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Chapter 8

Cost Comparison

Most of the benefits accrued by the traffic control and management system -
discussed above cannot be expressed accurately in monetary terms. It would be
worth while, however, to compare the cost of the system with that of the toll road
construction and operation costs to understand its relative magnitude.

1) Comparison with road conSt'ructiOn cost

Comparrson ‘between constructxon costs of the roads under study and the
system construction cost is ‘summarized in Table 8.3.1 together with the ratio

- of the latter to the former. Road ¢onstruction cost shown in the table is an
approximate _direct cost obtained from the actual cost data for the existing
routes and estimates for the planned route. They are re-arranged into the
section covered by each maintenance office using unit construction cost per
kilo-meter, '

'!’able 8 3.1 Raaa’ Constmclwn Cost - Sysrem Canstructwn Cost

T T T =

. S Road Cost - System Cost
Section/Route .. . Distance- Total Per Km . Totat-. Per Km Ratio
T T (km) (M HB) (M MS). (M HS) (MES) .

© Alor Setar 96.T . . 550.3 5.7 N 032 5.7%
8uttersorth 76.4 520.0 6.8 28.4  0.37 5.5%
Taiping 91.4 &66.9 7.3 33.8 0.37 5.1%
1poh BTG 485.7 5.5 47.9  0.55 9.9%
Tenjung Malim 90.3 9.5 5.2 3.3 0.35 6.7%
Kajeng = 75.9 206.3 2.7 38.9  0.51  18.9%
Ayer Xeroh 97.3 420.3 4.3 45.7 0.47 10.9%
Air Hitam 83.5 437.0 5.2 28.8  0.34 6.6%
skudai 591 2.5 3.8 2.4 038 10.0%

Sub-total 758,41  3,980.5 5.3 308.3 0.4 7.7%

“New Klang Valley Exp. ' 53.6 316.0 5.9 31.0 0.58 9.8%
Penang Bridge 4.0  729.8 52.1 131 0.9% 1.8%
Federal Highway 15.0 78.3 5.2 1.8 0.12 2.3%
Senal Highway 28.0 _ - 15 0.05
KL - Karak Highway ‘468 . 20 045

Cyotal . 9155 5,104.6. 5.6 376.8 .G.41 7.4%

Jrr— ] TmEmmuan = : o=

“Hotes: 1) Mew Klang Valiey Exp. system includes Rawang - Bukit Lanjan
section of N-5 Expressway.
2) Construction cost of Senai Kighway and Karek Highway is not known.
3) Karak #ighway is only considered for the stretch between toll plazs.
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From the table above, it is noted that for the North- South exprcssway, the
average ratio of the system construction cost to the road construction cost is
about 7.7%. Relatively higher figure for Kajang section seems fo be due to
the early construction of the section. The cost of the planned road widening .
for KL-Seremban section is not included.

On the other hand the cost ratlos for the other routes vary greatly due to the
large d:fference in the road constructxon cost per kilo-meter. Fxact
conistruction cost of Senai Highway and Karak Highway is not known, but
M$46.8 million has been spent on upgrading Karak Hl_gh_way_.

Although the number of mformatlon sources about the similar comparisoit is
limited, the ratno of the system cost to the road consiruction cost shown in the
table is agreeable wnth cases in other countries and deems reasonable.

Compariéon with toil'ré\'renu:e

Based on the traffxc volume forecast the annuai toll revenue in future for all
the routes under study is estimated. The estimates take the scheduled toll
tate jncreases 1nto con31derat10n for the sectxons operated by the concession

' company and assume the toll mcrease of the same percentage for other routes.

