

Lecture 5 - Calculate the length of vertical curve to obtain sight distance

Calculation of the length of VC is based on the offset part of the equation for a parabolic curve and the use of standard offset heights.  For the metric case the offsets are 1.08 m and 0.6 m for eye height and object height respectively.  The equations are developed below
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in English units with offsets of 3.5 and 2.0 ft
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The equations above assume the vehicle is on the vertical curve. 
If the vehicle is off the curve the equation is harder to develop (Fig 16.2 p692) but is found to be 


[image: image3.wmf]A

S

L

658

2

-

=


for metric and 
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for English units

It is possible to graph or tabulate these functions as given in Table16.5 (Note the curve length is determined by L=KA where the value of K is taken from the Table. 

(sketch)
Sag curves are treated in a similar manner except the night time illumination characteristics of the head lights is the defining factor. The equations for vehicles on and off the curve are respectively


Metric
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English
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The eye height and object height for the sag curve is the same as for the crest vertical curve


Minimum length of vertical curves is set as 0.3 times design speed (metric) and 6 time design speed (English)

AASHTO recommends 
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for metric and English units respectively.

A Calculator for crest and sag vertical curves is available at the link 
Calculator for Crest and Sag Vertical Curves  

Other consideration for vertical alignment is to ensure that there is adequate grade to provide for drainage. Usual minimum is 0.3 to 0.5% for this consideration

General Considerations for Vertical Alignment (AASHTO)

A smooth grade in with gradual changes as consistent with the type of highway should be sought in preference to a line with numerous breaks

The roller-coaster type profile should be avoided 

Undulating grade lines with substantial momentum grades should be avoid as they promote excessive speed by truck traffic

Broken back grade lines should be avoided 

On long grades place the steepest grade at the bottom of the ascent.

At grade intersections reduce the grade through the intersection

Sag curves should be avoided in cut sections as they promote poor drainage.
Suggestions from FLH design manual Horizontal and Verical Alignment Considerationsl are as follows:

Use a smooth grade line with gradual changes, consistent with the type of highway and character of terrain. Avoid numerous breaks and short grade lengths.

Avoid hidden dips. Hidden dips are hazardous on two-lane highways. They can hide approaching or slow moving vehicles or obstructions on the road ahead while deceiving the driver into believing that it is safe to pass or travel at high speed. 

Use long straight grades or introduce horizontal curves in conjunction with vertical curves to break up unsafe long tangents.

Long steep grades affect traffic operation. If traffic volume is high, a slow moving vehicle lane or turnout requires study. On long downgrades, consider a truck escape ramp.

On some steep grades, especially on low speed roads, it is desirable to break a sustained grade by making it steeper at the bottom and flatter at the top. Short intervals of flatter grade permit high-powered vehicles to accelerate and pass under powered vehicles.

On switch-back curves, flatten the grade to compensate for slower speeds.

Avoid broken-back grade lines. Two vertical curves in the same direction separated by short tangents is poor design practice particularly in sags where both curves are visible at the same time.

Sag vertical curves at the ends of long tangents should be several times the length required for stopping sight distance to avoid the appearance of an abrupt change in grade.

When at-grade intersections occur on roadways with moderate to steep grades, it is desirable to reduce the grade through the intersection.

In swampy terrain and areas subject to overflow and irrigation, the low point of the subgrade should be at least 0.5 meters above the expected high water. For roads located along main streams and rivers, refer to Chapter 7 for the appropriate hydraulic controls.
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