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Outline of the method of ¢stimating traffie volume.
Explanation of traffic terms.

Generally the Origin and Destination Table called O-D table
is used when forecasting future traffic demand because this table
can show the movements of vehicles among the zones. The movements
of vehicles are called trips.

The concept of 'trip' and '0-D table' are explained by using

the following simple example.

1-1-1 Trip
The term 'trip' means the route taken by a vehicle from the

origin to the destination.

-——-—-——-——) ( Destinat 109

A single trip has 2 txip ends. One trip end, the origin, is

called the "trip generation" and the other, the destinatiomn, is

the "trip attraction"

I Division of the trip

The total number of trips in the study arca is divided into

the following 3 groups.

internal trip

L } L
b 1 )

external trip

LY
4

throuph trdp

-~

These 3 groups arce shown in the following O-D table.

Table 1-1 O-D Toble by the internal, external aznd through trip.

destination internal area external area
origin
. . SAINRNNINENNN Fro e e e e
internal area internal trxﬁ\\\] outg01ng trip
NS f\_\\}S\\\\\ L o _J
external area ; 1ncoé1ng trip | through trip
oin s wee e o

m internal trip thul‘nﬂ] tri.P D through Lrip

=



I B 0-D table.

The following O-D table shows an example where there are
only 4 traffic zones.

Teble 1-2 G-2 table by 4 4ircfiic zones.

destination traffic zones
trip generation
origin 1 2 3 4
1 tll 12 ti3 tl4 gl
w
@
& 2
N 2 t21 t22 | t23 t24 . 4
(&)
o
e 3
™ 3 t£31 t32 t33 t34 g
5
4
4 t4l 42 t43 t44 g
trip attraction al a2 a3 a4 T

In this examble t12 is the number of trips that start from
zone | and arrive at zome 2.

g] (tij = tl] + t£12 + £13 + t14) is the total number of trip
ends that arrive at zone 1.

tij is called 'trip distibution', gi 'trip generation' and.
ai "trip attraction'.

Thus, it 1is evident that the totél number of trip generation
is the same as the total number of trip attractionm.

1 2 3 4
8 tg +tg +g

al + a2 + a3 + a4

T

This total number of trip distibution is called 'trip
production'. Eventually, the 0-D table will show the volume of
'trip production', 'trip generation', 'trip attraction' and

"trip distribution’.




(RN A Traffic zone.

Zone codes are made up of the following 3 figures.

2 --—- large zone (for the purpose of grasping the
outline of traffic movement)

2|1 -— middle zone (the zone which is for practical use)

21112 --- sgmall zone {most detailed zone in this survey)

According to these zones, the internal area is divided into

8 large zones, 20 middle zones. and 57 small zones,

Fig 1-1 Zone Map (middle zone)




[}

General methodology of cstimating the traffic {low.

Fig 1-2 shows the main steps in the methodology of traffic

planning most commonly used.

Fi;; 1-2 The methodology of traffic planning

traffic survey data collection

Analysis of
present traffic conditions

Estimation of future
traffic flow

a. trip production .
proposals for b. trip generation Determination
the future - and attraction , .l of future
traffic network c., trip distribution land use
. d. trip assignment —

+

evaluation of proposals

for future traffiec

planning




The procedure starts with the collection of data and
conducting traffic surveys which constitute the basis for the
analysis of statistical relationships. Then the future traffic
network which could best serve the expected.land-use is outlined.
There after the future flow in the alternative traffic network
can be estimated through four steps, that is, trip production,
trip generation and attraction, txip distribution and traffic and
assignment. Sometimes modal split step is required between trip
distribution and traffic assignment.

Finally the results are evalthed and any possible
alterations of the traffic network are-introduced. Usually the
land-use pattern is considered fixed while the traffic network is
considered a flexible variable. Here, the future traffic network
is outlined and the land-use pattern which is likely to appear
under the triffic network is estimate.

As such the traffic network has an impact far beyond the
traffic conditions because, if the expected interéﬁtibn between
traffic network and land-use does exist, then we can control the
urban development through traffic-planning.- |

The following section discusses the main items in the previous
flow-chart. (Fig. 1-2)

1-2-1 Data collection .,

The collection of data is mainly concerned with:-

a. present land-use and land utilization rates,

b. existing traffic facilities.

Data for the 1and?h§e and the land utilization rates are
used as explanatory variables when relating to the number of
trips to and from different zones. At the same time these data
are important when the estimates of the future land-use are
worked out.

Data for existing traffic facilites are used for the
inventory of the corresponding supply of'phe facilites, the
proposal for new transportation systems and to help to explain
the observed trip patterns.

1-2-2 Traffic. Surveys _

The core of the traffic surveys is the home-interview survey
which provides the survey area with the information mentioned
below with regards to particular information on the households

and the trips made by owners on the previocus day.



1-2-3

Annlysis of present conditions,

.

The data collected are analysed in erder te find
relationships and trends which may form the basis for forccasts.
Usually the relationship are expressced in the use of some

traffic models which apply to presént traffic situations.

The traffic model is used for estimating traffic-
demand. Commonly, the types of traffic models are divided
into the following 4 methods. . -

(1) the basic unit method.«

(2) the growth rate method.

(3) the regression method.

"(4) the simulation method. oo

(1) The basic unit- method.

The basic unit is obtained by means of dividing the
objective quantity by a certain unit. For example, the
basic unit of vehicle-ownership is obtained by dividing
the total number of vehicles by the total number of
population- or the tetal number of households.

In estimation work, we use this basic unit to estimate

future objective quantity.

Example:

(Present) . (Future)

total number .
of '.
vehicle (A)

éu

‘total
population (B)

*

the basic unit the future basic total
of vehicle- N unit of vehicle~ population
ownership‘(A/B) ownership C D

J

total number .
of vehicles
{CXD)




(2) Tiwe gruwlh_rutp method.

The gprowth rate is obtained from various trend
data, for example, the population projection data together
with the data on the rate of population grawth is very

much used,

Example.

(Present) {Future)

the population
trend data.

population the future target

growth-rate j—&—| population ear
growth rate y

future
population




{3) The regression method.

This method makes use of the least square method
to obtain the regression equation.

The explained variable is the unknown factor and
the explanatory variables are the known factors, ie. the

population figure and the area by land-use,

Example:
{Present) {Future)

explained variable-
total number of
vehicles (¥).

explanatory variable-
income (X1), no of
households (X2)

future explanatory
variable (X1, X2).

regression
equation
Y= axl+bx2+C

b

future total
number of wvehicle
Y.




Table

{4) The simulation method,

By using this method, we can obtain information on traffic
phenomena, that is, the traffic flow at the roundabouts, the
traffic flow on the roads and the traffic flow in the road network.

Some hypotheses of the actual flow is made and then the

traffic flow is artificially created by using the computer.

(5) General.

Generally speaking, the following models are usually used

in line with each step of the traffic estimatiom,

1-3 HModels used in the line with euch step of the traffic estimation.

stage
of

estimation

type of

model basic unit{ growth rate | regression | simulation

model model model model

trip

production

trip generation

trip attraction

and 0 0 0

trip

distribution _ 0

traffic 0
assignment




1-2-6

Determination of future land-use.

It is important to determine the future land-use becausc a
knowledge of the future land-use pattern is a prerequisite in
the estimation of traffic demand. It is a fact that the future
population density is strongly related to the number of trip
generations in the future. Therefore, it may rightly be said
that the future land-use pattern® will determine the future

traffic demand.
Proposals for the future traffie ﬂetwark.

In order to obtain some guidelines .in the preparation of the
proposals for the future traffie network, an estimate of the
existing capacity'bf the network when exposed to both the
observed and the forecasted traffic is first made. A comparison
between the '"demand' and the "supply" on each link can be
carried out.

The proposals for the traffic network usualiy emerge from
the compérison, from policy objectives and from engineering

experience and judgement,
Estimation of future traffic demand.

The next step in the planning process is the estimation of
the future traffic flow. '

The data used are the, proposed land-use figures and related
figures (population, employment, etc.), the different proposals
for the traffic network and the relationships and trends which

have been developed from the traffic surveys.

The estimation consist of four steps.

The flow-chart is as follows:-

Trip production . [ Trip distribution
-Trip generation Traffic assignment
and trip attraction )

ELE P - — e —————e . .

~10-



(1) Trip production.

This is the first step in the estimating of O-D tables,
The purpose of this is to estimate the total number of trips in

the study area. This is shown by the shaded portion in the
following tabla.

As is usually done, trip production is estimated by
multiplying the total number of vehicles by the unit trip
production of each vehicle. The unit trip production used is
obtained from the actual survey, that is the car 0-D survey.

Another method which is used'occasionally is the correlation
formula which is calculated from the population figure, the number

of vehicles, etec.
(2) Trip generation and trip attraction.

This is the estimation of the number of trips that start

from and arrive at each traffic zone.-

It is easy to understand this concept if we consider the
purpose of each trip. For example, when the purpose of the trip |
is to get to the working place, a single commutet.usually. produce

one trip. Therefore, the trip generation for this purpose is .

-11



related to the number of residents, number of employees, land-—use

area by utilization etec.
(3) Trip distribution.

This is the most complicated step in the estimation of
future traffic demand because if there are 50 traffic zones, we

must estimate for 2500 (50 x 50) pairs of trip distributions.

D
) ‘ R

Many empirical formulae were formulated by many of our
predecessors for the purpose of estimating the trip distributions.
Among them, the gravity model is the most general method,
Therefore, the concept of gravity model is introduced.

The fundamental formula of gravity model is shown as follows:-

Tij = R gi x aj
- tij r
Tij : trip distribution from zone i to zone j.
gi :+ trip generation from zone i.
aj : trip attraction to zone j.
tij ¢ time taken from zone i to zone j.

T : coefficient of distance resistance.

R : coefficient.

This is common sense, that is, the more gi or aj increases,
the more the traffic volume between i and j will increase and,
the shorter the distance from i to j become, the more the increase
in volume of traffic.

This formula is applied to the "law of terrestrial

' (Newton's Law).

gravitation"
These coefficients are estimated from the least square

method applied to Ehe relationship between the present O-D table

(which is obtained from the car 0-D survey) and the present time

taken for each zone pairs.

w2



{4) Completion of.the 0-D table,

Data on trip production, trip generation, trip attraction

and trip distribution are required for completing the 0-D table.
(5) Traffic assignment.

After the 0-D table has been estimated, it is necessary to
estimate the traffic volume on each road. This process involves
some amount of simulation. First, we make a model of the road
network, and then to the traffic volume of each zone pairs (as
already forecasted in the 0-D table) are assigned the road network
accordiﬁg to the travel time between origin and destination.

It is commonly accepted that the travel time also includes
the time spent whenever there is traffic congestion. For the
purpose of actualizing the above-mentioned situation, the 0-D table
is sub—divided and the traffic assignment on each 0-D table is
sub-divided and the traffic assignment on each 0-D table is

executed repeatedly.

1=-2~7 Evaluation of the proposals for future traffic planning.

When the future traffic flow in a network has been computed,
overloaded parts or poorly utilized parts will be indicated. The
necessary alterations are intrdduced and a new capacity for the
the network:will be carried out. This procedure is applied to
each of the alternative proposals.

When the distribution of traffic on the network is
obtained the total tfig length and travel time is also computed.
These figures, together with the construction costs constitute

the basis for the economic assesment of the different proposals.

-13—



2-1-1

The procedure for completing the present 0-D table.

For the purpose of grasping the traffic movements, various

kinds of traffic surveys were carried out,

The present O0-D table according to each vehicle type was

completed using that data.

In this section, the main results of each traffic survey is
explained firstly, and then the procedure for completing the

present O-D table is explained.

Some of the main results from the traffic surveys.

Some traffic surveys were carried out in June 1979, They
were the owner—interview survey, ferry survey, cordon-line survey

and screen—-line survey,.

First, some of the results of each traffic survey will be
explained, then the method of completing the present 0O-D table

will be shown.
Owner-interview Survey.

From the results of the owner—interview survey, information

on vehicle owners and traffic movements can be obtained.

—14--



(1) The vehicle-ownership situation.

The number of vehicles and motoreycles registered with the
R.I.M.V. in the state of Penang up to the end of May 1979 is

shown in the following table.

Teble 2-1 Number of vehicles and motorcycle,

Type of vehicle : Numbgr

‘ Car . L : ' 61674
Van - .. 3709
Medium Lorry . 4461
Heavy lorry 7043
Taxi 474
Bus 1073
Total for vehicle . 78434
Motorcycle 124984 Population:
Grand total - 203418 946580 persons.

The registration of vehicles/motorcycles at the R.I.M.V.
did not take into consideration the classification by area.
Therefore the number of vehicles in the internal area was

estimated by using the results of out owner-integview survey.

'zble 2-2 The number of vehicles in the internal area.

Vehicles ]
Car | Van Medium | Heavy Taxi Bus Total }. Motor
Lorry Lorry cycle
Car _
Internal area 55956 3294 3671 5744 350 923 69938 | 105132
External area 5718 415 790 1299 124 I50 8496 19852
Penang State 61674 3709 4461 7043 474 {1073 78434 | 124984

15—



Figire 2-1 The number of vehicle by area.

( ) : number of vehicle / population

16—




(2) The number of tripe recorded in the internal areas of
Penang Lsland and Province Wellesley.

This survey traces the movements of vehicles in the internal
areas of Penang Island and Province Wellesley.

The results are as follows:-

Figure 2=? The number of trips in the internal areas

(unit: trip per day) -

In Penang Island In Province Wellesley

vehicles
vehicles

The above figure shows that in Province Wellesley, trips
made by motorcycles contribute to a large proportion of the trips
generated, amounting to 667 of total number of trips."In
Penang Island, on the other hand, trips by motorcycles
contribute to 557 of the total number of trips generated. Thus,

proportion of trips between vehicles and motoreycles is roughly

one to onc.,



. 1
Pt ol R

2 Ferry Suriev,

{8

The results of this survey provide information on the

movement s of vehicles and passcngers between Penang Tsland and

Province Wellesley.

The types of vehicles and the trip purpose of the drivers

are as follows.

Teble 2-3  The types of vehicles using Ferry.

T~ Origin  destination

From I', 1.

From P.W,.

el _ Total | (Percentage)
Vehicles trién;;?bﬂﬁcn__“ o o ;
going Lo work 1,235 553 1,788 | (7.5)
business trip ! 1,159 1,050 2,209 | (9.2)
private trip h34 I,hIHl 2,252 | {9.4)
R going home 1,282 1,393 2,680 | (11.2)
sub-total 4,306 4,642 8,948 1 37.4
lorry 848 843 1,69] 7.1
taxi 3u 40 79 0.3 *
bus S 6l 114 0.5
LY
sub total of vehicles 5,37 5,540 10,818 | "45.2
M| opoing to work ) 3,752 1,472 5,204 | (21.8)
? business trip 344 493 841 | (3.5)
: private trip o 700 1,711 2,417 1 (10, 1)
s going home o 1,75h 2,875 4,631 | (19.4)
E sub-total - 6,545 6,551 13,0961 54.8
- Grand total 11,817 12,097 23,914 | 100.0




Figure 0=3 'i;hrcq{\;'n--:_ nf vehicles usj_n_g Ferry

Prom Penang Istand to Provinee Velleslew

Vehicles 44.6 Motor-cycles 55.4
. T

36.4  Dther

W Es
%/iga 5.3Ej 0.8 | 8.2
Wi

1
:[ 14.8
E
*
From Province Wellusley &o Penang Island
Vehieles 45.8 Hotor-cycles 54,2
, .._n—-—m'ﬁ-nﬁ
Car 384 Iorlie i
g: ii i
ﬁn 13.4 | 118 [ 7.8 9.2 | 23.7
i ’
SR } - ! \
legend
N 11 going Lo work

business trip

private trip

[ | poing home

The distribution of vehicles and motorcycles which makes use of
the lerry is as follows:-

—-19~
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i3 Cordon-line Survey.

From this survey, the present situation of external trips

and through trips was obtained,.

This results for each direction of external trips (incoming)

are as follows.

Figuré2-6 Number of external trips (in coming)

12150
A(g1) / \”7 c(@.02)
148 ) i
5 f.
ED i \r’
s 5536
o e
i D(03,04)
)
3243 .
AN
. Voo
B(92,83,94) -__] 6oge E(05)

T Dircction From [From | From |[From  jFrom
Vehicles ™~ A B c D K Total
and trip purposc - -

going to work 121 324 i 273} 386 2015

trip business 74 165 964 437 631 2271

CARY  irip private 155| 249| 1521| 628] 817 3370
going home 210 3271 1333 619 998 2457

5641 10741 4738] 1955] 2838 | 11169

lorry 172 2781 2027 693 | 1409 4579

taxi 82 8t 475 50 323 [015

bus 30 5 102 35 14 186
Vebhicle 847 | 1443 7340 | 2733 | 4585 16948
going to work 187 7001 1783 690 1 420 3780

trip business 62| 3521 5651 3481 222 1549

trip private 162 30511103 152 672 2994

going home 226 453 [ 1356 | 1009 | 1076 4120
motor-cycles . 639 | 1800 | 4810 | 2803 |2381 12433
gramd total 1486 {3243 12150 15536 16966 29381

—20~



The resultof trarfic flow for through trip is as follows,

Figure.2-7 Traffic flow of through trip

.Motor—-cycle

o ————

-

23—



214

Sorsen=line Survey.

The results from this survey were used for the verification
of the other traffic surveys. The traffic movements which were
recorded by each ‘traffic survey must correspond to the actual

traffic volume on the screen line.

On checking the degree of accuracy, it was found that the
results of tiose traffic surveys were very accurate and therefore

can be used purpose of analyzing data from now on.

-24-
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The procedurc o1 completing the present 0-I table

elements which are completed from the results of the following

The present O-D table is completed from the following

surveys,

Pable 2-~4 The 0-D table and the c¢lements.

D internal area external area
0 P 1. P.W. P.1. 4 P.W.
4 . . o .

P.1. g§q£;?ﬁg%/- internal trip{ rxternal external trip
it ;ﬁrip/ which makes trip which makes use
| =
N /// / /Cééguse of ferry of ferry
— 2] — v - R
g P.W.| internal é;ie/%gl/{¥{s/ external [fexternal trip
o trip which,/// /// trip which :
R makes use "/ makes use "

of ferry g7 ,/;; of ferry .j

P.I.} external Qexternal trip| through through rrip
. trip which makes [Lrip which makes
u use of ferry use of ferry
= .
= | P.W.| external xternal trip}] through hrough trip
£ trip which trip which
I makes use makes use
" of ferry of ferry

LEGEND % owner-interview survey

ferry survey

D cordon-line survey,

In the case o

following priority

Ist priority data

f an

for

overlap i the data collection, the

the different surveys was used:-

from the ferry survey

2nd priority data from the cordon line survey

3rd priority

For example, the trips which made use of the ferry may have

data

from the awner-interview survey.

been interviewed at the ferry survey, cordon line survey and

owner-interview su

survey was used to complete the 0-D table.

rvey.

In this case, the data from the ferry
The basis for the,

above choice was based on the accuracy of each traffic survey.

-25-



3 Present traffiz situation
31 Some situation from the Present 0-D table.

3-1-1 An out-line of the traffic movements.
An out-line of the traffic moveméhts ig as follows 11—
Figure 3-1 Nunber of trips for each travelling type.

Vehiele

. P '\\ N
288,133 \ ‘\\
! P R ]
| TN naw
\ f Total bumber of: trip
\ / 321.5
A * (X 100 trip per day)

\ p
- - -
.. .

- -—

- - -

Motor-cycle

-— e e

\
sy
i

! , Total number of trip

The percentage for the different types of trips are shown
in the following figure. From this, it can be seen that for
internal trips, the ratio is higher for Emtor-cyclen than for
vehicles.

This means that the trip length of motor-cycles are
shorter than those of vehicles, that is, motor-cycles are used

more for short distance travelling.

26~



Figure 3-2  The percentape for the cach types of trips

External  Through
Internal trip trip trip
Vehiclus 89.0 10.5 []0.5
Motor-cycles B4.1 5.710.2
312 A break down of trip purpose.
The type of trip and the trip purpose are as follows.
Table 3-1 Type of trip and trip purpose
Type of trip number of | number of | number of
internal | external | through T
. . - . . otal
vehicle and trip purp®bed trip trip trip
going to work | 66378 4127 . 186 70691
i i 4601 38239
cap | trip business 33428 6 215
trip private 53060 6220 257 59537
going home 83171 7006 511 90688
236038 21992 1169 259199
lorry 28381 9339 464 38184
taxi 2723 1991 42 4756
Bus 18987 411 1 19409
vehicle 286133 33729 1685 321547
going to work | 113412 7816 172 121400
trip business | 40907 3095 51 44053
motor- . .
cycle trip private 87810 5406 108 93324
going home 155286 8020 442 163748
397286 24317 770 422373
grand total 683419 58046 2455 743920
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The trip purpose in detail is as follows:-

Table 3-2 The +rip purpose in detail (unit: 1000 trip per day)
Broad Purpose
Car Motor-cycle

Classification Detailed classification

Going Going to work 57.2 (22.1) 111.9 (26.5)
to
work Going to school 13.6 ( 5.2) 9.5 ( 5.2)
Buiiggss Business engagement 38.3 (14.8) 44 (10.48)
Shopping/Marketing 13.5 ( 5.2) 21.8 ( 5.2)
Private For food/Entertainment i18.6 ( 7.2) 34.1 ( 7.2)
crip Social visit 24.5 ( 9.5) 35.0 ( 9.5)
Other private trips 2.8 (1.1) 2.5 (1.1)
Going Going home 90.7 (35.0) 163.8 (38.8)
home ’

TOTAL 259.2 (100.0) 422.4 (100.0

~28-



The Comparison between the trip purpose of cars and

motorcycles is as follows:-

Going to work (22,3 2) Going to work (26.5 %)

27.3 28.7

Going to school (5,2%)

T =~ - . __ _|coing to schanl (2 97)

Business engagement .
Business engagement
(14.8%) 14.8 - 10.4 (10.4%)

Shopping/marketing (5.2F)

Shopping/marketing (5.2%)

For food/entertainment For foodﬁgnisftalnment

(7.27)

Social visit (9.5%) Social visit (8.3%)

j0rher private trips (3 ]9} v e e m -

4 Other private trips . (0{6%)

Going home (35.0%) 350 38.8 Going home (38.8%2)

CAR MOTORCYCLE

There is no conspicuous difference between the trip
purpose of cars and motorcycles except in the case of business

trips where the figures for cars are slightly higher than those

for motorcycles.

29~
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the internal areas of Province lWellesley and the trips which make

use of the ferry.

Figure 3—3 Trip by Area.
(unit: 1000 trip per day)

1
Vohicly

Vehicle

" 21745

Vehicle

©62.6

M/C
123.8

M/C
6249
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The composition of the irip purpose for the 3 types of trips

are compared in the foliowing table.

Table 3-3

The composition of the trip purpose by area.

(units 1000 trip per day)

. Area In Provine.
Vehicles In Penang VYstand at the ferryl weilesiey
and irip purpose

Going to work 50.% (0.7 .B (7.%) 12.% (6.7)
¢ |Business trip 3.0 ( 4.8) 2.2 (vy.2) Y.0 (4.8)
B e —
A |(Private trip 41.6 ( 8.7) 2.3 (Y.4) i0.5 (5.0)
R (Going home 63.6 (13.2) 2.7 (11.2) 18.0 (4.7)
Sub-total 180.1 (37.5) 8.9 (37.4) 50.9 (27.3)

Lorry 19.3 ( 4.0) 1.7 (7.1) 8.2 (4.4)

Taxi 2.3 ( 0.5) 0.1 {0.3) 0.4 (0.2)

Bus 15.8 (3.3) G.1 (0.5 3.1 (1.7)

Sub total of vehicles| 2i7.5 (45.3) 10.8 (45.2) 62.6 (33.6)
M Going to work 74.3 (15.5) 5.2 (21.8) 34.3 (18.4)
0
T [Business trip 28.9 (6.0) 0.8 (3.9 11.3 (6.1)
0 * »

R [Private trip 58.6 (12.2) 2.4 (i0.1) 27.5 (14.8)

c .

y |Going home 101,101 (21.0) 4.6 (19.4) 50.8 (27.3)

-C

t, Sub-total 262.9 (54.7) 13.1 (54.8) [ 123.8 (66.4)
Grand total 480.3 {100.0) 23.%9 (100.0) ) 186.4 (100,0)
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In Penang Island

Province Wellesley.

.ﬁ%/ﬁ////

I
I
|
I
|

///,,w
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413

35.

W\ B

38.5

Businesa trip Private {rip

M/C

Legend

Trip to work

Trip homa



3-1-3 Average number of trips per day.

From the owner-interview survey, the average number of trips
per day can be obtained. Using the Lechnical term in traffic
studies, these figures are called "unit trip production".

There are two types of unit trip production, One is the gross
unit trip production while the other is the net unit trip
production.

Some vehicles did not make any trips on the day of the
interview. Therefore the former the gross unit trip production
is the average trip per day of one vehicle which also includes
zero (0) and the latter is the actual average number of trips per

day of one vehicle.

These figures are as follows;

Table3-4 Average number of trips per day (unit: trip per vehicle per day)

The % of zero
number of trips

The unit trip
production {(gross)

The unit trip
production {(net)

Car 3.98 4.25 6.3 %
Lorry 3.01 3.60 16.4 7
Tax1 B.07 8.07 (VI 4
Bus 20.6 20.8 0.9 %
(Vehicles) 4.09 4,43 7.7 %
Motor-cycle 3.78 4.01 5.7 %
All vehicles 3.90 4.17 6.5 %




Fipure 3=-4  The uniz Wrip production \Ghdts trip per venicle Lor doy)

3.98 4.25
L~ 7
CAR /// >
3.01 3.60

owey

3-1-4 Departure time and arrival time.

The departure time and arrival time of all vehicles with

regard to trip purpose is shown in the following figure.

Figures for all trip purpose show that there are three
peak hours in a day, that is, 8am - 9 am, lpm - 2 pm and
5pm - 6 pm. These peak hours are caused by commuting trips,

lunch hour trips and going home trips.
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3-1-5 The average number of passengers per vehicle.

The average number of paséengers (inclusing the driver)

per vehicle is as follows =

Car 1.7 person per trip

Lorry 1.9 person per trip

Taxi 1.4 person per trip
/ /

Bus AK( 15.4 person per trip
.

Motorcycle 1.3 person per trip

In the case of the taxi, the above figure does not include the

driver but includes trips without passengers too.

This 'no passenger trip! contributes to about 43 % of all the
trips made by taxis. Thus, the actual average number of passen-

gers per trip is 2.4 person (1.4/0.57).
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3=-2

Present 0-D table

The desired line and the 0-D tables are shown in the
following figures and tables.
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e The Lolymin of st o flic citutic.

’d The attributes of vehicle owners
“r

There are 69,990 vehicles and 105,100 motor-cycles in

this study area. The bread down of these figures is as

follows:

. Table 4-1The number of vehicles (unit : 1000 vehicles)

‘ total no.
car lorry taxi bus | of M/Cs.
vehicles
59.3 9.4 0.4 0.9 69.9 105.1

In this section, some of the attrivutes of owners of
vehicles obtained through the owner-interim survey, are shown

a) Form of ownership of vehicles

b) Sex

c) Age

d) Occupation

e) Size of household

£) Zone of working place

8) Type of establishment

h) Size of employment

i) Period of ownership

j) Frequency of usage for week

Note: The following types of vehicles, namely the lorry, taxi
and bus are used only for specific purposes and owners
of these types of vehicles are -therefore different from | .
other vehicle owners. Therefore in this analysis these

types of vehicles are excluded,

4 —1-1 Form of ownership

0f the two forms of ownership, the majority of vehicles
and motor-cycles belong to the category of individual ownership,

and the ratio for cars is 86% while that for motor-cycles is 97%.



Pig =1 .Qwrerskivp of oar by individual,company and govoernment

(unit ¢ 1000 vehicles)
7.8 0.5

7

)

Cer 51.0 (B6.0%)

Tot.l no. of curs

53.3

Ownersghip~v{ motoroyole by individual, company and governkent
(unit : 1000 vehioles)

3.3 0.3

Totel no. of

'4’ motorcycle
Motoroyola 101.6 (96.7%) /] 1'05 1
.
7 T
- -
Individual Company Government
ownership '
4~ 12 The situation of ownership by area.

The difference in the situation of ownership by area is

as follows:-

Table 4-2 nuuber of vehicles by zone

Vehicles | Number Number & 1 Unit of vehicle-ownership £
of of opulation (C) i
large zone | cars (A) | motor-cycles (B) pop ° A/C B/C A+B/C f
} 35864 55271 341220° 0.105 | o.162 | o0.267 |
2 1703 ' 2017 . 26980 0.063 0.075 0.138 |
3 4756 7156 73630 0.065 0.097 0.162
4 1063 1318 27870 0.038 0.119 0.157
i:?:gﬁ 43386 67762 469700 0.092 0.144 0.236 °
5 7906 15693 111312 0.07! 0.141 0.212
6 2510 3985 49330 0.051 0.081 0.132
7 4793 14830 67210 0.071 0.221 0,292
8 655 2862 T 26310 0.025 0.109 0.134 f
::;:::;:y 15864 37370 230902 0.069 0.162 0.231
g:gg’ 59250 105132 700602 0.085 0.150 0.235
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Fig 4-2 Unit of vehicle ownership by zone

(Unit: vehicle per person)

)

legead number of curs/po;ul;-.tion

number of K/c/population
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4-1-3
50 and
above
40 - 49
30 - 39
20 - 29
below
19

These figures show clearly the difference between the

form oi ownership in Penang Island and Province Wellesley.

In Penang Island, the unit of vehicle ownership of cars

is higher, while in Province Wellesley, that of motor-cycles

is higher.

There results show that urbanization process is progressing

at a more rapid pace in Penang Island than in Province Wellesley.

L}

The attributes of vehicle owners.

The attributes of individual vehicle owners obtained

were:-
1) age
2} sex

3) size of household.

(1} Age and sex

The following figure shows the types of vehicles owned

by age.

For the 40 years and above age group, the number of owner

for cars and motor—-cycles is almost the same, but in the age

group of 20~29 year olds the number of owners for motor-cycles

Fi
is 4.5 times more than that for cars.

This shows that the majority of motor-ecycles is owned by

the younger.generation, that is, about 507 of the motor-cycles

is owned by people belonging to the 29 years and below age group.

Fig 4=3 Type of vehioles owned by age (unit : 1000 pereons)

LA B3

7.6

L7 0

14.5

w7

Total no. of cars
51.0

Total no. of m/byoléé

20.5

29.2

wHAY,

10.1

] 0.2

5.0

~58-
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Male

Famale

Fig 4-4

More males than females own cars and motor-cycles as
a means of transport. This is particularly true in the case
of motor-cycle ownership as 947 of motor~cycles but 97X of

cars pre owned by males,

Type of vehicle owned by Bex (unit 1 1000 persons)

]

§

74

7.

10.8

9 Total no. of cars 51.0
Total uo. of m/c 101-6

Z

oar motoroycle

From our population study, the data for the pfesent
population by sex and age was collected. Using Lhese data,
the unit of vehicle ownership canm be obtained. The results
are shown in table 4-3.

