TRANSPORTATION MODELING

FOR REGIONAL PLANNERS
ASSESSMENT OF THE DEMAND FOR ROUTES AND
TRAFFIC STREAM ASSIGNMENT ON INTER-

REGIONAL TRANSPORTATION NETWORKS

O)

It is a mathematical simulation model, which
aims at providing transportation and regional
planners with a probabilistic method for the
theoretical assignment of traffic flows to routes of
any inter-regional transportation system.

The system referred to by the model may
consist of various transportation infrastructure and
modes, which connect settlements in large geogra-
phical regions.

The basic criteria used to construct the model
respond to the need for
(1) a minimisation of the input data set;

(2) a probabilistic (instead of deterministic)
approach to the assessment of the users’ demand
for alternative travel routes and modes;
3) simulating cases of possible traffic conge-
stion in any route section, along with the simulation
of the relevant “spontaneous” solution.

The probabilistic approach exploits the amount
of that is always associated with any
probability distribution. This criterion avoids
resorting to the optimisation of given *“objective-
functions”, as is instead usual to the majority of the
other traffic assignment models.

This assignment model is also viewed as an
instrument fit for deepening the analysis of an
important feature of regional systems, considering
that traffic streams are a major physiological aspect
of any set of inter-related human settlements.

Configuration and evolution of transportation
infrastructure and traffic streams are crucial study
subjects for any regional analysis and development
planning.
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1 - DEFINITIONS AND TERMINOLOGY
1.1 - The Transportation Network
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1.2 — Routes and Links — Transport and Travel
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1.3 — Transport Demand and Actual Streams
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2 - THE STRUCTURE OF THE MODEL
2.1 — Functional Characteristics
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2.2 — Basic Assumptions
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2.3 — Basic Input Data
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2.4 — Streams and Probable Demand for Route
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2.5 — Mean Transport Unit Cost
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2.6 —Travel Benefit
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2.7 — A Probabilistic Approach
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3-THE AGGREGATE MODEL
3.1 - Assigning Travel Demand
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3.2 = Transport Demand for the Reference Link
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3.3 — Actual Distribution of the Traffic Streams
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BASIC RELATIONSHIPS USED FOR DETERMINING THE EXPECTED STREAM ASSIGNMENT
(and for assessing travel duration times)

(0) Basic equations: F=DV; D=F./V; V=F/D;

in which:

F is the traffic stream, in transport units per hour (tu/h);
V is the average stream speed - in km/h -
D is the average stream density - in fu/km - in the same section.

in the covered section considered;

(1) Definition of safety distance S between subsequent vehicles in a vehicle-train motion: S = aV?;

for which, on a multilane carriageway, it's a =1/160 and,
on a one-way lane of simple two-lane roads, it's a'=1/122.5. Hence: S'=a'V?

(2) Definition of stream density D in reIatlon to safety distance S (or S'):

D=h/b+S)=h/b+aV?),
or D= h/Ab+S')=h/b+a'V?);
in which b is the vehicle average length (transport unit, tu).

(3) From (2) above, flow F may be expressed as a function of average stream speed V:

(4) From prewous (3) speed Vcan also be expressed as a function of stream F:

F=hV/(b +aV?).

V=[h+(h?-4abF? )]/ 2aF .

(5) Average stream speed V as a direct function of stream density D:

=[(h - bD) /aD]*? .

(6) Stream F as a direct functlon of stream density D:

= [D(h - bD) la]**

From this second degree equation two speed values are obtained for every single stream figure.
Itis, in fact, the inverse equation of (3) as represented in TABLE I, for a multilane carriageway.
As presented here, the relevant diagram appears similar to the analogous empirical

flow diagrams of the usual traffic handbooks.

(7) Stream densny D as a functlon of stream intensity F (the inverse of previous (6) ):

The value of parameter h is 1000 m in the metric system, and varies with the measurement system adopted.

always be F<h/ 2(ab)

=[h + (h?- 4abF?)*? ]/ 2b.

In order to obtain real values from the above equation - as well as from equation (4) - it must
, i.e.. F must always be smaller than - or equal to - the saturation
(maximum) stream that is specific of the lane considered.

The conventional values assigned by the table below to parameters a and b may vary according to the specific regional
road system under study.

STREAM AND SPEED VALUES IN LANE SATURATION UNDER DIFFERENT ROAD CONDITIONS

b (more than one lane per direction) (one lane per d/rect/on)
a =1/160 Fmax = 500/(ab)*? V =(b/a)? | a'=1/122.5 Fmax = 500/(ab)*? = (b/a)"?

8.5 0.00625 2169 37 0.0081633 1898 32

9 0.00625 2108 38 0.0081633 1845 33
9.5 0.00625 2052 39 0.0081633 1795 34
10 0.00625 2000 40 0.0081633 1750 35
10.5 0.00625 1952 41 0.0081633 1708 36
11 0.00625 1907 42 0.0081633 1669 37
11.5 0.00625 1865 43 0.0081633 1632 38
12 0.00625 1826 44 0.0081633 1598 38
12.5 0.00625 1789 45 0.0081633 1565 39
13 0.00625 1754 46 0.0081633 1535 40

Note: parameter b (which includes the average safety distance kept in a situation of traffic stoppage and steady queue)
depends upon the vehicle mix in the traffic stream.




TABLE Il - F(V) DIAGRAMS FOR ONE-WAY MULTILANE, AND SINGLE-LANE HIGHWAYS
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3.4 — Streams in Road Congestion
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3.5 — Flow Compression and Reduction
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7.2 — Systems Analysis
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7.3 — Transportation Network as a Complex System
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7.5 — Conclusions
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