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5. TRAFFIC PROJECTION OF ALTERNATIVE PLANS

5.1 Procedure

After:the future'traftic demand 1s calculated, the ‘alternative plans
in. the Study Area alreddy selected in Chapter 4, are taken into considera-
tion. According,to these alternatlve.plans, two_(Z):major estimations

will be executed in this chapter

1. 10 brlng the modal split of the 0-D. table, already estlmated in
' Lhapter 3, in accordance with the 1ntent10ns of the alternatlve

plans and to complete the 0~ D table by alternatlve p011c1es.

2. To apply the 0-D table to ‘the alternatlve road network and to

estimate the traffic volume on each road.

3, TRAFFIC 'PROJECTION
OF BASE STTUATTON

4. ALTERNATIVE - | Fature 0-D Table
TRANSPORT PLAN S | of Base situation

Alternative Poliley
' on Transport Plan

Modal Split

Assumed
Eﬁture'Vehicles _ | Future Passengers
- 0~D'Table by : ' { 0-D Table of '
Alternative Policy | - | Public Transport

Alternative Plan
of Road Network

Traffic Assignment
~on Read Network

Fig. 5.1 PROCEDURE OF TRAFFIC PROJECTION



5.2 Estimation of Future Traffic Demand by Altérnative Plans

. Thg future O-D table deseribed in_Chaptér 3 is ééfimated_accdrding

to the demand of vehicles. However, this actual appearéﬁce of the traffic

" volume. is affacted by many restrictions and by any‘alternative transﬁort,

”thét:ié;"if thefé'are'no'parkiﬁg areas, Gehiéle traffic will decrease and

1f there is some ‘superior mode of transport faster than vehicles, some

vehicle owners will divert tb'this‘new'mbde'of"trahsport.:

In this chapter, the concept of modélﬁSplit is introduced and future

traffic demand is re—calculated by -alternative plans.

The goﬁtént of the alternativalplans is already formed along the

following four (&) alternativgsﬁ

1.

Plan A

There are no changes from the present situation. The estimation

is already conducted in a previous chapter.

Pilan B

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

‘considered.

‘Plan C

In this plan, a new transport éystém which is imagined as the
Tightway Rail Systém is considered of Penang Island in addition

to Plan B.

. Plan D

'In:thisﬂpian, the control of parking demand and the car pooling

system are considered.

The estimations are executed as follows;

Yearv Plan - B Plan -~ C Plan - D
1985. . execute _
2000 execute ‘execute . execute




5,2,] The Premises for Calculation

| For the purpose of estimating the traffic demaud by alternative

- plans, the following three'(BY pfemiseé must be intréduced first:

1.
2,
3,

L

Control of P@rkingiDemaﬁd:

Diversion'to Public Trénsport.

Car Pooling. System.

i

2)

3)

&

5)

6)

'Confrbl of Parking Demand
The premisés for calculation are as folloﬁq;

 The:oEjeét_éreé of parking control is limited to C.B.D. in

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

The differences in volume between. the parking demand and the
parking sﬁpply:aré"to be coﬁtrolled and diverted to the
public tramsport. - '

These differences are subtracted from the traffic volume to

C.E.D-whose'purpbse is 'going to_work’ by ?riyate car, and

“the equal amount 1s subtracted from the travel volume whose

T

purpose is 'going home’ by private car.

For the parking ratio and the average number of passengers

the_p;esént figures which were obtained thrbﬁgh 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 sﬁrveys is_l.ﬁ.



‘The calculation will be exechted-acgdfdiﬁgftd'Ehe'followiﬁg flow cahrt,

' Number. of trip -

and purpose in C.B.D.

attraction by type o

“at peak hour -

‘parking ratio

the volume of parking

demand at peak hour

i

Preseﬁt facilities of
parking (onust”eet,
off-street)

{iestimation of
¢— parking facili-
ties

_the volume of parking
supply at peak hour

7

!

excluded volume from
the trip attractlon 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 exciuded volume due to

" control of pérkiﬁg'deﬁénd is calculated as.foilowsj

(a) P

arking demand

The pérking.deménd at peék’houfs is as follows:-

Table 5 l PARKING DEMAND AT PEAK HOUR IN C.B.D.

_LUnlt :trip end)

year 1979

1985 2000
car To Work 12660 15010 24410
On Business 1880 2320 3930
Private ~ 1290 1690 3030
Home 540 680 : 980
LoTry 1300 1600 3300
Total - 17450 . 21300 35650
(100) (122)  (204)




(b) Parking sugply

The volume of. parking supply is eqtimated by oyr parking

survey as follows:i~

Table 5.2 THE VOLUME OF PARKiNG‘SUPPL&_”
(Unit : vehicles)

Year  jo79  loss 2000
On-street 16133 - 11500 - 10000
Off-street 3491 6500 11000
Total . 17624, 18000 - 21000

From Table 5.1 and Table 5;2, the ekcindedjvolﬁme due to the

shortage of parking supply is celculacedues'foilows;

Table 5.3 THE EXCLUDED VOLUME BY CONTROL OF PARKING
(Tnit : 1000 trip end)

year

1979 1985 2000
_dEmaﬁd”ﬁdiume' .j”f'.17.5 .- 18,0 21.6 _
supply volume 1746 21,3 35.7
'dlfference ' 7 40,1 =303 _ —14.7
excluded volume g o -6.7  -29.3

2, Diversion to Public Transport
‘People who live in urban ereas=elﬁaysich005e a suitable mode of
transport according to'their'own'ju&gement.q Various factors
play a role in thls ch01ce,_but generally these factors can be

clab51f1ed under the concept of d1stance from place of origin

to destlnatlon.'

The concept of distaﬁce means; of eourse, -actual distance, time

dlstance and economlc dlstance whlch 1ncludes the travel fee,

- In the. "URBAN IRANSPORT POLICY AND PLANNING STUDY FOR METRO-
._POLITAN KUALA LUMPUR", the leEI‘SlOl’l curve and the time _
_dlfferences between alternatlve perlods of transport are chosen
"as the determlnlng factors for the modal—ch01ce model 'As there

.is no other modal*ch01ce data avallable for our study area, the

' 5-5



above—mentionéd data is used for the eStimaEiUnfof diversion

“ from vehicle traffic volume to public transport.

.__1(?.'(35J_ a
o

EDE

Oae~Car housaholds

0 f=.' (home-basad work)

50

50_4',‘ ;

40 o Motorwcycie hoﬁseholds
’ {hore-basedwork)

Percentage of Public Transport Usage

=1

20 4

10 1

s T 15 20 25 30 35 .

Tiﬁn Bifrerenice { ﬁiﬁﬁtes-);* '

Flg. 5.3 MODAL CHOICE MDDEL *

#* SOURCE : URBAW TRANSPORT POLICY AND PLANNING
STUDY FOR METRDPOL[TAN KUALA LUMPUR,

RE (Publlc —- Private transport)

The follow1ng premlses have to be taken 1nto con31derat10n.