'The unit of ownership of cars in the age-sex category
of 30-39 year old males is 0.378 cars per person and those
of motor-cycles in.the age-sex group of 20-29 year old males
is 0.700 motor-cycles per person.

In the age-sex group of the 30-39 year o0ld males, the
unit of ownership of cars and motor-cycles is 1.034, This
figure shows that some of these age-groups have 2 or ﬁore
vehicle (that is, one car and one motor-cycle, 2 cars or

2 motor-cycles).

93.6



Ownership of vehicles by agae and sex group {unit :

PETEABEY

1000 persons)

sex Male Female Total
gggup Population| Cars| M/cs.| Population | Cars |M/cs. | Population | Cars
. 7.1 7.5 1.2 0.1 8.3
Sg and 46.6 48.1 94.7 .
above 0.152 0.161 0.025 | 0.002 0.088
_ 9.7 | 13.7 2.2 0.8 11.9
40-49 33.0 33.6 66.6
0.294] 0.415 0.065 | 0.024 C.179
15.8 27.4 4.7 1.7 20.5
30-39 41.8 43.8 B5.6 )
0.378] 0.656 0.107 | 0.039 0.239
7.4 | 40.8 2.7 |4.6 o ioa
20-29 58.3 62.1 120.4
0.127] 0.700 0.043 | 0.074 0.084
v o 0.1 4.3 0.0 0.7 0.2
18-19 16.2 17.4 . 33.6
0.006| 0.265 0 0.040 0.006 | 0.149 E
40,1 93.6 10.9 7.9 51.0 101.6
total 195.9 205.0 400.0
0.025) 0.478 0.053 | 0.039 0.127 0.2531ﬁ
. s
Fig: 4-5 Ownership of .vahiolea by sex and age (unit : 1000 persons) ;
11 A 50 ena B 12
7.5 | shove 15 4
Totzl ne. of cars 51.0f
9.7 m Z 2.2 Total no. of motorcyciy
40 - 49 101.6
13.7 | 1 0.8
5.8 (oo oo 30 - 39@ 4.1
27.4 | []1.7
1.4 % 20 - 29 2.7
2 [ 1a.6
. 7
* car motorcy
- below
4.3 £ 19 []o.7

Nale
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Table 4-4

(2) oOccupation

This attribute can be divided into two groups, viz.

Those who are employed and those who are unemployed like

students, housewives and the jobless.

The figures for this attribute is as follows:-—

Ownership of car and m/c by the employed and unemployed
population. (unit : 1000 persons)
Employment status ... ..Cars M/cs.
emp loyed 44,6 92.4
unemployed 6.4 9.2

total 510 101.6

From our population study, the ratioc of the employed
to the unemployed in 1979 is 31% (294000/996580) in Penang

State.

in the study area is as follows:-

Table 445 Unit vehicle possesion of the employed and unemployed

Therefore, the unit of vehicle ownership by occupation

population. (gnit : 1000 persons)
Emzi:¥$znt Population No.of wvehicle Unit-fehicle possesion
Car M/c. Cat; | Mfc Total
employed 224.4 44.6 92.4 0.199 |[0.412 [o0.611
unemployed 499.5 . 5.4 9f2 0.011 0.018 01929
total 723.9 51.0 |101.6 ‘0.070 0.140 |0.210
From this table, it can be seen that the unit of vehicle

ownership is 0.199 car and 0.412 motor-cycle per employed

worker.

60Z of the employed make use of cars and motor-cycles as

their means of transport instead of using public transport.

~51




Mg 4‘6’Ownershi§ of vehivles by +type of oocupation (unit : 1000 vehicles)

Construoction and

Ganeral Labour

Agriouliure
Biundent

Housewife

Jobleas

(3

22.8

Msinisirative R 5.9
Managerial | ] 2.0
Professicnal W 1.4
and ]
Technioal j 10.5
Y777 5
~+ Clerical
] 1.2
777777777 777777777 11+5
Baleswork :
Hervios work m 4.8
' | 14.2
Faotory,

v 3.8

EZA 2.4

2 1.2

] 5.0

L’

J 0.3

L J4.2

@ B
1.4

Unemployed

' | 3.5 )

w

Size of households by type of vehicles

moteroyols

In small households (i.e those haying between 1-4 people),

the ratio of cars to motbr—cycles is almost 1 to }, whereas at

large households, the ratio is | to 4.
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Fig: 4-7 Size of tHousehold (unit : 1000 vehicles )

I > -

1 = |
‘ ] 18-4 ‘

77T T 77 77777777772, %8+
59 | S

R
10 and .
above 26,0

2
oar motoroycle
dt=4 The characteristic by working place .

The difference in the situation of ownership by working

place is as follows:-

Table: 4=~6 Situation of ownership by working place

Number Number of ‘ Unit of yehicle ownership
1 of motorcycles (B) Employment (C)
large zone | cars (A) ‘ AlC B/C A+B/C
] 20.7 38.4 83.4 0.247 | 0.458 | 0.705
2 D.5 1.7 3.5 0.143 0.486 { 0.629
3 7.2 11.2 30.4 0.237 0.368 0.605
by 1.6 5.0 11.0 0.145 0.455 0.600
Penang
Island 30,0 56.3 128.6 0.233 D.438B 0.67)
5 7.7 16.0 44.7 0.172 0.358 0.530
6 1.8 6.7 21.9 0.082 0.306 0.388
7 4.9 12.3 23.8 0.206 0.517 0.723
8 0.2 1.2 5.5 0.036 0.218 0.254
Province .
Wellesley 14,6 36.1 95.8 0.152 0.377 0.529
Study ' .
ares b4.6 92.4 - 224.4 0.199 0.412 0.611
Note: The actual size of employment in the study area
in 1979 is 237,290. However, in this table the
figure is for those living and working in the
study area. '
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Fig 4-8 Ownership of vehicles by zone of working place (unit : 1000 Vehicles)

oo LIIHILTTZITTITITIIZR 201
|.38.4
200 ] 0.5
] 1.7
70 12
300
7 1.2
400 A 1.6
| 5.0
500 2000 1.7
| 16.0 -
A 1.8
600 ,
o PP
] 12.3
1. 0.2
800 ' 77
| ] 1.2 | //
ocar _ motoroycle
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Fige 4-9 Unit of vehicle ownership by zone of working place

legend: numnber of car/employed population

number of m/c/employed population

number of {car + m/c)/employed populatio
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4-1-5

Type of establishment and size of employment

The ratio of cars to motor-cycles is almost | to | at

government and finance/banking establishments.

Government

Manufacturing
Company

Commerca/
Trade

Finance/
Banking

Construo@ion

Other private
company

Others

VLI 7774 108

Fig: 4-10 Ownership of vehicle Ly various types of establishment (unit 1.1000 Vehiclaafi

j 14.0

VLTI 42

] 10.9

] 16.9

Vi 1.6
1.4

V4 1.6

7 7.3

L7070 10.9

7 23.6

V77223 54

| 18.4

7=

gar
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Fi_g: 4-11 Vehicles owvned by various esizes of employment (unit : 1000 vehiole)

I 13

7 32.7

o W §-9

10 - 19

777 -4

20 - 49
| 11.4

4.4

7/ 4 8.8
100 and
over | 19.4
.
Car “Motorcyule
4=126 Period of ownership and frequency of usage of vehicles.

The majority of cars vehicles and motor-cycles are those
owned for only 1-2 years, contributing to 497 and 46Z of the
totals respectively. This shows that the rate of possesion

of cars is slightly more rapid than motor-cycle.

Fig: ,'4_-1 2 Peried of dwnsuhip (unit : 1000 vehicles)

1- 2 yous A R
- ears - o
3= 4 yours 3.0
‘ L ] 28.3
5 and above Y/ RER: *
|26.9 %
oar motoroyocle
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The percentage of car and motor-ecycle owners who use the
car and motor~cycle daily is 75% and 807 respectively. Only
2.4% and 1.6% of car and motor-cycle owners respectively use

the vehicles for 2 days or less per week.

Fig’=;4—1‘3 Fraquency of usage per week (unit s 1000 vehicles)

b
T - 2 days

) 1.7

3 - 4dm'w3'9

, _ 7 1 84.6

%,

oar motorcyole
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42 Analysis of trip production

The toial number of trips in this study area is divided into

the following 3 groups.

internal trigp

& » L
< - X

external trip

L4

through trih

<—

o~

In this section, the analysis are carried out separately

according to above-mentioned trip type.

-



=2 Internal irip
(1) The unit trip productien
From the O-D table, we can obtain the unit trip production
of each vehicle in the internal area.
Tuble! 4-7 The unit triv production
NUMBER OF ]
VEHICLE AND VEHICLES AND NUMBER OF | THE UNIT TRIP
TRIP PURPOSE MOTORCYCL®S IN | INTERNAL PRODUCTION
INTERNAL ARTA TRIPS" (TRIP PER DAY)
poing to work - ' 66378 (1.12)
business irip - 33428 (0.56)
CAR

private trip - 53060 (0.90)
going home - Bi1m (1.40)}
59250 236038 (3.98)
lorry 9415 28181 (3.01)

taxi 350 2723 (8.07) i
bus 923 | 18957 (20.0)

VEHICLE - 69938 286133 (4.09) !
goins home - 113412 (1.08)
business trip - 40907 (0.39)
E“Qﬁ- private trip - 83710 (0.84)
o going home - 155286 (1.48)
105132 379286 (3.78)
grand total 175070 683419 (3.90)




Average number of trips per day in the internal area are as follows :-

car

lorry

tani

bus

m/cycle _ E 3.78

These figures include "vehicles of no trips".

The parcentage of "vehicles of no trips" is as follows :-

Fig: 4-15 The percentape of "vehicles of no trips"

car

lorry

taxi

bus

m/cyele

~71-



car

lorry

taxi

bus

m/cycle

Therefore the actual average number of trips per day of one vehicle is

as follows :-

Pig: 4-16 The wotuzl

gverage nunber of trivs (net)

~72—-
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These unit trip preduction by type of wvehicle can be clessified

by characteristic of user.

Therefore, using the category of -form

of ownerehip, sex, age and occupation, the unit trip production

by characteristic of user are shown next itable.

Teble 4~2 Unit triv production by characteristic of user
. CAR MOTORCYCLE
Form Individual 3.92 3.74
of . Company and T ,
ownership Government 4333 4.83
Average 3.98 3.78
Male 3.9 3.78
Sex Female 3.79 3.29
Average 3.92 3.74
SC and above 3.71 3.80
40 ~ 49 4.03 3.65
30 - 39 3.92 3.75
bee 20 - 29 3.90 3.75
Below 19 " 4.28 . 3.75
- AveruTe 3.592 3.74
wmmerae o | s
rrotnssont b | e
Clerical -3.80 3.98
Sales work "3.96 3.91
Service work 3.85 3.74
Qeccupation .
recsory, songimetion | 360 | .0
Agriculture 3.45 3.67
Student 3.90 3.41
Housewife 4.10 3.54
Unemp loyed 3.66 3.33
- Average 3.92 3.74




it seems that there are no particular difference by
characteristic of owner. A4ll of the unit irip produnction by
characteristic are included within 4.3 — 3.6 for car and

4.0 - 3.2 for motorecycls.

¥ext figure ghows the distribution of number of trips. From
thie figure, we can find that the cars made only 2 trips per day.
are 25.8% and the motorcycles are also 29.%..

The most number of cars made 4 irips per day at 26.7% and
the most number of motorcycles made 4 trips per day at 32.2%.
- The percentage of number of cars which made 4 trips and more
trips per day is 65.4% and the percentage of number of motor—
cycles which made 4 trips and more tripe per day is 72.4%.
Therefore, more than half of cars and moiorcycles are usually

made 4 and more trips per day.
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4-2-2 External trip and through trip. e i

Regarding external trip and through ftrip, the following

data were obtained.

Figure, 4-18 ° Traffic flow of external irip.

vehicles
(unit: 1000 vehicles)
14.6
1.7,
5:4
29
9.2
motor-cycles




Zowever, ithecs Zuic conly concerned wiih the preosent siiusiil
Fer ihe jurposs of anclysi.n - lerno~distuence 1ri s, dais which

covar g ilcr nrez .re2 recuired.

The Fedzrel lwule 1 wnd the oost-est High way study are
reviewisd, after that, the method to be choosen for the the esti-
mation of lon;~disiuace trizc will be considered.

(1) Feuribility study betucen Llor Stur zad Changkst Jering.

This stuwdy arce covers purts of Ladzh, Penang and PeraX.

-

Fo = COLIITIONS.

Forzciatls of future grouih of she fellowing elcmenis were

prepared o8 prenices in esiimatils Tuiture 1. el dewcad.

ii) Zuployment

iii) liwaber of vehicles

i) Powvulutiun

Ao aveeosge motural anoiwl growin-rate of 2.7, is el for
the poepulation »rojesction of the siudy azrea. However, duc 1o
ihe ehigretion ef pecple frow the stuly wren, ithe grouth rate

nes bzen adjusted to 2.4,., for the 21 your psried from 1970 to

averapge annltal
Fopulation growth rate (percent)

1970 1631.7 2.8

[o] (] - --- - === ==
1981 2207.4 5.0

1991 2694.5

2001 3254.8




ii) Employment

Duc to the growth of the industirizl (ie. mining and
mznufacturing), agriculiral, construction, utilities, commer—
cial, tramsport and services seclors, the Study Areas's
employment is estim_ted to increase from 568,100 in 1978 to
approximately 978,100 in 2001,

Table: 4~10 Employment (unit: 1000 persons)

employment
1978 . 568.1
1981 642.9
1991 848.0
2001 978.1

iii) Kuaber of vehicles

Vohicle cunership is expecied to grow al o fastar rate
than population growth and the margin beiwee. 2ll the states

will diminish over the year 1980 - 2000.

6=



Table: 4-11 umber of Vehicles (uait: 1000 vechicles)

1578 1981 1991 2001
car (i) 33.0 50.0 | 102.0 152.0

other
Kedah vehicle 10.4 12.4 | 21.1 30.1

and Perlis

m/c (B) 109.1 127.0 | 198.8 225.0
car (A) 63.8 74.0 | 120.0 169.0

p other
enang vehicle 12.9 16,2 | 2640 36.4
m/c (B) 123.0 133.8 | 184.0 216.7
car (4) 76.3 97.7 | 168.0 240.0

other
Perak vehicle 18.4 22.1 | 36.7 51.3
m/c (B) 183.0 221.0 | 311.0 352.9

Methods of estimation

The computer modelling technigue with some refinement is

used for traffic forecast in this study.

The models used are:-
i) Highway fetwork kodel.
ii) Highway Trip Kodel.

The inputs of these models are data on travel pattern,
travel time and roadway characteristic. These datas were

obtained from surveys.

Hi;hway Network lMNodels.

Computer simulation of the roadway neiwork in the study area
was developed for each study alternative tested. This network
model include geographic distance between locations, average
free-travel speeds and capacity data.

The current highway network (base—year Ixisting Network)

was simulated as the first step in the modelling process.






Generated traffic was estimated by using o fumily of curves
which related the magnitude of truffic induced to the proportion

of travel time saved on a given trip.

The net effect of generated and degenerated traffic’ on'the road

system of the Study irea is an additional of 11984 trips in
2001 on the improved pection of Route 1.

Troffic agsignment.

Estimated use of the proposed improvement under study and
the entire roadway cystem of the Study Area was derived from
compuler processing of appropriate combinations of network atd

trip tables.

Traffic was ussigned to roadway links of the highway network

model using the cupacity restraint technigue.

Results of traffic estimation

The existing unimproved route I has 61,500 trips as
shown in the base year (1978) trip tezble. Regarding the
1981 irip forecast, ihe tables show the unimbroved Faderzal
Route I having 80800 trips while the network with Federal
Route I improved hag 21,100 trips. The growth rate over the
4 yezr period are 31.4 % and 31.9 % respectively. By 2001,
traffic volume, are forecasted to increase by 129.6: even if
Federal Route I remained wiimproved, and by 143.5 % if Federal
Route I (Butterworth — Alor Star/Jiira section) is improved.

SUMMHARY Qi TRIF TABLE

TOTAL VEHICLE TRIPS

CaR COWDITION Improved Unimproved
F.R. 1 7 F.R. 1

1978 Current (Base-year) N/a 61,500 (1.00)

1981 Forecast Opening Year 81,100 (1.32) 80,800 (1.31)

2001 Forecast Horizon Year 197,500 (3.21) " 185,500 (3.02)

Per Cent - ‘

Growth 1978 ~ 1981 31.9 31.4

N/A denotes Not 4pplicable.
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2) TPFeasibility Study of the supporting road systems for the
east-west highway.

This study area which covers a total of 12173 sguare miles,
is made up of the following States; Kelantan, Kedah, Perak and
Penang (excluding Penang Island). However, in this section,
only the following areas as shown in Figure 4-19 will be

described.

Figure 4-19 The Study Areas.

Kuala Mudah

18

Penang
Island

Sungei Selama
Lunas
Keladi
Sungei Ular
Karangan
Terap

Jun jun
-Kui%nlg
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Pre-conditions

The following premises inputs are used o pro ject the
future traffic demand,

i) population
ii) employment
iii) income

Population
The projected zonal population for the years: 1978, 1985
and 2000 for zones 18, 25, 26, 31, 32, 33 are as follows:~

- Tabla 3-12 :Population Projection (unit: 1000 persoi)

ZoN > Y ER 1978 1985 2000
18 203.6 241.9 323.5
25 $207.4 247.4 333.2
26 40.1 46.0 58,6
31 151,1 180.2 242.7
32 81.8 97.7 131.7
33 108.0 132.0 183.5
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ii) Employment L -
The. following table shows the projected employment by zone
for 1978 and 2000, which are classified into primary, secondary
and tertiary employment.

Tuble: 4~13 Zmployment Fro jesction
{unit: 1000 persons)

ZONE | Primary Secoﬁal?r? 3Tertiary; Totall | Primary Seconda.ggoTertiary' Total
18 | 32.2 61 20,7 59.0 35.1 9.4 32.3 76.8
25 1843 1345 26.7 58.5 15.6 19.5 42.9 TT+9
26 Te1 -~ - Ta1 T2 - - 7.2
E3 10.4 8.7 17.6 36.7 9.8 12.2 | 26.8 48.8
32 9.9 3.1 T2 20.2 10.2 5.4 11.3 26.9
33§ 19.7- 3.8 14.1 37.6 22.1 6.8 23.2 5240
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(iii) Income
The projected averuge houschold incoas: per month for the

year 1978, 1985 and 2000 is tabulated in the bulowi—
Tuble: Income Projection

(unit: 1000 dollurs)

Table A4-14 average How:shold Income Fer MHonth.

gopE LR | qoqg 1985 2000
18 0.3 0.5 1.0
25 0.3 0.5 1.0
26 0.2 0.4 0.8
31 0.3 0.5 1.0
32 0.3 0.5 1.0
33 0.2 0.4 0.8

i.ethods of :mtinution

“r.vel Yorecasting Frocedure

Teochnique uscd are as follous i~

—

ntra-szoa.l trips Inter-zonal trips

Travsl by wotor—ycles | Lxponential decay | Trip gencration
curs and buses and revity wodel |and gravity model
Commercial goods Percentu,a Ilow pattuorns
vehicles (include From development
trucks, vans) plans

Intra-zonal trips refer to trirs made between towns aad
a_ricultural hinterland.

Inter~zona. trips include ork and recreational trips.

Persoa Trip Demaid Modols

This section deals with the estimation of traffic volumes
generated by the

I) Passenger vehicle Travel Forecust

II) Commercicl vehicl: Truvel Forecast

~85~
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rates whioh are relsted to income levels and vehiole ownarship
for each of the zones in the study area. (refer to Table 4.3.2:)

d} Tpip attraction model

This model relstes the attractiveneas of the lbnea to its
population and employment Oppo:"tunity.

i1) Trip distribution model

It predicts the origins and destinations of general trips.

A standard gravity model is uged. Thofydgel has the mathematical
formi- o '

Vij = C.Pi. Aj. FTij. Kij ’

where Vij = volume of trips originating¥in zone i and attraoted
to zone J. :
Pi = irips produced at gone i

Aj = trips attraoted to zone J’

Tij = travel time batween’iwaﬂd h]

F a friction factor which ig a funciion of time

Kij = adjustment factor for mpeaial’ conditions such as
pocio-economic differences; largs “paroeived" burriers: . -
to travel (such as the Psnang Island ftrry)'cth 175 

y ‘
M) F T4 K83y

¢ = normaligation constant

naj

iii) Trip Aspigmment Model
The “all or nothing" model was usod for the iraffie a-qignmuqt,“h
iv) Modal Split |

The modal split procedurs was based on the projected vehiole:
ownarship rates, household categories, population density and urbzn

structures.

B) Estimation of Intra Zunal Perason Travel demand

Eotimation is bascd on 4 )
i)} a gravity model estimate of the total number of intrn--itl
zonal person trips for each gzono and bench-mark yci§57'f )

ii) an allocation of intra-gonal trips to individuwl links i‘

alp ¥



and an exponential decay function to obtain estimate of average link
volumes.

Conversion of Person Trips to Passenger Vehicle Trips

The modal split which is based on the projected vehicle
ownership rates, household categories, population density and urban
structure was used to convert person trips to passenger vehicle

trips.

II. Commercial Vehicle Travel Estimation

The estimation methods here are based on development plans
and projections of freight inflow in to the siudy areu.

The procedures involve the followingi-~

-~ Determination of freight flow resulting from export of
forest and farm-based products.

- determine the routes to the destinations.

-~ freight flow was allocated between light vans and trucks
baged on traffic data in the study area.

= fraight inflow to districts was projected in 2 different
ways. They are determined on the basis of
1) +the proportion of flow of rural produce originuting

in each district and

2) the urban/rural population distribution

- constant vehicles mixing was assumed throughout the
study period.

- freight flow was converted to commercial vehicle irips on
the basisg of

i) commodity tonnage
ii} average loaling of ditferent comwercial vohicle iypes
iii) those goods which heve been determined on the basis of
proportion of flow of rural produce originating in

each lisirict.

The data obtained from HPPTU were uscd as data base for the
forecasting procedures outlined above. In this way, agricultural

commodities.and miscellaneous freight were estimated.
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i TABLE 7-15 PROJECTED TRAFFIC VOLUMES ON SEGMENT W9

Year g;:;’:— ‘Car Van Lorry Bua Total
N §u§ Case

1978 RRTYEE: 5,460 200 600 354 9, 750
1985 3,427 5,971 290 870 392 10, 950
1990 4,403 7,674 340 1,030 503 13,950
1995 5,303 9,242 360 1,090 “605 16, 600
2000 6,258 10,907 390 1,180 715 19,450
Altcrnnti ve | 1
1978 1215 2,135 80 240 130 3;860
1985 11, 345 2,360 110 340 145 4,300
1990 1,723 3,013 140 440 184 5,500
1995 1,978 3,433 140 440 210 6,200
2000 2,218 3,855 160 80 237 6,950
Alternati ve 2
1978 - 2,804 4,880 120 370 320 4,500
1985 '3.077 5, 361 180 510 352 9,500
1990 3,959 6,899 200 590 152 12,100
1995 . 4,823 ' 8,406 200 650 551 14, 650

' 200 '5, 065 §826 230 700‘ 579 15,400
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4=2-3

Traffic volume and number of vehicles.

We have no past-trend data concerning to the unit trip

production.

Instead of that, the data of traffic volume and

number of vehicles can be obtained, therefore the relation

between the both of them will be mentioned in this chapter.

A,

Number

of vehicles.

The past-trend data about the number of vehicles are

shown as follows:

Table 4~16 The Trend Of The Number Of Vehicles

. Average annual percent growth
1 1965 { 1970 | 1975 1979

1965 ~ 1970| 1970 - 1975 [1975 - 1979

Cars 20975| 28326 | 45578| 65352 6.2 10,0 9.4

Taxis 214 294 386 474 5.5 5.6 5.3

Lorries & | 32110 5469 | 8475| - 11404 1.2 9.2 7.7

Buses 400 512 786 1073 5.1 8.9 8.1

Subtotal | 24800} 34601 | 55225| 78303 6.9 9.8 9.1
‘Motorcycles| 27126| 47432 | 89311 124984 11.8 13.5 8.8

Total 51926! 82033 |144536| 203287 9.6 12,0 8.9

Population (6976531?76124 864771| (947530) 2.2 2.2 2.3

Note 1)} excludes other vehicles

2)
3)

tractors, road rollers, etc.)
: R.I.M, V.

(e.g.
Source of registration no.
Source of population @

"population projections for the
states of Peninsular Malaysia
1970 ~ 1980" Department of

Statistics.




census by J.K.R.

®)

Traffic Volume,

In Penang state,

there are 5 stations for traffic

These data are shown as follows:

Table 4=17 The Trend 0f Traffic Volume

YEAR

STN 1970 1971 1972 1973 1974 1975 76 1477 1978 1979

50,
00F6 2140 2114 2842 3409 4462 4304 4492 - 4994 5430 !
00F7 8811 9448 10635 14261 18080 18242 21290 - RERVIE. 3234,
0B13 224 290 341 344 414 447 376 - 147 818
0B14 1073 1112 1306 1436 1784 1764 1969 - 2739 3009
OBI5 3552 4116 4429 5262 6602 7442 8797 - 10084 10002
0086 2241} 2277 3164 3535 4132 4755 5026 - 7039 8254
0006 5726 6508 7026 7346 8948 10387 10069 - 11225 11097
0007 14712 13608 14882 11787 15423 18324 18517 - 20001 31675
0008 9209 9725 )0127 12276 13920 12711 13876 - 16622 17091
0009 5967 6926 7230 8140 10176 10239 11550 - 14534 23350
0010 7085 7920 8027 8824 9954 9296 10880 - 12435 14054
DDbA 999] 10462 13453 12547 11795 12229 11247 - 14238 15257
00B1 800 960 1028 1088 1464 1541 2045 - 2077 REDR
00B3 547} 850 1254 1624 743 1237 879 - 1270 1179
00B4 2048 2824 2857 3170 2569 2762 4105 - 4061 5967
00B6 457 457 467 779 1088 1001 675 - 860 1026
00B7 1203 1134 1177 1116 1567 1521 1528 - 2166 2594
00R8 1627 2121 2387 2036 2798 2703 3943 - 3716 4970
QOBY 2783 3093 2956 3255 3319 3510 3908 - 4967 46073
0087 1205 1199 972 1365 1914 1979 1826 - 2699 2785
0088 8567 9819 7583 8939 9628 10541 11913 - 11649 17208
0089 4008: 44BO 6162 6594 7429 B666 9105 - 14487 15099
0BIO 481° 519 1104 493 534 460 548 - 627 818
0B11 826. 877 867 1129 1310 1308 1542 - 25873 2122
0B12 970! 1091 970 1001 1285 1254 1245 - 3719 2018
Total 82,800 103,930 113,246 121,756 141,338

(96,343)

148,623 to6l,451

199,438 236,266

g1

)

estimation




The volume of ferry traffic are as follows:

Table 4:&8 Ferry Traffic In One Way Trips

(1000 persons and vehicles)

Pasgenger Bicycle Motorcycle Car Truck
1965 | 10173.5 760.7 634.4 885.9 179.1
1966 | 10185.2 931,5 725.2 981.9 189.6
1967 | 10415.7 1047.8 905.7 997.0 203.0
1968 | 12622 1108 1228 1024 234
1969 | 12724 1048 1312 1006 246,
1970 | 13596 1146 1464 1138 260
1971 | 14288 1156 1596 1236 268
1972 | 15748 1162 1894 1462 298
1973 | 16744 ! 1216 2204 1632 342
1974 | 17954 1208 2596 1678 364
1975 | 18150 1186 2726 1970 376
1936 | 18386 | 1158 3420 2552 442
1977 | 19644 % 1084 3858 2900 486

i

1978 | 20484 ! - 4452 3210 564




Using these'data, the relationship with the number

" of vehicles and the traffic volume are calculated as follows:

Table.4=19 Average Annual Percent Growth

Average annual percent growth
1965 - 1970 1970 - 1975 1975 - 1979
Vehicle | 6.9 9.8 9.1
Number :
of
Vehicles Motorcycle 11.8 13.5 8.8
Total 9.6 .12,0 8.9
Traffic volume -
- . 12.3
by J.K.R. 9.1
. (total)
. % [Vehicle 5.6 10.9 (17.2)
F N _
e A | .
‘T, Motorcycle 18,2 13.2 {(17.8)
T )
Yy :
Total 11.0 12.1 (17.5)




Tobla (=02 Index Number

. . Index Number
1965 1970 1975 | 1979
Vehicle 171.7 100 160) 226
Number ——— S - -
of Motoreyele | 57.2 100 1HB 264
Velicles |- - —
L Total -} 63,7 100} ol - 248 -
Traffiv volume L o 4 745
by J KR '
. Vehicle | 76.2 oo 1es | (270)
: t
v Motareyehe | a3 |- suo 1R6 | 304y
’ Total 5.4 wo o Lorr [ oesnye
S — -

Firt 4-20 Phe trend of (e index n.mbur

nuwmbier of vehiclos qaul noloreyaloy
- - - e {raffic Vo Lmn by J.RWH. o - moetorcycln
300 shm by J s . |
e — Tfarry tralTic
' 7 (vehiclus and motareyclus) ' yepicle
actorcycle
vehicle
200 ¢
1w 4
Tsh RO 1974 17



These figures show: that the traffic volume are roughly
followln& the number of vehlcles excepting that the ferry
trnff1c in 1975 - I978 are increasing more than the increase

L]

o{ number of_veh:cies.

It can be said that the traffic volume up to this time
increase in. proportion to the number of vehicles or slightly
exceed the increase of those. Therefore, it is estimated

(Lhat the unit trip production is constant by year or may be

slightly increased.

On the basis of these consideration, the unit trip
production in future will be made use for the present value which

were obtained though our traffic survey.



4=3 . tnalysis of Trip Uenaration and attractiion

4-3-1 Trip generation and attration

The total number of irips genarated from the internal area
ie 303,000 trips per day.for vehiales and 409,000 trips per day
for motorcycles. The numbar of trips ganar:;.tad in the large
zones are shown in the followiz;g figure and it is remarkable

that the trips genarated ie made up of about 62% vahicles and
‘36};» motorcyolesn.

Fig: 4~21 Number of trip generated in the larfe zones {unit: 1000 t.ri)

Pc] P.h‘ L
2. 4.0 78.2
(14.2%) (25.80)
VOHICLSS : LEGEND
- , moto lag
1717 137.5 - ‘pycles
EUTGHCYCT, 3 (06.47) (33.67) N .
—
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The following figure shows the oomparison between the composition
of trip generation and the pnpulation in the large zone.

Pigs 422 Compunuon hatween the composition of trip generation and the populativ

trip generation : trip generation
of vel.icles population of motorcycles
| T 471
' P, I, 551 P 1.
gone 1 | 6184 | Tl 64,9 % 66.4 4
4.2 % ‘
3-7 ":.
10.2 - 1
. B
l_ . 5.6 %
zone 2 | 2.9 & | 3 _ ]
/ I, 33 %
song ) 6.2 % 4 T I
/
S N W 4 .
e ) A ’ 5.4
_‘“r — .-.3-...3_._.,_..-,_,,/ e 13.6 %
V P:Ha . ‘ pl‘l‘ll
Po'h]. )
”» [ o . -
zone § 13.1 4 4 y o
teg % ot 13,6 %
1- POV B S R
il BT :
\ - _ . 14.3 £
.....,.f......_-._ ..... 943
zone 7 To % T .
N T i 3ot o
- Zone B Oy T A .