The fsgures are compared w;th the construction and operation costs of the
traffic control and ‘management system estimated in the precedmg chapter.
The results. are presented in Table 8.3.2

Table 8.3.2: Comparison-of Toll Revenue and System Cost

Annual  Construction Annual
i S Toll Reverwe Cost Operation
Route (H B$) Qi HS)  Cost (M HS)

1988 1995 2005

Toll roads’ operated by

corcession company 73 434 69 342.6 18.4 -
{North-South Expressway, ’ :

Senai Highway, New Klang

Valley Expressway,

Federal H!ghuay)

.........................................................................

penang Bridge 32 &6 145 1341 o2
Karak Highway R R S _40 N 2%.0 - .4

Total : 14 519 1,15 3768  21.0
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Chapter 8

Should the system constructmn and operation costs be bome by the motorists,

_toil may be increased to cover the cost. Necessary toll increase is calculated

assuming that the system will be completed 1992 through 1995 and operated
for 15 years after the completion, which is a conservative assumption for
facilities such as cable. ‘Table 8.3.3 shows the toll increase in percentage to the
current toll rate in the case that toll is mcrcased to cover the system

construction and operation costs.

Table 8.3.3: Calculated Toll Increase

Route - Constructicn Armual Toll
' cost © . Operation . Increase
. . Cost
(M N$) (M M$) (%)

Toll: roads operated by
concession company 344.6 ' 18.4 8.4
(Horth-South expressway,
Senai_Highﬁay, '
. Mew Klang Valley Expressway '
" Federal Highway) '

:‘Penang Aridge : “13.1 1.2 3.2
Karak Highway . 21.0 . 1.4, 16.1
Total C o 376.8 ©21.0 7.9

===z REZErSrRESEERATERE ==

Necessary toll increase is about 8% for the entire toll roads. For the routes
operated by the concession company, the increase is 8.4% which is close to the
average figure. Low percentage of Penang Bridge is due to the fact that the
bridge is already equipped with some equipment and amount of additional

_ facilities is relatively Iow, and its relatively higher toli rate. On the contrary,
' Karak Highway requires large increase in toll rate to cover the necessary cost.

This is attributed to the low toli rate presently adopted.

Compari‘s'on with vehicle runn‘ir_ag cost

' _._'Runmng cost of‘ varlous types of vehxcle on the toli roads is calculated
Runmng costs estxmated by Klang Valley Transportation Study are used here
: w1th modnﬁcahon 1o fit the vehicle classification adopted by toll roads. The

runmng costs used are presented below.
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Table 8.3.4: Running Cost of Vehicles

Class Type Running Cost
{cents/Km)
1] Vehicle with 2 axles & 2 wheels 4.7
1 Vehicle with 2 axies & 3 or 4 wheels but excluding taxi - 16,7
p Vehiclie #ith 3 axles & 6 wheets but excinding bus 5%1.0
3 Vehicle with 3 or more exles 70.1
4 Texi 12.8
5 Bus : 41.3

Traffic composition is assumed for each section of the routes based on the
survey data shown in Chapter 2. Using composition data, weighted running
cost of PCU is calculated. Then, unit running cost is multiplied by the
forecasted traffic volume in PCU mentioned in Chapter 3 and section length
to obtain the total running cost of the vehicles on the motorway, expressway
and toll highways. The results are presented in Table 8.3 5.

Table 8.3.5; Total Running Cost of V_ehicle on Toll Roads

Total Vehicle Running Cost (M M$)
Route 1988 1995 2005

FE=== =m=z=s= T P

Toll roads operated by )

concession company 529 1,676 2,873
(Horth-South Expressuway,

Senai Highway,

New Klang Valley Expressuay,

Federal Highway)

Penang Bridge . 21 28 45
Karak Highway 76 106 1469
Total 626 1,810 3,089

Comparing the system construction, operation and maintenance costs with other
costs related to the toll roads, and considering the benefits realized by the system
as described in this chapter, the costs incurred by the mtroductmn of the system
is well within the reasonable range and motorists may be able to afford it, should
the cost is to be borne by them,
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9.0

9.1

9.2

IMPLEMENTATION PROGRAMME

" Introduction

The prehmmary engineering desngn stage of‘ the proposed traffic control and
management systems has been discussed in Chapter 6. The system covers various
sections of motorways, expressways and highways which differ in size, complexity
and configuration. In addition, some routes are already in use while others are to

_ be constrocted. In this Chapter, a standard or typical implementation progrant of

the traffic control and management system is first presented for a representative
section. The actual implementation schedule for all routes is then proposed.

