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2.3.4.3 Futﬂré.Land Use,

Based on the policies mentioned éarlier, future land use was
planned as illustrated in Figs. 2.12 and 2.13 while the following

table shows the change of area size by land use.

Table 2.26 AREA SIZE. BY LAND USE

(ha)

Penang'ISléﬁd' : Prﬁgiﬁggley ‘Total = Change

. : . : , — of
Area 1979 2000 19?9 2000 1979 2000 '79~9OT
Residential 2,700 5,100 3,100 5,100 5,800 10,200 +4,400
Commercial 210 600 160 - 420 370 1,020 + 650
Industrial 360 320 1,020 1,930 - 1,380 © 2,250 '+ ‘870
Institutional 730 1,140 ~ 700 730 1,840 +1,110
Open Space 390 740 1,620 1,280  2,0100 2,020 + 10
Others 10,300 7,300 16,200 13,100, 26,500 20,400 6,100
Total 14,690 15,200 22,100 22,530 36,990 37,730 + 040%

* Supplied through reclamation of land.

Provided that the populace live in residential and commercial areas,
the population density will undergo change. . In Penang Island, gross

‘density will lessen due to the decrease in density of built-up areas

Penang Island o Province Wellesley
1979 20000 1979 = 2000
1162£pér/ha 119 per/ha 80 per/ha 96 per/ha

where population dénéity‘is often more than 300 persons per hectare.
On the other hand; in Province Wellesley the built-up areas'will he
more thau the present whereby there will be an increase in the

" population density.

24 Pop_ulations Distribution Plan -

2.4.1 The Présent Pdpulation S?féad.

2.4.1.1 Population Spread in 1970

The Population Census of 1970 describes the pbpulation of each
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mukim, town and village. The traffic'zones“used in this study were

‘based mainly on the mukims except in several instances where the

mukims were'divided into several traffic zones. These instances

were in the urbanlzed areas llke George Town, Bayan Baru, Butterworth

and Bukit Mretajam

The method of breaking down the mukims into the traffic zZones

was done by using the population'qf'the enumeration blocks which

show the population-of'éméllér units of zones.

2.4,1.2 Population'Spread.in'1979.

The populatlon growth from.1957 to 1970 was used as a base to

show populatlon trend from 1970 to 1979, Thus the population of

each traffic zone was expanded by the rate which was obtained from

the populatlon change between 1957 and 1970.

1.

Penang Island

The comparison of the 1957 and 1970 population census gives us
the population growth of each mukim. In the case of the mukims
which were divided into traffic zones, the growth rate of the

mukim was adopted for all the traffic zones.

.Province'Wellesley

Population growth rate.uséd here-is'base& on_the growth:rate of
Butterworth, Bukit Mertajam and the rest of the districts from
1957 to 1970.

‘After the above calculations, tbtallpopulatioﬁ was adjusted to

the pOpulatlon of Lhe State of Penang as projected by the depart—.

ment of statistics,

(1) The populatlon growth rate of Penang Island from 1970 to

1979 is 1.9 percent, therefore, the control total is about
533,000 persons.

(2} As the population of the State in.l979'is.946,580, the
populatioﬁ of Province Wellesley is obtained through the

following calculations.

I

946,580 ~ 533,000

Population of Prdvince.Welleéley'
o ' 413,580

H
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(3) The population of the traffic zones in Province Wellesley
was adjusted to maké_its total equal that of the population
"obtained through (2).

2.4.2 Population Distribution Plan

2.4.2.1 deulation Distribution Plan in the year 2000.

Projected futufe population in the-Staté of Penang is distfi—
buted to each zone by the method of multiplying future residential
greés by population densiﬁy. Sizes 6f residential areas by zones
were obtained from the land use plan. Thereforé oﬁly_poPulation

~density has to be determined.

According to the guidelines of the interim zoning plan, five {3)
types' of net population density were planned: '

~ Low dénsity

)

Low medium density

Medium density

High ﬁedium_dénsity, and
~ High density. '
_ However, gross population density instead of net population
density is used in this study, because the aim of this study is to
‘prepare the population data for traffic projection.
~ In the population ‘plan, it is assumed that the gross density
is Equal to 60 percent'of the net_densityff On the basis of this

" assumption, the following typical population density can be made.

Typical Population Density

Net Density o Gross Density

Low Dehsity ' 15 - 89 persons/ha 10 ~ 50 persons/ha

'Low Medium - - 90 —'220 persons/hé _ -5l - lBﬁ pgrsons/ha
Medium Density - 221 - 440 persons/ha 131 - ZGO'persons/ha
HighhMédium Density 441 - 880 pgrsons/ha 261 - 530 persons/ha
High.DensityA 881 and more.persons/ha 531 and more'persons/ha
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On the basis of the above-mentioned density, the following

population density is adopted for each zone.

*  Low : . 4D persons/ha
% Low - Medium -1 60 persons/ha
-2 80 - persons/ha

-3 100 persons/ha

S ~4 120" persons/ha

* Meditm _ 150 persons/ha
High - Medium, 200 persons/ha

% High 00 persans/ha

Note: Planning Guide line of P0pula£ion'Density in Residential
Areas, based on the Interim Zoning Plan.

a. Low Density: - Net Density range of 1-6 residential units/36
persons per acre. (88.8 p/ha)

b. Low Medium Deﬁsity: 7-16 units/90 persons per acre
(222.2 p/ha)

c. Medium Density: 16-30 units/180 persons per acre
(4444 p/ha)

d. High Medium.density: 31-60 units/360 persons per acre
(888.8 p/ha)

e. High Density:. Exceeding a net density of 60 units/360 person
persons per acre. Regarding each of the above, any other
suitabale uses are subject teo the approval of the Council.

2.4.2.2  Population Distribution Plan in 1985.

Population of the zones for 1985 was estimated on the assump-
tion that'the populatioh of each éone-would.change constantly from
1979 to thg year 2000. The population of each zone was adjusted to

the eatimated population in the framework plan.
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Population Density in the Year 2000

George Town
Zoue Residential Population Pop lation
Area Density :
_ (has.) {Persons/ha.)
SEANE 106* 300 31,800
i21 93% 300 27,900
122 223 150 33,450
123 146 150 21,900
124 141 150 21,180
125 146 120 13,920
131 282% 300 84,500
132 166 200 33,200
133 165 200 33,000
141 103 150 15,400
142 - 128 200 25,500
143 180 200 36,000
_ _ * inélﬁding commercial area
Tg..Buhgah Corridor _
211 207 90 18,640
212 140 90 12,570
221 _ 206 40 8,230
Ayer Ttam and its periphery _ B
143 . 180 200 36,000
311 738* - 3,780
- 321 134 200 o 36,720
1322 492% - 2,080
- 323 539 - 150
_ : * including open space
aya Terubong and its periphery
331 418 100 41,840
332 78 100 7,800
333 368 100 36,820
334 259 60 . - 15,550
335 382 - 2,740
* including open space
Bayan_ﬁepas Corridor
A11 306 100 30,620
412 668 1060 66,850
413 219 60
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Butterworth and its pefiphery

Zone Residential Population’ Population

Area Density

(has.) _(Persons/ha.) ‘
511 ' " ©o182 200 - 36,480
512 152% - 120 18,240
513 : 200 100 -20,000
514 _ 142 120 - 17,040
521 127 80 10,160
522 - 260 - 80 . 20,800
523. ' 548 ' 80 43,880
524 1224k 40 . 4,880
525 K 187 : 80. 14,960

* including commercial area
%%  including kampung area

Seberang Jaya and its periphery

611 - ; 42k 700 ~ 84,880
612 165 120 19,800
621 | 82 80 | 6,560
622 | 1375 40 5,480
623 434 80 34,720

*  including kampung areas

_ Bukit Mertajam and its periphery

711 - 70 : 40 2,790

71z : 56 40 . 2,250
713 219 40 8,740
721 125 40 5,000
722 ' 70 40 o 2,800
723 62 _ 80 4,960
731 140 60 ' 8,400 .
732 . 165 1200 .. 20,040
733 66 100 6,600
734 100 o a0 : - 8,000
741 . o 158 -80 12,660
742 602 _ 80 _ 48,150
‘Simpang Ampat snd its periphery : . _ ‘
811 ' 190 80 15,200
812 469 80 37,560
821 : 109 4 4,350
822 116 4o 4,620
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Table 2.28 (1) POPULATION DISTRIBUTTON PLAN -

1979 1985 2000

111 55,540 49,790 31,800
121 27,980 ' 27,960 - 27,900
122 17,060 20,980 33,450
123 13,080 15,190 21,900
124 13,350 . 15,430 11,180
125 © 13,630 - 13,700 - 13,920
131 75,080 77,100 - 84,500
132 32,300 32,550 33,300
133 32,630 32,670 . 33,000
w1 11,550 12,450 o 15,450°
142 13,820 16,610 25,500
143 35,290 35,460 . 36,000
1 14,890 15,790 18,640
212 8,380 9,340 ' 12,570
221 | 13,710 4,810 8,230
311 1,620 2,150 | 3,780
321 33,050 33,940 36,720
322 - 1,150 1,400 2,080 -
323 320 . 420 0 Ts0
331 22,950 27,510 - 41,840
332 2,460 3,750 7,800
333 . o 8,300 ' 15,180 36,820
334 2,360 5,560 15,550
335 1,420 1,740 - 2,740
411 | 8,050 113,520 30,620
412 13,760 26,600 | 66,850
413 5,060 : 7,770 13,120
Total 469,700 © 569,100 . 677,000
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Table 2.28 (2) POPULATION DISTRIBUTION PLAN

1979 . 1985 2000

511 29,740 32,560 36,480

512 | 15,570 16,680 18,240
513 15,020 16,680 20,000
514 14,100 15,330 17,040
521 . 8,510 L8690 10,160
522 10,780 14,130 20,800
523 4,260 08,5200 43,880
524 3,300 3,470 4,880
525 10,030 10,560 14,960
611 21,700, 48,130 84,880
612 | 11,770 - 14,460 19,800,
621 4,150 Ca,e10 16,560
622 5,760 | 5,800 5,480
623 . 5,950 8,980 34,720
PEC I R 2,500 2,530 2,790
712 ' 2,070 2,090 2,250
713 © 7,970 8,050 8,740
721 . 4,100 4,80 5000
722 2,420 , 2,460 2,800
723 4,020 4,120 4,960 .
731 6,170 6,410 8,400
732 14,060 18,310 20,040
733 - s,200 0 sj00 0 6,600
734 5,850 : 5,010 ' 8,000
741 : 6,430 7,110 - . 12,660
8117 19,650 10,240 15,200
812 10,710 12,960 | 37,560
821 2,870 - 3,050 ' 4,350
822 3,080 3,260 4,620
Total 254,160 . 317,620 530,000
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2.4.3 Employed Population by Work Place

The distribution plan -of employed population by work placé is

made on the basis of employment projected in the State of Penang.

