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(1)

{2}

{3)

DESIGN STANDARDS

Road Design Standards
Design Speed

The design speed for the Project Road is recommended to be 80 km/
hr. due to the following reasons:

The Project Road is characterized as an Intra-Urban Primary Dis-
tributor.

a.

b. The Project Rozd would be directly connected to the Toll Ex-
pressway at both ends of this Road which has a design speed of
100 knv/hr. From this viewpoint, the design speed of the Pro-
ject Road should be less than that of the Toll Expressway.

The design speed of the Eas.t-West Highway Supporting Road was
designed to be 80 km/hr. This road is characterized to be the
same as the Project Road.

Design Vehicles

For the purpose of geometric design, a semi-trailer is selected as the
“design vehicle” due to the characteristics of the Project Road.

Geomelric Design Standard

The 'Maiaysian design standard is developed originélfy for roads in the
rural aress. In this study, 3 comparative analysis between the Malaysian
design standard, AASHTO and the Japangse Standaid was made. As a
result, it is concluded that the Malaysian design standard is apphcabte
for not only roads in rural areas but a'so for those in urban areas. The

geomelri¢ design standard recommended for the Pro;ec! Road is
shown in Table 4.1,

Tebiz 4.1

DESIGN STANDARD -
items Unit Description

Recommended Group - M —-06

Des:gn Veh!cles L o - Al type of vehicles
_Design S Speed o Km;j}. T
. Camagw.va-f width o m | 3.75 each lane
Centrat Reséevation T m 3.50 each lane
Shoulder Width HN ~

—Right should:s i m_ T 05

_~—Left shouldes T m 240
_Maximum Gradient % N 4

Critical Grade Length e [ T3a3

" Stopping Sight Distance m w5 T
Passmg Sight Distence T o T 540

Minimum Radivs =~ m 210

~_Transition Curves Length :_: l@_ L__L . 72 )
-_Vertical Curves {crest) — T 255

Vestica) Curves (S33) -z T 225
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4.4.2 Bridge Design Standards

(1} Specifications

The standard specifications for bridges and other structures are based

on the

specifications of the British Standard Institution andfor the

Public Works Department {IKR).

They are as follows:

1) Loads

&,

Live Load

Design HA loading or Oesign HA loading combined with
design HB loading of 45 unit,

b. Longitudinal Force on Bridges
Gitder Span HA Loading HB Loading
below 3 meters 10 tons —
above 3 meters 10 tons plus ¥ ton for 45 tons for a8l
each 0.3 meter of span spans
over 3 meters but not
exceeding 25 tons
c. Wind Load
On untoaded structures 150 kg/m?
On loaded structures 45 kg/m?
d. Temperature Et{ect
Coefficient of expansion being 0.0000065 per degree Fahren-
heit.
e. Elfect of Earthquakes
Not considered.

{2) Navigation Opening

The navigation opening for passage of ships is an imporiant design

criteria

for the bridge across the Prai River. The following cases of

navigation opening used in this study is decided upon after discussion
with the two shipyards, i.e. Hong Leong—Lurssen Shipyard and PPC
Bagan Dalam Dockyatd, with confirmation from the Technical Com-

mitlee,
Cate A

Case B

: Minimum Clearance width 60 meters

Vertical clearance height 25 meters above HHWY
1 Minimum clearance width 60 meters

Veilical clearance height 16 meters above HHWY
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(1}

{2}

444

445

Case C : Minimum clearance width 60 meters
Vertical clearance height 3.5 meless above HHW

Intersection Design Standards

Atgrade interseclion

The At-grade intersection design standards are adopted from “A
Policy on Design of Highways and Arterial Streets” (AASHTO).
Interchange

The interchange design standards are adopted from "A Policy on
Geometric Design of Rural Highways™. The design spead of ramgp is
adopted to be 40 km/hr.

Pavement Design Standards

Asphalt concrete pavement design standards are based on the “Manuat
for Design and Construction of Asphalt Pavemant, 1980 (Japan Road
Association)” while “Asphalt Institute of U.S.A.” and “Shell Pave-
ment Deésign Manual”* are also referred to,

Drainage Criteria

- The Malaysian Drainage Standard, contained in the “Urban Dramage

45
45.1

Des:gn Standards and Procedures for Peninsular Malaysia® is adopted
as the basic data.

ALTERNATIVE ROUTE STUDY

Route Location Policy

The Project Road is defined as an Intra-Urban Primary Distributor in
the Bulterworth Metropolitan Area. Considering the present condi-
tions and future developments of the area infiuenced by the Project
Road, the following route location policy is set up:

3. The hosizontal alignment shall be sét taking into account smooth-
flowing tralfic flow, utilizing the existing right-of-way, minimiz-
irig the cost of the Prai River Bridge, minimi'zing the demolitibn
of land and properties and preserving the eavironment in lhe
affected areas as much as possible.

b. Connections with the existing roads shall be limited because the
Project Road is serving longer-distence travel as well as freight
tratlic coming in and out of the North Bulterworth Container
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{1

Wharf and the existing Butterworth port, However, minor roads
will be connected to the service road of the Project Road where
only turning to and from the service road Is allowed and crossing
is prohibited. In this connection, U-turns will be allowed only at
timited median openings.

¢. Atgrade or grade-separated intessections using signal control
system shall be provided in the intersections with the main roads.

Proposed Route Alternatives

It is possible to classify the study area into three {3) areas or sections
having different characteristics as shown in Fig. 4.5. The route loca-
tion of the Project Road is studied by each section as follows:

A—B Seciion

Topographically, the corridor of this section is of flat terrain which is
mainly a residential and industrial area. {Refer to Fig. 4.6 and Pholo

1).

Taking into account the crossing of the Prai River, the connection
with the Ferry Termina!l and the existing Buttenworth Port and the
linkage with the Prai Industrial Estale and the planned and on-going
housing schemes, the following three {3) alternative routes are pre-
liminarily proposed to determine the optimum route:

1} Route ‘A’

Route ‘A’ is the Improvement of the existing Jalan Prai and Jalan
Chain Ferry from a two lane carriageway to a four tene catriage-
way. {Refer to Photo 1)

2} Route '8’

Route ‘B’ is the improvenment of the existing Salan Prai {Refer to
Photo 2} which passes over the Prai River between the Malayan
Ratlway 8ridge and the PPC Bagan Dalam'Docﬁyard (Refer to
Photo 3) and is connected to the front of the ferry terminal {Refer
to Photo 4). Due to the two dockyards located along the Prai
River, three alternative type of bridges namely high level bridge,
medium level bridge, tow level bridge and undeswater tunnel are
proposed as alternative mean 10 cross the Prai River.
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3) Route’C’

Route 'C’ is directly connectéd 10 the North Butterworth Con-
tainer Wharf and the €.B.D, of Butterwoith 1o the southern pant
of the Toll Expressway. A part of this routa is the improvement
of the existing Jalan Presusahasn in the Pral Industdal Estate,
And the other part will pass through the Prai Industrial Estate,
Malayan Railway yard and across the Prai River and Railway
bridge to the viaduct. {Refer to Photo 1)
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(2) B-C Section

Along this section, there are some development plans i.e. the North
Butterworth Container Wharf planned by the PPC, East-West Highway
Supporting Road planned by the HPU and some housing plans by
private developers {Refer (o Photo 5). Taking these plans into ac-
count, the three alternative routes are located, that is, Route ‘D,
Route ‘E’ and a combined route of Route ‘D" and “E’. {Refer to Fig.
4.7 and Photo 5, 6).

1)

2}

3}

Route ‘D’

Route ‘D’ is planned to pass through the existing seashore {Refer
to Photo 7, 8 and directly connect to the North Butterworth Con-
tainer Whaif and the East-West Highway Supporting Road. Some
approach road which connects to Jalan Bagan Ajam will be re-
quired.

Basically, the atignment of this route will follow that of the road
already proposed by the M.P.S.P.

Route *E*

This route will be the improvement of Jslan Bagan Luar and Jalan
Bagan Ajam. Since there are many buildings slong the existing

road the land acquisition is expected 1o be relatively difficuit and
compensation will also be very high.

Combined Route D and £

This alternative consists half the length of Route ‘D in its south-
ern portion and half the length of Route ‘E’ in its northern por-
tion.
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{3) C-—D Section

Along Jalan Sungai Dua, there exists a Chinese cemetery, sorne mos-
ques, 3 high density housing area, padi fields and the water supply
pipes for Penang Island and Butterworth Town.

Taking into account the above-mentioned matters, the two alternative

routes are located, that is, Route 'F* and Route ‘G’. (Refer to Fig.
4.8 and Photo 9, 10).

1)

2}

Route 'F’

Basically, this route is the improvernent of the existing Jalan
Sungai Dua and will be connected to the Inter-Urban Toll Express-
way which is planned by the Highway Authority. The water pipes
mentioned earlier which are located on both sides of the road, are
very big and it has been concluded, after a discussion with the
Penang Water Authority, that removing the d 54" water pipe is
relatively difficult. Therefore, ¢ 54" water pipeline will remain
and it will be located under the shoulder of Route 'F°,

Route ‘G’

There are many houses located atong Puyu Village and the existing
road here is very narrow. As such, Route ‘G’ will pass through a
padi field and a coconut plantation 2rea, avoiding the widening of
the narrow road and the demolishing of the houses,

All the above mentioned alternative routes (Refer to Fig. 4.5} were
discussed at both the Technical Committee Meeting and the Steering
Committee Meeting.
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{1}

{2}

Screening of Alternative Routos
General

All the alternative routes mentioned earlier, three {3} alternatives in
the A—B section, three {3} in the B—C section and two {2) in the C--D
section, are evaluated in this section. The evsluation of these alterna-
tives is made from the téchnical, environmental and economical

“{minimum construction cost} viewpoints.

The comparison of the alternative routes ate described below:

Comparison of the Altérnative Routes
1) Route ‘A’, Route ‘B’ and Route ‘¢’
a. Economic Aspect

Construction ¢osts of Route ‘A", Route '‘B° and Route 'C”
are estimated to be M$25944,000, M$46,568,000 and
M$57,856,000 respectively.  Judging from these figures,
Route ‘A’ is obviously the feast expensive route to construct,

b. Technical Aspect

Route ‘A’ is comparatively more difficult to implement than
Route ‘B’ due to the disturbance to the teaffic flow during the
construction period. In Route "C’, it is comparatively difficult

. to construct the viaduct structure over the Matayan Railway
and its yard.

Route ‘A’ Is not expected to have smooth traffic flow since
the route passes through the urbanized aress. However, Route
‘B* and Route ‘C’ are expected to have smooth traffic flow.

Route ‘B’ and Route ‘C’ have more suitable alignment thaa
Route ‘A’ in terms of configuration of network palterns.

It is additionally réquired to construct a new bridge with the
same level as the existing Prai River Bridge in Route "A’. But
in Roule 'B’ a new high level or medium level bridge on the
Prai River is required 1o be conslrubled,' in Route 'C’ 2 via-
duct over Malayawata Steel, Malayan Railway a5 well as the
Prai River Bridge is required t6 be constructed. In order to
ensure a smooth traffic flow in Route ‘A, it is necessary (o
construct Targe scale fly-over structures at the Prai Round-
about and the Ferry Terminal Roundabout.

¢. Socio-Environmental Aspect

from the viewpoint of a possible discuption of the existing
community, it is anticipated that Route *A* will cause disrup-
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tion to the existing communily since it wilt affect many
houses along Jalan Chain Ferry. Route ‘B’ and Route G’ are
expected however 1o have very little disruption on the com-
munity.

Route ‘A’ is anticipated to affect the Butterworth Market as
well as the commercial buildings along Jatan Chain Ferey.
Route 'C’ is éxpected to affect the areas of Malayawata Steel
and the Malayan Railway. The socio-eavironmentat impact of
Route "B’, however, is not significant.

Table 4.2 shows the comparison of these alternative routes.

Table 4.2 COMPARISON OF ALTERNATWVE ROUTES {A-BSECTION)

Ttems Route “A’ Route ‘B” Route ‘'C’
ength 6.000 km 4610km 5.200 ke
P Improvement of the | New Construction & New Construction &
< Existing Federal Improvement of Jatan | tmprovement of Jalan
5 Rouvle 1 Prai Perusahaan
O Hand Use Developed Asea Oeveloped Asea for Oeveloped Area of
Residential and Indusiry and Trans-
Transportation portation
Construction Comparatively Eaty Comparatively
Condition difficuft dilficult
g Traffi¢ Flow Not Smooth - Smooth Smooth
§ fletwork Pattemn Not Susitadle Suitzble Suitable
3 Msjor Struciures Two Large-scale High Level or Medium | High Level 61 Medium
£ Fly-over Structures Leve! Bridg: on Prai Level Bridoa on Prai
2 and a Low fzvel River River with viaduct
L Bridge Steucture over
Matayawata Steel and
Matayan Railway
£ Disruption of Anticipated SmaHl Small
E Community
2% lep_acls on Exist- Markets, commeecia) | Insionificznt Melayasata Steel and
Z 2iing Urban facility Buitdings 2nd Houses Malayan Rallway
wa affected affected
> ——
g Impacis on Urban Some problems Insignificant Insigmficant
- [Eavironment
S |Construction Cost | M$§18,767,000 M$44.374,000 11$64,462,000
B o:lLand Acquisition | M$§ 7,122,000 MS$ 4,195,000 M3 3,374,000
£81& Compentation
§ [rora 525,044,000 M$48.563,000 M$57,856.000
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2) Route ‘D’, Route ‘E* and Cornbined Route ‘D’ and *E’

2.

Economlc Aspect

The construction cost of Route ‘D', Route ‘E* and com-
bined Route ‘D’ and “E’ is estimated to be M$38,886,000,
M$64,186,000 and M$38,130,000 respectively, showing that
Route ‘D’ and combined Routes ‘D’ and *E’ are cheaper than
Route '£°.

Technical Aspect

Route ‘€’ passes through along the existing Jalan Bagan Ajam
where many houses, conunercial buildings and institutional
buildings exist, therefore, problems in land acquisition can be
anticipated. On the other hand Route "D’, passing through a
seashore area, will have a smaller land acquisition problem.
The combined Route ‘D’ and ‘E’ passes through along the
seashore area and the existing Jalan Bagan Ajam; therefore,
the land acquisition in this combined route is expected to be
comparatively easy.

From the viewpoint of ensuring 3 smooth traffic flow, Boute
‘D" is the best. This is because it can be segregated function-
ally according to long-distance, short-distance and commupity
and freight traffic,

From the viewpoint of providing on alternale road which is
important in Road Planning in terms of ensuring space for
emergency or security vehicles, Route "D’ is also superior (o
Route 'E’ and combired Route ‘D’ and "E".

Socio-Environmental Aspect

From the viewpoint of disruption of community, Route 'E’ is
expected to affect many houses along Jalan Bagan Ajam.
Many commercial buildings and institutional building would
atso be affected by Route 'E”.

The combined Route ‘D’ and "E” requires the removal of many
houses along Jalan Bagan Ajam. On the other hand, Route
‘D’ requires the cemoval of only few houses.

The comparison of these alternative routes in the B—-C Section
is shown in Table 4.3.



Tsble 43 COMPARISON OF ALTERNATIVE ROUTES (8-C SECTION]

) e Comblned Route
ftems Route ‘D' Route ‘E *D* and “E*
Length 5.535 km £.150 km 6.385 km
Plan New Construction tmprovement of Jalan | New Construction and
g Bagan Ajam tmprovement of Jalan
B Bagan Ajam
2 T — :
O [Land Use Seashore Asea for Oeveloped Areafor | Developed Area for
Open Space and Residence and Com- | Residence and Com-
Recrestion mejce merca
-~ Construction Easy Easy Easy
§ g Condition ) .
-g 3 Traffic Flow Smoath Not Smooth Comparatively smooth
F [Network Alternative of No Alternative of Pastial Altetnative of
Pattern Federal Route § Federal Route § Fedetal Route 1
% |Disruption of Small Anticipated Not significant, but
£ {Community ‘ anticipated
£ llmpacts on tnsignificant Many shops and Some houses are
2 B[Existing Urbsn houses are affected alfected
| ¥ Feciity o | o
'Y [tmpacts on Usban | Park and Open Space | Anticipated Anticipated
‘G {Environment along s=ashore area
€§ : are alfected .
S [Construction Cost| M$30,751,000 11519,362,000 14$22,183,000
§ o Mand Acquisition | M$ 8,135,000 1$44,624,000 M$15,547,000
&8 & Compensation
§ Total $4838 886,000 ME64,186,000 M$38,130,000

3) Route’F and ‘G’

a.