The coaposition of trip generation of motoroyocles is almost
the pame as the population. This means that the trip generation
of motoroycle is almost proporiional to the population, whereas

" the trip generation of vehioles is not proportional to the
population. The reason for this is thet the trip generation of
vehiclem is related to the degres of urbanigation in the area.
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The clasmification of sones

Each troffic zons has various charsoteristics. For instanoce,
the commercial, the residential, the indusirial and the business
area come undor.ono_olahsifidntion; that of land-use. High
density, medium density and low density is snother olassification
which makes use of population densify.

~ In this section, another classification was attempted by
using the results of traffic surveys, Thiu olassifioation is
called the zone olasaifica$1on by trnffio oharnotorintxcl.

(1) Nathod of olassification

Through traffio‘aurvayl. the 0-D table by vehiocle type and
trip purpose was cbtained. Tﬁo classification is done by using.
that O-D table. A lot of information which are related to the
charaoteristics of the zones can be obtained froa the 0-D table,
as for exampiel, the volume of trip generated and trip attracted
and the oomposition of trip purpose whioh is the result of
generated and atiracted will be an indicator of the intensity of
trip generation and attraction.

The urbanized zone has many 'g.ttra.otivo' facilities and
they constitute the Attraotiva forces of that sone. The more
attractive the one grow, the groaxer the number or trips
attracted there. Therefors, the density of trip attraction is
chosen as one of the indicators for qlalpifying the sones.

Besides this; trip purpose is also useful for the olassifying
procedure. If the zone is a residential area, liny tripe with
the trip purpose of 'going to the work place’ will be generated
from ihis zone and if the sone is & business area, many iripa
with the trip purpose of 'going to the work plane' or ‘business
engagement' will be attraoted into this szone. Therefors, the
ratio of trip gtnera#ion to trip attraotion’ having the trip

' purposa of 'going to the uork place! is used for the olnalifiolv :

tion of the zones.

The classification is done according to the following flow
chart. :
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Figure 4-27  Flow chart of zone classification.
_trip gensration and
trip. attraction by -zana -
I o |
the density the ratio batween
of trip attraction |- - ‘ trip generation and

trip attraotion with the
trip purpose of
Ygoing to.the.work place!

L

classification

of sones

(2) The procedurs of olassificatiop

Following the abomentioned method, the graph is ploited
to clasmify the 5T sones in the study.

The Y~axis of the graph represents the density of trip
atirsction by area size. The density of trip attraction is usaed
here for zone classifjiocation because it shows us how- 'attrative!
that pariicular =one is.

The X-axis of the graph representis ratio of trip attraction.
10 trip goneration with the _trip purpose of 'going to work!'. '
If this ratio is high, it implies that a particular zone is a
business area since asny trips with the trip Moae of 'going
to work! will be nttrqotod_to that zone. The point where the
ratio of irip attraction and generation is equal $o0 I is chosen
a8 the line of demarcation. Thus, those zones which lie to the
right of the line whaere x = 1 is olassified as business areas -
swhile those that lis on the left is classified as residential
Ar'ess . ‘ :

This oclassification can be saen in the following graph and
the resulis of this olassification is shown in Fig. 4 - 28
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The results show that this classifiocation is appropriate.
From thié. it oan be conoluded that the volums of trip generated

and trip attraoted by the zones which have been obtained through
traffic surveys is accurate. ' ' '

4~3=3 Analysis of trip peneration and attraction

Usually, the regression method and thae basic unit method are

used for the analysis of trip generation and attraction.

In this
study both these methods will be examined.

After which, the
suitable mathod and suitable explanatory variables will be chosen.

(1) The bamic unit method

The basic unit of trib gensration is cobtained by means of
dividing the trip gensration by the population of each sone,
The resulis are shown in the folloulng figura.
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Table 4~21 Trip generation of vehigles

" . Population Cara - Veh H/e
Zone. code (197?) | Cars % Vehioles %" Motoroyoles | /K

11 55,450 47,704 0.86 55,999 1.01 74,143 1.33
121 27,980° 9,516 0.34 10,458 0.37 10.529 0.38
122 17,060 9,074 0.53 _ 9:416 0.55 54467 0.32
123 13,080 9,970 0.76 11,797 0.9 9,840 0.75
124 13,350 16,814 1.26 18,531 1.39 15,600 1.17

125 13,630 4,346 0.32 4,908 0.36 4,452  0.33

12 85,100 49,720 0.58 55,110 0.65 45,888 0.54
131 75,080 16,574 ©.22 21,459 0.29 35,455 0.47
132 32,300 12,974 0.40 17,152 0.53 19,329 0.60
133 32,630 7,282 0.22 10,354 0.32 19,138 0.59

13 139,980 36,830 ©0.26 48,966 0.35 73,922 0.53
141 11,550 3,629 0.31 4,158 0.36 3,098 0.27
142 13,820 10,582 0.77 ° 12,719 0.92 13,34t 0.97
143 35,290 9,160 0.26 10,275 0.29 17,547 0.50

14 60,660 23,371 0.39 27,152  0.4% 33,986 0.56
1 341,190 157,625 0.46 187,226 0.55 227,939 0.67
211 14,890 4,503 0.30 6,123 0.41 4,804 0.32
212 8,380 888 o.M 928 0.11 513 0.06
21 23,270 5,391 0.23 7,051 0.30 5,317 0.23
22 3,710 1,318 0.36 1,686 0.45 2,004 0.54

2 26,980 6,709 0.25 8,737 0.32 T+321 0.27

31 1,620 48  0.02 92 0.06 18 0.01
321 33,050 699  0.02 950  0.03 1,002 0.03
322 1,150 271 0.24 363 0.32 524 0.46
323 320 339 1.06 T3 17 484 1.51

32 34,520 1,309 0.04 1,686 0o 2,010 0.06
33 22,950 10,601 0.46 12,386 0.54 10,701 0.47

332 2,460 759 0.31 917 0.40 1,098 0.45
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Trip generation.of vehicleas

Population Cars Veh ' Mo
Zone code _Gm % Vohinlfl —fop. lf:_tqroyclgl /6

(1979)
333 8,300 1,636 0.20 2,731 0.33 7,244  0.87
334 2,360 637 0.27 888 0.38 1,618 0.T1
335 1,420 8 0.0 8. 0.0t 0 0
3 - 37,490 13,679 0.36 17,019 0.45 20,721 0.55
3 73,630 15,036 0.20 18,797 0.25 22,749 0.31
M 8,050 3374 0.42 5,223 0,65 7,115 0.88
412 13,760 1,486 0.1 2,528 0.18 5,068 -~ 0.37
413 .. 6,060 1,535 ° 0.25 2,137  0.35 1,448 0.24
4 .. 27,870 6,395 0.23 9,888 0.35 - 13,6T 0.49
sub-total 469,700 . 185,705 0.40 223,588 0.48 271,680 0.58
511 - 29,740 17,587 0.59 22,543 0.76 28,807 0.97
512 15,570 3,980 0.26 4,596 0.30 6,089 0.39
513 15,022 1,427 0.09 2,037 0.14 3,059 0.20
514 14,100 4,118 0,29 5,277 0.37 8,345 0.59
51 14,432 27,112  0.36 34,453 0.4 46,300 0.62
521 8,510 2,174 0.26 2,794 0.33 3,954 0.46
522 10,780 211 0.02 498 0.05 1,086 0.10
523 4,260 193 0.05 308  0.07 1,330 0.31
524 3+300 372 0.11 507  0.15 938 0.28
525 10,030 1,121 0.11 1,293  0.13 2,241 0.22
52 36,880 4,077 0.1 5,400 0.15 . 9,549 0.26
5 111,312 31,183 0.28 39,853 0.36 55+849 0.50
611 21,700 3,216 0.15 4,172  0.19 3,853 0.18
612 11,770 2,418 0.21 3,689 0,31 5,607 0.48
61 33,470  5,634. 0.17 7,861 0.23 9,460 0.28
621 4,150 8 0 8 0 156 0.04
622 5:760 2,585 0.45 3,459 0.60 . 5,998 1.04
623 5,950 426 0.07 624 0.10 990 0.17
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Trip gensration of vehiocles

j_zan.aqoa. P°f§;$;§°“ Car ’ffgggf Vehioles ffg;;: Motoroysle _fZ;;;j
62 . 15,860 3,019  0.19 4,091 0.26 7,144 2.22
-6 49,330 8,653 0.18 114952 0.24 16,604 0.34
711 2,500 177 0.07 193 0,07 493 0.20
T12 2,070 316  0.15 341 0.6 1,377 0.67
713 7,970 646  0.08 850 0,11 3,526 0.44
T 12,540 1,139 0,09 1,424 0.1 5,396 0.43
721 4,100 545 0.13 634 0.15 1,813 0.44
722 2,420 168 0.07 200 0.08 708 0.29
123 4,020 602  0.15 760 0.19 2,064  0.5%
72 10,540 1,315  0.12 1,594 0.15 4,585  0.44
13t 6,170 1,524  0.25 1,911 0.31 4,873 0.79
- 732 17,060 8,119  0.48 9,895 0.59 24,246  1.42
733 4,200 2,932 0.70 3,282 0.78 5,696 1.36
734 5850 2,903 0.50 3,461  0.59 7,152 1.22
13 33,280 15,478 0.47 18,849 0.56 41,967 1.26
741 3,430 636 0.19 853 0.25 34631 1.06
742 7,420 884 0.12 1,311  0.18 2,791 0.38
74 10,850 1,520 0,14 2,164 0.20 6.422 0.59
(. 67,210 19,452  o0.02 23,831 0.35 58,370 0.87
811 9,650 652 0.07 1,017 0.1 2,328  0.24
812 10,710 553  0.05 T74 0.07 1,745 0.16
81 20, 360 1,205 0.06 1,791 0,09 4,073 0.20
- 821 2,870 58 0,02 71 0.03 619 0.22
822 3,080 527 0,17 744 0.24 1,975  0.64
82 "5,950 585  0.10 T .821 0.4 124597 0.4%
8 £26,310 <1,790  0.0% 2,612 0.10 6,667~  0.25
sub-total 254,162 61,078  0.24 78,248  0.31 137,490 0.54
Totall 723,862 246,843  0.34 302,896 0.42 409,170 0.57
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The basio unit of trip gensraiion by zone is not oonstant,
tat it exhibits a certain trend, that ls, the zones in the urban
-areas have & high besic urdt whilo the zones in the rural areas
have & low basic unit although thers arve some exceptions to this
"trend. These results show:ihat the tripnéeneraiion of'drphfticular
sone is dependent upon the charuaster of that zons, and the <.
- oharaoter of that zone vannot be explained by only one factor.
Therefore, it is advioable to uce somo explanatory faotors in
order to complete the treffio model for trip generation.

(2) The regression method

In the regression mothod, tho least square method is used to
obtain the'regraaaion equation. The regression equation oonsists
of the explained veriable and the explanatory variables, In this

., oase, it is natural that the evplained variable is the trip
generation by sone while the erplonatory variables make use of
the following faotor, i.e. the sre’ by lend-use, the floor Bige
by purposg.df buildings, the popuiation and the amployed popula~
tien by industry sto.

For the purpope of drawing up tha “raffic model of trip
goneration, only Boru fasturs nead bs oiwaen.  However, the
following criteria must bo otnerv.d:-

(1) The explanaiory variables for the present and also for

... the estimated target year musi be obtained. _

(2) It has come causal relationship. The explanatery * .~ s
'vnriabloa must not bo chosen wualy from the degree of

oc—afficient ol correlation.

_ Taking inio consideration the above matter, aome indices of
population are ochoosen as the axplanatory variables in this
Btudy as shown in the following -tdble:-
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Pable 4-22 The explanatory variables

Trip generation Trip attraction
feosgont Jomorovos| Rovitont ooy
Trip to work |. Q 0
‘ Business trip 0 0
Car
Private trip o 0 0
Trip home 0 0
Lorry o 0
Taxi 0 0 o 0
Bus 0 0 ¢ 0
Motoroycle o 0 0] o

The traffic model of trip generation and trip attraction which

is drawn up by the least square method is as follows:-
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Tibhle A4-3 Trip model of irip generation and trip attiraction

" Trip generation ' Trip attraction
Trib to work y = 0.0916 xp + 0.844 y' = 0.405 X~ 404
(R = 0.774) (R = 0.8384)
Business trip y = 0,172 Xo = Bo.7 y = 0.172 Xp = 80.7
(R = 0.894) (R = 0.894)
Car
Private trip y = 0.0560 xp + 0.0829 Xp y = 0.250 Xp = 38.2
- 101
(R = 828) {R = 0.811)
Trip home y = 0.440 Xp - 247 y= 0101 xp + 177
(R = 0.864) (R = 0.711)
Lorry ¥y = 0.116 Xg + 92.4
(R = 0.851)
Taxi Yy = 0.009941 xp + 0.0186 Xp _ 1p.2
(R = 0.770)
Bus y = 0.0242 xp + 0.00728 Xp ™ 44.5
(R = 0.736) '
Motorcycle Y= 0.340 xp +-1.01 X = 1514.5
' (R = 0.945)

¥ = trip generation or trip attraction by zone
xp = population by zone
Xp = employed population by zone

R = co—efficient of correlation
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(3) Conelusion

For the mode!l of treip cenerdbion and allraction, Lwo methods
were examined, The co—!'ficient of correlution of bolh maethuls
shiow that the rosresazion methol 3 nore suilable than Lle unsie
unit method {ur expld:nxnr the situction of trap generation and
qttr4ctlon.; Thcrelore, the repression method was vhosen for th
generatidn/attructiun wodels liowever, the ques thn is whether
these molels can explain the trip generation and attraction of

o _each zone as each have their unique charucteridtics. Thnrnlor
o ;the%e‘modul are to be used for the cdlculutlon of - 1ncrnau1nr

trip gcnuratlon/attractlon from the year 1979 to 19J5 or ?OJO.
This is us follows T : '

—— example : . . — . e e e ey
- |
Zone population " 1000 persons [::j:> 2000 persons

: * The volume of "'}'“'“'Q | -
o Ctrip generation for ' . ' X7 iy . 0.0916 x

S going work! _ [::j:> OIS (2000'|000)

: B : . :

Lo _ Qe . 4:0- 844

. ) . N '—‘_‘—7 -—— -— -— -—— .~ e %\K‘ T. V ' o ‘

i [ 400 trips ~ 1N 400 erips

! ‘ ;

1 : B H

1979 SR 1985 ' '

O

EY “Blnﬂ thls nuthod preseut zonal churacteristics wiil be

condilulcd. o . : : o
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Trip Generation (1979)

CAR
- SUB=- { MOTOR GRLED
ZONE CODE | COING | ON GOING | .SUB= | LORRY | TAXI | PIB
0 BUBINESS | pRavATE | wov | ‘rorar TOTAL | GYCLE | TOYML
RORX

1!(111) T683 8660 8314 23047 47704 5233 | 115 1509 55999 T4143 130142
121 2163 | 4% 2M6 3357 9516 613 28 301 | 10458 | 10529 20587
A22 1016 493 2474 3091 9074 18 24 240 9416 S467 14883
123 2567 953 2209 424 9970 611 62 155 | 1197 9840 21637
124 4746 | 17155 3849 6464 | 16814 422 | 162 | 1129 | 185% 15600 kPR%1)
125 1698 380 1493 75 4346 Bt 8o 401 4508 4452 9360
12 14390 | 50M 123M 17928 | 497120] t805 | 356 | 3226 | 55110 | 45688 | 100998
™ 455 | 310 40N 4877 | 16574 3149 19 | 11T | 21459 | 35455 56914
132 AS49 | 1444 3184 3795 | t2974] 1295 69 | 281t | 1152 | 19329 AL
133 2716 | 1070 1565 1931 Te82| 1913 92 1007 | 10354 | 19138 29492
13 11730 | 5659 8842 10603 | 36830| 6417 | 180 | 5535 | 48966 | 7Tig22 | 122888
144 " 1596 m 1229 503 3629 13 30 186 4158 1058 7256
142 k1 861 M7 3o 10582 313 62 | 1162 | 12119 | 13341 26060
143 3982 185 260 1162 2150 423 k1) 661 10215 17547 27822
14 9475 | 1947 6577 5372 | 23311 B49 | 123 | 2809 | 27152 | 33386 61138
1 43278 | 21293 36104 56950 | 157625] 14304 | 1812 13479 (187226 | 227939 | 415615
21t 1491 536 1151 1325 45031 1172 93 355 6123 4804 10921
212 119 15 224 470 8BS 2 8 30 928 | 51 1441
21 1610 611 1375 1195 5391] 1174 | fo1 385 7051 5317 12368
22{221) 278 191 28p 569 1318 235 99 » 1686 2004 3690
2 1888 Boz 1655 ~ | 2184 6709F 1410 | 200 418 81371 7321 16058
3M(311) i) o . a5 13 48 0 9 15 92 18 110
321 412 96 91 0 699 249 0 2 950 1002 1952
2 109 52 101 9 2 90 0 2 363 524 8ar
323 211 25 u 9 339 k- 0 2 T3 484 857
3 72 | M3 386 18 1309 n 0 6 1686 | 2010 3696
3 4341 840 2957 2483 10601 1659 3 653 12386 } 10701 23087
332 BT 232 36 ‘159 218 o o 917 1098 2075
m 553 15 220 558 1646 813 11t 262 213t ) 1244 9975
M 216 98 17 146 631 242 9 0 888 1678 2566
315 Ly 4 4] 4 8 0 (¢} 0 8 [/} 8
n 5555 | 13N 3526 20 13679 2377 | .53 915 | 17019 | 20721 37740
3 6287 | 1564 3947 3238 | 15036 | 2742, 62 956 | 18197 | 22749 41546

~116=




QOING | OX O0ING 8uB-

ZONE CODE 8B MOTCR | GRARD
gﬂ . BUSTRESS | PRIVATE | RONE TOTAL |IORRY | TAXI( B3 | pomo CYCLE | mOTAL

an %9 | 391 469 1 1605 | 334 0ot | v0 | 838 | s223| 15 12338

412 87 278 262 559 1486 ) 856 | 53 | 133 | 2928 5068 | 7596

413 443 251 210 631 1535 121 | -362 13 2137 1448 ) 3585
4 1139 920 941 2195 6395 | 1984 | 425 | 1084 | 9888 { 13671 | 23559
Bub-total 53192 | 24579 142647 | 65347 | 185705 20440 |2499 15937 |224588 | 271680 | 496268
511 99| 40to |29 | 6968 | 1761 | 3am0 | 610 | ea | ezsan | zmsor | s1aso
512 1047 944 1107 882 3980 78 60 178 4596 6089 | 10694
513 278 a 299 413 1427 491 26 93 2037 3059 5096
514 1576 550 902 1080 4118 B60 | 112 187 5211 8345 1 13622
51 6600 5891 5218 9403 21112 5169 868 1305 34453 46300 |. 80753
szt 6;6 M5 23 569 2114 528 16 T6 2794 3954 6748
522 99 42 48 22 21 235 o 52 498 1086 1584
523 B| 4 19 91 193 92 ] 23 308 1330 1638
524 124 12 83 s Y} "7 ] 18 so1 938 1445
525 Flord 96 355 263 1121 B1 1 90 1293 | 2241 ] 3534
52 1298 603 744 1433 4074 105} 17 259 5400 . 9549 | 14949
—— _

5 1891 6494 5962 10816 31183 6222 | 8BS | 1564 | 39653 | 55849 | 95702
§11 "o | sn 129 40 | 3216 | 730 [ 38 | 188 | 4t72 | 3873 | 8025
612 418 443 554 943 2418 | 1218 9 45 | 3689 | 5607 | 9296
61 1648 1020 1283 1683 5634 ‘| 1948 &7 23 7861 9460 | 17321
621 0 0 8 0 8 0 0 o 8 156 164
622 Tot 109 619 556 2585 768 2 105 3459 5998 9457
623 78 19 97 232 426 99 17 a3 624 990 1614
62 179 728 724 788 o019 867 | 19 | 188 | 4oyt T144 | 11233
5 2427 1748 2007 2471 8653 | 2815 66 | 421 11952 | 16604 | 28556
7 103 8 3 n 177 16 "o 0 193 493 686
712 128 18 126 43 16 19 0 [ am 1377 1718
713 153 2t 220 252 646 206 18 20 890 3526 4316
T 384 47 9 329 1139 241 18 26 1424 5396 6820
71 135 93 231 8s 545 a6 2 1 634 1813 2447
122 55 46 61 6 168 23 9 0 200 708 908
723 169 79 185 169 602 119 i3] 28 760 2064 2824
72 160 216 417 260 1315 228 22 29 1594 4585 6179
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CAR

ZON® CODE | GOING |ON GoIRg 808 SUB- JOTOR | ORAND
T - |mwimmss PRIVATE | HOME torat, | WORRY | TAXI | B | 'mayy | cvore | momat
WOR!
731 282 216 485 511 1524 21 9 101 1911. | 48713 6184
132 1319 f M6 | 1522 | 4to2 | 8119 [ 1374 (150 | 353 | 9995 | 24246 | 34241
133 905 449 766 812 2932 290 " 49 282 5696 878
4 808 | 363 805 921 2903 | 361 16 | 18 ME1 | TR | 10613
73 334 | 2204 3578 6352 15478 | 2302 | 186 | 684 | 18649 | 41967 | 60616
141 152 ‘85 191 207 636 | 54 1 152 853 1631 4484
742 308 94 223 259 884 | 251 5 165 |. 11t 2191 4102
14 450 180 414 466 1520 | N 16 M7 | 2184 6422 8586
7 4548 | 2649 4848 1407 19452 | 3082 | 242 | 1056 | 23831 | SB370,{ B2201
811 124 | st 166 | 281 652 | 240 | 4 | 122 | 1007 | 2328 3ms
812 122 58 159 214 553 { 138 Q 8y’ 174 1745 2519
81 246 139 325 495 1205 [ 318 4 |. 205 | 179t 4073 5864
821 14 5 9 1 58 8 o | o 13 |~ 696
822 ] 112 | 139 112 104 set |, 198" | 3 18 744 | 1575 | 2m9
a2 186§ 144 121 134 585 | 204 3 29 | s2t 2554 | 15
8 ' | aw | 28 ad6 629 | 1190 | se2 | 7 | 234 [“2612 | eser | 9219
Sub-Total [15208 11474 12263 | 20343 61018 12701 1200 | 1711 | 78248 | 137490 215738
Total 68490 |357%3 55910 | 86690 |, 2as8a3[3rar |6y [1s212 [300896 | 409170 712066
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-l ¥ i The Percentage of Trip Generation (1979)
IRDANEI - ‘ ‘ . o
o U|'oorng fow i - |'prrvars;| oormo; | suB- | v ‘Bup- | MWOTOR | CRAND
_ZOWE CODR ga: merwgs | LHONE | romap | WORRT o3 TWRL ¢ WS | romuy | croLs | TeTaL:
110111) o309 16,65 . |° 6.39 '§ ST | -36.66 4,02 ;| -0.89 | 1,47 | 4303 | 5697 | ~100
C2n s | Teed | i {160 ) 4s3a | 2.9 foun3 1.43 | 4983 | 5017 {100 |
122, L_zb.zs___ S a3 | 16,62 | 20,771 60,97 | ©0.52 | 0.16 | 1.69.1.63.27 { 36,73 1 100 ¢
23 | 1he6 | aua0 b 102t | 19,6001 46.08 | 2.82 | 0.29.15.34 | 54i52-{ 45.48 | 100
124, 1391 514 |1 10,28 (] 189411 49.26 | 1,24 | 0,47 | 3.30 {.54:29 1, 45,711 | 100
125 [ 18,94 | 4,06 | 15,95 . 8.28 | 46.43| 0.86 | 0.85 | 4.281.52.44 | 4756 |.100
120 | 14.25 | 496 [ 12.25 [ 17.757] - 43.23.1 1.79 ] 0.35 | 3.19 {.54.57] 45.43 | 100 -
N 1.85.]..5i52, 7.19 |, 8.57:]. 28.12.f 5.5 | 0,03 [3.02:;] 3770 62330 {100
AR [ 1247 | 3.96 |1 873 ] 10.407) 35.56°) 3.5 | 0.19 | 7,71 { 47,02 | 52.96 | 100 .
133 9.21 | 3.63 | 5.31 .| 6.55 | 24.69.( 6.69 .} 0431 | 243 35,1 68,89 [ 100 .
.13 . 955 4i60. [ 7.20 | 8.63.].29.971] \5.22 0.5 | 4.50 |.39.85 | 60,15 . [ 100
wl a0 ans |6 | 6sy | so0 | vise ot | 5.32 | 57,30 7| 4270 | “100
1427 1 4.957] 3i30 | 1L10.43 109271 40.6% | 1,20 | 0.24. | 6.76 | 4B.81 | 5119 | 100
483 |0t | 2482 ) 9.8 | 633 3292 152 | ouft | 2,38 |.36.93:] 63,07 | 100
14 1 15.50°| 3,98 11076 | 8717 38.23 | 139 | 0.20 | 4.60 | 44.41 | 55.59 | 100
21 | 3’| wet | toiss (23| gner | 103 | owes | .25 [ 56,04 | 4396 | 100
212, [ 8.26 ] S.20 15.54 | 32.62 | 6€1.62 | 0.14 | 0.56 | 2.08 | 64.40 | 35.60 |--100 !
21! 13.02 | 40984 | 1102 1481 ) 4359 9.9 | 0.82 | 311 | 57000 1 42099 1 ot00 ]
Cagay | sy ‘_"5.;131__' 1 '.’.‘59_4 5ua2| 35.12) 6ua0 | 2068 | 0.89 | asi6e’| a3 | 100
z 4 _1{;1'5 50 “aouat L sz a1 ] sas | taas | 2.0 | saiat’ 5059 | o0
2GUY] o] o |iane2 | 1rez| 43.64 o | 8.8 0,32 [ g3.64 | 16,36 | 100
"32%. L2 -4.:92:.-- 9.78 o] 235.81 ) 12.76 0| 0.10 4Bf67 51.33 “100
322 12,29 | 5.867 | 11.39 1.02 | “-30.55 | 10.15 . o | 0.2y | 40.92 | 59.08 100
323 24062 | 12,927 0| 110,97 | 1,05 | 39.56 1 373 ] o 2.3 43,52 56.48 | 100 !
2 . 19.81 | 4,68 [ 10.44 | 0.49 35.42 | 10.04 0 1.62 { 45.62 | 54.38 | 100
nt: 18,801 368 |12y [10.61 | as.on | a6 | oo 2.83 ] 53.65 | 26,35 | 100
32 1720 6,46 T} 1118 | LT3 | 36,58 | 9051 | O} 1 O] 47.08°) -52.82 | 100 .
3. 5a54 1734160 ) 2,21 ] 5.59 16,50 | B.45 | 0.91 | 2,63 | 27438 | 72.62 | 100
4 10061 3,820 | 4.56 | S.69 | 24,82 | .83 ] 0.35 ] O] 3467|6539 ] 100°°
335 o 50 ° s0 | 100 0 o 0} 100 o | 10
3 1%.72§ 3.69 9.34 | 8.50 16,25 | 6.28 | 0.14 | 2.42 | 45.10 ] 54,90 | 100
3 15.13 | 2.76 9.50 | 7.71% 16,99 ) 6460 1 0.5 2.30 | 45.24 | 54.67 100
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CAR
COING oW GOING BUB- ' sue- | woror | cruwp
ZONE coDE gg“ BUSINESS | PRIVATE | EONE roras | LORRY | TAXT | BB | poen | oyore | toml
4t T.37 3.17 3.80 13.0 | 27.35 | 8.1 | 0.08 | 6.79 | 42,33 | 5T.67 | 100
93 12,3 | 7.00 | 5.86 | 17.60 | 42,82 | 3.34 ! 10.10 }3.15 | 59.61 | 40,39 | 100
4 7.38 3.9 399 | 11.86 | 27.14 | 8.42 | 1.80 [ 4.60 | 4t.97 | 58,03 [ 160
Suv-total [ 10.72 [ 4.95 | 8.59 [ 1347 | 3tud2 | a2 | ows0 | 321 {4526 {547 | 100
511 7.20 | 7.81 567 [ 13,57 | .25 | 6.70 [ .30 { 1,65 | 43,90 [ 56,10 | 00
512 9.79 8.83 10.35% 8.25 37.22 | 3.53 ] 0.56 |1.66 42;_95 56.94 100
513 5.46 7.40 5.87 9.28 28.00 | 9.64 | 0.5 |1.82 | 39.97 | 60.03 | 100
514 11,57 | 4.11 6.62 | 7.93 | 30,23 | 6.31 ] 0.82 | 1,37 | 38,74 }'61.26 | 100.
51 8.17 7.30 6.46 | 11,64 33.5T | S.40 f 1,07 | 1.62 | 42.66 | 57.3 | 100
521 9.28 | 51 | 3.47 |14.36 | 32,22 | 7.82 § 0.24 | 1.13 | 41,40 | 58.60 | 100
522 6.25 2.65 3.03 1.39 13.32 { 483 | © 228 | 3.44 ] 68,56 100
523 2.14 2.93 1.16 5.56 1M.78 | .62 | o 1.40 | 18.80 | 81.20 100
524 8.58 4.98 6,09 | 6,09 | 25.74 | 8.0 % © 1425 | 35.09 | 64.91 100
525 11,52 2.72 10.05 T.84 31,72 | 2,29 | 0.03 | 2,55 | 36.59 ].63.41 | t00°
52 8.64 4.03 4.9 9.59 27.23 | T.04 | 0.1 | .73 | 36,12 | 63.88 | 100
5 8.25 | 6,19 6.2 | 11,32 | 32.58 3 6.50| o.92 | 1,63 | 41,64 | 58,36 | 100,
61 14.58 7.9 | 9.08 9,22 40,011 9.0 | a.dr f2.4 51.99 | 48,01 100
é1 9.51 5.89 740 9.72 32,53 | 11,25 | 0.27 | 1.35 | 45.38 | 54.62 100
621 0 ) 4.88 0 4.88 | 0 0 ] 4.80 | 95.12 100 -
‘622 7.4 7.50 6.55 5.88 27.33 [ 8.12 1 0.02 | 1,17 | 36.58 | 63.42 100
4+ 623 4.83 1.18 - 6.01 14.37 26,39 | 6.13 1.05 | 5.14 | 38.66 | 61.34 | 100
62 6.93 | 6.48 6.44 | 7.01 26,87 | 71.72 | 0.17 | 1.67 | 36.41 | 63.59 | 100
5 850 | €92 | 7.03 | 8.65 | 30.30 | 9.86 | o0.23 | 1.41 | 4v.85 [s8.15 | 100
M 15001 | 147 | 481 | 481 [ 2580 | 23| 0 fo {e813 {7187 | o0
T12 T.4% 1.05 7.33 2,56 18,39 | 111 o 0.35 | 19.85 . | B0.15 100
73 3.46 0.48 4.98 5.71 14,63 | 4.66 1 0.4% | 0.45 | 20,15 | 719.85 100
T1 £.63 0.69 5.56 4.82 16.70 | 3.5 0.26 | 0,38 ] 20.88 19.12 100 -
T2 5.56 | 3.80 9.44 347 22,27 | 3.51 | 0.08 ] 0.08 | 25.91 | 74.09 100
722 6.06 5.07 6.7 0.66 18.50 | 2.53 | 099} 0 22,03 | 1T1.97 100
723 5.98 2.80 6455 5.98 21,32 | 421 | 0.39 [0.10 | 26.91 | 73.09 100
72 5.83 3.53 7,12 7.21 21,28 | 3.69 | 0.36 | 0.47 | 25.80 | 74.20 100
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CAR

