
= 0.0455 

0.01𝑒 + 𝑓 =
𝑉2

D

127𝑅
=

802

127 × 482.3
= 0.1045 

𝑒1 = 0.01𝑒 + 𝑓 − 𝑓1 = 0.1045 − 0.0455 = 0.059 = 0.06 = 6% 

𝑒 = 𝑒1 = 6% 

Method 5 Using Tables or Figures 

Tables 2 to 6 show minimum values of R for various combinations of superelevation and design 

speeds based on the Method 5 superelevation distribution for each of five values of maximum 

superelevation rate. 

Example 2:  

Repeat Example 1 using Method 5 Tables. 

Solution:  

𝑅 = 𝑅PI =
𝑉2

R

1.27𝑒max
=

702

1.27 × 8
= 482.3 m 

For 80 km/h and an 𝑒max of 8%, use Table 4 or Figure 6 to find 𝑒 = 6% 
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Table 2 Minimum Radii for Design Superelevation Rates, Design Speeds, and 𝑒max = 4% 

 



15 
 

Table 3 Minimum Radii for Design Superelevation Rates, Design Speeds, and 𝑒max = 6% 
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Table 4 Minimum Radii for Design Superelevation Rates, Design Speeds, and emax = 8% 
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Table 5 Minimum Radii for Design Superelevation Rates, Design Speeds, and emax = 10% 
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Table 6 Minimum Radii for Design Superelevation Rates, Design Speeds, and emax = 12% 
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