Economic Aspect

Construction costs of Route “F* and Route ‘G’ are estimated
to be M$16,239,000 and M511,748,000 respectively. Con-
sidering these costs, it is cléar that Route ‘G’ is cheaper than
Route "F’.

Technical Aspect

Two water pipelines of 24" diameter and 54** diameter have
been located along the existing Jalan Sungai Dua on both
sides. For Route ‘F’ to be constructed, the 24" diameter
waler pipe will have to be removed, but Route G will not need
to remove it.

Many small houses are located allcng the existing Jalan Sungai
Dua in Sungsi Puyu, but there are comparatively few houses
along Route 'G’. Therefore, land acquisition of Route 'F*
is more difficult than that of Route ‘G”.
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3} Eavironmental Aspect

From the environmental aspects, Route ‘G’ is slightly better than
Route ‘F’ because Route ‘F* passes through the center of the
existing community, but Route ‘G’ passes through a coconut

plantation and padi field.

The comparison of these alternative routes in the C—D Section

is showm in Table

44,

Tsble 44 COMPARISON OF ALTERNATIVE ROUTE (C-D SECTION)

Items

Route ‘F* Route ‘G’
JLength 4450 km 4350 km
2 [PMan Improvement of Salan New Construction
5 Sungai Dua
© rand Use Kampong Area Agricuttural Area for
Padi and Coconut
Construction Condition 2 Water pipes (24 inches Easy
= and 54 inches) are
3g affected
D
;_.3.2 Traftic Flow Smooth Smoath
Network Pattern —
;:g Disruption of Community Anticipated Smail
o . !
‘é‘f?: bmpacts on Existing Urban | Smafl houses in Kampond  Insignificant
13_‘_6 Facility Ares are alfected
e
35 Impacts on Urban Anticipated Small
E|Environment
g [Construction Cost #$10,806.000 M$8,883,000
B 1Lsrd Acquisition & M$ 5.433,000 14$2,865,000
-'258 Compensation
8 Total 21516,239,000 511,748,000




{3} Results of Screening

From the results of the comparative analysis mentioned above, the

following conclusions can be made:

a.

Route ‘B’ seems o be 3 better route than the others. However,
it is still required that Route ‘A’ be examined in the economic
evaluation because construction cost of Route 'A’is clearly
cheapér than that of the others. Although Route 'C’ is the most
expensive foute, it may be 'generaling more bénefits than the
others. The selection of these thiee alternatives, therefore, is
teft to the economic evaluation.

The comparative analysis shows that Route ‘E’ is clearly not
recommendable in térms 6f consteuction cost and environmental
aspects. Regarding the other alternative routes, the difference
in construciion cost between Route "0’ and combined Route ‘D’
and ‘E* is only M$0.7 mittion (the former route is higher than
the Taltér one), but, the former routé may cause less social and
environment pfoblems and may prepare an allernative to the
Federa!l Route 1. Considering the above, it is recommended that
voute ‘D’ is better than the combined Route ‘D’ and *E’. However,
the choice of these two alternatives is left to the economic evalu-
ation in the later stage.

It is recommended that Route 'G” be selected as it has a lower
construction cost, small environmental problems and does not
entail any shifting of the 24’ diameter water pipe.

Fig. 4.9 shows the remaining alternative roules which will be further
evaluated for a final choice of route for the Project Road in the
economic evaluation sec¢tion in Chapter 7.
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STUDY OF ALTERNATIVE STRUCTURES FOR THE
PRAV RIVER

4.6.1 General

Based on the field investigations conducted, the design criteria eslab-
lished and the alternative routes selected, the alternative structures for
the Prai River will be established in this section,

Among the alternative routes, a structure on Route “A’ can be const-
ructed parallel and with a navigation clearance height of equallevel as

the existing one. Therefore, it is not included in this section. How-

e\iér‘,-_‘ in floute ‘B’ and Route ‘C" new alternative structures for the
Prai River have to be established.

462 Altemative Structures for the Prai River

The most critical condition in the design of the Prai River crossing
structure on Route ‘B’ and Route 'C’ is the navigqtion opening. This
can be either:

“a. Aclearance height of 25.0 meters

b. A elearance height of 16.0 meters
c. A clearanoe height of 3.6 meters

With this eritical condntaon the slructu;e lypes for lhe Prai River can
either be as follows:

a. Bridge Type
b. - Tunael Tvpe

For the bridge lypé, either one of the follomng types oi bridge may
be constructed: '

a. Fixed Type of Bridge
b. Movable Type of Bridge

Table 4.5 shows the altersiative structure plans in which the above-
menlioned alternatives are summarized.
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Teble 45 ALTERNATIVE STRUCTURE PLANS

Noviat Struciure
{ .
3 m(:;;nsalion Fixed Movable
ced
Free passage for all ships | High Leve! Bridge (1) Medium Leve) Bridge
am? no specific compen- | Righ Level Bridoe (2) Low Level Bridge
sation need Underwater Tunnel
Limit passage of some or | Medium Level Bridge
most of ships and compen{ Low Level Bridge

sation is necessary for the
Hong Leong-Shipyard and

the PPC Dockyard

Mote: 2. High level bridge refers to bridge with a clezrance height of 25 meters
b. Mzdium level bridge refess to bridge with a efearance height of 16

meters

c. Low level bridge refers to bridge with a clearance height of 3.5 meters

Based on the alternative ptans mentioned above, the initial structure
plans on Route '8’ and Route ‘C’ for the Prai River are designed and
are shown in Table 4.6,

4.6.3 Scieening of Alternative Structures

The alternative structure plans for the Prai River are analyzed com-
paratively from various viewpoints. The alternative ptans are shown

in Table 4.7,

The following conclusions can be derived fror Table 4.7.

a. From the viewpoint of the function 2t the Project Road {mention-
ed in Section 4.3), the fixed type bridge is cleasly better than the

movable one.

b. The underwater tunnel plan is eliminated because of its extremely

expensive construction and maintenance cosl.

c. Judging from minimum cost criteria, the high level bridge (type 2)

and the medium level bridge are selected.
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Table 4.7 COMPARISON OF ALTERNATIVE STRUCTURE PLANS

Alternative Construction Shifting of , .
Plans Cost lms;m) Sh?pyard Other Veewmmu
B-1§ High Level 54,681 Not necessary to -
Bridge (1) shift shipyards
B-2| #igh Levet 40,839 ~do— -
Bridge (2)
8-3 | Underwater 128,036 —do- Technically possible,
Tunnel but rather hard to
construgt
Maintenance and
operating costs of
tunnel zre required
8-4] Medium Level 45,660 Shifting of Hong —-
Bridge Leong Shipyard
is necessary
©la-5] Low Lewel 52656 Shifting of both -
& Bridge H.L. and PPC
3 Dockyard is
o« nECEssary
B-6] Medium Level 38917 Hot necessary to | Mecessity to control
Bridge shift Shipyzrds traffic on the bridge
{Movable} while the ship is
passing through the
bridge
ttaintenance and ope-
rating costs of bridge
are 2d8ditionslly
required
87| Lowlevel 33,078 _
Bridge ~Go- —do
{Movable)
Dlc-1] High Leve! —do— -
e Bridge 51,717
3 . Shifting of Hoog
i C--2| Medivm Level 52857 Lc—ongn%hipy 2d -
Bridge : is necessary
Note:

Construction Cosls are the total costs of the Prai Roundzbout Fly-over

Bridge, the structures for the Pral River and the Chain Ferry Fly-over
Bridge, end also includss the compensation costs for the shipyards.

.



4.7
4.7.1

472
{1}

{2}

PRELIMINARY DESIGN

General

The design of the Project Road is made based on the alternatives
selected and the topographic maps. The scale of each design is shown
in Table 4.8.

Table 48 SCALE USED iIN THE DESIGN OF THE PROJECY ROAD

ftems Seale Remarks

Plan 1 : 3000 Topographical Map
g:;dm Profile H-1 : 3,000
V=] : 500
Cross-Section 1: 2060
Typicat Cross-Section 1 : 100
Intéssection Design 1 : 500

Bridge Design t: 500 Susvey Map

The map of scale 1 to 3,000 used in the design is enlarged to map of
scale 4 chain 1o 1 inch with supplementary surveys conducied.

Atignment

Horizontal Alignment

a.

Following the result of the route location study, the horizontal
alignment is designed on the topographical map of scale 1 : 3,000.

The atignment of the improved existing road is almost the same
as that of the existing slignment, but parts of the road with small
radii have been improved.

The part across the Prai River is designed to be a steaight tine which
will decrease the conslruclion cost for the tong span bridge.

Vertical Alignment

3.

Taking into account the critical grade length, the maximum gradi-
ent of the Prai River bridge is adopted to be 4.00%.

Taking into account the drainage system, the minimum gradient is
adopted to be 0.3%, but the part where there will be improvement
of the existing road and $eashore area the gradient is adopted to be
0.00%. In this section the deainage itself will be a slope.

c. The minimum vertical clearance is adopied to be 4.75 meters.
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d.

Taking into account the need for resurfacing, the proposed height
of improvement of the existing road is established,

From the viewpoint of construclion cost and wave height, the pro-
posed height of the seashore area is estirnated to be 2.5 melers.

The proposed height of the project road through the coconut plan-
tation and padi field in Route G should be 1.0 meter over the ex-

isting ground level in order to protect the pavemnent from corro-
sion by the water,

4.7.3 Cross-Saction

(1) Cross-Section Planning Policy

1) Basic standard to be used
On the basis of A Guide to Typical Standards Used in Highway
Design Unit JKR/${Rb) 00056/80, the typical corss-section is
made, paying atleations to the characteristics of teaffic condition,
land use, environmental and economic aspects.
2} Number of Lanes
On the basis of the resulls of traffic assignment and design capa-
city, the following number of lanes are proposed and are shown
in Table 4.9.
Table4 9 ODESIGN CAPACITY
Item Number of Capaaity Ltevel of Destign Capacity
Lane {P.CU./I2y) Seevice APC U fSay}
4-Vane 12,3800 0.75 54 600
- Highway Section
6-Tane 102,200 0.75 81,000
Note:  The level of senvice for the Project Road is employed as
tevel IV,
3) Carrtageway Width

The ¢arriageway width of one fane is adopted to be 3.75 meters,
the reason being:

a. The Project Road would be connecled to the Toll Expressway
and the EastWest Highway Supporling Road. The carriage-
way widths of these roads are 3.75 meters. The Project Road,
therefore, is planned 1o b2 of the same widih in order to be
compatible with these related rosds.
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4)

5)

6)

7)

8}

b. Taking into account the traffic characteristics on the Project
Road, a lot of freight traffic are expected to pass through on
this Road, thus it is desirable to have a wider carriageway.

Central Reservation Width

The central reservation comprites a median strip and a right side
shoutder. The central reservation width is adopted to be 4.6
meters in this study in order that trees can be planted to maintain
3 good environment,

Shoulder Width

A shoulder is the portion of the roadway which is continuous with
the road for accommodating vehicles that need to stop during
emergency. It also functions as a tateral support of the base and
surface courses,

According to the JKR standards, the shoulder width of group 04
and 05 are 2.5 meters and 3.0 respectively. However, the width
of shoulder is adopted to be 2.0 meters in the study. By reducing
the Right-of-Way width, construction cost ¢an be minimized.
Within this shoutder width, it is possible to accommodate light
vehicles such as motor-cycles and bicycles.

Service Road Width

It is recommended that a service road should basically be const-
ructed along the Project Road. The service road should have a
width of 6.0 meters and should be a two-way street. In this study,
however, a service road is not designed,

Buffer Zone

It is desirable to provide a buffer zone along the Project Road. An

environmental study has been carried out and necessary buffler
zones are prepared.

Right of Way

The width of the rightof—-.-my is adopted to be 30.0 meters, 40
meters and 58.50 meters according to the number of lanes and
locations {See Table 4.10).
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(2] Cross-Section

Based on the elernents of cross-section compenents applicable to the
Project Road mentioned in Section 4.4, the typical cross-section is
presented in Table 4,10,

It is proposed that two alternative plans of cross-section be applicd
to the Project Road.

i) Plan i

A six {6}—tane road fram the Toll Expressway to the Prai Round-
about and a four {4)--lane road for the other parts of the Project

Road,
2} Plan2

A six (6)tane road for the Toll Expressway to the North Bulter-
worth Container Wharf and a four (4)—!ane rozd for the other
parts of the Project Road.

Fig. 4.10 and Tabte 4.10 shows plan 1 being applied to the Project
Road.

Table 4.10 TYPE OF CROSS-SECTION

Typcal . 4300
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4.74

Intersection Design

{1) General

The Project Road is a primary distributor in an intra-urban area so the
operaling speed should be higher than that of the existing road and
has to be able to provide a srmooth traffic flow. Generally, the type of

intersections of the Project Road in relation to the other roads are
shown in Table 4.11.

Table 411 TYPE OF INTERSECTION

Intersection of Atgiade intersection Grade
Bultergg::n Ring I"Nonsignatized Signatized Separation Remarks
10 Iater-Urban Pri-
mary Distributor X X &
to Intra-Urban Pri- X X O
mary Distsibutor
to District Distri- '
butor X O X
g)o";eos?fltgnag X X X soeess control
to Approach Road X O X
Note: C ~ to establish intersections
X — nottoestablish intersections
(2) Location of lntersection
The tocation and type of intersection are shown in Fig. 4.11. Five {5)
grade separated intersections namely intersection A, B, C, B and B
and five {B) at-grade intersections namely &, F, G, { and J are located
along the Project Road.
{3} Interchange
Four {4) interchanges have been planned on the Inter-urban Toll Ex-
pressway 3s interchanges K, 1, M and N. These interchanges were
planned to be full service interchanges by the Highway Avuthority of
Malaysta.
(4} intersection Design

Based on the turning movement talfic volume {see Appendix C] the
following intersections are designed.

1) A-intersection {Refer to Fig. 4.11)

A-intersection is situated between the Project Road and Jalan
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2)

3}

4)

5)

6)

Chain Ferry. From the viéw‘poinl of road hierarchy and the re-
sults of the calculation of the Phase Rale a1 signalized intersec-
tions, this intersection is planned to be a grade séparalcd inter-
section,

B-intersection

B-intersection is siluated between the Project Road and the exist-
ing port. From the viewpoints of traffic contro! of the incoming
and oulgoing traffic flow of the existing port, the results of the
calculations of the Phase Rale at signalized interseclion, and in
addition to the discussion with the JKR, MPSP, PPC, this inter- -
section is pfanned to be a grade separated intersection.

Cintersection

C-intersection is situated in front of the Ferry Terminal. From the
viewpoint of traffic control of the incoming and outgoing traffic
from the Fercy Terminal and from the results of the discussion
with JKR, MPSP, PPC, this intersection is planned to be a grade
s#parated intersection.

D-intersection _

D-intersection is situated between the Project Road and the £—W
Highway Supporting Road and both roads are classilied to be pri-
mary distributors. From the viewpoint of road hierarchy and the
results of the calculation of the Phase Rate in the signalized inter-

section, this intersection is planned to be a grade separated inter-
section.

H-intersection

H-intersection is situated between the Project Road and Jalan
Bagan Ajam. As aresull of the calculation of Phase Rate on signa-
lized intersection, this intersections is pfaoned to be a grade sepa-
rated intersection.

E, F, G, 1 and Jintersection

These intersections are situated between the Project Road and the
locat distributors and the traffic volumes at these intersections
are not very lasge. - As a resuit of the calculations of the Phase
Rale on signalized intersections, these intersections are planned to
be at-grade intersections.
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475

Maximum Embankment Helght

(1} Calculation of Circular Slip Safety Factor

On the approach to the bridge and the approach to the overpass, a
study on the circutar slip of the embankment Is made.