The 1mpiementatmn schedule is divided into three ‘steps; detailed design,
procurement of confractor, and construction work. However procurement of

_contractor is not discussed here as the procedure @nd schedule vary depending on

the method taken.

Detailed Design

"Preliminary 'engineériﬁg' design has béen conducted by this study and they are
~ presented in Chapter'6, - Detailed design is, however necessary at the next step

before:the constriiction of the system- begins. Detailed design has two aspects,

' 'equipméx‘_it"ahd ‘systém design and installation work design. Different design
"process will be taken for each sub-system and its installation work., Major

activities undertaken during the detailed design stage are:

Design planning

Site survey -

Functional design

Design calculation
Specification writing
‘Preparation of drawings
Preparation of bill of quannty
Cost estimation - '
Final checking

B I BN R N I I I

Duration of the detailed design. depends on the kind and number of equipment and
length of the section. It is estimated as a typical case that a section under one
maintenance office, which is 70 Km to 90 Km in length, requires about eight

‘months for the detalled des:gn assummg that the as- bullt drawing of the road is
avanlable : :



9.3

Construction Work

After a contractor is selected, actual construct:on work of the system hegrns Thrs
stage is grouped into four parts; communication civil work, communication cable
work, roadside facrhty work, and control center f' acmty work, '

1)

2)

I T R I N )

Communicatio_n _ci'vil work_ _

This work is to constrix__c_t;ul_lderground conduit line for communication cable
to be carried out in _the following steps: . -

Work plannmg —
Procurement of materlals
.Transportation of materral_s

', Constructron work

k Inspection and commrssronmg

* % & & 0B

Materials for the work will be procured from either domestic supplier or
foreign. supplier. In the latteér case, sufficien{ time must be allowed for.

- transportation of the materials to the work site including custom. clearance. ,

Trenching work mciudmg, drggmg, condu;t iaymg, handhole . placing and
backfrllmg 18 estrmated to progress 1 Kma day by, one party for earth section
if machme is used Therefore. the work will take about three months for the
section under one. ‘maintenance office. Completed conduit line must be
inspected to ensure debris-free inside,. '

Communication cable work

Communication cable is laid through the conduit by' this work AS composite
cable is used, only one line of cable is laid, The work consists of the following
steps: :

Plannmg
Procurement of cable and materrals
Transportation
Laying and splicing of cable
Testing ,

_ Comm;ssromng

- The cable will be made {0 order by a forergn supplrer S0 that enough trme must
be allowed for transportation. Precaution is requrred during cable laying as

the allowable maxrmum tension of optlcal fiber cable is smaller than the
conventional copper cable. :

9-2



3)

4)

P A R

Chapter 9

Cable is spliced after laying and varjous tests are conducted to ensure the
correct connection and the required cable characteristics.

Roadside facility work
The procedure of roadside facility work is as follows.

Design approval
Equipment manufacturing
Factory test
Transportation
Installation work

Testing and adjustment
Commissioning

The equipmerit proposed by the supplier is reviewed and approved at the
design approval stage. Then the equipment is manufactured, which takes six
to eight months depending on the equipment. Test of the equipment is
conducted at the factory at the presence of the client before shipping.

" Once _t'he"e:quipme_nt' is delivered to the site, they are erected according to the

schedule. Footing and support structure for the roadside facilities must be,
therefore, constructed timely to avoid delay. Each equipment will be

_undergone stand alone test after installation to ensure their operation in

isolated mode.

Controi center facility work .

A similar*pmcédure as the roadside facility work is taken for the center

facilities including compufer sof tware, However, the testing and ad justment
is more extensive and time consuming as the normal operation of each of the
respective equipment as well as that of the whole system must be confirmed.