1)

2)._"

. jj -

4)

fhe ObJeCt areas for leersion are 11m1ted to those areas

" which are’ dlrectly lelated to ‘the- alternative public

'transport plans.

Slnce the calculatlon of dlverblon for g01ng to Work"
purpose by prlvate car or motro cycle, 13 the same as_for
the ‘301ng ‘home" purpose by private car or motor*cycle,
”thig“balculatiOH will ‘suffice.

The rééio'df diversion ié:céléﬁiaféd bygmeéﬁs of the reduc-
tion time prov1ded by fieans of the alternatlve public trans~

pcrt plan and the dlversion curve of the above-mentloned

"study._

'Travel tlme 15 calculated as folloWs. .
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BUS

CNLTL.S.

.o Exclusive,
. N _ 2? Km/h ¢ lane ) :
. Schedule speed 15 Km '(Urziz.gizefl)- 30 Km/h
| 20 km  ( OMRERT -
; “area _
- 5 min. (Urbizi?ed) |
‘Operatlon internal . . dihéf o 10 min:
' 0 10 min., (0 )
o carear .’
: - - SR *Ufbéni#edfﬂ o
,Approach dlstancer‘.zsq,m ( area ”') SO800 m
to Stops 500.m ( other j' :
R area "

5) -Average passenger numbers of ‘cars and motor-cycles with the

- trip purpose "going to work'
PP P 4

are 1.4 aﬁd'lJZ réépectively.

The volume of dlverslon from car and motor*cycles to publlc

transport is shown in the follow1ng table.'

Table 5.4 THE VOLUME OF DIVERDION BY TRANSPORT PLANS

(Unlt 1000 trlps)

In Penang Island In Province Wellesley

Year -

12.9

-~ Car M/C. Car -~ M/C
Caused- internal trips - 221.9.  273.7 71,8  151.6
" by Bus : L ' -
exclu— oo . R o _
sive volume of diversion 2.3 - 3.6 0.5 1.2°
Lane - P
12000 o . :
Caused intérnal trip 4240 241.8 215.1 183.8
by Bus_ '
Exclu—_ o Lo e '
sive volume of diversion 3.5 3.6 . 1.7 2.1
Lane : : . '
2000 intemal trip 424,0 - 241.8 - ~
' N.T.S. volume of diversion - 9.1 - -




Car Poollng System

The Cax Poollng System is devised in order to prevent traffic

congestion which 1is caused by private cars entering the C.B.D.

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

minlmum amount of passengers, the number of cars, hence the

'traffic volume w1ll decrease.

The premises'are as follows;

1) i The enforcement area of the car pooling system is limited to

the C.B.D. in George Town.
2) By imposing an'additiosai charge on the cars which have few
passengers, 't‘rie s\?erege number of’ sassengers will increase

from 1 65 to an average of 3.0;

3) All cars enter1ng or leav1ng the C.B. D. are subject ko the Car

':Poollng System, irrespective of trip purpose {("going to work"

r."private™),

Number of trip attraction
by type and . purposg

in C.B.D. at‘ter parking
control

Average nurber of passengers
with the purpose of going to M
work and private (1. 65 per, car)

nucber of passengers
whose distination is
C.B.D.

Car pooling
SYSEEN

‘average nusber .
of passengers’ j— —
(3.0 per car)

number .of trip attraction
after.car puollng system

decreasing volume
due to car pooling system

Fig. 5.4 FLOW CHART OF CALCULATION FOR THE YEAR 2000

5-8



The number. of trip attraction in the C.B.D. aftet ﬁarking'cohtrol
is as ‘followsy . '

Table 5. 5 NUMBER OF TRIP ATTRACTION IN C.B.D.

(unit : 1000 trlp ends)
U erip attractlon

To work . " 43, b
Car’ On Business’ - 8. 0.
‘ - Private - 43.3

Homue . 24,4
Lorry L : | _ 23.6
Taxi. e ' J7.5
Bus ? : 5.9
Sub-total S C176.1

Meﬁef—cycies A .; o _ 95.5

From th{sffaﬁle, the number of passengefs whose trip purposes
are ""going to work" "private" total 143,100 persons
(86,700 cars x l 65 persons). '

After the car pOOllng system is executed, ‘there will be a"

decrease in the number of cars as follows.

Table 5.6 DECREASING VOLUME DUE TO CAR POOLING SYSTEM

(Unit : 1000 trip ends)

nhmber,ofi " nunber of average number
- trip attraction  passengers of passengers

before ear poollng 86.7 o 143;1 . o 165
system _ .

1 _ S e -
after car pooling. 47.7 143.1 3.0
system . R o A
decreasing voelume -

i 32.0
on one way direction -
decreasing volume 78.0 '

~on both way

5-9



542,2 _Estimatidn of Traffip by Alternative Plans

,The_tbtal traffic volume related to the Study Area is estimated

as follows:

Total voluﬁé of ' ‘ Total volume of
vihicle trips bus passengers
(Unit: 1000 p.c.u.). B (Unit: 1000 persons)
o 1979 ‘
609.8 | PRESENT % 235.8
1985
776.6 (100} PLAN A 249,31 (100)
764.8 (98) PLAN B-,// 268.1 (108)
L2000
1538.1 (100 - | rian A 296.4 (100)
1500.6 (98} - " .§ PLAN B 351.6 (119)
© 0 motal vélmﬁ"of-
_ 279.1 (94) H.T.5. passengers
1488.3 (97} B PLAN C - 92.5
1427.8 (93) PLAN D 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.i 1000 trips, D.C. u., persons)
'Motorn
il o orw e
P (trips) passenge
PLAN A 440.0  465.3 776.6 249.1
comtrol . . g7 ¥ —6.7 +9.4
PLAN B parking demand _
exc1u51ve bus . -2.8 4.7 5.2 19.6
lane
Total trips .  430. 460.5 764.8 268.1
.~ 2000 4;-('7 .: 1000 trlps, p Culle, persons)
' Vehicleg  Totor— _ Bus N.T.S.
(ttips) cycle c.p.U. passenger passenger
. (trlps) . .
- PLAN A 1044,9 477.9 1538.1 296.4" -
| 'C°“£f°1 Zf.a g 293 - -29.3  +41.0 -
prAN p Parking deman _ o
exclusive hus 5.2 -5.7 8.0 +14.2 -
lane _ :
Total trips 1010.4 472.2 1500.6 351.6 -
control of 2293 - 229.3 +41.0 -
parking demand. . "7 o
PLAN C N.T.S. Z12.9 -9.1 ~17.5 63,4 T29.1
t o oo ! +63.4
excluqlve bus -1.8 ~2.1 -2.8 +5.1 -
lane o o T ;
Total trips- 1000.9 466.6  1488.3 .  279.1  92.5
Confrbi of . . 29 | .
parking demand -29.3 - .-29.3 +41,0 -
praN p ¢3F Pooling ~78.0 - =78.0 —
system
exclusive bus - =5.7 2,9 +6.9 =
lane - . T
Total trips 937.5 472.2 1427.8 - 344.3 -

5-11



(L CompariSOn'of.Alternative Plans .