Clagsification of employment is as follows:

Primary : o ————_ Agriculture, Fishing
Indﬁstry ' : and Forestry
Noh—Primary=~m—' ——————— Secondary —————-——= Manufacturing,
Industry S Industry Construction. and
_ Mining.
Tertiary ————————— Commerce, Financing
Industry Transport and

Communication and

Services.

There is no available data for employment by industry and zone

and so the two (2) classifications of industry are used for our study.

1.

Primary Induﬁﬁgx

Sizé bf-employment.in the primary industry'will decrease steadily
in the future. Thié is because lower productivity is expected

in this industry than in the other industries, while moreover,
urbénizétion will be promoted in.the future. ‘Employment in this
seétor will decrease form 54,000 in 1979 to 22,000 by the year
2000. . Primary eﬁployment for each zone is projected by using'an
avefage=reduced rate of agricultural lands between the yéars 1979,

1985 and the year 2000.

Non—Prima:y Industry

" The projection for this industry is made by adding the increase

in secondary and tertiary employment between the design years

1985 the year 2000 and the base year 1979 to the employment of

non-primary industry in the base year 1979. Increase in the
employment in the non-primary industries was already estimated

in the previous section.

The pattern of increase in employment in the secondary and

tertiary industries i8 quite different. Employment in the secondary

industry is mostly located in the industrial development sites.
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On the other hand, some of the employment in the tertiary industry
ié distrubuted to each zone in proportion to the population increase

while the others are distributed only to major urban cores.

The former battern of emplbyment belongs to the neighbourhood
commerce and services while the latterlbelongé to regional and
district commerce, services and financing. Considering these
concepts, the_increase.of embloymént in the'noﬁwprimary industry
is distributed to each zone and the results are shown in.Table 2.30.
The results-éhow:that major growth'areas within Metropolitan Penang
Area are Bayan Leﬁas and Seberang Jaya, which will record a growth
rate of over 12 peréent:per annum between 1979 and 1985. The other

growth district is Batu Ferringhi where there is a growing tourist

industry.
Table 2.79 EMPLOYED POPULATION DISTRIBUEION PLAN
Penang State, 1979, 1985 and 2000
1979 1985 2000 : Average Anmual
Growih Rate %
Princary Non- Total | Primary Non- Total | Primary Non- |* . Total | 197985 |1985-2000
Primary Primary Primary '
100 1310 | 7260 | 88570 Li20 | esg | 96950 o | 125400 | 125400 161 17
" 200 690 2990 | 3,680 590 4,060 4,650 400 6,930 7,330 4.0 31
300 1,710 30,430 32,140 1,490 32,240 33,730 480 | 44,020 44,500 0.l 18
a00 | 22200 9350 | 11,570 1910 § 25290 | 23,380 380 | 63330 | 63,710 124 6.9
500 | 2300 | dsple | 47,220 1830 | 51,720 | 53,550 850 | 72050 | 72,900 21 20
600 | 1260 21900 | 23,060 1,090 | 45200 | 46300 { . S0 | E26570 | 127,080 122 6.9
0 F 3500 | 2640 | 25,150 3030 | 25040 | 28170 1510 | 35250 | 36760 1.9 13
800 | 3,590 2,110 5,800 3,100 2,870 5910 | . 1,570 8750 | 10,320 0.5 37
[“‘""311 16400 | 222600 | 239,000 | §4,150 | 282360 | 296,510 5700 | 482,360 | 488,000 17 34
Total
Extemal | 37250 | 4750 | 5000 | 32050 | 22000 | sage0 | 1000 | 37700 | s3soe | 0 oo 0.0
Tota! : : - o
Grand | 53650 | 240350 | 294000 | 46,300 | 304400 | 350700 § 21,700 | 520000 | 541,700 30 29
Total . . :
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o { 142113 AN
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Fig. 2.17 Distribution_' of Employed Population (1979)
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Table 2.30 (1) EMPLOYED POPULATION BY ZONE

‘Penang Island, 1979, 1985 and 2000

I 1979 . 1985 e 2000
Primary Non- Total Priniary Non-- Totat Primary Non- Total
Primary | Ptimary } Primary .
111 980 41,750 42,730 840 . 47:210 48,050 0 65,720 65,720
131 [ 4,680 4,680 5,140 5,140 3] §,710 6,710
122 0 1,430 1,430 1,750 1,730 ] 2,740 3,740
123 [ 4,160 4,160 4,320 4,320 0 4,870 4,870
124 0 5,070 5,070 5,230 5,210 0 5,770 3,770
125 ] 900 900 - 950 9350 ] 1,100 7,100
131 330 13910 14,240 280 15,670 15,950 0 72,260 22,260
132 "0 4,164 4,160 4,180 4,180 0 4,740 3,240 -
133 0 4420 4,470 — dAf0 4,400 0 4,790 4,290
141 0 780 780 850 - 850 0 1,080 1,080 -
142 i} 3,050 3,050 3,270 3,270 [ 4,000 4,000
143 0 2,950 2,950 ] 2480 2,850 [ 2,620 2,620
201 370 1,340 1,710 320 1,430 1,750 210 1,740 1,850
2i2 50 350 400 40 450 490 30 SO0 $30
221 270 1,300 1,570 230 2,180 2410 160 4,390 3,550°
311 100 500 500 50 550 640 50 730 730
121 110 8,700 8,310 100 £,290 - 8,390, 50 78,590 8,650
327 110 3,760 4,370 100 1,380 3380 . §0 3,360 a0
323 100 4,290 4,390 o0 4,300 4,350 £0 4,340 4,400
331 ) 3,510 3,510 0 3,970 - 1,970 e 3,540 5540
332 450 75407 | 7,990 390 7,670 8,060 0 %,110 8,110
333 400 1,430 1,830 340 2,130 2,470 i 4,490 4,490
334 440 530 970 380. 850 | 1,230 250 1,550 2,200
335 [} 1w 170 0 200 200 0 5910 5910
411 700 6,630 7420 680 18,770 19,450 [ 44,600 44,600
a12 780 1,940 2,120 670 5,570 6,740 0 17,190 17,150
413 650 780 1,430 560 950 1,510 380 i.540 1,920
?“::“' 5930 130,030 135,960 5,110 157420 °| 162,530 1,260 239,630 - | 240,940 .
o ‘ ;
Extemal 7,260 - 4,380 11,640 6,270 4,960 11,230 3,120 490 11,610 |
Total 13,190 134,410 147,600 11,380 162,380 173,760 3,380 748,170 743,790
Table 2.30 (2) EMPLOYED POPULATION BY ZONE
: o Province Wellesley, 1979, 1985 and 2000
. 1979 1985 2000
" Primary Non- Total Primary Non- Total | Primary Non- Total
 Primary, : Primary . Primary
511 140 18,080° 18,220 120 20,290 20410 0 27,790 27,190
512, 9 3.27 3,270 0 3.700 3,700 6 | __ 5140 5,140
513 . 12.05 72.050 0 13,680 15,680 o 335173 35,130
514 33 37 3.700 280 3,420 3,700 140 361 1.750
5 18 6,16 6.390 140 6,190 6,350 80 6,290 6,370 |
53 0 30 630 ] “810 7o [0 1,43 1430
523 350 40 1,100 400 137 L770 700 3.3 1020
522 360 450 910 400 4 80 20 3 4,500
525 540 460 1,000 370 T 1020 23 — 860 050
6 100 3,150 3250 90 8, ,300 31,960 71,960
612 0 14,740 14,740 0 31, 31,340 37, 37,190
621 ~ 440 S 530 380 3 S10 190 4 670
622 450 337 3520 3% 338 3770 200 3,600
623 270 55 820 23 1.65 1,386 120" 5,54 3,660
7 660 750 910 571 5 820 20 2 60
7 33 460 790 78 460 740 14 470
713 5 1,180 7,090 79 1190 1980 39 1,240 163
7 33 820 1,150 280 40 120 140 | 850 1,03
722 730, o0 3 200 0o 300 100 : 120 220 |
733 230 350 7 200 570 770 a0 30 73
731 230 3000 200 7040 3,240 00 7.150 7280
732 [y 9,540 9,540 0 10,700 10,200 0 12,630 12,630
713 [ 2.550 2350 i} 2,590 2.590 0 2740 {2,740
734 0 2.720 2.720 0 3,120 3,120 0 4,550 4,550
741 50 | 490 40 an 600 640 30 390 1.010 -
742 540 990 1,530 470 3,180 3.650 730 8,540 8,170
21 790 590 1.780 680 1.090 - 1,770 34 1.440 1,780
g1 1,180 " 490 1.670 T.020 990 2010 52 6.990 6510
57 . 750 330 1.050 650 360 1.01 13 450 750
P57 870 100 1.270 150 430 1180 38 520 ~ 500
Internal 10,470 50,860 101,330° " 9,040 124,940 | 133,980 4,440 242,620 247,060
Exterpal 29,998 15,030 35070 | 25880 7,080 42,960 12 28D 35,770 32,000
Totsl 40,460 105,940 146,400 34,920 142,020 176,940 17,320 271,830 389,150
gg:l" 53,650 240350 | 294,000 46,300 304,400 350,700 21,700 520,000 41,700
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3. TRAFFIC PROJECTION OF BASE SITUATION
~ 34  Introduiction
Fig. 3.1 shows the main steps in the long-term transport plaming’
of this urban transport study. The procedure starts with the collection
of data which will constitute the basis for the analysis of statistical

relationships. Then a traffic demand forecast model is formulated on

the baéis of the present analysis and the future land use.

