1/ It was presumed that the average bus trip length in the
future will be shortened to:about 15 km in  accordance with

increase of use of bus services in bown areas..

2/ .It ‘was also plesumed Lhat the average bus’ occupancy will
1ncrLase to around 25 pelsons per vehlcle because of in-—

crease of city buses. -

3/ It was presumed that bus routes W111 mcrease to around 500

km in the £uturo in order to cover development prOJect areas.

l&f Total demand of person trips is the Lotal value of polson

trips to make use of public buses and passenger cars.

5-2 The Strategic Alternative Networks
5-2-1 Alternative 0'.

' The road- plo]ects whlch are bemg 1mp1emented or which have
been demded to be 1mplemented by the Government and are scheduled
to be completed durmg the permd of the next f1ve—year program -are
set as Alternative 0 to _be used as the base case_ for other

alternati’ves .

The road network of the base case is- as shown in Flg 54,
The bus network and the’ level of bus servmes are. the same as those

of the current 51tuat1ons_. {See Fig. 5~ 5, Tabl_e 5-3)

It is antlclpated based on the results of forecast of the trafﬁc
volume, that traffic congestion will occur at many places in the future
due to increase of traffic veolume, regardless of 1nvestment on roads

by the government, (See Fig. 6-8)

Selec_tion of 'the projects to be the _objects of additmnal
investrﬂent “for solving occurrence of traffic congéstwn, w}uch is
faborable - from the standpoint of national  economy, is therefore a

problem.

Accordingly, the following directions are examined for setup of

alternatives.
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O 'I‘o make additional investment to roads in order to solve the
~ problem of: traffic congestion, in the case where cars are
the: princxpal ‘means for transport at they are up to' the

present ‘time.,

¥ @ “'To devel'op‘ _’bus services and to make investment on road to
a certéi_n'ex_tent,.-' In this case, the level of bus. services
and the road construction level will.vai’y'by the assumed

bus split ratio.

5-2-2  Alternative ‘1
This is a program to cope with the traffic’ demand increase in

the future by the development of a road system,

Baszcally, the number of lanes w111 be 1ncreased for the roads
where Congeetmn 1s ant1c1pated (congestlon rate 1.0 and up) in the

-result of the future traffic asslgnment in alternative 0.

For 'increésihg :thé nur’nb'er of laﬁésl in -éoncrete‘, 'pfi.o'rlity_will be
given to expansion of trunk “roads, and in- th’é ‘case where uf_il'iz.ati:on
of lands along the .roads has advanced and expansion of road widths
is hard,. trunk - roads located ‘in parallel with subject roads will be

. expanded.

'The results are shown in Fig. 5-2 and Table 5-4." The bus
network and the' level of bus - services are same as those of the

current ‘situation. | (See Fig. 5-5, Table 5-3)

5-2-3 Alternative 2
Alternative 2 is_. thé;:plan to develop the bus network to the

maximum based on the road network of Alternative 0.
Buses will be operated at a total average operating frequency
(total average operation interval about 12 minutes) which is four times

of the current frequency because it is anticipated that the bus split

ratio is assumed as 25% at maximum.
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It is expected as a result that the car traffic volume of
Alternatlve 2 will be 1educed by about 25%, but congestmn on roads
of congestion rate 1 3 or higher in the result of the future traffic
assignment: in Alternatwe 0 cannot be solved. It is therefore
necessaly to increase the number of lanes of these 1oads. The areas
in which 4~lane roads are additionally reqmred in the road network of
Alternative 2 are surroundings of Rimba and Lambak housing prqgect

‘areas and town center of B.'S'."B.. (See Fig: 5-3, Table 5-4) -

The present bﬁs hetwork_ is mainly constituted by inter-city bus
lines, and its future 'populatioh coverage ratio 1/ is as minor -as 52%.
Consequently, 1t causes occurrence of mass intra-city car mobiliza-
tiom. - | ' | S o

1/ Future populatmn coverage ratm

Future populatlon d;strlbuted ina
500 m zone along bus route x 100
Total future population : :

In order to imprqvé this situation, the following bus network is

propo's'e_d as a desirable plan.

@ To newly épen bus routes to almost all development

‘scheduled areas.

@ To newly open bus routes as much as possible to area
having no bus routes at the present time, as long as roads

which permit passage of buses are available.

@ To newly open a circular bus route around B.S.B. in

addition to radial bus routes.

@ To introduce hig}i speed bus routes which make connection
among ma;or ‘cities by makmg use of expressways for long

distance trips,

@ To .pfovide_ bus terminals at transfer points between main
. bus routes and at terminals where main bus routes are
concentrated, in order to improve convenience and confort

of passengers..
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@ To provide bus stops equipped with bus bays, shelters,
chairs, time tables, etc, in order  to improve fime*—schédt_lle

observarice and passenge'rs', convenience and confort,

The future populatmn coverage ratlo of bus routes estabhshed :
in such a manner will be 1mproved to 5% ‘In addition, the daﬂ_y
average operatmg interval o_f the hlghest frequ'enéy is improved to 5
minutes, éuid the daily a'verage operating ‘interval of ‘the lowest
frequency even is largely 1mproved to 20 mlnutes. (See Fig. 5-6,.
Table 5= 3) |

f-2-4 Alternatiﬁe 3

'. Alternative 3 assumes a bus split ratio of around 15 - 20%.

_ Accordmgly, the bus serv1ce level w111 be 1mproved to a total_
average operatmg frequency (total average o_peratmn mterval 17

mmutes) which iz about three times of the value at the present tl_me.

It is anticipé{ted as a result that the car traffic volume of
Alternative 3 will decrease by about 15 - 20%, but congestion on
roads of congestion rate 1.2 and up in the result of the future traffic |
assignment of - Alternative 0 will- not be solved_.. It is _therefére
;'necessariy to incréa_s‘e the nurhb_er of lanes of these roads, l'Th.e
numbers of lanes of r:oads of Alternative 3 are as shown in Fig. 5-3,

Table 5-4 and the road network is same as that of 'Altefnative 2.

The bus network of Alternatlve 3 is almost same as that of
.Alternatwe 2, and the total average operatmg frequency will be about
three tlmes as much as that of the present time. Accordmgly, the
daily average operatmn interval will be 1mproved to 10 minutes for the
bus routes of the highest frequency, and it will be 1mproved to 30
minutes for bus routes of the lowest frequency. (See Fig. 5-6, Table
5-3)

5-2-6 Alternaﬁve 4

Alternative 4 assumes the bus split ratio of around 10%.
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Accordingly, the bus service level will be improved to a total
average operating frequency (total average operation interval 27

minutes) which is about twice of the value at the present.

It is anticipated that the car, traffic volume of Alternative 4 will
be reduced by about 10%. Accordingly, it is necessary to increase.
the number of lanes of roads of congestion rate 1.1 and up in the.

result of the future traffic assignment of Alte_rnativ_e 0

The result is as shown in Flg. 5-4 and Table 5- -4, That is', the
number of laneo is 1ncreased for some sectlons in Jaian Gadong in

addition to the road network of Alternatwes 2 and 3.

The Dbus netwbrk' of  Alternative. 4 is same .as . that of
Alternatives 3. - As’ the total average opexatmg frequency will' be '
improved to about twice of the present, ‘the average operatlon
intervals of individual bus routes are improved ‘as ShOWl‘l. in - Table

5-3.

Table 5-2 General Comparison by Altemati\_re'l’lans =

Alternative
0 1 2 3 &

Road .. Existing Roads L _ o o o o o
. Roads under Coustruction o o o o o
. Proposed Roads by the Team o o ‘o o

Bus and . Existiﬁg Bus and Bus Route | o o

Bus Rogte . Improved Bus and Bus Route ' o ©o o
\ Increasing'Bus_Freduency - | ' o o o
. Improvement:df New Bus Terminals o o o

and Bus Stops

Parking . Existing Facilities . o o © o o

Facilitie R P VRPN
® . New Parking Facilities to Meet o o o 0

with Parking Demand
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Table 5-3 Level of Bus Services by Alternative Plans

Average Interval of Bus Departure .

Egute Origin/Destination _
T : Alt, 0,1+ Alt, 2 Alt.. 3 Alt. 4
.  Minutes | Minutes Minutes Minutes

1 . B.S.B.. '~ gadong "85 20 15 o 30

2 B.S.B. ~ Berakas . 37 w0 20 30
3 B.S.B. ~- Muara 4 10 . 1 . 20

4 B.S.B, - KotaBatu S0 10 15 20

5 Sungai - Lqmapaé_ _ s ‘ - - B

- KRebun . o ' : :

6  B.S.B. - Jerudong 142 20 30 60

7 B.S.B. - Limau Manis 136 20 30 60
8  B.S.B, -~ Lamunin - - - -~ -

9  B.S.B. - Tutong - - = -
10 B.S.B.. - Seria 26 10 ‘10 20
11 B.S.B. - Hospital 80 - - -
12 B.S.B. - Airport 52 - - -
13 Tutong — Tutong Camp - - - -
14  K.B. - ‘Seria 23 5 10 10
15 K.B. - Miri 90 - - -
16 Seria - Labi 60 20 20 60
17 Seria - Sugai Liang - 20 30 60
18-1 B.S.B. - Gadong - 10 - -
18~2  B.S.B. = B.S.B. - 10 10 20
19 B.S.B, - Subok - 20 30 30
20  Lambak - Rimba - 5 10 20
21 B.S.B. - K.B. - 20 30 . B0
22 Tutong -~ Lamunin | - 20 30 - 60
Averape ' ' 48 12 | . 17 27
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Table 54 Number of Lanes by Alternative Plans

Road Road Nane . ATt. -0 M‘.t. -1 Alt: - 2,3 AL, - 4
Ho. Function Ho., of Funetion Ho, of Funetion Ho, of Funcfion ¥He, of
. by Lanes 1/ Lanes 1/ Lanes 1/ - lanes
1 Muara/Jerudong Coastal A . 2 A 4 A 2 A 2 T
2 Jerudong/Tvtong Coastal A 2 A 2 A 2 A 2
3 Seria Eypass A 2 4 2 A 2 A P
4 Sunéal Tujoh Road A ) A 2 A l2 A 2
5 Jin. Tutong Seria A . 2 A 2 A | 2 A 2
é Jin. Muara A 2, zértly 2, Partly .A 2, Pzrtly A 2, Pzrtly
7 RBerakas Link A 2 A 4 A 2, Pzrtly A 2, ?zrtly
8 Major Arterial Road I A 4 A 4 A 4 A 4
9 Major Artevial Road YE A 4 A 4 A 2 A 2
10 jin. Berakas B 2 B 2 B 2 B 2
11 Jin. Kubang Pasang B 4 B &4 B 4 B 4
12 Jin. Cadong - B 2, Pzrtly B 4, P;rtly B 2, Pzrtly 4, P;rtly
13 Tungku Link Road B 2 - 4 . 2, Pz.rcly 2, .
1 Jin. Yota Batu B 2 B % Pfr’“'ly B 2 Pzrtly &,
15  Jin. Labi c 2 c 2 ¢ 2 c 2
16 Tanjong Maya Road v 2 c 2 c 2 c 2
17  Jin. Lasmunin C 2 [ 2 C 2 [ 2
18 Jin. Jerudong C 2 ¢ 2 c z C 2
1¢  Jin. Mulaut/Masin c 2 c 2 c 2 C 2
20  Tutong Berakas Link D 2 h 2 D 2 D 2
71 Kiarong Link ] 2 B 4 D 2 D 2
22 8G. Kedayaq hadial Road n 2 B 2 n 2 B 2
231 Jin. Kebangsaan D 2 D 2 D 2 ] 2
24 Jin. Subok D 2 ‘D 2 ] 2 B 2
25  Subok Mamgis Link D 2 D 2 D 2 D 2
.26 Major Arterial Road III - - A 4 A 4 A 4
27 Tungku Gadong Link - - B 4 B & B [ .
28  Mulaut Link - - - - A 2 A 2

1/ A : Inter-City Arterial Road
B : Intra-City Avterial Road

¢ : Regional Distributor

D : Intra-City Bistributor
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CHAPTER 6 TRANSPORT DEMAND FORCAST

&-1 Methodology and Procedures

Estimation of traffic volume by the person trip method is usually
made in the following process. (Four stage or five stage estimation
method) .

ljstimation of Total Person Trips%———{ Person Trip per person |

FEstimation of Person Trip Generation by purposﬁ—-—{'r_rip Generation ModelJ

~

[ Estimation of Person Trip Distribution by purposeH Distribution Model [

[ Estimation of Modal Distribution Je—] Hodal SpIit Model |

t

I Estimation of Traffic Assignment K——__ Traffic Assignment
: - . Hodel

As the purpose of the survey conducted this time is
establishment of a public transport impfovement p'rogram, and this
program covers the entire Brtinei, it is not necessai'y to iﬁc}ude
‘traﬁsportatioh modes such as walking and bicyéles'which are mnot
competitive with public means. of transport, Therefore, because of
the fact that the present oD tables wére produced based on the
survey conducted with automotive vehicles énd buses as  the target,
the ﬁrocess from generated {raffic volume ﬁo person irip generation
and attraction is partly different from that with usual person trip

method. The process used this time is indicated below,

I Estimation of Person Trip Generatioun by purpose I% Trip.Generation Model
Incyeasing rate of

Trip Generation

N . )
I Estimation of Person Trip Distribution by purposeH Distribution Model_j

LEsr.imation of Modal Distribution ]-6-————[ Modal Spiit Model _|

L
I Escimation of Traffic Assigument }e———— Traffic Assignrment

Model
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6-2 Definitions and Trip Pﬁrpo_se- Stratification

{1} Trip purpose stratification
Trip purpose stratification used for the forecast is
same as that used in the survey, and is as follows,
O work
(2) Business
@- Home
(@) -School’
@ Others
(2) _Trip mode stratification
"~ The trip mode stratification used: for the forecast is us
follows. ' ' ' '
{Trip mmode stratification
, _ used in the survey)
Public buses Public buses
Buses School buses School buses
Passenger cars, etc Passenger cars, taxies
Automo-
tive Lo :
vehicles Goods vehicles ' Vans, pickups, tracks

