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CHAPTER 7 ALTERNATIVE ROUTE ALlGNMENT'STUDY_

By this study, altemative routes are formulated which in furn facilitates to select the opumum route
for the KLORR by evalualing the altemalive roules. Allerative routes sludy was made as described
in this Chapler.

71 Procedure for Alternative Route Selection |

In the Highway Planning process, the method of selecting an optimum alignment for tha
proposed road is one of the imporiant issues. In most of the cases, an optimum route is
selected from several allernative roules!ahgnmems Figure 7-1 shows the process of
formulation of allernative routes. . Do '

In lhe first step, the concept of the proposed KLORR pro;ecl was developed with the basic
~ consideration of the function of the proposed road area development and network
configuration. The concept building process is descnbed in Chap!er 5,

Inthe second step, a corsidor covering the areas where the proposed road might pass were
identified, taking into accounl the concept and lerrain condition. The corridor was set with
~an approx;mate wudth of 10km.

“n the next s!ep, bas:c control points, such as geologlcal conditions, urban area, water
catchment area, forest reserves and mterchanges wath other h:ghways were identified for
preparation of alternahve roules,

With alternalive roules, all necessary control points were examined, followed by the planning
“of alignment for the alternatives. The control points mc!uded geology, environment, hzghway
network, elc

Once the allgnmenl for alternatives were plarmed these allernative routes were gvaluated
from the standpoint of various aspecls such as geology, environment, engmeenng and
econom:c anatysus :
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Basic Considerallon

~ {n this section, Lhe basic control points wh:ch should be cons:dered on lhe selection of the

auernalwe roules are discussed.

For the selection of the alternalwe routes, the control points should be identified with area
issues as shown in Figure 7-2. The corridor for KLORR has been identified from
Rawang/Serendah in the north to North - South Central LinK in the south, passing through
the easlern area of Kuala Lumpur. This corridor can be divided into three areas: Northern,

- Easlern and Southein. The major issues in the three areas are represented Wiih the key .

words as follows

Northern area : Key word - 'pobgraphy, Engineering, Environment®

Eastern area . Keyword - “Environment, Development, Road Network"' '
Southern area : Key word "Deve!opment"

1) Northern Area

The Northern area consisls of mountainous and hilly terrain, forest reserve and small -
‘built-up area. How 10 cross the mountainous terrain without compromising the
-design standard, quality and comfort of the proposed road was of greal concern to

highway engineers. Therefore, the lopography, engrneermg and environmental .
_ aspects were predominant for lhlS area.

2) Eastem Area

This area consisls of hills, forest and water catchment areas which makes crossing
of these areas by the road alignment difficult. Additionally, conneclion of the KLORR
with the proposed extension of NKVE Ampang by-pass is also an important issue.
The KLORR has potentiality for development in Hulu Langal and hence
consideralion should be made to provide access for such future development areas.
As a result, aspects of topography, enwronmenl development and road nelwork are
predommant in this area.

: 3) ~ Soulhem Area

This area consists of many built-up areas, as well as proposed fulure developmenits.

Putra Jaya is being developed as the administrative center of the country, which will

involve huge development works. Thus, it - is important to coordinate the KLORR
- and Pulra Jaya Development Plan. On the other hand, there is Bangi New Town,

in adjacent 1o the town of Kajang. How lo bypass these towns and development
: area is a major concern. So developmenl is the predOmmant aspecl in this area.
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Proposed Alternative Routes

Examination of Allernative Routes

The altemative routes were examined by dividing the KLORR corridor into three sections as

follows:

3)

{2)
3

1)

Section 1 (North) -- from N-S Expressway o Kuata Lump'ur—Karak highw"ay
Section 2 (Easl) --  from Kuala Lumpur - Karak highway {o Federal Route No.1
Section 3 (South}--  from Federal Route No.1 to N-S Central Link

Section 1

Natural Barrier

_The naturat barriers in this seclion are the mountain ranges of Bukit Hulu Gombak
{698 m), Bukit Hulu Kalong (695 m) and Bukit Lagong (575 m). Passage through
these mountain ranges was one of the main concerns of designing the aliernative
routes. The control poinis were established as follows:

C'ontrgl Points

a.