Future traffic demand of base situation is estimated acéording to
the land use pattern and the methodology of traffic estimation. This
estimation is conducted in order to obtain guidelines in_ﬁhe preparation

of the proposals for the future transport plan.

After this work is done,'thé-tragsport plahs are selécted._ The traf-
fic estimation and cost estimation are cdnducted'by alternatiVe'tranéport'
plans. When the distribution of traffic in the network is obtained, the,
total trip length and travel time are also computed. These figures, toge-
ther with construction coéts, constitﬁte the basis for the economic

evaluation of the alternative transport plans.

In this chapter, the formulation of a traffic demand forecast model
and the estimation of the future traffic demand of base situation -are
only dealt with. The detailed contents of other items will be shown in

the following chapter.

Data Collection

— — .
. £ ¥
Formulation of Traffic||Determination of
Pemand Forecast Model Future Land Use
A 1
— : —
Estimation of
Fature Traffic Demand
of Base. Situation
Planning of Alternative:
Transport Plans
[ . o
'y : ' s

Traffic Projection of Design and Cost of
Alternative Transport Plans | |Alternative Transport Plans
[ ' I
i ¥

Evaluation of Alternative
Transport Plans

Fig. 3;1 FLOW CHART OF TRAFFIC PROJECTION
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3.2 Procedura.of Traffic Estimation

The traffic estimation of base situation-regarding the traffic demand

of vehicles and the bus passengers demand are conducted separately.

The flow chart is as follows:

Analysis of Present
Traffic Conditions

s o
Formulation of . Examination of  Application
Traffic Démand Models | | of Representative Traffic
for Vehicle Trip ‘| Models for Bus Passengers

c

Estimation of Traffic Estiﬁatioh_of Bus
Demand for Velicles | Passengers Demand

L d

Traffic Demand
of Base Situation

Fig. 3.2 FLOW CHART OF ESTIMATION OF BASE SITUATION

3.2.1 Procedure of Tréffic-Estimatibn for Vehicles

_ Car Owner—Interview Surveys.were executed. in order to obﬁain
the present vehiclefmovéments on ordinary days in June 1979. By
uging these results, the traffic models are developed and verified

with the preséﬁt:figures.
Based on the land use péttern and_thé socio-economic framework,
-the future'traffic'dehana of vehicles is estimated through three (3)
steps, viz. trip productioﬁ; frip.genetatibﬁ and attraction, and
trip distribution. = ' '

Here folloﬁ:some brief explanations about these steps.

1. Trip Production .
This is thékfitst step ih'thé'estiﬁéfing'bf'OfD tables. The
purpose of'this'is toﬁéstiméfé:the total pumber of trips related
to. the Study‘Afea.  Aé is:usﬁally done, trip ﬁrodﬁct is estimated
;_byfﬁultiplyihg:ﬁhe_tb;al;nﬁmﬁef éf.ﬁéhi&leé'gy_tﬁe unit ‘trip pro-
:ducﬁidﬁ of each vehicle. The wnit trip ﬁfo&uctibn used is
obtained -from the actuai;sufvgy, i.e., the car 0-D survey.

Another method which is used occasionally is the correlation

: '§3-2_



formula which is calculated: from the population flgure, ‘the

number of vehicles, etc.

Trip,Generation and Attraction

This is the estimation of tﬂé nnnbefﬁof crine that start from
and arrive at each traffic zone. It is:eaSy-to understand this
concept if=we1c6nsider'the‘pprpose'ofpeach~trip. Fordexample,
when the purpose of the trip is to ‘get to'che_wofking place, a
single commutef usually produces one (1) trip. Therefore, the
ffip generation for'this pufpose is releted to the number of

re31dents, number of employees, landuse area by utilization etc,

. Trip Distrlbution

This is the most - complicated step in the. eStination of future

traffic demand because, if there are 66 traffic zones, e must

_ estimate for 4,356 (66 x 66) palrs of trlp distrlbution. Many

emplrical formulae were formulated by many of our predecessors

for the purpose of estlmatlng the trip ‘distributions. ~Among

'lthem, the grav1ty model is the most general method,

Although these estlmations are conducted by type of car, “the

‘final flgures are expressed by u51ng the follow1ng car passengers

unit.
_Table 3 1 CAR PASSENGERS UNIT
L (UnlL pP.C.u. )
Car _Lorry . Bus. Taxi: - M/C
CP.CLU 1.0 2.0 3,00 1.0 0.5
Source: '"Roads in Urban Areas™ Scottish

Development

3.2.2 Procedufe of Traffic Estimation for Bus7PeseengErs

The projection is made according to the following keynotes.

Up to the present moment, the demand for bus trips which is

'measured‘by per capita tidingﬂds inclined to follqw.past trends.

Eventif ownership ratio increases to a great extent, the demand

for bus trips still remains as the bus should provide. its ser-

vices to the 'transport poor' such as elders and children.
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“The projection of bus passenger demand is conducted by using

the tendency of the per capita riding factor.

33 Estimation of Vehicle Traffic .Dem_ands

3.3.1 Formuiation of Treffic Demand Forecast Mbdel

The traffic models are drawn up while paying attention to the

follow1ng matters:

1.

The aeté:whicﬁ is used for the models has been obtained from
the variens traffic surveys conducted in Penang.

The traffic models make use of the methodology which has been
developed, e.g., the basic unit'method,'theigrdwth rate method,

the‘regreSSion method:and the stimulation method.

“Thie compatlblllty of the model is verifled by u51ng the present

data

Some df}the'existing data is from ﬁhe laet‘few_years or from the
previous year only. Thefefofe, various appropriate hypotheses are

made for formulating the traffic wodels.

' This analysis is conducted according to the trip purpose and

type of ﬁehiele used because in this way it is easier te decide on

the varlables used for the estlmatlon, viz., the trip generatlon

with the trlp purpose. of g01ng to work' 1s proportional to the.

resldent-populatlon,'and the trlp attraction is proportional to the

" number of workers at the w0rk.place.

o Therefore, 1n this analysis vehicles . are d1v1ded into the follow-

ing types,

Table 3 2 CLASSIFICATION OF TYPE OF VEHICLES

1 Car: tr;p to work '_5 Lorry
2 Cari_ibusinese trip -6 Taxi '
3 Car: private trip . 7 Bus

4 Car: trip home ‘8. Motor-cycle . -

Ne;e: "Bus' in Table_3.2 means only company
'bus and school bus, not scheduled bus..
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1. Analysis of Trip Production:

From the owner4iﬁterview survey, the average number of triﬁs per
‘day can be obtained. .USing-thértechﬁiéal term in traffic studies,
“these figures are called "unit ;fip’productidn". ‘There are two
A2 types of 'unit tirip production. 6ne is the groSS‘unit Erip
__productioh while the other is the @et unit trip production.
Some-véhicles did not wake ‘any trips on the day.of~the'interview.
ThereforE'the=fbrﬁer'(the grqss.ﬁnit trip ptbduction) is the
'averagé trip per day of one’ (1) vehicle which also includes zero
(0) and the latter is the’actual average number of tfips'per day

of one wvehicle.

Table 3.3 THE UNIT TRIP. PRODUCTION

-(Unit:ftripiper vehicle per day)

The unit: trip- The unit trip The % of zero

production (gross) production (net)  number of trips

Car 3.98 WE T 6.7

Lorry 3.0 | 3.60 16.4%

Taxi =~ 807 - 807 0%

Bus 2006 - 20.8 | 0.9%
(Vehlcles) _ 4,09 4043 - 7%
Motor~cycle’ 3.78 O s01 | 5.7%

All vehicles 3.90 L sar o 6.5%

The relatlonshlp between the Lrafflc volume and vehlcle owrer-
ship shows that the size of the trafflc volume is close to

_vehlcle ownership.

It can be said that the traffic volume up to this time increases
in proportion to the size of vehicle ownership. Therefore it is

estimated that the unit tfip'production is constant every year.

On the ba51s of these con31derat1ons, .the unit trlp productlon

will be used in prlnclple for the future. However, in develoged :

urban areas a situation where the unit trlp production of private
-cars'and“motbr—cyéles is decreasing in proportion to the rapid

groﬁth_of.ownerships must be reckoned with.
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Analysis of Trip Generation and Attraction .

The anaiysis~was coﬁducted uéing two (2) methods, viz, the basic
unit method and the regression method.: The results of both
methods were examined and the regression method was selected to

be. used in the traffic.model of trip genefation and attraction.

In3thé:ngfession method, the’least square method is used to

obtain the regression equatidn. “The regtession equation consists

"of the explained variable and the explanatory variables. In this

case, it'is natural that the explained variable is the'trip gene-—
ratioﬁ by zone while the explanafory_variables make use of the
fclloming'factdté, viz, the area by land-use, the fleoor size by
purpese of building, the population and the.employed populaﬁion
by industry, ete. R '

For the purpose of drawing up the traffic model of trip.geﬁera~

tion dniy'some factors need be chosen. However,'the'féiiowing
criﬁéfia musﬁ be observed:~
1) The explanatory variables for the present and also for

the estimated target year must be obtained.