Of these trip modes, goods vehicles are excluded from
the objects of modal split because the way of their use is
different from that of passenger cars and conversion to
pubiié‘ buses cannot be highly anticipated. With goods
vehicles, therefore, estiﬁ]ation is made in the category of all
pufposes (VT base). By taking into due consideration the

above, the concrete process of estimation of traffic ‘volume

is eétablished_ as shown in Fig. 6-1.
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-1 [ o e e e am e e e em e o e
| | op Table of b Table of 0D Table of | [ 0D Table of | |
| | Goods Vehdcles| | Passenger Car | | Public Bus School Bus |
! (v by Purpose ‘| by. Purpose by Purpose
_ : . {pT) (1) (3] Il
1 - :
Present 0D 1 : L_
Tables . q ““"I“_‘ ) l
: : . ] |
[ _ | I
1 OD Table of Passenger. !
| Car + Bus by Purpose I
| (pT) !
|
- . 1
—3 . ) L—wgwﬁ,,.‘___,_‘_'__ﬁkﬁ_ _______ e e e —— 4
Estimation of Trip o . . . -
Generakblon by Purpase . C - — ———J(:L—iTrip Geneyation Model |
Estimation of Trip -
pistribution by Furpose ———J/:lm{Trip Distributicn Model
.
Future Bug . Future Read Future 0D _ Future 0D Table of
Network 7| MWetwork Table of Goods Pasgenger Car + Bug
’ [ Vehicles " (VT) by Purpose (PT)-
s Model Time of e : - %Modal Split Model l
Bus and Car Network
Puture 0D Table Future 0D Table Future 0D Table
of Passenger Car of Public Bus of School Bus
" | by ¥Yurpose (PT) ‘ (*T) {e1)
Estimation of : . g ) L__ : !
Hodal Distribution
Average Vehicle
r— Occupancy by
Purpose
Future 0D Table of Future 0D Table
Passenger Car (VT) of Bus (PT)
Future 0D Table
of Car (V1)
' 1
- - 1Traffic Assignment Hudell
] 1
Estination of Future Car Traffic Future Buys Traffic
s n ; - .
twork on Network
Traffic Assigament on Networ

j

Estimation of Total Vehicle
Running THstance and Total
Vehicle Running Hours

Fig, 6-1 Estimation Process of Traffic Volume
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6-3 Person Trip Generation and Attraction
6-3~1 Person trﬁp genefaﬁoh'and attraction
The present OD tables:, which are the basis for estimation . of
traffic volume, .do not includs aII. of person trip generation and
attraction in each zone. It is therefore difficult to estimate the total
zﬂue of person trq) generamon and attraction in each zone by. using
the general method of the person trip generation and attraction
model. . Therefore, the peréon trip generation and attraction by zone
in the future is coxﬁput‘ed by multiplying the growth rate of person
trip generatkﬁl and attraction of each zone to the present person trip
generation and attraction by purpose.  The {following indexes are

used for the person trip generaﬂon and attraction growth rate by

purpose.
Table 6-1 Estlmatlon Indexes For Generation and Attraction-
of Future Person Trip
Generétion . Attraction
- Night time population Day time population
Work
growth rate growth rate
Business Day time population Day time population
growth rate growth rate
Pagsenger H Day time population Night éime'populatioﬁ
ome ST : .
cars, etc. ~ growth rate growth rate
+ buses " ¥ ' . : \
- Night time population Day time population
(PT) School ‘
_ _ growth rate growth rate
Others Day cime Population - Day time population
growth rate growth rate
Goods ve- ' Day time population . Day time population
hicles (VT) _growth rate . growth rate

* Future person trip generation (attraction) by purpose and zone
= Present person trip generation (attraction) by purpose and
zone X Index for estimation of person trip generation and

attraction by purpose and zoémne.
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6~3-2 Forecast of trip generation and attraction

The person frip gener‘-ation and attraction by purpose estimated

using poptﬂation index by zone is shown in Table 6-2,

Table 6-2 Forecast of - Number of Trips by'Pur'p:ose

1984 - g 1995 Growth

Number Szzlfiagnent § Nuiﬁb_er gzlsggnent .'1 ;g;?— 1984

Work 52,977 27.1 95,530  26.6 1.80
_ Business = 16,117 8.2 32,260 - 9,0 . - 2.00
Passenger Home 63,042 32.2 112,215 31.3 1.78

S eeg ~ School 11,804 6.0 18,924 5.3 1.60
~‘Others 51,823 26.5 99,699  27.8 1.92
Total 195,764 100,0 358,598 100.0 1.83
Goods vehicles 24,751 49,476 : 2,00

* Internal trips in zone are rniot included
in the number of trips.

The total number of trips by passenger cars and buses in 1995
is estimated as about 1,8 times, and the growth rates of trips for
business and. for other purposes are large. The number of trips by

gobds vehicles is estimated as about 2 times.
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Table 6-3 Comparison of Peison Trip. Attmctwn by. Zone and

Purpose between Present and Future (Passenger Cats

-t Buses PT}
Present lgst, ) Fukure 1995 Lo
Work Business Home Schiool  Dthers  Total Work ~ Businesd Home Sclool Others -Total
(775,091 4,985 7,260 4,057 16,262 45,376 17,890 - 6,698 9,131 - 2,381 21,300 57,407 -
2| a7 138 1,812 - §32 ... 7. 3,675 620 - 203 2,283 628 1,028 4,762
13 1,367 116 1,015 3,206 861 - 6,565 1,779 7110467 3,807 01,233 0,547
14| 1,648 281 2,374 981 1,506 . 6,789 3,030 582 5,872 2,766 3,051 715,301
15 3;576 2,507 3,122 513 6,093 15,831 5,508 4,427 . 5,921 1.i3l. 10,482 27,539 .
16| 592 154 . 1,286 0 41 2,718 637 188 1,330 0 885 13,040
17. 230 .62 1,188 122. 10z - 1,705 : - 229 69 .. 1,100 125 112 1,635
*10 | 22,920 s,w. 18,037 7,432 26,287 82,919 029,783 12,336 27,104 10,928 18,100 |!8._25l.
21 2,361 584 4,395 0 b1) 1,287 8,739 5,157 1,639 6,986 . 204 3,087 16,873
221 6,619 1,153 4,796 1,518 3,770 17,857 8,768 1,723 7,931 2,328 §,522 -26,272
23 514 "146 - 1,627 241 560 3,088 834 286 . 2,337 345 1,060 4,912
247 2,693 461 4,097 1200 2,137 10,109 4,264 824 16,494 AT 3,719 723,775
25| 4,510 4,238 4,85 529 4,075 15,218 15,188 4,691 .8,704 G0t 15,007 4,442
26| 2,592 583 3,004 87 2,030  B,296 11,167 2,833 9,630 “BA1 - 79,586 34,063
S22 2,016 1,331 2,229 352 3,242 9,470 4,540 3,332 3,145 660 8,026 19,723
28| 1,055 226 2,448 96 365 4,188 1,963 470 3,752 152 P46 7,083
29 75 29 833 0 .33 1,070 359 686 1,210 o % 1,709
30 15 0 344 10 .94 471 32 o0 467 .27 230 - T6
35 2,4m 638 3,192 130, 1,457 7,888 5,555 1,618 6,081 . 280 2,603 47,137
#2,3 | 25,028 6,388- 32,421 3,204 19,052 86,094 57,877 17,332 64,713 6,212 50,630 196,784
411 1,860 683 ° 3,800 126 . 2,759 9,228 2,901 1,186 6,319 06 4,626 15,236
a2l 2,326 569 4,189 318 3,830 10,533 3,602 984 - 6,295 - 555 5,23'& 16,670
43 163 49 726 0 197 1,135 272 90 1,816 0 451 2,536,
*40 1 4,340 1,300 8,715 444 6,086 20,895 - 6,776 (2,260 14,430 759 10,217 34,442
51 609 157 2,632 6317 34 4,449 992 288 4,409 961 666 71,314
52 1! 271,238 48 26 - 1,407 w2 &6 1,559 64 a8 1,807
%50 670 184 3,870 725 398 5,856 1,094 332 5,968 1,025 702 9,12
61 . ’ : .
%60 : : : : :
Total ) 32,977 16,117 63,042 11,804 51,823 195,764 95,530 32,260 112,215 18,924 99,6569 358,538
Table 6-4 ‘Comparison of Person Trip Generation by Zone and
Purpose between Present and Future (Passenger Cars
+ Buses PT) :
Pregent {984 - ; . Future 1995
Work Business. Home  School WQthers Total Werk Business Home Schogl Others Tobal
7| 9,308 2,630 13,990 806~ 8,793 35,527 11,835 3,119 16,775 886 10,677 43,290
12 459 439 738 0 616 2,253 584 569 Y67 0 819 2,930
13] 1,314 82 3,106 123 917 . 5,541 1,915 106 4,072 150 1,217 . 7,460
151 1,20 506 1,558 507° 11,1107 4,953 3,170 . 926 2,888 (,068 2,081 10,133,
15| 4,073 961 5,320 1,030 3,861 15,246 7,789 1,499 8,390 - 1,664 6,15¢ 25,496
16 077 372 580 In 342 2,381 1,019 400 631 295 315 2,700
17 906 18 368 116 - 824 2,233 843 8 370 93 839 Z,i63
x1g ] 18,308 5,009 25,661 2,893 16,464 68,334 27,155 - 6,637 34,093 © 4,134 22,162 94,181
21 ).2,777 1,161 1,070 834 2,553 8,394 . 4,440 2,522 2,356 1,123 5,678 16,131
22| 6,509 2,019 8,222 864 6,776 24,390 10,849 = 2,661 10,973 1,217 9,161 34,861
23| 2,130 (329 ° 1,772 166 1,800 . 6,197 3,084 562 - 3,070 2627, 3,151 10,069
24| 4,570 686 2,835 862 . 3,90% 12,854 14,218 1,080 4,523 2,264 6,282 22 367
25| 4,835 1,872 4,987 1,101 4,917 17,712 8,735 6,252 16.88Z 1,680 16,757 50,306
26| 2,599 1,220 - 2,681 1,025 2,998 10,524 B,405 5,227 11,637 2,801 13,135 41,205 .
27} 3,120 530" 2,860 993 2,062 8,564 2,987 1,18B 6,487 - 1,182 4,729 16,573
28 807 325 957 700 820 3,610 - 1,249 602 1,793 914 1,561 6,119
29 926 221 57 242 162 ‘178 140 451 117 299 339 1,346
30 151 .22 P 66 190 547 207 - &7 257 76 415 1,002
31} 2,924 1,125 1,858 873 2,038 8,818 5,614 2,514 4,206 1,415 4,687 18,416
%2.,3 [ 29,517 9,510 27,417 _ 7,727 28,216 102,367 59,937 23,106 62,299 13,178 65,375 224,395
411 2,008 704 4,080 85 13,015 9,902 3,395 1,125 6,451 109 4,909 15,989
42 1 1,908 675 4,062 121 2,976 9,739 2,906 1,060 6,386 15¢ 4,823 15,334
43 165 30 274 233 210 e12 419 54 463 446 - 63 1,742
#40.1 4,078 1,419 B,415 439 6,200 20,553 6,720 2,936 13,300 76 19,095 33,065
51 852 129 1,429 113 150 3,273 1,489 206 2,349 161 1,253 5,414
52 221 50 120 633 193 1,217 279 72 174 737 284 1,546
*go 1,073 1779 1,340 746 943 4,480 1,718 28 2,523 898 1,537 5,957
1
*50 :
Total | 52,977 16,117 €3,042 11,804 51,823 193,764 95,530 32,260 114,215 18,924 99,669 358,50)
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6-4 Trip Distribution
6-4~1 Trip distribution model

Future OD tables by purpose cah be estimated using the
fore.castedl future person trip generation and.attrac_iion by purpose
“and zone. Development of a number of business areas and residential
areas is in progress at -.the_' -preseﬁt tir_'n_e‘ around B.S,B. It is
considered that the 1énd_ us_é pat.tern "wili-dh'ange to a certain extent
by 1995, and a sign of c.ha'ng'es to the transzﬁ(')rtati'on pattern which
accompany . sald. change h'as‘-.all'f'eady'.appéaréd in the present OD
tables. It is. thezjefdre- considered - that such a basic 'patterr_r of
transpo'r.tat'ion will not make a major change until the target ‘yéar,
i.e., 1995, It is thersfore decided to -use the "present pattern
method" also for the trip distribution model. The method of

computation is the "Flator method".

6-4-2 Forecast of trip distribution

The forecasted future desire lines by purpose are shown in Fig.
6-2. It is indicated for each purposes that attractioﬁ of trips to
Gadong and Berakas, which is fouﬁd to minor extent in the present
situation, is further accelerated and that these areas, as sub center,
will become important places of generation and: attraction.of person

trips.

———— ] {H)

B o0

-

- o

[ues  WORK

40
BELAIE

Fig. 6-2 Future Desired Lines by Purpose
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Fig. 6-2 Future Desired Lines by Purpose
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Fig. 6-2 Future Desired Lines by Purpose



6-5 Modal Split.

6-5-1 - Modal split model

(1

Establishmént of modal split model

The - future OD tables by purpose forecasted with trip
distribution models is spht into bus OD tables and passen-
ger car- OD tables by modal spht models, FEach OD pal.r
trip distribution is multiplied by ‘bus and passenger car
modal spht ratios, and number of tr1ps of each ‘of buses
and passenger cars is computed. The modal split. ratio of
each OD pair is estlmated by a mod_al-spht model.  (Fig.:
6-3) :

It is 'cohsirdered that the modal split ratios to :bus_es
and.passenger cars between 0 a'nd'D is determined In
general by the level of supply of each modes of transpoxt
The travel time between 0 and D of each of passengel cars

and buses is selected as the index that indicates the supply

" level, and the relation between supply level and modal ratio

is considered as follows.

'Travel'_ titne re-
quired by pas

s Number of trips senger car be-
' 2‘4;?310??&5868 = of buses = F tween 0 and D
between 0 and D Number of trips Travel time re-
L of buses and quired by bus

' passenger cars between 0 and D

The relatlon .between two varlables is expressed as a
curve with the modal spht ratio taken along the vertical
axis and travel time ratio taken along the horizontal axis.
This curve is called ‘a modal split line. The trend of
selection of the mode of transport is varied by the purpose

of trip., It is therefore necessary to analyze the relation

. between travel time ratio and modal split ratio as classified

by purpose,

The relation beiween modal split ratio and travel time

ratio of the current situation can be shown as indicated in
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Fig, 6~4 by making use of the present OD tables by
purpose and mode and the travel time required between O.

and D, on the model networks,

Bus Network Road Network Fﬁtufe 0D Table of Bus
+ Pagsenger Car by

Purpose (FT)
1

'fxfavel Time of Travel Time of
Bus Network Car Network

"_“’___T—_”__“— _ in the case of existing
l school bus operation

Travel Time Ratio —. -— —»f 0D Table of School Bus |—— ’f.—"'
of Bus/Car _ i _1
:441——“*—4—“—;~—_—?“—-*"—f“——4~~—f*—~4——b*-—éﬁ——fﬁ—-4—-44i Modal Split Mpdel'
Yuture OD Table of Future OD Table of
Passenger Car by Fublic Bus by
Purpose (PT) Purpose (PT)
Average Vehicle Gccupancy +— Adjustment Coefficient

Futuré op Tablé of
rassenger Car (V)

Adjustment by the Level of -
Future Vehicle Ownership :

|

|

|

|

|

|

|

I

by Purpose L l
y Purpose. | ]
|

|

I

|

l

l

l

l

r ______ ‘l _________ T et wmm o emrm s — T me e e i
| 4 }
1 .
| | Future OD Table of Future Ob Table of | y !
1 | Passenger Car (VT) Bus (PT) [
' i
I |
} 0D Tables for Traffic Asslgnment !
J

Fig. 6-3 Estimation Process of Trips 'by Means
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Fig. 6-5 Modal Split Line
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(2)

Examination of accuracy of modal split model

In order to examine the acicura"c.y of the set split lines,
present OD table by trip mode is estimated using model
networks and modal split models. A comparison ‘between
surveyed present number of trips by purpose and trip mode
and number of trips. estimated from models is shown in

Table 6-5.