Highway / Expressway

N-S Expressway -- Existing Rawang Interchange and a new interchange in
Bt. Berunlung completed in middle of 1995.

FR No.1 -- Rawang bypass planned.

Raitway

Malayan Railway in Rawang and Serendah.

Development Project

. *“PERODUA" project of "KANCIL" car plant in operation in Sungai
Choh

. Bl. Sentosa Industrial park in Serendah.

. Housing and Industrial developments

. Indusiria Estate near Rawang Interchange

QOrang Ashi

Kg.' Melaka and Serendah Orang Asli setllement in Serendah town,

Other Facilities

o Addict rehabilitation center in Serendah

7-5
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’ Cemetery in the hilly area in Serendah. -
f. | ~ Fores{ Reserves

‘Serendah FR, Bkt Lagong FR, Kancing amenity FR, Wildiife Reserve at the
northern part of Temper Park. '

. \Water Catchment Area

- Batu Dam waler catchment area.

Possible Route

To péss through the mountain range, two routes are possible. One follows Sungai
Serendah and climbs the mounlain range as far as possible and descends al
Sungai Pisang to Sungai Gombak, where Kuala Lumpur-Karak Highway runs. The

other follows the valley, where Federal Route No.1 runs adjacent to the new

development behind the Batu Caves. Different possible segments are considered in
each section as follows: '

Segment 1 starts from the N-S Expressway between Rawang and new Bl. Beruniung
IC al Serendah and crosses the railway line and FR1. Then it runs eastward in the
south of Serendah town. It then follows the Sungai Serendah valley and climbs by
a 3% grade as far as possible before crossing the mountain range by a tunnel. From
there it crosses the valley of Sungai Liam and Jalan Ulu Yam Baharu (823). Then
it raverses the valley of Sungai Gajah Mali and Sungai Pisang, one of the tributaries
of the Sungai Gombak river where Kuata Lumpur-Karak highway runs.

Segment 2 starts at the southern seclion of the existing Rawang Interchange, as
long as there is enough spacing between two interchanges from the tralfic control
stand poini. Then it runs between FR1 and Bukit Lagong FR before crossing FR1
near Temper Park. Then it crosses hills by tunnels at the foot of Batu Dam and
behind the Balu Caves, before crossing KL-Karak Highway. After crossing KL-Karak
Highway, it turns soulh, so as not to encroach upon the Internationa! islamic
University. _ L ‘ ' : '

Sectlion 2
Nalural Barrier

Natural barriers in this section are huge mountain ranges which spread at up stream - -
of the Kiang Gate Dam. The water catchment area of this dam and the quartz ridge .
of Kiang Gale are sensitive areas for the alternatives. There are Hulu Gombak and .
Ampang Forest Reserves’in this section. The Southern parl of this sectionis a’
gently sloping hilly area at Hulu Langat which can not be natural barrier for roule
location. The following control points were considered for this seclion.

“Control Points
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a. Highway / Expressway
. KL- Karak Highway is widened 2-lane to 4- lane divided highway
. NKVE eastern extension '
. Ampang elevated highway or the Jalan Ampang
. East-west Link Expressway

b. New Development
Sungai Long
¢.  Orang Asli

Pusat Pembangunan Orang Ash Kg. Balu 16 Gombak, Kg Perdik in Hulu
Kiang.

d.  Forest Reserve
o Hulu Gombak (Extensioh). Arhpang Water Catchment FR, Bi. Sungai Puteh
{north and south), Hulu Langat and Sungai Jeloh, Sungal Chongkak
~ recreation park and Wildlife Reserve in the Klang Dam reservoir.

e. Water Inlakes

Sungal Gombak along the Kuala Lumpur Karak h:ghway, Ampang Waltar
Catchment FR and Sungai Langat.

f. ° Other Facmty

. National Zoo

. S. Long

. Saujana Impian
- Possible Route

Passage through the Klang Gate waler reservoir and its water catchment area,
Ampang FR water calchment area, without encroachang tre development project
area in Hulu Kiang and Ampang, are main considerations of this section. Three
possible routas are considered.

