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Lecture 4 Vertical Alignment 

Controlled by vehicle performance, safety (sight distance), and drainage

Vehicle performance - Related to the size and power of the vehicle. The usual is for a truck with Weight/HP = 300 or metric equivalent. Performance curves are in the AASHTO Design Guide or Fig 3.5. Maximum grades are developed from these curves and requirement that reduction in speed is less than 10 mph. To determine the maximum grade for a given road consult the Design Guide. Typical values for several different conditions are given in Table 16.4 p 690.  As a matter of operational considerations it is better to have steep grades at the bottom of long compound grades

Safety consideration – Safety is based on the ability of the driver to see over a crest vertical curve or lighted region on a sag vertical curve.
Vertical curve calculation requires that vertical curve characteristics be known based on the following development.
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Using boundary conditions
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G1 and G2 are the grades entering and leaving the VC

The high point or low point on the VC can be calculated from the equation


[image: image3.wmf]
A Calculator for determining the properties of a vertical curve is available at the link Calculator for Vertical Curve Properties
 
In order to precede it is necessary to determine the stopping distance. This is calculated in the following manner

Summing forces parallel to the plane of the vehicle
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S in the equations above is the stopping distance (meters) for level roads and f = 3.4/9.81=0.34.

The English version of the equations is 
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 If there is a grade to consider use the equation with the grade term G or use a Calculator for stopping sight distance available at Calculator for Stopping Sight Distance
 The following Table gives the stopping distance for level wet pavements.


[image: image6.emf]Speed, Km/hrStop Dist, m Speed, MphStop Dist, ft

20 20 20 115

30 35 30 200

40 50 40 305

50 65 50 425

60 85 55 495

70 105 60 570

80 130 65 645

90 160 70 730

100 185 75 820


English values for stopping distance without grade are given in Table 16.5 p698.

Another method of calculating braking distance is to consider aerodynamic resistance, braking efficiency and rolling resistance as presented in Principles of Highway Engineering and Traffic Analysis by Mannering and Kilareski. The distance calculated using this technique is shorter than using the constants deceleration technique by about 5 – 10 %.  The significant equation is
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gb = 1.04 for cars


hb = braking efficiency = 1


m = road adhesion = 0.5 to 0.8


fr = rolling resistance = 0.2

W = weight lbs


V = speed fps


Ka = air resistance = r/2CdAf

R = density of air = 0.0024 slugs/ft3

Cd = 0.25


Af = frontal area ft2o
Sin(f) = slope of road in percent
Occasionally it is necessary to determine the passing sight distance associated with a road section.  A Calculator for determining passing sight distance

is available at the link Calculator for Passing Sight Distance
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		Speed, Km/hr		Stop Dist, m		Speed, Mph		Stop Dist, ft

		20		20		20		115

		30		35		30		200

		40		50		40		305

		50		65		50		425

		60		85		55		495

		70		105		60		570

		80		130		65		645

		90		160		70		730

		100		185		75		820

		110		220

		120		250
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