" Table 6-5 Reéul_t of Estimation of Present Number of Trips
by Purpose and Trip Mode

Passenger cars Public buses

. ‘ Ratio e o Rath : [
Present Estimated EStimated Present Fstimated Estimated
/Result o o /Result

Work

Business

Home

School

Others

47,387 46,796  0.988 1,380 1,971 1.428

14,546 14,433  0.992 261 373 1,429

(6,845) (7,194) (1.051)
2,475 2,824 1141
(4,816) (5,056) (1.050)

446 686 1.538

46,484 45,698  0.983 1,378 2,164  1.570

51,879 51,530  0.993

6,316 6,076 0.962

Total

(14,682) (16,758) (1.141)

166,610 164,533 0.988 5,942 8.018 1.349

(3)

Some estimation differences are found in a number of
trip purposes as shown above. Therefore, the forecast of
trips by purpose and 'trip mode is adjusted by the
correction factor, that is, the ratio between estimated value
and present value of the number of trips by purpose

indicated in the above table.

Correction by car hélding level

Expected improvements in the road and bus networks
are reflected in the above curves of split ratio., Further-
more, changes in the car holding level should also be re-

flected in the split ratio. In order to satisfy this purpose,
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the follo’Wing correction factor is used as a multiplier for
the number of trips of each car OD palr estimated by the
spht line, .

(I‘uture total number of cars holdings

Present total number of cars holdmgs)
(Future total number of trips )
Present total number of tr1ps

Correction factor =

In this case, the correction factor is determined in the
case where travelling of cars is the most advantageous, and

the same value is applied to ché_r alternative network,

{4) Conversion passenger car traffic

The est1mated passenger car QD table by purpose is
dwzded by average number of passenger car occupancy by
purpose, and conversion is made from person trip OD table

to vehicle trip OD table for traffic assignment.

The aﬁerage ‘number of passenger car occupancy by

purpose to be used is shown in Table 6-6.

Table 6-6. Average Number of Passenger Car Occup'ancy by Pu'rpose

‘Purpose Work Business ~ Home School  Others  Total

Mean number

of persons

per one
passenger car

1.7 1.5 1.9 2.1 1.9 1.8

6~-5-2 Forecast of trip distribution by transportation

The Modes estimated trip distribution by purpose and trans-
portation mode of Alternative 0, which is the base case, and of set
four _aitérnatives are shown in Table 6-8, and each growth of number
of trips by trip mode are shown in Table 6-7. Each alternative indi-
cates a different trip split ratio in correspondence to the service
levels of buses and roads of each alternative. With Alternative 2 of
the highest bus service level, the bus split ratio is estimated of 21.6%

and trip growth rate from the present value is estimated 12 times.
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Table 6-7 Growth of Number of Trips by Trip Mode

Buses

Passen-~ Goods
Public  School poral B°F cars vehicles
_ buses buses. . )
Number 5,942 - 8,741 14,683 181,012 24,571
1984 Growth , . e
1.00 1.00 1.00 1,00 1.00
rate S _ .
. Number 19,857- 8,741 28,598 310,990 36,904
Alt-0 o routh : : : : '
3.34 1.00 .95 1.72 1.49
rate - _ :
Number 16,392 . 8,741 25,133 315,579 36,904
ale-1 Growth |
' . 2.76 1.00 1.71 1.74 1.49
rate . K : . : -
: : Number 71,048 . 0 71,048 . 257,662 36,904
1995 Alp-2 ;GrGWth ‘ S : ' L .
' 11.96 0.00 4,84 1.42 1.49
rate . . : .
Number 61,448 0 61,448 269,600 36,904
Alt-3 , . _
0 Growth 4534 0,00 4.18 1.49 1.49
rate . oo L
Number 37,043 0 37,043 307,854 36,904
Alﬁ_4-' Growth i o ' - -
X ) 6.23 0.00 2.52 1,70 1.49
rate
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The relation betw_éen the number of bus operation and. number of
trips making use of buses, whch is an indeﬁx. that indicates the
service level of buses, is shown in Table 6-9, The 'incr'emental bus
trip. induced by the increased of bus operatmn is indicated . by the
number of increased number of bus passenger trips per bus operation
added to the base case. (Fig. 6-6) It is understood from this figure

that the operatmn plan of Alternative 3 provxdes the’ highest induction

effect.
Table 6-9 'Bu_s Trip Increasing Effect by Increase of
Bus Operation. '
Number of . Number of  Number of = Number of  HNumber of
bus ope- ‘trips us-  bus opera—~ of trips increased
ration ing public tion added increased  trips per
buses  to Alt-0 from A1t-0 added bus
. - : operation
Alt-0 319 19,857 - - -
Alt~1 319 16,392 0. =3,465 0
Alt-2 2,340 71,048 2,021 51,191 - 25.3
Alt=3 1,530 61,448 -1,211 41,591 34.3
Alt-4 920 37,043 601 17,186 28.6
(:.?"
£ & .
adsot
= o
2%
© a0t
2z T3
®i O ALT— —_— T e .
= 30 F S T el ALT-2
52 // e
g 20 y
u o s
R
. T-1

1 . 1
500 1000 1500 2000 )
Ne. of increased Bus Operation from'Altérnative—O
{ Vehicle Trips )

Fig. 6-6 Bus Trip Increasing Effect by Increase of Bus
Operation
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6-6 Traffic Assignment

6-6-1 Traffic assignment model

_ Traffic “assignment is ‘made in order to examine the traffic
demand on the networks of established alternatives, The method for
assignment is called practical assignment, where the travelling routes
are determined with the situation of congestion of roads taken into

“account., The process of assignment is shown .in'Fig. 6-7,

Bus 0D Table Bus Network Road Network Car 0D Table .
x | | Lorgme ]
[Bus Assignment 1¢"*#"4 . L [éliced 0D Table
Bus Traffic on | - t :
Bus Network L?raffic Capacity of Link]
Transfer of Bus'|| Total Assigned
Traffic to Road jq Traffic at n-1 [—————» K-V Line
Network Time .
‘1 Estimation of Vehicle
Running Speed on Link
L

Minimum Route Search

I

Traffic Assignment
at n Times

Traffic Velume on
Road Network

!

Estimation of Total
Vehicle Running Distance
and Total Vehicle
Running Hours

Fig. 6-7 Process of Traffic Assignment
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(1)

(2}

Establishment of bus network

A bus network is composed of three elements, l.e.,
access links, wntmg links and travel links. as shown below.

Of these elements,. an access lmk is the length of time for

.walkmg to a bus stop, and its is dctelmmed based on the

average walkmg dlstance to the bus stop. A waltmg llnk is
the length of time for waltmg__f(_n a b_us‘ at a bus stop, e;r_id
it is set in correspondence to the planned bus operating
frequency (operation interval), A travel link is "constituted
in correspondence to a planned bus- route, and the
travelling speed on a travel link is determined by the

congestion degree of the road.

g @ Generating Node
O Conecting Node

" Bus running link

i ' WA~ Waiting link
Wh- W

----- Access link

Establishment of road network

A rdad network is composed of Generating nodes,
a'c_cess links and travel links. A Generating node is the
point at which the traffic in each zone is generaiing and
attracting, and is 1Qcated at the position that is assumed to
the pravity center of the population of :thé zone, An
access link indicates an average time that the traffic
reaches a travel link as an arterial road, and the average
time is given by the status of expansion of town area in
each zone. A capacity and a K~V line are given to a travel
link in order to reflect the actual travelling condition of a

road.
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a)

Capacity

The capacity of each road of a network is computed
with the following formula,

where; O
B

a

b

C

l/le

d .

)
H

.
.

QxBxax'bx.cx.dxé

Traffic capacity (cars per 12-—_h6ur period)
Basic traffic capacity (cars per hour)

Correction factor by mixture of large size
vehicles :

Correction factor by roadside conditions

Correction factor by grade separated
intersection '

Peak factér (traffic = volume in peék
hour/traffic volume per 12-hour period)

Correction factor by planning level

The traffic volume computed with the above formula is

further rearranged by t.ype and is simplified as shown in
Table 6-10.

Table 6-10 Traffic Capacity of Each Link of Road Network
(cars per 12-hour period)

Road, 4
S c lanes (of. _ :
Read, 2 Road, 4 which 2 . Expressway, Expressway
lanes lanes * lanes are 2 lanes 4 lanes
: exclusive
bus lanes)
Suburbs 14,000 50,000 25,000 14,000 50,000
Town area - :
{general 13,000 44,000 22,000 14,000 50,000
portion)
Town- area
(grade sep- ~ 55,000 _ _ _
arated por-
tion)
Central area 8,000 28,000 14,000 - -
Central area
(if, parking ¢ 409 = 33 000 11,000 - -

on the roads

is excessive)
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b)

K-V line

T:he‘ speed of a vehicle that travels along a road ls
related to the traffic vplume.' In. general, when the
traffic volume increases, the speed gradually decreases,
and after the traffic volume reaches its capacity, the
treatable traffic volume will be also decreased with the
vehicle speed by a congestion, Such a rel_qtlon can be

indicated as a congestion-velocity curve (K-V line).

Design speed

<
=

2]
I}
-
-2
&)
—
[0}
-
;!.J‘ .
o V2 g
| 1
o ¢
L '
> 1
1

Capacity

Traffic volume

Travelling speed surveys were conducted at four places

in- order to set a suitable K-V hne as matched with the

- realities of roads and .travelling vehicles in Brunei.

The K-V line is established as shown in Fig.6-8 based
on the results of these observations _and with the

enforced legal speed limit used as a reference.

Highway

(=]
[

-——-—— Road in rural area
~ese— Road in urban area

]
l
|
I
!

oyl
<
'

N
<

]

0.8 l 0
Congestion Rate ( Traffic volume per Capacity )

Vehicle Velocity ( Km per hour)

Fig. 6-8 K-V Line for Traffic Assignment
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(3) Traffic assignment

Trdfflc aqmgnment is made by the practlcal assngnment

: method in order to ref]ect the practical sntuauon of traffic
congestmn.- Each | oD pau traffic volume is assigned to

links of the route of the shortest required time, but with

the .practi'cal asSigmﬁ‘ent'méthod all OD pair traffic volumes

are divided to 1/n and assignment is made by repeatmg n

times. As the travelhng speed at each assignment -is

determined with referem_:e made to the K-V line based on

the total value of traffic assigned up to the last time,

jamming phenomenon which acc.ompanies traffic congestion or

round about of vehicles is reproduced.

In this estimation, the number of times of dividing is
determined as eqlial 5 times.
@‘ ‘Bus asssignment
. Public and school buses are aésigned to -the hbus
network on the PT base, After assignment, division is

made by the average number of bus occupancy and

conversion is made to number of buses.
@ Car assignment

‘As for car assignment, the bus traffic volume
converted into number of buses and car (passenger
cars + goods vehicles) traffic volume split into five

paris are assigned.

6-6-2 Forecast of future traffic volume
(1) Result of estimation of future traffic vol'ume.

‘The results of assignment of car traffic volume of
- Alternative 0, which is the base case, and- of four
established alternatives are shown in Fig. 6-9 through Fig.
6-18.

Pi‘incipal inélexes of each alternative based on traffic

volume assignment are shown in Table 6-11.
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Table 6-11 Results of Futare Traffic Assignment by Alternatives {cars)

Average Average .

- Number of ey Nunber of .
trips of apacity  ‘travelling travelling congestion
cars (VT) - cats distance degree.
1,000 . 1,000 baré 1,000 cars o

_ trips per km per km km ;
Alternative O 209 6,352 3,363 16.1 0,53
Alternative. 1 212 8,672 3,240 15.3 - 0.37
Alternative 2. 180 6,930 2,758 14.9 0.38
Alternative 3 186 6,930 2,856 15,0 0.41
Alternative 4 201 7,064 ‘3,012 15.0 0.43

"In the technical evaluation of the assigned traffic
“volume of each alternative, it is necessary that demand and
supply of traffic are balanced, a'nd.for_'this. purpose it is
_necéssary that the congestion degree (= road traffic
, volume/road capacity) does not exceed 1.00 at any lnk.
The outline of assigned traffic ﬁo_lume of each alternative is

described below.

Alternative 0

The assigned traf_fic volume exceeds the éapa_city at
mahy places in Brunei-Muara  district. "Congestion is
particularly excessive at the town center of B.S.B. and
radial roads surrounding of the town area. At the -town
center, the influence of the congestion is exerted over the
area by the limitation of the capacity of the entrance roads.
No * congestion ;vill occur in areas without Brunei-Muara

district,

Alternative 1

of .places where congestion is observed with
Alternative 0, congestion at the town center is solved.
because of provision of Major Arterial Road III.
Furthermore, congestion of radial rdads'i_s also s.olved by
increasing of. their capacity., As a result, the road capacit?

is the largest among alternatives, and the average
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travelling distance and average congestion degree are the
smallest, and thus a network of high service level is
obtained. '
Alternative 2

Traffic ‘cdhgestiori along the radiél ‘roads, which
occurred with Alternative 0, is solved by majot conversion
to bus utilization and increase of widths of some roads.
Conversion of trip mode to bus utilization brought major
reduction of number of travelling cars, and thus reduction

of congestion degree is materialized with road provision that

is less than that of Alternative 1.

Alternative 3

Conversion to buses is less compared fo Alternative 2 R
but the car traffic volume is small. Accordingly, good
balance between demand and supply is secured with the

road section that is same as that of Alternative 2.

Alternative. 4

The traffic congestion along radial roads is solved in a
manner that is equal to that with Alternative 2 and 3. But
'conversion to bus utilization is not very ‘iarg’e, and
therefore, the extent of road congestion is slightly higher

than that of Alternative 3.
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tower: Congestion Ratfo

Ypper: Traffic Volume
Lever: Congestion Ratle

Fig. 6-10 Future Assigned Traffic (Alternative-0) — 2
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Upper; Tralfic Volume

\ Lowar; Congestion Ratio

L i

Upper: Tiafiic Valuze
Loser: can‘gnsrhm Ratic

Fig. 6-12 Future Assigned Traffic (Alternative-1) — 2
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CHAPTER 7 PRELIMINARY DESIGN AND COST ESTIMATION

7-1 Facilities for Bus Transport -

7-1-1 Bus Operation

~The number of bus trips pef_ day is computed for each route
when the future assigned number 'passengers of each

altern1t1ve is divided by the planned bus operatmg frequency of each
route.

of bus

Computatmn was made based on the as,sumptmn that bus

services are provided: for 15 hours a day in major cities.

The avei:'age bus'oc'cupéncy at each link is also computed.

Furthermore, the total number of buses required in the case

where blis_és are operated at the required operating frequency at the
bus travelling speed at each link computed from the result of the
traffic assignment is computed as shown in Table 7-1. The peak time
operating frequency that is twice as much as that of the daily mean is

used for the estimation of the total number of buses required.