Soil condition is as in the Geotechnical fnvestigation data,

The allowable safety factory for circular slip is Fs = 1.2. The water
level used in this calculation is the water leva] in the borehole.

The results of calcutation are indicated in Table 4.12,

Table 412 CIRCULAR SLIP SAFETY FACTOR

E"a‘“g}f“"“ —| 8H-no.| Fitt —neigt™| sotety Factor Check
e .
- ' =1.07<Fs=1. t
Prai River BH-1 7.00 : F ‘_'OT( s '? Ou
6.00 F=i.?9>Fs=l.‘2_ Safe
_ : Fo102<Fe14 .
FerryTerminal | BH -3 7.00 10-2< s=1.2 Out
6.00 F=1.30>Fs=1.2 Safe
Bagan Ajam BH-6 700 F=142>Fs=12 Safe

As a result the calculation of circular stip, it is satisfactory to consider

the fill height at Prai River, Ferry Terminal as 6.00 m and that at
Bagan Ajam as 7.00 m.

{2) Calcutation of Consétidation Settlement
Consolidation settlement is calculated using three different embank-
ment heights such as 2.0 meters, 4.0 meters and 6.0 meters.
The results of calculation are indicated in Table 4.13.
Table 4.13 CONSOLIDATION SETTLEMENTY
N Fill Depth (cn)
it ~No. ig? :
Site BH-No Height si 52 s3 52 St
P _ 6.00 15 50 | 60 50 5
Rives 8H-1 1.00 —~ 36 1 38
2,00 - 15 20 15 -
. 6.00 20 97 120 97 20
Ferry | 400 - 35 66 a5 -
- BH-3 '
T inal ’ I
erminet | 2.00 - 12 20 | 12 -
7.00 22 70 80 70 22
Bagan 8i-6 800 | 20 59 72 69 20
Ajam ] a0 |- 34 51 3 -
200 - 18 29 18 -

T



{3)

476
{1

As a result of the calculation, the deplhs of consolidation setlement

of heights 6.0 m, 4.0 m and 2.0 m are about 70 cm, 40 cm and 20 ¢m
respectively.

Conclusion

From the viewpoint of circulation slip, if the embankment height is
taken to be 6.0 m, the consulidation settlement is very great, up to
120 c¢m in depth. Insuch a case, some kind of improvement to the
soil foundation should be made to prevent such sinking. However,
if a height of 4,0 m is used, the consolidation settlement is only about
40 cm. Assuming a 80% sinking, only 8 cm will rernain. This is the
sllowsble value for road construction. Hence a maximum of 4.0 m
is adopled for the embankment in this study.

Design of Revetment
General

Revetments constructed in the cosstal area may be roughly divided
into the following three types of structures:

a. Sloping faced type revetment,
b. Vertical faced type revétment.
€. Composite type revetment.

The three types of structure can be described as follows:

1} Sloping fzced type revetment

The sloping faced type of revetment is often constructed on soft
ground as the surcharge per unit area is small on account of the
wide base of the structure. However, a targe volume of sand fill-
ing is required. It is a favourable structure when sufficient sand
filling is easily available. A sufficient space is also required for
the wide base of the structure. The structure is stable against wave
pressure. The construction cost is refatively tow. .

2} Vertical faced type revetment

The vertical faced Lype of revelment is a favourable structure for
a strong foundation as the surcharge is concentraled on the narrow
base width. [t is also suitable in cases where suflicient space is
not available.

3} Composite type revelment

The composile type of revelment is adopted when it is desirable
to 1ake advantage of both the sloping faced type and the vertical
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faced type of steucture, It is particularly a favourable type of
structure to be constructed In tocations of deep waters,

{2) Structure of Revetment

The type of revetment to be constructed will be determined on the
basis of the following conditions:

1)

2)

3)

4)

5)

Hydrological conditions

With favourable hydrofogical conditions as mentioned in Chapter
4, the water area is relatively calm. The structure wilt not be
subject to the attack of violent wave forces and it will not be
necessary to use stones of large dimensions as armour stones.
The tocation of the structure will be largely in shallow waters. As
the location will be around the breaking point at low tide, it will
be necessary to provide against scouring at the legs of the revet-
ment.

Soil eoaditions

~ The slope of the sea bottom is a gradual slope (of roughly the

same water depth 6f —0.3 m 10 +0.30 m to a distance of 500 —
1,000 m offshore). In all the area, the surface layer is a clay layer
(C = 2.5 t/m* thickness 10 m). A layer of ooze is accumulated to
a thickness of approximately 0.5 m o6n the surface layer.

Construction material

Granite of good quality can be produced from the mountain area.
In the case where concrete is used, fine aggregate is not easily avai-
lable. Relined mountain sand mixed with clay is used as a substi-
tute for the purpose. The present daily production is 1,700 t/day.

The demand will increase with further coﬁslruction works in the
future, bringing about greater shortage of supply.

Construction hardness

As the steucture will be constructed in a location of stightly great-
et depth from the shoie!ine, foundation work will be carried out
as submarine works. It will be desirable to select a type of steue-
ture with advantage in submarine works.

Conslruction Cost

As menlioned above, a large volume reclamation filling will be
availsble from the mountain area. A plan 10 make full use of the

available material will be most desirable from the economic point
of view.

-3 -



{3} Recommendation

From the above various conditions of the proposed site, a stone pitch-
ing, sloping faced revetment is recommended as the most favourable
type of structure. It will be provided against the soft surface layer of
clay. The volume of concrete required will be small, the cost of which
is relatively high. A structure with a gradual stope will give the inhabi-
tants in the area some seashore as shown in Fig. 4.12.
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Fig.4.12 REVETMENT OF COASTAL ROAD
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4.7.7 Proposed Helght of Seashoze Area

(1) General
The cross4ection and proposed height Is examined according to the
fdfh')wing:
a. Height of overtopping waves.
b. Environmeéntal aspect,
c. Construction Cost.

(2) Afternative Plan

Taking into account the above three criteria, three altemat_ive plans
are prepared, namely, case A, Case B and case C. {Refer to Fig. 4.13,
4.14 and 4.15).

1200 o
380 320

L] . Existing Grotind

‘Existing Ground

'''''''

__Existing Ground

Fig. .15 CASE C

{3} Height of Overtopping Waves

The height of ovenoppfng waves are calculated in three alternative
plans. The detailed calculation is indicated in Technical Report 02
"Hydrological Study*,

The result of the calculation is shoven in Table 4.14,

Table 4.14 CROWN ELEVATION

. Case N £levation {m)
Case A 38
Case B 35
Cate G 305
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{4)

{5)

{6}

478
{1)

Environmental Aspect

From the viewpoint of aesthetics, it is desirable to have the proposed
height of the road fower than the existing ground leve), However,
since the high water fevel and the existing ground height is 1.6 m and

2.8 m respectively, it is very difficult to have the road lower than the
existing ground level,

In the consideration of open space along the road, the wider the open
space, the better it is. With the open space in 3} the three alternative
ptans, it is possible to introduce walking space, fishing space and so
on.

W]
Construction Cost
The construction cost of case A, B and C is calculated to be M$3,000,
M$2,800 and M$2,830 per meter respectively. The construction cost
of case B is the lowest of all the three cases.

Conclusion

Although 31l the threé slternative plans are technically feasible, case B
is recommended. Case B his the lowest construction cost while still
maintaining an acceptable fevel of environmental condition. Hence
tae proposed seashore area will have a height of 2.65 meters above sea
tevel and an open space width of 20.0 meters.

Pavement Design

Type of Pavement

Thefe are basically two common types of pavement namely asphalt
concrete pavement and cement concrete pavement,

The asphalt contrele pavement is sugoested for the Project Road.
The reasons are as follows:

1} Loveer Construction Cost

There is a timited supply of s2nd needed {or the cement concrete
pavement. Moreover, sand is expensive, causing the construclion
cost of the cement concrete pavement higher than that of the
asphalt conerete pavement. For example, the construction cost of
asphalt ¢oncrete pavement and cement concrele pavement are
M331.7 per square meter and M346.5 per square meter respecti-

vely.
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Table 4.15 COMPARISON OF CONSTRUCTION COST BETWEEN CEMENT

CONCRETE PAVEMENT AND ASPHALT CONCRETE PAVEMENT
{per m?)

Type of

Cement Oanqete Pavement Asphslt Conciete Pavement

Pavemnent Course "G sntiey T Unit Cost | Cost Quantity | Unit Cost | Cost

Surface Cousse | 0.25m* | M$1413 | M5353 | o.10m® | M$2058 | ms205s

Base Course

0.20m* | M§280 | MS$7.0 | 0.25m® | MS27.6 | M5O

Sub-Base Course | 0.20m> | M§208 | M$42 | 0.20m® | mi208 M$A.2

Total

m$165 M$31.68

2)

3)

4)

Avaitability of Construction Material

The materials for the base course and the sub-base ¢otrse of the
asphalt concrele pavement €an be oblained from the site of the
Quter Ring Roé_d, but fine aggregates such as sand is not a5 easily
available. As the cement concréte paverent requires more fine
aggregales per square area as compared to the asp:halrt concrete
pavement, the former may face a problem of shortage of materials.
Moreover, reinforced concrete is fequired for the cement concrete

- pavemient and réinforcement materials are scarce and expensive in

Malaysia. Therefore, the constiuction of the asphalt concrete
pavement will be much easier than the cement concrete pavement
for the réssons mentioned.

Technical know-how

The asphalt concrete pavement type has been in use in Malaysia
for a long time and therefore, the technica! know-how required in
its construction is easily obtainable.

Easy maintenance

In the urban area, itis often necessary Lo te-construct services like
water supply, drainage and other road facilities. When this need
arises, asphalt concrete pavement stands out superior over the
cement concrete pavement because such facilities are easier to con-
ciele ﬁavement. The asphait conerete pavement can also be easily
resurfaced when it is weathered.

(2) Design of Pavement

1)

Prernises for design

a. From the Geotechnical Investigation, the C.B.R. values of the
sub-grade is found to be about 5.0%.

b. The wuaffic 'coun!ing survey shows that the percentage of
lorsies and buses is about 10%.
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¢. The maximum daily traffic volume in the year 2000 is esti-
mated to be 54,000 P.C.U. per day. {Jalan Prai).

d. The lifelime adopted for asphalt concrete pavement is 20
years,

e. Proposed thickness of individual course is shown in Fig. 4.16,
2} Cross-Section of Pavement

The fo!lowihg cross-section is recommended (See Fig. 4.16).

SFT ¥ .. of,
&,,;” 2 = Hot Asptialt Mix
Bmfr g - Hot Asphalt Mix
£ - -
g Bituminous
N - - - Srabitization
Cowse i rranaiay °' s 12 o -
“ ol & 8 jeat
w idrabe
a v Stabilizztion
Subbace- o f
- & Crusher-run
| |5
Subgrade [Thickrsss in em)

Fig. 4.16  CROSS-SECTION OF PAVEMENT

(3) Examination of thickness

1) The thickness of each cousse is shown in Fig. 4.17,

Susface (1.0) aof 1
Binder (1) 3l
Bitumen Stabitized o
..... Course & ?] 3

Fechanically Stabi- o
lized Cousse (0.35) 2

; . ol
Crusher-run {0.25) g

Fig.4.17 THE THICKNESS OF EACH COURSE {CM)

2) Road classification by volume of traftic
The maximum daily traffic volume in the targel year is projected
to be 64,000 P.C.U.fday. The percentage of heavy taflic is esti-
mated to be 10%. Therefore, the one way daily volome of heavy
traffic is computed as 2,700 V/D {54,000 x 0.5 x 0.10). The road
henée is classified as ""Class C" road.
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3}

Thickness of Tp and H

With a C.B.R. of the subgrade as 6.0% (Refer to the Technical
Report No. T “‘Geotechnical Study”), the thickness of Ty a_nd H
for *“Class C” road should be 28.0 cmi and 47.0 cin respectively by
road engineering standards. For the proposed pavement as shown
in Fig. 4.18, the T 4 and H values can be calculated as:
TA=50x10+560x1.0+100x0.8+150x0.35
+200x0.256=2825¢cm > 280cm.............. 1)
H=550cm > 470cm.....cccriiiiirinrnine vend?)
The above computation shows that the proposed pavement struc-

ture is suitable for withstanding the load from the estimated high
volume of traffic in the target year.

43 PRELIMINARY BRIDGE DESIGN

48.% Study of Superstructure

{1} Main Span of Superstiucture

1)

Alternative Types of Structure

The following material types of structure may be employed for
the Prai River Bridge: '

3. Steel Bridge

b. Prestressed Concrete Bridge

c. Reinforced Concrete Bridge

Among these three types of structure, the steel bridge or the prest-
ress concrete bridg2 is more suitable for the Prai River Bridge.
This is because the reinforced concrete bridge is suitable only for
short span bridge. 1n both the steel and the prestressed concrete
bridges, the foliowing alternative types of structure are suggested
considering having to provide a wide navigation span for the bridge.

Table 4.16 ALTERNATIVE STRUCTURE TYPES GF MAIN SPAN

Navigation

Span Length Structure Type
40m (3}  Posttensioned Concrete T—Shaped Girder
70 m {2} Postiensionsd Concrete Box Girder [Cantilever girder erection)
[3) Sreel Arch (Langer Girder} :
100—120m ). Posltemiaxed Concrete Box Girdar {Canliléver girder erection)
(5) Stezl Arch (Tied Arch) _
140-160m | (6} Posttensioned Concrete Box Girder (Cantifever girder erection)

{1} Cable Stayed Concrete Girdar
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2) Comparison of Alternative Structure Types

3)

The zlternative structure types are evaluated from the following
viewpoints:

a.
b.
<.
d.
e.

Construction cost.
Irnplementation
Maintenance
Aesthetics
Driving comfort

The results of the comparative analysis of each alternative struc-
ture type are shown in Tables 4.17 and 4.18.

Conclusion

As a results of the comparative analysis, the following conclusions

8.

“can be made:

From the viewpoint of minimizing construction cost, the Post-
tensioned Concrele T-Shaped girder bridge is the cheéapest
bridge among the alternatives. The second best is the Post-
tensioned Concrete Box Girder with 70 meters center span.

From the aspect of implementation, the steel type is superior
to the others as it needs lesser number of piers in the Prai
River, a shorler period for implementation etc, However,
considering the construction capability of the local construc-
tors, concrete type may be more suitable than the others.

Fiom the aspect of maintenance, the Concrete bridges are
clearly superior to Steel bridge.

From the aspect of aesthetics, the Steel Tied Arch Bridge and
the P.C. Box Girder Bridge with a 140 meters center span are
superior to the others,

As a results of the comparative analysis, the Po_sttensioned Con-
crete Box Girder Bridge with a 70 meters center span is recom-
mended due to its relatively lover construction cost and lesser
problems from the other standpoints.
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Approach 'and Fly-Over Span of Superstructure

In order to establish the economical span length of the approach
bridge, the span length ranging from 20 meters to 50 meters is exam-
ined in this study.

Among the structure types, the following types of bridge are appli-
cable:

a. Pretensioned Girder Bridge

b. Posttensioned Hollow Slab

¢. Postiensioned Concrete T-Shaped Girder
d. Posttensioned Box Girder

Fig. 4.18 shows the relationship between span length and cost per sq.
meter. According to this figure, the most economical span length can
be concluded to be between 30 maters to 35 meters. Therefore, the
Posttensioned Concrete Hollow Stab is recommended for the approach
span of the superstructure.

Study of Foundation
Choice of Foundation Type

Thé foundation for the structures will have to be extended down to
the older alluvial soils beneath. Pifes will have (o be used for the
following reasons:

3. The foundations will have arelatively geeat depth, 40 to 50 méters.
it may be too deep for both the open caisson and pneumatic cais-
son to be sunk.

e

The soils in which the piles are embedded have a N-Value of 25 at
the most. Since the bearing resistance a1 the base of the founda-
tion will be relatively small, the working vertical 1oad on the foun-
dation will have to depend on the skin friction around theé surface
of the foundation in relatively high éemponent.