Facilities not included in the sdpply contract such as the control center
building, power supply, air- condxt;onmg, etc must be compleied well in
advance of the equlpment mstallatmn ‘ :

]Fxgure 9.3.1 shows the 1mp1ementatlon scheduie ofa typncai section covered by one

- maintenance office.” As showr on the figure, deta:led design takes eight months,

_whﬂe construction work needs 22 months resuiting in the total duration of 30

maonths,’ It must be noted however that no time is allotted for the procurement
of the contractor
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9.4  Implementation Program

The staging plan o'f iHe ‘construction program is proposed in Chapter 5 "Traffic

Management Standatds"..

on the following assumptions:

This plan is further elaborated here taking into
consxderatlon the 1mplementation process and the difference in the size of the
system for each sectlon. However, 1mplementatmn of only stages 1 and 2, which
are to be completed by 1995, are programmed here as the 1mplementatxon of stage
3 system is beyond 1995 and depends largely on the future traff ic development,
The implementation prqgrafn'is presented in Figure 9.4.1, which is prepared based

* f the section is already in use, the implementation will start as soon as

possﬂ)le

* ¥a portion of the road section is yet to be constructed, schedule s set in such

a way that the system will be completed at the end of the target year of road

] constructxon

_ * . Contractor procureme_nt period_ of six months is assumed.

* For the road sect:on to be constructed communication cm] work may be done
sxmultaneously with the road construction work but such arrangement is not

_ considered in the schedule.

Jeection/Route:

1990 1991

1993

1995

Alor Setar
Butterworth
Taiping -
Ipoh

Tanjung Halrm

Kajang
Ayer ¥eroh

Ayer Hitem
skudai

Penang Bridge-
Federal Highuay
senai Highway

KL - Karak R{ghuay

New Klang Valley Exp.

Note: mages: Detailed Design
) e : Construction York

Figure 9.4.1: Implementation Programme
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In accordance with the mlplementatson program; annual fmancml requ:rement is

calculated assuming that the cost is incurred uniformly: during the construction period.

- Detailed design cost, system operatxon cost and other project management costs are not

~ included. The results are presented in Table 9.4.1, The column under "1996-" indicates
“the cost for Stage 3 system Wthh wall be mcurred durmg the years 1996 through 2005

Table 9.4.1: Annu’a_!,ﬂ"mam’_:'iai Requirenient o .
' ' S _ Unit: Hillfon NS

Anhual Fihancial‘Reqdirements Total.

Rute 0 TR ez 1993 ek 195 1996

Tolt roads operated by
concession company. |

‘(North-South Expressway,
senai Highway, .New Klang
Valley Expressuway, -
Federal nghuay)

Penang Bridge ] 6.5

Karak Highway - T es

Note:Figures are rounded up.

9_6..



Appendix' :Installatien of Emergency Telephone on Federal Highway from Klang to
Subang Jaya

The need to provide emergency telephones along a highway depends largely on the
design standards and the development conditions along the highway, particularly on the
accessibility  to its _surroundmg areas.  In the Klang Valley Transportation Study,
emergency telephones have been proposed for highway sections to which access is
controlled based on the high level of design standards and the development conditions of
the surrounding areas,

In this study, emergency telephones are faken as bas:c fac:hty to be prov;ded along all
motorways and sections of the expressways that have full access control as the road users
have no other means of seekmg help during an emergency. For sections of the
expressways which have rio full access control and along. which urban development is
rapid, the need for emergency telephones, as one of the essential components of a traffic
management system, decreases in view of the fact that the road users can easily access to
facilities along the expressway in seekmg ass:stance The Johor Bahru-Senai H:ghway is
a case in point. :

With this in mind the study team has re-examined the design standards and conditions
along the f ederal hnghway For the 15 km section from Subang Jaya to Klang, there are
at least 10 access - locatmns 50 far, and many of which are at-grade intersections.
Moreover ‘with the rapid urban development along this section of the federal highway,
part:cul_arly that of Shah Alam, accessibility to facilities during an emergency by the road
users has been much improved. The installation of emergency telephone thus has not been
rec_ommended within the framework of this Study.

