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Lecture 37 Vehicle Performance Characteristics


Vehicle size and weights have increased considerably over the last fifty years and maximums are set in Title 23 USC.  For the Interstate system the maximum weight is 80000 lb although many states have exceptions including Michigan Truck Drivers Handbook where the maximum weights are in excess of 150000 lbs.  For an interesting defense of high gross weights see Truck Weights.

Other dimensions for vehicles are available in the AASHTO Design Guide.  The maximum width for a truck is 8.5 ft and the height is 13.5 ft.  Dimensions for other vehicles can be obtained from the Guide.  

Also of interest to the designer is the turning radius of the various vehicles for slow speed turns.  A sample is shown below


[image: image1.wmf]A-BUS/A-BUSm


This sample was taken from a drawing made using AutoTurn a commercial software. Other vehicles with different dimensions are also on that software.  Turning templates of this type are also in the AASHTO Design Guide
Performance Characteristics- Vehicle performance is controlled by the forces acting on the vehicle and the available power.  In general the resistance forces are:


Grade - Rg = W sin(

Rolling –
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Air Resistance – 
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CD = aerodynamic drag = 0.4

A = frontal area

P = air density = 0.0766 pcf at sea level

V = speed mph

g = gravity constant = 32.2 ft/s2 
The power require for the vehicle is 
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Also of importance is the maximum acceleration/deceleration of vehicles.  Typical values are 


0.5 m/s for tractor-semi trailer trucks


3.1 m/s for large cars


4.3 m/s for high performance cars


Stopping Distance is controlled by vehicle braking


Stopping distance – developed using standard linear deceleration characteristics.  Based on perception/reaction distance and braking distance where the components are
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The stopping distance as calculated above ignores aerodynamic resistance, rolling resistance, braking efficiency and inertia effects.

Decision Distance – sight distance required to detect, recognize and select speed and path to complete a safe driving maneuver such as a lane change.

The distance is computed as a speed x time where the time is broken into components based on the speed and type of maneuver.  Typical values are given in the Design Guide Exhibit 3-3 and are typically twice the stopping distance.  For example at 65 mph the maximum decision distance for maneuver C is approximately 1050 and the stopping distance is 645 ft.

Passing Distance – of all the maneuvers passing is the most complicated and potentially the most hazardous.  The calculated passing distance is based on several assumptions as follows:


1. The overtaken vehicle travels at a constant speed.

2. The passing vehicle has reduced speed and is at the same speed as the passed vehicle

3. A short time is required by the passing driver to perceive and react

4. The passing vehicle accelerates to 10 mph faster then the passed vehicle.

5. Suitable clearance is available to the passing vehicle to return to the proper lane.

The distance is calculated as the sum of four components.

1. d1 = perception reaction distance plus thee initial acceleration
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2. d2 = distance traveled in the opposite lane
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3. d3 = clearance distance between passing and on coming vehicles = constant a function of speed.
4. d4 = distance traveled by on coming vehicle during the passing maneuver
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V=average speed of passing vehicle


a1 = acceleration during initial maneuver


t = time for various maneuvers

m = difference in speed between the passed vehicle and the passing vehicle 
The times and distance values associated with the various maneuvers are given in the Design Guide.  Typically the distance for passing is four time the stopping distance at a given speed.  For example at 55 mph the passing distance is approximately 1918 ft and the stopping distance is 495 ft.


A table of selected English unit values is given below
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mph ft ft MUTCD AASHTO

35 250 525 550 1040

45 360 675 700 1468

55 495 865 900 1918

65 645 1050 1100 2383


Vehicle Performance – Constant Acceleration
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Vehicle Performance – Non-Uniform Acceleration
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and 
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For example 

If a varies from -11.2 fps to 0 fps then a = 0 when V = 0 and if V0 = 88 fps then

 b = -11.2/88=0.13 and the non linear equations become
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The linear equations become
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The results can be shown as

	
	
	
	
	
	
	
	

	
	
	
	Non Linear
	
	Linear
	

	
	time
	acc
	vel
	dist
	acc
	vel
	dist

	
	0
	-11.4
	88
	0
	-11.2
	88
	0

	
	1
	-10
	77
	83
	-11.2
	77
	85

	
	4
	-6.8
	52
	274
	-11.2
	43
	262

	
	7.9
	-4
	32
	434
	-11.2
	0
	346

	
	10
	-3.1
	24
	492
	-11.2
	-24
	320
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Typical values of acceleration



Trucks = 2.0 ft/s2


Cars = 10 ft/s2



Deceleration



Cars = 11.2 ft/s2 
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