2) The explanatory variables must not be chosen only from
the degree‘of the co-efficient of correlation;ﬂin order

to avoid 'a causal relationship.

. Taking into. consideration the above matter, somg'iﬁdiées”of,

population are chosen as the explanatery variables in this study

as shown in the Following figures:-~
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- Table 3.4  TRIP MODEL OF TRIP GENERATION AND TRIP ATTRACTTON

Trip geﬁératidn o : Trip attractjon _
“Trip to work -y = 0.0916xp + 0.844 - y =0, 405xE ~ 404 .
- O (R=0,774) ' (R=0.884)
Business trip y = 0.172xp - 80.7 'y = 0, 172XE - 80.7
Car | | (R=0.894) © (R=0.894)
Private trip y = 0.0560xp + 0.0829xg  y = 0.250xy - 38.2
-1 | L
| (R=0.828) (R=0,811)
Trip home y = 0.440xy - 247, y = 0.101xp + 177
. (me0.864)  (R=0.711)
Lorry o y = 0.116xg + 924
| | | (R=0.851)
Taxi : 'y = 0.0009%1xp + 0. 0186xE - 12.2
' _ - (R = 0.770)
Bus ¥ = 0.0242xp + 0. 00728xy - 44.5
o (R = 0.736)
Mot0r4;ycle.' y = 0.340xp + 1. leE - l 514.5
(R = 0.945)
y. = tiip generation or trip attraction by zone
xXp = populatioﬁ-by zone
Xp = employed.populaﬁion by zone
R =

co-efficient of correlation

'Thig model is to be used for the calculation of increasing trip
genératiqn:and attraction from the year 1979 to 1985 or the year
2000. '

‘3. Analysis of Trip Distribution

'Fér the purposes of éstimating the trip disffibution, the follow-
ing_tWO (2)_methods are reﬁresehtétive. Oné is thé présent
patterﬁ method andrthe other is the. model-mEtth Usually, the
former is used for short term esLimation or when it is antici-
pated that ‘the 1and—use pattern will not be subject te too much
change. . '

On thé other hand, the model meéthod which is designed for adjust—
'ing'to the'chaﬁge in land-use péttern is suitable for long'térm_
estimation. - '
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-In our land-use plan; it is perceived that the future land-use
'patterﬁ”wguld be different ffom_the'present pattern. In addition
to thls, the main flow of traffic would be diverted because the
Penang Bfidge'plan'and the Ea$t—West.Highwa§ plan would have reached
fruition and consequently thére ﬁould_be_a_chapge_im the major road
netwafk. As a result of tﬁe ébove;-éhe most popular method was chosen
for our estimation and this is the gravity model method.
The gréﬁity model is as follows:~
Tif = agi v al - tli -1

Tij :.ﬁﬁﬁber:of:tripsibéﬁpeén zone i and j

cgi oz total number of trip.generation in zone 1.

ai 1" total nhmber of trip éttraction in zone i

@ : constant of préportion
Y_:'ekﬁdneﬁt of'grévity_model

tij : time diétance Between zone 1 and j
The éxpohent of the gravity model is estimated by the trip purpdse
or vehicle type through the least square method applied to the re-
lationship betwéeﬁ_the'present 0-D tables and the present travel time
of éééh zgné'pairs. | ' '
The resﬁlts‘from using the model for all the zone pairs in the Study

Area are as follows;-—

Table 3.5 FORMULA OF TRIP DISTRIBUTION

- The formula for Trip Distributien
0,340 0,424

. trip to wozk Tij = 1.147 Al
.0.624
t1] _
busi _ Lo Ai0'.402 ,0.398
usiness Tij = 0.461 &)
Ctrip : .. 0.396
: tij -
Car e : :
. .0.398 0,404
- private JTij = 0.749 Al Bl
tr]l_p Li30'576 .
S : - . ' o Ai0.415'.0.367
trip home Tij = 1.269 &1
o3.0.709

Continued
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(Cont'd)

" The formula for Trip DistribuLion

| _ _ -‘Aio 35Jg 0. 381
Lerry © Tij = 1.737 " o 635
_ , Aio.425'50.413
faxi ; Tij. = 0.0998—~—— &l
: 0.115°
tij :
| | A10”417gjo.407
Bus _ Tij = 0.523 - 0. 419
tij _
: : A;0.5l4“;0;510
= 0,237 -2 &

Motor-cycle B 1,100
. : tij "

However, the ese of -one formula alone is mnot enough to explaln
the’ present ‘traffic dlstrlbutlon because the traffic patterns in
Penang Island, Province Wellesley-and across the straits each
have their unique'charaeteristice. lTherefore theseiformula are
amended accordlng‘to each area pair. The‘StudY Area is divided

into four (4) areas that'ie,-twd'(zj areas in Penang lsland and

two (2) areds in Province WellesleyQ Therefore one trip distri-

bution formula is made up of 16 formula (4x4) from each pair.

3.3.2 Estimation for Traffic Demand of Base Sltuation

~ The estimations for the future traffic demand are carried out

on the basis of the traffic model and the above mentioned premises,

i.

- Estimation of'Trip Production

" The future traff1c volume related to the Study “Area is d1v1ded

into the follow1ng types, viz, 1nternal trip, external trip,
through trip and tr1p production from specific facilities.
'Particular faeilitlee in this sec¢tion means the new port,

'other port fdcllltles and the aifport.

T These fa0111t1es will produce more trafflc than that produced

as a result of populatlon 1ncrease ThlS is because there will
‘be a rapld increase in ‘the volume of cargo handled by the poxt
and aleo in the volume of air passengers Therefore, trip '
production from these facilities must’ be ‘considered separately

from the usual trip production



(a)

Internal txip.

The internal trip production is estimated by muitiplying
the number.of vehicles'wifh'the unit'trip‘production al-
ready.determined'in this andlysis. With regards to Penang
Island, the gdeth rate of'extetnal'trips is estimated by

using the growth rate of population and vehicle ownerships

in the external area of Pgnang Island.

With regard to Province Wellesley on the other hand, the
feasibility study of Federal Route 1 and the East-West High-
way are tsed in addition to the growth rate of population.

and vehicle ownership in the external area.

Some explanation is needed regarding the trip production of

private cars and motor-cycles. As the ratio of ownershlp in-

creases, the unlt trlp production made by private cars and

motor—cyrles w111 decrease. Therefore, in the estimation of

the volume of trip production of those vehicles, the unit trip

production is to decrease with the increase of the ownership

ratio of these wvehicles.

(b)

()

External trip and through trip

The growth rate of external trlps and through trips in the
future depends on the econowic and social growth rate of

external area.

Trip production from specific.facilities

Trip production from wharfs is estimated on the basis of

their carrying volume by each commodlty type, and trip

productlon from the alrport 1s based on the number of pas-—

sengers arerlng and departing.

- Regarding theée specific facilities, only increased volume

is added to the future trip production because the present
volume of these facilities is obtained through traffic sur-
veys and is already included in the 1nternal trips, external

tllpS and :through trips of the present trlp production data.
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Table 3.6 TRIP PRODUCTION FROM SPECIFIC FACILITIES

(unit: 1,000 trips per day)

year 1979 1985 2000

New development
e - 4,0 15.9
Other area _ 15.5 17.6 25.1
Port | . 15.5 21.6 - 41.0
Penang Airport . 2.2 3.5 13.0

(d) Total number of trips relatéd ta the Studj Area

The estimation for the number of trips is cdnducted sepa~
rateiy-according to the type of trips. The summary of this

estimation is as follows:

Table 3.7 TOTAL NUMBER OF TRIPS

_(uﬁiﬁ: 1,000 trips per day)'.

- _ year 1979 © 1985 2000 -
Internal Trip 286.1 381.5 864.2

External and Through Trip 35.3 51.5 144;4
IncfeaSed'Trip from Port - 6.1 25,5
Increased Trip from Airport - 1.3 10;8

Vehicles ex. m/c 1321.5 - 440.0  1,044.9

Internal Trip 397.3  437.7  499.3

External’and Through Trip C25.1  27.7 28.6

- Motor-cycle _ 422.4 465.3 477.9

P.C.U (1,000 p.c.u.) . 609.8  776.6. 1,538:1

Estimation of Trip Generation and Attraction

" The future ' volume of trip generation and attraction is calculated
by'the_pdpulation data and the trip generation and attraction

models which are derived from the present traffic situation.

Fig. 3.3 shows that the growth rate of trip generation is almost
proportional to theée growth rate of the resident population.
Therefore the growth rate of trip generation in Province Welles-

ley is more rapi& than that in Penang Island.
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Fig. 3.4 Projected Trip Generation
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3. Estimation of Future 0-D Table of Base Situation
0~D tables for the future are estimated by using the future trip
generation, trip attraction and time distance between each zone
pair together with the gravity: model which is derived from the
present traffic data.
The desired lines show that the“movement of, vehicles is becoming
more active due to the- reduction in time distance. This is
brought about by the improvement of the ‘road network especially
by the construction of the Penang Brldge.
(a) Number of trips in. each type of'traffic flow
Accordlng to the rapla growth of car ownership, the number
af trlps are lncrea31ng year by year and in future. the total
number of trips will become 776,600 and_1,538,100 in 1985
-and ‘the year 2000 respectively from a total of 609,800 trips
~in 1979, - '
From the volume of each type of traffic flow, it can be
 observed that the annual growth rate of internal trips is
5.2 percent from 1979 to ‘1985 and 5.6 percent from 1985
to the year 2000; on the other hand, those of external trip
are 7.0 percent and 7.9 percent respectively.
The growth rate of external trip is more rapld than of 1nter—
nal trip due to the reduction in time distance.
Table 3,8 NUMBER OF TRIP IN EACH TRAFFIC TYPE
. (Unit: 1,000 trips)
o Vehicle
) " Car _
Going On . . Going Siib- - . Sub- )
Year to Work Business Prlvlato_. Home Total Lorry Faxi Bus Total Mfc
s 1979 664 334 531 832 2360 28.4 27 190 2861 3973
8o 1985 88.L 440 . 708 1101 3129 43.2 61 247 3869 43717
SE 2000 200.1 1000 160.7 2499 710.7 922 245 .- 515 878.9 4493
3 g 1979 43 48 . 64 75 232 .98 24 ‘o4 353 251
5,:_1::0"11985' 6.0 1.2 9.8 10.3 333 158 34 0.6 531 217
X E£°52000 144  216° 273 255  89.0  66.4 9.2 14 1660 286
- 1979 0.7 382 595 907 2592 382 . 48 194 3215 4224
5 1985 94.1 512 806 1204  346.2 59.0 9.5 253 440.0 4653
= 000

214.5 121.6 188.0 2754  799.7 158.6 33.6 529 1,0449 4779
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Table 3.9 NUMBER OF TRIP PRODUCTION IN EACH
TRAFFLC TYPE (P.G.U.)

