

Lecture 41 Traffic Flow Continued

Many models are available to relate the relationship between speed and concentration. They are grouped into several categories including;

Deterministic

Macroscopic flow

Greenshield-linear

Greenberg-exponential

Microscopic flow

Hydrodynamic 

Car following

Stochastic
The Greenshield macroscopic model was discussed in the previous lecture and it provides a good base for the study of flow relationships. However a more rational approach is to determine the flow characteristics based on actual car following practice.

One common car following assumption is to set the spacing between vehicles at one car length for every 10 mph increment in speed plus a car length.
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Solving for u versus concentration results in 
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which is non linear.  Finally by substitution
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Other following models can be proposed.  For example the model 
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can be used in general when af  is the following vehicle deceleration, al is the lead vehicle deceleration, u is the speed,, L is the length of vehicle and xo is the safety margin between vehicles.  By letting al = (, af = 6.0; al = 6.0, af = 6.0; al = 6.0, af = 2.0 and AASHTO stopping with brick wall the following results can be obtained


[image: image6.wmf]Stopping Distance Study

Both

Lead veh

Lead veh

Foll Mod

Brick wall

With Brak

Braking

brick follow

Greenshield

Vel

Spacing

Spacing

Spacing

Spacing

AASHTO

0

20

23

23

23

23

30

0

10

40

77.7575

59.75

95.765

44

38

10

30

80

295.3175

133.25

457.385

196

75

30

60

140

891.77

243.5

1540.04

634

150

40

100

220

2191.25

390.5

3992

2034

300

45

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0

50

100

150

Following Model

Lead vehicle Brick

Wall -Follwing

Vehicle Braking

Lead and Following 

Vehicle with Braking

Lead Vehicle with

Braking - Following

Vehicle with No

braking

AASHTO

Greenshield


Actually it can be shown that the Greenberg model and the car following model can be shown to result in s similar relationship



[image: image7.wmf]0

ln()

j

k

uu

k

=


Or



[image: image8.wmf]0

1

u

u

j

ke

k

=


Using uo=23 and kj = 185 the volume at various speed can be computed (Value from “Traffic Flow Fundamentals “ by Adolf May)
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Shock Wave in Traffic Flow

When flow conditions change from one state to another there is a wave that develops both in front of the change and in back of the change.  In front of the traffic slows and volume increases.  Up stream the traffic arrives and is slowed to the speed of the moving platoon of traffic.  Changes of this type occur due to traffic incidents such as collisions and /or slow moving traffic entering the traffic stream.  This is best understood by looking at the changes as they occur on a typical diagram of volume versus concentration.  Assume for example that traffic instantaneously changes from state B to state A where state B is up stream and has a volume of 1200 vph and 40 mph and state A is 2000 vph at 20 mph.  The resulting shock wave (the difference between the speed of the forward moving traffic and the backward moving platoon of traffic is defined by the equation
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This is the speed of the forward moving shock wave after the change of state.  The backward moving wave is from state B to a jammed concentration state with 0 speed .  The speed of this backward moving wave is 
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Note that the platoon of moving vehicles is growing at the rate of 11.4 mph forward and 7.1 mph backward for a net growth of 18. 5 mph. If the concentration of the platoon is 2000 vpm then the growth of the platoon is 109 vph. 
A sample diagram for a typical Greenshield model is shown below
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There are many uses of the shock wave problem in traffic analysis.  For example it is possible to calculate the length of queue developing behind a traffic signal.  Consider the case where a traffic stream on the approach to a signal has an approach speed of 40 mph and density of 45 vpm and a jam density of 130 vpm with a stop signal of 30 sec.  How long of a traffic stream will result in the 30 sec when the signal is red? Using the Greenshield model 
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[image: image14.wmf]
Comparison of the various flow models is shown below
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