€. The caisson including the well foundation which has generally
larger scele base and depends on thé bearing resistance at the
basg in higher component than the pife, will be inferior té the
pile in function.
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{2) Typesof Piles

In general, piles are divided info three main typés, depending on their
effect on the soil. They are displacement piles, small dispfacement
pites and non-disptacement piles.

1)

Displacemeht Piles

Generally, these are applied to driven piles with the boltom end

closed by a shoe or plug. driven piles have the following advan-

tages:

a. Easy to construct.

b. Possible to check the bearing capacity of the soils.

c. Has largest bearing capacity as cmnpared to the other types
with the same diameter.

The major disadvantage of this type of pile is the great amount of
noise and vibration created during construction. These include
precast prestressed concrete piles, precast reinforced conceele piles
and timber piles. Timber piles, however, are uncommon and rare-
ly used in modern construction. However prestressed concrete
piles have several advantages over normat reinforced concrete piles.

~ The stresses set up can be resisted by smaller cross-sections when

2)

handling and hence, economy in materials may be achieved. The
smaller cross-section may permit greater penetration. The tensile
strésses caused by the action of stress waves when driving can be
reduced by prestress. The reduction of tensile cracks will give
greater durablhty to the pile.

Small Displacz‘ament Piles

These include open-ended rolled steel piles (driven} and screw
piles. Howeever, screw piles are uncommon nowadays for the rea-
sons that steel or prestressed concrete piles are generally more
economical and permit the work of construction te be carried out
more rapidly.

Stee! piles are generally used without shoes. However, if the pites
are to be subjected 10 exceptionally hard driving, they may be
strengthened at the bottom end by welding plates to increase the
thickness of steel.

Open-ended steel piles are superior in penetfation to the other
driven piles with the bottom end closed. However, these are

stightly inferior to the athers in terms of compactive effect on the
soils.
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3) Non-Displacement Piles

These are applied to bored cast-in-place piles. These are formed
by boring or other method of excavation, the borehole may be

lined with a casing or tube that is either feft in place or extracted
as the hole is filted.

Generally, bored cast-in-place piles have the following advantages -
and disadvantages.

Advantages:

a. Possible to have piles in large diameter ranging from 80 to 600
centimetres.
b. Easy to vary the pife fength when unexpected situations ocour.

c. Almost possible to avoid noise and vibration when under con-
struction,

Disadvantages:

a. Inferior to the driven piles in terms of compactive effect on
the sails.

b. Srnallest in bearing capacity as compared 10 the other lypes
with the same diametre.

¢. Impossible to check the bearing capacily of soils.

d. Need the equipment for disposing mud and muddy water.

e. Difficult in disposing stime that may reduce the efficiency of
the piles.

Bored cast-in-place piles, generally, will be carried out by the
following threee methods:

a. Earth Drilled Method
b. Benoto’s Method
¢. Reverse Circulation Drilled Method

Earth Drilled Method, generally, is considered to be the most
economical among three types. However, it will be unsuitable for
the siles that are relevant to the project for the reason that the
bearing capacity of the machinery of this method will be 356
meters deep at the most.

8enoto's Method has the advantage that the borehole will be pro-
tected completely from a breakdown because it is cardied out with
all casing. However, this method needs the largest scall machinery,
thecefore, it will be unsuitable for construction in the river.

Reverse Circulation Drilled Method has the advantage of const-
rucling the piles with no casing. However, it means a difficulty in
the supervision of construction.

— 86 —



{(3) Recommendation

Driven pites, either of precast prestressed concrete piles (bottom end
¢losed} or open-ended rolled steel piles are recommended o be used
for the following main reasons:

These types will be constructed more easily and in a shoiter period
than bored castin-place piles, and will give a larger bearing capacity
and a more certain security for the bearing capacity designed. More-
over, there will be no problem in disposing the mud and muddy water.

Precast prestressed concrete piles is recommended for the following
réasons: '
2a.- Morse economical than steel piles.

‘b, Produced in large quantities in Malaysia, hence it will bave a lower
component of foreign costs than steel pites:

c. Almost free from corrosion.

The réecommeénded type of foundation is shawn in Table 4.19.
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Tabie 4.19 RECOMMENDED FOUNDATION

TYPE
DFPTH | LEGEND OF NVALUE FOURDATION
: SOIL CONDITION
() LAND PIER WATER PIER
] 10 20 30 46
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ENVIRONMENTAL CONSIDERATIONS

Objectives of the Study

The objectives of the em’rironmen!al' sﬁxd? is to minimise the un-
expected environmentat and social conflicts which will probably
be generated by the Prolect Road,

The study consists of thiee major objectives which are:

To establish environmental indicators and preliminary anatysis.

b. To assess the roadszde en\nronment in terms of environment
protection.

c. To set planning and designing measures In order to miligate fore-
seeable environmental disturbances,

£stablishment of Environmentél tndicators and Pre!imi_nary Analysis

The following environmental indicators ate éstablished and they are
classified into two categories, physical indicators and social and econo-
mical indicators. '

1} Physical Indicators

& fHF o

Q.

Biology and ecology (flora, fauna and aquatic)

Topography and geology {fand scape 2nd soil condition)
Hydroaraphy (drainage, underground water'. and floods)
Mzteorology (climate and weather)

Traffic nuisance [noiée, air pol Iﬁlion, vibration and other nui-
sance factors)

Teaffic accident

Conslruction nuisance

2) Social and Economical thdicators

s »

- n o 0

L

Transport mobzllly and actemnbnlltv
Land use potentnamy

Population distribution

Tourism and recreation

Historical and cultural sites

Urban townscape

Community cohesion

Resident displacement
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i. Agricultura’ and industrial production
j. Land price

k. Prices of commodities

The following corridors of the Project Road are taken into con-
sideration in the analysis:

a. Peai Corridor
b. Southern Butlterworth Corridor

e

Northern Buttérworth Corridor
d. Sungai Dua Corridor
e. Other Study Areas

The environmental analysis is made for the following two time
periods:

a. During Consteuction

b. Aftér Opening of the Project Road

The preliminary qualitative analysis for the foreseeable effects of
the Project Road on the above environmenisl indicators is carried
out and the foreseeable magnitude matrix composed of environ-
mental indicatars and individual components is oblained as shown
in Table 4.20. In this analyss, the magnitude is classified into
thiee grades,

The result of this preliminary analysis shows that the Project Road
wilt have favourable effects on transport mobility and accessi-
biiity, land use potenliality, townscape and land price. On the
other hand, there will be adverse effects of traflic nuisance, const-
ruction nuisance, community cohesion, resident displacemeat
and agriculitural production.

These foreseeable effects and the probable mitigation measures
for the adverse effects are discussed in Section 4.9.3 and 4.9.4.
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Table 4.20 MAGNITUDE MAT_RIX

Catedory]

Emvirponmental
ndwator

During Construction

After Openlng

Other

Piai Area

Bworth [ B'wosth | Sungal Peal
South Oua

Noah

B'worth
South

Bwonh
North

Sungal
Dua

Other
Area

Binlogy and
ecology

Topogaphy
and g=ology

Physicat

Hydroyaphy

Meteorology

Trallic
e

Traltn
accidznt

i

////

[Corstruction [T s: )l

nuisance

e

Transpost

mobitity 2ad | 7.

asccestbiity

- - .-
PR ]

2T

7

Land use
potentatity

%7

Q

Popufation
dstabution

Tourism and
TECTE2T0N

7

Historical and
sulpural sites

Socia

Tonrscape

7

and
OGN0
sl

Comsninly
cotesion

People dis-
pracement

Shifting of
Shipyards

Agricidtural
Peodiction

Todostriad
Feoduction

Lard price

Frces of
eonnodities

»

Faroursdle effect

493

- No chave

Favourable Effects

{1} Transport Mobility and Accessibility

Adverse 2ffect

At present, the Federal Route fexists along the Project Road but it
does not function effectively due to the partially narrow carriageway

width.

Therefore, the Project Road is expected to enhance and

strengthen the function of the road network systenm in Bulterworth.

Moreover, the establishment of the Project Road will improve traffic
services in the corridors, and reduce walfic congestion within the

urbanized area. Accocd:ngly, Wansport mobility and accessibility of
the corridors along the Project Road will be improved because travel

time and ¢0st will be reduced.
— 0% -



(2)

(3)

(4)

494
{1}

(2)

Land Use Potentiality

The improvement on mobility and accessibility will undoubtedly
enhance land use potentiatity and land value as it is generatly contend-

ed that the value of fand will increase in proportion with mobility and
accessibility.,

Townscape

Road is a very impostant townscape component. The Project Road
will not only handle the expected high votume of future traffic in the

area but will also change the townscape to a more comfortable and
orderly urban environment.

Moreover, the provision of 2n open space along the seashore in the
plan will provide an easily accessible place for both active and passive
recreation to the inhabitants of Butterworth.

Land Price

As mentioned earfier, the improvement in accessibility will definitely
induce enhancement in land use potentiality. There will be 3n in-
crease in demand due to favourable conditions ef location and thus

there will occur an increase in the land value of the surreunding aress
of the Project Road.

Measures for an Improved Environmental Quality

Effects on Biological, Ecological and Hydrographical Conditions

There will be no critical elffect on the topographicel, geological, ecolo-
gical and meteorological conditions as the susrounding area of the
Project Road is already a stable and developed or developing area.

Trafiic Nuisance

The surfounding communities may be constantly inconvenienced by
noise, air pollution, vibration and other nuisances caused by the
Project Road.

1) Messures

However, tralfic nuisance cannot completely be shut out for the time
being, and adequate measures such as the provision of a buller zone
and tree planting should be provided especially in residential areas and

 aear schools.

Therefore, an 8.26- meter sidewatk and 4.0 meter median steip for

 the residential area have been proposed as the basic eequirements in

the cross-section recommended. (See Fig. 4.18). This ample proviston
of space will ensure adequate planting in ceducing tratfic noise, pollu-
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{3}

{4}

tion and glare.

Construction Nuisance

The surrounding communities may be inconvenienced during the
construction stage, by noise, gas, fumes, dust and dirt caused by the
unstable and abnormat conditions incidental 1o ¢onstruction activities.
Moreover, the migratory workers having to stay on site during the
construction may place a strain on the existing secvices and facilities,
and aggravate public health in the area.

1} Measures

Nuisance and inconvenience during construction ¢an be signiﬁca:nlly
reduced by the introduction of proper construction management and
supervision and the adoption of proper construction equipment and
methods. Against the latter problem, the Governmert and the con-
tractors should coliaborate in providing the necessary exira services

. and facilities.

Resideat Displacement

The existing residential development 3slong the proposed atignment
wilt have to be removed in accordance with thé right-of-way acquisi-
tion of the Project Road. Total number of approximately 450 houses
including 250 houses in the squalter area will be displaced.

1) Messures

The displaced families will be sufficiently compensated by reseltle-
ment to an acceptable srea and/or by adequate monetary compen-
sation. The squalter families affected by the project roads will be
offered better opportunities and improved quality of lif¢ in the re-
settlement projects of the Government,
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5. TRAFFIC ASSIGNMENT TO ALTERNATIVES

5.1 GENERAL
5.1.1 Procedure

The procedure for traffic assignment to the alternatives of the Project
Road is shown in Fig. 5.1,

Projection of

Traffic Demand rﬁe twork (}la;at-leristich
% Afternative Ptans of the

i Project Read

Traffic Assignment

Model

Highway Proposals for 2000 ]

Traffic Assignment
to Road Network
induding Altec-
native Plans

T
Economic
Evalualion

Fig.5.1 PROCEDURE FOR TRAFFIC ASSIGNMENT

5.1.2 Highway Network
{(1) Committed Projects
Prior to the formulation of the highway network, the committed high-
way projects in the study area are identified as follows:
Toll Expressway (Alor Star — Chankat Jering Highway).

b. Penang Bridge which connecls Provino_; Wetlestey and Penang
fstand.

¢. East-West Highway Supporting Road.
d. Prai Barrage Approach Road.
{2) Alternatives of the Project Road

Six {6} alternalive routes of the Project Road selected from the alter-
nalive route study which were made in the engineering study, are
shown in Fig. 5.2,

3. Boutel :  The roule passes through roules A, D and E com-
bination and route G.
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52
M

Route 1t The route passes through route A, D and G.

¢. Routelll : The route passes through routes B, D and € com-
bination and route G.
d. RoutelV : The route passes through routes B, D and G,
Route V. : The route passes through routes C, D and € com-
bination and route G.
f. RouleV! : The route passes through routes C, D and G.
Highway Networks

The highway networks incorporated with the committed projects and
the alternatives of the Project Road are formulated in this study.

TRAFFIC ASSIGNMENT MODEL

Traffic Assignment Model

In order to caleulste the traffic volume on the Project Road, the
following traffic assignment model is used.

a.

For each link of the network to which vehicles are assigned, the
relationship between traffic volume and travel time is established.
In this relationship, travel time incresses with the increase in
traffic volume. When the tratfic volume exceeds the rated capa-
city, the travel time increases sharply which limits the further rise
of traltic volume,

it is assumed that an O-D pair traffic volume is assigned on route
of minimum travel time (or cost).

~ Vehicular O—D traftic volume is first divided into 2 categories

{motorcars and motorcycles). A 20% of the volume is first
assigned to the road network and the resultant trave! tinte is com-
puted for each link. The next step is to asstgn a further 20% of
the tralfic volume 1o the network and a new set of resultant
trave! time is compuled for all the links. This process is repeated
until all the volume has been assioned and the final travel time
calculated.
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Roeste b

Route ¥

Route |

RoutesD 203 E

Route Bl

Cambired
RostesDasiE

Route W

Routes D2~1E
Fig. 5.2 ALTERNATIVE ROUTES FOR THE PROJECT ROAD
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{2) Highway Network Data

Based on the highway network discussed in Section 5.1.2, the highway
network data which_ comprises the highway type and the type of Q—-V
formula are prepared in order to compute traffic volume. f£ach link of
the highway network is classified using the classification of highway

type as shown in Table 5.1 and is prepared for the Q—V type as shown
in Fig. 5.3.

Table 5.1 CLASSIFICATION OF ROAD TYPE

Class | Number of tane

2-lane 4--lane 6—lane

Effective width of , . . s i ]
carriageway infeet | 20 22 24 44 48 12

A JUrban Motorway - - - - 4-A 6-A
Al purpose roxd

_ |with no standing _

8 {vehicles pesrmitted 2-8, 2-8, 2-8, 4-B, 4-8, 6-8
and negligible

acfoss traffic

Al purpose street
C [with norestsictions | 2-C, 2-C, 2-C, 4-C, 4-C,

at junctions
All purpose steeet
O {restricted by 2-0, 2-D, 2-D, 4-0, 4-D, -
functions
K~ """ T -— oo — Design Spesd
\\

\\\
'g Sag o ————— - Maximum Travel Speed
2
=
&
)
g
21 N Saturation ¥ravel Speed
= : Alinimum Speed
b4 1 -
& ' !

' F
' /

o 1 —
-
s '
= '

] 1
{capacity) {capacity x 1.2}
Teaffic volumse on each link for one direction {P.C.UJ. per day)

Fig.53 -V FORMULA
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Table 52 TRAVEL SPEED AND CAPACITY BY ROAD TYPE
{Unit: kms/Hr.)

No.of | Typeof| Maximum Saturation MWinlmum | Travel Capacity/
Lane Road Yravel Speed Trave} Speed Tu_wel Speed day (P.C.U.)
6 6-A 60 20 10 81,000
6-8 60 20 10 65,000
4-A, 50 i5 7 55,900
4-8, 50 15 7 45,000
- 4-B, 50 15 7 40,900
4 4-C, 40 5 1 36,700
i-C, 450 12 7 31,200
4-p, 40 12 7 28,400
4-D, 40 12 7 25,000
2-8, 40 15 5 25,000
2-8, 40 15 5 22,500
2-8, 35 12 5 20,100
2-C, 40 15 5 20,100
2 2-C, 35 12 5 16,700
2-cC, 0 12 5 12,500
2-0, 35 12 5 165,100
2-D, 30 2 5 19,800
2D, 30 10 5 6,760

b3 RESULTS OF TRAFFIC ASSIGNMENT
5.3.1 Traffic Volume on the Project Road

Regarding to Route 1V having mainly four {4) -- lanes, it is estimated
that the daily vehicle kilometer in 1990 and 2000 is expected 1o be
404 thousand P.C.U. kms and 538 thousand P.C.U. kms, tespectively,
The daily traffic volune on the Project Road in 1985 and 2000 is ex-
pected 0 be 92 thousznd P.C.U. and 136 thousand P.C.U., respectively.