_ (Unit: 1,000 P,C.U.)
year 1979 1985 2000

Numbef of Trip Production

internal 551.2 692.2 1,287.5
trip (100) (126) (234)
external : : .
and 58.6 _ 84,4 ) 250.6
through (100) (144) L (428)
trip : .
total ~609.8 776.6 1,538.1
(100) (127). (252)
1287.8
1250
Interﬂal Trié :
1000
F50 4 -
551.2
500+
External and
Through Trip
230.5
2590
- B4.4
53-6 .
6.33) { ') annual growth rate.
70 85 2000
Year

Fig., 3.5 TREND OF EACH TRAFFIC TYPE
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(b) 0-D Pattern

The estimated O0-~D table is as follows:

Table 3,10 VEHICLE 0-D TABLE

(ﬁnit: 1,00Q p.c.u. per day)

Internél Area : T External Area
Penang Province Penang. . Province . Total
Island Wellesley Island Wellesley

399.9 6.2 3.8 3.1 413.0
480.6 - 10.5 8.1 4.5 503.7
786.2 23.7 26.3 11,5 847.7
6.1 138.9 0.2 20.9 166.1
10.2 190.9 0.4 28.0 - 229.5
23.3 454,3 1.9 82.0 561.5
3.8 0.2 0.0 0.1 5.9
8.1 0.5 6.0 0.3 8.9

- 26.3 2,0 6.1 1.3 29,7
3.2 - 20.8 0.1 1.8 '25.9
4.8 27.7 0.1 1.9 34.4
11.7 8Ll.5 _ 1.3 4.7 99,2
“upper  in year 1979 609.8

middle din year 1985 776.6

lower in year 2000 . 1,538.1

From this table, internal trip in Pfovinbe Wellesley shows
a more rapid growth rate than in Penang Island; due to the
more rapid increase of resident population and eﬁployment

in Province Wellesley.
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Fig.3.6  Outline of Traffic Movement
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(c)

Desired ‘Agsignment

. For the:purpose of grasping the traffic movement appfoxi—

mately, the desired assignment is conducted using the method
of simple assignment. Here, the traffic demand of each 0-D
pair (in this case middle zone paif) is assigned to the
shortest desired route according to the distance; The growth
rate of traffic demand on major section estimafe& by the

desired assignment are as follows:
From these figures, the following can be observed:'

1. In Penang Island, the traffié_ﬁovemént betwéeﬁ George
Town and Bayan Lepas will become greater. (Section C).
The traffic movement in 1979, 1985 and the year 2000
are 63,000, 106,000 and 239,000 respectively.

2, In Province Wellesley, the traffic movement between
Butterworth, Seberang Pral and Bukit-ﬁertajam (Section
F) will be increased remarkably from 41,000 to 73,000
in 1985,.aﬁd-further to'20,400 in the year 2000.
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© Fig.3.7 Traffic Demand on
Major Section

(Unit: 1000 p.c.u.)

1979 1983 2000




tnit: 100D p.¢.u.

3.8 Desired Assignment in 1979
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Desired Assignment in 1985
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Fig. 3.10 Desifed Assignment in 2000
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4, Traffic Volume Across the Straits

The traffic volume over the unique section, viz. across the

straits is eétimated by future 0-D tables as follows:

Table 3.11 TRAFFIC VOLUME ACROSS THE STRAITS

~ (Uait: 1,000 trips, 1,000 p.c.u.)

| S YRAT 1979 1985 2000
Vehicles (trips) 10.8 19.2 - 52.9
Motor-cycles (trips) 13.0 14.7 15.8

P,C.T, (p.c.u.) 19.3 31.6 75.7

From the results; the induced trips brought about at the com-
pletion of the Penang Bridge can be obtained. In 1985, fhese-
trips will total 6,000 p.c.u but by the year 2000 will total
28,000 p.c.u. |

From this, we can infer that the effects of the Penang Bridge

will be quite considerable.

801
(unit: 1000 ) 757
(unit: p-c.u. ey
! I :
704 [
.Simple Result of
trend estimation
60,

50

301 mi

20 2.3

Traffic Volume across the Strait.

10

e o G A Gl i m—

1979 1985 ' 2000

Fig. 3.11 1Induced Trip by Linkage
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3.4 Estimation of Bus Passenger Demand

3.4,1 Total Demand of Bus Passengers

Figstly the inclination of bus passengér demand is examined
from various_déta bbtained‘ The inclination is indicated as #he
rate of bus passengérs to population (per capita riding). In 1979
there are 256,000 paééengefs by scheduled buses related to the Study
Areé, while £he'popuiation (abdve 15 years old) ié_éSS,OOO; Accofd~
ingly the per capita riding factor is 0.56, which has been de-

creasing at an annual rate of 1.3 percent since 1970 in accordance
with the increase in car ownership.

This tendency will continue in the future, therefore the per

- capita riding factor in future and total number of bus passengers
are forecasted as follows.

" Table 3.12 TOTAL NUMBER OF BUS PASSENCGERS

(Unit: 1,000 person)

per capita No. of bus annual growth
riding passengers rate .

1979 0.56 256.0 -

1985 0.52 " = 279.4 : 1,3%

2000 0.43 : 348.8. 1.47

Although the per capita riding decreases year by vear, the
number of passengers increases at a growth rate of 1.3 to 1.4 per-

cent because of higher population increases.

3.4.2 0-D Pattern of Bus Passengeré

In this stage, the total number of bus passengers is first

reduced in consideration of transfers. Those linked trips are as
follows:

Table 3.13 TOTAL LINKED TRIPS MADE BY_BUS PASSENGERS

_ :  (Unit: 1,000 trips)
Total number of Total trips made

Average no.

yeér passengers - by passengers of transfer -
1979 256.0 - 235.8 _ 1.09
1985 279.4 - 249.%L 1.1z
2000 T 348.4 296.4 1.18

3-23



Outside

The 0-D table is [orecasted as follows.

Table 3.14 BUS PASSENGER 0~ TABLE

(Unit: 1,000 trips)

Internal Area ~ External Area
' - ' : : R Total
: D Penang Province Penang Province
0 Island  Wellesley 1Island Wellesley

s FPenmang  149,2 B.3 3.4 : C160.9

¢ TIsland 151.6 10.1 3.8 - . 165.5

“ 157.9 13.1 ' 4.5 _ 175.5

é‘ Province 9.4 50.1 5.0 64.5

o Wellesley 10.2 57.1 ' : - 5.5 72.8

13.3 86.9 7.2 107.4

g Penang 3.6 3.6

&  Island 3.7 - - 3.7

< 4.5 4.5
by

B Province 5.2 1.6 6.8

& Wellesley - 5.5 - 1.6 7.1

7.2 1.8 9.0

Note: The first figure corresponds to 1975, the 235 8

second to 1985 and the third to the year 2000. 249.1

' ' 296.4

The O-D distribution oflthése'bus trips is forecasted by means
of the gravity method which was already examined by using present

data.

3.5 Verification of the Total Traffic Volume

The projection of traffic demand was done by type of transport mode,
that is car, lorry, motor—-cycle and bus. In this section, 31mple veri-
flcatlon about the total number of trlps is conducted by u91ng the person

trip method.

The unit of Erip production per person is determined to be about
1.0 - 2.0 from person trip surveys. This figure usually does not include

trips made on foot.

Therefore by the standard of thlS result the unit of trip produc-
tion dn thls study is calculated F;rstly, the number of vehicle trips
in this study area is converted to number of person trips by multiplying

the average number of passengers, and then_dividing by the population,
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The_unit of trip production per person is calculated in this:waygand
the resulting figures are 1.64, 1.68 and 1.83 in 1979, 1985 and the year
2000 respectively with these figures having a range between 1.0 and 2.0

and experlencing increases year by year.

‘Considering the growth of the economic level, it is accepted that

this tendency to increase yearly will continue,

Therefore, it can be said that the projection of traffic demand is

neither overestimated or underestimated.