¢

: The first one delours to the mountain side crossmg a waler catchment area by
tunnels and bridgas. The second one passes under the quariz ridge by tunnel, then
~ traverses the Ampang water calchment area by the minimum length to Hulu Langat
- valley. The third one also passes under the quarlz ridge and crosses by tunnel,
‘between a developed area and forest before crossmg Sungal Puteh by tunnel to
-reach Hulu Langal. : .

The segment 1 follows 'Sungai Rumpuf and lraverses'lhe cétéhmenl area of Klang

‘Gala Dam. Then it crosses by tunnel under the mountain range near Bukit Cenuang, :
( 820 m high) and follows Sungal Chongkak and Sungal Peredek boih of them are

7-7
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tributaries of Sungai Hulu Langat. It then traverses the southern part of Jatan Hulu -
Langat in the hilly area of Sungai Long and Sungai Jeloh and tums to the west by
a large radius bypassing Kajang town in the soulh.

Thé segment 2 turns south to the BY, Batu Tabor (quarlz ridge) after crossing the

. Kuata Lumpur - Karak Highway, not to encroach to the Internalional Islamic

University campus construction site north of the quarlz sidge and a wildlife reserve :

_ near the Klang Dam reservoir. It passes by tunnel under the ridge and crosses the

Taman Melawali area by viaduct. Then it runs to the mountain side of the developed

* area of Ampang and traverses below Ampang FR and ils water catchment area by

tunnel. Then it follows the valley of Sungai Semungkis to reach Hulu Langat Area.
i runs southward, then merges with the segment 1.

Segmént 3 staris from the segrhent 2 in the Norlh Section, then crosses the quartz

" ridge by tunnel, as in the segment 2. It passes between the built up area on hill

sides of Hulu Ktang and Ampang FR, which includes Kemensah, Bukit Jeriang and
Sungai Seriang. Then it turns to the east under the mountain range of Sungai Puleh
by funnel to reach Hulu Langat and traverses southward in the hilly area of Sungai

" Long in Cheras, It then turns to the west by a large radius, crossing the northern

area of Kajang town.
Sec_lion3 _
Natural Barriec

There are no natural conditio'ns which prevent passage in this area, but some high

“hills should be detoured to avoid high culling depth. The control points for this

seclion are:

Control Points

a. Highways { Expressways
There are many expressway projects in this area relaled to Putra Jaya and
KUIA project: . -
- Kuala Lumpur - Seremban Expressway ( open to traffic )
- N-S Central Link - KLIA Expressway _
- South Klang Valiey Expressway
- Dedicated Highway
- Damansara Highway - -

b.  Railway

Malayan railway, eleclric commuter service, KTM for Kuala Lumpur -
Seremban, New Express Rail Link o

¢. - Development
v Exisling urbanized area - Kajang Town
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. * Pulra Jaya - new administrative center
. KLIA - new inlernational airpoit
Bangi New Town

C. Forest Reserve
Air Hitam

d. Orang Asti
- Kg. Bukit Baja

EQi&lQl_e Route

There are three possible routes in this area. The first one passes through Kajang

town in tha south then crosses Bangi new town and Pulra Jaya. The second

crosses Kajang town in the north and passes through the northern boundary of Putra

Jaya. The third staits from the first one after crossing Kuala Lumpur Seremban
: Expressway and merges with the second.

The segmenl 1 turns west, bypassing Kajang town in the south after crossing FR-

No.1, then it crosses Bangi New Town area and the Kuala Lumpur-Seremban:

Expressway. It traverses the hilly area of Dengkil and proposed Pulra Jaya area.

. Then it runs south-west to avoid many mining ponds, where it crosses the N-S
Central Link al north of Bt. Baja, which is the final point of the alignment.