{a) . Comparison: by trip-generatidh~and attraction
Execution of the transport plans is particularly related to
the C;B,D. area”in George Town because tﬁééq'pians are
devised ‘to prevent traffic congestion around the C€.%.D. .
area. Trip generation and atraction of the CBD area

(zon.e 111, 121, 131) by aiternativé.plans' alvre"'(_:'omp_afed"aﬂs'

follows:-
Vehicles ex. motor-cycles : '  M0tof—cycles
(Uni;: 1009 trip ends) | (Un%ti 1000 trip ends?
197,9___"'; ‘j
— : 1")‘_'..!.3' - PRESENT :
1985 o SR -
g23.1' (200 _f prana
- 213.5 (96) :‘PLAN B
2000
381.5 f’j(loo.). - P;,Aﬁ A
345.4 (91 PLAN B
'341..2' (89) | praw c
258.7 (68) - PLAN D -

Fig.5.6 comparison of Trip Generation and Attraction in C.B.D.

5212



(b) Comparison by desired assignment

All tramsport plamns, If executed, will increase the demand
of vehiclé_trips.- The effects are particularly notable. on
the cordon lihe 0f_midd1e zone 11, The figures are. shown

as followsﬁr

Table 5.8 COMPARISON OF THE TRAFFIC DEMAND
' _‘(Unit.:"iOOO»pfc,u;)_

Trassif demand on the
line between George Town
and Bayan Lepas '

Traffic demand on the
coxdon 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 o= - 2381 . -

s000 Plan B 2721 ~21.8 . 230.7 L=
Plan C .267.5 ~26.4 255.5 -13.6
© Plan D . 223.8 ~70.1 212.0 -27.1
1979 - 147.9 . 62.9 '

Note: The diffefences are'Subﬁracted from Plan A.

5-13



o-% JiB- Yoo

Yait: 1000 p.c.u.

Lo-2 |1 ogvis

Unit: 1000 p.c.u.

Fig. 5.8 Desired Assigament by Plan B (2000)
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Unik:

Fig, 5.9 Desired Assignment by Plan ¢ (2000)

-9 |10
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1990 L.,

Unit:
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Fig. 5.10 Desired Assignument by Plan D (2000)



5.3 Estimation of Future Traffic Demand on Road Network

5.3.1 Ptocedure for TrafficzAssignmenﬁ

" The traffic volume on ‘each voad is esLimated through Lrafflc

assignment, the procedure of which is expla]ned below.

1.

Each llnk of the road nntwork has its own'relatlonship Between
the trafflc volume and the travel time, i.e. the travel time
1ncreases wi.th respect to the incredse in- the trafflc volume
already_ass;gned} “The travel time 1ncreases very rapldly as the

traffic volume approaches the road capacity.

The traffit demand of each 0-D pair ié’assignéd to the shortest
route in relatlon to-the travel time dec1ded upon by the above
relatlonshlp.

The so~ca11ed "all or nothlng method is used.

The traffic demand of OuD palrs is divided into several lots and

. the travel time is calcuiatedlrépeatedly accofding to the traffic

'volume on:a link at the 3551gnment of each lot. - The shortest

route 1s obtained by the above calculatlons. The above procedure
is repeated until all the lots of each 0-D pair are assigned.
Theréfore, it.rarely'happens that the traffic demand of a parti~ "

cular O-D pair contentrates on a partlcular route.

'The relatlonshlp between the traffic Volume and the travel time

is: calculated from the Q-v formula

The Q V formula expresses the relatlonsbip between the traffic
volume and the travel time. It is known that the more the trafflc
volume increases, the motre the travel speed decreases. Therefore,

the Q—V_fbrmula is defefmined by fype of Toad as follows:—-

5-16



w
R-2

Travel speed (miles per hour)

Travel speed (miles per hour)

50 O G

FY
[~

Highway
— New 4 lane road =

Suberban

Urbanized

201
10
E C - {_ A -
10000 . 20000 . 30000
Traffic -volwne for one direction
&

204

104

- New 2 lane road -

L . . [ - . ¢

1 i 2 | A P T T
5000 10000 15000
- Traffic volume for one direction.

'éig.é}ll: Example -of Q—V'Fofmula‘
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Table 5,9 Q — V FORMULA FOR VEHICLE

Area No. of Type of Speed'(miles_per_hour) , gigazizy
e B : " . . - : : - np L]
SRS .;and road designed ‘limited  marginal wminimum direction
4 new 50 30 15 5 22500
‘existing 40 - 30 15 . 5 18000
Urbanized gi:stin ' 40 30 15 3 6000
Area T 8 40 30. 15 5 4000
S - 15 5 3500
“existing - : o
S 30 30 10 5 3000
S 0 . |
L, mew 60 40, 15 5 29000
existing = 50 40 15 5 20500
$ub-urban new . 45 400 15 5 17500
Area existing -
. 2w 40 40 .13 5 5000
existing _
35 35 10 5 4000
(8) L >
Highway 4 new - .80 50 15 5 32000

In the case of the Penang Bfidge and the ferry collect tolls, the
toll is added to the travei.time which corresponds to the toll
paid. To  convert the toll paid to the travel tlme, d1v1de the

toll by the tlme value.,

“ The traffic_assignment-is gonducted-through-using-the 0~D table.

Therefore, the size of the traffic zone limits the traffic’
é§éignmeﬁ£. The detailed‘traffic volume pn:eaéﬁ road &anﬁot be.
obtained from this method and, also,'theré.is more traffic than
there.actually should be around thejzone ﬁode whiéhifgprééénts

a particular zone because all the trip generation and attraction

of one zone are generéted and . attractéd'to/from this node.
. This should be kept in mlnd when looklng at the results of trip

_a531gnment

5.3.2 Estiﬁatidn of Future Traffic Demand on Road Network

1.

Estiﬁation'for Traffic Assipgnment

The alternatlve road network plans for trafflc asslgnment are

: already selected as follows'

1979 . Presentﬁ_
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1985  Base Case
Under Planning
__Proposed '
Under’ Planning & Proposed
2000 . Under Planning & Proposed
' Ultimate
Estimétibns for traffic assignment are conducted according to

Table . 5.10.