Table 3,15 UKIT OF TRIP PRODUGTION PER PERSON

School - _
bus Public
. Car Taxi . company M/C bus
No. of trips 236.0 2.7 19.0 | [397.3 217.0
by mode 312.9 6.1 | 24,7 | |a37.7 299.1
(Unit: 1,000 exip 710.7 26,5 51.5 449.3 270.7
pex day) [ | | i ]
; L -
[k average no. of paasengerl.... (change to
person
L ) . ) trips)
No, of person | 389.4 3.2 57.0( . {516.5] ([217.9
trips 516.3 .13 74.1] |569.0 229.1
(Unit: 1,000 trip {1,172.7 9.1 154.5 584.,1 270.7
per day) * [__ il l |
4
1,184,0 (100)
1,395.8 (118} | ..., (total no. of
; person trips
2,211.1 (187 in internal
area)
Popﬁlation i above 15 years
Population 723.0 i 458.2
{Unic: 1,000 person) 837.0 { 537.3
1,207.0 ! 811.1
i3
[ i
1 |
Y T X
Unit of trip 1.64 (100 ! 2.58 (100)
. ! .
production 1.67 (102)] 2.60 (101)
per person : 1.83 (112)§ 2,73 (1086)
1

(Unit: no. of trip
per person per day)

Upper

1 1979
Middle : 1985
Lower *: 20060

Note: Above figures use the total number of internal trips in the stndy
area. : )
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4, ALTERNATIVE TRANSPORT PLANS

4, 1 Planmng Goals

4,1.1 Background

By the year 2000 the population of the State of Penang Will
have increased to about 1.6 million and about 6,000'heetafes of land
will have been developed for urban actiVifies'in the Study Area.
This economic growth in the Study Area will result in a.large

__inéfease in deinand for transport whereby there will be twice the
preSeﬁt_trip trip production. In addition the basipetransport
structure of the State will be changed”aftér completion of the
Penang'Bridge Project_and the_New.Fedefal Route I. Thus, improve~
‘ments of the transport system are urgently needed to meet future

demand.

4.1.2 Poliey fot the Tmprovement of the TranSport SyStem

The team identlfled the f0110W1ng goals for the future transport

System°—

"To ma1ntaln a high qualltv of urban env1r0nment.

“To maxlmlze the beneflts of the urban and urban transport
' economy. -

To minimize resource .consumption.

To provide a safe means of transport. .

In order to achieve these goals;-the'following should be
-plannedi—":
The establlshement of Lhe future road network

The 1mprovement of the Publlc Tran3porL System

The 1mprovement_of Traffic Management and Operations.

The following items should also be taken into account in order

to obtain better results.

The preservation of historical places and their envirouns in
George Town itself is seen as part of the maintenance of the
good quality of 1life and urban environment, and the continued
preservation of these sites are taken into account.
Future.transport systems should corfeSpond to the changes in

lend use, such as the_&eveiopment of Bayan Lepas and Prai,
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as well as to the changes in road network, as in the:ooostruc"
tion of the Penang Bridge, the traffic dispersal roads and the

~ New Fedeval Route I,
42 Road Neﬁvork Plan
4.2.1 The Premise

"Prior to the formulation of the transport plan, the committed

projects within the Study Area are as follows:-

Fedefal Route No. 1 and two (2) of its related7intersections.
Penang Bridge which connects Province Wellesiey and Penang
Island, |

ﬁispersal Road connecting with the Penang Bridge.

These schemes are totally committed.

4,2,2 Examination of Transport Demand

In ovder to get the guidelines for road network planning, the
results of the land use plan and the traffic demand estimation were

reviewed,

The expeoted ohanges estimated in the Study Area from 1977 to

the vear 2000 are summarized as follows:-

A. Change of Urban Structure

The population.increase of about 483,000 in the Study.Area
will be absorbed mainly in Bayan Lepas and the aree along the
Federal Roote T between Butterworth and Bukit Mertajam.
Accordlngly, in the year 2000, there will be two (2) conurba-
ftons i.e. the conurbation of George Town and Bayan Lepas and

the conurbation of Butterworth and Bukit Merta;am.

Iotreese in emoloyed population will be absorbed mainly in
Beyan Lepas and Prai. Thus, there will be four (4) major
employment areas, whlle in the C B.D. of George Town, the
p0pu1at10u 1s_expected to decline and this will further

characterize it as a C.B.D.

.B.' Change in Transport Demand

fotal number of trips w1ll increase to about tw1ce the present

number, ESpec1ally in Bayan Lepas and Pra1, a very large



number of trips @ill be produced. : R o
Main desired traffic flow will be as follows,

- Between Penang Island and Province Wéllesley.
-~ Between George Town and Bayan Lepas.
- Between the Prai-Butterworth conurbation and the conur-—

bation of Bukit Mertajam.

Corresponding to the expansion of7residentia1 areas and urban
functibns,'trips will be longer and the pattern of commuting
trips will change to that which is shown in the following

.figures.

Fig. 4.1 TERRITORY OF GOMMUTING TRIPS
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4,2,3 Conceptual Planning

Bearing in mind the policies aﬁd the_traffic demand
characteristics, the conceptual plans for road network were prepared

using the following procedures.

I Butterworth

Ayer Itam
George Town

Penang. Bridge {

Bukit Mertajam

-----

.. Bali Pulau‘:.s':E::. ) _. B \L’V

.Bayan Lepas

Federal Route I

Objective of the Plan:--" . _
To connect the major regiomal cores
- To establish the functional Network

Fig.. 4.2 CONCEPT PLAN I

North' Coastal Area A

AN

: Gearg Tou
Ayer Itam irge Town

} E-W Highway

Balik pulau >oY2R LePas @ﬂ)
v S . =

X B0 5

i - CR— o B. M jar
& 3 ";-"-"' Penang Bridge\iits ertazam
Prai
Federal Route f
Alr Port

Objective of the Plan:- S
To identify the basic road network

Fig. 4.3 CONCEPT PLAN I
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Yenang Island

Objectlves of the plan: To ldentify traffic circulétigﬁ in the Urban.Areaé.

Ladder Pattern : Ring and Radial Pattern

for the East Coastal Corridor . for George Town

Tanjong Bungah

George Town

.. .Ayer. Itam
3, Penang Bridge P

ku,_\
C.B.D, OF

: Cearge Town
Bayan Lepas 4

Air. port g

'CONCEPT PLAN IV o Province Wellesley

Grid Pattern : Ladder Pattern . o
for Butterworth Conurbation between Prai and

Bukit Mertajam.

N

Prai e Bt. Mertajam

} Urban Corriéor: :

[

Prai Industrial
Estates

Fig. 4.4 CONCEPT PLAN TIT
Panang Island
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4,2.4 Road.Network Plan

Considering the various local ¢onditiong, the team prepared the

future road network the content of which 1s described in Cnaprer 6.

With the team proposing mainly primary distributors defined in the

following categories of roads.

a}

b)

c)

d)

Primary distributors (Concept Plan 1° and II)

These roads form the primary network for the town as a whole,

: All 10ng—d1$tance traffic movements to, from and within the

town should be channelled to the primary distrlbutlons The
primary dlstributors may be divided into two (2) types;
one type between urban area (inter—- urban) while the other is

in the urban areas (intra-urban).

District distributors (Concept Plan III and IV)

These roads dlStrlbute traffic within ‘the- re51dent1al and

:1ndustrlal areas and princlpal business’ distrlets of the

town while forming the link between the primary network and

the roads w1th1n the Surrounding areas,

Local distributors (Coneept Plan II1I and XV)

These roads distribnte traffic within the surrounding areas
while forming the 1ink between district.dietributors and

access roads,

“Access roads

These roads give direct access to buildings and land within

the surrounding areas,
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Roud Network

Primary Distributeor {inter-Urkan}

Primary Distributor {Intra-Urban}

District Distributor

URBAN TRANSPORT STUDY IN GREATER METROPOLITAN AREAS OF
GEORGETOWN, BUTTERWORTH AND.BUKH'MERTAJAM




43 Alternatives of Transport Strategies

4,3,1 Ceneral Consideratio'ns .

Transport strategies proposed in: this chapter are on’ how to deal
‘with an: increase in transport demand in the future. In most iarge
rc1t1es it is almost imposslble to deal effeetlvely with Lhe increase
in traffic volume. Generally speaking, there are two (2) strategies,
i.e., to improve the capaoity of the transport systems and to reduce

the tlan3port demand

In the Study Area, the ploJectlon of future transport demand
_revealed that not only is’ 1t necessary to- improve Lhe capaolty of
‘the transport system but a reduction of the trsnSport demand will

also be necessary

Major Strategies

._Improﬁement of road ﬁetwOrk o ' % i
'ImprovemEnt of 1ntersectlons ' _ : Sl M
Improvement of system of trafflc flow : * M

'Improvement of the present public transport system £ % M
Introductlon of the new transport system _ ALx L H

: : -]

'Intensify parklng control o oo I * | L
Introduction of car pooling or road leClng system M
Increasing the cost of owning cars . _ _ 1L

*#% # : assume high. cost
M : assume medium cost
L

1 assume low cost



4.3.2 Transport Strategies

Besidés:the‘imporvement_cf road network which was planned in the
previous section, the team prepared :the followiﬁg-transport
. strétegies-as a major.means of coplng with the increase of traﬁsﬁort
demdnd, with due consideratlon given to the. actual transpoit condi-
tions of - ‘the Study Area and the effects of the strategles. All of
these Strategies are evpected to reduce the traffic volume of’

vehlcles.

1. Publlc Tran5port Strategles

Strategles A _Introduction of EXclusive Bus Lane

To assure that the bus bEerCE can absorb more commuters
operatlons should be effectlve. For thlS purpose, exclusive bus
lanes, where the average Speed of the buses: is 25 km/hr., are

1ntroduced dlong rthe f0110w1ng roads.

Fig. 4.6 LOCATION OF EXCLUSIVE BUS LANES
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Strategy B. ‘Introduction of New ‘Transport System

If a more effecti#e public transport system than the present
bus service is necessary, then the new transport system will be
introduced. -The team proposed'fhe following routes for the New

Transport System,

ERJAK

Fig. 4.7 LOCATION OF NEW TRANSPORT RCUTES

Demand Control Strategies

Strategy A. . Pérkigg:Contrdl

Prohibition of dnvstreef=parkihg is;mainly aimed at_achiéviﬁg é
smooth and safe'tfaffic flow and prdviding”spaCe for sidewalks.
However, régérding coﬁtrol of pafking capacity in the C.B.D.,
the team assumed a situation where the total'parkihg capacity in
the year 2000 during peak hours iﬁ spite'of.ih¢rease in off- _
street parking dué to the sharp:deérease of on-street parking

capacity.
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Units

40,000

Total Parking Demand
- during peak hour.