001XG jox

. sorng * | sus- SUB-- | MOTOR | GRAMD
Z0MT CODE o TNESS | PRIVATE [HOME tomy | WRRE | WIT | BB oomy, | orowe | tomy
31 3| 401 | 75 | 753 | 2250 | 4.08 | 0.13) 1.49 |28.20 | 71,80 ] 100
732 S 4403 | 3.26 4.44 1.98 23.7 | 4.01 | 0,44 1.03 [ 29.19 | 70.81 | 100
73 10.08 | - 5.00 8.53 9.04 32,66 | 3,23 | 0.12] 0,55 | 36,56 |- 63.44 | 100
734 761 | 342 7.59 8.73 27.39 | 3.40 § 0,15} 1.71 |} 32.61 | 67.39 100
73 5.52 | - .44 5.90 | 10.48 25,53 | 3.80 § o©,31 1.13 | 3077 | 69.23 100
741 339 | 192 | 426 | 462 | 14018 | 1.20 | o.25] 3.39 | 19.02 | 80.58 | 100
CoT42 7.51 2.29 5.44 6.31 21,55 | 6.27 | 0.12] 4,02 | 31.95 | 68.04 100
4 5.36 2.10 4.82 5.43 17.70 | 3.62 } 0,19} 3.70 | 25.20 | 74:80 100
1 5:53 | 322 5.9¢ | 901 23066 | 3.75 | 0.297 1428 { 28,99 | 71,01 | 100
8N 30§ 242 | 496 | 8.0 | 19.9 | .17 | on2| .65 | 3000 | 69.60 | 100
812 4.84 2,30 6,31 8.50 21.95 | 5.48 1 o 3.30 { 30.73 _69.27. 100
81 . 4420 2.31 5.54 Bedd 20,55 | 6445 | 0.07{ 3.50 [.30.54 | 69.46 100
821 2.01 | 0.72 1,29 | 4.3 .33 | 151 o 1.59 11,06 | 88.94 | . 100
822 6433 5.11 4.42 3.82 19.38 | T.29 0.41] 0.66 |'27.36 | 72.64 100
82 | 5.45 4.22 3.54 3.92 17.13 5.97 0.09} 0.85 | 24.04 75.96 |.. 100
8 4,66 3,05 4.81 6.78 19.29 | 6.27 § 0.08] 2.52.] 28.15 | 71.85.] 100
Total 9.62 | = 5.02 7.85 | 12.17 34.67 | 4.65 | o.52| 2.70 | 42.54 | s1.46.] 100
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Trip Attractioa (1979)

CAR - -3
SUB- XOTOR  { GRAND
ZONE CODE {OOING [ON . | comno | sup- LOWRY |TAXI | BUS :
) T e pusingss] PRIVATE [ " | romaL ) TOTAL . | CYCLE | TOTAL
WORE

(11} | 21200 | 10136 | 13329 4237 | 48912 | 5330 1028 | 1855 | 51124 | 75240 | 132364
121 3523 1048 2098 2343 9619 661 k13 3oé 10613 10661 21274
122 T4 324 1468 4676 9220 85 22 21 ' 9536 ‘5415, | 14953
123 3384 gos 3124 2686 10001 664 73 | 1182 1924 10236 12160
124 4705 | 1742 4981 5540 | 16971 | 476 155 | t115 | 16715 | 16058 34773
125 236 355 193 2909 4297 82 1111 419 4908 4462 ‘ 9370
12 12592 4274 14464 18754 50108 1969 | 397 ! 3225 . 5696 46832 102528
131 4503 | 2232 3074 &417| 16630 | 3302 31| 1724 | 21695 | assar |- 57242
132 27159 1 1109 2476 6617 12967 1 1324 T3 | 2664 1701 19747 36778
133 131 912 137N 3928 1541 | 2000 101 | 1095 0742 19130 29872
13 8993 4253 6921 16962 37144 ] 6626 211 | 5483 49466 T4424 123892
141 233 | 276 495 2562 w1 | 1 3] 416 | 4119 | 381 | 7300
142 2229 821 2042 5524 10619 | 332 761 11N 12762 12933 25695
143 138 617 1728 6148 9227 375 32 €33 10271 17344 27615
14 00| M4 4264 14234 | 234311 B 130 ] 2780 | 27152 | 3358 60610
1 45986 | 20377 38979 541877 159581 | 14737 17715 | 13243 89440 | 229954 1 419394
2n 586 788 1033 2028 4511 | 1239 116 387 £256 4782 11038
2142 18 69 690 15 853 3y 8 o] 93 | M2 71413
21 604 857 1723 2173 5364 | 1273 121 417 71817 5324 1251
22(z21) 460 329 334 24 1366 213 5 33 1722 2026 3748
2 1064 1186 2057 2414 6730 1511 22: 450 8919 7150 16269
1) 0 n 17 29 58 0 9 35 101 43 144
321 46 43 12 9 10 37 0 2 148 163 3
322 30 1 o 0 41 [} c 0 41 36 1
323 61 +] 9 v} 70 16 ¢ 2 88 169 251
j2 137 54 21 9 221 53 u 4 21 368 64%
kX3 2249 673 1426 6237 105941 1100 43 683 | 12419 10790 23209
332 19 3 9 [V} 91 57 3 2 150 367 517
333 342 416 192 684 1636 179 4 263 2704 1205 9508
1M 100 T4 63 383 620 283 9 0 913 1680 2593
335 0 4 Q 4 8 0 0 4] 8 0 8
33 2170 1110 1690 7308 ¢ 12949| 2219 16 948 | 16194 | 20042 | 236236
} 2507 1235 1728 TM6 13226 | 2272 8g 987 16572 20453 Jrezs




i CAR - _ L _
: - ; , Sl ]suB= | WOTOR | GRAMD :
ZONE CopE | coIng |o¥ :Joowia - suB- | rogmY {Taxr |Bus . .‘
: ro. | Buszwess | FRIVATE e | roman , ; T07AL [ -CYCLE |7OTAL .

v | N § TOTAL .

e teas| 739 | wer | eas | aexr| o | 15 [ioese | osa08| 7ae9| 26w
Co412 ;473 368 259 14 410 157141 . B63 | - 64 115 2624 5151 1115
413 443 560 /4 | RV 1T 49 ] 352 3¢ 94 21t 1384 3495
4| eser| teer | e if.vse0 | estz| ess | 431 | 110s.f 0043 13864 | 23907
su-omaL | s2518| 24465 | 43594 || 65457 . | 186149 ) 20416 }2513 | 15836 | 224974 ] 271621 496595
oo fosvloaase | oagre fsars | owmesal aan | e | ess | azBay| esser| sexd
st 611|661 387 | 2189 | 4045] 6| 6o | 180 | 4630 sog2) 10722
.51 ) 619 503 zi2 |1 ] s, 460.] 28] .93 | zo8s|.. 3217.| 5302
514 785 522 . 652 [ -1965 |- 39371 . 874 § 109 [ 183 | st00 8447.1 13554
51 TBT| 6180 | - 6430 | 7560 . | 27337|. 5111 | 868 | atni| 34631 47323 | 81954
Csed | 008) 335 132 | Bse | .2326] sav | 16 |- 87 | 202 dsar]|. o3
52 18 12 0 162 192 187 0 50 . 430 jns . 1545
52y 44 33 n 83 - 189 6| o 21 2701 1359 ) 1629
524 29 14 25| e | e 24 0 14 170 393} 563
525 '8 74 134 |- 841 | n20] -8 3|90 | 294 ) 2057 | 3351
52 10| 468 32 | ozo00 | 3959| 89y | 19 | 262 | 5136) 8865 14001
5 8351 6648 6752 | 9570 | 31296] 6004 | 887 | 1573 [ 3g767|  56188°| 95955
10 | 729 5% 410 171519 | 3eeri e19 | s6 | 1s2 | adox| o deor |54
€127 | 1440 543 10 |07 | 2459 1273 | 9| 48 | 37TET} 5766 9553
61 2169 | 1096 581 | 1886 5126 | 1952 65 | 240 ‘980 | 10167 | 18147
621 ] 0 ) 8 8 0 0 0 8 140 148
622 686 503 289 173 2651 756 2 103 35T 5121 9234
623 167 61 64 132 425 58 9 { 85 5161 1094 1670
&2 853 510 353 | 1313 3084 814 1 188 4091 6961 | 11052
6 022 | 1666 934 | 3199 BB10 | 2766 16 { 428 zom1 | 28| 29199
m 102 2 12 o 16 16 0 0 132 585 Mt
112 88 0 16 204 307 19 o 6 332 1348 1680
713 180 70 185 231 668 212 18 20 915 1522 4431
i 30 72 213 435 1091 247 18 26 1379 54355 6834
T21 5] 68 18 396 542 110 2 1 654 1811 2465
122 3 2 9.1 154 168 19 9 o 215 611 892
72} a9 43 T3 403 610 103 10 28 752 1993 2745
72 152 113 100 953 1320 252 21 29 1621 4481 6102
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CAR

SUB=-

QRAND |

R I _ i
ZOHE CODE § coyva | oM . GoING | SuB- | LomRY | TaxI | BUS . |. I :
TET o | owsmess | PRIVATE | o | moman TOTAL " CYCLE | 2OTAL ;

WORK ‘| . : ;

o 1o2a9 202 | 3s0 |ese| s | azel 2| um|owee| wes| ssm
732 | ee2 | w23 | 3030 | 18y | 6036 | 1283 | ter| 0] 9827 | 24356 | 34183
133 469 356 |’ a62 | 1601 | 2688 330.] 13| 43] 3275 5661 | - 8936

S| e | 516 | 1303 | 2879 | 405 16| 186 3486 | 7222 | 10708 ;
93T nes | a2 | asse 5339 | 15251 | 2338 | 198 | 680 | 18466 | 42034 | 60500
141 23] 78 130 ) 308 &40 sa| | 4] Bst| Mn _4"326"

Tg2 | ase | 108 137 3871 ee0 | 262 5| 162 1309] 269 | 3999
74 KYK] 186 267 695 | 1520 36 18 36 2166 61617F . B327

7 ) 4030 2743 |, 498 | 7422 vemsa | s3] esy| 01| 23632 | sae3i ] 176
811 194 19 0t 266 § 637 247 4 127 1015 | 2328 ;3343?

- 812 139 22 74 | 295} s 174 2| @ 789 f 715 | 2504 ¢
K1l m 101 175 s61 | 1168 421 6 208 1804 4043 | . 5847

. 821 20) 10 0 w| es al o u| e} em| 7t02.
822 53 &6 7 382 536 192 3 17 748 1994 2739
82 73 76 3 419 602 | 200 3| a8 B33 | 2608 | 3441

8 | 46| M 22 | 90| wro | en| 9| a36| 2637] e6s1| se88
susttoral | 15875 | 11234 | 12836 | 21471 | 61078 | 12544 | 1225 | 3151-| 78107 | 138098 |216205 |

ToTAL | 68393 | 135699 56430 | 86656 |247227 | 20416 18967.| 303054 | 409719

e

T2
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The Percentage Of'Ttipr Attracdtion (1979)

)25

H ! :CAR . o :
R CODE- — ' ol ww | 8UB- | woror | onamo
- z0ME copz | comka oW 0OI¥Q 1SUB- { LORRY | TaxI | ms
ST 120 | pusvess | PETATE | woie” lwoman || TOTaL- | CYCLE | TOTAL
WORK : ‘ ' '
1) | 601 | ‘1.667 | 10,07 {320 | 36095 403 078 | 1.s0] 43.16 56,84 166;
121 | 1656 | 14um - 9.86 | 13,83 | 45,27 311 07| 1.4 4§.a§i_ (50.11° | 100
122 4498 |- 2,17 23420 | 31428 | 61.6T ] .0.58 ] .0.15]  1.41 63,78 _;36.22_',‘ 100
1230 et 16,62 25.69 +|. 22.09 | 82,251 5.46| 0.60| g9.72| 15.82.| ‘84.18 | 100
124 1013.53] 05000 | 1432 | T 15.93 | 48.81| 137 0ud5| 3.21] s3.82 | [46.18-] 100
1250 |- 2.52| 2399 | 8.6 | 31.05 | 45.86 | 0.88 1 1.18| 4.43 | s2.38 | [47.62 | 100
C12 12428 | 4417 14,11 18.29.| 48.87 | 1.92 | 0,39 3.13 ) s54.327| 45.68 | 100
T 3.90 5:37 | “11.21 | 29,05 | 5.77 | o.06 © 301 | 37.90 | 6200 100
132 0 T 750 03.02 | 673 | 17.99 | 35.26 | .60 | 0.20 f 7.24 | 46.31 | '53.69 | 100
1133 C4e467] 13,05 | 459 13,151 25.26 | 0.67 | 0,34 | 3.67 | 35.96 | 64,04 | 100
L s 3.43 5.59 | 13.69 | 29.98 | 5.35 | 0,17 | 4.42 | 39.931 7 6o.07 .} 100
241 | 39 38 | 678 [aset0 {asige | g0 | 0wz | su0 6.2 | ! 43.507| 100
142777 Bu6T || 3.20 7.95 | 21501 41.33 | 1.30 | o.30 | 6.74 | 49.67 | 50.33 | 100
143 2.67 | 2,23 6,26 | 22,26 1 334411 137 012 | 2.30 | 37.19 | 62.8v | 100
14| 58 | 2.8 7.04 | 23.48 | 38,64 | .34 | 0.23 | 4458 |. 44.80 | 55.20 | 100
1. 10.96 | 4.86 9.29 | 12.92 | 38,05 | 3.50 | oud2 | 3.17 | 45.17 | 54.83 | o0
e $.31 | 7014 | 9.36 | 19.0t | 40,87 | t1.22| tios | 3.51 | s56.68 | 43.32 1oo
212 ‘1”.2_2 [ 4.68 | 46.84 | 5.09 | 57.91 2.65] 0,54 } 2.04 | 63.20|; -36.80 {100
car 4.83 | 6.85 13,77 17.37 | 42,87 | 10.22] 0.99 | 3.33 | 57.45 [' 42.55 | 100
‘22(221) § 2,21 | 8.78 8.91 | 6.43 | 36045 | 622 :n6 | 0.88 | 45.94 [ 54.06.| 109
2 6.54 [ 7.29 12,64 14.84 | 41.37 { 9.29} .36 | 2.70 | 54.82 | 45418 | 100
. 3(3n) o | 7.64 11.81 | 20014 {3889 | © |6.25 |24.31 | 70.14 | 29.86 | 100
et 19,79 [13.83 | 3.86 2,89 | 3537 | 1.90fo0 0.64 | 47.59 } 52.4% | 100
322 . | 38,96 [1n29 | o 0 53,25 0 0 0 53.25 | 46.75 7] 100
T 0323 0 JewTa o | .50 0 271.24 | 6G.23f0 0,78 | 34,24 | 65.76 | 100
i 12124 | 831 1 | 3.26 1.40 [ 34.26 | B.22§G 0.620| 42.35 | 57.05 | 100
331 . 9.69 | 2.5 614 | 26,87 [45.65 | autafouiy | 2098 | 5350 | 6.9 | 100
;332 - |s.28 | 058 0 | h74 0 11,60 | 1o3]v 0.39 | 29,07 | 70,99 | 100
"33 345 a2 | n9a | 6y [165 | 7.B6j0.24 | 2465 | 27429 | T2.7v | 100
P33 ] 386 | 285 T | 2,43 | 14.77 [23.91 | 10,91 {035 | o 35.21 | 64,79 | 100
335 0 50 | o "5l wo ] o e o 100 e e
3 785 1 336 | 467 | 19.84 |35.72 | 6.14|0.23 | 2.67 | 44076 ] s55.24_| 100




CAR
ZOME CoDE | coING pRIVATE | 00ING | SUB- LOERY | TAXI [ Bl SUB~ | MOTOR-  {ORAND
™ [BUS INESS HOME | TOTAL - TOTAL | CTCLE  §TOTAL

WORK -t

4n 13,02 | 5.85 | 1048 6.72] 27.07 | 7074 [ 0u12 | T.09 | 42 . | 57.59 [ 99.99
412 6.08 | 4.73 3433 6.05{ 20.24 [ 11.18 | 0.82 | 1.48 | 33.75 | 6825 100'
413 12.68 § 16.02 10.00 6.32} A46.27 1.40 110.07 | 2,697 | 60.4 39.6 | 100
4 101 | 691 | 341 6.44] 27,66 | T.93 [ 1.8 | 460 | 42 | s57.99 | 99.99
SUB-TOTAL | 10.58 | 4.93 8478 13.19] 37,49 | 4a%1 [0.51 | 3.19 | 453 | 54.7 100
51 9.87 | 8.58 9.51 ‘ 6.%4] 34409 | 6455 | 1.28 1.63 | 43.55 56.45' 100
512 5.7 | 6.1 5.47 20.42] 31,73 | 3.23 [0.56 | 1.68 | 43.18 [. 56.82 100
513 11,67 5.49 4 . 326 28,01 8,68 3 0.53 1,75 393 60,68 100
514 5.9 | 3.85 4.81. 14.65] 29.05 | 6.45 | 0.8 1,35 § 37.68 | 6232 | 100
51 B.TT | T1.54 7.85 9.22] 33.36 | 6.24 | 1.06 | 1.60 | 42.26 | 57.74 100
52t | 14055 | 4485 1.91 12.43] 33.65 | 7.83 Jo.23 | 1.26 | a2.99 | s7.01 | 100
522 ot | oer 0 10.49%F 12.43 | 12.10 | 0 3.24 | 27.83 [ Te.17 100
523 2.7 | 2.03 1% 5.1 | 11.6 | .68 {0 1,29 | 16,57 | 83.43 | 100
525 2.18 | 2.21 4 25.1| 33.42 | 2.42 | 0.1 2.65 | 38.62 | &1.38 100
52 - 8.36 3,34 2.3 14.36] 26.28 6.38 | 0.14 1.87 36.68 63,32 100
5 8.71 | 6.93 7.04 9.97| 32.62 ] 6.25 | 052 | 1.51 | 41,44 | s8.56 | 100
6%1 B.48 | 6.43 4.71 18.37] 38.09 7.90 | 0.65 | 2.23 | 48.79 51.21 100
612 15.07 5.68 1.79 3.21] 25.74 | 13.33 J0.09 | 0.50 ] 35.64 | 60.36 100
61 11.95 | 6.04 3.2 10.39) 31.55 | 10.76 { 0.36 | t32 | 43.97 | s56.03 ] 100
. 629 0 0 0 9.41 S5 o 0 0 Sed1 94.59 100
622 T+d3 | 5445 3.1 12,7 | 28,71 ) B.tg fo.02 | 1.2 ] 37.98 1 62.02 100
62 7.72 | 5.6 ‘1 3.19 11.880 27.9 7.37 { 0.1 1,70 | 37.02 | 62,98 100
3 10.35 | 5«71 | 3.2 10.96| 30.17 | 9.47 | 0.26 | 1.33 | 4134 1 sB.66 | 100
™ .23 | 0.28 | 167 | o 16,18 | 2.23 | o 0 16.41] 81,59 | 100
112 s.24 | o 0,95 12,14 18.27 | 1.3 ] 0 0.36 | 19.76 | 80.24 160
T3 4.06 | 1.58 417 5.290 15.06 | 4.78 | 0.4 0.45 | 20.62°] 79.38 00
T Gedt 1.Q5 3.12 6.37 15.96 3.61 0.21_5 0.18 20418 79.82 100
721 2.43 | 2.76 0.73 16,06{ 21.99 | 4.46 | 0.08 | 0.04 | 26.53.] 73.47 100
722 0.34 | o.22 1.0% 17.26) 18.83 | 4.37 }1.01 ] o 2441 5.9 100
123 3.24 157 2.66 14,681 22,22 3.5 | 0.16 1.02 2744 2.6 100
it 2.49 1.85 1.64 15.6.] 21,63 4,13 | 0.34 0.48 26,57 | 13.43 100
[EY 3.73 3.03 5.25 ITE 217 4.80 | 0.03 1.66 28.14 T1.86 100
732 5.27 4416 8.86 5. § 2351 | 3.75 1 0.49 ] 0.99 | 28.75 | T1.25 100
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CAR

i : S{B- MOTOR | GRAND

ZOKE CODE ggm gum Jupss|  PRIVATE g{go go"‘?ﬁ. womey | maxz [ es | 000 | SyoiE | toma

WORK

133 5.25 { 3.9 5047 | 172 | 32.32 | 3.69 | 0u15| 0wa8 | 36,65 | 63.35 [ 100
T 6.3 3.65 5.38 12.17 | 26.89 | 3.78 { 0435 ] 1.74 | 32.56 | 67.44 100
73 5.26 | 3.9 7.20 8.82 | 25.21 | 3.86 | 0.33] 1.12 | 30,52 | 63.48 | 100
141 2.84 | 1.80 200 | 7.2 | 1479 | 125 | 025 | 356 | 19.80 Bo.20 | 100
142 625 | 2.0 3043 9.68 | 22.0% | 6.55 | 0.43 ] 4.05 | 32,73} 61.21 100
4 4.48 2.23 3.21 8.35 | 18.25 { 3.79 | 0.19 ] 3.79 { 26,01 | 73.99 100
T. 5.00 3.35 6.04 9.08 | 23.46 | 3.86 | 0.31 ] 1.25 | 28.90 | Ti.10 100
811 5.80 2.36 1.02 7.96 | 19,05 | 7.39 { 0,12} 2.80 | 0.36] 69.64 1'00
812 5.55 | 0.88 2.96 | 11.768 | 21.21 | 6,95 | 0.08| 3.23 | 31,50 68.49 | 100
81 5.70 1.73 1 2.99 2.59 | 19.68 T+20 § 0410 | 3.56 | 30.85 69.15 100
821 2,85 | 1.2 o 527 | 9.40 | 114 | o | 157 | 1211 e9.89 | 00
822 1.94 2.41 1.35 13,95 19.57 | 7.0 | 011 ) 0.62 | 27.31 ] 72.69 100
a2 2.12 2.21 1.08 12,18 | 17.49 5.01 0.09 | 0.81 24,21 15.79 100
8 4.317 1.91 2,28 10.55 | 19.06 6.6y .10 | 2.54 28.29 | T1.61 100
sUB~TOTL | 7.34 5.20 5.94 9.79 | 26.25 | S.80 | 0.57) 1.46 | 36.13) 63.87 100
TOTAL | 9.60 5,01 7.92 12,16 1 34.69 | 2.86 | 0.52 | 2.66 | 42.52 | 57.48 100
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1

" Analysis of Trip Distridutioa.

The trip distribution im this study aroa. is as follou: $=

Figure 4~32 Trip distribution.
0 2 Vahicle (Uni'h 1000 trips per. dar)

!
xterna : ¢! Extaraal
of Penu nternal | _ ] area of
ares of ] area of Provinos
Island Penang Islanj : Province Vellesles
: 1 Welleslay %
0!1 ".‘ 62-6
1.4
{
l
'
0.2 | 444
"t
I ‘total mo. of itrips 321.5
. : _
10.8
—— motoroyclea . (Unit: 1000 trips per day
0.1
nternal
erea of area of 17.2
Penang Island Province ’
0.1 262.9 Wellealey

123.8 0.5

totul no. of trips 422.4

The desired line can Le seen in the following fig. It
shows that in Penang lsland, radial traffic which concentratos
into large zone 1 {Ueorge Town City) is conspiouous anc con=
tribute to & large part of the traffic in Penang lglan, while
in vaiﬁce Wellesley, traffic which go to and return from sone
5 (Butterworth), zons 6 (Prai area) and zone 7 (Bukit Mertajam)

form a triangular iraffic flow.
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4=i~1 The territory of traffic flow

From the 0 —= D table by irip purpose, it is possible to

know the territory of traffic flow formed,

The figures ho. 4-34 to show this are drawn by the follow-

ing method.

Figure 4~35 Method for classification of the territory

of traffic flow.

Calculate the prrcentage

zone pair.

of trips generated within each

107 to 19%

of trips generated

joined with
dotted lines

o

20% and more
of trips generated

|

joined with

lines.

-131-
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The following figures number 4-35, 4-36, 4-37, 4-38, 4-39 and 4-40
are drawn by using the following 0-D table.

O=-D table

Car Trip to work
Business trip

Private trip

lMotor—cycle Trip to work
. Buginezs trip

Private trip

Looking at figure 4L3§5. . . we find that there are three
territories in this study area and the territory with zone
111 ag its cenire the widest area with zone 511 and then zone

T32 coming second and third respectively.

In the territory map of business trips of carg, the

territories of zone 511 and 732 are Jjoined.

This suggesits that there is a2 possibility the future
traffic sitvation will be like this.
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4-—~2 The time distance

Trip distribution is a result of trip generation and the
time distance between the origin and the destination.

The time distance can be obtained from the car-owner
Interview survey by substracting the arrival time from the

departure time and also from the road net work model,

In this stuvdy, a comparizon between both these values
is done, after which the mod~l method is made uge of for the

evaluation of the iime dimtances between aach zone pairs.
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4~4-3

The formulation of the trip distribution model.

Before formulating the trip distribution model, some
trip distribution models which have been formulated by
predecessors are first introduced.
(1) Method of trip distribution
Trip distribution models may be divided into two
groups:- _
A. The Direct Method compites the numbaer of trips between
. two zones within one step.
B. The Indirect Method distributes the total number of trips

generated within a zonme between all the zones of attraction.

A. Methods for the direct calculation of trip distribution.
A~1 Gravity Model
The gravity model which has taken its name from a version

of the '"Lill's Reisegesetz" is as follow:

cr _ o BL. Aj
Ti] TEIH_E—
Tij : number of trips between zone. i and j

gi, Aj: the "mass" of zoned i and j respectively

tij : distance from i to j

While Lill considered his law a natural law similar to
that of Newton's Law of Gravity, it is considered a simple
way of giving a reasonable description of the travel pattern
of a particular area at a particular time. Therefore, a large
number of models have been established which more of were

devived from-the original model.

A-2 Mulriple Regression Models

In a number of cases in California, Osofsky applied
multiple regression to derive models for traffic between
two zones of the following form:

Tij = KI,X1 + K2,X2 + -~

Tij : number of trips between zone i and j

Ki,K2: parameters for zone i

X1,X2: wvariables referring to zone j

f14??



B. Methods for the Indirect Calculation of trip distribution.
B-1 Growth Factor_Methods
The growth factor F_is'}ﬁe ratio of the present to the
future number of trips attracted to and generated from a given
area.
a. Uniform Growth Factor
The simplest possible Growth Factor Model is,
Tij’ = Tij x F
Tij : the future number of trips between zone i and j
Tij : the observed number of trips between zone i and j
F ¢ a uniform growth factor for the entire area
b. The Average Factor Method
¢. The Detroit Method
d. The Fratar Method
e, The Subjective Growth Factor Method
The contents of these models (b, c, d, e) are not iacluded

as their methods are similar to model a.

B-2 The present pattern method

This method typically makes use of the above mentioned
growth factor models.

Therefore, to use this model the present 0-D table is

needed.

(2) The formulation of the trip distribution model,

For the purpose of estimating the trip distribution, the
following two methods are representative, One is the present
pattern method and the other is the model method. Usually,
the former is used for short term estimation or when it is
auticipated that the land-use pattern will not be subject
to too much change.

On the other hand, the model method which is desipgned for
adjusting to the change in land-use pattern, is suitable for
long term estimation.

In our land-use plan, it is perceived that the future
land-use pattern would be different from the present pattern.
In addition to this, the main flow of traffic would be diverted
because the linkage plan and the east-west highway plan would

have reached fruition and concequently there would be a change



;in-:he'major}road'network. ~As a result of the above. the:
most popular method was chosen for. our estimation and this
is .the gravity model fmethod.-

.The gravity model is as follows:-
Tij =dgi.aj . tij - ¥
Tij : oumber of trips between zone i and j.
gi : total number of-Efip generation in zone-i.
ai : total number of_trip attraction in zone i,
_ o :. constant of proportion.
... : ‘exponent of gravity model
.The esponents of the gravitj'modgl is estimated by the
trip purpouse or vehicle type through the least square method
applied to the relationship between the present 0-D tables

and the present travel time of each Zzone pairs.’

=144



The results from using the model for all the zone pairs

~in the study area are as follows:-

Table 4-24 Formula of Trip Distribution

'The Formula

of trip distribution

AiO.B&O'gjO.AZA
‘. T-l = .
trip to work ij = ™M.147 ~5%oh
. tij
o business’ Tii =0.461 AiO.&OZ gj0'393
, trip 3 = . .0.396
‘ . + ki
. Car .
. .0.398 .0.404
private fr oo Al 2]
Erip Tij = 0.749 ———F—=3%
- tij
A.0.415 .0.367
‘trip home Tij = 1.269 L £
..0.709
: tij
Ai0.355 gj0.381
Lorry Tij = 1.737 07635
. tiy] - .
Ce .. L A.O.QZS .0.413
Taxi Tij'= 0.0998 1 gl
e ‘ . +s0.115
Joei]
Ai0.1117 gj0.407
Bus Tij = 0.523 S NAL)
tij
: . . ' Ai0'514 .0.510
Motor-cycle Tij = 0.237 T
B B R

=145~




Table 4-25

"However, the use of one"qumulaﬁalone”is not enough
to explain the present traffic distributions  The reason
is because the traffic pattern_in.Penang:Island, Province
Wellesley and across the strait each hand their unique

charcteristics. Therefore, the formulae are drawn up

. according to following areas.

. . . N : -
Table denotes formulae used for the internal and extermal

areasof Penang Island and Province Wellesley.

D Internal area External area
0 Penang Island { Province Wellesley | Penang Island | Province Wellesley
Penang
= | Island ! 2 3 4
£ @
mﬁp 1
¥ Y| Province
5 | Wellesley ) 6 7 8
Penang
= Island 9 10 il 12
£ n .
o p—
4 m] Province
% " |uellesley 13 14 15 16

The results of these procedures is that one trip
dlsCrlbutlon formula is made up of 16 formulae from

each area pair.

Refering lo figures 4-44, 4=45, 4-46, 4-47, 4-48, 4-49, 4-50

and 4~51 all values above the line are the actusl values while
those below the line-ars the sstimated values using this model.
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Tr..ffic ..soi-nsnt

The rrocedurs of traffic assipmment

Through traffic assignment, the traffic volume on sach road

can be estimated. The procedure for traffic agsignaent is

explained balow,

(1)

(2)

(3)

Each link of the road network has iis own relationship
between the traffic volume and the travel time. In this
relationship the travel time ;noreuun with respsct to the
inorease in the traffio volul;ie already amsigned. The travel

time inoreases very rapidly as“the traffic volume approaches
the road capaoity.

The traffic demand of each 0-D pair is assigned to the
shortest route. in relation to the travel time decided upon
by the sbove relationship.

The so-called "all or nothing" method is used.