Table 5 10 ESTIMATE FOR TRAFFIC ASSIGNMENl

Year 1979 1885 5000
0-D : : , _
. Type T o . ) : )
' Road T Present- Plan-A Plan B Plan A  Plan B~ Plan € Plan D

Network

Present . Present -

Base Case . Base o ~ Base
1 Under Planning 1-A
2 Proposed o 2-A . _

Under Planning ‘ ' '
3 & Proposed . 3-A 3B 3-A 3fB : s
4 Ultimate _ 4-A 4B 4-C. 4=D

2.  Comparison of Travel Speed by Each Case

One figure which is ablé_to show the objective evaluation about
the degree of road network improvement is the travel speed by

road netWork plans.

In 1985, the average. travel Speed in all cases w111 exceed the

present Speed, even in the, Sltuatlon of "base cage” due to the

completlon of the Penang Bridge and the dlSpersal roads..

In the year 2000, only the average travel speed of ultlmafe"
road netwarkrw1ll be on par with therpresent.level;

This'shbws that_a large investment is requireé_for the improve-
mgnt'of road—nétWorks?in order to ‘keep the traffic congestion. at

- the present level.
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' Comparison of the Degree of Congestion by Road Network Plans

'Another way to. compare the road network plans is to uge the

-_degree of - congestion.

,In this section, a comparison ‘between those cases which can R

1llustrate the apparent differences will be mede. . For a calcu— -

V'.,V lation of the degree of congestion ‘the daily capacity is used

“as in Flg..S.ll_according to the type,of road.

':,Table 5.11 THE DAILY CAPACITY B
LR Ly i C(Unif 1 1000 pie.u.) 1
-fUrbanized Area . .. Submurban Area © Highway ~

: Existing =~ New: Existing o New -
2 lane . 8000 12000 10000 15000 ..o
‘4 lane: 36000 . . 45000 . 41000 58000 e

(a) _Co;perlson for the year 1985 .

For the. year 1985 a: comparison is ‘made between roed net
work "Under Planning " and "Under Planning & Proposed".

‘Fig. 5.14 clearly shows the difference in the congestlon
degree. Therefore, 1t is adv1sable to complete the ‘Toad
network "Under Planntng & Proposed" after. openlng of the

Penang Brldge,

':(B)_ Pomparlqon for the year 2000

For the year. 2000 -a comparlson 13 made between road- ‘net-

' work "Under Piannlng & Pro”'sed" and "Ultimate". Due to

ﬂthe tremendous 1ncrease in trafflc demand, there will be.

:fsome congested 11nks, even in the case of '"Ultimate"
Therefore, ‘this road network must be planned in tlme for

“the year 2000,
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5.3.3 Compofison of Traffic Demand_Related to the C.B.D,

by Alternative Plans

In 01der to compare the traffic demand by alternative trans-—.
port pollcies, an inner’ and a center cordon line are planned (See
Fig. 5. l?) 7 The results of the transport policies are. particu]ary
' VlSible on these two (2) lines as the transport policles are devised -

to prevent traffic congestion around C.B. D

1. Comparison f01 The year 1985

The decreaee in traffic volume on these lines through execution
~of parking controls and 1ntroduction of exclusive bus lanes is

shown in. the follow1ng ‘table:-

Table 5. 12 DECREASh I TRAFFIC VOLUME BY PLANS:
‘ (Uﬂlt : 1000 Pefotl.)

e _?139' " Plan A - Plan B 1§§ef?;§e
inper cordon - "183;7;,;-.178.2 5.5
center cordon . .269.8 . 261.4 - 8.4

Note: Tnner cordon the‘ilne'nhichheurrounds the zone 111.

Center cordon : the line wh:ch surrounds the C.5.D. area
C (zone 111, 121, 131)
The reduetion volume, which at first sight seems'to be dn~
31gn1f1cant, corresponds to a capac1ty of a 2-lane road'
therefore, it is adv1sable to 1ntroduce these polleles by the

year 1985.



(Unit: 1000 P.C.U.)
() The degree of
congestion,

Fig.5.17 Traffic Volume by Plan 1-A in 1985

';;Center Conrdon Line +

|

Fig,5.18 Traffic Volume by Plan 3-B in 1985
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- Comparison.for'the year. 2000

_ Fof the year EOOD the following three:(B)'policies are examined:.

iy The control of palklng demand and the 1ntroduction of

exclusive bus 1anes.
2)'The introduction Of N.T.S.
3) The execution of car pooiiﬁg sfstem;

The decreASe in traffic. volume through these policies is as

follows.
Table 5. 13 DECREASE TN TR.AFFIC VOLUME BY PLANS -
(1000 : p.Je.ul)
_ 'Plah A Plan B Plan C Plan D
Tnner cordon 302.2  281.6  274.0 . 225.3
Difference from A - = - . -20.6  .-28.2 . -76.3
Center cordon -~ 428.5 .  400.0 93,8 337.2

pifference from A ) _4 -28.5 _ “;34.7_: -91.3

All pollcles produce, to:a certaln extent, the 1ntended effect

on present conbested trafflc 51Luat10ns. However, the most

effectlve pollcy 1s the ¢ar pooling system, whereby the trefflc

volume W1Il he reduced by about 76, 000 - 91,000.p. c. -u.  The
dlfference between Plan B and Plan C is about 6, 000 - 8 000 p.c. sty

ﬁdue to the introduction of N.T. S This - diversion volume from

car “to’ N T S. 1s not so large because the scheduled speed of

N.T. S. ‘and the travel speed of cars are not 50 dlfferent

However these, flgures w1ll be re*examined in detall when the
1ntroductlon of N T. S is elose to actuallzetlon. Thus, in
order to raise the functlon of the C. 3. D area, the level of
trafflc congestlon should be kept that 1s, the degree of
congestlon on the cordon line should not exceed 1.5, Flg. 5.24
shows that the above objective is’ effectuated only through

" introduction of PlanaD. Therefore, 1t will be necessary to bring

the car pooling systeﬁ into" effect by the year 2000.



(Unit:1000 P.c.U.)

( ):The degree of
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| Fig.5.20 Traffic Volume by Plan 3-B in. 2000
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(Unit:1000 P.C,U)
_{ ):The degree of
congestion,
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Fig.5.23 Traffic Volume by Plan 4-C in 2000
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Fig.5.24 Traffic Volume by Plam 4-D in 2000
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( :):The degree .
congestion,

9. Center Cordon”Line

‘Inger Cordon Line

_ Fig.5.25 Present traffic Volume.

5.4 Esti_mation of the Future Traffic De;mand on th'e Ferry
The ferry serviee plays a very 1mportant role at present due to it

' being the only means of publlc transport between George Town and Butter-
WOrth.

ThlS situation Wlll Contlnue unt11 the Penang Brldge is c0nstructed.
After the completlon of the brldge,'there will be twa ways ‘across the
stralLs and SO some changes in the overall traffic volume are expected

when the’ services of both the ferry and the brldge are avamlable without

any protectlve strategles.