‘

Fig. 7-1 Bus Operation Plan (Alternative 2)
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7-1~2 Bus Terminal and Bus Stop

The scales of bus terminals in each alternative are as follows,

Table 7-2 Proposed Bus Terminal by Alternative

_ No. of Alt. - 2 Alg, = 3 Ale, = 4
Hame of Bus TExist- : Pro— _ : Pro- Pro-
Terminal in No. of Extra posed WNo. of Extra posed Ro. of Extra  posed
& Routes Berth MNo.of Routes Berth No.of Routes Berth No.of
Berth - Berth : Berth Berth
Kuala B
Belait 3 3 2 5 3 1 5 3 1 5
Seria 12 5 5 0.5 3 10 5 2 10
Tutoung - 3 2 5 3 1 5 3 14 5
"B.S, L
B 20 11 . 11 22 10 6 20 10 4 20
egawan :
Airport - 5 5 10 5 % 10 5 3 10
Gadong - 4 4 10 3 3 6 3 2 5

1/ Extra Berth = No. of Bus routes operated within 10 minutes
- interval of departure at peak hour

The bus
berths as a

insufficient.

However,

terminal of BS Begawan of -Alternative 2 is of 22

result of computation, and existing 20 berths are

construction of new parking building at the site of the

fish market is planned by the government at the present time and it

will become possible to accommodate these extra berths in this parking

building.

The bus terminals to be additiohally reqﬁii‘ed are four places,

i.e., Seria, Tutong, Airport and Gadong.

Cost estimation is made

using construction e:?:pen'ses for standard 5-berth and 10-berth bus

terminals. (See Table 7-3)
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The details of construction expenses for standard bus terminals

are shown in Table 7-6,

Standard bus ferminal (5 berths)

Scale

Site area - 1,700 m?
Building area _ 400 m?.
Bus parking space ' 5 buses
Taxi and car parking space 18 cars
Layout plan

It is assumed that the site will be located at a corner of a

road intersection. The bus parking space and the taxi

parking s'pace are partitioned with a building in order to

permit transfer without being wet even on a rainy day.

Building plan

An-.offic.e,' wicket . room and bus boarding/unboarding shed
are provided as facilities for buses; and a taxi o:ff_ic'e and
taxi boardii}glunboardi_‘ng shed are provided as facilities for
taxis. Besides, a toilet and a stand are provided. The

structure is sing_le—storied reinforced concrete building.

Construction expenses

Building - 166,700 B$

Exterior ' 71,100 "
Land acquisition . 145,000 "
Total : . 382,800 "

Standard bus terminal (10 berths)

Site area 3,000 m?
Building area 500 m?®
Bus parking space 10 buses
Taxi and car parking space 48 cars
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Layout plan

Same as that of a 5-berth bus terminal.

Building plan

Besides office, wicket room and bus boardihglqnboarding
shed for buses and taxi boarding/unboarding shed for taxis,

a toilet are providéd on the ground floor and, a waiting

lounge and a stand are provided on the first floor.

The structure is two-storied reinforced cancrete building.

Construction expenses

Building
Exterior _
Land acqui‘sition

Total

250,000
126,300
255,900
632,200

B$
n
i

i

Table 7-3 Bué Terminal Construction Expenses by Alterantive

(Unic: 100Q0B$)

Alternative 2

Alternative 3

Alternative 4

Number of sténdardllo;ﬁérth bus

. 3 2 2
terminals to be constructed
Number of standard 5-berth bus . 2 5
terminals to be constructed '
. 632.2 632.2 632.2
Bus terminal construec- 10 POTFEDS (376. 1Y/ (376, 1)1/ (316, 3%/
tion unit price - — - :
5 berths 38218 382.8 182.8
10 ‘berths 1,640.7 "1,008.5 1,008.5
Construction Expenses 5 berths 382.8 765.6 765.6
Total 2,023.5 1,774.1 1,774.1

1/ Unit price excluding land acquisition cost; for Seria bus terminal
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At bus stops, bus bays w111 be provided in oxder not to: obstruct

general traffic, and in addition, shelters, chaxrs and time tables will
be provided for passengers.

'frhéistaﬁdard 1)usustdp spacing is 500 m at the town center, 1
km in the urban area, 5 kﬁ:in the rural area ind 10'kﬁ1:ﬂong the
highwéy; In the town center bus bays will not be provided because
it is hard to secure the space of widening, and bus bays will not be
provxded for along branch bus routes. As the bus networks of
Alternatives' 2, 3 and 4 are baswally ‘the same, the construction

expenses of bus stops of these alternatives are same as those shown
in Table 7-4.

The ‘details of standard bus stop construction  expenses are

shown in Table 7-6.

Table 74 Bus Stop Construction Expenses by Alternative

Alternatives 2, 3, 4

. ) 1 d
R st andard Number of Require
Branch.

Main Bus B Number Bus Stops
Route R gi . of Bus Number: WHumber of
oute Stops . of Sheds Bus Bays
' . ' 2 places
Town center 5i2 km - 203 n / 20 _20
: ‘ "2 places/ ' -
Urban area 103.9 km 12.9 km 1 km 234 208
Rural area  71.2 km 68.8 km -places/, 56 28
5 km
: 2 pt :
Highway 74 km §0§§;S/ 14 14
Total 254.3 km 81.7 km ' - 324 270
Construction unit prlce 10,850 14,400 Total
per bus stop . B} B
. . 3,515,400 3,888,000 7,403,400
Construction expenses B$ BS BS
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7-1-3. Bus Opereration and Workshop

It is considered that 340 buses will be required in the future in
Alternative 2. Bus opezation offices will be provided at five places in~
the whole wuntry for management of operation of these buses and
also for parkmg of buses after termination of operatmn._ Further-
more, workshops will be prov1ded at two places, i.e., Gadong and

Seria.
~ In Alternative 3 and Alternative 4, 235 buses and _160 buses are
required respectively in the :future. A_ccordingly,' four bus _ope_rat_ion

offices and oné workshop will be provided in the whole country.

The expensés for construction of bus operation offices and work-
shops are estimated based on standard designs, -hecause conditions

such as location, geology and ground have not yet been finalized.

a) Typical bus operation office

Scale

Site area 12,000 m?

Building's total floor space 1,000 m?
Clerk _ 30 persons
Driver 120 persons
Bus . 50 buses

Layout plan -

As each bus 'operation office is p.rovided rﬁainly for
management of .op'eration of buses in its i::efrifqry, an. office
is. provided near the. entrance of the site, and private car
parking area, car/bus washmg aréa, -gas filling station and

bus parking area are located before the office.

Building plan

Minor servicing yard, driver’s locker room, night watchman's
room, shower room,- operation office, toilet, etc,, are
provided on the ground floor; and office, cafeteria, toilet,

etc. are provided on the first floor.

The structure is two-stories reinforced concrete building.
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b)

Construction expenses

Building ' 1,000,000 B$

Exterior _ . 437,500 B$

Latid’ acquisition - | 240,000 B$ -
‘Total 1,677,500 B$.

Details are shown in Table 7-6.

Typical workshop

The scale of ‘a typical workshop is computed ‘with the

following equation.

g = N SN cvsesr  Number of required stools

N . (%) N ..... Number of buses to be
0 serviced per month
N ... Number of working days per
month
Ny +....  Number of days of stool
- occupation

‘Stools for major servicing

If it is assumed that the number of buses assigned to the

‘'workshop is 235, major servicing is of 24 month period and

number of working months per year is 10 months;
n=235x£xl—'=.12'
24 10

It is assumed that the number of working days per month is

24 days and number of days of stool occupation is 4 days.

From the above, the number of stools for major servicing is;

S = 5= 2 stool

Stools for periodic servicing

If it is assumed that the number of buses assigned to the

workshop is 235, servicing is made once every three months

"in 24 month period and number of working months per year

is 10 months:
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c)

N:ZSEX(%—-DXE% = 82

2

It is assumed that the number of working days per month is
24 days and the number of days of stool occupation is one
day.

S, = 55— = 3 stools

Layout plan
Flow lines of repair and servicing functions were

established, the pa‘t'hs on the ground and parking space are

'détermihed and planning is made so that flow of buses in the

worksho.p is smooth.

_Building plan

Walls were limited to what are minimum required for the
required ' function, in order to provide an open field of
vision in the workshop. | o ' .

The .pa.rts room is provided on the ground floor, and the

offices are provided on the ground floor and mezzanine.

The structure is steel frame building. -

Construction expenses

Building _ 1,000,000 B$
Exterior - 133,300 B3
Servicing equipment 500,000 B$
Land acquisition 100,000 IB$

Total 1,733,300 B$

Details are shown in Table 7-6,
Construction cost by alternative

The construction cost by alternative is as shown in Table
7-5 from typical construction costs, number of bus operation

offices and number of workshops.
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“Table 7-5 Bus Operation Office and Workshop Construction

Cost by Alternative
(Unit : 1000 B$)
Ttem . Alt=2  Ale=3  Ale<4
No, of-Operatibn Of fice 5 4 4
No. of Workshop. ' 2 | 1
Typical_Constrﬁction Cost . |
Operation Office 1,677.5  1,677.5  1,677.5
Workshpp ' 1,733.3  1,733.3  1,733.3
Construction Cost '
‘Operation Office 8,387.5 6,710.0  6,710.0
Workshop 3,466.6  1,733.3 - 1,733.3
Total ' 11,854.1  8,443.3  8,443.3
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Table 76 Detail of the Typical Cmmtﬁteﬂon Cost

Ttem Construction Cost

Bus Operation Land acquisition 12,000 m? x 20 $/m®= 240,000 $
Office . Construction cost
Temporary work | 70,000%
Civil engineering work 25,000
Body work 345,000
inferior work- 176,000
Facing work ‘ 155,000
eqipment work 229,000 :
Exterior work _ 437;500
| 1,435,500 ..
Total - 1,675,500
Workshop Land acquisition 5,000 m® x 20 $/m® = 100,000 $

Construction cost

Temporary work 63,000
Civil engineering work 37,000
Body work 400,000
- Interior work 273,000
Facing work 137,000
) EQuipment work 90;000
Exterior work 133,330
Bus servicing equipment 5,000,000 1/
Total ' 1,733,330
Bus Terminal Land acquisition 3,000 m x 85.3 $/m = 255,900 $
(10 Berths) ' 376,250

Construction cost

Temporary work 15,750
- Civil engineering work 9,250
Body work 100,000
‘Interior work 68,250
Facing work : 34,250
Equipment work 22,500
Exterior work ' 126,250
Total 632,150 %
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CTtem ' . . __Construction Cost

Bus Terminal Land acquisition 1,700 m x 85,3 $/m = 145,010
'§5,berths? Constfuction cost ‘ 237,150
Temporary work . 10,500
Civil engineering work 6,180
Body work 66,680
Interior_wqu | &5;550
Facing work - | 22,840
Equipment work ' 15,000
Exterior work ) _71,050
- Total _ : 382,760
Bus Stop Bus s;hp:shéd | - 10,850 $
Paving work 14,400 $
Lighting work | 12,500 $
Total 37,750 §
1/ Bus servicing equipment _
_inépeétion quipmeht 6,320 $
'Lift/jaCk equipment' : 12,550 $
Cleaning equipment 15,500 $
0il éupply-equipment 7,400 $
..E32;2§e§t for tires and 68,200 § -
Air comp¥essors and 4,730 $
accessories -
‘Body servicing equipment 8,750 %
Engine tuneup equipment - 1,850 §
.Engihe serviéing equipment 336,280 $
Pneumétic tools 4,920 %
Hand tools ' 28,300 %
General measuring_instruments 5.200 §
and tools
 Total 5,000,000 $
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7-2 Road and Inferseciion
7-2-1 Prehmmary Des1gn for Road

Prehmmmy design has been made for each one of roads to be
newly constructed and road to be expanded p1oposed in Alternatwe

1-4,

For execution of prehmmary demgn, topograplucal maps of S =
1: 12,500 are avallable for around B,S,B. and ‘topographical maps of
S =1 : 50,000 are avallable for other areas, measuremenis are made
on these maps and then plan de51gn1ng and vertical des1gn1ng ‘nave
been done, The bill of quantlty of prehmmary desxgns is computed
to the cost estimation items to ‘be described later. Prehmmax_‘y

designs are contalned 111 the materlals volume (separate volume}

“The geometrical design criteria used for_ preliminary designs are

as follows.

a. Geometric design criteria

- Table 7-7 Geometric Design Criteria

Road ‘Type -

Ttem  Unit Two Lane  Four Lane
Arterial Arterial

Design speed . km/hour . -80 100
Minimum radius | m 280 460
Maximum gradient 7 5 4
Maiimum superelevation Z 10 10

Vertical clearance

over roadways m 4.8 4.8

*1 Setup- of design criteria is- based on B.S5. Standard,
Road note No. 29 - 31. :

%2 The vertical gradient of the grade separated
intersection of four lane arterial roads is maximum 5%

with their extensions taken into account.
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b. Typical cross section

Two Lane Arterial

13,50 e
3,00 7.50 3.00

e 2

Four Lane Arterial

o 24,00

3.00 - 7.50 3.00_ 7.50

3.00

Fig. 74 Typical Cross Section
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7-2-2 Preliminary Design for Intersection -

For at-grade intersections, cost estimation have been done as a
typical intersections with general required facilities, that is, signals,

marking, guide signs and lighting as standard facilities,

The placés of grade sepérated intersections are set based on the
result. of the future. traffic assignment. Accordingly, a preliminary
design ‘has been made for a typical four-lane inte_rs_e_ction and th'e bill’

of quantities has been estimated for one place.

Over pass ,
5% _ 5% ‘
i =
h - - re .L- . - [aila o g
Bridge k Retainiin'g‘!_
' wall
At g_radié-l}r'afe’:rsectioh : . Merging section
‘ J.U - : . : et
I Service road
T T - _ : :
[ 1! N . | - - T =
e R

Fig. 7-5 Grade Separated Intersection
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7“—.2"3_' Unit Construction Cost and Unit Land Acquisition Cost

The unit construction cost and unit land ac.quisi,tio'n cost are
computed on the fdliowing items, Thé_ Uit .construétion' cost is
composed of unit prices of individual materials, eQuip.m'ent and labor,
These f1gures used in the estimation are sufﬁcxently reflected the
circumstances - and condltlons of | construction in Brunei. The

computed unit prlces are shown in Table 7-7.

Land _ Cle,aring .

The ﬁnit costs for land cleafing are computéd as classified
into'mouh’tainousfhi]ly areas and swampy areas (soft grounds).
Land clearing for soft grounds included sand map of 50 cm
thlck

Earthworks |

The costs for earthworks are computed on items. of cutfing,
filling and transport, In the case of that the earth volume is
balanced between cutting and filling, the cost is estimated as in
cutting and filliﬁg. ~If transport of earth from other places or
dispc&sal of earth to other places occurs, the cost is estimated as

in’ cut/fill and transport.

Pavement

- The - pavement umnit prices are computed based on the

following pavement compoéition.