The segment 2 crosses Kajang town in the north, then follows Jalan Sungai Chua
and State Road B11 after crossing FR1 south of the Country Heights. Then it
traverses the hilly area of Dengkil, following the northern boundary of Pulra Jaya,
where it turns south-west te avoid many mining ponds and finally merges with the
segment 1. :

The ihid diverts from the segment 1 after crossing the Kuata Lumpur - Seremban

Expressway and merges wuth the segment 2 at the north boundary of Pu!ra Jayain
Dengkd '

7-9:
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732 Proposed Alternative Route Alignment.
As a result of the abové men!ioned examinalions, three alternative roules are established,
namely Route A, B and C. The configuration of these alternative routes is shown in Table
7-1. _

Table 7-1 : Configuration of Alternative Routes by Section

Section 1 Secton2 . 'Section 3
Route A Segmenti  Segment 1 . Segment 1
Route B Segment 2 Segme_nt 2 ' Se_gment 3
' : Segment 1 : .
Route C : Segment 2 : : Segmentb : Segment .2

' 1_) ~Alternalive Roule A

This is the outermost aflignment which will prowde good services for development
projects i in lhe outer area and will have the Ieas! social impact.

2) Altemalive Route 8

This is middle al:gnmenl which wil have medium |mpact to both somal and natural
environments. -

3)  Alternative Rou{e c
This is inngrmost alignment, same as ihe route B in section 1. This will provnda'

good services to the i inner area and affect least {0 natural enwronmeni

Figure 7-3 shows the lhree alternative rouies A prehmmary engmeenng sludy and -
cost estimation as well as a fulure traffic demand analysis were carried oul for the

- three alternative alignments and major issues for each allematwe alignment weare
identified as shown in Table 7-

7-10 -
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Table 7-2 : Summary on Comparison of lhé T_hree Alternalive Roules

A _ B C
1) Highway Type Expre_séway with fult access control’
2) Deslgn Speed 100 km/hr 100 ken/hi 100 km#hr
3) No. of Lanes 6 ) 6
4) Concept of Alignment + Outermost Alignment + . Middie Alignment s Innermost Alignment
: ' + Min. Socialimpact « Seclion i: SameasC + Max. Social Impact
» Max Neatural - + . Section2: Midde of A » Min.  Natural Environment
Environmentat - and G : fmpact
7 : . Ampact + Section3: SameasC '
5} Total Léngth © 83,300m 87,700m 77,0600m
8} Land Use Length : -
a) Forest 45,800 m 36,400m 28,300 m
b) Agriculture 35,900 m 42,200 m 39,000 m .
¢} ExTin Mine 5400 m 2,000 m 500 m
d) Usban - ' 6,200 m 7,100 m 9,100m
7} Structure Type Length , .
- a) EarthWork 55,540m 58,850m 43,990m -
by Bridge 22,210m 19,360m 18,360m
¢) Tunnel 15.600m 9,580m 14,640m
8} ‘Number of {interchanges 13 13 13
© {including Junctions} .
8} ProjectCost _
a) Construction Cost RM4,580 milion RM3,850 milion RM3,924 milion
b} Land Acquisition RM298 million - © RM33% million RM398 milion
“Cost 3 o ' '
c) Tola! , RM4,878 milion RM4,185 milion RM4,322 millon
10) Traffic Volume (2000) 24,300 veh/day 27,100 veh/day 34,700 veh/day
Traffic Volume(2020) .- 79,600 veh!day 81,000 veh/day - 84,500 veh/day
Total Veh-km (2020) -97.3 million' veh km 06.9 million veh.km 85.5 mitfion veh km
{2020) . 4297.5 thousand veh hr

Toltal Veh-hi

14) Major {ssues

Sec;ion 1

Section .2

Section 3

: 43732 thousand veh.hy .