~ The average annual giowth rate during 1985 — 2000 will be about
4.0 per cent per annum, {See Table 5.3)

Table 53 DAILY TRAFFIC VOLUME ON THE PROJECT ROAD

Alternative Year Tealfic Volume . | WVehicle Kilometer '
Route _ (000 P CcU) | (000 P.CG.U.—Xkmns)

Route 11l with 4-tane 1990 459 3812

and full zecessinter- [

c_hm 2000 ) 1469 539,5

Route IV with 4-lzne 1990 017 4035

and full zccess inter- : _

change 2000 135.7 5384
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Fig. 54 illustrates the flow of the daily traffic volume on road net-
work. From this figure, the fo! lowing observations can be obtained:

a. The assigned traffic volume on the Project Road is comparatively
large; especially, that on the Prai River Bridge where in the year
2000 itis expected to be 54.4 thousand P.C.U.

b. The projected traffic volume of the southern section {Section 1}
is larger than that of the northern section (Section 2).
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8.3.2 Comparison of Alternative Routes

Table 5.4 shows the congestion rates of alternative routes. Judging
from the congestion rates, Route IV is clearilv superior to the other
alternative routes, especially in reducing the ¢ongestion rate in the
C.B.D. of Bulterworth.

Regarding Route | or Route il (paSsing:éiong the existing Federal
Route 1), its congeslion rate i$ outstandingly higher than the other
alternative routes.

Tsble 54 CONGESTION RATE 8Y ALYERNATIVE PLANS

Alternative Route S Bace
Items - - = Case
Route § |Route tllﬂouie 111}Route IV|Route v Route vi
c Road Capacity 5269 | 5269 | 5306 | 5396 | 6396 | 5396 308
c Congestion Rate 068 063 59 059 o6if 051 095

Aueaaffeet- | goad Copacin
td by the 4

18945 [2011.6 | 18635 | 19206 |18016 | 19187 | 13716

Pcojzct road | Congestion Aate

069| o067] o0s62] 053] - 063 06y 090

Rosd Capacity | 75333 176504 | 16024 | 27196 | 75439 | 7661.0 1 70105
Swdy Area [ e estoaRate || 064]  063]  o0s2] o6 o062 osif ofs
Note: Running vehicle Xitormeters of tratfic voluma through
. the erea excluding interaal trips of the 27ea
LCongzition RAate - -

Total of raffic e2pacity of roads in the area including
the B R 8. {road Iaigths X read capacities)

5.3.3 ~ Effects of the Project Road

{1} Reduction of Congestion Rate and {ncrease of Travel Speed .

Compared with the base case where the Project Road will not be con-
structed, the Route 1 or 1V are verified in being efféctive in decreas-

ing the tralfic congestion as well as increasing the lravel speed as
shown in Fig. 5.6. ‘
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{2} Improvement of Aeccessibility

The construction of the Project Road wilt improve the accessibility to
each zone in terms of convenience of travel. The accessibility is calcu-
tated by the following formula and is shown in Fig. .7,

n -

Ai = 2 P
j=i

where Al

i

tij

x tij}/ _E Pi

accessibility of zone i
population of zone j
travel time between zone i and zoné j

With the construction of the Project Road, 23 out of the 50 traflic

zones will have “relatively good™ or "‘good” accessibility.

In other

words, 46% of the traffic zones vwill have good accessibilily as com-
pared to only 23% without the Project Road.
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6. ESTIMATION OF THE PROJECT COST

6.1

6.1.1

GENERAL

The project cost is calculated using the same framework as Stage 1 of
the Phase |l Study {the Outer Ring Road Projéct in Penang) which was
conducted in 1980, with reference to the Interim Report of the Feasi-
bility Study of the East-West Highway, Draft Final Reportof the Inter-

‘Urban Toll Expressway, Penang Bridge Report and the North Coastal

Road Reporl. The project cost presented in this report is expressed

in 1981 prices.

Procedure for Cost Estimation

The cost estimation process is shown in Fig. 6.1.

Unit Cost Anzlysis
8ase Cost
Ouzthesd
Profit
Contingency
Tax

Quantity Estimate
Road
Bridge

Construction Cost
Estimated

Foreign Cursency
Local Currency
Tax

Unit Cost Analysis
Residential Area
Commercial Asea

Project

Quantity Estimate
by Area

Lznd Acquisition Cost

Unit Cost Analysis
Type of Residence

Quantity Estimate
by TypefUnits

Compensalion

Unit Cost Analysis
Itemns of Maintenance
Durtation
Length/Area

Detsifed Engine2ring,
Supervision Cost

|

[

Cost

Maintenance

Quzntity Estimate

Cost per
Year

Fig. 61
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.12
(1)

(2}

{3}

4)

{5}

Components of the Project Cost

Condittons

;fhe project cost is calculated with the following conditions:

a. The construction cost is to be presented in Malaysian doilérs.
{Ringait) (M$)

b. Cost estimates are to be carried out based 6n 1981 prices.
The construciion cost is to be split into Foreign currency, Local
currency and Tax.

Base Cost

Base cost consists of:

a. The cost of fabour.

b. The equipment and material for construction.

¢. Other nécessary items,

Construction Cost
Construction cost consists of:
Base cost

a.
b. Overhead cost

o

Profits of contractor
d. Contingency

e, Fax

Foreign Curcency
Foreign curcency is incurred on:

a. Costs of imported machineries (CIF price), and materials such as
stee! products and others,

b. A portion of the detaited engineering and supervision service fees.
A portion of the overizead, profit and contingency costs,

Locat Currency

Local currénty is incurred on:

a. The purchase of domestic products such as cement, soil, sand ete.

b. A portion of the detailed engineeting and supervision service fees.

s

- Labour cost and trznsport cost.

d. Cost ol tand acquisition and compensation.

— 107 --



{6}

(7}

6.2

6.2.1

6.2.2

Land Acquisition Cost and Compensation
The land acquisition cost and compensation comprises of:
a. Land acquisition cost

b. Compensation
— Houses
— Dockyard

The cost belongs to the category of local currency.
Other Cost

The foilewing cost is also included in this study:
3. Detailed Engineering

b. Construction Supervision

UNIT COST ANALYSIS
Components of Unit Cost

The unit cost itself is also split into three paris, as foreign curerency,
tocal currency and tax. The foreign currency and local currency in-
cludes four components, namely base cost, overheads, profit of con-
tractor and contingency. The percentage distribution of the above
components is assumed and is shown in Table 6.1.

Table 6.3 PEACENTAGE OF COST COMPONENTS

item Percentaoe (%)
Bate Cost 100
Overheads 10
Profit of contractor 10
Conlingency 5

Labour Cost

Based on data collected, the unit Iabour cost is set up and is shown in
Table 6.2,
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ble 6. R COST ;
Toble 62 LABOUR COS {in 38 at 1981 prices)

: Unit Costper 8
ltems houes day
1 General Labourer 200
2 Concrete Labourer 230
"3 Mason 220
4 Mason's Labourer ' 20,0
5 Carpenter 300
6 Caspenter’s Lebourer ' 200
7 Steel Bender and Fixer 230
8 Pneumatic Tool Operator 220
9 Fitter 35.0
10 Welder _ 300
11 Painter _ 230
12 Truck Driver : _ 300
13 Earth Moving Equipment Operator ' 35.0

6.2.3 Cost of Construction Material
The cost of major materials for construction is derived after discussion
with the State JKR and other refated government and private offices.

The cost list of the major materials is shown in Table 6.3.

6.24 Construction Equipment

The unit cost of various plants in Malaysia was analysed recently.
Based on this information, the cost performances of the plants which
are considered suitable for the Project Road construction in its size
and capacity range are described as follows:

a. Service life of plant — 8 years.

b. Working hours per annum — 2,560 hrs.

¢. Interest ber capital outlay - 8%

d. Spare parts cost per annum — 5% of initial cost of plant.
e. Maintenance and repairs — 5% of the initial cost of plant.
f. Average plant elficiency — 70%

6.25 Result of Unit Cost Analysis

The result of unit cost analysis is shown in Table 6.4. This unit cost
consists of base cost, overhead, profits of contractor and conlingency.
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Table 63 COST LIST OF MASOR MATEHI%
oM

Material Description Unit Market Cost
Soil Red Earth m? 0.7
Sand 25--5 m? 2090

40 -5 m> 20.9
Granite dust m? 12.0
Crushed Stone 4 20 m’ 301
¢ 40 m® 238
¢ 150 200 m3 170
_ 1:3:6 m’ 141.3
Concrete 1:2:4 m 182.0
1:1%:3 m3 234.0
Cement Poltland  50kg. 23
Asghalt Grade_lSO -:_100) T 4918
Cut Back Bitumen T 6098
4 150 1.83m 345
& 300 1.83m 485
4 450 1520 7100
P.C Pite ¢ 600 1.62m 985
{ctass Y) ¢ 900 152m 1875
¢ 1050 152m 2370
$ 1200 152m 204.0
d 1350 152m 361.0
¢ 1500 152 m 4300
49 1 9240
Steet Bar 413 1 933.0
d 16 -25 1 8200
4 32 1 827.0
__\‘!’_ood Pite ¢ 100 4m €8.0
V Type t 1,015
Stee! Angle H Type t 1,403
L Type t 1,137
Steel Pipe 4 240 m 80.0
Frame Work Wood m? 0.8
Guard Rail Steel m 603
Lamp Post © Stect {10 m) Vol. 4068
Steel {10 m) Vol. 4425
Kerb Concsete m 130
Diesoline titer 0403
Gas Oil Fusl oil i fiter 046
Petrot liter 1.02

- 10 -
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Teble 6.4 RESULTS OF UNIT COST ANALYSIS

(in M$ at 1981 prices)
. Unit Cost
Items Sub-ltern Class Unit Fc i Tax Yotal
Site clearing Resideatial — m? 190 1"—26 0‘?5 ' 3.32 .
Field - m? 0.26 0.47 002| 045
Excavation Soil Common | m® 1.24 0.89 011 .24
Waste -do - - do - m? 1.24 1.89 0.2 392
Embankment |- do- -do- m* | 385 146 0561 682
Stope Grass m? 0 525 0.30 555
. Sidewalk Tiee - m? 1.26 494 0.32 652
Tusrfing -~ : ‘ ——
Ogpen Space | Grass m’ 0} 525 030y 555
Roadside | 06x1.0 | m 4678 | 9058 665| 14308
Pipe Cutvert | =600 | 46.21 72.7% 523 129.16
Drainage o 120x30 | m 48960 | 67743 5860 | 1,125.53
8ox Culvert : - — T : -
30x30 | m 61200 12119 2342 ] 1,4069}
Water Pipe | D =24 m 23930 91.33 14.59 34522
Wall Masonry Stone | m? 2621 | 6-403 626| 9660
Revetment | Stone m 8i8.70 1,169.70 13210} 212810
Cairisgeway | Asphalt m? 1749 1276 143 3168
Shoulder Asphalt m? 1364 9.13 110 2387
Pavement Service Road] Asphalt | m? 1364 9.13 110 2387
Sidewalk Block ‘m? - 549 761 062 13.72
Overlay Asphalt m? 11.00 800 100 - 2000
. |Kerb Concrete | m 864 1452 1.6 | 2422
Centesl Spitt| Conceete | m 20.86 4386 328 68.00
Facility Guard Rail | Stecl m 44.1t 322 6.23 63.66
iighting Steel m 40.00 18.00 7.00 66.00
Lane-Marks | Paint m 050 0.60 0.05 K1
Intersection ALGrada _ Vol 32,97(3, '6@506 _ 2922 ' ;00,404
Diamond | Vol 357,359 | 3030715 46,763 707,132
Interchange - — - - -
Loop | Vot | 1,629,159 | 1,467,567 164,643 | 3.261,369
Appioach o m 46246 40820 | 4871 | 100937

Note: F.C. : Foreign Qurrency
LC. : Llocal Curency

6.3 CONSTRUCTION QUANTITIES ESTIMATE
6.3.1 Generat

On the basis of the preliminary design on the map using a scale of 1 to
3,000, the construction quantities are estimated.

Highway constraction quantities are estimated by each segment. The
segments of the road are shown in Fig. 6.2 and bridge construction
quantities are estimated by main bridge and other bridges.

6.3.2 Construction Quantities

The to3d construction quantities are calculated by each segmenl as
shown in Tabfes 6.5 and 6.6 and the bridge construction quantities
are shown in Table 6.7,
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Table 6.6

CONSTRUCTION QUANTITY BY

SEGMENT {ROAD)

{6 -lane)
. Quantity
|l€‘m Sub"em C!ass Unl! SEQmEnt ‘ Segmenl 3 SEQméﬂl 3_] SEgmen[ 6
Residential m? ; o
Site Clearing |— _ _ 600 150015 | 52500 | 55244
_ Field m? 0 o 0 0
Excavation {Soil Common | m*> | 18219 8,602 13,025 | 313198
_ Yaste Soil Common m’® 3,180 0 0 17.846.9
Embankment | Soil Common | m? 5030 | 14847 | 22500 | 134728
Slope Grass s 0 0 - 0 0
Sidewalk Grass & Treg m? 12,853 15,645 0 25,2926
Turfing -
Open Space | Grass m? 0 0 0 o
Roadside 10x10 m 3,760 4,310 0 7,100
Pipe Culvert {| O =600 m 500 650 4,470 1,050
Drainage 30x30 m ¢ 0 (] 0
Box Culvert — |
50x50 m 0 Q [\ 0
Transfer D=24" m o | o 0 0
Mooring Voli. 0 0 0 4]
Wall Mzsonry H= 40 m? 824 2405 1,200 3,748
Revetment Stone m 0 0 0 (1}
- |cariiageway | Asphan m? | 26811 | 23,197 24615 | 49,436
Shotlder Asphait m’ 4,920 0 3,150 2,540
Pavement Service Road]  Asphalt m? 3220 25,530 2.440 7.250
Sidewalk g?nc':ele m? 12,853 15,645 39,100 25,2926
OCh
Oveday Asphalt m? 18,108 1.047 0 42,658
Keib Conceete m 4,220 5.270 5,740 8.080
. Central Concrele m 1.800 990 1,980 3,390
Additional Reservesd B
Facitivy Guard Rail Steel m 320 860 920 1,340
Lighting Steel m 3,010 2,665 1.785 1,450
LaneMarks | Paint m 1.950 2,600 2,390 4,150
. AtGrade - | Signal No. a5 1 25 3
Intersection - -
Inteichange [Dizmomdtype | Vol 0 i 0 0
Bridge L<50 Concsete m? 1] 0 0 0
L>50 Conciele m? 0 0 0 0
Approach Road m 0 0 1) 0
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6.4
6.4.1

64.2

643

CONSTRUCTION COST

Road Construction Cost

Based on the construttion quantities estimates and the unit cost, the
construction cost of the road is estimated.

- This cost includes earthwork, pavement, drainage, wall and refated

facifities.

The construction cost per kilometer is M$1.3 to 1.5 million for the
improvement seclion and M$2.1 to 3.0 million for the new const-
ruction section. The cost of segment 4 is cornparatively higher than
the other segments. This is because Right-of-Way of this segment is
wider than that of the other segments.

Bridge Construction Cost

The bridge construclion cost is estimated by each type of bridge such

as prestressed concrete 30 meter span bridge, 40 meter span bridge
and 70 meter span bridge,

The construction cost of each type is estimated at about M$S00,
#4$2,000 and M$2,300 per sq. meter, respectively.

The bridge construction cost estimated is shown in Table 6.15.