The traffic demand of O-D pairs is divided into saveral lots
and the travel timé is caloulated repeatedly mocording to
the traffic volume already'asaigned on a link at the assign-
ment of each lot. _
The shortest route is obtained by the above caloulations.
The above procedurs is repestied until all the lots of sash.
0-D pair are assigned. 'Ih:!refora, it raraly happens that the
traffic demand of a partioular O-D pair conosntrates on a
partioular route.
The relationship beiwesn the traffio volume and the travel
time is caloulated from the following figures.
Fig: 4=52 =V Formmula

1

N

-~

b

13
-t

SPwuel

tQ =V lTormala )

Traiiics

N Y

Tvrattie valume an ]ink (Q).
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Thae travel time is estimated by dividing the length of the
link by the traffic speed on the link obtained in this relation-
ship by applying the traffic volume which has already been

assigned,

In the case of the linkape and the ferry collect tolls,

the toll is added to the travel time which corresponds to the
4011 paid. To convert the toll paid to the travel time, divide
the toll by the time value, '

45-2 Road network model

For the purpose of estimating the traffic assignmenti, we

need the time distance betwsen each zone pairs.

For this purpose, it is necessary to formulate the road

network modal. This model oonsits of links and nodes as shown
in Fig. 4-53,

v
[N
Ll

(Link)

node of generation and attraotion.
This node represents the zona. Therefore, this node is

arranged at the gone oenter.

node of oonneotion

The oonnecting points betwoesn links.

: motual link
Thie link represents the road.

dummy link
This link is an assumed link done for the purpose of
making traffic assignment an actuality.
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travel speed

To obiain the traffic volume which is very cloce to
the traffic volume on each roud, the { - V formula is then

applied on each link of one directiion,

The Q — V formula expresses the relationship between
the trauffic volume and the travel time., It is known that the more
the more the traffic volume increases, the more the travel
speed decreases. Therefore the @ — V formule is determined

[}
by type of road as feollows:-

Fige ¢ 4 - 54 G =V formula

————————— designed speed

& — — —— limited speed by traffic restriction=

b

¢= o — —_marginal speed of normal
conditions

,minimum speed

/
/

|14

J

(capucity) (capacity x 1.2)

Traffic volume on each link for one directibn.
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Table 4 - 27 G - V Formula for vehicle.
Nou of Type of speed (miles per hour) Capacity
Area lane . road for one
designed { limited marginal |minimum dlrect%on
' new 50 30 15 5 22500
4
existing 40 30 15 5 18000
new 40 30 1 6000
Urbanized 2 2
Area it
existing 40 30 15 5 4000
(1)
2
existing) 35 30 15 5 3500
(B) _
existing 30 30 10 5 3000
-(¢)
new 60 40 15 5 25000
“
4
existing 50 40 15 5 20500
Sub-urban new 45 40 15 5 7500
Area
2 existing 40 40 15 5 5006'
(a)
existing 35 35 10 5 4000
(B)
Highway 4 new 80 50 15 5 32000

-158—




Travel speed (miles per hour)

Pravel speed (miles per hour)

~ Hew 4 lane road -~

| I
20000 3pooo

Trafiic volume for one direction

s0
80
40 40
ao
ao
2
20-+
107
1
1
10000 -
40
A0

o
o
1

]
o
1

104

'y

sub-urban

— ilew 2 lane Yroad -

] Il

'
3000

Traffic volume
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Travel speed (miles per hour)

40~

30

104

urban

gub-urban

~ Existing 2 lane road -

(type A)

=

5000

t
10000

Traffic volume for one direction.

Table 4 — 28 @ - V Formula for motorcycle.

N

mo. of speed capacity
Area lane : marmielminie for one
Hesign fbimited & direction
nal mum
4 25 20 10 5 3500
Urbanized
Area
2 25 20 10 5 2500
4 30 25 10 5 4000
Sub-urban
Area
2 30 25 .10 5 3000
i gh-way 4 30 ) 25 | 10 5 4000

~160~ |
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Concerning the ferry, a specific T ~ V formula is

prepared especially for the waiting time which is expressed

by .%o following formula. This formula is derived from
our ferry survey. *

. - Figs 4—55 Waiting time for vehicles

minute
20— —— —— —— — — — - — — — — ——
| |
g |
b ‘
3
L |
Aol — — |
.o
5 |
= . I
|
5 r l 3
| : _
| ! !
' 3000 6000 7 Py s
, Embarking volume
minute Fig: 4~56 Haiting }1me for motorcycles

waitiag time

O = — ————

R 4

L
7000 3000 12000



4~5-3 The method of estimating traffic volume.

Various methods can be used for the purpese of
estimating traffic volume. However, it is possible to
divide them into {two metnods, namely, the direct and the

indirect method.

(1) The objects in a traffic plan.

The objects in a traffic plan consist of various
cqptents, ie. major roads, streets, intersections, traffic
signals and other traffic facilities.

These objects can be seen from two points of viewé;
One is from the point of view of the planning period while
the other is from the point of view of the study area.

Generally speaking, the objects of a traffic plan have
the following ténﬂency, viz, the longer the planning period,
the larger the study area. For example, the plan for a
highway network reguires the long-term aspect as well es
the large study area because that plan must take into .
consideration the long~term prospecis and the ability of
the highway to cope with the movements of long trips.

On the other hand, improvement of intersections must
be an urgent measure in the urbenized city. Therefore,
the planning period must be short and the study area small

. enough to require only a short—term partial plan.

Therefore, it is not difficult to divide the objects

of a traffic plan as follows:-—

length of study period.

~
>
”—-\
al T ™~
217 short—term
L e me
g1 partial plan. )
h - s
'g ‘---’
+
m P
4 ~
G4 ’
o ‘ long—term h
e ' extensive plan.
3 : -
= ‘--,—-"
\Y :
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(2)

A

The methods of estimatins the traffic volume.

¥hen drawing un traffic palns, it is usunl thal some
estimation of future traffic volume is reguired and this
is obtained from studying the traffic at the resnective
traffic facilities which are involved in the plan.

The method of estimating the traffic volume must corres—
pond to the objectives of the traffic plan. For the purbose
of dealing with urgent matters, it is useless if the target
year is fixed too far in the future and it is also useless
if a partial plan involves too large an area.

Taking the above-mentioned conditions into consideration
it is better that for the short-temrm partial plan the direct
method is used while for the long—term extensive plan the
indirect method is more suitable. Of course another way is
to combine both methods.

First, the contents of hoth methods are explained and

then the features of these methods are shown.

The Direct Method.

For short—term estimztion, the traffic volume can be
estimzied by making use of the trends of previous traffic
volumes. In this instance, the future volume is estimated
from the rast—to-present traffic volume data directly without
any transformation of the estimating factors.

This is the reason why this method is called fhe tdirect
method!.

As the fuiure demands are forecasted directly, it has
the following advantages, viz, it is easy to estimate the
volume, the estimation is unexpectedly accurate in so far
as it is a short-term target.

However, by using this method, it is difficult to
consider the environmental factors, as for examnle the lénd—
use pazttern, population distribution etc. To take these-
factors into consideration, we must sutdy the extensive
area, not the partial area.

Therefore this method is suitable for the shori-term
partial plan.

-163-



The Indirect Methed.

This method uses certain means in the estimation
of future traffic volume.

In the case of estimating the traffic volume on raad
networks the 0-D table is almost the only means used. By
using the O-D table, we can estimate the future traffic
demands which also take into consideration the changes
in the environment.

. The incresse of population in some zones can be seen

in the increase in the trip generation in these zones.

Also, the reduction of the distance between some zones
through the improvement of roads can be seen in the increase
in the trip distribution between these zones.

Therefore, by using the 0-D table, we can brdéadly grasp
the future traffic movements.

However, in order to estimate the 0-D table, we must
divide the area into several traffic =zones. By virtue of
this we cannot discuss the facilities found within the
zones. BEven if one zone includes many roads, these roads
stand for one =zone. ‘

Therefore, the traffic plan is limited by the size
_ of the traffic zone. This method is suitable for long-term

estensive plans but unsuitable forrdetailed.plans, N



c.’

Conclusion.

The features of both methods are shown in the following table.

Table 4-28

Direct and indirect methods.

Direct method

" Indirect method

Functions

It is the way to estimate
the traffic volume directly
from the past-to-present

traffic volume data.

It is the way to estimate
the traffic volume by
using the 0D table
directly.

(1) the detailed volume

can be forecasted

(1) the estensive. movement

can be forecasted.

a (for short-term estimation).
8 (2) it does not entail too (2) it takes into consi-
_g mﬁch working expenses. deration the changes in the
= environment e.g. the land-
use pattern. ‘
(1) it is not suitable for (1) it is hard to do a
n long term estimations. detailed estimation.
}f (it suffers from the
g, limitations for the zone)
'E (2) it cannot grasp the (2) it entails heavy working
A movements in the extensive expenditure.
area.
& e i s
ooy it is suitable for the it is gumtable for the long-—
§ -E_ short—term partial plan. term extensive p}ans.:

Taking the above conclusions into consideration, it would

he suitable to use the indifect method for the main estimating

work in order to establish the majbr traffic road system,

However, "it is necessary to make use of the direct method

in order to solve the problem of detailed facilitiea which

the indirect method cannot cope with.

~165=+-
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The above discussion cian b exrtrensed in followine flow-

charti-~
understanding the present
traffic situation.

(extensive situation)| . (detailed situntion)
land-use )
pattern.

estimation of

0-D table
population
distribution

]
‘é €
estimation of egtimation of
traffic volums traffic volume
on major on detailed
facilityen facilities

4 broad;suggestions

L.

S
long-term short-term
axtensive pla - | partisl plan
H 1

b
establish the

‘major traffic road
systen

4—5-4 Results of present traffio agpignment

As a conclusion, it is emphasised that, this traffio
aspignment wam conduoted through using the O-D table. Therefore,
the sise of the traffic gone limits the traffic amsignment. The
detailed traffio volume on each road cannot be obtained from this
method and besides there is more traffic than thers aotually
ghould be around the sone node which represenis a p?}ticular zone

 because all the trip generation and attraction of one sone are
generated mnd atiracted to/from this node. i

Therefors, when looking at the results of trip assignment,

there oonstrains gust be given consideration.

1
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Fig. : 4-57

The result of traffic assignment (Present)
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The result of traffic assignment (present)
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51

The premise

For the purpose of estimating future traffic demand, some
premises must be first be laid down, that is, land-use by zone,

population by zone and the cargo volume of port etce.

These figures have already been estimated by our pOpuléiion'
study and port study. In this section, these premises will be

summarized.

+ Population and employed population.

The following population is forecasted on the basis of the

land—uge pattern.
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Fipure 5-12 Population in Penmé. (Unit: 1000 p,

254.8 (100)
317.6 (125)
530.0 (208)

. 469.7 (100)
519.3 (111)
677.0 (144)

43.6 (100)
49.8 (114)
73.0 (167)
178.5 (100)
203.3 (114)
(unit: 1000 persons) 270.0 (151)
Penang State Study Area
1979 946.6 (100) 723.9 (100)
1985 1090.0 (115) 836.9 (116)
2000 1550.0 (164) 1207.0 (167)

( ) Orowth rate _ 1

© =470-



: 1000 persons)

" (Unit
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Bisure  5=3 Employed population in Fenz;.n,g.r )\ (unit: 1000 pery,

Year P N, | Total

1979 5,9 | 130.0 135.9

1985 | 5.1 | 157.4[162.5

2000 1.3 |239.7 [241.0

“* o, e l .
Penang State Study Area } P : Primary
N : Hon-primary
1979 *294.0 (100) 237.3 (100) -
1985 350.7 (119) 296.5 (125)
2000 541.7 (184) 488.0 (206)

{ ) Growth rate
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Table 5-1 Employed population by industry in Penang State.
(Unit : 1000 person )
Year 1979 1985 2000
Industry '
Primary 53,7 46.3 21.7
. Becondary 92.1 127.2 245.4
v
Tertially 148.3 177.2 274.6
E“‘P1°>"szP;’P“1“1°“ 294, 1 350.7 541.7
Population ( B ) 946,6 1090.0 1550.0 .
A/B x 100 31.1 % 32.2 % 34.9%
Table 5-2  Population by age in Penang State. 7
- : ( Unit { 1000 person )
Year 1999 1985 2000
Age
0 - 14 347.4 (36.7) 390.2 (35.8) 510.0 (32.8)
15- 64 563.2 (59.5) 657.3 (60.3) 979.7 (63.0)
65 and over 36.0 (3.8) 42,5 (3.9) 65.3 (4.2)
< : ~
Population 946.6 1090.0 1550.0
(¢ ):

percentage




Province Wellesley will increased rapidly and the total number
of trips will be c¢lose to that in Penang Island.

as well in Penang Island.

5- 2

Comparison Between Penang Island and Province Wellesley.
The following figures show population as well as the
employed population of Penang Island and Province Wellesley.

These figures indicate that in the future Province Wellesley
will experience a great deal of development and also as a result

bf various existing conditions, the potential for development of

Province Wellesley will be as great as that of Penang Island.

-

e . . . ' toh oy,
figq;? 5-6  The percentage of population as well .as the.employed—
L .f“ population. : ’

3

. «(population) : (employed population)

V1

Penang Islan

Province
riellesley

These figures suggest that the traffic volume in

]
Therefore, traffic problems will arise in Province Wellesley

—17 6




1979

1985

2000

1979

1985

2000

The trend of the composition of population by larpe zone.

Penang Island

Province Wellesley

6.8

3.6

=171

47.1 2 3.7] 10.2 3.90 15.4 9.3
(64.9%) , (35.17)
‘ 7 -
/
Penang Island Province WEilesley
. 41.8 7 3.6 10.9 | 5.7 15.1 9,8 | 9.5 3.3
(62%) ! (37.972)
0 / - -
/ X
Penang Island Province Wellesley
3.4 7 3.3| 12.3 9.2 15.4 12.5 10.8 5.1
(56.2%) (43.8%)
The trend of the composition of employed population by large zone.
' . .
Penang Island Province Wellesley
37.3 % 1.¢ 135 k.of 19.9 9.8 | 10.6]2.4
(57f32) 7 (42.77) A
/ .
p
Penang Island " Province Wellesley
32.7 2 f.d .| 9.2 s 1s.6 | 9.5 |2.0
(54.9%) ) (45.27)
!
Penang Island Province Wellesley
25.7 % 1.4 9.1 13.1 14.9 26.0 7.5 2.j '
(49.47) (50.57)
( ):Total Percentage




Pigure 5-7 Population and employed population

677.0 (144)
Penang Island - Province Wellesley

-

519.3 (111)

469,17 (100)
\

317.6 (125)

241,0 {177) 1254.8.(100)

135.9 (100) | 1954 (120)
7|17
mn

1979 1985 2000 197

—

134,0 (132
3450 (132)

101.4 (100

)

—

i

Population

- .
i:;é;é Employed population

(. ) Growth rate
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5-3 ° Numbar of vehicles,

The trend in moior-vehiole ownership ies one of the

key-indigators of traffio growth and this is useful tool for
evaluating past traffic trendes and future volumes.

M 'Hbtor-vohiole Registration Trend. - T

Recently, there has been a dramatio indreaap in the’

registration of motor—vehlcles in Malaysia, apeoifioalllf,r

Panang State,.

Table 5-3 and 5-4 show the irends for Peninsular Malaysia

and Penang State.

Table 5-3 Motor—vehicle Registration Trend @ :
(Peninsular Malayeia) ' _
(unit : 100 vehicles)

‘Year ' - Kveragﬂ a.mq'ua.], percentage growth

Moto 1965 1970 . 1975% + 1977]— - -
vehicle: ' ' 1965-1970 | 1970-1975 | 1975-1977
Cars :154.3 231.5 398.0 492.3 8.4 11.5° 11.4
Taxin 5.2 6.11 9.0! .10.9 5.2 6.0 10.0
Lorries & “55, 2 .12, . . 10.0
vann 41.9 55.8 g2.2| .112.0 5.9 0.5
Buses 3.8 5.9 8.7 10.5 9.2 " B.O 10.0
Sub-total 205.2 299.9 507.9 625.7 T.9 11.1 10.9
Notor—oycles 175.8 ‘350.‘0 722.3 951.1 14.8 15.6 14.9
Population ' y '

(1000s ) @ 8809.6 | 10062.5 1 10659.4 ‘ . 2.7 | 2.8

Nota: 1) expludes other motor—vehioles

(eg. tractors, roaﬂ-rollerﬁ, ato.)

2) acﬁroo: Road Transport Department

L]

©3) Ioﬁroe: "Population Projeotion for the States of Peninsular
Malaysia, 1970 — 1980" Department of Statistics.

8=




Table 5=4 Motor-vehiole Registration Trend @

(Penang State)

Yéar ; . i Average annual percenta.gé e,
Motor= 96 0L B s 1970 d70-1975 15;5-19
VBthlB@

Cars 20975 | 28326] 45578 | 65352 6.2 10.0
Taxis ¢ 214 294 386 414 5.5 5.6
Lorries 32N " 5469 B475 11404 11.2 9,2
Buses 400 512 786 | 1073 5.1 8.9
Sub-total 24800 | 34601] 55225 | 78303 6.9 9.8
Motor-cycles | 27126 | 47432 89311 | 124984 | 11.8 13.5
Total 51926 | 82033| 144536 | 203287 9.6 12.0
Population (@) | 697653 | 776124 864771 | 947530 2.2 2.2

Note: 1) excludes other vehicles

. (eg. tradtors,-road-rollers,<etc.)

2) source: R.I.M.V.

3) Bsource: "Papulation Projections for the States of Peninsular Malaysis
1970 - 1980" Department of Siatistiocs.

These tables show that the annual percentage growth was the
highest for the period 1970 ~ ."IBTB after 1975 these figures
decreased slightly. It g:oes without saying that the absolute
figures are on the increase after 1975. '
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Table 56 Estimated vehicles volume by using lesst square method

Estimation
Vahicles 1965 1970 1975 1979
1985 2000
Cars 20975 28326 | 45578 65352 B0428 127922

M/oycles | 27126 | 47432 | 89311 124984 | 162685 | 269122

B-2. Estimation by using the relationship of the indicators '
conoerned. '

These indicators are usually the pOpulatiah figures, house-
heold sisze and.inooma. sccurate present and future values cannot
be obtained durinq the mtudy period. Therefore, only the
populatioh figures are used as a means of'estimating the number
of vehiocles.

In figure whioh shows 'persons per vehicle t{ype! we
find that the figures are decreasing year by year and the shape
of the graph looks like the exponantial curve.

Figure 5-8 Persons per vehicle type.

40+
.3.303
-~ S
30"' —~ --.._.‘\
~a27ed
=1 ~ . (car)
~ ~
N >
20“. > . - \.‘L‘.‘_O‘
S S
~ol6e4 ~—
.5 = \‘(m/C) T =445
~ . - ~ -
1of - T do:2 Tl
— —_ —_— - 6
. oy ~abed —l
(Car + m/a e — -05.0
. J : ! }
1965 1970 | 1975 | 1979
e Car

o Motoroycle . Crare e
0 Car and Motorcysle - -
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Tablae 5=7 Jalculaiion of persons per vehicle type.

1965 1970 1975 1979

Population 697653 | 716124 | 864771 | 947530
o 20975 | 28326 | 45578 | 65352
M“‘”“’”’“g 27126 47432 | 89311 | 124984
Car &
motorcycle 48101 75768 | 124889 190336

D
Persons

B/A 33.3 27.4 19.0 14.5
by
vehicle | C/% 25.7 16.4 9.7 7.6
type D/A 14.5 10.2 6.4 5.0

Therefore, the exponential function is applied for the
purpose of drawing the curve to estimate the future number of

vehicles.

The resulte as obtained from using the exponential curve

- are as follovs.

184~



Table: 5=B

Persons per vehicle . (Unit : persons per vekicle)
70 75 79 85 2000
Car 27.4 19.0 14.5 11.9 6.5 é
i
i
M/C. 16. 4 9.7 7.6 6.5 5.0 |
| |
Car + M/C. 10.2 6.4 5.0 4.5 3.6 7
|

301

Fig. 50 Persons Per Vehicle

27.4

201

Persons Per

Vehicle

104

|

. _ . , |
70 ) 80 90 2000 |
Year. :

1

]

~185~




A doveloped nation's urban history show that ihe modes of
iransport onvolved parallel with the dovelopment of cities :nd
urban incomes rose. It has been ohaerved that Penang follous ti,

sevolutionary transition illustrated by the chart balow:-

Figure 5-10 The yrends of the growth of volicles and motorcycles ownership

Urban and/for FPeonomice Growth

LY
g

|
|
|
'

Car | ¥Ko0) 'l‘-’;f.’ﬁ‘] 3 L ] ._ﬁ
lHolm‘t‘}'('lu %44 m W@ E-j E Y::] pu—
|

Present stape

Previous Slape
C:] Future Srape

The growth rate for meotor—. clues does not scem 1o b
following the:preaent trend.

In time to come, it will be decreasing rapidly with

the rate of urbanisation and economic growth.

b

The number of motor;cycles is estimated by subtraciing

the number of cars from the number of cars and motor—cycles.

OQwnership for the other types of vehicles can also be
estimated by the itrend method.

The number of vehicles according to type is shown as

follows:—

»
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In time to come, it will be decreasing rapidly in live with

the rate of urbanization and economic growth.

The number of motor-oycles jis estimated by subtracting the

number of cars from the number of cars and motor-cycles.

The results of the estimation are as follows:—

Tablé 5-9 Estimatod motor—cycles volume (unit:1000 motorcycles)

1970 1979 1985 2000

Population 776.1 947.5 1090.0 “1550,0
(100) (115) (164)

g?ﬁ}g;cgzs°ar9 75.8 190.3 231.9 360.5
Number of cars 28.3 65.4 91.6 161.5
i (100) (140) (247)
(Persons per car) (27.4) (14.5) (11.9) ( 9.6)
Number of m/cycles 47.4 125.0 140.3 199.0
(100) (112) (159)

C A

e P C(6) | (7.6 | (7.0 | (1.8)

Ovnership for the other iypes of vehicles can also be
estimated by the trend method.

The number of vehicles according to type is shown as follows :~
Table 5-10 The number of vehicle in Penang State

Vehicles _ 1979 1985 2000
Car 65.4 91.6 161.5
Taxi 0.5 0.7 1.2
Lorry M.4 16.0 28.3
Bus 1.1 1.5 2.7
Sub-total 18.3 109.9 193.8

(100), (140), (248)
Motoroycle 2?36? }??é% | 1??6?
Grand total 203.3 250.2 392.8

(") Growth rate {unit: 1000 vehicles)

~-187-



Table: 5=11 Number of vehicles

in Penang State. (unit :1000 vehic

70 75 79 85 2000
c " 28.3 45.6 65. 4 91.6 238.5
ar (100) (161) (231) (324) (842)
L 5.5 8.5 11.4 16.0 35.5
orry (100) (155) (207) (291) (645)
Taxi 0.3 0.4 0.5 0.7 2.1
axi (100) - (133) (167) (233) (700)
B : 0.5 0.8 1.1 1.5 3.1
us (100) (160) (220) (300) (620)
Sub-total 34.6 55.2 28.3 109.8 279.2
ub—tota (100) (160) (226) (317) {807)
M/c 47.4 89.3 125.0 150.6 192,1
. (100) (188) (264) (317) (405)
300-’—
Fig. : 5-19 NO. OF VEHICLES IN Sub
PENANG STATE.
2004
NO. OF
VEH.
1 150.6
1250
1004 joe.8
59.3 9.6
~78.3
85.4
552 '
47.4 45.6
34.6
28.3
o + ‘ } 4 }
70 . 80 90

Year.
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€. The number of vehicles in the study area.

The number of vehicles by arez is estimated by disiributing

the increase in the number of vehicles since 1979 to each area

according to the increase in the population by area since 1979.

Table:5 — 12 Number of vehicles

in Internal Area.

158.0

(unit: 1000 vehicles)
79 85 2000
59.3 79.8 202.6
Car (100) (135) (342)
9.4 13.0 28.8
Lorry (100) (138) . (306)
. 0.4 0.6 1.9
Tax1 (100) (150) (475)
0.9 1.2 2.5
Bus (100) (133) (278)
69.9 94.6 235.7
S - -
ub-total | 150y (135) (337)
105.1 124.0 155.0
- M/e. | ooy (118) (147)
no of total 4.13 3.83 3.09
25071
Fig : 5-12N0. OF VEHICLES IN
INTERNAL AREA.
2004 Car
NO. OF
VEH.
1004 105.)
&;9"
1 59.3
0 $ } ! } i 1
75 80 85 90 5 ¢
'"189? Year.



Surmary of the premise.

Table 5 — 13  Summary table of the premise. (Uni 11000 person, v
1979 1985 2000
P.I 469.7 (100) 519.3 (111}  677.0 {144)
g P.H 254.2 (100)|  317.6 (125]  530.0 (208)
% :g? INTERNAL AREA 723, @) 836.9'(13_._6) 1207.0 (167)
& S' | _Penang State 946.6 (100)] 1090.0 (115} 1550.0 (164)
:%:. Intern®ypenang | 7645 % 76.8 % 179 %
E P.I 135.9 (200)| 162.5 (120) 241.0 (177)
g 4 P.W 101.4 (100) | 134.C (132)] 247.0 (244)
e E | Internal Area | 237.3 (100) | 296.5 (125)] 488.0 (206)
% E Penang State 294.0 (100) 350.7 (119)] 541.7 (184)
P = Internaype oo 80.7 % 84.5 % 90.0 %
P.I 4447 (100) 57.9 (130} 130.9 (293)
P.W 14.6 (100) 21.9 (150) 71,7 (491)
y | Internal Area 59.3 {100) 79.8 (135)] 202.6 (342)
© | Penang State 65.4 {100) 91.6 (140)| 238.5 (365)
Internalo. ono | 90.6 % 87.1 % 84.9 %
P.I 5047 (100) 67.5 (133) 147.6 (291)
% . PN 19.2 (100) 27.1 (141) 88.1 (459)
§ g Internal Area 69.9(100),_|.. 94.6 (135) 235;7 (237)
b = | Penang State 78.3(100) | 109.8 (140)| 279.2 (357)
8 Internal, oo |. 893 % 86.2 % 84.4 %
E P.I 6748 (100) 77.9 (115) 84.4 (124)
. P W 37+4 (100) 46.1 (123)]  70.6 (189)
P |Internal Area | 105.1 (100) | 124.0 (118)] .155.0 :(147)
E Penang State 125,0 (100) 150.6 (120)| ‘192.1 (154)
2 -Tnterna}Penang 84.% % 82,0 % 80.7 %

~190—




6-1

Egtimation of future traffic demand.
Outline of the flow—chart for estimation and some definition.
(1) Outline of the flow-chart.

The analysis of +the praseﬁt traffic situstion was done in
chapter 3. The estimation for the future traffic demand will
be carried out on the basis of this analysis and the mentioned
premise.

The flow-chart is as follows:i-—

The procedure of estimation are consisted with four steps,
ihat is, trip prqduction, trip generation and attraction, trip
distribution (0-D %able)} and traffic assignment.

~191—



Fagure £~1 Flow chart for the future traffic domand

lund use plan

entimation

|

population, veaicle

ownership etc.'

present O=D
table

L Ceeoyiis of

!
.

Frufure voTure ol 3]
]
i

trip unou:u»wonﬂ

trip generation and
trip attraction

h .
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plan

irap distribution

S
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_
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(2) Some definition about traffic words

(:) Passenger Car Units

Vehicles of different types require different amounts of
road space because of variations in size and performance. In
order to allow for this in capacity measurements for roads and

junctions, traffic volume are expressed in passenger car units

{(p.c.u.).

In 'Roads in Urban Areas' (published by Ministry of Transport
Scottish Development Department), these p.c.u. are defined as

following table.

In this study, we use the following figure as p.c.u. of urban

standards.

Table 6~1 Passenger Car Units

Equivalent value in passenger car units (pcu's)

Class of vehicle Urban Rural Round- Traffic
standards standards about ~gignal
design design

Private car, taxi,
motor-cycle com-
bination, light
goods vehicle (up ‘
to 30 cwt. unladen) 1.00 1.00 1.00 1.00

Motor-cycle (solo),
motor scooter,
moped 0.50 0.75 0.75 0.33

Medium or heavy
goods vehicle (over
30 cwt. unladen}, ) .
horse~-drawn vehicle 2,00 3.00 2.80 ©1.75

Bus, coach, trolley .
bus, tram 3.00 3.00 2.80 2.25
Pedal-cycle 0.33 0.50 0.50 0.20

('Roads in Urban Areas')
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(:) Carriage-way Capacity

Approximately practical capacities of urban roads between

junction are defined as following Table in gboveQHentioned report,

6-3 . . .
Table Practical capacities of two-way urban Toads

The average daily capacity are calculated as following

formula.

C |
| | K e
Effective widith of carriageway ane , Ylane I 4-lane t (1-I'n.|3c
in feet (exciuding refuges or | !
1 .
central reserve) wl oot | 30| | aw| w]|a] w! |
Description Capacity in pcu’s per hour i Capacity in pcu's per hour
for BOTEH directions of fow i for ONE dircction of Aow
. R I R |
Urban motorwuy with grade , \ . ‘ . f3_000 14,500
“separation amnd no  fronlage _ [ |
acucss | ' i i |
oo |
" All-purpose road with no front- | 1,200 |I.350 :I.50(I glz,wo 2,200 12,000 12,200 {2,400 | 3,000 | 3,300 ;3.600
age access, no standing vehicles i Lo :
permiticd and negligible cross- . ; '
traflic ; . |
b .
. |
All-purpose street with High-'y 800 ||.000 11,200 {1,600 ; 1,800 11,200 11,350 | 1,500 | 2,000 | 2,250 {2,500
capacity junctions and ‘No - i i i - . )
Waiting® restrictions t ; ‘ P f 2,200° 2,450 2,700
I : | ' for dual
i i | ; '! carriageways
f ! ‘ . T 1 '

'Roads in Urban Areas'

practical capacity per hour

Rcmirks

L]
{for definitions of roag,
ace Seclion 2.1)

Applicable 1o the
caiegory of disteibutir

Appropriate Tor sl
distributors

Applicable tothose disii
and access roads whetes,
to development s [uy
but capacity i3 not g
restricted by junctions

Average daily capacity =

Concerning to the ratio of peak-hour traffic demand; 10.07%

in .2-lane roads

traffic volume survey in Penang.

Therefore, the capacities are decided as follows;
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Table 6~3 The Daily Capacity

Urbanized Area -

Sub-Urban Area

High-way
existing | new road | existing new road | _
Capacity 800 1200 1000 1500
per hour (22') (24") (22") (24")
2 *Ratio of ﬂ >
peak hour 107 107 10% 107
lane
Daily capacity 8000 12000 -10000 15000
op opaciy 1200 1500 1350 2400 3000
gne direction (44%) (48") (44') (48') (48')
4 Ratio of 199, o qodt 122 157 17#
lane peak hour e ” . - " !
ratio of 55% 5% | - 55% 55 55%
one direction / ' ¢
Daily capacity 36000 41000 58000 64000

45000
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6.2

6.2.1

Estimation of Future O-D Table.

Trip Production

The future traffic volume, related to the study area is
divided into the following types viz internal trip, external

trip, through trip and trip production from specific facilities.

internal irip _ external irip
7 Fa

= )

"\

@ trip production from
particular facilitier.

through trip

S~

.
v

With regards to "internal trip', 'external trip' and ®through
trip', they have already been explained in chapter 1. 'Particular
facilities' in this section means the new port, other port

facilities and the airport.