As the 31tuat10n of the ferry SerVICe Wlll be affected our study
should be divided into tow (2) phases, phase A belng "before the comple~
tion of the bridge and phaSe B belng "after the completlon of the bridge.

' Besides th1s, the progress from phase A to- phase B should also be considered.
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Al though the ferrﬁ service in the future Will'surely expériéncé a
different situation, there are stiii some unknown fadtors:suéh as the toll
for the bridgé, the actual terms of_operation and so forth;,tﬁus,‘it éan
be sald that thé-future role of the ferty is one of uncertainty, To
ascertéin this to a close extent, we will examine'future demand in phase_

A and in phase B separately, aftef_which the progress is considefed.

5.4.1 Befqre”Completibn of the Bridge (Phése A)

The completion of the Penang Bridge is expected to be in late
1984, Prior to this, the ferry service is the only means to and fro
across the straits. . Thus, the role of the ferry will be the same as

before;

1. Demand Forecast

The demand for the ferry serviée'deﬁehdsrmaihly uwpon the urban
activity pbténtial and‘partly upon the level of its service.

As the presemt serv1ce level seems almost adequate for satlsfy—
ing the demand except during peak hours at Butterworth, it will
be possible to forecast future demand by wenas of tracing the

present trend.
Some forecasts have already Seen .done by a consultant in April
1978. Here, a sumwary of the projections is shown.

. Table 5.14 TFORECAST OF FERRY TRAFFIC GROWTH

(One Way Trips in Thousands)

" Growth - et oo 0 Growth

. _*Uppet Bound rate (%) *Lower_Bound. rate (%)
1977 (actual) 1980 1985 1980 1985
Trucks 486 640 1004 9.5 620 933 8.5
Motorcars o 2900 4300 8570 14.0 3910 © 6450  10.5
Motor-cycles 3858 5870 11800. 15.0 5210 8580 10.5
Bicycles . 1084 -~ -990 850 -3.0 930 720 -5.0
Passengers 19644 23070 30147 5.5 21220 24120 2.6

*Note. "Upper Bound" as referred to in the data source is a 'reiétively
:stralghtforward extrapolatlon of the trend over the past 5-10 |
years.. ”Lower Bound" is based on macroeconomic indicators and
_follows the earlier pro;ectlons made in connection with "The

Penang Bridge Study

Source: _”Analy31s of the capac1ty of the Penang Ferry Service” , 1978,
. < E.C. Frankel Inc., U.S. A,
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According to these results, all traffic volume excluding bicycleé
are forecasted to increase by an annual growth rate of 5 parcent to
15 percent in the upper bound and 3 percent to 1l percent in the

lower bound.

When: these estimates are examined againet actual results in 1978,
those of motor—cycles, trucks and passengers indicate a greater
volume than that estimated in 1978; . whereas the volune of cars
and bicycles 1s within the range estimated Therefore, ie will
‘be possible that in the future the demand will be beyond the
upper bound estimated here above, even if some of the ferry
capacity is etreﬁgthened according to the increase in demand.

In eddition, the study teamfforecasted the tfaffic.volume of
motorncycles, cers:and trucks'utiiisiﬁg;the ferry in 1985 with-

out the Penang Bridge.

The brief reselts'are shown below.

Table 5.15  ESTIMATED FERRY TRAFFIC
. (No. of vehicles/day).

Motor—cycies Vehicles: {Car » Trucks)
1979 13,000 (100) 10,800 (100) (9,150 , ~1,650)
1985 14,400 (111) 14,600 (135) (12,170 , 2,430)

These estimetes are .obtained By the ieast Sqeare method (linear.
curve) from the results ofoin 1965 to 1979, and so these are less
';hén those'which are fofeeasﬁed.by applying quadric curve.

_The treffie volume of the ferry will mainly depend on the.ferry
capac1ty provided and the forecasted results range from 14,600
vehlcles to 24, 380 vehicles, per day. Since the range of the
forecasted results is very wide, it is difficult to. reach a
dec1siOn on the most correct forecasted volume. This can be done
however by comparlng the traffic volume before and after the

Penang Bridge.

5.4.2 After Compleﬁion of the Bridge-(Phase B)

1.. Demand Forecast |
The_sitﬁétion'ofethe.fefry‘eefyice will complétely change after

the completion of the Penaﬁg Bridge. The projection of traffic
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volume until 1985, before the completion of the Penang Bridge,

was made 11 the earlier section while in this section part of

' thé results forecasted for 1985 and the ?ear 2000 are shown,

In our traffic assignment, we obtained the traffic volume on the
Penang Bridge and the ferry as well as on each road-éection by
including these links in the whole network and by using the
method in ‘which the bridge toll_aﬁd ferry fares are converted

“into the time resistance -factor.
The folloiwng assumptions are made:

* The toll-of'the_bridge is almost the same as that-qf the ferry.

* The time values are 3.7 M$/houf in‘1979, 4,5 in 1985 and 7.3
in thé_ye&r.ZUOO for passenger cars.

* Both fares are variable in accordance with the inctrease of time
valqe. )

* Tt tékes over 5 minutes depending on the demand at the access

of férry terminal.

As a result the timée resistance is calculated as 4.80 minutes/
kilometer for the ferry and 1.40 minutes/kilometer for the bridge

in case of passenger cars,

‘The results which are estimated based oun these assumptions are

shoﬁn aé follows,

Table 5.16 TRAFFIC VOLUME ACROSS THE STRAITS

R e o (per_day)
Year  Type of Vehicel Ferry Bridge Total
 Motor-cycle 113,000 - 13,000
' - Car . : 9,150 - 9,150
Y79 rrack 1,650 - 1,650
(PiC.U.) (19, 300) - (19, 300)
' Motor-cycle 6,500 8,200 14,700
1985 car 1,400 11,460 12,860
Plan A Truck 280 . -.6,060 S 6,340
: (P.C.U) (5,400)(17.1)  (26,200)(82.9)  (31,600) (100)
. Motor-cycle 6,200 9,300 15,800
2000  car ' 10,000° 26,180 ° ‘36,180
Plan A Truck 1,840 14,880 16,720
_ (P.C.U.) (58,000)(76.6) ° (75,700) (100)

(17,700) (23.4)
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Regardiﬁg_passengers, the share of fellow passengers in ﬁehicles
has.inCreased as shown in section 2. If the ratio of fellow
passengers by type of vehicle is constant and the diverted volume

-to the bridge is small; the following results are eétimated.

Table 5.17 PASSENGER VOLUME ON FERRY

(Unit‘:-persOﬁEpér:day)

Real passengers. Fellow passengers . .  Total
1979 . 39,800 16,300 . 56,100
1985 43,180% © 3,240 46,420
2000 52,940%% 17,840 70,780

* Estimated from the results in 5.4.1.
*% Estimated by annual growth rate 1979 to 1985.

The volume of bicycles is also estimated from the trend.