Constiuction Cost Estimate

All of these construction costs are summed up by each segment and
tabulated as shown in Table 6.8 to 6.14.
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Toble 68 CONSTRUCTION COST 4-LANE
(In M4 a1 1981 Prices)

Construction Cost
Component of . .
Segment . Land Compen Totsl
s Cost ~ foad - Bridge Acquisition sation _
Seament 1 | ECODOmIC Cost 2403476 | 2326449 0o o | 47290925
gmen Financiat Cost 2533437 | 2448893 | . O 0 | 4982330
Lo |Economie Cost $A423,128 | 31993,727 | 1.277,000 | 3,616,000 | 42,209,855
Segmen Financial Cost__ | 5,713,685 | 33,677,606 |~ 678,000 | 3,515,000 | 43,685,101
4_1 | Economic Cost 2228591 | 4565516 | 9793000 | 1,473,000 | 18,060,110
Segment 3t e andial Cost 2348362 | 4,805,806 | 4.735000 | 1,473,000 | 13,362,168
Seament 3.2 | ECOnomic Cost 4470,118 | 2323884 | 3436000 | 515,000 | 10,746,002
gment e I inancial Cost 4,754 883 | 2,446,193 _ 0 | 616,000 | 7,717,076
Segmenta | Economic Cost | 13.124,074 | 2304567 | 8063000 | 1,317.000 | 232,808,640
Financial Cost 13970529 | 2,425,860 84,000 | 1317.000 | 17,807,389
15 | Economic Cost | 6,457,603 | 1967,288 | 1673000 | 1.304.000 | 11,401,887
Segme Financial Cost 6811,887 | 2070930 | 1.561,000 | 1,304,000 | 11,747,817
Seqment§ | EConomic Cost 5028811 | 8037862 | 5358000 | 1,819000 | 20,243,673
i Financial Cost 5284067 | 8460907 | 5358000 | 1819000 | 20821974
cament 7 | Economic Cost 7.105572 | 44654476 |. 3,364,000 603,000 | 55,733,048
Sega Finandiat Cost 7,476,925 | 47,004,711 { 2,765000 602,000 | 57,855,637
18 | Economic Cost 4266865 | 3,173,835 | 8,167,000 | 4,102,000 | 19,709,704
] Financal Cosl 4460025 1 3340883 | 5,121,000 | 4102000 | 17,052908
Tsble 6.9 CONSTRUCTION COST 6-LANE
(tn WS at 1981 Prices)
» Consteuction Cost .
Seqment | Componeat L Hosd e ] Land |4 1 Total
| 0 ridge Acquisition Counpenséleon
Seqment 1 |Economic Cost 2831,2112 | 2326449 | 1,795.000 0o | 6954.161
Financial Cost 2983113 | 2,448,893 | 1,796,000 .0 | 2228006
Economic Costly, 5,746,236 | 43,421,078 | 2916000 | 3516000 [65599.314
Seqment2 | FiMancial Cost 6052592 | 45706394 | 2,486,000 | 3,516,000 |57,760.986
il Economic Cost ML 3,740,109 | 30312101 | 2916000 | 19,632,000 . |56,600,210
Financiat Cost 3937137 | 31907494 | 2486000 | 16632000 |52.962631
Segment 31 jEconomic Cost 12940658 | 4665516 112,249,000 | 1473000 21,428,174
4 Financial Cost 3092815 | 4805806 | 7418000 | 1473000 l16,789,621
: Economic Cost — — — — -
sgment 4 Financial Cost — — _ - — .
Economic Cast - - - _ —
S Y Cost — _ — ~ Z -
a6 |EconomicCost 5888685 | 9,120323 | 6,724.000 | 4,107,000 }25.849,008
Segme Finandial Cost 6186955 | 9609813 [ 6,724,000 | 4,107,000 26627763
. Economic Cost - — — - -
ent 7 Financizl Cost — - — — _
Economie Cost — — — - —
Segment 8 Financiat Cost — — - — _
Note H.L. : High Level Bridgs
M.L. : Medium Level 8ridge
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6.5
6.5.1
{1}

(2)

LAND ACQUISITION COST AND COMPENSAYION
Land Acquisition Cost

General

The areas that are affected by the Project Road, comprises both pri-
vate and Government land and propesties. For the purpose of com-
pensation, the valugs of thése propesties are decided upon after dis-
cussion with the authorities from the Land Valuation Office and the
MPSP with confirmation from the Technical Committea. it rmust be
noted that the land values differ not only by the type of fand uses
but also by their location in trelation 1o the read. In this report, the
cost is estimated by area where lots of similar values are grouped
together.

on cost may differ when
expressed in terms of economic cost or financial cost. The economic
cost can be expressed as an opportunity cost of the land. For example,
the seashore land on the site of the Project Road, after being reclaim-
ed, could be utilized for a résidential area instead of for the road.
From this viewpoint, it is nacessary (o determine the adeguate oppor-
tunity cost of the land. However, the financial cost can be expressed
simply as the implementation cost of acquisition of the lfand for the
Project Road.

Unit Cost of Land Acquisition

In order to obtain the value of the fand along the route of the Project
Road, a survey is made to place a value on the fand affected.

On the basis 6[ the survey nﬁade, the fand values are determined by
each of the sub-divided segments.

With regard to the land acquisition in the seashore area, the unit ¢ost
is calculated by the following formula:

LVS = LVA x 08 — (RC t IC)

where : LV® : Land value in the seashore area
LVA : Land value adjoining the seashore area
RC : Reclamation cost
IC  : Infrastruclure cost

The land acquisition cost in the seashore area is estimated as follows:
3. Station No. 60~ No. 65 = 663 x 0.8 — 112 = 5423 per m?
b. Station No. 65~ No.85=363x0.8 — 112=%5176 per m?
¢. Station No. 85’\'N6. 98=189x08 - 112=8 39 perm?

" The estimation of the land value is shown in Table 6.1 6.
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Table 6.16 UNIT COST OF I.AND ACQUISITION
H o S SN g

-
.
a

8———

‘futlegé'.nr

Wi
A
{tn NS 21 1981 prices} (Per m*}
Section | UnitCost | Section | UnitCost | Section | UnitCost
1 83 1) 281 27 189
? 74 | 15 66 28 195
3 167 6 63 29 215
3 144 17 511 30 140
5 1 18 535 31 115
6 77 19 614 n 59
7 139 | 2 658 33 63
8 92 | 2 669 3 73
9 107 27 673 3% 78
) 122 23 814 36 8
Y] 153 274 363 37 9
12 122 2% 8 38 7
13 262 26 218 39 9
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(3}

6.5.2
(1)

{2)

(3}

Land Acqussnfon Cost .

O ‘the basis of the unit COSt and the acreage of the area affected by
the Project Road, the land acquisition cost Is estimated and Is shown
in Table 6.17.

Table 6,17 LAND ACQUISITION COSY
{In Thousand M$ at 1981 prices)

Land Acquisition Cost™”
Segment 4 -jane . ‘; 6-fane \
Economic Financial Econormpic Financial

Segrent 1 0 o | 179 1,796
Segment 2 1,217 618 - 2916 2,486
Seqgment 3-1 9,793 4,735 42,449 . ’ 2418
Segment 3—-24 3436 0. na. 0.3,
Segment 4 8,063 94 © na. . na.
Segmeal 5 1,673 1,561 6._?24 6,724
Seoment 6. 5358 5358 1. ©  na. na;
Segment 7 3364 2,765 na. na.
Segment 8 8,167 5,121 na. na.

Compensation

General

In order to obtain the value of residences aleCte_d along the Projéct
Road, a survey is done to count the number of houses and to catego-
rise them aodording to type. Al housss that are located along 3 dis-
tance of o fots from the ex;sttng road are denoted as alfected
buildings. ~ These are identified on a map of scale 1 : 3000 and the
data documented according to Iocallon, type of building, distance of
building to néw road, land use, building use, number of storeys and
structural condition of building.

In addition, the compensation for the two dockyards situated along
the Prai River is also considered in case their celocation is necessary.

Unit Cost

On the basis of the survey mentioned above, t’he unit ¢ost of compen-

sation is determined by the type of housing and is sho'. mn in Table
6. 18.

Compéensation Cost for Dockyard

It is 3 highly difficult task to estimaié this compensation cost because
it involves many complicated related matters. However compensation
is being considered as follows:
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Compensation = [Construction cost of new dockyard )
-~ [Land value of ihe ekisting dockyard )

The compensation for the dockyards is shown in Table 6.19.

Table 6.18 UNIT COST OF COMPENSATION
FOR RESIDENTHAL STRUCTURES (In M$ a1 1981 prices)

Type of Housing Material Unit Cost (M8/m?)

Detached Doublz — Storey Concrele 510
B  —do-  Vooden | 300
Getached Si_ngle - Storey Concrete 430

_ —do — o Wooden | 300
i Semi—Detached Bouble—Storey B Conecrete 433
—do — Wooden 300
Semi--Detached Single—Storey Concrele 433

Terrated Double — S?(;ev Concrete 344 o
- Terraced Single — Storey Concrete 344
Tersaced Triple — Storey Concrete 500

Detached Double — Storey Wooden 1 300 o
Terraced 4 — Storey Concrete 330
Terraced 5 — Storey C;);ctete 350
Teiraced Single — Storey Wooden | 250
Semi-Deleched Single—-Storey Wooden 300
Squatter Single — Storey Wooden 200

Table 6.19 COMPENSATION FOR DOCKYARDS
(In Thousand M$ at 1981 Prices)

' PPC Hong Leong
ftem Dockyard Shipyard
Construe- | Reciamation Cost 42,203 +1,412
tion Cost Dockyard +2§,290 - ) T 429530
~ Sub-Total 431,493 T 130942
Tand Value fexisting dockyard) -8400 —4,400
Survival Valus (existing dockyard),  —11,000 ~11,000
Compensation o 12093 15.542

' The sunvival value in the 2bove table is the valuz estimated for the
PPC dockyard only 2nd since the sunvival value of the Homg Leong
bn:ﬁyam 15 ROl obvious, the same valus is adopted for the Hong
Leong Shipyard,

{(4) Compensation

The total compensation ¢ost is estimated by each segment and is
shown in Table 6.20. :
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6.6

Table 620 COMPENSATION COST BY SEGMENT
{In thousand M$ at 1981 prices)

Segménl - Compensation Cost N
_ 4-lane 6-lane
Segment 1 0 )]
Segment 2 3516 3516
Segment3—1 | 1473 1473
Segment 32 516 n.a.
Seqmentd 1.317 na.
Segments b 1,304 n.a,
Segment 6 1819 4,107
Segment 7 - 609 n.a. )
" Segmem 8 4,102 na.

Note: 6iane is not applicable to Segment 3_—2, 4,5 7and 8.

ANNUAL MAINTENANCE COST

Data from *"The Malaysia Highwav Maintenance Study”’, “"Memoran-
dum for a Case for the Revision for Grant-in-aid for Maintenance to
Municipalities in West Malaysia”’ and other related reference were
used in the estimation of the annual maintenance cost of the Project
Road in this study. The cross-section of the Projeét Road is someawhat
different from the cross-sections of the roads mentioned in the above

~ references and so a change in the items of maintenance cost must be

considered.

The following items must be taken into account in the estimation of
the annual maintenance cost.

1}

2}

3)

Res’urfécing of Roads

The resurfacing of roads including the carriageway and shoulder
is to be carried out once every 10 years. The unit cost of resur-
facing per square meter of cauiégeway and shoulder with 3 em
thick premixed asbhalt macadam is estimated at MSO.S?.

Roadside Trees

The maintenance of roadside trees consist of the trimming of
branches, ensuring water supply, protection of the trees and
others. The unil cost is estimated at MS$1,000 per kifometer.

Drainage

The lifespan of the drainzge system is assumed to be 20 years and
5% of it has to be renewed or repaired every year. The unit cost
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4y

5)

6)

7}

of drainage maintenance is estimated at M$2.5 per sneter,
Kerbs

The lifespan of ketbs is assumed to be 20 years and 5% of kerbs

have to be renewed or repaired every year. The unit cost of chang-
ing kerbs Is estimated at M$1.5 per meter.

Road Marking and Lighting

The maintenance of the above includes lane-marking painting,
kerb repainting, repainting of traffic signs and others. The unit
cost is estimated at M$1,000 per kilometer.

Traffic Signals

The maintenance of traffic signals includes repai}ing the signals
and renewing them if necessary. The lifespan of signals is 20 years.
The unit cost is estimated to be M$1,250.

Central Reservation

The maintenance of the central reservation involves the cutting of
grass and gruning of trees. The width of the central reservation is

- 3 meter and one culling a month is M$0.05 per square meter.

8)

9}

10)

Guard Rails

tn the maintenance of guard rails, it s necessary to change and
repair the guard rails and 5% of quard rails have to be tenewed or
repaired every year. The cost of changing is estimaled to be

M$54 per meter.

Scupper Pipes and Kerb Oullet Channels

Scupper pipes and kerb outlet have to be ¢lesred reqularly. The
unit cost is estimated to be M$800 per kilometer. '

Bridges and Other Struclures

The ¢ondition of bridges and other structures havé to be invesli-
gated regulasly and repaired if found faulty. The unit cost is esti-
mated at M$1,000 per kilometer. :

The maintenance cost is shown in Table 6.21 and 6.22. These are
calculations for 41ane cariageway. These figures are multiplied with
a factor of 1.2 to obtain figures for the 6-lane road.
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Table 6.21 MAINTENANCE COST (4-LANE}

(In M% 2t 1881 prices) {Unit: per ken)
Cost y . -t Cost
 Ttems Unit | Unit Cost { Quantity | Economic | Tax (%) | Totat
ResurfacingofRoad] m? | 067 | 20,000 | 11400 570 | 11,070
Roadside Trees km 1,000 1 1,000 © 50 1,050
Drainage m 25 ?,00_3 5,000 250 5,250
Kerb m 16 2,000 3.000 150 3,150
Marking and Lighting km | 1,000 1] 1000 50 | 1,050
Teaffic Sigaats km | 1,260 1] 120 63 | 1313
Central Reservation] m 1.8 1,000 1,800 o0 1,890
Guard Rail m 54 200 1,080 54 1,134
Pipe and Kerd Outlet  km 800 1 - 800 40 840
g{:ﬁi’fu_‘;‘:: Other | 1000 . 1| 1000 €0 | 1.050
Sub-Total ' 21330 1,367 28.637
i | o | s | ame
Total | 31430 | 1572 | 33002

Table 6.22 MAINTENANCE COST OF EACH SEGMENT
(In MS at 1981 prices) -

. Segment . Lfﬁﬁ,t? Economic . _'::? Tota!

© Segment 1 1.950 61,289 3,065 64,354
Segment 2 2.665 83,761 4,189 87,950
Segment 31 1385 | 43531 EXT7] 45,108
“Segment 3 2 1.000 31,430 1572 33,002
Seqment 4 3.150 99,005 4952 103,956
Scgment 5 4350 136,721 6,838 143,559
Segment 6 2150 | 130435 6.524 136,958
Segraenl 7 5.200 163435 8,174 121,610
Segment 8 4350 136,721 6,638 143559
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7. PROJECT EVALUATION

YA GENERAL
7.1.1 Procedure

The procedure for the evaluation of the Project Road comprises the

following:
_Preparation of Altesnative
Plans of the Project Road
Economic Traffic Assignments
Cost on the Road Network
Estimate vath Plan and
by Alternatives vathout Plan
Unit Traffic
Cost Analysis
Benefit Estimate
by Alternatives
Choice of Indicators
for Economic Analysis
¥ 1. LR.R.
2. NPV
3 3. 8/C
Economic Analysis
Sensitivity Analysis
] Traltic, Technical and
Environmental Studies
Project Evaluation

fig. 7.} PROCEDURE FOR PROJECT EVALUATION

7.1.2 Choice of Indicators for Economic Evalustion

Three types of economic indicators are used in the economic analysis,
for the standard procedure of the Economic Planning Unit and the
International Financing Organization.
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(1)

{2)

{3

Internatl Rate of Return {IRR}

There are two kinds of internal rate of return, financial and econo-
mic. Since the financial rate of return is used only for private
investment, the economic rate of return is used for this project.
The IRR shows the discount rate which gives the bresk even point
between the present value of benefit and that of cost as given by
the following formula.