Surface course Hot mix asphalt t = 50 mm
Base course ‘Asphalt stabilization - t =100 mm
Upper sub-base Cement stabilization t =150 mm
Lower sub —base Crushed Stone t =150 mm

Drainage structures
Dr aihége structures incl{ld"e'side ditchés, ‘box culverts, pipe
culverts and their mletsloutiets. For a 4-lane road, drainage
work for the median island is included besides the above.
Turfing of road shoulder

Turfing is apphed to soft shoulders.
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Slope: protection
It is assumed that slope protection is made by . spraying

- seeds to both cut slopes and filled slopes.

Structures

Computation is made with bridges over rivers an'&_l ‘bridges
at grade separation classified into single span bridges of span.
- up to 30 m ahd'mﬁlti“span bridges of span 40 - 60 m. Computa-
tion of retaining walls is madé for categories of height 6.0 m,

3,5 m and 1.5 m.

HighWay : _appﬁrtenanges

Highway appﬁrte’nances for 2~lane roads i_riclude ‘guard
rails, ~marking and. guide signs. Highway appurteﬁances for
4-lane roads include traffic signals at intersections and road

lighting in additid_h to the above.

Utilities
Costs required for removal of public utilities facilities, i.e.,
electric power, telephone, waterworks and sewage, relevant to

road construction are estimated.

Miscellaneous

Costs required for tentative provision of roads and traffic
detouring measures accompanying - road construction are

estimated.
Land acquisition

This is the cost for acquisition of the rights:'to use the
land for roads and for accomp'anying compensation. - Land
acquisition cost is set for three categories, i.e., urban housing
area, regional housing area and regional field.. The width of the
land for newly constructed roads is 40 m for a 2-lane road and

60 m for a 4~lane road.
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Table 7_-8 Unit Construction Costs

of 1984

" As
Item oo Unit -
No. Ttems Unit Cost Remarks
. B .
101 - : 1.%0 Common
O s i )
'l.-102 pand_Clearlqg“ sqm 8.20 Swampy
02 . | Earthworks N
101 . Cutting cum. 6.30
102 Filling ‘cum 6.30
© 103 © Cut/Fill & Transport “cu m 14,70
03 101 Pavement | sqm . 85.30
04 1Q1 Drainégé'Stfﬁctures k- 2OQ,QO0.0Q '0_2L. Const.
102 _ ' 300,000.00- -1 4L, Const,
05 001 Turfing of Road Shoulder = sq m 10.00
06 . Slope Protection o '
101 Cuﬁtiﬁgh§1ope sq 4.70
102 Filling Slope 8¢ m 4.70
07 Structures
101 Long Span Bridges sq m 1,490.00
102 Short Span Bridges sq m 1,040.00
103 Retaining Walls H=6.0M m 4,470.00
104 Retaining Walls H=3.5M m 2,730.00
105  Retaining Walls H=1.5M m 350.00
S | 76,980,
08 001 Highway Appurtenances Tm 6,280 OO.
185,000. 00
09 001 Utilities km  370,000.00
10 Miscellaneouses Unit - iO? of abives
Total
. . . 10%Z of
11 Design and Supervision Unit - Sub Total
. R . 107 of
12 Contigencies Unit - Sub Total
13 Land Acquisition
101 - Urban Housing Area 8q m 320,00
102 Regional Housing Area sq m 20.00
103 Regional Field sq m 8.00
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7-2-4 Construction Cost by Alternatives .

a)

Road construction cost

Alternative-wise road construction costs computed by

| aﬁplying the unit cost to the work Iq”u'antity obtained as a

resxﬂt_-cuf-_preliminanr"yr d.esign' as follows,

As the result of the traffic_fo’ret_:ase in 1995, the link
between JLN. Berakas to JLN. Muara (Major arterial road

phase II) by each Alternative was proposed to be 2 lanes.

' Therefo'r_e, it wé's_app]ied _fo. the cost estimation and'the
cconomic evaluation that the cost reduction of 2 lanes was
allocated. to  the 4-lane link initially proposed by the

government,

Furthermore, an additional economic evaluation to the
under-construction 4-lane link is made after a series of

economic analysis.
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Table 79 Reoad Construction Cost’
- _ x1068$
Alter. No. of. Total o
native janes and Extension Cost Breakdown
Expainded 2 Construction 2001
lanes 51.8km . cost (193.2)
Alter— ‘ ﬁeﬁiy con-. 1, 5km 318.5 Engineefing cost 9.1
native 1 structed 2 ‘ (310.2) 2/ inclu-ding design “(8.8)
' lanes _ _ .
NEWiy con— 3.1km Constructidn : .9,11
strucied 4 supervision cost .{8.8)
lanes ’ : .
Width reduc— (~2.4km) L/ Land Acquisition 100.2
ed 2 lanes L cost - (99.4)
Total 56, 4km{54.0) _
Expanded 2 7.4km Construction 62.7
lanes : cost (55.8)
Alter- Newly con- 6. 3km 103.2 ‘Engineering 2.5
natives structed. 2 {94.9) 2/ cost includ-- (2.53)
2,3 lanes ing design
Newly con- 2.5km Construction 2.8
structed 4 supervision (2.53)
lanes " cost
‘Width reduc— (~2.4km),l/ land acquisi- 34;8
ed 2 lanes : tion cost -(34.0)
_Total 16.2km{13.8)
Expandeﬂ 2 11.2km Construction 1.7
. lanes cost (64,8)
Alter- Newly con- 6.3km 116.1 Engineering 3.3
native 4 structed 2 (107.8) 2/ cost includ- 3.0
: lanes ing design
‘Newly con— 2.5km _Consttucfion 3.3
structed 4 supervision (2.9
lanes cost
Width reduc- (—2.4km)_£/ Land.acquiéi— 37.8

ed 2 lanes

Total 20.0km{17.6)

tion cost

1/ wWidth reduced 2 lanes means the section between JLN Berakas and JLN

Muara of th
under construction by the govern— ment, which is considered to be suffi-

cient with two lanes from the viewpoint of the traffic demand in 1995.

e 4-lane ring'rdad - Major arterial road Phase IL - currently

Computation is made as reduction of road cost with two’lanes.

g]. Figures in (

arterial read II to 2-lanc road,

_.]'98_

) are what take into account reduced cost of Major



b) Grade separation

_ It is judged that grade separation is required from the
resﬁlts of the future traffic demand at intersections of each

alternative,

The criteria for judgement of grade separation are set
as follows from the traffic capacity per hour aridl anticipated
peak factor (12%) of at-grade 'ju'ncfions. When it is' assumed
that each entry point of ‘an at-grade junction is comp'dsed of
one lane for ‘fo‘rward travelling, one lane for mixture of
forward and left turn and one lane only for right turn.
When correction factor such as mixture of large size vehicles
and service level are taken into account, a capacity of about
3,900'. vehicles per gréen hour can be anticipated at maximum
per-' entr’yj'po-int'. ‘As fh_e péak fa‘cto_r is 12%, the maximum
value of the - traffic ._cap'aci’cy per day per entry point is
about 30,000 vehicles.

When' time splitting at an at-grade junction is taken into
“accout, the relation of the traffic capacity’ between entry

poihts which make intersection to each other is as follows.

—

¢ xlobvehicles[day)

>
Capacity of Di:ection A

e

T 2 3
Capatity of Direct&on B .
) _ { x10 vehivles/day)
Fig. 79 Road Capacity at the Intersection
Based on this capacity standard, capacity examination
for ét"grade junctions are made using a double direction

ratioc,- 60%‘ to the estimated future traffic volume.

As a result." of e;xamination,‘ it is judged that, besides
three grade .separations_ currently under construction by the
government, grade separation is re_qtiired at two places
(Alternative 1) or at one place (Alternatives 2, 3, 4). The

places where grade separation is required are illustrated

below,
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Table 7-10 ‘Gfade_ Separation Constiuction Cost

x10°B%
native No. of Places Total Cost Breakdown
Construction
cost : 18.4
_ Engineering cost 0. 84
Alter- ' : : including design '
native 1 2 places - 28.8 R N _
: : Constructlon o
. . 0. 84
supervision cost
Land acquiéition
8.7
cost
Construction L
cost 9.2
Engineering cost 0.4
Alter- including design :
natives 1 pl . ' o
2. 13 e4 place _ 14.4 Constr?cFlon 0.4
SUPErvision cost
Land acquisition 4.4

cost

7-3 Parking
~7-3-1 Basic Policy

It is necessary to provide ‘parking areas which correspond to

each alternative.

As for the provision of public parking areas it is considered that
problems will occur mainly in the town center from the standpohns_of
acquisiton of.kuld, degree of concentration of use, etc. Therefore,
the present problems in the town center are examined in the
following. The prov151on of parking areas at the town center is also
effective f10m the viewpoint of materialization of smooth bus transport
through.eﬁaunahon of illegal parking and correspondence to increase
of motor traffic. However, excessive provision of parking areas will
generate unnecessary entry of cars to the town .centér, and
therefore, it is not desirable for the development of the traffic

condition at town center.
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Based on the viewpoints described above, setup is made to
provide a service level of parking areas to each alternative that is
equal to the present situation, and the requiréd parking capacity is

examined.

7-3-2 Presént Service Level

' Public parking arcas at the town center are _loqat._ed at 25 places
with a total capacity of 2,250 cars 'ét the presént :time_,_ and many of
these parking areas are almost full in the day time. The generated
and attracted traffic volume in fhe_tdwn center is corresponded 43,675
cars at present. Some pfivaté parking aveas are 'a'vai_l.able at present
but the service level of public parking areas to the generated and

attracted traffic volume is 5.2%,

7-3-3 Future Parking 'Demand |
a) Demand caused by increase of traffic volume

‘The -traffic generation and attraction of the midtown

zone of each alternative is as follows.

Table 7-11 Traffic Generation and Attraction of Midtown Zone

Traffic Generation c
Iincrease Rate

and Attrgction_ )
{cars/day)
Present 43,675 _ 100
Alternative 0 48,076 110
R 49,788 114
" 2 39,939 91
Y 3 41,820 96
" 4 46,069 © 105

The increase rate of 14% in Alternative 1 is the largest
and the increase rates are not very large in thé other
alternatives. In the case of Alternative "1, the required
parking capacity to cover this increase is 2,250 x 0.14 = 315

(cars).
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b) Reductmn of capacity caused by a prohlbnmn of parking for

c)y

smoothemn g bus transport

Prohibition of parking on the road obstructed by double
pafking in the town center can be considered as a means for'
smoothening bus transport. If parking along two streets,
i.e., Jln. Sultan and Jin. McArthur, is prohibited for this

purpose, the parking area capacity will be reduced by about

‘80 cars,

Examination of parking capacity in the town center

Shortage of the parking capacity éanséd ‘by factors
described in paragraphs a) and b) above is estimated as

about 400 cars at maximum.

On the other hand, provision of public f)arking areas is

being planned by  the Brunei government and B.S.B.

Municipality in the town center. Those are to construct a
multi-storied parking building at the site of the fish market
and to 'con.struc't a parking area filling the river behind a
mosque. When both plans are materialized, the parking

capacity will increase by about 700 cars.

Undér these circumstances, the conclusion is that

additi_ohal provision of parking areas az a part of this

-project is unnecessary to maintain the present service level.

—203—



Table- 7-12  Total Construction Cost by Altesnative

(Unitﬁ million BS)

ltem - Alt 1 Al 2 AlE 3 Alt 4
Bus System | - 23. 20 19.41 19.41
Bus Terminal - 2.02 1.77 1.77
 Bus Stop . . = 7.40 7.40 7.40
Bus Operation Office - 8.39 . 6.71 6:71
Workshop ' - 3.47 1.73 1.73
F/S, D/D, S/V - 1.92 1.80 1.80
Road System . 339.0  109.3 109.3 122.2
Road | - 292.6 89.8 . 89.8 1101.9
Grade Separate ‘
Tntersaction 27.1 13.6 13.6 13.6
¥/S, D/D, s/V 19.3 5.9 5.9 6.7
Total ©339.0 132.5 128.7 141.6
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CHAPTER 8 EVALUATION OF ALTERNATIVE PLANS

8-1 Methodology

Fconomic ‘viabi'lity. of each Alternative Plan was evaluated ut_lder
the ~ conventional = cost-benefit analysis. The contribution to the
national economy in terms of development investment was appraised.

The following are the major preconditions in the economic evaluation:

(1} Project life

impleme’nfaﬁo’n ‘would be commenced in the middle of
1986 and the year of opening was set at the same year.
‘Basica}_ly,'tfle benéfits’ of Alter.nat'i've' Plah$ were c':ou'nt:ed for
10 years after the opening, 'with the consideration that the
service life o_f. buses_by 10 years. beject life was thus
fixed to be  from 1986 to 1995._ However, supplementé.ry
c_alc_:u.lation_ of cos{slbengfit_s was conducted for 20 years up
to 2005, ' | |

{(2) .Discpunt rate

The discount rate for the evaluation was 12%. It was
determined from the interview results in Brunei durihg
Phase I of the Study. According to the interviews with
Banks' managers, the prime rate (minimum rate) in com-
mercial loans is.lﬂ% at the 'fnoment,' but the annual interest
of ordina'ry' loans to-the individuals for car purchasing is
13% as of October 1984, The "Bandar Seri Bégawan Trans-
port Study" in 1981 used the same 12%, Based on these
facts, 12% was selected to apply. E '

(3) Base year

The base vyear for the evaluation was- fixed at 1986, -
All the discounted figures of costs and benefits were com-
pounded to the point of 1986, transformed into the present

values.
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{4) Pricés

All the costs and benefits were indicated at constant

prices of mid-1984,

Although the 6rdinar_y, ‘evaluation for transport projects takes the
project liife' of 15 - 20 years, the above preconditions were set due. to

the inclusion of bus transport system,

lIn' ‘the fii~st=:step .o.f' economic '.evaluétib-n. e_condmié costs and
benefits woul.d. be calculated. Economic costs were estimated 'fro.m the
financial costs of Alternatwe Plans (See Chapter 7), after deducting
transfer components in view of the national -economy. Beneﬁts were

calculated in the procedures as shown in the succeedmg Section.

The next 'step was the ‘annualization of economic costs and
beneflts. Temporary scheduhng in construction and bus pr()curement
was made and - all the' economic costs and benefits were reduced into
the continual annu_al flows between 1986 and 1995, Cap].tal cost for
the facility construction was transformed into annual -disbursement and
operétionlmaintehance costs and benefit were calculated as annual
" values. The flows of costs and benefits became the éources in the

economic evaluation.

In the third step, t:he total economic cost (C)r and the total
econoinic beneﬁt' (B) were calculated, making use of the discount rate

12%; the calculation was made as shown below.

il

C = IC_ Il.lzn

B >:B /1.12"

, where Cn : Annual economic costs after n yea‘rs from 1986

Bn : Annual economic benefits after n years from 1986

C and B are the present values of costs aﬁd' benefits, respecfively,

in the year 1986 at constant prices of mid-1984.