Table 5.18 BICYCLE ON FERRY

1979 1985 2000
No. of Bicycles 2,870 2,150 -

2. Effects of Bridge Tolls
When the tfaffic volume on the ferry and on the bridge are

compared with each other, 1t-is supposed that the time resistance

factor influences the share of traffic demand to a large extent.

Four (4) cases of the bridge tolls are presented below in order

to measure their effects in 1985.

The assumed factors are as follows.

Table 5.19 -FARE & TOLI. RESISTANCE FXPRESSED -IN TERMS OF TIME (MIN/KM)

Linkage (10.5 km) Ferry (3.0 km)

Base Case 1.40  (1.00) 4.80
Case 1 0 (0.00) 4.80

. Case 2 2,10 (1.50) . 4,80
Case 3 2,80 {1.50) 4.80
Case 4 4.20  (3.00) - 4,80
% Calculated by fare (cént/km)

time wvalue (cent/min.)
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The following results indlcate only vehicle volume in P.C.U.

Table .5.20 COMPARILSON OF EACH. CASE:

{unit : p.c.u.)

Ferry

Linkage‘ Total
Base Case 2,170 (9.2) 21, 320 (90, 8) 23,490 (100)
(100) : (100) I
Case 1. ‘910 (3.9) 22,580 (96.1) 23,490 (100)
s Yy (106)
Case 2 2,570 (10.9) 20,920 (89.1) 23,490 (100)
o (1.18) (98) ' _
Case 3 3,040 .(12.9) 20,450 (87.1) 23,490 (100)
2 {1.40) - (96) L
Case 4 4,530 (19.3) 18,960 (80.7) 23,490 (100)
(89 -

(209)

,Any change in the to11"does7not influence the traffic volume of

the ferry greatly. The reasons geem td be as follows-

1.=The total traf ffic volume across the straits is not .so heavy

compared with the capathy of access roads to the bridge in

1985,

2. In case of the ferry, the share of fare resistance to the -

total is smaller than that in case of the'Penang'Bridge;

55 Estiﬁaetion'of the Future Traffic Demand of Bus Passenger by Plan

. The bus network for Lrafflc assignment is prov1ded based on the
presenL one with the network in future not modified very much except for
some new routes as the present netwark coverage is almost adequate in the

Study Area.

The asgumed runnlng factors in con31derat10n of the average speed of

other vehicles and present ‘conditions are as follows -

Table 5.21  RUNNING. SPEED .

Tn 1985 in 7000
" Suburban Area ,  18km/hour ~ l4km/hour

Civy Area = . 02 - o 9
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5.9.1 ‘Effect of Intfoducing Exclusive Bué Lanes

: In arder to merove the sarvice against the worsening road
conditions, the Study team pr0posed to introduce exclusive bus’ lanes

in George Town and from Butterworth to Bukit Mertajam.

In forecasting the passenger volume; two (2) steps are taken
into conSLderation, one is the dlverted volume from vehicles by a
control system of parking demand and the other is the dlverted
volume from vehlcles and motor—cycles by exclusive bus lanes. The

following showsg only br1ef resutls

Table 5.22 BUS PASSFNGERS BY PLAN B

(Unit : lOOO,paSSéngeré)..
in 1985 in 2000

‘Basic volume - ' 249.1 (100) 296.4 (100)

Diverted volume

Diverted volume  Vehicle 3.9 (2.8) 7.3 (5.2)
by exclusive bus lane Motor-eycle - 5.6 (4.7) . 6.8 (5.7)

Total . 268.1 (108) 351.6 (119)

Some bus'priority'measures aré'eXpected.to.increase the
z'passeﬁgef demand to 8 percent in 1985 and 19 percent in the_YEar'
2000 respectively.
-Thedaésignéd passenger volume along exclusive bus lanes is

‘summarized as follows.
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As shown above, the effect of ekélugive bus 1énes is overvhelmingly

great to attract passengers along these lanes.
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5. 6 Estlmatson of the Traffu: Demand of New Transpm’t System.

According to the’ tlemendcus increase of motor vehicle traffie, the
service of public transport on roads is deteriorating and various kinds
‘of new transport systems are considered for the improvement of public
: transport gervice all over the world. :The search for a new transport .-
system is directed towards the invention of new modes of trensnorfatiOn
which will satisfy the demand volume between that of bus transport and

urban rallway._

However,-this is not the main Suﬁject'in:th study but nontheless,
some'edmments_on_the‘new transport system ﬁi11_be made for the distant
futnfe, sucﬁ as in the.year 2000, -This is becanse'these seems to be
certain possibilities~on the introduction of .a new tfanSpoft system in

‘such a city'area as this which has a populatidn of over i million

Before an estlmatlon of demand can be made, the follow1ng are. assumed -

to be the ba51s of the New ‘Transport System,
1. Route

From ‘the results of the bus passenger as31gnment, the most heavi-

1y demanded routes are chosen; that is from Air Itam te the
center of the;C,B.D.'and from Bayan Lepas to the middle

former‘section.' |

The-feason why_these'rOuteS'are chosen is either because it is

possible to equiﬁ gnideways_and station faciliﬁies or because of

sufficient road width.

2. Characteristics

System type : Light guideqay system
Scheduled speed : 25km/hour -
Capaeity_' 1 60 persons/car

Operation_ intervei ¥ 5 minutes (for pe‘ak hour)

5,6.1 Demand Forecast

" The demand forecast is dome roughly according to the following

procedure.

 The diverted volume forecasted by the exclusive bus lane is
added into the volume and the total volume of publlc transport

passengers are estimated. This volume is 37] 600 passengers.
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Also, this volume is divided into N.T.S, passengers and bus

passengers in con51deration of both services.,

'The area measuring 500m along both sides of the route is
supposed to be. the service area and the traffic zones are. clasaified
into three - (3) categories depending upon the share which the service
area has in the zone. '

The divertion ratio'towﬁ'T S' by éach zone pair are7aSSuﬁéd
accoxding to the categories claSSlfied above, then the diverted

volume is estimated

The estimated result for N.T.S. is 92 500 and ‘the 0-D pattern

is as follows -

Table 5.23 N.T.S. PASSENGER O-D in 2000

LoXene t 110 | 120 | 130 | 140 | 310 | 320 | 330 410 | 510 94 | Total
110 ~ | 78]100 !116| - 6] 58| 69| - | 2| 429
120 - | 78] 50| 1| 4] 17| 20 = [ 1| 245 _

130 | 16 | 68| 1] 11| 50| 48| = | 2 | 392

10 - | = | 1| 20 22| 2] 1| 780

30 ~ | - | o] o] —] 0 2

320 - | 20| d6| - |0l 58

330 8| 17| - | 1] 201

B0 16] = | -] 224

. Total  |92500
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1. Traffi‘c' Volume by Sect_i'on

a The assignment of the demand is summarized as follows.