30,000 _ _
wekeas Reduction of Parking Demand

'-*) Total Parking Supply
20,000 . : el — : (Proposed)

oo s 07
-

____.—-—-—P

ne Off~Street Parking

10,000

Y e On-Street Parking

1979 ~ ° 198% 1990 : 2000 Year

Fig. 4.8 PARKING DEMAND AND SUPPLY

Strategy BL car Pooling System

The car pOOllng system is dev1sed in order to prevent traffic

'cOngestion caused by private cars enterlng the C.B.D.
The system as planned by the team is as follows:-
Thé'pbjective area ———~-—~—-————= the C.B.D. of George Town,
. Average number of passengers —— 3 persohs including drivers.
4.3.3  Alternatives
Many alternatives aié'prépared from the cowbination of the
road network and thé_étrategies'méntioned earlier. 1In addition to
these combinations, two (2) situations,'i'e. the termination of the

ferry service after 1985 and the continuation of this service after

_ 1985 are 1nc1uded in the alternatlves.

1. Combination Plan for Road_Network

Exlsting road network plan (present)

The road network of this plan is composed of only the ex15t1ng

roads.
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Intended road network plan (base case)

- The road network of this plan is composed of the existing roads,
the Penang Bridge, the New Fédéral Route 1, the traffic disper~

 831 roads and the supporting roads of the East- ~West: nghway.

" Plan A (on-g01ng)

" In addltlﬂn to the road network- plan, the road network is

composed of some new roads which have been proposed earlier.

Plan 2 (Proposed)

dThe followxng new roads proposed by the team are added to the

'road netvork

naqﬁﬁ urnna.

e dum

| L

Flg 4 9 LOCATION OF NEW ROADS

Plan 3 (on g01ng and*progosed)

_The road network of. thlS plan con81sts of Plans 1 and 2.

‘Plan 4. (Ultlmate)

In this road uetwork some roads are added to Plan 2 30 as. to
form the ultimate road network Be51des, thls plan is div1ded
into three-(3)-sub~plans'dueoto the difference in the usage of

the ferry service.

Regardlng the contlnuatlon of the ferry services, Plans 3 and 4

1uclude both cases of w1th ferry and without ferry.
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2.

Combination Plan for Demand Control (Publlc Tran5port Plan

included)

Plan'A

No improvements to the publlc ‘transport “and 1 no introduction of

. demand control

.-'Plan B -

: A combinatiOn of parklng control and exc1u31ve bus lone.
‘Plan C

A combination of parklng control, ‘exclusive bus 1ane and the

introduction of the New Transport System.

'Plan D

A combination of parking control and car pooling system.

Transport Alternatives

From the combination of the road network plans and demand

7control stratagles, the alternatlves of the future transport

system are prepared for evaluatlons,

‘Table 4,1 Transport A'l"ternat:ives'

Plan A - Plan B Plan ¢ "'Plan D

Dewmand K g
Control - ‘g
. S =1 .
Plan o R "
g % P @
=] 3] L =] (&)
o Y
o - o~ ~
o [=] .0 o
A | X] ES ] =]
o .4 7Y )
- e o-g o
v (s} L9 Q
Road e = O o
0a : =1 od o o b o . tD ool
. - NER ] LTI =N ] =3 =]
Network o g »1 3] o gl
pian - i Es 33 Es
an A py = A .en oo
(Present) (1979)
o . 1985
Bage Case 2000
Plan 1
~ Under Planning 1985
'Plan 2 .
Proposed _ 1985 .
Plan 3 1985 1985
Under Planning & Proposed 2600 - 2000
N [ ) . . : .,
Plan 4 2000 12000 2000 2000

- Ultimate

‘Pigures in boxss show the projected years.
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In addition, regarding the evaluation of the continued existence
or termination of the present ferry system, the following cases

are also computed.

1985 With and without ferxy system in case of Plan 3 - A

2000 With and without ferry svstem in case of Plan 4 - B

14
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5. TRAFFIC PROJECTION OF ALTERNATIVE PLANS"

5.1 Procedure

After the future traffic demand is calculated, the alternative plans
in the Study Area'already selected in Chapter 4, are taken into considera=-
tion. Aécbfding_td these alternative plans, two (2) major estimations
will be executed in this c¢hapter.

1. To bring the modal split of the 0-D table, already'estimated in
Chapter 3, in accordance with the intentions of the alternative
plans and to complete theVO—D'table by alternative policies.

2, To apply the 0-D tabie to the alternative road network and to

estimate the traffic volume on each road.

3., TRAFFIC PROJECTION
OF BASE SITUATION

}

4, ALTERNATIVE . | - Future 0-D Table
TRANSPORT PLAN : . | of Base situation

Alternative Policy
on Transport Plan

A 4

Modal Splitc

Assumed
Future Vehicles _ Future Passengers
0-D Table by : 0-D Table of
-Alternative Policy Public Tramsport

Alternative Plan
of Road Network

Traffic Assignment
on Road Network

Fig. 5.1 PROCEDURE OF TRAFFIC PROJECTION
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5.2 Estimation of Future Traffic Demand by A_Iternativﬁ_Plan#

The future O-D table described in Chapter 3 1s estimated according

‘to the demand of vehicles. However, this actual appearance of the traffie

volume is affected by many_restfictions and by any alternative transport,

that is, if there are nd_parking areas, vehicle traffic will decrease and

if there ls some superior mode of transport faster than vehiclea, some

vehicié owners will divert to this new mode of tramsport.

In this chapter, the concept of modal split 18 introduced and future

traffic demand is re-calculated by alternative plans.

The content of the alternative plans is already formed along the

following four (4) alternatives:

L.

Plan A
There are no changes from the present situation. The estimation

is alréady conducted in a previous chapter.

Plan B

In this plan, the control of parking demand and the alternative
transport, which is represented by exclusive bus lanes.,. are

considered.
Plan C

In this plan, a new transport system which is imagined as thea

" Lightway Rail System is considered of Penang Island in addition

to Plan B.

Plan D

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

system are considered,

The estimations are executed as follows;

Year Plan - B Pian ~ C Plan - D
1985  execute _
2000 execute execute execute




5,2.1 The Premises for Calculation

For the purpose of estimating the traffic demand by alternative

plans, the following ﬁhree (3) premises must be introduced first:

1.

2.

3.

1.

Control of Parking Demand

Diversion to Public Transport.

Caf_Poolingisystem.

Control of Parking Demand

1)

2)

3)

by

5)

6)

“The premises for calculation are as follows;

The Ob]ect area of parklng contrel is limlted to C.B.D. in

George Town (that is zone 111, 121, 131).

The difféfénces in volume between the parking demand and the
parking supply are to be controlled and diverted to the
public transport.

These dlfferences are subtracted from the traffic volume to
C.B. D-whose purpose is 'going to work' by private car, and
he equal amount is subtracted from the travel volume whose

purpose is 'going home' by private car.

For the parking ratio and the average number of passengers
the preéent figures which were obtained through the traffic

survey are used.
There are no restrictions concerning motor-cycles.

The average number of passengers with the trip purpose
"going to work' in each car, obtained from the present traf-

fic surveys is 1.4.
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The calculation will be executed according to the following flow cahrt.

Number of trip
attraction by type

and purpose in C.B.D.

Present facilities of
parking (on-street,
off-street)

parking ratio

at peak hour

-

the volume of parking
demand at peak hour

estimation of
parking facili-
ties

4

) .

E

the volume of parking
“supply at peak hour

|

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

excluded volume from
the trip generation

Fig. 5.2 THE FLOW CHART OF CONTROL OF PARKING DEMAND

According'to'this flow chart,‘the excluded volume due to

control of parking demand is calculated as follows;

(a) Parking demand

The parking demand at peak hours is as follows:-

Table 5.1 PARKING DEMAND AT PEAK HOUR IN C.B.D.

(Unit : trip end)

year

1979 1985 2000
Car To Work 12440 15010 24410
On Business 1880 2320 3930

Private 1290 1690 3030

Home 540 680 980

Lorry 1300 1600 3300
Total 17450 213000 35650
(100) (122) (204)
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{(b) . Parking supply

The volume of parking sipply is estimated by our parking

survey as follows:-

Table 5.2 THE VOLUME OF PARKING SUPPLY

(Unit : vehicles)

year 1979 11985 2000
On-street 14133 11500 10000
Off-street 3491 6500 11000
Total 17624 18000 21000

From Table 5.1 and Table 5.2, the excluded volume due to the

shortage of parking supply is calculated as follows;

Table 5.3 THE EXCLUDED VOLUME BY CONTROL OF PARKING

{Unit : 1000 trip end)

Year - 4979 1985 2000
"demand 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

2. Diversion to Public Transport

People who live in urban areas always choose a suitable mode of
transport according to their own judgement. Various factors
play a role in this choice, but generally these factors can be
classified undef the concept of distance from place of origin

to destination.

The concept of distance means, of course, actual distance, time

distance and economic distance which includes the travel fee.

In thé ”UREAN TRANSPORT POLICY AND PLANNING S$TUDY FOR METRO~
POLITAN KUALA LUMPUR", the diversion curve and the time
differences between alternative periods of transport are chosen’
as the determining factors for the modal-~choice model. As there

~is no other modal-choice data available for our study area, the
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above-mentioned data is used for the estimatlon of diversion

from vehicle traffic volume to public transport.

100

90

80
One-Car houssholds
(home-based work)

70
64
50 A

40 Mptor-cycle households

(hone~basedwork)

0 A

Perpentage of Publlic Tramsport Usgge

20 o

14 7

5 3] x5 20 5 0 a5

- Time Difference { Miautes )**

Fig. 5.3 MODAL CHOICE MODEL *

* SOURCE. : URBAN TRANSPORT POLICY AND PLANNING
. STUDY FOR METROPOLITAN KUALA LUMPUR.

x% (Public - Private transport)

The following premises have to be taken into consideration.