The fourth step was the calculatlon of key 1nd1cators for evalua-
fioh, These compmsp Benefit- Cost Ratio (BIC), Net : Present Value
(NPV, B-C) and Economic Internal Rate of Return (EIRR). When
B/C is over 1.0 or .NPV is higher than 0.0, it is .justifiéd that social

benefits surpass the required costs of the Alternative Plan. The

—~ 206 —



higher ‘these are, the more justification is placed on the implemew@
tation of the Plan. EIRR is a discount rate in case of B/C = 1,0 or
NPV = 0.0. It makes the totals of both cost and benef1t streams
equal, showmg how fast the mvested costs are recovered The earn-~
ing magnitude and. attractlveness of an AlternatWe are’ measured by
t’ms EIRR, in general In this Study, if EIRR is hxgher than 12%

the contribution to the national economy is likely to be well enough to

justify the use of resources.

- In comparing the indicators mentloned above,_ an o'ptimum
Alternative Plan was selected. At the final stage of evaluatmn, EIRR
had a dominant influence 'in decision, The {irst screening of

Alternatives was conducted with the comparison of B/C and NPV.

To the selected opfifnum Al;cernative, sensitivity'tests of EIRR
were carried out, in response, to ‘the cost increase and behe_fit
decrease, Addlhonally, the elastmlty of EIRR was scrutmlzed The
tenablhty of 1mplementat10n of the optimum Plan was examined by

these analyses.
8-2 Benefit Calculation
V'I‘I'ixe :eco__nomic benefits .brought by the Alfernative Plans were

firétly considered to consist of: 4 kinds of ‘benefit -components. The

basic concepts of each component are described below.

Road user's benefits

Road user's beneﬁfé are defined as the séwings' of road
user's costs which are required in the use of road faciiiti_es_.
The road user's costs usually include vehicle operating costs and
passerigers" time costs. Therefore, 2 kinds of benefits are to be

counted; namely:

' - Savings of vehicle operating costs

- Savings of passengers' time costs

Benefits relative to parking

Defi'néd= as the savings of parking expenses, mainly with
the decrease in parking volume of péssenger cars, The parking

volume would be calculated in the future traffic conditions,
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Savings of costs for passenger car ownersghip

‘With the intl ‘oduction of thé public’ iransport system, the
total volume of passenger cars owned would be decreased. In
.proportlon to this decrease, the _costs for purch'151ng and
holding. pasSenger cars would also be reduced. The savings of

these costs wo'uld appear as benefits.

Each benefit component would be calculated as the savings,
chfference of the said costs, between Alternatwe 0 (fundamental case
without pro]ect) and Alternatives 1, 2, 3 and 4 (w1th pro]ects},

, respectively.

Pre]imjn'afy calculation was made with rough figures and it has
been revealed that the road user's benefits would suffice foif the
economic evaluation. Furthermore, considered were the following

reasons to exclude the latter 2 benefit components:

- Construction costs of parking facilities were not prepared in
Chapter 7, as additional facility requirements are nil for the
future. The problem area only covers around the town center
of BSB. The effects to reduce parking volume would be low
and it would not form the major portion of economic benefits.

- 1t is difficult to determine the relatioﬁship' between the
reduced volume of traffic demand and actual ownership of pas-
senger cars, mainly due to the lack of data. The actual
volume of passenger car holdlngs could not be calculated for
this reason.

In this consequence,' the economic benefits were calculated in the

form of road user's'benefi_ts oniy; namely savings of vehicle operating

costs and those of passengers' time costs.

8-2-1 Vehicle Operating Costs in Standard Conditions

The: vehicle operating costs are composed of the components as
shown below.

(1} Fuel cost

(2} .Engine oil cost

(3) Tyre and tube cost

{4) _Repéir an(i maintenance cost

(5) Depreciation cost (running distance-related portion)
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(6) Overhead cost_(oﬁly for bus and truﬁk)
(7)  Crew cost (only for bus and truck)

Each cost component wag calculated for standard cond1txons whlch;
are at benchmark speed or 11fet1me speed on the standard paved roads
111_Brune1. The cost components 1n tha, items (1), (2) and (4) above
were calculated at benchmark speed, while the average .lifétime' speed
was applied to (3), (5), (6) and (7).

To meet the classification in the traffic survey, 3 major divis.idn's
of the vehicle types were set off; that is, pass_engér car (ini‘;:luding
taxi), bus and truck. Bué and trﬁck were further divided into
mini—bu_s_ and standard size bus and midium and .heavy trucks,
respectively. The benchmark.speed is 80 km/hour for 'passeﬁger car
and 72 km/hour for bus aﬁ_d tfuck. The a{réra'ge.'lifetilrnle speed is
faken ;11: 56 km/hour for- all the vehicles.

‘Based on the ' road-side observation  and - interviews with
car-dealers and insurance companies in Brunei, a representative
v.ehicle.' was determined lby type. Table 8-1 su_inmal'izes the basic
characteristics of the selected representative vehiclés, with the

additional information for taxi.

Table 8-1 Standard Vehicle Types in Brunei

Passen—

. . Bus © Truck
Particulars (Taxi) .

EeT Cér . Mini-bus Standard Midiuawm Heavy

1. Representative Toyota Toyota Daihatsu Mitsubishi Daihatsu Isuzu TXD

Vehicle as Carina Cres- Bus. Fuso Bus - Truck Tipper
Selected Saloon sida Truck
: Saloon
2. Displacement 1,600 2,000 3,000 6,600 3,000 5,800
{Engine ce ee ce ce ce ce
_ Capacity) _ :
3. Capacity/ 5 5 20 45 2 tons 8 tons
Loadings passen— passen~ passen— passen—
gers gers gers gers
4, Cost on Road  B$ ‘B$ B$ BS B$ B$
(Selling 14,250 20,600 27,000 84,000 23,000 48,500
Price)
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For bus and truck, the proportion of each sub-division of
vehicle types was required, In ‘case of bus, 21% of mini~bus ‘and 79%
of standard size bus were detmmmed fmm the registration recmd at
the LTD as of 1984, On the other hand, the comp031t10n of truck
was fixed; 34% of medium and 66% of b1g-saze, accordmg to the sales

volume in 1983 provlded from car dealers,

- The calculation of 7 cost components was carried out as shown

below. Fach component value was obtained in the unit cost of B§/km.

(1) Fuel cost

Major factors having influences to fuel cost ‘calculation
are fu.el' type of vehicle engines (gasolin‘e. or diesel) and
fuel consumption rate by vehicle type and unit selling price
by fuel type.' “The former 2 information were p10v1ded by
car dealers, and sellmg pr1ces per gallon of gasahne and

diesel oil were obtained from the interview to gas stations.

The selliﬁg price per | gallon was B$2.15 for. super
gasoline, B$1.80 for 1'egﬁlar gasoline and B$1.40 for
diésel oil. In Br runei, almost .all fuel for vehicles comprise
super gasoline -and regular is mamly for the use of boats/
vessels, . In the selling price of fuel, a tax component is
included (import dl_lty; Qilﬂlgal_lon). However, an alm(_)st
equal amount of tf.émsport subsidies seems to be granfed to
the government offlcers in the form of fuel consumptlon
allowance, The selling prices of fuel were thus used as it

is in the calculation.
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The fuel cost by vehicle type, together with the

‘relevant data, is shown below.

Item (unit)

Passenger ‘ . Bus - Truck

1. Fuel Type Petrol Petrol. Diesel

Car  Mini-bus Standard = Medium Heavy

Petrol (50%)

Diesel (50%) Dresel

2. Fuel Con~

sumption . 30 .20 20 15 11

{miles/ . ' .

‘gallon) 7
3. Fuel Price o S 2.15 (50%)

(8$/gallon)  2°13 2.13 140 1700 (502) 1.40
4. PFuel Cost ‘ _ ' .

(B$/mile) 0.0717 0.1075 0..0700 D._1183 9.1273
5. Fuel Cost !
T . 0.0446 -0.0484 . 0.0772

(B$/km) .

(2) Engine oil cost.

Monthly oil cost by wvehicle typé and data for annual
running distance were obtained from car dealers. The tax
components = included  (import duty: @20/gallon  for

lubricating oil and ¢5/gallon for lubricating grease) were

considered to be nil for the same reason as in the

célculation of the fuel cost, The resulis are:

Passenger - DBus ' - - Truck
Ftem (unlt). Car Mini~bus  Standard Medium Heavy
.. Amual Running _ '
Distance 12,000 28,000 50,000 25,000 30,000

(miles/year)

. Engine 0il _ S
Cost Interview— 6.50 - 17.00 36.70 17.00 33.75
ed (B%/month)

, Engine 0il Cost

(B$/mile) 0.0065 0.0073  0.0088  0.0082 0,0135
. Engine 0il Cost ' . '
: 0.0040 0.0053 - 0.0073
(B$/km) | .
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(3) Tyre and tube cost

Annual average amount of tyre and tube costs by
vehicle type were obtained from car dealers and have been
revised, taking into consideration the othér factors, such as
the cost used in the "Bandar Seri Begawan Traﬁ_sp'o'rt
Study", 1981,

: Passenger - ~ Bus ~ Track
Ttem (Unit) Car . Mini~bus Standard Medium 'Héévy
1. Annual Running : o .
Distance 12,000 28,000 50,000 25,000 30,000

(miles/year)

2. Tyre amd Tube ' : o
Cost, Revised 180.00 ° 3,000.00 3,000.00 3,000.00 4,000.00
(B§/year) '

3. Tyre and Tube

Cost . . . 10.0150  0.1071  0.0600  0.1200  0.1333
(B$/mile) . _ '
4, Tyre and Tube y

Cost ©0.0093 0.0435 0.0802"
(B$/km) ‘ : ' _

- %) Further revised

(4) Repair and maintenance cost
Annual average amount of repair and maintenance costs -
were provided by car dealers and some adjustments were
made towards bus and truck. 40% of labour cost and 60% of

spare parts price were assumed in the cost values.

Passenger - Bus _ Truck
Item (Unit) Car Mini-bus Standard Medium Heavy
1. Annual Running : _ _
Distance 12,000 28,000 50,000 25,000 30,000

(miles/year)

Repair and Mainte-
nance Cost, 400,00 1,500.00 6,000.00 4,600.00 5,700.00
Revised (B$/year)

. Repair and Mainte- _ '
-nance Cost 0.0333 0.0536 . 0.1200 0.1840 0.1%00

(B$/mile)

. Repair and Mainte-~

nance Cost{(B$/km). 0.0207 0.0659 0.1168
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(5)

Depreciation . cost

Depreciation cost was required only for the portion

“related to the running distance, Baslc data for the

calculation include the economic cost (cost net of taxes) of
representative  vehicles, average service life, annual

runn'ing' distance and the salvage value,

Economic cost of vehicles was cz'tlc_u'lated from the cost _
on roads;.(selling price) minus road tax, registration fee
and others. Road tax is levied .anni‘lally,wit_h_ B$2.25 per
100 cc of engirié capacity and the registraﬁibn fee is
B$10,00 for a new. car. Sélling brice of a new car usually
involves insurance premium, but it was not reduced

considering as the general costs for traffic ‘accidents.

Salvage values were determmed from elther the selhng

price of a used car or trade-in prices, both of whlch were

provided from car dealers by vehicle type.

Annual amount of depreciation and interest was
calculated using above two prices and average servicé life.
In this case, Capital Recovery Factor (CRF) .applied' to the
economic cost and Sinking Fund Factor (SFF) to salvage_

values were those at an interest rate of 12%

The division of the total of depreciation and interest

values was made by the first fixation of annual interest.

 Depreciation amount was further divided into 2, utilizing

the ratios of time-related porﬁon and the portion related to
running distance; 0.7 to 0.3 for passenger car and 0.3 to

0.7 for both bus and truck.

The results of calculation and original data are as

follows:

—213—



_ Passenger Bus Truck
Bartlgulars Car Mini-his Standard Medium - Heavy
1.'Disp1acément : : :

(Engine Capaci- 1,600 3,000 6,600 - 3,000 5,800
ty, cc)

2. Annual Running : . _
Distance 12,000 28,000 50,000 25,600 30,000
(miles/year) :

3. Average Serviée ' :

Life {years) 5. 6 6 7 .8

4 - : .

te %g;; on Roads 4, 959 27,000 84,000 23,000 48,500

5. Costomet of 1, o0 26,900 83,800 ¢ 22,900 48,350
Taxes (B§) ? ' o > ’ ’

6. ?g%gage-value 3,000 4,000 8,000 4,000 8,000

7. CRF at 12% 0.2774 0.2432  0.2432  0.2191  0.2013

8. SFF at 127 0.1574 0.1222 0.1222 0.0991 0.0813

9. Annual Depreci-
ation and
Interest 3,467 6,053 19,403 4,621 9,164
(5x7-6x8,

B$/year)

10. Of which,

Interest .
(5613 2,240 3,187 12,633 2,700 5,169
B$/year)

1i. Of which, .
Depreciation 1,227 2,236 6,770 1,921 3,995
(9-10, B$/year) '

12, Time-related _ _ .
Depreciation 859 670 2,031 576 1,199
(B$/year) (70%) (30%) (30%) (30%) (30%)

13. Depreciation o '

Relative to 368 1,566 4,739, 1,345 2,796
Running Dis- (307 (70%) (70%) (o) (70%)
tance (B$/year)

14. Distance-re~ . .
lated Depreci~ . 4 g307 0.0559  0.0948  0.0538  0.0932
ation o
(13/2, B%$/mile)

15. Distance~re~
lated Depreci~ 4 5191 0.0538 0.0496

ation

(B$/km)
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(6). .Overhead cost

The . ‘overhead cost for the vehicle operation was

counted only . for  commercial wvehicles;  namely, bus and

truck.

It was assumed that annual amount at average lifetime

speed, be 7% of the economic cost for standard size bus, 4%

for heavy truck and 2.5% for mini~-bus and medium truck.

The calculation results are as shown below,

o . 'Pas.senger Bus Truck
Ltem (Unit) Car Mini-bus Standard _Medium Heavy
1. Annual Running _ ) . '
Distance © 12,000 28,000 50,000 25,000 30,000
(miles/year) _
2. Economic Cost : .
of Véhicle 14,200 26,900 83,800 22,900 48,350
(B%$)
3. Factor to be
‘Multiplied - 0.025 0.07 | 0.025  0.04
4. Overhead Cost ' .
(B$/year) . 673 5,866 573 1,934
5. Overhead GCost -
(B$/mile) . 0.0240 0.1173 0.0229  0.0645
6. Overhead Cost
Cost - 0.0607 ' 0.0313

{(B%/km)

{7} Crew cost

The crew cost was calculated based on the information
of bus driver's salary (B$450/month as of October 1984)

from the Educational Transport Department and wage data

provided by the Labour Department.