B{R) - C(R) = 0

B {R) = i§1 {148}

n—1__Ci__
C{R} = L, (1R
R : Internal Rate of Retuin
Ci : Costin the year {i)
bi : Benefitin the year (i)
n @ Projectlifein years
In order that the project be economically feasible, the IRR should
be more than the opportunity cost of capital in Malaysia, generally
12 percent.
Net Preseat Value _(NPV}

Thé NPV will indicate the difference between the discounted cost
and benefits using the rate of opportunity cost of copital. A
positive NPV means the project is economically feasible,
Benefit-Cost {B/C Ratio)

The B/C ratio is the ratio oblained by dividing the present value of
benefit by that of cost.

8
Benelit-Cost Ratio =C

where
- & bi
= Zi Ty
O ol N & I
c= i2=:0 $140)i
bi : Benefitin the year (i)

C - Couinﬂievear(i}
¥ : Discount rate

n :  Projectlife in years
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2.2
{1}

{2)

(3}

Among the three economic indicators, the IRR is mainly used to

establish the investment timing and the best combination of the
different alternative plans in this study.

ALTERNATIVES
General

The alternatives discussed in the engineering and traffic studies are
evaluated economitally with the following items:

Route

Type of Bridge

Cross-Section

Access to the Toll Expressway

Slage Construclion by Road Section

saeTe

However, the stage acquisition of the Right-of-Way as an alternative is
not included in the economic analysis because of the difliculty for

acquisition of additional land after the completion of the Project
Road.

Route

Six {8} alternative routes of the Project Road are selected from the
alternative routes which were discussed in the eagineering study, as
shown in Figs. 5.2 and 7.2.

a. Routel : The route passes through toutes A, D and E combi-
nation and route G.

b. Routell : The route passes through routes A, D and G.

c. Route il The route passes through routes B, D and E combi-

nation and route G.

4. Roule IV : The route passes through routes B, O and G.

®

RouteV : The route passes through routes G, D and £ combi-
nation and route G. -

f. RouteVIl : The route passes through routes C, D and G.

Type of Bridge

The altesnative types of bridge that have been selected from the engi-
neering study are:

a. The High Level Bridge with a clearance height of 2b meters.
b. The Medium Level Bridge witha clearance height of 16 meters.
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{4} Cross-Section

{5)

(6}

(7}

(8}

The following cross-seétions, selected as alternatives for _Route It and
IV, are considered in tha economic evatuation:

a. Plant : A six (8}—laneroad from the Toll Expressway to the
Prai Roundabout and a four {4)—tarie road for the
other pait of the Project Road.

b. Plan?2 : A six (6)—lane road from the To!l Expressway to
the North Butterworth Container Wharl and a four

{4)—tane road for the other part of the Project
Road.

For other alternatives, however, a four {4}—tane plan is only consider-
ed in the economic evaluation.

Access to Toll Expressway

The types of interchange with the Project Road to the Toll Express-
way at Jalan Sungai Dua, selected as the aiternatives, are as follows:

a. Full Access Interchange

b. Partial Access Interchange

Stag2 Construction by Section

The following afternalive stage construction plans are considered in
the economic evaluation for alternative Route 11l and IV.

a. Section 1 (Southesn Section of the Project Rdad)
b. Section 2 {Northern Section of the Project Road}
Combination of Alternatives

The following combinations of the above-mentioned altérnatives are
evaluated economicatly as shown in Table 7.1.

Evaluation Process of the Alternatives

In the economic evaluation, the alternatives are evaluated through the
following process: (See Fig. 7.2}
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Evaluation of Alternative Route
in cases of the Plan 1 road, the high leve! bridge
with full aeeess interchange

- 1

Evalustion of Altesrnative Type of Bridge

In cases of Routes £l and 3V with the Plan 1 ro2d
and the full access interchange

!Eva!uation of Alternative Cross-Saction
in cases of Routes 1H and IV with the high
tevel bridge and full aconss interchange

Evatuation of Access to Toll Expressway
in cases of Routes IH and IV with the high
level bridge and Plan 1 road

|

Evzluation of Stage Constroction
in c3s2s of Routes I znd IV with the

Flan ¥ roxd

|

Sensilivity Analysis of the Selected
Alternatives

i

Project Evaluation

Fig. 72 PROCEOURE FOR ECONOMIC EVALUATION

Table 7.4  ALTERNATIVE PLANS FOR ECONOMIC EVALUATION

Alternative Type of Cross-Section Acoess Abbreviation of
Route Bridy Pian Type Alternative Plan
Route 1 ) - 4 _[ane Foll Route 1.F,4-L
Route Il - 4-f2n2 Full Route II-F, 4-L
Plan 1 Full Routa HY-F, Plan i
High Leve! Partial Route IH-P, Pian 1
Route U1 Plan 2 Full Route III-E,PI&n?

[ ‘Route 1IE-F, Plan 1

Madivm Level Plan ¥ Full with Medium bevel
Fult Reute IV-F,Plan 1
Flan ¥ i VP, Pisn §

High Level Pactial Route IV-P, Pian
R W Plan 2 Full Route IV-F, Plan 2
oute . fuli Route IV-F, Plan 1
Alediom Level Plan 1 ul with Madium Level

Route V High Level 4-lane Full Route V-F, 4-1

Route VI | High Level 4_te0e full Route VI.F, 4-L

Note: Plan 1: 6-lane road rom the Toll Expressway (o the Piai Roundzbout and
4 _Tane ro>d for the other part of the Project Road.

Pian 2: G-Fzne road from the Toll Expressway to North Bullennorth Container
Wharf and a 4—Tane coad for the other part of the Project Roaxd.
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7.3
7.3.1

ECONOMIC COST ESTIMATES
Construction Schedule for Economic Cost Estimates

For the purpose of establishing the best investment timing of the Pro-
ject Road, a construclion schedule including detailed engineering and
actual construction work is assumed where the Project Road is to be
constructed within the shortest possible period.

July 1982 — Dec. 1983 Detaited Engineering
Jan. 1984 — Dec. 1985  ROW Acquisition

Jan. 1985 — Dec. 1987  Road Construction
Oct. 1984 — Dec. 1987 Structure Construction

Table 2.2 PRELIMINARY CONSTRUCTION SCHEOULE

Hems Year 1002 | 1983 | 1935 | 1985 | 1986 | 1987 | 1988

‘Detsiled Engincering
ROW Acquisition
Read Construction
Structure Construction

~ Accordingly, the Project Road is expected to be opened to traffic in the
year 1988.

71.3.2 Economic Cosls

' The construction cost estimates were alceady described in detail in

Chapter 6. The construction €osts consist of land acquisition and
comgpensation and the construction of road and structure.

For the evaluation of the Project, the costs and benefits should be-
expressed in economic values. Therefore, the following considerations
are made to estimate the economiec cost: '

a, The economic cost is basically estimated from the financial costs
less taxes.

b. This cost includes the land value of government land.

c. This cost also includes the fand value afong the coastal area.

The results of the economic cost es!ima'tes of each sliernative are
shown in Table 2.3 and 7.4. '
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Table 7.3 ECONOMIC COSTS BY ALTERNATIVE PLANS

Alternative Type of Cross- Access Economic Cost
Route Bridge Section Type {145°000)
Route ¢ - 4 _tane Full 89,617
Route I - 4-lzne Full 95,515
Full 116,234
Pian 1 -
foute 111 High Level Partial 115,446
Plan 2 Fulf 134,289
h}edium Level Plan 1 Full 119,980 ’
Ful 122,182
Plan 1 "
”}w Level Partiat 12',344
Route IV Plan 2 Full 140,186
‘Wediurn Level Pian 1 Ful 125877
Route V High Level 4--lane Full 123,173
Route VI Hioh Level 4 _-tane Full 122,670

Teble 7.4 ECONOMIC COSTS 8Y ALTEANATIVE PLANS

) Economic
Altesnative | Typeof Cross- Acczss Section Cost
Route Bridge Section Type {*45°000)
Saction 1 72,160
: : Full
Route HI High Level Pian 1 o Section 2 44.424
| Section 1 72,160
; : |
Route IV | Migh Level Plan 2 Fu Section 2 50,021
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7.3.3 Stream of Economic Costs

Considering the construction activities, the implementation period of
the Project Road wili take about 6 years, The stream of the economic
costs by type of construction work is assumed and shown in Table 7.5.

Table 7.5 STREAM OF ECONOMIC COSTS

w Detaited R.O.w.r Road Stiucture

Year Study Acquisition Comstruction | Construction
1932 50% - - -
1883 50% - - -
1984 - 50% - 10%
1985 - 50% 5% 30%
1986 - - 30% 30%
1987 - - 45% 0%

7.34 Maintenance Cost

74

741

The mainténance cost which is described in Chapter 6 is used for the
economic evaluation.

TRAFFIC COST ESTIMATES
General

The traffic cost can be divided into two (2} components; vehicle ope-
raling cost and time cost. The vehicle operating cost can be further
subdivided into two (2) components; distance related running cost
{running cost) and time retated running cost {tixed cost). The method
of estimation in this study is simifar to thatl used in the "’Year Book of
Transport Statistics 1979,

The vehicle operaling costs are originally estimated based on the
following vehicle type:

M/Cycle

Car

Taxi

Bus

Light-Van
Medivm Lorry
Heavy Lorry

~pap T

®
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7.4.2 Vehicle Operating Cost

{1) Running Cost

1

2)

3)

4)

5)

Fuel Cost (Petro! and Diesel)

The fuel cost is calculated based on the fuel consumption per kilo-
meter, the running speed and the current fuel price per litre.

il Cost

The oil cost is calculated based on the oil consumption per kilo-
meter and the current oil price. i

Tyre Cost

The tyre cost is calcutated based on the tyre life span, the annual
running kilometer and the set prices of tyres.

Maintenance and Repair Cost

The maintenance and repair cost afe divided into those of labour
and spare paris cost. The fabour cost is calculated by using the
tota! lzbour hour for each type of vehicle while the cost of spare
parts is estimated on the basis of vehicle cost in percentage.

Depreciation Cost

The distance determined depreciation cost is eslirnated by setling
up the percentage of depreciation to the tolal depreciation cost as
shown in Table 7.6 which also indicates the salvage value.

Yable 76 OEPRECIATION AND SALVAGE VALUE

Type of fee u:;:::gtg;o(;s) {%?ﬂ%ﬁigg’gsn
Vehicle

M/Cycle 30 5

Private Car 30 20

Taxi 85 15

Bus 70 - 15

Light-Van 60 B 15

AMedium Truck 10 i5

Hezavy Loy 70 15

Soutce:  Year Book of Transport Statistics 1975

The basic running cost per kitometer is calculated by summing up all
the elements mentioned gbove as shown in Table 7.7.
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Yable 1.7 DISTANCE-DETERMINEET RUNNING COSTS
{In cents per km st 1981 Prices)

Type of vehicle Light | Medium | Heavy

o M/Cycle | Car Taxi Bus | Van Lorry | Lowy
Running Cost 559 1403 | 11.12 | 2480 | 1754 | 3859 | 4630
Fuel 2985 770 3.24 6.29 7.8 | 1191 | 1101
oit 1 o2 o76 | 143 | 150 | wis | 150 | 232
Tyres 0.24 0.90 120 | 642 ] 1., 724 ) 10.70
Maintenance 145 340 2.66 549 438 | 1205 | 15.02
Depreciation 0.73 2.37 2.90 513 294 588 1.25

Factors affecting running cost are vehicle speed and surface character-
istics of the roads. However, as the surface condition of roads in
Penang State is good, only vehicle speed is taken into account. Run-
ning cost by vehicle speed is shown in Fig. 7.3.

)

&0

(Urit: Cests ger p.c.u. Xilomeiess) (Usit: Cents per kdocceizis)
3
s _—
/ 3
% Y
4
2
oL
L+ 114 32 43 £ j 5 ] 55 ] [£1 3?2 43 (3] [ %)
SFEED - XFPH SHID-KPH
I ESe) Moty cied

Note:  The figure for motor car is oblainzzd by using B pou. by wehicde e ard
the composition g2i¢ of velicles

Fig. 7.3 RELATIONSHIP BETWEEN RUNNING COSTS AND SPEED
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{2) Fixed Cost
1) Crew Cost

The crew cost is calculated separately for taxi drivers, bus and

lorry drivers, bus conductors and cargo loading and unloading
labourers for heavy lorries.

2} Time-related Pepreciation

The time-related depreciation is given by subtracting the distance
determined depreciation from total deprecistion. Then the'de-

preciation cost per hour is calculated by estimating vehicle life
and annual running hours.

3) interest

Since the opporlunitly cost of capital was assumed to be twelve
percent {12%) annually, the interest for commercial vehicles are,
therefore, calcutated by using the same intesést rate.

4} Overhead Cost

As a substitute for accident cost, insurance cost and overhead cost
are included as a pari of the fixed cost.

Alter the detesmination of the various cost items above, the fixed
cost per operationat hour is estimated for each type of vehicte and
is shown in Tabfe 7.8.

Table 7.8 TIME-DETERMINED RUNNING COSTS
{1n M$ per he. ot 1981 Prices)

N | wevete] oo | v | e | NEL G| G
Fixed Cost 035 | 151 | 207 | 641 | 158 | 388 638
Crew - 0.75 1.74 436 2909 270 3.1
Depreciation 019 | os6 | 016 | 066 | 019 | o035 043
Interest 015 0.70 045 1.76 0.38 0.93 i.15
Overhead - | - 062 | 238 | o046 | 1.7 169
Sub-Total 035 | 051 | 297 | 916 | 343 | 669 6.38
' a'g",f&”}’;'&,", 1.0 10 | 10 | o7 os | 07 10

74.3 Time Cost

Time cost is calculated using the family income approach method with
the following assumplions:
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{1}

{2)

{3)

Travellers: will be willing to ;)ay‘ in ordef to save travel time,
b. The traveller's valug of travel time is a function of his personal
income, '
¢. The traveller’s value of travel time is a function of his travel pur-
pose. _
Time cost of each type of vehicle is calculated by the following for-
mula,

Ci = Nj-lj x ¥ 7i.pi

" where:

Cj : Time Cost of vehicle """

Nj : Average occupancy of vehicle 4"

i : Hourly income of passenger of vehicle *j”
Ti : Composition Ratio of Trip Pu;pOse oy

Pi : Time value factor of Trip Puspose “i*

Then each item of the formula is delermined as follows:

Average Occupancy {Nj)

a. Passenger Car : 3.0 Pasengersfcar
b. Motor¢ycle . : 1.4 passengersfecar
¢. Bus 1 24 Passengersfcar
d. Taxi : 3.6 Passengersfcar

Source: Yearbook of Trenspori Stalistics Malaysta 1979

Hourly Income (lj)

The hourly income is calculated by the annual income of families and
annual working hours by non-véhicle owners, motorcycle owners and
molor-car owners.

3. Non-Vehicle Owner MS1.44/hour
b. Motor-Cycle Owner M$2.41hour
¢. Motor-Car Owner M$5.41/hour

Time Value of Vehitles

The time value factor by each trip purpose is determined based on the
aforementioned assumption and tabulated with the composition ratio
of each teip purpose o the total trip as shown in Table 7.9,
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Table 79 TIME VALUE FACTOR ANO COMPOSITION RATIO
BY TRIP PURPOSE

Trip 'c’;a;i}rpow Tire Value Factor Composition Ratio {Ti)
(Pi} for owner [ for non-owner
Business | 100% ot hourly income 8% 14%
Yo and from work 50% of hourly income 60% 46%
Private » No value 22% 40%
Total 100% 100%

Thetefore: .{’ #i-Ti

ft

48% tfor Vehicle Oaner)
38% {for Non-Vehicle Owner)

n

Accordingly the time cost of ¢ach vehicle type is given a5 follows:

Table 7.10 TIME VALUE OF VEHICLES
(In MAS per br. at 1981 Price)

Passenger Car M$7.79/br.
Motor-Cyele 251,621 br.
Bus M$13.14/ hr.
Taxi ME6.751 1y,

75  BENEFIT ESTIMATES

7.5.1 Benelits Accounted

The direct benefits obtained from the construction of the Project
Road to traffic can be defined as the dilference in the traflic cost
between the case wherte the project is implemented and the case where
itis not. The wraffic is classified into three categories:

a. Vehicles which currently use the unimproved project roads
{normat traflic).

b. Vehicles which will be diverted to the project roads
(diverted traffic}

¢. Vehicles not diverted to the project roads
(non-diverted traffic).