These facilities will produce more traffic than that produced
as a result of population increase. This is because there will
be a rapid increase in the volume of cargo handled by the port
and also in the volume of air passengers. Therefore, trip pro-
duction from these facilities must be considered separately from

the usual trip production.

(1) Internal trip
The internal trip production is estimated by multipling the
number of vehicles with the unit trip production already determined

in.this analysis.
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Table 6~4 ! Number of Trip in Internal Area

. . Sub-
Car Lo?ry Taxi Bus Total M/C
1979 59.3 9.4 0.4 0.9 69.9 105.1
? -
u o
'2:5 !985 79.8 13.0 0.6 1.2 94.6 124.0
58
=
' 2000 202.6 28.8 t.9 2.5 235.7 155.0
1979 | 236.0 28.4 2.7 19.0 286.1 397.3
e
VRY
g 1985 312.9 3% 4.8 24.7 381.5 437.7
g '
= .
2000 [710.7 86.7 15.3 51.5 864.2 449.5

However, some explanation is needed regarding the unit

trip production of cars and motor-cycles.

As future number of cars and motor-cycle shows, these number
will increase with the increase in population and the level of

income.

The avérage possession number per person about private car
will increase from 0.08 in 1979 to 0.10 in 1985 and 0.17 in 2000.
Also, those number about motor-cycle will be 0.15 in 1985, o.14
in 2000 from 0.14 in 1979.

In any case, the ownership of private cars and motor-cycles

per person and per household will increase without doubt.

As the number of private cars and motor-cycles increase, the
unit trip production per day will decrease. It is proved by the

results of many surveys in advanced countries.
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The uwnit +rip production.

Therefore, in the estimation of

by private cars and motor-cycles, we

the unit trip production are settled

figure from present one according to

and motor=-cycle possession.

the volume of trip productioy

consider these situation and

to be slightly decreased

the increased ratio of car

Concerning to other type of vehicle, the unit trip productiop

are settled to be same figure in present.

Table 6-~5 The Unit Trip Production

;.

3.0

(Unit : trips per vehicle)
1979 1985 2000
Private Car 3.98 3.92 3.51
Motor-ecycle 3.78 3.53 2.90
Figs :6~2 The unit trip production by year.

!
1979

1
i983
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(2) Trip production from specific facilities.

The specific facilities im this section refer to the
port and the airport.

The future cargo volum; is estimated by using the relation-—
ship between the cargo velume and the Gross Domestic Product
(G.D.P.). .

Table 66 Cargo Tonnage in Penang Port (Unit : 1000 tons -per year.)

-

1979 1985 2000
,Cargo Tonnage in 5.12 7.94 12.5
Penang Port (100) (155%) (245)

The cargo volume by wharf for 1985 and 2000 estimated by
using the data from the PenangrPort Commission.

Table 6—;7 Future cargo volume by cargo type and wharf. (Unit:1000 tons )

year
Yoy 1985 2000
Location cargo \
of Wharf type
' Commodity . 535 550
‘Penang Island | Fpel oil ol 85 150
| total - 623 700
Commodity 2513 ' 3090
Bgt;etworth Fueijgil - -
N tptal 2513 3090 -
Cppmodity : 739 740
~.Prai River L, _ T
. 'étea ? Fugl oil
tqtgl' 739 ' 740
Commadity 728 1130
Prai Marginal : =
Area’ Fuel oil 650 1120
total : + 1378 2250
Compmoadity 1296 3500
New y -
Development FU91_9}} o 139) -
Area '
' tatal 2687 3500
Commodity 5814 9230
total Fuel.oil 2126 - 3270
total 7940 ! 12500
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Trip production from these wharfs is estimated on the
basis of their carrying capacity by each commodity type.

The results are shown in the following table.

Table6-8. Trip production by wharf (Unit : 1000 trips per day)
ot whart T 979 N

Penang Island © 346 4'1. 5.3
*l Butterworth 19 9.0 1340
Prairziver 1.7 1.9 "~ 349
PraiAgzzginal 2.3 . 246 2.9
New Dzzz;opment _ 4.0 15.9
Total (1,5"3)" : ‘_(235(?) (21(]'31)'0

The Passengers bound for and departing from Penang Island
are increasing at a rapid rate and in the time span of one
decade, the growth rate shows a 5 times increase.

Table 5;5 No. of passengers (bound for/departing from Penang

Island) Unit: 1000 persons per year)

Year Passenger Year Passengers
1968 137 .8 1974 497.0

'69 162.9 '75 560.6

'70 198.7 '76 588.6

'71 . 233.4 '77 635.6

172 " 286.6 '78 685.5

'73 441.2
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Trip production of vehicles.

15:01

-
°
-4

T
o

The future volume of passcnpers is estimated by the

. regression equation,

Table 640 Future volume of passcngers
(Unit ; 1000 persons per year)
1970 1975 1978 1979 1985 2000
198.7] 560.6 685.5 705.5 | 1129.5 ?234.0
Passengerg (100) | (282) | (345) | (355) | (568) | (2131)

.Trip prosuction from the airport is estimated from the

growth rate of passengers as shown below:-

Table 6—11 Trip producrion

(persons per day)

1979 1985 2000
passengers 1930 3090 J 11600
per day (100) (160) (600)
trip production
af vehicles 2165, 3460 13000

* . From our ‘Traffic Generation Survey (14.6.1979)

Fig : 6~3 Trip prgduction from Air Port.
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(3} =Dxternal trips and through irips.

The rate of growth of external trips and through tripoc
in the future is dependant uoon the rate of growth of the
external area.

With regards to Penang Island, the rate of growth of
external trips is estlmhted by using the. growth rate popule-
tion in the external area of Penang Island.

In Province Hellesley on the other hand, the rate of
growth of external trips is calculated by using the estima-
tion from the 'Feasibility study of Federal Route T and the

A

'Fea51b111ty study of the EBast-West nghﬂay.

The result of the estimation is as follows:—

i — e i e R it e

Pige : 6~4 External and Through trips.

-(Unit : 1000 trips)

- — L - -
1501 144+4
(vehicle)
1201
90;;_
T . =aryarys
60+
353 -~ - p_-.
JR 28!
2541 277 —J(motorcyclﬂ
20
t { 1
1979 1985 2000
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(4)

6-2-2

Total number of irip related to the study area.

The estimation for the number of trips was conducted separa—
tely accerding 1o the iype of trips. The summary of these esti-
mation are as follows :-

Tabla 6-12 Tota) number of trips Qndi‘ 1000 trip porday)

1979 1985 2000
internal trip 286.1 38175 86442
external and 35.3 5141 1444
through trip
g .
ﬁ trip production . : (6.1) (25.5)
g from specific — (1.3) (10.8)
facilities 7.4 (3643)
v 321.5 | 440.0 104449 -
'-Jnternal 39?-3 43,{.7 449.3 ‘
trip . '
8 -
~t
_ §> external and | 25,1 27.7 | 28.6
8 through trip : : -
2 .
422.4 | 465.3 | 41749

Trip-genefation and attraciion.

(1) Puture trip generation and attraction. = -

Future volume of trip generation and attraction is
calculated by the trip generation and atiraction model which
is derived.frbm the present traffic and population data.

The results are as follOWS:-‘
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Fig:6-5 The relationship with trip generation and population

(uni1:1000 p.c.u, person)

voor Internal area : Internal wrea
of Penang Island raro | of" Province ‘ellealey
(205}
% I
!
800+ |
i
f
700 2,1:1;.}0 :
|
l
600+ I
| e
oo i e
500 {1.2) [
w7 |
g |
‘(‘1::;:) / l
- 4007 7 fﬁ !
=1 1. .
% é .
i ‘{ i
300+ % . % |
- |
/ % ] (;;;é"?,
200} 17 . L
| e
. %
1001 % % I
T é é =
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Fig: 6~6 Trip generation in Penang Island and Province iellesley

(unit:1020 trips)

3383-7
(a58)
" i

2000

Internal area
of Province VWellesley
1983

e — i e iy o — — — — — — m— p— —— — —— —— ——— o——n r— o p— — — s il i A

2000

Internal area
of Penand Islaond

19bs

(131) 283-5 -

294-5

700
600
500
400
300
200
100

Vehicles

Motorcycles
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Table:6— 13 Number of trip generation

(Unit : 1000 tripg)

Vehicle
Car

Going On . Going | Sub- . Sub-

to Workl Business Brivatel yome Total | LOFXY Taxi {Bus Total
1979 53192 24579 42647 65347 | 185705 20440 2499 |15937 |224588
1985 70067 | 31714 56627 | 81095 | 239503 29426 6000.[19584 |294513
D (1.32) | (1.29) (1.33) | (1.24) | (1.29) | (1.68) | 12.40) [(1.23) |[(1.3])
2000 156142 | 62911 119357 | 149717 | 488128 | 59736 | 22420 |30907 (601191
(2.94) | (2.56) (2.80) | (2.29) | (2.63) | (2.92) | (8.97)|(1.94) |(2.68)
1979 15298 11174 13263 21343 61078 12701 1200 | 3275 | 78248
w | 1985 21619 | 15401 18955 | 34215 | 90190| 20864 | 1800 | 5470 [118324
(1.41) | (1.38) (1.43) | (1.60) | (1.48)| (1.64) | (1.50)|(1.67) [(1.51)
2000 67736 | 40749 59275 | 99322 | 267082| 63667 | 6680 |21293 |[358722
(4.43) | (3.65) (4.47) | ¢4.65) | 4.37)| ¢5.01) | (5.57){(6.50) {(4.58)
11| 1979 68490 35753 55910 | 86690 | 246843 33141 | 3699 |19212 |30289%6

0|

: i 1985 94282 47409 75381 | 115621 | 329693 50290 7800 |25054 (412837
L (1.33) | (1.33) (1.35) | (1.33) | (1.34)§ (1.52)| (2.12)|(1.30) [(1.36)
: 2000 223878 | 103660 178632 | 249039 | 755210] 123403 | 29100 |52200 |959913
(3.27) | (2.90) (3.19) { (2.87) | (3.06)| (3.72)| (7.87}|(2.72) [(3.17)
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Table: 6~14 Number of trip Attraction
(Unit : 1000 trips)

Vehicle o
Car
ggiggrk Bugzness Private ggigg 222;1 Lorry |Taxi Bus gg{;l M/c
579 52518 | 24465 43594 | 65487 | 186149 | 20416 | 2513 |15836 )224974 271621
65447 | 31274 56152 | B6630 | 239503 | 29426 { 6000 |19584 |294513 | 283458

985 (1.25) |(1.28) (.29 a3 .29 .48 | 2390261 0.3) (1.04)

122261 61027 111133 | 193704 | 488125 | 59736 | 22420 [30907 (601188 | 252124
(2.33) | (2.49) (2.55) |(2.96) | (2.62) | (2.93) | (8.92)|(1.95)|(2.67) (0.93)

15875 11234 12836 ZIITII 61078 12544 1225 | 3151 7| 78107 138098

25189 15455 19769 | 29777 90190| 20864 1800 | 5470 | 118324 167740
(1.59) | (1.38) (1.54) | (1.41) ) (1.48) ] (1.66) | (1.47)| (1.74)] (1.51) (1.21)

74717 | 41537 61435 { 89391 267081 63667 | 6680 (21294 | 358722} 211275
(4.71) | (3.70) (4.79) | (4.22) | (4.37)} (5.08) | (5.45)] (6.78)| (4.59) (1.53) |

68393 | 35699 56430 | 86658 247227 20416 3738 | 18987 | 303054 409719

90636 | 46729 75921 | 116407 | 329693| 50290| 7800 | 25054 1-412837] 451199
(1.33) | (1.31) (1.35) | (1.34)] (1.33)] (2.46)} (2.09)} (1.32) (1.36) (1.10)

196978 | 102564 172568 | 283095 755206 123403{ 29100 | 52201 { 959910| 463399
(2.88) | (2.87) (3.06) | (3.27)| (3.05)| (6.04)| (7.78)] (2.75) (3.17) (1.13)
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6-2-3 Future 0-D table
Number of trips in each traffic type.
0-D tables for the future are estimated by using the future
trip generation, trip attraction, and distance between eaoh

zone pair together with gravity model which is derived from the
present traffic data.
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Table:6=15 Number of trip in each traffic type

(Unit:1000 tripy)

Vehicle ]

Car

Year leagrk Bus?:ess Private Eg;zg '?‘gt;l Lorry |Taxi | Bus ?2:;1 Hje
. 1979 | 66.4 33.4 53.1 83.2( 236.0 | 28.4 | 2,7]19.0( 286.]1 |3y
%.E‘ 1985 | 88,1 44.0 70.8 110.1| 312.9( 43.2 | 6.1 24.7 386.'9 4N
E " 2000 | 200.1 " | 100.0 160.7 249.9| 710.7 | 92.2 |24.5| 51.5| B7B.9 |4y
» ‘g 1979 4.3 4.8 6.4 7.5] 23.2 9.8 2. 0.4 35.3| n
EEEB 1985 6.0 7.2 9.8 10.3| 33.3 15.8 | 3.4 0.6 3.1
E mg 2000 14.4 21.6 27.3 25.5] 89.0{ 66.4 ] 9.2 1.4 166.0| %
T 1979 70.7 38.2 59.5 90,7 259.2 | 38.2 | 4.8 19.4] 321.5142
g 1885{ 94,1 51.2 80.6 120.41 346.2 1 59.0 ] 9.5] 25.3 440.0| 46
i 2000| 214.5 121.6 188.0 275.4) 799.7 | 158.6 | 33.7 ] 52.9} 1044.9 |40
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Table : 6-16 Number of Trip production in each

Traffic Type (P.C.U.)

(unit: 1000 P.C.U.)

1979 1985 2000
internal 551.2 692.2 1287.5
trip (100) (114) , S (211)
‘external e
and 58.6 O B4L4 250.6
through (100) (144) (428)
trip
609.8 , 776.6 1538, 1
total (100) (127) (252)
12875
1250 1
1000 -
’/
. ”~
e
. /’ ) LY
750 onzs”
609-/
”—'
500
2306
2507

79 85 2000

213~



Table t 6~ 17 Number of Trip Production
in each Traffic Type (Vehicles)

(unit: 1000 trips)

1979 1985 2000
internal 286.1 38649 87849
trip (100) (135) (307):
external . 33.§ 51.7 161.7
trip (100 .{153) (477)
Through “Ted 1.4 . 4.’3_
Trip .{100) (100) (307)
321.5 ©440,0 1044.9
Total (-100) ?‘1440) (325)

100071

8001

6001

No. of Trips

4001

2001

28564

asr

No of Trip Production
in Bach Traffic Type (Veh)

75




Humber of Trip Production

Table :6=18
in each Type (m/c)
(unit: 1000 trips)
1979 1985 2000
internal 397.3 43747 449+3
trip (100) (110) (113)
g external 2541 2747 28.6
through
trip (100) (110) (113)
Mgt 422.4 465.3 477.9
Total (100) (110) (113)
500+
NO. OF TRIP PRODUCTION INTZRNAL -
. IN EaCH TvPe ( H/C) TRIP
4493
-/4:”"7
400+ . ’ .
397,32
300
NO. OF TRIPS
200
100}
EXTSRNAL
THROUGH TRIP
a8 277 28.6
° 75 80 85 %0 o5 2600
" YEAR
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(2) Outline of movemunt

<Vehicle> (unit: 1000 trips)

i |

1 < 8.7

! 217.5 10.8 62.6 T )

| N\ '
1979 - :

I

O
e |
—
13.4 , ]
i i
1985 | (uo.a /\ 9.2 94.3 { 3.0 >
! —7 - ]
| .
P s [
16.6 e )
; _ ) _______ | aa0.0 (137)
_ 14, :
N
_ @__ L

|\ /——‘:
2000 ] 557.0/ 52°.9 \”i <
! : !
._@_.. ] 1044.9 (325)
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1979

1985

2000

< Iiotorcycles> (unit: 1000 trips)

4 w4 m—

| |
= :
33 I{‘u ‘ 422.4 (100)
[ .
'l'l,a ' I
- . !
i ( 27::'.7>‘ @
s ]
13.7 e .
—- I_-S._._ .1 465.3(110)
N

477.9 (113)
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13,3

()

w79 | ‘;:];—%

&2
399.9

i
i 480- 6 3.8
! .

-~ 1;9|:

1985

a.

I

_a_

2000

-218-
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N

s
» ;>
\0

63.%"
~

|
|

_*._Jrﬁ\ﬁ_.__,__._,‘ 1538.1 (252)

1000 P.Call. )

609.8 (100)

77646 (127)



(3) Desired Assignment

For the purpose of grasping the traffic movement approxi-
mately, the desired assignment are conducted useing the method
of simple assignment. This way is that the traffic demand of
each 0-D pair (in this case middle zone pair) is assigned to
the shortest desired route according to the distance;' The growth
rate of traffic demand on major section estimated by the desired

assingment are as follows;

From these figures, the following can be observed:
(1) 1In Penang Island, the traffic movement between George Town
and Bayan Lepas will become greater. (Section C). The traffic
movement in 1979, 1985 and 2000 are 63,000 106,000 and 239,000

respectively.

(2) 1In Province Wellesley, the traffic movement between Butter-
worth, Seberang Prai and Bukit Mertajam (Section F) will be
increased remarkably from 41,000 to 73,000 in 1985, 20,400

in 2000,
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Table 6~19 Traffic Demand on Major Section
(Unit:1000 trip P.C.U)

Section Penang Island Province Wellcsley
Year A B C D . E F
Vehiclgs 15.7 - 85.7 35.9 14.6 27.2 20.4
1976 M/C 11.1 88.7 35.7 13.9 29,2 28.0
P.C.U 25.2 147.9 | 2.9 25.8 48.4 | 41.2
Vehicles 22.0 1.7 67.0 24,14 -55.1 43.2
M/C 11.8 80.6 40.8 18.6 42.6 36.5
1985
P.C.U 34.1 172.7 105.7 39.7 90.6 . 72.8
(1.35) (1.17 (1.68) (1.54) (1.87) | (1.77)
Vehicles 65.8 217.8 179.6 77.0 169.8 136.5
M/C 12.9 70.2 39.1 29.1 56.4 48.9
2000 -
P.C.U 83.7 293.9 239.71 118.6 249.6 203.8
(3.32) (1.99) (3.80) (4.60) (5.16) | (4.95)
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(4) The traffio volume ascross the Straits

The traffic volume over that unique section, viz crosa the Straits

in entimated ag follows:-

Table 6~20 Traffic volume across the straits (unit: 1000 vehicles/

motorcycles)

1975 1979 1985 2000
a 4.7 10.8 (14.6; 230.1)
vehicles (100) (135 278)
b - - 19.2) 5249)
2‘178) 2490)
a 10.0 13.0 (14.43 (18.5)
motor— (100) (1 (142)
cyeles | o - - (120.7) | (15.8
{113) (1223

a: Bimple trend method

b: resulis from distribution estimation

From the results, the induced trips brought about at
the completion of the liqkage can be obtained. In 1985,
these trips will total 6,000 p.c.u. but by the year 2000
they wil{ total 28,000 p.cau.

From this, we can deduce that the effects of the
linkage will be quite large.
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=2 Varification by person trip
Schocl bus
Car Taxi company M/C Public bus
| :
No. of trips 236.0 2.7 19.0 397.3 217.0
by mode 312.9 6.1 24.7 437.7 229.1
(unit:1000 trip per day) 710.7 24.5 51.5 449.3 270.7
1 1 I 1. ]
i
X average no. of passenger
L
| 1 I Al 1
No. of person 389.4 3.2 57.0 516.5 217.9
trips 516.3 7.3 74.1 569.0 229.1
(unit:1000 trip per day). [1172.7 29.1 | [154.5 584.1 270.7
L | [ ] )|
"
1184.0 (100)
1395.8 (118)
2211.1 (187)

. 3 ' )
Population Population | above |5 years
(unit:1000 person) 723.0 ! 458.2

I
837.0 1 537.3
1207.0 : 811.1
L
Unit of trip L.64 (100) 2.58 (100)
production .67 (102) ! 2.60 (101)
per person 1.83 (112) | 2.73 (106)
,unit: no. of trip per person)
' per day
reference
Upper : 1079 Owner ) 2,32
Middle : 1985 Non owner: 1.57
Lower : 2000 Average 1.73
in Manila




Estimation of Future Traffic Demand by Transport Plan

Concept of the Transport Plan

The future O-D table which are described in chapter 6 are
estimated according to the demand of vehicles. However, the actual
appearance of the traffic are affected by many réstrict&on and
alternative transport, that is, if there are no parking-area, vehicle
traffic will decrease and if there are some superior transport
which speed is faster than vehicles, some vehicle will divert to

the new transport.

Therefore, we must consider some_factors:which are .related to
the traffic volume., In this chapter, some alternative transport
plan are considered and some estimation are excuted by the

transport plan. ~

{1} The transport plan

The transport plan are planned as following 3 (three) steps.

PlanB
In this plan, the restriction about parking demand and the
altérnative transport which are represented by bus exclusive lane

are considered.

Plané

In this plan, the new tramnsport system which is imagined as
the Lightway Rail System is considered on Penang Island in .
addition to PlanB.

Plan D
In this plan, the control of parking demand and the car pooling

system are considered.

fhe calculation are gxecuted as’foIlpws:—

Year Plan - B Plan —.G: Plan - D
1985 execution
2000 execution " execution execution

~22G-



Fig. $7.1

Alternative Plan - B
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Figo : Te3

Alternative Plan - D
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7.2.

The way of the calculation

When the calculation are carried out by the transpert

plan, some premise are needed. Therefore the premise will

be introduced firstly.

Controll of Parking_Demand

(1)

The premise for calculation

The premise of calculation are as follows:-

1e

3.

4.

S

6s

The cbject area of parking controll are limitted only
within C.B.D in George Town (th;t is zone 111, 121, 131),
The difference volume between the parking demand and the
parking supply are to be controlled and diverted to the
public transport.

These difference are subtracted from the trip attraction
to the C.B.D which purpose are 'going to work' by private
car, and the equal volume are subtracted from the trip
generation which purpose are 'going home' by private car.
Parking Ratio and the number of average passenger are
used present figure which are obtained through the traf-
fic survey.

There are no restriction concerning to motor-cycle because
it is very difficult to estimate the future parking supply,
The averagzs number of passengers is 1.4 in each private
car.

=232-

[£%



(2) The result of calculation.

The caloulations.are executed as the following
flow chart.

Figse ¢ Ted4 Flouw chart of parking control.

- lumber of trip Present facilities of
attraction by type ' parking (on-street,
and purpose in C.B.D. off-atreet) i
—
parking ratio N estimation of
at peak hour. N ggrking factli-
ies
L 4
i 1
the rolume of parkingl the volume of . parking
demand at peak hour. supply at peak hour.

excluded volume from
the trip attraction to
C.B.D.

excluded volume from
the trip generation.

The volume of parking demand at peak hour is calculated
by multiplying the volume of trip attraction with the parking
rpfio. The parking ratio at peak hour are as follows:-—

Table 7.1 The parking ratio at peak hour (10 — 124i.M.)

Car To work 0.42
On business 0.14
P;ivate 5.07\
Home: 0.04(%
Lorry O.14 31
Taxi - 0.0 |
‘ 3us ‘ ‘ 0.0

- -233-
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Parking Demand

The parking demand at peak hours are as follows:-

Table 7,2 Parking demand at Peak Hour in C.B.D.
. (Unit : trip =n%)
1979 1335 2oud
Sar Do “Work 12440 15010 . 24410
on 3usiness 1330 2320 3930
Privaie 1290 1690 3039
Home 540 630 920
Lorry 1309 1600 ) 339
Total 17450 21300 13£50
- (100) (122} {204)
Figs ¢t 745 Parking demand at peak hour.
4000+
a7
3000+
2000
10001
l‘ 1
1 1}

pfc

Year
=234~




The volume of parking supply are estimated by our parking

survey as follows:-

Table 7.3 The volume of parking supply

(Unit:vehicles)
1979 1985 2000
On-Street 14133 " 11500 10000
Off-Street 3491 6500 11000
Total 17624 18000 21000

From Table 7.2 and Table 7.3 , the excluded volume

due to the shortage of parking supply are calculated as

follows;
Table Ted The excluded volume
(Unit:1000 trip end)
~1979 1985 2000
tlemand volume 17.5 18.0 . 21.0
supply volume 17.6 21.3 35.7
difference +0.1 -3.3 ~-14.7
excluded volume - -6.7 -29.3

~235~



7.2.2

Diverted volume to Public Transport

People who lived in urban

-area always chose their own mode among their available trans-

port according to their judgement. The judgement are consist
of varoius factors, but generally the factors are represented
by concept of distance from origin place to destination. The
distance includes, of course, actual distance, time distance

and economic distance which includes the travel fare.

At '"Urban Transport Policy and Planning Study for Metro-
politan Kuala Lumpur', the modal-choice model are applied the
diversion curve and the factors of modal~choice are chosed

time difference between alternative transport.

In Penang State, there are no modal-choice data, then
the above-mentioned data in Kuala Lumpur are made use of the
examination of diversion from traffic volume to public trans-

port.

In above mentioned study in Kuala Lumpur, some diversion
curve are verified by house-hold group and trip purpose.

Among of them the representative curves are as follows;

- 235 -~



Fige ¢ To6 Diversion Curve in K.L.
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Increasing rutio of public transport usa;e.

From these curve, following diversion ratio are

obtained.

Table 7.5 Divertion ratioc between car and public Transport

reduction of
time difference

increasing ratio
of public transport

~238=

(min) usage (2)
5 10
10 18
15 24
(One Car Households - Home based Work)
Fiz. 7.7 Jdiversion ratio bhetween car and
public {transport.
301
240
20-
18-0
101 -
0 : — !
5 10 3 (minutes)
Reduction of time

difference.




[ 2]
o
1

Table 7.6 ‘

Diversion ratio between M/C and public
transport.

reduction of

time difference

increasing ratio
of public transport

(min) usage {(2)
5 8
10 19
15 | 25

. Figs 3 7.8 Diversion ratio betwesn motorcycle

(ilotorcycle Households — Home-~dased Work)

and public transport.
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siidug bns D\fpopgvhst ddéirateé iwdy to use the” modal-cho1ce modal of

SYrunEes)

other city in severe ‘examination, but it is equal to examine

T —rough diversion from vehicle to~ publlc ‘transport;

{ "JIJE.’I 3!”;’22._}'}")"11 i NS TN G N § FULT e

' (I)”“Thejpremxse for calculatlon"”ﬂ’-‘-" AR

! !_; i HNARLY

S Thla“calculatlon“are-conducted in case_of the execution

' of bus exclusive lane and the introduction of New Transport
;_mm_System.“_~_~_mm“w_“,_im__mmuu"m“wkunvmmnw_m_;

: Following premise are diceded to calculate.
17 The object area for diversion are limitted-those area
which: are directly related to the new transport plan.

2. The obJect tflp.for diversion are only golng to work'
And after

the equal volume

R ‘.,n..—‘.

~ which made- by private car and motor-cycle.
calculation of diversion finished,
which are diverted to public transport from 'going to

work' are subtracted from trip purpose 'going home'

3. The schedule speed are determined as follows;

Bus : On exclusive lane 25 km/h.
On other lane (urbanized area) 15 lam/h.
On other lane 20 km/h,
P N_sT_aSo . e . I ar 30 km/h‘
A e s aaTl WErw T — ‘o - r ] - .
e T s Lot T e A S S U U Leg
Y
N_‘
{j:
t o
- T
R T4 -
< -
- v - . "j‘..,'_ )
(zodunrm) 2F &F 4
Lanrats Tl amiy In .
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(2) The results of calculation

The volume of diversion from car and M/C to public

transport are shown at followed Tabile.

Table 707

The volume of diversion by transport plans.

(Unit:1000 trips)

In Penang Island

In Province Wellesley

Year
Car M/C Car M/C
1985 internal trip 221.9 |273.7 | 71.8 | 151.6
A :
cbject trip purpose !
for diversion 124.9 [156.0 | 40.2 86.4
object trip related
%o the objoct apea ¢ | 24:2 | 28.1 5.8 11.5
Caused by .
Bus Execlusive Volume of
diversion 2.3 3.6 0.5 1.2
Lane D
ratio of 9.57 | 12.82 | 8.6 10. 4%
diversion (D/C x 100) Tea . = oA T
2000 internal trip 4246.0 |241.8 215.1 193.8
A
iject'trip purnose
. for diversion & 237.4 137}8 120.5 1}0.5
Caused b —
aused by object trip related 37.2 | 21.6 16.7 14.4
Bus Exclusive to the object area © ’ ) ’ )
Lane 1 £ .
;? ume o 3.5 3.6 1.7 2.1
iversion b
ratio of 9.42 | 16.72 | 10.22 | ‘14.67
diversion (D/C x 100) ' : : ree

2=




In Penang Island In Province Wellesley
Car M/C Car ‘M/C
2000 internal trip A 424.0 | 241.8 - -
object trip purpose 237.4 | 137.8 - _
for diversion B ' '
object trip related
N.T.S . 75.0 56.9 - -
to the object area € :
volume of
diversion D 12.9 9.1
ratio of
diversion (D/C x 100] ]7.Zz Za.lz -

NOTE : Object trip purpose for diversion (B) @

The traffic volume, the purnose of which is

'zoing to work' and 'going home',

Object trip related to the object area (C) :
The traffic volume which generates or atiracts

from/to the object area.

Object area

The area in which ths new transport plan is

introduced.

42w




7 These volume of diversion are not so large, that is,
2800 cars and 4800 M/C in 1985, 5200 cars and 5700 M/C in’

2000 and after introduction of N.T.S, these figures are 12900
cars and 9100 motor-cycle.

Comparing with the total trips, these volume of diver-
sion are only 1.2% of vehicles and 1.9% of motor-cycles even

if after introduction of N.T.S.

It is because the object trip and limited by trip pur-
pose and by area. .

7.2.3 Bxecution of Car Pooling system

Car Pooling System is divised for the purpose of preven-
ting from the traffic congestion which are caused by private

car entering to C.B.D.

According to the rule, the number of passenger in each
car are enforced to be more effective, that is, to be full
of capacity. As a result of the restriction, the number of
car which passengers are a few will be on the decrease and

the traffic volume also will decrease.

(1) The premise for calculation
The premise are as follows;

1. The object area of car pooling Systeﬁ are limitted only

within C.B.D in George Town.

2. The object trips are those which destination are C.B.D

and also trip purpose is 'going to work' and 'private'.

3. Average number of passenger in each private car are
enforced to be avefage 3.0 person includes the driver
from 1.65 persons, therefore the decreasing ratio of
traffic volume is 0.45 (3.0-1.65/3.0).

4+ The equal volume with the decreasihg number of intering
volume into the C.B.D are subtracted from coming out

volume from C.B.D.