These are:
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Passenger Bus Truck

Itemi(unlt). Car - Mini-bus Standard Medium Heavy
. Annual Running : : _ .
Digtance 12,000 28,000 50,000 25,000 30,000
(miles/year)
Number of Crew . o
- Driver - ' 1 1 1 1
~ Conductor - - 1 . - -~
-~ Labourer ' - - - 0.5 1
. Wage : _ o . . :
(B8 yoar) 5,400 7,800 4,200 6,600
Crew Cost .
(B$/mile) 0.1928 0.;560 0.168Q 0.?200
Crew Cost - 0.1018 0.1257

(B$/km)

As a summary, thus calculated vehicle operating costs

in standard conditions are tabulated in Table 8-2 below,

Table 82 Vehicle Operating Cost in Standard Condition

Unit: B$/km

Passenger Bus Truck

Item of -Cost Components Car
1. Fuel Cost 0.0446 0.0484%  ©0.0772
2. Engine 0il Cost | 0.0040 0.0053  0.0073
3. Tyre and Tube Cost - 0.0093 '0,0435  0.0802
4. Repair and Maintenance Cost 0.0207 0.0659 0.1168
5. Depreciation Cost '
(i stonco-yelated) | 0.0191 0.0538 9.0496
6. Overhead Cost - 0,0607 . 0.0313
7. Crew Cost ' - 0,1018  0.1257
Total Vehicle Operating Costs .  0.0977 0,379 . 0.4881

Remarks: Items 1, 2 and 4 above at benchmark speed (80 km/hour
for passenger car and 72 km/hour for bus and truck),
and 3, 5, 6 and 7 at average lifetime speed (56 km/

hour for all vehicle types) on the standard paved roads.
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8-2-2 - Vehicle Operating Costs in Reépdnse' to Speeds

Basic estimates of,c.ost ._components_'for vehicle operating costs
should then be transformed to meet actual contidions. The factors
affec{ing_ vehicle operaﬁng | césts incii,_tdes travelling épeed, road
surface type, grades, curves and speed change cyck? caused by
traffic conditions. However, only the travelling speed was considered
since all the calculation was made only provi_sion.ally for the Master
Plan Study. | '

Thelconversion factors for the variétion of each cost components
in response to speeds were quoted from - Robley Winfrey's "Economic
Analysis for Highways" (International Textbook Company, Scranton,
‘Pennsylvania, USA, 1969) with some modificatiohs. The factors for

the respective components are:

{1) Fuel cost

Speed (km/hour) Pasgzt;ger Bus Truck
10 1,3003 1.752¢  --1.9000
16 1.1502 1.6950 1.5999
24 1,030t 1.2506 - 1,3200
32 09301 1.0401  1.0799
40 0.8699 0.9368  0.9599
48 0.8501 0.8894 0.9016
56 ~0.8600 0.8858 '0.8899
64 0,8899 0,9199 0,9199
7 . . 0,9403 1.0000 1.0000
80 ~1.0000 1.1078 11099
88 1.0701 1.1999 1.1998

(2) Engine oil cost

Speed (km)hoﬁr) S Pas;g;lger Bus Truck
10 1.8514 1.7898  1.8864
16 1.5991 1.5699,  1.7444
2% 1.4505 © 1.4291 © 1.6045
32 1.3018 1.2846 1.4625
40 1.2523 1.2240 1.3489
48 ' 1.1981 1.1690 1.2718
56 1.1486 1.1132 1.1785
64 : ©1,1036 1.0541 1,0832
72 1.0541 1.6000 1.0000
80 : 1,0000 0.9466 0.9432
88 1.0586 1.0850 1.1034
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{3) Tyre and tube cost

Speed (km/hour) Pas;;r;ger Bus Truck
10 -0.5787 0.5797 0.5797
16 0.5787 0.5797 0.5797
24 0,6068 -, 0,6096 0. 6098
32 0.6882 0.6903  .0.6897
40 0.778} 0.7802  0.7798
48 0.8876 0.8900 0.8897
56 1.0000 1.0000 1.0000
64 1. 1404 1.1399 1.1399
72 1.2893 1.2901 1.2897
80 1.4888 1.4907 1.4899
88 1.7275 1.7305 1.7297
(4) Repair and maintenance cost
Speed (km/hour} Pasz::ger Bug . Truck
10 ©0.6499 0.6799 0.6799 .
16 0.6793 0.7198  0.7200
24 0.7196 0,7598 0. 7600
32 0.7497 0.7999 0.7999
40 0. 7900 10,8399 0.8400
48 0.8298 0.8799 0.8799
56 0.8695 . 0.9200 0.9199
64 0.9098 0.9599  0.9600
72 0.9501 1.0000  1,0000
80 1.0000 1.0399  1.0399
88 1.0295 1.0800 ° 1.0800
(%) Depreciation cost
Speed (km/hour) Pasg::ger Bus Truck
10 1.0000 3.5585 3.5585
16 1.0000 2.7000 2.6999
24 1.0000 1.9000 1.8999
32 1,0000 11,5584 1.5583
40 1.0000 1.3168 1.3167
48 1.0000 1.1501 1.1499
56 11.0000 1.0000 1.0000
64 1.0000 0,9333 0.9332
72 1.0000 - 0.8333 0.8333
80 1.0000 0.7500 0.7499
88 1.0000 0.6833 0.6833
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(6) Overhead cbst .

Speed (km/hour) Pasz::ger Bus Truck
10 - 4.3611 4.3425
6 “ 3.1008  3.1014
24 - 2.3253°  2.3261
32 ' ~ 1.7439 1.7455
40 - 1.4029 ‘1.4031
48 - 11,1623 1.1629
56 - 1.0000  1.0000
64 . - 0.8759 0.8760
72 - 0.7747  0.7753

80 - 0.6975 0.6972

B8 - 0.6357  0.6349

It was assumed that crew cost would not vary by the running’
speed., The fuel cost curve ig. U-shaped ‘according to running
speeds, rising at high and low with the minimum .'pdint between 45 and
55 km/hour. Engine oil cost rises at low speeds and the benchmark
speed has the lowest value fbr ‘all the vehicle types. As the {.tyr"e
wear is a function of the running speed, the cost is higher in the
higher vehicle épeeds._ The‘fcoeff‘i_&:ient for the tyre and tube cost is
almost uniform in all the vehicle types. . The cost curve for repair
and maintenance is similar to that for tyre Qand__tube. but more
gradual. Towards pa.ssenger= cars, the depreciation cos.t was assumed
to be constant. - On the ccritréry, ‘those for bus and fruck are higher
at the lower speeds. The overhead cost involves a conception of time

cost; it is higher at lower speeds.

The vehicle operating costs at the various speeds were calculated
through the multiplication between ‘thdse in standard conditions and
the conversion factor b.y cost component and .fﬁrthelr' through the
summation of the c_onverted'co’mp’or;ents' valués. In this calculation, .
only the sclected running speeds were taken because of the difficulty
of applying all the continuous running speeds. Table 8-3 gives
calculation results of these vehicle operating costs at the selected

running speeds.
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Table 8-3 Vehicle Operating Costs at Selected Speed
Unit: B$/km

Running Speed Passenger

(km/hour) Car . Bus Truck
10 10,1034 . 0.7210  0.7245
16 0.0957 0.5886  0.6467
24 0.0913 10,4897 0.5518
32 0.0877 0.4287 . 0.5004 -
40 0.0865 0.3988 0.4794
48 0.0873 0.3802 0.4722
56 0.0881 0.3692 0.4715
64 0.0926 0.3682  0.4818
72 0.0969 0.3693  0.4960
80 0.1022 0.3752  0.5183
88 1 0.1084 0.3876  0.5450 °

8-2-3 Sévings of Vehicle Operating Cqsts in 1995

The 'véhicle- operating costs by Alternative Plan would be
obtained from the projected traffic volume (vehicles.km) by speed and
the vehicle operating costs at the respective running‘ ‘speéds by
vehicle type. Savings of vehicle operating costs of Alternative 1, 2,
3 and 4 would be calculated as the difference of the respective costs

from those of Alternative 0.

The traffic: Voiume of each . Alternative in 1995 was already
forecasted in Chapter 6. Tables 8-4 to 8-8 show the daily traffic
volume by Alternative Plan obtained for the yaer 1995.

Table 84 Traffic Volume of Alternative 0

Unit: Vehicles km x 10%/day

Range of Running Passenger

Speeds (km/hour) Car Bus Truck
0-20 917.5 4.5 210.6
20 - 30 302.2 4.8 91.3
30 - 40 : 78,5 0.3 17.1
40 - 50 431,2 3.5 122.4
50 - 60 138.0 0.4 35.3
60 - 70 679.4 6.1 156.8
70 ~ 80 150.5 - 32.0
80 - 90 - - -
Total 2,697.2 19,2 665.4
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Table 8-5 Traffic Volame of Alternative 1

Unit: Vehicles-km x 10%/day

Range of Running . Passenger

Speeds (km/hour) Car Bus Truck
0-20 . - 2534 . - 0.4 - 67.0

20 =~ 30 266.8 4.3 845

30 - 40 192.8 - 37.1

40 = 50 428,9 3.4 106.3

50 - 60 ©385.6 1.4 85.9

60 - 70 820.0 10,2 199,9

70 - 80 123.6 - 50,9

80 - 90 127.2 - 31.6
Total © 2,598,2 19.7  642.1

Table 8-6 Traffic Volume of Alternative 2

‘Unit: Vehicles-km x 10%/day

R T .
0 - 20 . 22380 5.3 69. 4
20 - 30 51.7 2.4 5.1
30 - 40 1.6 4.7 95.5
40 - 50 $90.5 15.5 169. 4
50 - 60 94,7 3.9 56.8
60 - 70  802.5 19.9  226.6
70 - 80 . - - -
80 - 90 - - -
Total 2,124.9 51,7 632.9

“Table 87 Traffic Volume of Aliemative 3

Unit: Vehicles.lm x 10%/day

AT T
“0- 20 : 269.7 4.9 75.9
20 - 30 176.5 3.8 59.4
30 - 40 266.7 5.2 85.6
40 - 50 635.4 12.5 175.4
50 - 60 57.9 1.9 18,3
60 ~ 70 815.2 18.9 219.8
70 - 80 - - -
80 - 90 - - -
Total 2,221.4 47.3 634.5
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Table 8-8 | Traffic Volume of Alternative 4

Unit: Vehicles.km x 10%/day

Range of Running . Passenget

Speeds (lm/hour) Car Bus - Truck
0 - 20 303.4 2.6 72.5
20 - 30 287.1 5.5, 100.9
30 - 40 48.3 0.5 12,5
40 ~ 50 699.3 10.2 181.0
50 ~ 60 118.0 &4 29,4
60 - 70 - 922.8 15.9 236,9
70 - 80 - - -
80 - 90 - - - -
Total - 2,378.9 - 35.2 633.1

In’ the actual calculation, the further modifications were made to
what has been calculated in the previous Sub-section 8-2-2, Major 2

points of the modification of vehicle operating costs are:

(1) Fixation of representative speeds and revision of the costs

Since the future traffic volume was given by range,
the representative running speed in each range was
determined appropriately; whereby revising the value of the

costs.

Range of Running Representative Vehicle Operating Costs(B$/km)

Speed (km/hour) 'Speed_‘(km/hour) 'Passenger Car Bus :Truck
0~ 20 10 0.1034  -0.7210 0.7245
20 ~ 30 24 0.0913 0.4897 0.5518
30 ~ 40 36 0.0871 0.4138 0.4899
40 - 50 4k 0.0869 0.3895 0.,4758
50 - 60 56 0.0881 0.3692 0.4715
60 ~ 70 64 0.0926 0.3682 0.4818
70 - 80 76 0.0996 - 0.5072
80 - 90 84 0.1053 - 0.5317
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(2) Deduction of conductor's wage and depreciation component

from bus operating cost for Alternatives 2, 3 and 4

‘The conductor's wage (fixed at constant by spee&:
B$0.0233/km) and depreciation cost were excluded in case
of Alternatives 2, 3 and 4, It was due. to the following
considerations:

- These 3. Alternatives are essentially for the impi'oveme_nt

of public bus operation, in which the project costs
include those for the bus procurement,

"~ The buses proposed in these -Aiterhatives .are with
'~ improved conditions and -to be with one-man operation

equipment. The crew would be only one driver.
The foﬂbwing are the compaﬁson of the applied bus

operating - costs between Alternative 1 and these 3

Alternatives:
Representative Vehicle Operating Cost for bus (B$/km)
Speed (km/hoﬂr) Alternati\}e 1 Alternatives 2, 3 éndﬁ
10 0.7210 0.5063

24 0.4897 0.3642

36 ©0.4138 0.3132

44 . 0.3895 ©0.2999

56 0.3692 0 0.2921

64 : 0.3682 0.3064

76 . | - -

84 - -

The calculation results of savings of vehicle operating costs are

summarized in Table 8-9.

Table 8-9 Shvings of Vehicle Operating Costs by Altemati_ve

Plan, 1995
| _ Unit: B$106/year
Alternative Plan Total Savings of Vehicle Operating Costs
Alternative -1 T : ' 24.6
Alternative 2 39.9
Alternative 3 34.9
Alternative & 30.4
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8-2-4 Savings of Passengers' Time Costs in. 1995

Savings. of passengers' time costs were ‘counted énly for
passenger cars and buses; trucks '\Qére_exclllded.: _Tim_é costs would
be calculated using. the projected travel time (vehiclé'. hour). and the
passengers' time value by vehicle type. "Savings of the time costs of
an  Alternative are derived from the difference of costs with

Alternative 0,

The travel time of passenger cars and buses in 1995 has already
been obtained in the traffic demand  forecasting as’ shown in Table

8-10.
Table 8-10 Travel Time of Alternatives, 1995

- Unit: Vehicle: hour x IOE/yeaf

Travel Time

Alternative Plan Passenger Car ~  Bus.
Alternative .0 75,2 0.5
Alternative 1 34.3 0.2
Alternative 2 130.1 0.8
Alternative 3 32,8 0.7
Alternative & 34,3 0.5

The most important aspect in the cost calculation is  the
determination -of passengers' time wvalue which means the amount
passengers would like to pay' for the savings of t'ra_.-\'.re_l. time. This

time value was obtained from the passengers' income in unit time.

From the results of the traffic survey, the relevant data were

prepared as follows:

Type of . Monthly Hourly %)  Number of _
Vehicles Income (B$) Income (B$) Passengers (persons)
Passenger Cér ' .
(including Van) 1,402.00 6,82 1..8
Bus : 487.00 2.38 20.0

‘Remarks; %): By dividing monthly income with number of weeks
of a month (4.29), and further with weekly working
hours (48 hours).
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Unit + 7

frip - Composition
Purposes. " Passenger Car ‘Bus
1. Work 29,9 23,4
2. Business .9,6 4.3
3. Home | 29.6 420
4. School | 4.3  7.5
5

. Others 26.6 : 22.7

Remarks; Number of respondenté:
Passenger car : 7,526 persons

~Bus : 836_persons

The income level of bus passengers is low compared to . that for
passenger cars; it is due to the inclusion  of a number of immigrant

workers and the persons without job such as students and the aged.

_ _The_average earnings of 1 passenger in 1 hour were calculated
taking  the trip purposes into consideration, under the following

assumptions:

- Business frip- : 100% of the hourly income is earned.

Trips for work : 50% of the hourly income is earned.

Trips to home : 25% of the hourly income is earned.