(Unit : 1000 passengers per day)
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Fig. 5.32 N.T.S. PASSENGER ASSIGNMENT

2. Summary =
Théffeéﬁit'of:N.T,S: passengers demand aressﬁmnarized as  follows:
'Length'ch' the rou'te" : 22%km {Route 1 = 7k1ﬁ, Route 2 = 12km)
Total No, of passengers : 92,500 pass/day '
. Passenger kllometers -t 742,100 .
8.02_kilometer
24,700

16.05 minutes -

e

‘Average kilqmeters

e

Running hours

.

Average hours
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6. DESIGN AND COST OF ALTERNATIVE PLANS
6.1 Introductioﬁ I '

" This study is aiméd,at designing'and estimating the capital cost of
short-term and long-term transport'proposals. The transport proposals

can be divided into the following:
1. Proposals cohderning_roéds.
2. Public Transport.

a. Bus transport
Improvement of bus-stops
Introduction of exclusive bus lanes

Expansion of bus fieét
b. MNew Transport System
3. Traffic Operations and Manageméﬁt

Side-walks
Traffic Signals
Intersections

Delineators
4 Parking.
5. Transport Terminél.

6. Transport Amusement Park.

6.2 The Highway

6;2.1 Highway PrdpoSals :

The transport network ﬁlan which will be reality in the year
2000, is shown in Fig. 6.3a. Im this proposal, a ldng list of
highway schemes_wére prepared on the basis of the pattern of future
land use, traffic demands, the suitability.of_netwprk cbnfiguration
and other factors. Fig;'6;3b j1lustrates the road mnetwork by typé
of improvement. .Thé étudy team proposed that foads be classified

into four (4) categories in terms of their functions., They are:

-(a) Primary distributors.
- These roads form the primary network for the town as a

whole, All iondeisténce t:éffic movements to, from and
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(b)

(c)

(d)

within the town should be channelled to the primary dis-
tributors. The primary distributors may be divided into
two (2) types; one type between urban areas (intéf—utban)

while the other in the urban areas (intra-urban).

District distributors

These roads distribute trafflc w1thin the residentlal and
industrial areas "and prlnc1pal ‘business dlstricts of the
town and form a link between the primary network and the

roads within the surrounding areas.

Local distributors'

These roads dlstrlbute traff:c W1Lh1n the surroundlng

areas forming a link between dlstrlct dlstrlbutors and

access roads

Access roads

These roads give direct access to buildings and land with-

in the surrounding areas.

6.2.2 Desipn Criteria

-The Malaysian de31gn standard for roads is appllcable only to

the rural

New Road.™

areas. This is the "Minimum Geometric Design Crlteria for

At present a Malay51an design standard For roads in the

urban areas is non-existent although the various’ local authorities

have their

the study

in section

own. criteria. The design criteria for roads proposed by
team in terms of the functions of the roads as mentioned

2.1 are shown in Fig. 6.1 and Table 6.1.



(a)  Primary Distributor 33,00 (100')

T . : - , IV :
! 5,00 3.00 7.00.. 3.00 7..00 | 3.00 5,00 R
B 0.90 2.00/0.50 : !
| - | | .
P | | :
! | J S
(b) District-DistriEutor 22{00.(74’)
3.00 3.50 '3.50°  2.00  3.50 3,50  3.00 i
b ' 0.30 1.00 0.50 I '
| :
| | 1. I _
el 't ™
(¢} Local Distributor 22.00 (66")
!a.-.qu,,_ a2.bo __4.00
! ~ 13.00 6.00 3.00
. H - '
I |
i | :
o =
- . ¥ ] L
= M | e

units: in meters

Fig. 6.1 DESIGN CRITERIA FOR ROAD SECTIONS BY FUNCTIONAL CATEGORIES

(Units: in meters. )

Table 6,1 ROAD CRITERIA

N Criteri;cl Nurnber Design | Width | Length : Group
Classificatio of ‘gpeed of of Structure | Access [Parking | Intersection| . of
of roads. fanes (kf) | lanes each Control Standard
(m) - {km)
o [inter-urban 4-6 | over [ over |5.0-150 | divided tull. § No: [Interchange | 06
{2} Primary - Co 80k/m| 375 _
distributor = —
intra-urban 4-6 | 60-80| over 1.4--50 | divided partial No igrade 06
35 . separation :
(b) Districtdistributorroad ~ 2-4 | 40-60{ over |0.5-1.0 | divided | _ | only
30 in at grade 05
cer-
tain
parts
(c) Locai distributor road 2 30-50] over 0.2=-0.5 — - OK ™ 04
3.0 03
o 6-3



6.2,3 Types of Roads in Each Classification

Seven (7) types of cross-sections were prepared for the proposed

road network based on the basic design criteria and local conditiong,

Functional Classificacions Types of Roads

¢ Primary Distributor A. B. E. F. G
District Distributor - C

Local Distributer D

The design criteria for every road proposed was also planned,

6.2.4 Cost Estimate

1. Unit Cost

The hnit éost of road construction was arrived at from discus-
sions with the J.K.R. of Penang,'the City Council of George Town
and from a study of the results of the various. studies, eg., the

Penang Dispersal Study, the New Federal Route 1 study and others,

The assumptions in the estimation are as follows.

1) Site Clearance _
In mountainous and folling terrain, depfh of site clear-
ance is about thirty (30) centimetres,

2) Excavation -
Including transport cost,

3) Embankment

Common soil is used for embankment with the 'compacting cost

included,
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Fig. 6.2 Cross-Section of Road

Units in Meters




(Conta)




Table 6.2 LIST OF UNIT COST
PFVSpecification _Description Unit | . Unit Cost. Remarks
' : (M$)
1. Site Clearing Kn? 200,000
2. Excavation common: m3 ' 5
rock " 10
marine clay " 8
3, Embankment common " 5
4, Turfing close m3, -3
tree " 5
5. Pavement carriage-way " 25
pedéestrian " 15
shoulder " 15"
6., Drain V-shaped m 20
U-shaped " 20
7. .Culverﬁ pipe Re ¢ 600 m 150
"Re ¢ 900 " 250
Re $1,000 n 380
Re $1,500 " 540
Re ¢1,800 " © 716
8. Culvert Box 1.0 x 1.0 " 210
1,5 x 1.5 “ 490
2.0x 2.0 " 610
2.5 x 2.5 " 1,470
| 3.0 x 3. " 1,790
9. Reinforced 0728=280kg/cm?|  m2 260 | Bridge
concrete 0 28=240kg/cm2| " 200 Wall . |
o : 0 28=180kg/cm?| " 150 Foundation
10. - Fdrm_ wood m2 26
11. Reinforcement sD 30 Ton 1,200
12, Sand m 21 Transport
13. Gravel 3" n 25 Skm
. N _
l4. Crushed stone 2" " 20
15. Guard-rail m 50
16, Block concrete me 29
17. Median 3.00 a.m. m - 20
2. Cost Estimate

Construction cost was estimated from the following procedures.