Normal traffic is that which will ahways use the Project Road with or
withoul improvement and will experience benefits in terms of savings
in funning cost and travel time.

The diverted traffic relates to thal which will be diverted to the Pro-
ject Road upon its completion. This diverted tratfic will experience
savings in running cost and travel time compated to its previous longer
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75.2

and congested route.

Incidentally, most of the Project Road consists of newly constructed
roads where only diveited traffic will run.

Non-diverted traffic will benefit in traffic cost terms due to deconges-
tion of existing roads.

Besides these three kind‘s of benefits, there s also the generated bene-
fits from generated tralfic. This type was not taken into account in
this study because its bEnems are assumed to negligible.

The beneht from the PrOjECt Road is therefore derived from normal
diverted and non-diverted traffic in the following way.

a. Reduction in travel time {Time Benefit}

b. Savings in vehicle operating cost (Running Beneit)
— savings in running cost {distance-determined)
— savings in fixed cost {time-determined)

Benefit Calculation Method
Each type of benefit is calculated using the following formulas.
1} Time Benefits

8 = ¥ iPj (4™ ~ ™) V)

wﬁer’e

T8 - time benefit )

Pij : passenger using the project road between zone i and j

tij"0:  travel time between zones i and j in the case where the
project is not implemented

tii“' :  travel time between zones i and j in the case where the
project is implemented

VvV :  timevalue

2} Savings in Vehicle Operating Cost
RB = ¥ Tij {{Lij¥O - RGO — LW - RCjjW) +
(ti° — 6"} x FCjj )
where _
RB : savingsinrunning cOst
Tij : traffic volumes between zones i and j using the project road
_ Lij "1 travel distance between zones i and
RCij : running cost between zones i and  (distance determined)
£Cijj : fixed cost between zones | and } (time-détermined)
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7.6.3 8enefits Calculations

Using the network assignment mode), the benefits from each alter-
nahye plan are calculated and Table 2.11 shows benefils by Lype
and Tables 7.12 and 7.13 shows the benefits by alternative plans.

-

Table 2.11  BENEFITS BY TYPE

Alternative Vehicle Operating Cost Time

Route Running Cost | Fixed Cost Total Cost Total
Roulte 113 72,017 3,103 10,220 8,906 19 126‘

1990 13224 Ja62xy | (534% | absxy | (100.0%)
Route V 6,643 3,285 9978 9,407 19,335

) 343%) | (17.0%) 513%) | (48.7% | (100.0%)
Route 111 17.849 8,687 26,535 24,415 50,951

2000 | Bsex) fuzom | (s20%) | (Bomy | (100.0%)
Route IV 18,505 9,163 21,703 25,873 53576

245%) | n7.2%) 517%) | 4833 | (100.0%)

Note: Upper figure : Benefit (M5'000)
Lower figute : Composition {%)

Teble 7.12 BENEFIT BY ALTERNAFIVE PLANS

Alternative | Typeof Cross- Access Beqefit Benefit Year fos
Route Bridge Section Type " s‘g) o Sg%l Ec):(f;:ad:r?

Route 1 - d4zne Futl 13455 34,434 1999
Route il - &tz Full 13,664 35,626 1909

Full 19,126 50,351 2001

Plan i

High Leve} Partiat | 12,558 42816 2001

Route {0} Plan 2 £ull 19,426 52,596 2005
Medium tevel| Plan 1 Full | 19,126 50,951 2001

Full 19,335 53516 | 2001

Route IV | ioh Level Plon | partial | 12,767 45.047 2001

, Plan 2 Full 19,335 55317 2005

Medium Level| Plan § Full 19.335 53576 2001

Route V High Level | 4fane Full 19.226 50,615 2001
Route VI | High Level |  4dane Full 19,135 53,184 2001

Notes: Plan 1in cross-section: 6-Fene from the Toll Expressway lo the Prai Roundzbout and
4 -1ane for the other part of the Project Road.

Plan 2 in cross section: 6-lane from the Toll Expressway to the MNorth Bulterworth
Containzs Wharf and 41202 for the other partof the Project
Road.
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Table 7.13 BENEFIT 8Y SECTION

c. Incsse of the 'High Level Bridge

{2) Evatuation of Alternative Types of Bridge

‘ » Benefit | Benefit | Yeat for
‘Alternative| Typeot | Cross- 1 Access | gection | in 1890 | in 2000 | Exceeding
floute Bridge Section Type | (Ms000} | (M$:000}]| Capacity
High Level| Plan } full Section 1| 11,748 | 32,814 | 2000
Route B [ Level| Plan1 | Ful | Section2 | 7378 | 13,437 | 2005
foute IV High Level] Plan Full Section 1 | 11,749 | 37814 | 2000
oute High Level| Plan i Full Section 2 7.585 | 16,762 | 2005
76 ECONOMIC ANALYSIS
{1} Evaluation of Alternative Routes
The economié analysis of the alternative routes is shown in Table 7.14.
The economic indicators show that all the alternative routes are econ-
omically feasible. Among them, thée two most feasible routes are
Routes Hi and V. '
Teble 714 ECONOMIC INDICATCR BY ROUTE PLANS
- . . , : Internal
Alternative Discounted | Disdounted B8/C Net Present | Rateof
Route Benefits Costs Ratio Value Retura
{$:000} | ($000} {$°009) (%)
Route t-F 4L 80,7 12 57,615 140} 23,097 155
Route I1-F, 4-L 80,952 60,662 1.384 23,290 154
Route lILF, Plan 1] 124,880 73,302 1704 51,578 175
“Route IV-F, Plant | 128343 | 76351 |  1.604 52.992 17.4
Route V-F, 4-L 124628 | 7762t | 1606 47,007 168
Route VI-F, 4-L 124,130 80,665 1.539 43,4865 16.4
Notes: a. DiscountRate™ : 12%
b. Froject Life : 25 years

The tesuit of economié analysis of the alternative types of bridge is
summarized in Table 7.15. All of the alternatives are economically
feasible. However, the High Level Bridge with a clearance height of 25
melers in found to be more feasible than the Medium Level Bridge

with a ctearance height of 16 meters.
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Table .16  ECONOMIC INDICATORS BY YYPE OF BRIDGE

N Di 7 fnternal
Alternative | Type of ’ﬁé’?ff ¢1° sg:?led 8/C Ne:rpgemm Rate of
Route 8iidge (5°000) (§°000) Ratio (s'f)gg) Rn:tu;n
%
High Level ‘
Route IILF fBridé;e 124.680 713302 | 1704 51678 | 175
Plan Medium Ley- T
ol Bridge 124,820 76,82 1.626 48,060 169
High Level - 1 ' ;
: 129,343
Route IV-F (Bridge gl 76,351 1.694 52992 | 174
- Plan i . —
. thledium Ley-
el Bridge 129,343 79.869 1619 49,474 16.8

Notes:  a. Discount Rate : 127%
b. Project Life 1 Zoyears

{3} Evaluation of Alternative Cross-Sections

The economic analysis of the alternative cross-section plans is shown
in Table 7.16. Both plans ate economically feasible. However,.Plan
1 (6-tfane road from the Toll Expressway to the Prai Roundabout

and 4—lane road for other part of the Project Road) is more feasible
than Plan 2.

Table 7.16 ECONOMIC INDICATORS BY CROSSSECTION PLAN

Alternative Type of bi SB?::&? b m&:‘:lm B.“:‘- Netvi;rﬁ:nt I;;i;n::
Route Ptan {5000} {$000) flstio (5000} R:%t;m
Plan | 124830 | 73302 1.704 51578 | 175
Route III-F P 143,116 84438 1672 56,722 168
Plan 1 129,343 76,35t 1.624 52,992 174
Route IV-F P2 147.220 B 55:435 1683 £9.735 16.9

Notes : a. Discount Rate : 12%
b. Project Life : 25 vyeds

(4) Evaluation of Access to Toll Expressway

Table 7.17 shows the result of economic analysis of access plans.
From this table, it is found that the Full Access Type has a higher
feasibility than the partial one, in both Route LIk and V.
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Table 717 ECONOMIC INDICATORS BY ACCESS PLANS

. ‘ s od Net Present Internal
Alternative | Type of 9‘“"“;‘.‘“‘ D; ‘a"“‘ B/C eVa:Se Rate of
Route Access Bepe it . st Ratio h Return
{$'000) ($'000) {$°000) (%)
Full ' : :
Access- 124,880 13.302 1.704 51,678 175
Route HI P—
Pian 1 ar g ‘ _ - '
en Aocess 108,690 | 72,266 - | 1504 36,424 16.2
fovte v | e 120313 | 78351 | 1604 | s2002 | 174
Plan 1 Partial | 4 3
Abooes 192547 | 75312 | 1494 37,235 16.1
Notes: a. Discount Rater = 12%
b. Project Life : 2byess
(5} Evaluation by Section _
The purpose of this analysis is 10 ¢larify the priority of the road séc-
tion in the Project Road. The results of the analysis indicate that the
Section 1 has a higher priosity for construction than the Section 2.
Table 7.18 ECONOMIC INDICATORS 8Y SECTION
- T fnternal
Altesnative|  Type of Discounted | Discounted B/C Net Piesent Rate of
Roule Section B-eneﬁt COSt Ratio Value Retum
($000) ($000) {$'000) (%)
Route 11l | Section 1 | 84443 44,894 1.925 41,549 18.6
Ptan 1 Soction 2 40,437 28411 1423 12,026 t55
Route IV | Section 1 84,443 45,894 1.925 41,549 18.6
Plan Section2 | 44,677 31,463 1420 13.214 153
7.7  SENSITIVITY ANALYSIS

The sensitivity analysis is made to find the'range of variation in the
economic indicators of the Project Road by changing the following

indicatoss.

e~ Q0P

Project Cost

. Project Benefit
Change in Cost Stream
Project Life
Change in P.C.U. of Motor-Cycle

Additional Alignment of the East-West Highway Supporting Road
Whether Routes 11l and IV are feasible o not, when route A is

expanded to a 4—lane road
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{1)

{2)

{3)

(4)

{5)

(6)

The results of the sensitivity analysis are summarized in Table 7119,
The detailed explanation is presented below:

Construction Cost

The factors which influence the construction cost are as follows:
Quantity

Unit cost of material

Unit cost of equipment

Efficiency of equipment

Efficiency of labour

o e

e &

Even when anincrease of 20% in the project cost changes in the above

factors and accrues no change in the project benefits, Routes #1-F and
IV-F are stili feasible.

Project Benefit

As mentioned in the traffic cost study, the factoss which influence
the benefils are as follows:

Vehicle-mifeage

Vehicle-time

Time value

Unit running cost

Unit fixed cost

®ap TS

Even if the project benefits are reduced by 20% while the project
cost remains the same, both plans are still feasible,

Combination of Construction Cost and Project Benefit

Even when the Project Cost is increased by 20% and at the same
time the benefit decreased by 20%, both plans are stilt feasible.
Construction Cost Stream

A study is mede to change the yearly cost stream where a larger
initial cost is required eompared to the original case while the con-
struction period is kept constant, i

Even when the yearly stream is changed, all plans are still feasible.

Project Life

A study is made of the case where the project Iife is cut by B years
from 25 years to 20 years. Even with this change, alt plans are still
feasible.

Change in P.C.U. Conversion Factor of Motor-Cyeles

A study is made of the case where the P.C.U. conversion factor of
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(n

motor-cycles is adopted to be 0.75 instead of 0.5 which Is used in
the original plan.

it is found that when the P.C.U. conversion factor is changed, the
project is more feasible than the original plan,
Additional Alignment of the East-West Highway Supporting Road

A study is made of the case where another East-West Highway Sup-
porting Road will be added to the northern atignment as below.

: E--W Highway Nonthein Approach {Additional)

'S

(8)

Even when the addition alignment is made, the project is still feasible,

Whether Routes 111 and IV are feasible or not, when Route A is ex-
panded 10 3 4--1ane road

A study is also made of the case where Route A {Jalan Chain Ferry)
is expended 1o a 4—lane road as follows:

Even in this case, Lhe project is still bound to be feasible.
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Table 7.19 RESULTS OF SENSITIVITY ANALYSIS

Alternative |  Route Il - F, Plan 1 Route IV - F, Pian 1
Route 8/C HPV iRA B/C NPV IRR
ftems Ratio (+4$°000) (%) Ratio {*45'000} {%)
1. Original Results 1.704 51,578 1756 1.684 52,692 174
2. 20% Cost Increase 1420 36,018 155 1412 37,123 154
3. 20% Benefit Decrease 1363 | 26603 | 150 1355 | 22025 | 150
4. 20% Cost increase and I o
200 Beaefit Decresse L136 | 11,043 13.2 1129 11,856 132
5. Chahge in Cost Stream 1.619 42727 16.7 1.614 49,222 16.6
6. Project Life 20 Ye'a{s 1.560 41,027 169 1549 41,849 168
7. -Changein PCU of M/Cyctd ~2.163 85,257 208 2.153 87,938 207
8. Aligament of the support: ‘ )
ing road of the East-West 1.550 40,346 164 1.55% 42032 164
Highway ’
9. \When Roule A is expand-
od to 4—tane roxd 1.591 52,808 163 1.605 55867 164

738

PROJECT EVALUATION

1} Judging from the result of the economie evaluation, Route 11l and
Route IV, with a six (6)—tane road from the Toll Expressway to

the

Prai Roundabout and a four (4}—tane road for the other parnt

of the Project Road, are economiczlly mere feasible than the other
alternative routes.

8y

the following reasons, it is finally concluded that Route iV is a

more preferable route than Route 131

a.

It is expected that most of the intra-urban traftic will be gene-
rated along Jalan Bagan Ajam where it forms part of the fro-
ject Road in the case of Route HI.

In the case where the Project Road is aligned on Route HI,
Route I will function as both a primary distributor and a
focal distcibutor where mixed traffic such as lorries, passenger
car traffic, inter-urban and intra-urban tealfic will run. How-
ever, in the cate where the Project Road is aligned on Route
1V, these functions can be segregated. Route IV will be able
to function as the primary distributor where mainly loreies
and inter-urban traffic will run and Jalan Bagan Ajam will be
able to function as the local distributor where mainly intra-
urban traffic and passeager car tralfic will run.
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2}

3)

4}

5)

From the viewponts of lraffic safely, environmental protec-
tion and effective usage of road, it is concluded that Route IV
is a better route than Route III.

b. It Is important to provide an alternate road in road planning
which can be utilised by emergency or security vehlicles, etc.
if the need arises. From this viewpoint, Route 1V is 2 more
desirable plan than Route 111,

¢. Judging from the result of raffic assignment mentioned in
Section 5.3, Route IV is superior to Route 111 in reducing con-
gestion rate on the roads.

d. The Project Road is comparatively easier to construct on
Route WV than on Route Ill. . This is because in Route I
disturbances to the existing heavy wraffic flow can be expected
on Jatan Bagan A}em during the construction period.

On the basis of the economic evaluation and the trafiic study, it
is concluded that the carriageway of the Project Road should be
6-lane from the Toli Expressway to the Prai Roundabout and
A—1ane for the other part of the Project Road. '

On the basis of the economic evaluation and technical study, it
is concluded that the High Leve! Bridge with a clearance height of
25 meters is a more feasible plan than the Medium Level one.
Yhis recommended plan will allow for the expansion grogram of
the two shipyards along the Prai River,

Frorn the results of the economic evaluation and the tralfic study,
bt is recommended that the Full Access Type be constructed at
the interséction with the Project Road and the Tolly Expressway.

If timitations of finance andfor capacity of contractors requiring
slage construction, Section 1 (Southein part of the Project Road)
should be launched first, then followed by Section 2 (Northern
part).
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