School{Others : No _ value

The average earned amount per person or per vehicle was obtained as

shown below,

Unit : B$/hour

Number  Earnings

Vehicle Average Earnings per Passenger per Hour of per
Type Work*  Business*  Home * Others Total . oosen” Vehicle
. _ . gers per Hour
PassengeY 71,0196  0,6547 0.5047 - 2.1790  ( 1.8) 3.92

Bus 0.2785  0.1023 ~ .0.2505 - 0.6318 (20.0) . 12.63
Remarks; * : These were calculated from the hoﬁrly income by multiply-

ing the composition of trip purposes and the proportion
assumed as shown above by trip purpose. '
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Earnings per hour by vehicle type are the sources for the
determination of pa‘asenger time value; it is merely the income
~increment in unit time. Passengels will not pay usually as much as
‘the amount of their earnmgs in order to save the travel time. . .In
ordmary cases, the time value is set as half of the amount earned by
passenger, Following this ordmary principle, the time value of a
passenger car would be B$l..9'6/vehicle.hour "and that of a bus

B$6,31/vehicle. hour.

However, to the passenger car, the further redﬁctién of wvalue
was requlred from the review of trafflc survey ‘data and method It
was clar1f1ed that the income data for passengex_ cars were those only
of the drivers. It is probable for the cdf)a.ss‘engers to have the-
lower income. than drivers or to earn no money because of the famzly.
membership. _After the conmderatzons to these, the original value -of
passenger cars_wés reduced into a quarter (1/4) as an average time

value (B$0.98/vehicle. hour).

The actual time wvalue used for buses, was altered accordin_gﬂ io
Alternative Plans; from the similar reason to the vehicle operating
costs. Towards -Alternétive 2, 3 and 4, the assumption was set thaf.
almost all bus passéngefs shift from those of passenger cars. The
passéflger_ ‘cars' unit value was ‘applied to these Alternatives taking
the change of trip purpose compos_itioﬁ into consideration. ‘For the
Alternatives 2, 3 and 4, B$9.05/vehicle.hour was thus used in the

actual calculation.

Table 8-11 Vehicle Time Values Applied to Alternatives

Unit : B$/Vehicle-hour

Alternative Plan Péssenger'Car Bus
Alternative 0 . 0;98 6.31
Alternative 1 _ 0.98 6.31
Alternative 2 0,98 . 9.05
Alternative 3 0.98 - 9,05
Alternative 4 0;98 9.05
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The multiplication, of these time values per véhicle to the
projected travel time (vehicle,hour) gave the passengers' time costs
by Alternative. Savings of the costs by Alternative were obtained by
the deduction . of .the respective costs from those of Alternative 0.
Table 8-12 shows . the calculation results of savings of passenger.s'
time costs by Alternative for .the year 1995,

_ ‘Table 8-12 Savings of Passenger’s Time Costs, 1995 . -
o Unit : B$10°

Alternative Plan _ Savings
Alternative 1 | 4.2 0
Alternative 2 40.2
Alternative 3 _ 38.5

Altérnative 4 - 38.1 .

8-2-5  Benefit Streams of Alternative Plans

In the abovementioned benefit calculation, the econimic benefits
_bnljr' in 1995 were obtained., To make benefit flow between 1986 and
1995, another devices would have to be employed. Before the
annualization, the calculated economic benefits are summarized in
Table 8-13, |

Table 8-13 Economic Benefits by Alfernative, 1995

Unit: B$100

Savings of the Costs (Benebit).
Vehicle '

Alterﬂatiye Plan Opeﬁating iiizeggiizl Total
Costs o
Alternative 1 2.6 42.0 66.6
Alternative 2 39.9 40,2 80.1
Alternative 3 34.9 ' 38.5 ' 73.4
Alternative 4 30.4 38.1 68.5
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With- a view to making benefit flow for 10 ‘years, a temlioi‘ary
scheduling of t_he.'implementation was made by Alternative. Owing to
the difficulty of the smooth shift from passenger cars to public bus
transport, it was assumed that all'thé'ben.efits appear from 4 vyears
after the opening. in case of ‘Alternative 2, 3 and 4 which contain the.
improvement of bus operation, The major reason for this assumption
was the gradual permeation of the bus -service improvement into
people's mind. The first effects o_f__”th'e::se Alternative Plans  would
océur_in the year 1990;”fu1‘t.hermo-re; .hlalf. o.f the ecoﬁomic. benefits in

1995 was assumed to appeaf this. .year.

_'Al'te.rnativé 1 is cdmpdsed of Only the road construction for
reducing traffic congesti;ﬁh,' successively _to_fhe_- projects planned - for
the 5th NDP Period, 1985 - 1989. Considering construction schedule
pl'eciseiy,'it was assumed that appearance of the _écoﬁomic benefits of
this Alternative would n’dt_take place ﬁh‘_til 1990; however, the amount
to be _éxpec'ted' in 1990 would .be.'high comparéd. ';vith the other
Alternatives. The succes_siVe construction .w01*ks would give the more
huge effects in this Alternative. The benefits were as.su'mgd to
appear in proportion to.the person trip. increase. " The forecasted
volume of person Itrips in 1995 .wa.s. 1.691 times of those in 1984. As
a result, 1't was assumed that 76.8% of the ‘economic benefits in 1995

would bée attained in 1990,

Between 1990 and 1995, the continuous increase in the economic
‘benefits would be assumed. Table 8-14 tabulafes' the benefit stream

obtained under these assumptions.

Table 8-14 Economic Benefits by Alternative, 1986 — 1995

Unit : B$10°

Year Alternative-l Alternative-2 Alternative-3 AItefnative—l&

1986 - - ' - -
1987 - - - -
11988 - - : - -
1989 - - : -~ L -
1990 51.1- 40,1 36.7 34.3
1991 53,9 46,1 42,2 39.4
1992 56.8 52,9 48.4 45,2
1993 59.9 60.7 55.6 51.9
1994 63.2 69.7 63.9 59.7
1995 66.6 80.1 73.4 68.5
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8-3 Estimation of Economic Costs

The " financial costs of each Alternative Plan have been already
obtained in Chapter 7, as preliminary estimates.,  These ‘may include
thé transfer components such as import duty, tax, insurance fee and
interest, which have no meanin'g in view of the nation‘al"‘ec'onom.y.
The transfer components ' would have to be. deducted “to’ obtain the
economic costs of Alternativ.es. After déd’ﬁcting these components,
the economic costs would be "annualized into the flow between 1986 and

1995. The. actual p‘r_btedﬁfes are mentioned below_. in each Ait_ernativc.

Alternative 1

As mentioned earlier, this Alternative involves only the
road construction. The total financial costs have been estimated
to be B$339.0 x 106 For annuahnng capltal mvestment a

temporary schedule was made; that 1s'
1986 and 1987 : Detail design stage; no constr\iction works.

1988 to 1992 : Construction stage'.. all the works would bhe
accomplished in the year 1992

Out of the total capital investment, the disbursement at the
first stage for /D does not contain ‘any transfer component. It

was assumed. that B$4.0 x 106 be allocated for 1986 and B$5.9 x

106 for 1937, respectively.

- Heavy ‘machineries  are frequently used in road
construction. The market prices of these include 15 -
20% amount of the levied import duties.

-~ The right-of*way costs occupy almost one-third of the
capital costs in this Alternative, Someiimes roads pass
by the barren land which has no value of the other
economic activities, The economic costs might not be
counted in such the case.

-~ The land to be acquired for the right of way would’
include the government land which requires almost no cost
for compensation. :

Considering these, around 10% reduction was made. The
economic costs for construction were thus assumed to be B$296.0
X 1{)6 in total, being disbursed with B$59.2 x '1'06 annually
during the construction period from 1988 to 1992.
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Operation and maintenance costs would be required for the

completed roads.  These were assumed to be 0.3% of the capi.tal'

Cinvestment costs, based on the following investigations:

- Accordi'ﬁg t0 the disbursement figures in 1932, the .

operation and maintenance costs for the existing roads are
B$11 x 103/km. (Total Road Length: 641,657 miles, Total
O/M Costs: BS$11,351 x 103),

The past. trend of O/M cost disbursement ~was almost
constant year by year, (These were provided from the
PWD). The wsame amount of O/M costs per km was
assumed to be disbursed even in the future. :

-~ To the construction cost for the standard road (B$3,500 x
102) ‘this.unit O/M cost per km corresponds to 0.3% in

amount. .

: The_operation and m'ainten'ance costs would appear from the

next year of the capital cost disbursement. These . do not

include transfer components.

Table 8-15 shows the annualized economic costs  of

.Alternativé 1 from 1986. to 1995.

Table 815 Annualized Economic Costs of Altemat'ive_ i
' ) B Unit. : B$10° |

vear  Govts for DD Gomeruerion | operation/ - goray
1986 40 - - 4.0
1987 5.9 : R - 5.9
1988 - 59,2 - 59,2
1989 - ' : 59,2 0.2 59.4
199¢ - 59,2 0.4 59.6
1991 - 59.2 0.5 59,7
1992 - 59.2 0.7 59.9
1993 - - 0.9 0.9
1994 - - 0.9 0.9
1995 - - 0.9 0.9
Total 9.9 296.0 4.5 310.4
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Altern ative 2

This Alternative Plan comprises -2 major fields of invest-
ment; namely, road construction and _-provisioh of public bus
transport. Individual annualization was conducted: in either the
field, |

For the ‘road construction _(totai finacial costs  being
estimated; _B$109;3 x 103.), s.;l‘mil:ar c.onsiderat.ior_x's_ to: Alternative 1
were taken. Costs for detail design and engineering would he
disbursed with B$l.4 x 10° in 1986 and B$L.5 x 10° in 1987,
The capital' investment fedﬁced with 10% of transfer componerts
.('total construction costs: B$96.0 x 106) would be. allocated
equally with the annual émounf.of B$19.2 x 106 for 5 years
duriﬁg 1988 ‘to 1992. Operation and maintenance costs for the

completed roads were also calculated,

.'_I'he 'inv&estment' to the public bus syétem is further divided
into 2, which are for the bus procurement and construction of

the facilities concerned with bus operation.

To the bus procurement, a temporary bus ‘pur'chasing

schedule was considered under the following assumptions:

- Total number of required buses is 340 in 1995. Over 68%
of this total would be purchased by the year 1990. The
gradual increase of operating buses are necessary for 10
years. The number of operating buses were thus fixed
at 145 in.1986 and 235 in 1990, '

- The newest models of the existing buses (total number:

. 175 as of 1984) are those produced in 1984, -Assuming -
the service life of buses to be 6 to 7 years, all of these
shall retire {rom the services around the year 1990,

- In the first 3 vyears, the existing buses would be
available for the supplement to the bus procurement.

Purchasing schedule of the bus was temporarily determined as

follows.
Year " Number of Buses to be Purchased
1988 ' 70
1989 165
1991 60
1993 45
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The unit cost for purchasing a bus is B$92,000 (CIF price’
at Muara Po'rt-). with - the improved: conditidns such as
air-conditioner and. one-man bus equipments ins_falled. No tax
component is included in the CIF prices, __bea_l costs for bus

purchasing would be:

“Unit: B$10%

“Year “ Losts for Bus Procurement’
1988 o 6.4

1989 R 15.2

1991 5.5

1993 ' _ 4.1

The facilities related to bus operation consist of bus
terminals, bus-stops, bus opératioﬁ offices and workshop. Total
financial ‘co.sts_ for construction have been estimated to be B$23.2
x. 106, .of which B$0.9 x 1_06 is for detail desigﬁ and '.pi'.eliminary
engineering in 1986 and 1987. The other conétrﬁction costs of
B$22.3 x 10® would be disbursed in 1988, 1989 and 1990, almost
equaily in annual amount. - No transfer compohent was assumed

to these costs.

Although the operation and maintenance costs were
considered for the road poftion, these were excluded in the
.bus—_related facilities, which would be completed in 1990, It was
because the vehicle o.per-ating costs involﬁe both oifyerating costs
of buses and operation and maintenance costs of the facilities.
If these be included, the “double cbunting of the same

components would be unavoidable.

A stream of thus calculated economic costs of Alternati{re 2

is shown in Table 8-16

—232 —



Table 8-16 Annualize_d Economic Cbsts of Alternative 2
Unit : B$10°

Road Portion Public Bus System
Year Study/Design Construction O0/M Procufement ‘Facilities Total
1986 1.4 - - - 0.4 . 1.8
1987 1.5 - - - 0.5 2.0
1988 - 19.2 - 6.4 7.4 33.0
1989 ~ 19.2 0.1 15.2 7.4 41.9
1990 - 19,2 0.1 - 7.5 26.8
1991 - 19.2 0.2 5.5 24,9
1992 - 19.2 0.2 - 19.4
. 1§93_ - - 0.3 4.1 L
1994 - - 0.3 - .3
1995 - - 0.3 - 0.3

Alternative 3

‘Basically employed were the same concep't.s'as in A.lte.r_native
2 for the deduction of transfer 'c_om_pon_ehts and for the
annualization of econémié costs. The pﬁrch’asing schedule of
busés an.d the.calc'ulated economic cés;ts' were based on ﬂﬂe
assumed reguirements of operating buses of 160 in 1990 and 235

in 1999, as follows:

Year Number of Buses "Required Costs (B$106) '
1988 . . 45 4.1
1989 : 115 : 10.6
1991 45 4.1
1993 30 N 2.8

Remarks: - The same CIF price of the bus was applied as in
'~ Alternative 2 :

Annualized economic costs of Alternative 3 are found in
Table 8-17.
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Table 8-17 Annualized Economic Costs of Alternative 3

Unit-: B$10°

_ . Road Portion - . Public Bus System
Year — : ——————_ Total
Study/Design Construction 0/M Procurement Facilities
1986 1.4 - - - 0.4 1.8
1987 1.5 - - - 0.4 1.9
1988 - 19.2 - 4.1 6.2 29.5
1989 ~ 19.2 0.1 10.6 6.2 36. 1
1990 - 0 19.2 0.1 - 6.2 25.5
1991 - 19.2 0.2 4.1 - 23.5
1992 - 19.2 0.2 - - 19.4
1993 - - 0.3 2.8 - 1
1994 - - 0.3 - - .3
1995 - - 0.3 - - .3

Alternative 4

Annualized ecd_nomic costs were obtained in the sifnilar way
to the aforementioned procedﬁres, as shown in Table 8-18. Bus -
purchasing was assumed to be 30 in 1988, 80 in 1989, 30 in 1_991.
and 20 in 1993, | |

Table 8-18 -Annualized Economic Costs of Alternative 4
Unit : B$10°

Road Protion ' Public Bus System

Year Study/Design Construction 0O/M Procurement Facilities Total
1986 1.6 - - - 0.4 2.0
1987 1.7 - - - 0.4 2.1
1988 - 21.4 - 2.8 6.2 30.4
1989 - ' 21.4 0.1 T4 6.2 35.1
1990 - 21,4 0.1 - ' 6.2 27.7
1991 - 21.4 0.2 2.8 - 24.4
1992 - 214 0.3 - - 21.7
1993 - - 0.3 1.8 - 2.1
1994 - - 0.3 - - 0.3
1995 - - 0.3 - - .3
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