1) 'Classify—the cross—section of the'préposed'road network.

-2) Estimate the cost per unit length of each typeIOf road.



Table 6.3 ROAD PLAN & COST IN PENANG ISLAND.

(In Thousand Dollars at 1979 Prices)

Pfovince-WellesleyA

Typluat Total Length {Xmyy . Deteiled Fogineer Consteuction Cost Torl
Cross- ing and Constroc- Frojesy
Sectian Improvemeni | New Coastoac- Totel ton Supsrvisdon |R-O-W Acqui- | - Construction Total Caug
<tion “tion Seetlon xition Cost Cost . _-_
1. Gurney Drive Exteasion T A L5 EN 45 31377 - 22 42,11 assan
2. Guter Ring Kous oo Hagen desrmatto Aer o A 15 40 55 241 w50 18018 31,260 1001
3. e Ring Sasd from Ayes ferm 10 Greon Land Y 8 95 9.5 1900 28,325 “aas Tsnon | s
3. tireea Lane from Ayer iim Raad Lo Rounditout c 5o 3 50 %4 - 2685 3,688 Caam
5. Scolnd Rosd from Ayer liam Rosd to Westesn Road ©] ¢ ta 0 Ma ) 1,650 1032 2712 2798
6. “Western Road from Stotlsnd Road to Gortdich c L5 0 [T 18 1.800 1406, 2,906 9|
7. Middle Ring Road {Perdk Road, Eangkor Rosd) T ¢ 24 1 1769 1,765 st |
8. Weld Quay Esteaion [ [ 40 a0 06 C- 5,080 5080 $456
9. Palr Route fzom Ayet [eam to Outer Ring Road D ) 53 ) 134 $,300 5545 10545 .89
10, Petr Romr from Oute Ring Ratd 1o Disperast Road [ o 15 3 Iy 3,500 3538 7,085 2318
tlo Biyen Lepas Rowd B [3 w | s 155 1310 1512 ‘8392
L7, East Coayad Rond c [ 53 58 453 - 5858 5,855
13. Boith Coust Rozd from Tanjong Bunpah o 5.4 51 s 1118 ;4,190 13944 28,734 9350
to Batu Ferinzai .
14, Peasag lind Road from Airport to 3 4.6 o 26 30 3220 4000 -7,220 2540
Telok Kumbar = !
15, Teassg 1 Road Section 1 D- o 5o 50 40 S000 3,050 10,050 “toass |
16, Fentng 018l Roxd Section 3 o o 1.0 150 “toso 03560 13136 2%.130 7180
17, Penang Hill Boad Sschion 3 B [ 10 20 152 2000 2010 5010 s |
12 Jetutong Rosd ’ 1 0 [) 03 1 3.600 I 514 3039
0 Laton o, ok o H 5.2 [ 0.2 iz 2400 [ i34 355
0, Macwelt Ryad "o o I 05 w1 4192 T T EE)
2 Do Keramat-Ayer ltam Read o Ayer ltsm ¢ 22 o 12 2112 1611 wa0 | asen 0033
Interarciion .
22, Ayer ltam Road from Ayes Jiam ’ F s0 [ .0 3832 2948 48,000 50943 54,780
135, Pentng View Rozd - I [} 65 6.5 1093 559 B ETET PR
Totat - 305 T4 1023 w412 128,546 255,248 “-333,194_ 104705

Table 6.4 ' ROAD PLAN & COST

IN PROVINCE WELLESLEY

(In Thousand Dollars at 1979 Prices)

Province Wellesley

o Typical Total Length (Kmsh Detatled Engincer- Canstsucton Cost Tout
Hime of Roads Cross - — ing and Cans Project
. Section | Improvement | New Consteus-  { Tomd | tion Supervision [RO-W Acqui-] Construction Tona Costs
- elion -tion Szction PR - sition Cost ‘on
I. §.Uus Road from Ke. Bagan Ajtm 16 S. Dua E 45 L] 15 165 6,458 117 9815 10,080
2. Wesk Coastaf Road from 12; Bl.g'l.n Ajum 1o New Port F 0 55 53 2,112 33,597 11_.;397 35,409
- :T.: gt".:“:_';::::;“;:'nr;: ;:“; niersepiian at E 20 30 5.0 1620 10,300 10,255 31,085 12,675
47:_ g.‘:'r:tl.ﬁ::i; : ;Llhn:e:;e:’l‘ndc;-:ﬁ:\;;):.::;:“nhm E 73 o 5 147 10,830 5808 16.358 16,800
5. Ring Rostind. Mertajtin from K. Uma to P Tatoh E [ 23 23 100 5000 3118 2113 9,553
8 ;‘:"’:_;‘a‘::jﬁ‘;‘:-‘!}:}{x;‘ F. Jatoti 10 Alos E 0 55 55 s59 11,000 6945 17,985 18341
7. Bermatang Pauk Roud from Kz, Sama c 55 o s 3 2385 4,791 14097 14,550
Gapak 1o 5. Ampal . B
8. B.Teagsh Rord from S. Ampat o Ky, Bukit Minyak & 50 [ 50 97 187 s 10,905 11,202
9. -B‘I;:l‘l":‘;:‘y;:ﬁ:il'd":;::;l Sy [a 0 39 39 624 7.500 4,953 l?,TS] £3,377
| 9. falan Mohumed Saad - Jan Bagan Latary 3 0 10 40 o 530 2,618 2,508 EXIT
P, Road from 5. Puyu to Mik Mandin . o 21 17 163 Tais 2098 - ne12 3080
12 Road from Mak Mandin to Chith Frery Road b ‘o 18 18 Y 3% oz . 1498
13, Herg Chobn Thism Exrension » o 18 18 " ‘836 2155 2591 e
W omaiRed & Y [ 245 264 5,200 1362 8,502 ams
15. Permatang ;E_nmr - i T "o 50 so8 3,220 E 13,570 15,078
16 Frontase Road fom Ky, ok Stemid to G o <0 50 . 1,600 2116 316 1513
Kg. Bagan Senai ! - :
b Fronzage Road from Kg. Bagan Sersi o Kx, Tetuk G LY [ 39 nz 1,560 2648 4,208 4420
18, Fiontge Road o P nduta Evte o G [ 58 se | 315 2320 3538 6.28 6an |
. Kz. Tok Kangar R
19, Tatin Rafs Uds - Jlan Sieam - alem 5. syior 'Y 0 x5 25 210 3,000 3375 8375 Tasn
| 20, 5a. Nytor Sucam. Rab Uanronss Lo 1t o 18 185 1.960 2063 4,023 am
R i 08 454 8.8 9,865 “96.287 115813 215,200 225,085
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