However, such a facility would be an added service that could meet the road users’ need
for quicker and firsthand communication in emergency, especiaily to those who are not
familiar with the surrounding areas. In -addition, the appearance of the facility would
give the road users a psychological effect of a safe highway. Hence the study team is of
the opinion that the proposal to install emérgency telephones should be supported from
the viewpoint of achieving a h1gh level of serv:ceablhty for the road users along the
priority roads. : :

For the section of Federal Highway, a total of 26 emergency telephones, 13 on each side
of the highway will be required. The installation location are shown in the location map

~below, The additionat cost for the emergency ‘telephones amounts to about M$429,000.
Additional cost for cabie will not be. mcurred as the cable provided for other equipment
is capable of accommodating the emergency telephones. Likewise is the cost of central
control equipment which are installed at the same maintenance office. The operation cost
for the additional emergency telephones is found to be negligible. The additional cost of
the telephones is reflected in the tables below. -



. ..muﬂa 1103 cmmzumo_ 4233438 m_._u st >m3£m_.x Aeaey. jo ;umcm._ ﬂm
.Eoﬁumm uefuet 31ing-Bueney) >m:mwm.axm SN 30 wgtel mm_UBuE Azmssaudxs A2]1@A BugIX AON (| FSe30N

Wy gar’sis ess’elr - czL'sR Saek'gz sy o etsle [ 1eson
295 uSLfvET 0 9RL4L T 620i0L eBl'z  TEle'y o gt0g o 1esea-ans
évr - 'z szl o's Coooses'z gter . AvMEOIH Yvawy
8s6 - izi’el | u9g'v 51L07¢ ‘gge’z o 0twh o 3D019E ONWMEd
10y 009720 299207 - 9s0'sL _Fpm mN CoveslLy e imnop -gns
AR A T - 865" o " A¥MHDIN éxm@
&5  s0'is gee'sL. ov0's u29's onw...m, | 9'€S - tdaX3 ABTIVA ONYIX MaN
€ w0 SR T 062 St 082 AYMHOIN IVN3S
&5 - siv'zz o usEtel - zeV'm o zelL . U U89'7 o1 . S repys
¢ . 908’82 | cir’sl - Esl'v L €80TV o Lu'g . 568 : WeLH iy
0y gwi’sy oo99etvz . clegfdL . £80°L . 2092 €26 | Youe)y Jahy
€16 6%6'8% los'6L - Emk'y . unl's H0L°L SetsL -~ Buefey
ove o9t . éoz'zz . ea'y 0ib Cone's €08 . wnjey Binfuey
495 . 26l éeg’yz. . - LegllL Lo mew'z - eev'e 98 L yodp
69f . gsl'se ol 9gofzz . o EEliy 219’ sRs's L2 7- TR : Buidie)
g 958’82 . £686L e LR O -« 4 S - -2 3 AN o 74 , y3JoMaalihg
e . ozt zo9'ze. o Eslly ometL . ws0lE - utes Jexds Jovy
: _ o o ST _ AVASSTGX3 H1NOS-HLYON
@3SAS. wo3sA§ < weIsAs T (wyp)

. walsAs - - mc_mwwuo._a SMOLIBULWRSS L] HO11331100 . yaBuan . Uolisas/aihoy

Wy 49d  je30p UOLIBIIUMIIOS  UGLISHJOSU]  UOLIBWJOLUT | - UOLIBWIOU] :