=2 Y



(2) The results of calculation
The calculation are conducted as following flow-chart in
2000 year. ‘

Fig. 7«9 Flow chart of calculation

Number of trip attraction
by type and purpose

in C.B.D after parking !
control =

1
|
average number g
of passengers ¥ I
{1.65 per car) )

! ?

i 1
number of passengers |

whose distination is
C.B.D

Car pooling l
system H

average number
of passengers
_{3.0 per car) |

b

Number of trip attraction
after car pooling system

L -

y

decreasing volume
in due to car pooling system
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The number of trip attraction in C.B.D after parking

control are as follows:

Table 7.8 Number of trip attraction in C.B.D

(Unit

" Car To work 43.4
On Business 28.0

Private 43.3

Home 24.4

Lorry 23.6
Taxi 7.5
Bus 5.9
Sub-total 176.1
M/C 95.5

-
»

1000 trip ends,

From this table, the number of passengers whose trip

purpose are 'going to work' 'private' are as 143100 persons.

(86700 cars x 1.65 persons).

245~



After excuting of car pooling system, following number

of cars will be decreased.

Table T.9 Decreasing irolumé due to car pooling system.
number of number of average number
trip attraction | passengers | of passengers

before car pooling 86.7 141.3 1.65
system

after car pooling 47.7 143.1 3.0
system .

decreasing volume 39.0

on one way direction '

decreasing volume 78.0

on both way :

As a result of these restriction, number of trip attrac-

tion in C.B.D are decreased as followed figure.

Fig. 7.10 The effect of car pooling system in C.B.D.

Humber of trip ends (ex m/c) Humber of trip ends
(Unit : 1000 trips) (Unit : 1000 p.c.u.)
5188

(re-0)

440.0 (as%)

278+2

{780

\

N

2002 (72%)

Bgfore car After car - Before car After car
pooling system pooling system poocling system pooling system
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7.3 Estimation of future traffic demand by transport plan.

7.3.1 Number of total trips by transport planm.

Estimation by transport plan are conducted according to

the above-mentioned premise. Number of total trip (p.c.u)

are changed as follows;

Fig. 7«11 , Number of total trip by transport plan.

(Unit : 1000 p.c.u.)
-1979- -1985- —2000-
15381

150046 14883

1427-9

6098

—

Present - Plan A Plan B- .
- =247

Plan A PlanB- PlanC Plan D



5.

Fiz. :7-12 Results of Estimation by Plan B (1935)

. funit: 1000 trip per day)

1985 - Plan B-
Vehicle
440.0
S Control of
parking demand
6.7
Bus Exclusive
i Lane [~ T T T 7 >
2.8 4.7
430.5 (97.8%) L _J
(-9.5) AL

460.5 (99.07) (“4073~ .

19.0 ( X 1000 person)

No. of passengers who
transfer to Publie Transport

Bus passenger
249.1 ( X 1000 person)

x|

Control of
parking demand

Bus Exclusive
Lane

P.C.U.

776.6
? 6.7
Ed rd 502

764.8 (98.5%)

(~11.8)

=246

268.1 ( X 1000 person)

(Unit

1000 p-c.u-)




1985 - PlanB

(unit : 1000 trips)

Vehicie
'__@*'* ]
] .
= 3
l -
I - |
' I a0 ) “';ﬁ> : <i5€Ej;> [#1;;">
! t-0-2) |
i (~8:8) . (~0-5) !
_*_TL.,"' N l 430.5
-—-IML _ (~9-5)

Motor-cycle
— = — __]
I .
S, ' !
| . . : .
G RC N KCope
L 1wy @
| ) —
. (=3:8) (=11) -
! ’
e )
!mr l
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Fig. : 7+13 Results of Zstimation by Plan B (2000)

2000 - Plan B

1044.9 477.9

Control of
parking demand

29.3

Bus exclusive . _ _ A
K lane g
» 5.2 5.7
l J ~
I:010.4 (96.77) \L 472.2 (98.8%)
{=3445) No. of passengers (=5.7)
who transfer to
Public Transport
55.2 ( X 1000 person)
Bus passenger
296:4 ( X 1000 person)
351.6 (X 1000 person)
PQC‘U.
1538.1 (Unit : 1000 peCeus)
Control of
parking demand - 29.3
Bus exclusive o 8.0
lane ’ !

1500.6 (97.92)

{(=3745)
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Fig. t 7+ 14 Results of Estimation by Plan C (2000)

2000 - Plan C
Vehicle M/C (Unit : 1000 tripe)
1044,9 477.9
e - — — — control of
parking demand
29.3
J vEE |
e e A SR
L4 Bus exclusive -lane |-
AE9 | 5 b
Whe | [ ¥
L
1000.9 (95.8%) AJL | 466.6 (97.6%)
(~44.0) (-11.2)
No. of passengers who
transfer to
Pabli¢ Transport Bus passenger
75.2 (X 1000 person) 296.4 (X 1000 person)
L . |
l -
1 1
N.T.S Bus
92.5 279.1
P.Cals
1538.1 | (Unit : 1000 peoeuts)
Control of
parking demand 129.3
N.T.S & Bus
Exclusive Lane | 20.3

1488,3 (96.87)
(=49.8}
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2000 - Plan C (unit'-i 1000 trips)
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Fige : T+ . Results of Estimation by Plan D (2000)

. 2000 = Plan D T
Vehiole : M/c {(Unit : 1000 trip
1044.9 477.9
e Control of
T 7| parking demand
29.3
Car pooling .._...- ) Bus exclusive o
syetem 78.0 " lane’ -
[ 5T I‘
! L |
937+5 (89.9%) 47242 (98.87) -
(=107.3) Ne., of passengers (=5.7)
who transfer to
Public Transport
47.9 { X 1000 person)
Bus passenger
296.4 ( X 1000 person)
344.3 ( X 1000 person]
P.c.UA.
1538.1 (Unit : 1000 p.c.u.)
Control of il
Parking demand i I 2943
Bus e:vlcolusive N 2.9
N ane
Car pooling
system )l 78,0

1427.9 92.9%)
(=11042)




2000 - Plan D
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2000
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7.3.2

The comparizon of transport plan in George Town -

(1) Number of trips related to George Town.

Number of trips by iransport plans are s followsi-

Table T+10

The comparizon by traﬁsport plan in George Town.
(Unit:1000 trips)
Vehicle M/C
internal external total internal external total
Plan A 180.5 92.9 273.4 ' 185.4 59.3 244.7
1985 -
Plan B 173.8 90.6 264.4 182.5 58.7 241.2
(~-6.7) {-2.3) (-9.0) (-2.9) (-0.6) (-131.5)
Plan A 277.0 231.5 508.5 148.1 57.4 205.5
2000 Plan B 255.7 219.9. 475.6 145.2 56.6 201.8
(-21.3) (-11.6) (-32.9) | (-0.8) (-3.7)
Plan C 252.8 216.2 469.0 142.7 54,1 196.7
(-24.2) {-15.3) (—3?.5) {-5.4) {(-3.3) (-8.7)
Plan D 208.3 192.8 401.1 145.2 - 56.6 . 201.8
(-68.7) {(-38.7) (-107.4) | (-2.9) (-0.8) (~3.7)




' Fig.7.i16  The camparizon of number of tr1ps
related to George Town. -

' (Vehiocles) ' ’
=1979~" - - ~1985- o T . . w@000~
5085
4756 469.0
401.1
2734 2644
216-8
Pregent Plan &4 Plan B Plan A Plan B Plun C Plan D
(Motorcycle)
-1979- ~1985~ =2000-
2571
2447 2412
205-5 2018 3067 201:8
Praesent Plan A Plan B Plan A Plan B Plan ¢ Plan D

Note : above figures include internal trip and external trip of George Town.
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(2) Number of trip generation and attraction in C.B.D

of George Town.

Number of trip generation and attraction in C.B.D area

(zone 111, 121, 131) by transport plan are as- follows;

Table T.11 The comparizon of trip generation and
attraction in C.B.D

(Unit:1000 trip ends)

Vehicle (Car) M/C
Plan A 223.1 {(186.7) 227.8
1985 plan B 213.5 177.1 225.1
(~9.6) (~9.6) (-2.7)
Plan A~ 381.,5 (307.7) 191.0
2000 Plan B 345.4 271.6 188.3
(-36.1) (~36.1) (-2.7)
Plan © 341.2 267.4 185.2
' (-40.3) (~40.3) (-5.8)
. 258.7 184.9 188.3
(~122.8) (-122.8) (~2.7)




Lrd

FJ.g'T-‘I"[ "'I."hé“;“cbmpai"i'zo'ri'of trip E‘genei-ati'dﬁ

* and &ttraction’in C.B.D,

 (Unit:1000 trip ends)

(Vehicles)
~1979- =198 5= _ ~2000=
3815 o
454 a2
2587
2239 :
2135
1773
Present Plan A  Plan B Plan A Plan® Plan ¢  Flan D

~ ~1985= Cars) ~2000~

1979 1985~ ( v

. 27148 2874
o )
1887 1771 184
149:0
Present " Plan A ' Plan B Plan A Plen B Plan C Plan D

-1979- —1985- ( ilotoreycles} ~2000-

alia 2378 2131

191:0 188+ 185-2 1883

Fregent Plan A Plan B Plan A Plen B Plan ¢ Plan D
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Estimation of the future traffic demand on road network.

The road networks which are intended for traffic assign-

ment are as follows:-

1979 Present network
1985 On going
' On going & Proposed
2000 On going & Proposal Ultimated
Ultimated

The content of these road network are as follows:-

On going

On going
& Proposed

Ultimate

The present road network to which is added éhe
linkage plan, the dispersal plan, the federal
route plan and some improvement on existing
Toad.

The road network where our proposed new road
plans (e.g. project 1, 2, 3 and 4) are added

to 'On going',

The road network where some road plans and plans

to widen the roads are added to 'On going &

Proposed’'.

The simulation for traffic assignment are conducted

according to following table:-

Table 8-1 Simulation for traffic assignment
Network . On going .
0~D On going & Proposed Ultimate
19g5 | Flan A 0
PlanB _ 0
Plan A
2000 PlanB a0 0
Plan C c
Plan D 0

-gGﬂh



Regarding the toll charged, the following are taken in to
consideration. In America, the toll rates which fall within the
range of M800.5 tc M800.8 per mile is common. At the Slim River
toll~gate, a toll of M$1.00 is imposed for the use of the new
18 mile section on Federal Route 1. Toll collection is only
along one-way, hence, the charge is for 316 miles at a rate of
M§0.028 per mile.

In the case of the Alor Star - Butterworth project, toll-
gates are locailed at intervals of about 15 miles and the toll
is expected to be M$0.50 per passenger car trip giving the rate
of M$0.033 per mile. The toll rates on Federal Route 1 in this
study area is 1$0.033 per mile. On the other hand, the decision
regarding the toll for the Linkage is influenced by the fare -
for the ferry, i.e. M81.75 for one way.

This fare is converted in to time by dividing the fare

by the time value. The time value used are ag followsi—

Table 8=2 Time value

1979 1985 2000
passenger 3.70 M /Hour 4.9 M/Hour 730 M/Hour
car
motor—cycle | *2° M/Hour 1.60 4 /Hour 2.60 H /Hour
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Comparison of Travel Speed

Fig- 8-1
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9. Assignment for the road network without Ferry
The traffic volume on the strait are obtained from
teaffic assignment as follows:-
Table 9.1 Traffic Volume on the strait
(Unit:1000 trip)
Ferry Linkage
0-D NETWORK
P.C.U P.C.U
.C.U
(ex. m/c) M/C ?.c.U (ex. m/c) M/C P.C
1979 Present 12.8 13.0 19.3 - - -
1985 | - Plan A On going 2.7 4.6 5.5 20.8 8.4} 25.0
_ On going
Plan B % Proposed 2.1 6.5 5.4 21.2 7.5 25.0
2000 | _ On going -
Plan B & Proposed 17.3 6.5 20.6 49.7 8.7 54.1
Ultimate 14,6 6.2 17.7 52.4 8.9 56.9
- Plan G Ultimate 14.9 6.2 18,0 52.1% 8.9 56.6
-Plan D Ultimate 13.0 6.2 16.1 51.2 8.9 | 55.7
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For the purpose of measuring the effect of the ferry, the

assignment are conducted on the road network without ferry
(2000 - plan B, Ultimate)

Table 9.2
The Comparison between With Ferry and Without Ferry
(Unit: 1000 p.c.u)
‘Uith Ferry ‘Without Ferry
P.C.U. (ex m/c) 247.8 262.4
Inner
Cordon M/C 67.4 72,2
P.C.U. 281.6 298.5.
P.C.U. (ex m/c) 357.9 372.5
Center. -
Cordon M/C 83.9 90.1
P.C.U. 400.0 417.6

Therefore, if only the ferry service for vehicles (ex m/c) are

stopped, the traffic volume will increase as follows:

Table 9.3
Traffic Volume Without Ferry for Vehicles (ex m/c)

(Unit: 1000 p.c.u.)

P.C.U. (ex m/c) 262.4
Inner ‘
Cordon M/C 67.4
P.C.U. 296,1
P.C.U. (ex m/c) 372.5
Center
Cordon M/C 83.9
P.C.U. 414.5
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From this the traffic volume on the inner cordon line
increase 12200 in traffic volume and on the center cordon

line 14200 in traffic volume.

As a results of above-mentioned situation, the degree

of congestion on each line are increased as follows;

Fig, Qe2 The comparisonof traffic volume.
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A - TABLES OF TRIP GENERATION AND ATTRACTION

1985 -~ Plan A trip generation
1985 - Plan A trip attraction
2000 - Plan A trip generation
2000 - Plan A trip attraction

(Unit : 1000 trip ends per day)



Trip CGeneration

{1985)

CAR
SUB- | KOTOR- | taup
zZoNe cODE | coing | on GOING | SUB- LoRRY | TAXI S :
0 BUSINESS | PRIVATE | HOME | TOTAL TOTAL | CYCLE | 7omy,
WORK
m 9185 11058 10591 29188 60322 4865 11883 1 2221 69297 69904 1 13920
2000 2000 2000
1 9185 11058 10691 29338 60322 6865 | 1883 | 2227 Ti297 69904 | 1312
121 3368 1976 3270 4295 12909 819 60 81 | 14169 9932 28184
122 4077 573 3232 3267 11149 127 n 424 RRN Y 6386 18117
123 3319 1034 2737 4529 11619 1138 104 1151 14012 9593 23605
124 59238 1909 4699 €122 19268 669 262 1347 21546 14783 3632
125 2044 412 1716 633 4895 90 133 510 5628 4038 9668
12 18854 5792 15733 19461 59840 2843 590 3813 67006 44732 111838
ki 5354 3123 5125 5121 20129 3654 79 2245 26107 34064 60171
132 5497 1533 s 3641 14386 1960 107 2923 19376 17476 168%
133 3284 1149 1846 1788 8o67T 2184 144 1049 - | 11444 17091 28538
13 14335 6405 10686 11156 | 42582 7798 10 | é217 56527 68631 125553
RT3 2029 330 1517 403 4279 146 44 517 4586 3130 8114
142 4990 894 3062 | 304 | 12350 | 960 | 105 | 1709 | 15124 | 12944 | 2808
143 4338 820 M2 [ 115 | 10185 | os91 | 29 | 729 | 1534 | 15747 | 2728
14 11857 2044 7991 4922 26814 1697 178 2955 31644 31821 614¢5
1 54866 { 25115 45364 64213 | 189558 | 19203 2981 | 15212 | 226954 | 215088 | aszoum
211 1868 619 1412 1269 5188 1417 151 471 7227 4631 1183
212 218 101 N 589 1259 17 16 65 1360 B2g 2189
21 2106 140 1143 1858 6447 | 1434 | 167 539 8587 5450 | 4047
2z 413 154 434 1017 2218 408 185 T 2888 2818 5706
2 2519 1094 2177 2875 B&6S 1842 52 616 11475 8218 19752
n 59 1 L H] 51 203 12 16 61 292 228 520
121 598 122 295 30| 1085 | 34 | 16 31 1406 | 1267 2673
122 160 61 119 13 313 114 16 13 516 570 1086
323 254 29 119 10 412 41 16 13 4B2 478 560
32 1012 212 553 53 1830 469 48 57 2404 2315 415
n 5167 980 3840 2551 13138 1564 61 820 15583 11342 26925
3312 116 213 467 1 1527 280 16 41 1864 1515 3579
333 1428 476 T84 1129 17 1035 29 543 5479 9269 14743
ERT ] 685 162 84 400 1631 2 20 101 2094 2303 4857
335 18 1" 24 20 91 12 16 13 132 128 260
33 B621 1827 5438 4268 20204 3203 142 1523 | 25152 | 25057 50205
3 9653 2051 5125 4368 | 22237 3164 | 206 1641 27848 27600 55443




CAR
y sUB- | oTOR GRAND
ZOWE CODE | GOING | OM corng | sue- | LORRY | TaXr | Bis
™ BUSINESS | PRIVATS | HOME | TOTAL TOTAL | CYCLE | TOTAL
HORK
an 1395 2261 1751 6231 | 11638 2914 180 | 1340 § 16272 | 18197 | 35069
412 1430 43 1149 2065 5387 1566 119 594 7126 11937 19663
413 633 285 332 768 | 2018 137 102 181 2433 1758 4196
1800 1800 1800
4 3454 1282 3255 9052 | 15043 4617 2461 | 2115 2B216 32492 60728
Sub-total | 70067 311714 56627 | 81095 239503 | 29426 | 6Gooo [195B4 ! 294513 | 283458 | 577972
514 4269 4093 3138 8008 115503 597 o9 a1 21285 27660 43945
‘ 2100 2100 2100
, 4500 4500 4500
512 1316 1036 1328 94) | 4623 398 16 | 263 £3100 s117 | 11417
513 458 1013 754 2197 | 4422 457 112 | 201 5192 6606 | 11798
900 900 sco
514 1942 503 1009 N6 4370 733 16 247 5371 7605 12976
51 7985 6645 6229 12064 | 32923 9690 453 | 1582 44648 47988 92636
521 129 359 264 989 2341 sS4 20 9 oo 3275 6276
522 492 80 298 216 | 1086 36 16 170 1588 2186 3774
523 516 1719 356 550 1601 186 16 137 1940 3034 5024
524 163 69 104 65 401 138 16 21 516 821 1397
525 516 96 415 138 1165 By 15 13 1400 1964 1364
52 2416 783 1431 1958 | 6594 1269 B4 | 558 6505 | 11330 | 19835
5 10401 7428 1666 | 14022 | 39517 10959 537 | 2140 | 53153 | 5938 | 112471
611 2834 992 2040 2572 | 8438 802 149 |1010 | 10419 | 15133 | 25612
612 561 2164 1614 5740 110279 a2 534 264 14249 21456 35735
1300 1300 13100
é 3340 3379 1637 8361 | 18717 5354 683 {1274 | 26028 36619 62647
621 29 1 31 24 95 12 15 13 136 247 183
622 821 735 ™ 470 | 27127 A58 16 | 119 3128 5163 8491
623 4 225 405 839 1893 266 57 183 2399 2845 5244
62 1274 9 1137 1333 4715 144 89 35 5863 8255 14118
6 4494 4314 4768 9926 | 23432 6058 772 ] 1589 3en 44874 76765
7M1 120 1 41 24 196 20 18 13 245 437 £42
112 150 20 142 27 339 27 16 13 195 1216 1611
713 139 1 212 215 577 96 23 15 T 2883 3594
T 409 42 195 266 | 112 143 55 4 1351 4536 5857
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CAR

suB- | MOTOR GRAND

ZONE CODS GOING [ OM- GOING | SUB- LORRY | Taxl BS |,
10 DUSINISS | PHIVATE| HOME | TOTAL TOTAL | CYCIE TOTAL

HWORK

721 164 105 ap2 56 607 102 16 13 138 1622 2360
q22 56 52 76 10 194 21 16 13 244 €34 848
723 203 80 214 16 613 155 19 13 BoO 1820 2620
72 423 237 572 182 1414 278 51 19 1782 4C86 5368
731 299 253 413 425 1390 216 16 103 1725 3935 5110
732 1610 1051 1470 4356 | 8530 1403 191 340 ] 10454 21642 12106
733 1104 398 340 634 026 256 16 52 3150 5160 8510
T34 931 415 972 1155 1533 an 17 113 4074 6219 10293
73 3929 2217 3663 6670 | 16479 2286 240 608 15613 17006 56619
741 597 107 436 358 1488 15 16 306 1845 4319 6224
742 1085 597 g21 1475 3958 556 65 424 5033 6595 11€28
74 1672 £14 1357 18133 5476 591 81 730 6318 10974 11852
1 6448 3105 6001 ga27 | 24481 3298 4271 1418 25624 56602 86228
811 173 107 197 298 715 241 16 140 1172 2013 3185
812 155 131 133 a3 1253 152 16 151 1572 2589 4161
81 530 . 237 530 3 2028 393 32 251 2744 4502 7346
g1 a7 11 26 51 125 12 16 17 170 644 814
822 214 152 132 109 607 104 16 15 742 1700 2442
8z 251 162 158 160 132 116 32 32 912 2344 az2s8
2} 19 397 €090 894 | 2760 509 &4 123 3656 6546 10602
Sub-total | 21619 15401 18955 34215 | 90150 26864 1800t 5470 | 113324 | 167740 | 286064
Total 9t242 41409 75381 | 115621 {129693 50290 1800 1 25054 | 412837 } 451199 | 864016




Trip Attraction

(1585)

CAR
Sus- | HOTOR GRAND
Z0NE CODE coING | oM : COLIG | SUB- LORRY | Tax: BUS X
0 DUSINESS |PRIVATE |HOME .| TOTAL ' | TOTAL [CYCLE | TOTAL
WORK -
m 25650 12527 17396 4745 | 60322 4865 1883 1 2227 69297 69904 139201
' 2000 2000 2000
11 25650 12527 17396 4749 | 60322 €865 1383 | 2227 71297 69504 | 141207
121 4451 1370 2912 4176 | 12909 © 819 60 181 14169 9932 24101
122 844 9 3909 6003 | 11149 127 3 424 11731 6186 18117
123 3490 869 1461 3799 | 11619 1138 1041 1151 14012 9593 | 23605
124 4811 | 1856 5583 7018 | 19268 669 262 | 1347 21546 14783 36329
125 253 85 ‘883 3374 4895 90 133 510 5628 | 4038 9656
12 13849 4873 16748 243710 159340 2843 5901 3813 67086 | 44732 111818
kL 5635 | - 2685 3876 | 7933 j20129 | 3654 79| 2245 | 26107 | 34064 | 60T
132 2303 1129 2729 7725 114386 1960 107 | 2923 19376 | . 11476 36852
133 1332 915 1460 4360 | BO6T 2184 144 | 1049 11444 17091 28535
13 770 4729 8065 20018 | 42582 7196 3301 6217 56921 68631 125553
141 254 293 564 3168 4279 146 44 517 4986 3130 8116
142 2322 89% 2266 6363 | 12350 560 105 1709 | 15124 | 12944 28068
143 , 104 626 1846 7009 | 10185 591 29 729 11534 15747 272814
14 3230 1818 4676 11040 | 26814 1697 178 | 2955 3E44 | ye1 63465
1 52549 | 23947 46885 £6177 89558 19203 | 2981 | 15212 | 226954 | 215088 442042
214 619 | « 842 1136 2591 5188 1417 151 an 1227 4631 11858
212 59 94 791 315 1259 17 16 68 1360 B2y 2189
21 678 936 1927 2906 6447 1434 167 | 539 8587 5460 14047
22 ‘193 512 553 55 2218 408 185 71 2888 2818 . '5105
2 1476 1448 2450 3261 BE6S 1842 -352 616 |- 114715 8218 19753
31 21 22 33 127 203 12 16 61 292 228 520 | .
321 84 64 39 858 1045 314 16 kY1 1406 1267 2673
322 19 16 1 307 13 114 16 13 5156 570 1086
323 66 1 13 122 42 4 16 13 a8z 478 950
32 139 91 63 1487 1830 469 43 57 2404 2315 4719
33t 2435 792 1687 8224 {v1138 1564 61 820 15583 11342 26925
332 434 10 47 1016 1521 230 16 41 1864 [ 1515 1379
313 629 585 407 2196 3817 1085 29 548 5479 9269 14748
334 229 139 160 1163 1631 342 20 4] 2054 2803 4397
135 12 11 11 57 9% 12 | 6 13 132 | 1128 | 260
33 3739 1557 232 12596 | 20204 3283 . 142 | 1523 25152 25057 50209
3 3949 1670 . 2408 14210 | 22237 3764 206 | 1641 27848 27600 55448




CAR

ZONE CODE  |GOING [on oorva | sup- | womRy |maxy | s | SUB-  [MOTOR | GRAND
10 BUSINISS | PRIVATE |HOME | TOTAL TOTAL |CYCLE | TOTAL
WORK -

411 5528 2754 2598 358 | 11638 2914 Sao 1340 16272 18797 15065
12 1450 B&3 583 2051 5387 1566 179 594 7126 11937 19663
413 455 592 398 573 2018 137 102 181 2438 11758 4196
1800 1800 1800

4 7473 4209 4379 2932 [ 19043 4617 2461 | 2115 28236 2492 fotas
Sub-total {65447 31274 56152 86530 [ 235503 29426 §000 | 19594 [294513 [2B3458 577972
511 6218 4539 6518 22331 | 19508 597 309 BN 21285 27660 48945
2100 2100 2100
4500 4500 4500

s12 132 115 &79 2497 4623 398 16 263 5300 6117 1417
513 2066 1207 1090 59 4422 457 112 201 5192 &606 11798
900 500 500
514 730 448 603 2589 4310 738 18 247 5371 7605 12976
91 9746 6903 8890 7378 | 32923 9650 453 | 1582 44648 47988 62636
521 951 3318 128 884 | 234 541 20 99 3000 3215 £276
522 52 50 50 894 1086 316 16 170 1588 2186 3774
523 344 116 218 863 1601 186 16 137 1940 3034 5024
524 37 11 V3 m 401 138 16 21 516 a2 1397
525 81 72 127 ass 1165 as 14 kY| 1460 1964 3364
52 1545 647 545 - 357 6594 1269 84 558 8505 11330 19835
5 11291 7556 2435 11235 1 239517 10959 537 | 2140 53153 59318 112471
611 1821 1023 1944° 3650 B4 882 149 | 1010 10479 15133 25612
612 5104 2636 1911 628 | 10279 3172 534 264 14249 | 21486 35735
1300 1100 1300

&1 6925 3659 3855 4278 1 187117 9354 683 | 1274 | 26028 36619 62647
621 1% 1 11 57 95 12 16 13 136 247 183
622 6713 493 290 127 2121 466 16 119 33126 5163 B4gt
623 - 615 296 381 621 1893 266 57 183 2359 2845 5244
62 1304 80O 662 1949 4715 744 99 15 5863 g2ss 14118
5 - 8229 4459 4517 6227 | 23432 6098 772 | 1589 MEgt 44374 76765
741 96 11 13 76 196 20 16 13 245 4371 £82
712 83 14 1" 234 339 27 16 13 395 1216 16114
T13 150 61 158 218 517 96 23 15 ™m 2883 3594
T 319 83 182 528 1112 143 59 4 1351 4536 5887




CAR

5UB- MCTOR | CRAND
ZONE CODE GOING ON COING SUB- LORRY TAXT ms »
. 10  |pusiness | errvare|womE | To7AL TOTAL | OYCLT | TOTAL:
WORK
721 61 7% 26 444 607 102 16 13 138 1622 2360
722 10 " . 13 160 194 21 16 19 244 644 gas
723 817 40 14 a12 613 155 19 13 goo | 1820 2620
72 158 127 13 1016 1414 278 51 19 1182 4086 5868
™ 242 168 230 -| T750| 130 216 16§ 103 1725 | 3985 5710
732 1ge2 1337 3123 2083 8530 1403 Bt ] 340 10464 | 21642 32106
133 405 288 196 1937 026 256 6] 52 3350 5160 8510
T34 755 421 564 1793 153 411 17 113 4074 { 6219 10293
73 3324 2274 4313 6568 1 18479 2286 240 |- 608 | 19613 ] 37006 56619
741 165 98 132 | 1093| 1488 35 | 16| 306 | 1845 | 4319 6224
742 1105 562 755 | 1566 3988 556 65| 424 | 5033 | 6595 | 11628
T4 1270 660 847 2659 | 5476 591 81 T30 &878 .| 10974 17852
7 so11 | 344 5495 | 10171 | 24481 | 3298 | 427 | 1418 | 29624, | seso2 | ese26
811 202 104 ' 94 375 715 241 16 140 1172 _2013 31_85
812 309 104 183 657 1253 152 16 )] 151 i5712. | 2589 4161
81 511 208 271 1032 | 2028 393 12| 293 2744 4602 7346
821 33 17 1t 64 125 12 16 11 110 644 814
a2z - 54 11 LT} 448 607 104 16 15 T42 700 2442
a2 a7 éa 45 512 132 116 12 a2 912 2344 ‘3256
8 598 296 ja22 1544 | 2760 " 509 64 1 323 3656 6946 10602
Sub-total |25189 | 15455 19769 [ 29777 ] 90190 | 20864 | 1800 | 5470 1118324 {167720 | 286064
Total 90636 | 46729 75921 116407 | 320693 | so290 | 7800 |25054 | 412337 |4s1199 | 864036




Trip Ceneration (2000)

CAR "

20NT copg | GOING| o coing | sus - SUD « | KOTOR= | CRAND
= 0 BUSINESS | PRIVATE | HOKE TOTAL | LoRRY | Taxy [ BUS { TOTAL | cYcLE TOTAL

HORK

11 11439 19455 16717 50802 | 9B412 | 12853 | 6480.| 2269 | 120014 57601 177615
2500 2500 2500
11 11435 19455 16717 s0802 | 8412 | 15353 | 6480 | 2269 | 122514| 57601 180115
121 56061 3148 5236 6ao7 | 20397 | 1418 | 260 | 484 | 22559] soor 30560
122 10783 | 1223 7481 5138 | 24625 369 | 103 | 1000 26097 1837 33534
123 8oz | 1821 5820 7093 | 22756 1653 | 265 | 1673 26347 8528 34875
124 102421 2499 Ta52 7688 | 27681 1013 645 | 1916 31255) 12161 43416
125 Cao82] 706 3246 507 8541 151 | 332 ) 636 9660| 2974 12634
12 8735 9397 29035 26833 | 104000 4604 [ 1605 | 5710 | 115919| 39501 155420
131 9792 6183 gr62 10282 | 35019 6788 | 1764 | 3112 456831 29898 75581
132 11019 | 2472 6188 4392 | 24661 2946 | 307 | 3621 11535 12431 43566
133 65561 1808 3318 1910 | 13612 3490 358 | 1300 | 18800 | 11953 10753
1 27367 | 10463 18878 16584 | 73292 | 13224 | 1469 | 8033 | 96018 | 54283 150301
141 4664 597 k) by 217 B606 243 00 150 9899 2991 12850
142 11801 | 1652 1235 4318 | 23006 1445 | T35 | 2443 | 29629 | 11463 41092
143 5668 | 1234 5613 562 1 17077 754 | 1281 913 | 18872 | 10956 25828
14 26133 3483 15975 2097 50689 2442 | 1163 | 4106 | 58400 | 25410 83810
1 103674 | 42798 80605 | 99316 | 326393 | 35623 {10717 (20118 | 392852 J176795 | s69c46
211 5560] 1440 a8l 2352 13133 1989 | 1142 [ 650 | 16954 [ 4064 21018
212 1518 45 1345 1610 4818 91 | 1419 | 209 €537 | 1512 8049
21 7077 1785 5126 ig62 17951 2080 | 2561 898 234%0 5576 25066
22 2018 1589 2037 | 4383 | 10027 984 | 225 | 249 | 11485) 4209 | 15694
2 9095 3374 7163 8345 27978 3084 | 2786 [ 1247 | MITS | 9785 44760
3t 461 61 365 236 1128 44 17| 138 1327 513 1500
2 1744}, 278 892 153 3068 456 15| 145 g | 153 5245
322 453 117 336 46 952 170 15 3 1176 544 1720
iz} 420 57 254 112 844 63 15 20 942 391 1333
32 2619 452 1482 A 4864 719 45 204 5832 2466 8298
3 14147} 1988 Beez | 3801 | 28509 | 2s30| 79| 1563 | e6m| e470 | av1ma
332 1972|396 1204 415 3981 M 15| 207 4686 | 2024 6110
333 7366] 1435 4302 3703 16806 1932 61-] 1514 | 20313 | 9067 29380
A4 459 515 2026 1506 7557 678 M| sw2 8781 | 3576 | 12357
335 51 230 885 1509 223 32 27 1791 758 2549
33 2sgoe| 4731 16424 | 10310 | 58456 | 5740 221 3819 68236 23895 | gsa1m
3 300710 5250 18273 10857 64448 6503 283 | M2 75396 | 26934 | 162330