1) The object areas for diversion are limited to those areas
which ave directly related ‘to the alternative public

transport plans,

2) Since the calcularion of diVersion”fdr_"gOing'to work"
purpose by private. car or motro—cyclé, is the same as for
the "going home" purpose by private car or motor-cycle,

" this calculation will suffice, -

3) The ratio of diversion is calculated by means of the reduc~
tion time provided by means of the alternative public trans-

port plan and the diversion curve of the above-mentioned

study.

4) Travel time is calculated as follows:-
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N.T.S.

BUS
25 K/t (PRSTUOLVE
Schedule speed 15 Km (Urgizized) 30 Ko/h
20 Km  ( o;:z: )
o 5 min, (Vrbanized,
Operation internal ' other - 10 min,
10 min. ¢ area }
o _ Urbanized
Approach distance 250 m ( area ) 500 m
to stops 500 m ( other ')
area

5) Average passenger numbers of

trip purpose "going to work"

cars and motor-cycles with the

are 1.4 and 1.2 respectively.

The volume of diversion from car and motor~cycles to public

transport is shown in the following table,

Téble 5.4 THE VOLUME OF DIVERSION BY TRANSPORT PLANS

(Unit : 1000 trips)

In Penang Island In

Province Wellesley

vear Car M/C Car N/C
1985 o
Caused internal trips -221.9 273.7 71.8 i51.6
by Bus - :
exclu-
sive volume of diversion 2.3 3.6 0.5 1.2
Lane
2000 _
Caused internal trip 4240 241.8 215.1 193.8
by Bus ' :
Exclu~ : : ;
sive ' volume of diversion =~ 3.5 3.6 1.7 2.1
Lane
2000 internal trip 424,0 . 241.8 - -
N.T.S. volume of diversion 12.9 9,1 - -




~Car Poeoling System

The Car Pooling System ls devised in order to prevent traffic

congestlon which is caused by private cars entering the C.B.D.

As a result of this system whereby cars are enforced to carry a

winimnum amount:of passengers, the number of cars, hence the

traffic volume will decrease. '

The premises are as' follows;

1) The enforcement area of the car pooling system is limited to
the C.B.D. in'George.Town.

2} By impbéing:an'additiqnal charge on the cars which have fow
passengers, the'éverage nuitber of passengefs will increase

from 1,65 to an average of 3.0.

3} All cars entering or leaving the C.B.D. are subjeét to the Car
Pdolihg System, irrespective of trip purpose ("going to work'

or "private™).

Number of trip attraction
by type and purpose

in C.B.D. after parking
control

Average number of passengérs
with the purpose of going to e
work and privace (1.65 per car)

number‘of:ﬁassengers
vhose dilstination is
C.B.D.

Car peoling
system

average number
of passengers e

(3.0 per car)

nurber of trip attractlon
after car. pooling system

decraasing volume
due to car pooling systen

Fig. 5.4 FLOW CHART OF CALCULATION FOR THE YFAR 2000
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The number of trip attraction in the C.B.D

is as follows;

. after parking control

Table 5.5 NUMBER OF TRIP ATTRACTION IN C.B.D.
(unit : 1000'trip.ends)
trip attraction -
To work 43,4
Car On Business 28.0
Private 43,3
Home 24,4
Lorry 23.6
Taxi: 7.5
Bus _ 5.9
Sub-total 176.1
Motor-cycles 95.5

From this téble, the number of passengers whose trip purposes

are "going to wor

private" total 143,100 persons
(86,700 cars x 1.65 persons). '

After the car pooling syéfem is executed, there will be a

decrease in the number of cars as follows.

Table 5.6 'DECREASING VOLUME DUE T0 CAR POOLING SYSTEM

"~ (Unit : 1000 trip ends)

number of _ number of - average number
trip attraction passengers of passengers
before car pooling 86.7 1431 1,65
system ]
after car pooling 47.7 143.1 3.0
system
decreasing volume:
- e o 39.0
on one way direction .
decreasing volume 78.0

on both way
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5.2,2 Estimation 6f‘Tréffic by Alternative Plans

The total traffic volume related to the Study Area is estimated

as follows:

Total &oiumezof . Total volume of
vihicle trips bus passengers
(Unit: 1000 p.é.u.) (Unit: 1000 persouns)
1979
' .8
609.8 PRESENT 1%%%? 235
1985
776.6 {100} PLAN A 248.1 (100}
764.8 (98) PLAN B 268.1 (108}
2000
]
1538.1 (100) 1 PLAN A 296.4 {100)
. >
1500.6 (98) PLAN B [/ 351.6 (119)
. Total volum of
279.1 (84) y p’g, passengers
1488.3 (97) vian ¢ V4 92.5
1427.8 (93} _ PLAN D ézy 344.3 (116)

Fig.5.5 Total volum by Alternative Plan
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Table 5.7 SUMMARY OF TOTAL VOLUME BY ALTERNATIVE PLANS

- 1985 -~ (Unit : 1000 trips, p.c.u., persons).

Motor-

Vehi : '
(igicis cycle - - C.PLUL. B“S_
P (trips) passanger
PLAN A 440.0 465.3 776.6 249.1
control 6.7 _ 6.7 : 9.4
PLAN B ‘parking demand ’ ' :
exclusive hus ~2.8 7 | 5.2 +9.6
lane .
Total trips 430.5. 460.5 764.8 268.1
- 2000 - ( - : 1000 trips, p.c.u., persons) -
Vehicle g;igzhl C.P.U Bus . N.T.S.
. N _ (trips) Ctrips) passenger passenger
PLAN A C1044.9  477.9 1538.1 296.4 -
contral of ~29.3 - ~29.3  +41.0 -
PLAN B PArking demand
exclusive bus . 5 , -5.7 8.0 +14.2 -
lane ‘ S
Total trips 1010.4 472.2 1500.6 351.6 S -
control of -29.3 - ~29.3  441,0 -
parking. demand - S
Co : _ C+29.1
.PLAN c N.T.S. _ -12.,9 -9.1 -17.5 -63.4 +63. 4
exclusive bus -1.8 2.1 2.8 5.1 _
lane I ' o )
‘Total trips -~ "1000.9 466.6 © 1488.3 - 279.1- 92.5 -
cont?ol_of _ _29.13 _ 2999 +41.0 _
parking demand _
pLay p ¢3r Pooling . g o - ~78.0 -
system ) ’ : '
exclugive bus - 5.7 2.9 46.9 -
lane : :
Total trips 937.5 472.2  1427.8 3643 -
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(L) Comparisén of Alternative Plans

(é) Comparison by trip genération and attréctidg

Exeéution of the transport plans is particulérly related to
the'C.B}D. area in George Town because these plans are
devised to prevent traffic congestion around the C.B.D.
area. . Trip generation and atraction of'the C.B.D. area

(zome 111, 121, 131) by alternative plans are éoﬁpared as

follows:-
Vehicles ex. motor-cycles . _fMo£or—cycles
(Unit: lOUDItnip ends) {Unit: 1000 trip ends)
1979
i??.s PRESENT
1985
223.1 (100) | eran a G P
213.5 (96) PLAN B
2000
381.5 (100) PLAN A
345.4 (91) | PLAN B
341.2 (89) " | PLAN C
2587 (68) Pram o ', 7'

Fig.5.6 Comparison of Trip Generation and Attraction in C.B.D,
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(b) Comparison'by'désifed asslgnment

All transport plans, if executed, will increase Ehe.demand'
‘of vehicle trips. The effects are particularly'notable on
the cordon line of middle zone 1l. . The figures are shown

as follows:-

Table 5.8 COMPARISON OF THE TRAFFIC DEMAND
g ~ (Unit & 1000 p.c.u.)

Trassif demand on the
line between George Town
and Bayan Lepas

. Traffic demand on the
cordon line of zone 111

Plan A 127.7 - 105.7 _
1985 plan B 165.6 -7.1 103.7 . =2.0
Plan A 293.9 - 2391 4
so0o Plan B 27201 ~21.8 230.7 _
Plan C 267.5 . -26.4 255-5 ~13.6
Plan D 223.8 ~70.1 2120 -27a

1979 147.9 ) 62.9

Note: The differences are subtracted from Plan A.
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5.3 Estimation of Future Traffic Demand on Road Network

5.3.1 Procedure for Traffic Assipnment

The traffic volume on each road is estimated through traffic

assignment, the procedure of which is explained below.

1.

Each link of the road network has'ité own relationship between
the traffic volume and the travel time, i.e. the travel time
increaéeé with'respect to the increésé in the traffic volume
already assigned. The travel time increases very rapidly,as the

traffic Volume-apﬁroaches the road capacity.

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

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

The traffic demand of O-D pairs is divided into several lots and
the travel time is calculated repeatedly according to the traffic
volume on a iink at the assignment of each lot. The shortest
route is obtained by the above cél;ﬁlétions. The ahove procedure
is repeated until all the lots of each 0-D pair are assigned.
Therefore, it rarely haﬁpens that the traffic demand of a parti-

cular 0-D pair concemtrates on a particular route.

. The relationship between the traffic volume and the travel time

is calculated from the Q-V formula,

The Q-V formula expresses the relationship betweeén the traffic
volume and the travel time. It is known that the more the traffic
volume increases, the more rhe trével_speed decreases. Therefore,

the Q-V formula is determined by'typeibf.road as follows:-
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Travel speed (miles per hour)

Travel speed (miles per hour)

Highway

58 eoon

- New 4 lane road =

. Sub-urban

o
L]

Urbanized

(<]
2

20

104

I 1 |

i
10000 . 20&'0 : 30‘000
Traffic volume for one direction

= New 2 lane road -

20-

b . 1 i

T T
so%o 10000 : 15000
Traffic volume for one direction

Fig.5.11 Example of 0~V Formula
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