000+ 3H 233U S o o
waISAS-gng Aq SaIWIST IS0 HONINAISUOD T 219D



Table 2: Construction Cost Estimates by Stdge
' Unit: M$'000

Route/Section Length Stage 1 Stage 2 Stage 3 Total
' ckm)
NORTH-SQUTH EXPRESSWAY -
Alor Setar 96.7 29,242 i,197 682 31,122
Butterworth 76.4 0 28,032 324 28,356
Taiping 91.4 0 31,8%2 1,926 33,758
Tpoh _ 87.6 146 46,260 1,486 47,892
Tanjung Malim 90.3 0 38,77 486 31,260
Kajang 5.9 27,039 3,702 8,198 38,939
Ayer Keroh 9r.3 44,661 1,282 G 45,743
Air Hitam 83.5 0 28,300 506 28,806
Skudai 50.1 0 21,426 986 22,413
SENAI HIGHWAY - 28.0 290 667 515 1,472
MEW KLANG VALLEY EXP. 53.6 0 27,641 3,396 31,037
FEDERAL RIGHWAY 15.0 0 1,715 517 1,802
Sub-total B54.8 101,178 222,827 19,023 342,600
PENANG BRIDGE 4.0 9,756 2,400 o981 13,137
KARAK HIGHWAY 6.8 19,080 1,940 0 21,020

sub-total ~ 60.8 28,837 4,340 981 34,157

Total 915.6 530,015 227,167 20,006 376,758

Notes: 1) New Klang Valley Expressway includes 16.6 km of
: N-S Expressway (Rawang-Bukit Lanjan section).
2) Length of Karak Mighway is the stretch between toll plaza.



MAP 1: TRAFFIC CONTROL AND MANAGEMENT SYSTEM PLAN FOR
FEDERAL HIGHWAY

FEDERAL HIGHWAY IBERKELEY ROUNDABOUT TO SUBANG AIRPORT INTERSECTION-15.0 Km |

TO SUBANG AIRPORT
SHAH ALAM

BYPASS

NORTH KLANG STRAITS

G F
TO KLAN e TO PETALING
Ll JAYA
TOLL PLAZA
TOLL PLAZR {10 Lane ) SUBANG JAYA
{10 l.ane )
b 4.5 L 15§ 2.3 P s K 5.2 £
SERVICE AREA
TRAFFIC VOLUI;IEU/DAY N 1995 ’ 46 000 Level | 143 000| - Level 1| N
PCU/DAY IN 2005 70 600 Level 2 {190 600 Levetl 2
Control Centre. Rfﬁionci_ _ S
Commu"‘c@rrg%ﬁﬁ? Maintenance To| New Klang Volley Expressway
Sub cenire Office g 1 : - .
===z Trunk Line Communication - ~ - : ]
[ e W) Network : e _ : - - -
~ Emergency Telephone ¢- e :g ' ' _ N
Vehicle Mainfine (@) ©
Detector On ond Ott -ramp
Weather Observatory Equipment
{ Rain_gauge, anemometer )
Camera
Tunnel
Radio Broadcasting
Upstream of .
Malnline Oftf -ramp
( Type A) l_{ppstroam ot
Changeable SRR ”"_""' -
Messoge ' Intermediate of 'IC
Sign _ — . —
Access Road { Type B)
Toll Booth - (Type C ) E @*3""3" @3’3*.‘;
Changeable Speed Limit -Sign
Highway Radio
Imformation Counter of The Service Area|
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NEW KLANG VALLEY EXPRESSWAY

FEDERAL HIGHWAY

- |
L}

-

| SFC
SBG J

1 30

130

510

&
- e}

[ 8-50 . 5:30 ; 15.20 1. 020, 480 b 220 4 ; —
70 N.5. JUNGTION
COMPOSITE CABLE - ,0SM+561+GCP.09- 40P ] 5SM.5GI+ccPO-9- 40P 1 OSM £ 5GLs CCP 0-9- 40P (29 Skm} ]
CONDUIT - LINE - {10-6km} VE 54(2) (8-6km} VE 54(2) VE 5412 !
HANDHOLE  {UNIT) | 70 . 30 —
FOUNDATION OF : 70 . - -
EMERGENCY TELEPHONE
{UNIT?}
EXPLAMATORY NOTES
O:MAILTENANGCE OR REGIONAL OFFICE CH
‘ ))"M‘Q“L—Q“:}TRUNK LINE CH :?g :?33'&'352 or ;?ziisns
| | L= it B o
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EXCLUSIVE TELEPHONE aw |1 1! 5P 5) 5PL5) (e} ' B 1) &
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