CAR _ ‘
2OME CoDE | 9O3NG | OF GOING | SUB- SUB - | MOTOR- GRAMND
0 . BUSINESS| PRIVATE | HOME | TOTaL | LORRY | Tax1| bBus TOTAL | CYCLE| TOTAL

WORK

411 - 4218 | 17254 6220 19643 37335 § 8971 | 1038 | 25821 49526 | 20401 | 70327
q12 7627 | 3855 6291 | 10544 | 283171 s274| 555 | =246d 36612 | 1s413] 2025
413 1458 180 807 1012 3457 301 541 433 41»2 2191 7529
' 6500 . 6500 6500
4 13303 { 11489 13318 31199 69309 | 14546 | 8634 | 5481 97970 | 38611 | 136561
SUB-TOTAL 156142 | 62911  J119357  |149717 | 488128 59736 (22420 | 30907| 60119) . 1252124 | 853335
511 7076 | 6716 9489 13960 Jreaz | 6343 ) 2483 | 1732) a7Bo0 | 26663 | 74463
9800 95800 9800
5000 5000 5000
512 2240 | 1595 2155 1779 769 B20 | as1 530 9470 5897 | 15367
513 1244 Mot 2612 8447 15710 3134 359 8371 19840 12392 2232
1800 1800 _ 1800
514 3z07 658 1564 a53 8201 1040 | 316 4521 8129 6135 | 14284
51 13767 | 123716 15820 25039 | 67002 | 27937 { 3509 | 3391| 101835 | 51087 | 152526
521 1342 461 508 1204 516 155 19 1 239 4529 2821 7350
522 1854 240 1100 641 3834 550 15 621 5020 3570 85%0
523 6682 781 4043 2658 | 14165 1217 33 ] 2028 16953 Y 12052 | 29005
524 480 107 284 130 1001 206 15 106| 1328 998 2326
525 1511 187 T 1012 301 3011 180 15 438 644 2669 6313
52 11869 | 1776 6947 4934 ] 25527 2418 97 | 3431 21473 ] 22109 | 53582
5 25636 | 14152 22767 29573 | 92528 | -30355 | 3606 | 6822 | 133311 | 73196 | 206509
611 9831 | 3901 M 10008 | 311 4138 | 465 | 3695} 39409 19783 | 55192
612 1428 |11 4902 28792 | 462371 | 16136 [1014 | 1533 64920 27293 | 92213
1400 1400 1400
61 11259 | 15016 12273 38800 | 77348 [21674 1479 | 5228 | 105729 | 47076 | 152805
621 N6 [ 151} 1072 /TN €872 1628 § 230 247 8917 4569 | 13546
&22 G28 TN 132 334 2701 637 15 178 | 3sn 2697 6228
623 3857 916 2650 2938  [10419 1116 | 124 | 1643 [ 13302 6644 | 19946
62 5119 | 3136 4494 7243 |199%2 381 | 369 | 2068 | 25810 13911 | 39721
& 16378 |18152 16767 46043 97340 25055 11848 7296 | 131519 60987 |192526
m’ 237 16 88 24 365 1o 15 21 41 396 827 A
72 267 28 209 15 520 3y 15 21 595 541 1536
713 M 24 382 290 1040 141 az 60 12683 2319 | 3582
n Bar &8 679 29 1923 210 52 01 | 2285 3656 | 5942
721 407 149 496 69 1120 147 15 481 133 1420 2750
122 163 T3 105 38 384 33 15 20 452 567 1019
723 472 119 401 151 1143 22} 17 651 1448 1567 o




CAR

¥DTOR=-

o

20N copE | COING | OH GOING SUB= SUB~ GRAMD
o] BUSINESS PRIVATE | HOME TOTAL | LORRY | Taxi| BUS | TOTAL| CYCLE TOTAL

WORK ‘ -
™ 829 62 g12 619 2622 320 15 269 3226 3491 6117
732 3248 2216 3072 8035 16632 | 2378 739 | 1679 { 21428 1B097| 3952%
733 2007 553 1377 756 4693 t 15 58 5243 4232 9475
734 1763 aso 1666 2051 6340 837 15 57 1549 62501 13839
13 7847 4051 6927 11461 30286 | 1912 784 | 2463 | 37444 3211 69555
4 1918 | 2y 1225 613 4050 123 15 | 7184 4972 4768 9140
742 " 6993 1774 4867 5191 18825 | 1795 160 | 1467 | 22247 16396 | 38643
74 8911 2008 6092 5864 22875 | 1918 175 | 2251 | 27219 | 21184 | 4833)
7 18652 6468 14700 | 17912 51132 6441 | 1058 | 4948 | 70179 | 60485} 130664
811 1167 227 823 617 2893 396 15 483 37187 2860 6641
812 5023 1492 3702 4392 14609 | 1234 123 ] 1555 | 17521 11287 ) 28809
81 6190 1719 4525 5069 17502 1630 138 | 2039 | 21309 | 14147 | 35456
B21 292 a7 111 142 648 26 15 94 783 835 1618
g22 588 221 319 183 13 160 15 94 1600 1626 226
az 880 258 516 325 1979 186 30 1€8 2383 2461 AB44
8 7070 1977 5041 5394 19481 1816 168 | 2228 | 23693 | 16608 | 40301
SUB-TOTAL [67736 | 40749 59275 | 99322 | 267082 |61667 6680 21293 1358722 | 211276 | 569996
TOTAL 221878 [103660  [178632 (249039 | 755210 |123403 |29100 |52200 |959913 | 463400 |1423313
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Trip Attraction (2000}

Call
' SUB~ | MOTOR GRAND
ZONE CODE  |coING jON - COING | SUB- LORRY | TAXI BUS s
0 BUSINESS | PRIVATE | HOMS TOTAL | : TOTAL fYGL“ TOTAL
WORK

1M1 41728 | 20941 31114 4629 | 8412 12853 64230 | 2269 |120014 57601 117615
2500 2500 2500

1 41728 20941 31114 4629 | 98412 15353 6430 { 2269 |122514 57601 180115
121 6625 2275 4788 §710 | 20158 1418 260 484 22560 8001 30561
122 1893 923 6917 14891 | 24624 369 103 | 1000 | 26096 7837 33933
123 5587 1505 5965 9690 | 22755 1653 2651 1673 26346 8528 34874
124 5670 2338 7342 12130 | 27680 1013 645 | 1916 31254 12161 43415
125 473 637 1527 5904 8541 151 332 636 9660 2974 12634
12 20448 76178 26539 49333 |103998 4604 1605 5709 [115916 3501 155417
13 9155 4834 1349 13085 | 35020 6788 164 | 312 45604 29898 15582
132 4251 | 1749 4532 14128 | 24860 2946 307 | a6 1524 12431 43965
133 1935 1366 2358 7952 | 13611 3490 398 | 1300 18799 11953 30752
13 15941 7946 14239 35165 | 73291 13224 1469 | 8033 | 96017 54202 150299
141 523 523 1037 6522 | 8605 243 | 300| 750 5858 2991 | 12889
142 3942 1611 4077 15376 | 25006 1445 735 | 2443 | 29629 11463 41092
143 858 87% 2925 12379 | 17077 754 128 913 18872 10956 29828
14 5363 009 8019 34271 | 50688 2442 11831 4106 58399 25410 83809
R 83480 39574 79931 | 123404 | 326389 35623 110717 | 20117 | 392846 | 176794 5€9640
21 1447 1789 2602 7295 | 13133 1989 1142 690 16954 | 4064 21018
212 394 328 1890 2205 4817 91 1419 209 6536 1512 8048
1 1841 2147 4492 9500 | 17950 2080 2561 859 23490 5516 25066
22 3305 1917 2497 2309 | 10028 994 225 249 11486 4209 15685
2 5146 4034 6989 11809 | 27978 3064 2786 1 1148 34916 9785 44761
11 138 68 133 768 1127 44 AT 138 1326 573 1299
321 303 189 157 2379 3068 486 15 145 na 1531 5245
322 104 45 46 753 952 170 15 3B 1176 544 1720
323 121 16 19 668 844 63 15 20 942 91 1333
32 528 254 282 3800 | 4864 719 A5 204 5832 2466 8298
an 4835 1668 3744 18352 | 28594 2430 19 | 1563 12671 8470 41141
332 461 18 274 3072 39088 411 15 207 4587 2024 &1
3 2340 1604 1718 11144 | 16806 1932 61l 1514 20013 9061 29350
kYT 997 549 %54 5257 7551 618 M 512 8781 1576 12357
335 626 | 357 453 13 1509 . 223 32 23 1787 158 - 2545
33 9259 4359 6943 37898 | 58459 5740 221} 3819 | 63239 23895 s2134
3 9925 4701 7358 42466 | 64450 6503 283 | 4161 75397 26934 102331
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(CAR
i cUB-~ | ¥OTOR CRAND
ZONT CODE | COING |ON GOING | SUB~ | LORRY | TAXI BUs : ™
0 BUSINSSS | PRIVATE | Houz | TomAL TOTAL GYCLE | TOTAL
WORK
mn 15502 7943 10700 3150 | 37335 8ot 1038 | 2%82 . 49_926 20401 10327
412 7581 . 4121 5599 11015 | 28316 5274 555 | 2466 36699 15413 52024
413 6217 654 556 1820 3657 301 51 431 4932 2757 7729
: 6500 6500 6500
4 23710 | 12718 16355 | 16025 | 69308 | 14546 | 8634 | 5481 | 971969 | 38611 | 136580
Sub-total | 122261 61027 111133 | 193704 |488125 59736 |22420 |30907 |[601188 252124 | 853312
511 11353 715 15955 2819 | 37242 6343 | 2483 | 11k 47800 | 26663 74463
9000 . 5800 9800
5000 5000 _ 5000
Stz 1516 1184 1162 o7 1768 820 351 510 2470 5897 15367
513 6813 700 4829 367 | 15709 3y 359 637 19839 12392 2n
1800 1600 1800
514 925 568 826 3962 6281 1040 316 492 8129 |- 6135 14264
51 20607 12567 22972 10855 ‘| 67001 27937 3509 | 3391 | 101838 51087 152925
521 - 1183 419 196 1718 3516 755 19 239 4529 2821 71350
522 398 209 282 2946 3335 550 15 621 5021 3570 8591
523 1547 800 139 10679 | 14165 727 33 | 2028 16953 12052 29005
524 89 a2 62 g8 1001 206 15 106 1328 998 2326
525 233 159 269 2345 on 180 15 | 438 3644 2669 6313
52 3455 1619 1948 18506 | 25528 2418 97 | 3432 31475 22110 53585
5 24062 14186 24920 | 293161 | 92529 30355 3606 | 6323 133313 | 73197 206510
611 8530 4021 6594 | 11966 | 31111 4138 465 | 3695 39409 19783 59192
a1z 21429 11767 1M 1329 | 46236 | 16136 1014 | 1533 | 64915 | 27293 52212
. 1400 1400 1400
61 29959 15788 181305 132585 | 71347 21674 1479 | S228 | 105728 41076 152804
621 2898 1597 2022 155 6872 1628 230 | 247 8977 4569 13546
622 612 456 292 134 2701 637 15 178 BN 2697 6228
623 <2189 | 1012 1733 5485 | 10419 116 124 | 1643 | 13302 6642 £19946
62 5699 3085 4c47 7181 | 19992 kX LY 369 | 2068 | 25810 13910 39720
] 35658 18853 22352 20476 | 97339 25055 1848 | 7296 131538 60986 192524
Yt 127 14 26 199 366 10 15 21 432 196 628
712 105 14 16 385 520 39 15 21 595 9 1536
713 194 89 228 528 1039 14 22 60 1262 2319 3581
1 426 17 270 1112 1925 210 ' 52 102 2289 1656 5945
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CAR

: . 5UB- | MOTOR GRAIND
Z0NE CODE | coING |oH GOILG | SuB- | LORRY |Taxl BUS -
T0 BSINESS | PIvaTs | noks | tomaL TOTAL [eYCLE ) TOTAL
HORX :
121 99 107 53 Bé2 1121 147 15 43 1IN 1420 2151
722 15 14 24 n 384 33 15 20 452 567 1013
123 1316 65 122 B20 1143 221 17 65 1446 1567 3013
12 250 186 199 2013 | 2648 401 an 133 3229 3554 6783
73 363 243 359 1656 | 2621 320 15| 269 3225 9 |- 6716
732 4033 2673 5765 4160 | 16632 2378 739 | 1619 | 21428 18097 39525
733 566 396 584 | - 3148 | 4694 Tt 15} 158 | 5244 | 4232 9476
T34 1629 889 1288 2532 6338 817 15| 351 7547 6290 13837
T3 6591 4201 7998 11496 | 30285 392 784 | 2463 37444 32110 69554
M 394 222 322 e 4050 123 15 784 4972 4768 9740
742 3631 1875 2721 10598 | 18825 1795 160 | 1467 22244 16396 38643
74 4025 2097 3043 13710 | 22875 1918 175 | 2251 27219 21164 481383
1 11292 6601 11508 28331 | 57733 6441 1058 | 4949 70181 60484 130665
81 424 221 259 1988 2892 396 15 483 3786 2860 - 6646
812 3083 1519 2270 7736 | 14608 1234 123 | 1555 17520 11287 28807
84 3507 1740 . 2529 9724 { 17500 1630 128 | 2038 21306 14147 15453
821 86 45 45 472 648 26 15 94 783 815 1618
822 112 112 1 1027 1332 160 15 94 1601 1626 3z27
82 198 157 126 1493 1980 186 30( 188 2184 2461 4845 |
8 3705 1897 2655 11223 | 19480 1816 168 | 2226 | 23690 16608 40298
Sub-total | 74717 41537 61435 | 89391 |267081 63667 6680 | 21294 |358722 |211275 569997
Total 196978 | 102564 172518 ] 2B3095 |755206 | 123403 |29100 | 52201 | 959910 [ 463399

- 13 -
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B - FIGURES.OF THE DENSITY OF TRIP GENERATION

Vehicles ex. M/C 1979
| 1985 - Plan A
2000 - Plan A
Motor-cycles g 1979 _
' 1985 - Plan A
2000 - Plan A

(Unit : 1000 trips/sz)
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The density of trip generation
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'C.- 0-D TABLES

1985 - Plan A

2000 = Plan A

Vehicles (Unit : trips)
{(ex. M/C)

Vehicles (Unit ! p.c.u)
(ex. M/C)

Motor—-cycles (Unit : trips)

Vehicles (Unit : trips)
(ex. M/C)

Vehicles (ﬁnit‘: p.c.u)
(ex. M/C)

Motor-cycles (Unit :'trips)
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‘D — FIGURES OF THE DESIRED ASSIGNMENT

1985

2000

2000

2000

1979
1985

2000

1

'Plan B

Plan B

Plan C -

Plan D

Plan A

Plan A

M/ (Unit

P.C.U (Unit : 1000 p.c.u)

Vehicles (Unit : 1000 trips)

(ex. M/C)

P.C.U (Unit : 1000 p.c.u)

Vehicles (Unit : 1000 trips) -

(ex. M/C)

P.C.U (Unit : 1000 p.c.u)

Vehicles (Unit : 1000 trips)
{ex. M/C)

" p.C.U (Unit : 1000 p.c.u)

Vehicles (Unit : 1000 trips)
(ex. M/C)

Bicycles (Unit : 1000 trips)-
M/C (Unit : 1000 trips)

Vehicles (Unit : 1000 trips)
M/C (Unit : 1000 trips)

Vehicles (Unit : 1000 trips)

1000 trips)
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HsmSYSas 4% 'E _ THE DEGREE OF CONGESTION ON MAJOR SECTION " .
1. 1979 - Present )
2. 1985 Plan A - On Going
3. 1985 Plan B = On Going & Proposed
TG .+ 2000 Plan B - On Going & Proposed
3. | , 2000 Plan B ~ Ultimate
6. 2000 Plan C ~ Ultimate
7. 2000 Plan D - Ultimate
t
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degree of clngestion on major section.

] The
! 1979
i .
% Network PRESENT
- dégree)
N f Capa- - of
traffiec characteristic P.C.U oﬁ :d ciz congest
° Y tion
rate rate
iame of section :izlu lgige Xigl- we H?g 214°
veh.
It ofo] -
: Inner Cordon | 89.3| 7% (99.0 | 63.1]41.42) 130.5 | g | o 48.0 1 2.72
E 0|0 i '
® | Center Coxdon |118.4 72 |131.3]" 79.2|40.1%[ 170.9 { ;1| o 88.0 | 1.94
g]n .
M
3 0|0
i OQuter CO‘L‘don 40-9 lﬁz 51.3 48.2 54112 75-4 5 0 P0.0 1.5]
.
- 0 0‘
Section 1 27.2 167 | 34.1} 24.0146,9%| 46.1 |4 | g 30.0 | 1.53
2 . (o
H |Section 2 34,1 ) 167 | 42,8} 24.842.1Z| 33.8 2 1o 0.0 | 1.69
g .
=
[H]
R . : L . 0 (0
1 Section 3 5.5 | 237 17.5) 19.3 77.8Z 17.1|5 | o 20.0| 0.86
. . . 0 |0
4 |Section 4 19.2 | 187 | 24.7| 18.6 #9.2%Z] 34.0{5 o | . |20.0]1.70
: _ . 0 |0
> |Section 5 3.8 |18% | 4.9| 7.2p35%|  8.5|y |, 10.0{0.85
@ : .
[}
- : ‘ 0 [0
2 Section 6 26.2 1 16% | 32.5] 26,0 +9.8Z 45.5|49 | g 20.0|2.28
@Q
g 0 -
% |section 7 16.8 | 237 | 22.6 | 24.1 |58.9% 34.6|% |3 20.0 {1.73
v
. i 2 0 |0
Section 8 9.3 |23% | 12.5]12.1 |56.5% 18.5{, |, 10.0 | 1.85
' Ferry 10.8 | 12Z |[12.8] 13.0 [54.6Z] 19.3
d ~
o
| &
& ~ Lincage 0
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Th% degree of congestion on major section.

| |‘
' |
20 eon -
' ’ l A 1985+~ Plan A
; Network
A On GOinL
Lo
' egree
Tt No., of 'Ca a—- of
h emn y Fraff?c charaFFeristic P.C.U ﬁoad cizy :;gies-
' ra%e
Vehi~|,%" |[vehid
Name of section cle large cle M/C 2 416
veh.
Inner Cordon [122.3| 137 [144.3] 79.0[39.2 [183.8 |¢ | 0| ~|10s.0] 1.75
E E . 1|
& |! Center Cordon!85.8F 132 [219.2]100.7|35.1 | 269.6 | |, | ¢ 145.0] 1.86
g [i
1 ¥
o |t
4 | : 0 3
© ‘§0uter\Fordon 109.6 | 187 |139.2| 59.3|35.1 {168.9 |, | 204.0| 0.83
Section 1 82.2] 187 [104.4] 45.1[35.4 |127.0 g g 136.0| 0.93
2|
o
I ‘ 0 {1
M | Section 2 52.7| 18% | 66.9| 33.0|38.5 | 83.4 |, | g 68.0| 1.23
=4 o '
o
o
- 1 {0
| section 3 21.8) 212 | 28.6| 16.342.8 | 36.7 |, |, 35.01 1.05
_ o o |o
Section & 12,9 717% 1 16.3| 14.052.0 23.3 s> |o 20.0311.17
. ' 0|0
o Section 5 B.6117% 10.8 7.3 45.9] 14.5 1 0 10.0 | 1.45
3 " ' * .
1]
& 0 {0
A Section 6 35.2 1172 44.3| 26.0| 42,5 ]| 57.3 2 0 20.0 1} 2.87
2 .
@
g | Section 7 31.2 | 197 | 40.3| 28.9 {48.1} 54.8 |, |4 20.0 | 2.74
E o
[+ 9]
Section 8 14.6 | 197 | 18.9] 14.0(49.0| 25.9 ? g 10.0 | 2.59
: , J.Fgfry ?.l F?Z 2,7| 5.6({712,71 4.5
g
[1+1
5 |
Lincage 16.5 | 17% | 20.8| 8.4(33.71 25.0




by e b

er

3. The degree of congestion on major section.
Network 1985 =
On Going & Prqgg#
_ Degree
Item Traffic Characteristic P.C.U Noﬁozg S?E;_ cogées-
rate . tion
VehiT of |Vehi~
cle [largejcle M/c 21416
veh.
]
Inner Cordon [117.3| 13Z [139.3] 77.8|39.9 | 178.2 é 2 150.0| 1.19
5
& | Center Cordon [179.1] 137 |212.5| 97.4]35.2 | 261.2 ol 2 182.0| 1.44
£
o 0|4
| ©|outer cordon |110.0| 182 |140.7| s8.7|34.8 |170.1 |2 | b52.0| 0.68
A
i Section 1 83.1| 187 [106.3] 44.3(34.8 |y28.4 ? H 184.0| 0.70
B
o R o |1
@ |Section 2 s2.1 (182 | 66.6| 33.1{38.6 | 83.2 |7 |§ 68.0| 1.22
60
. g -
| & , . 1 o
3 {Section 3 21,2 21% | 27.9{ 17.3046.9 | 36.6 {, | o 35.0| 1.05
i |Section & 17.8 [ 172 | 22.5( 15.1 45,9 { 30.1 (D |} 78.01 0.39
Section 5 91.2 {172 | 11.5] 10.3 10,1 | 16.7 ? ! 68.0 ) 0.25
% '
L)
n
S 0 |1 4
= |Section 6 37.6 | 17% | 47.4| 26.7 k1.5 | 60.8 78.0 | 0,78
S 2 o
[+1]
g - o |1 |
Z |section 7 42.5 | 19% | 54.9| 28.6 | 40.2| 69.2 |0 |! 68.0 ] 1.02
&
Section 8 25.5 [192 | 33.0] 14.0{35.4| 40.0 |3 |} 58.0 | 0.69
Ferry 1.7 172 | 2.1 6.5|79.3[ 5.4
ﬁ .
E .
13 Lincage 16.8 1172 | 21.2] 7.5|30.9} 25.0
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4. The jdegree of angestion on major section.
i - | ' 2000-="Plan B.
i Network
' On Going & Propd
Item traffic characteristic : Noéogg 2?28_ P.C.U/
, y P.C.U y
' ' rate
Vehi-] of | Vehi- Capa-
. cle [large|cle M/c 214 |6 city
Name of section
vell,
* Inner Cordon [207.5 13% |250.9 67.4 |24.5 [284.2 é 3 150.0 1.89
g . \ 12
& | Center Cordon|294.4[ 137 |355.4 83.6 |22.1 |397.2 olo 182.0/ 2.18
e
5 0 |4
& | outer Cordon [214.8| 15% |264.8-56.2 [20.7 [292,9 > o 252.0[1.16
LY
, , 0 |3
Section 1} 165.8| 15% {204.4(42.7 20.5 [25.8 |, [J 184.01(1.23
=
=
[+
~ i 0 1
= 1 Section 2 138.4| 15% |170.6]34.1 }9.8 hg7.7 o 68.012.76
[]
=
s
8 | section 3 63.1) 162 | 78.8|20.9 |24.9|89.3 ; g 35.0|2.55
Section 4 68.6] 237 | 92.9|18.0 (20.8 l01.9 g é 78.011.31
Section 5 53.81 237 | 72.8{14.4 [21.1 {g0.1 ? é 68.0(1.18
o)
m.
":;; s
S |Section 6 103.6 | 21Z [135.5]33.1 [24.2 152.1 g é 78.011.95
3
8 .
£ |section 7 124.6 | 2127 |163.1]40.2 |24.4 |183.2 ? X 68.0]2.69
S
A«
Section 8 66.7 | 217 | 87.3[17.4 |20.7 | 96.0 g ) 58.0 |1.66
_ Ferry 13.21 217 | 17.3]| 6.5 |33.0 | 20.6
&
5 :
3} Lincage 38.0( 212% | 49.7( 8.7 (18.6 | S4.1
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“5'-' The ?egree of congestion on major sectiob.
| | Network (2000 - Plan'B |
Ultimate
Degree
N £ Capa- of
Item traffic characteristic Oﬁogd cizy congest
. o T P.C.U £1-on
. f .
: Vehit,° Vehi-
‘Name of section cle large cle M/C 2 416
veh.
Inner Cordon |204.8] 13% |247.8/67.4 |24.8 ; 281.6 g g 220.0} 1.28
g o |4
& | Center Cordon {295.8] 13% |357.9;83.9 {22.1 | 400.0 9 |0 252.0] 1.59
&
¥
9 1|4
O Q0uter Cordon (217.9] 15% |268.0!53.9 180.2 | 294.9 2 0 267.0| 1.10
b
Section I 159.5 | 157 |196.2}40.4 120.2 |216.6 : g 199.0| 1.09
ki
3 1l
ﬁ Section 2 135.3| 157 |166.4134,2 120.2 | 183.5 1 0 141.0] 1.30
0
= -
o
§ 1|2
Pa Section 3 67.0} 16% 83.8|21.0 |23.9 94.3 1 0 141.4 0.67
Section & 45.3 | 237 | 61.1[14.2 [23.9 | 68.2 ? ! 78.d 0.87
Section 5 29.5 123z | 39.8(10.3 [25.9 | 44.9 ? 5 68.d 0.66
P
[:!)
i
o 0 |2
= Section 6 99.8 1+ 21% [130.8128.0 21.91144.8 1 0 i2ze.00 1.15
2
8 .
.E Section 7 137.6{21% 1180.3 (37.5 21.4|199,2 g g 190.0{ 1.05
&
o
o
Section 8 60.1| 217 | 78.7 [20.0 | 25.0] 88.7 g : 116.0] 0.76
| Ferry 11.1121% 14.6) 6.2 35.81 17.7
X
&
5 Lincage 40.0/ 212 | 52.4| 8.9 (18,2} 56.9




The degree of congestion on major section.

2000 - Plan G

—52-

Network -
Ultimate
. ¢ No. of Capa-
traffie characteristic . P.C.U/
P.C.U Road city
rate
A of .
Vehit, © Vehi~ Capa-
large M/C 214|686 .
of cle veh. cle city
Inner Cordon [201.4| 132 |244.4]59.4 |22.8 | 274.1 g g 220.0| 1.25
g
5 | center Cordon [291.3[ 132 1353.4|80.8 [21.7 | 393.8 8 3 252.0| 1.56
" _
5
& |outer Gordon (211.1| 162 |261.4|51.4 [19.6 | 287.1 ; g 267.0| 1.08
Section 1 152.5 | 167 |188.8/37.9 {19.9 |207.8 : g 199.0| 1.04
) .
g I
G |Section 2 130.6 | 167 [161.7]31.7 |19.5 [177.5 } g 141.01 1.26
. ,
=
g
S lsection 3 646.2 {162 | 80.6[19.7 k3.5 | 90.5 : g 141.0 | 0.64
Section-4 45.2 | 237 | 61.1[14.2 |23.9| 68.2 g é 78.0 | 0.87
. |section 5 29.5 | 232 | 39.8010.3 |25.9] 45.0 ? é 68.0 | 0.66
3
[44]
ot 0 |2
S [section 6 99.8 | 212 [130.8[28.0 |21.9|144.8 |} |2 126.0 1.15
=
Q
g .
T |section 7 137.6| 212 |180.3[37.5 |21.4 [199.0 ? g 1 {190.0{ 1.05
o
Section 8 60.1| 212 | 78.7|20.0 |25.0] 88.7 g g 116.0] 0.76
Ferry 1.4 21Z2 | 14,9] 6.2 |35.2| 18.0
e
=]
‘ '2 '
5 Lincage 39.8/ 217 | 52.1] 8.9 [18.3 | 56.6
67.0 15.1
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B & The degree of congestion on major section.
Network 2000 - Plan b
Ultimate
egree
N f Capa- of
Item traffic characteristic oﬁozd cigy onges—
{ bi 1.0n
) Tate P.C.U
vehi-|.°f  lvenid
cle large c?el M/C 2 416
Name of section wveh.
0| 4
Inner Cordon |158.4) 187 |201.4} 67.4 |29.8 | 235.1 5 0 220.0f 1.07
g .
o 0| 4
&~ { Center Cordon | 2246 207 [295.2]83.9 {29.8 | 337.2 9 0 252,00 1.24
oS
H
o
S 14
Quter qPrdon 193.1 | 177 1241.4153.9 |21.8 ) 268.4 9 0 267.0] 1.01
Section 1 1a1.1 | 172 |176.4040.4 [22.3 |196.8 |} |3 199.0| 0.99
B
(1]
@ 1 §2
= | Section 2 121.7 | 172 1152,1134.,2 121.9 | 169.2 1 0 141.0] 1.20
&
o
=
5 1|2
™ |section 3 64.0) 17%Z | 80.0121.0 [24.7 90.5 1 0 141.0f 0.64
Section 4 44,7 | 237 60.3(14.2 |24.1 67.4 g é 78.01 0.86
Section 5 28.8| 237 | 38.9/(10.3 [26.3 44,1 ? é' 68.0| 0.65
e
1)
—~
o o |2
- Section 6 100.3 | 2172 |131.4128.0 121.8 |145.4 1 0 126,58 1,15
=
& 0 |2 o
E {Section 7 [36.9 | 21Z {179.4137.5 ([21.5 |198.2 || |g 190.01 1.04
2
L3
v
Section 8 59.9(21% | 78.5(|20.0 [25.0 88.5 g g 116.0l 0.76
Ferry 10.0 | 20Z 13.0| 6.2 |[38.3 16.1
r
=
5 .
5 Lincage 39.4 | 20%Z | 51.2; 8.9 |18.4 55.7
64.2 15.1
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" F -—THE COMPARISON OF THE DEGREE OF CONGESTION BY PLANS

INNER CORDON
CENTER CORDON
OUTER CORDON

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION

o ~N W N -
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SECTION 6
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G -THE SITUATION ON THE INNER CORDON AND

ON THE CENTER CORDON

1985 Plan
1985 Plan
2000 Plan
2000 Plan
2000 Plan

2000 Plan

« =] = =) »

D

On Going
~ On Going & Proposed
- On Going & Proposed
— Ultimate
- Ultimate

= Ultimate

U{Unit:1000 p.c.u., trips)
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- 1985 ~ Plan A
| On-going:
P.C.U (ex. M/C)
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