» JCT with N-S Exp. is close to
Service Area '

+ Long Slope in Section 1

» Many tunnel seclions incl.
3.8km long in Sec.1

+ Construction problem due t

" faultfing o o

« JCT with N-S Exp. is ciose
to Rawang IC

« Close to Housing
Development atthe South -
of Batu Dam

4292 thousand veh.hr

= JCT with N-S Exp. is closq

~ toRawangIC

+ Close to Housing
Development at the Sputh
of Batu Dam

+ Long Span Bridge with high
per

+ Affect waler catchment area
for Klang Gaté dam

» Long tunnel (4.7 km)

+ Crossing Matay Reserve -

+ Tunnel under quarz rdge

« Crossing Taman Melawati

« Lang tunnel (4.47km)
» Crossing Malay Reserve

» Tunnel under quariz ridge

« Crossing Taman Melawat

+ Affecting squetiers at Ulu
Kelang and Ampang

s Crossing Malzy Reserve

« Longtunnel (3.8 km)

+ Crossing Putra Jaya 7
« Long Viaduct on swamp erea

+ Long Viaduct on swamp
area

« Squatter at Kejang atea
+ Long viaduct on swamp
area :
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7.4  Evaluation of the Alternative Route Allignments'
7.4.1 Evaluation Criteria
- The evaluation of the alternative routes were made from the following aspects :

1. - 'Engineeﬁng

2, Environment
-3. - Economic -

There are several factors within each of these aépect:s Which are é)ﬁpfained below.
1) Engineering
a) ~Geology

_Geological composition, such as granite and quarizite, is very hard, whereas
limestone and sandstone is not so hard. Thus, the type and hardness of rock
make a significan! difference in construction. Faulls also make conslruction
ditficult. If the direction of the fault i is parallel to the alignment, the effect will be
more severe than if the fauit lies across the alignment. Swamp Iand also makes
conslruction difficult, demand:ng exlra siructures ' :

b) Topography
The existence of mountain, hills, deep vaileys ridges, rivers etc. affecl the roule,
as the route will have steep slopes in the high mounlams or valleys and {ong-span’
bridges over blg rivers,
<) Conslrucuon
. The constmcuon method and !evel (easy or diffi cuII) depends upon the struclures,
~ such as bridges and tunnels. . In tase of long tunnels and long bridges, the
construction becomes more dnff cult since complicated methods and equment
are used.
d) Land Acquisition
- if the route passes through a built up area or private lands it will be difficult to
- acquire the land necessary for construction of road. Also, if it passes lhrough an
urban area, the land acquisition will be more difficult than in rural areas, such as
forest or agncunural land. ' : _
e)  Project Cost

The project cost.contains two components: : construction costs and land
acquisition cosls, Lower projecl cosls are preferable.

7-13
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Environment
Natural Environment

The route with minimum impact to the nalural environment such as forests, waler
catchment areas, flora and launa is preferred.

Social Environmenl

; The route shall avoid encroachment of sensilive historical, culiural, religious

monuments, temples or buildings. Also it should have minimum impact o

 privileged seltlements such as the Orang Asli selllement or the Malay Reserve.

Likewise, squatler seltlements are also sensilive areas.

Public Nuisance

‘Public nuisances such as air and noise pollution should be kept to a minimum -

during the construction phase and operation thereafter.
Regional Development
When a new foad is édnst_ructed, new towns will bé developed on the roadside

or nearby, provided thatl land is available for such development. The regional
davelopment potential at the road side will be considered. :

Economic Aspect

Traffic Demand

The volume of fraffic demand on the proposed routé and how it ¢an reduce
congestion on other existing roads are important in route evaluation.. The higher
the traffic demand the more suilable the route will be. The allernative route with
small aggregated vehicle-kilo meter and vehicle-hours value of alt lraﬂ‘c in the
study area |s preferable. o : -

Accessibility

Easier access to the route from adjommg areas or existing roads w:ll be an
important point in the evaluation of the route.:

Cost-benefit Analysis -

. Cost-benefit énalysis is performed after determining the project cost; Ecdnorhic

indicators, such as internal rale of return (IRR), benefit cost ratio (B/C) and net
present value (NPV) are important for evaluation. The allernalive roule al:gnment :
with the highest values of IRR and B/C ratio is preferred
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7.4.2  Evaluation of the Alternative Routos
The allernafive routes were evalualed as follows. (Refer to Table 7;3)
1) ' Engineering |
a) Geology

There are mountains of granile, and hills of schisl and sandstone in section 1, in
all three routes. The roule A passes parallel to the faulls running noirth-west to
south-east. The hills near the Balu Caves consists of granite, through which the
route B and C traverse. There are also faulls in the route 8 and C, however, they
run across the atignment, posing less difficulties in construction than in the route
A, There are swamp areas in seclion 3 in ali three routes.

b}  Topography

The route A runs through steep mountain ranges and deep valleys at Hulu

. Gombak in section 1 in the north, causing a long climbing section. it runs through
undulating hifls in the easl and alluvial tand in the south. The routes B and C run
through hilly terrain in the norih, steep guariz ridges and moderate mountains in
the east and undulating hills and alluvial areas in the south.”

) Construction

Due to exlstence of the parallel faults in the roule A, Ihe construction will be
difficult and needs special precautionary measures.- Also, the route A consisls
of maximum tolal length of tunnels, including the longest tunnel, with a length of
4.7 km, making conslructnon moslt difficult. It also contains {ong span bridge with

 high piers at a crossing point with the Kuala Lumpur - Karak Highway, The route
B has comparatively low lengths of tunnels, which makes construction easier than

-the other two. The route C has the minimum lengths of bndges but the {olal
length of lunnels is longer than the route B. :

d)y - Land Acqulsmon

The route A passes through a minimum of urban land, whereas tha roule B
passes through inlermediate areas and the route C passes through the biggest
length of urban land. Thus, land acquisition and compensation cos! will be the
highest for the route C and lowest for A, with B In the middle.

e) Pro;ecl Cosl '

_The constructlon cosl of lhe route A is 4.5 billion RM and land acquisition cost
is 298 million RM, the total cost is 4.8 billion RM. Similarly, the construction cost
of the route B is 3.85 billion RM and land acquisition cosl is 335 million RM, with
the total cost of 4.1 billion RM whereas for C construction cost is 3.9 billion RM
and land acquisition cost is 398 million RM resulting in totat cos! of 4.3 bl"iOﬂ
RM Thus the total projecl costfor B is the lowest.
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Eavironment

Nalural Environment

As the route A is located at the outermost, it will have the most significant impact
o the natural environment. This is due to the longest length which passes
through the forest reserve and waler calchment area. On the contrary, the route
C is the innermost alignment wilh the feast length In forest reserve and water
calchment area, resulting in minimum impacl to the natural environment.

Social Enviroriment

Among the various impacts on the social environment, the most sensitive matler
is the squatters and the community. In this context, the route C is the most
undesirable, since squalfers al Ampang, Ulu Klang and Kajang and the
community at Ulu Klang wifl be affected. The route A is the most preferable and
the route B is second for this reason. The route A does not have much impact on
communities, except on some Orang Asli seltlements in the norlh and east. The
route 8 has some impact on communities in Taman Melawali and also on the

. Malay Reserve. The route C has the large 1mpac! on commuml:es at Kajang and

the Malay Reserve.
Pub!ic Nuisance

As for pubfic nwsance lhe route C will have adverse effects at Ampang, Cheras
and Kajang in terms of air and noise pollution, making it the most undesirable.

- The route B also will cause 30me consequence on Me!awah Thus the route A

is lhe besl one from th:s standpoint.

Regional Development

- Along the KLORR, regional development pbtenlial is found in these areas : Kuala
“Lumpur - Tg. Malim corridor, Hulu Langat and the adjacent areas of Putra Jaya

and KLIA, Since the route C has an innermost location, merit to these regions

-are not so expected. On the other hand, the roule A and B will be able to

con!nbute to deveiopmenl of lhese regions.

Economic Analysis

Tral’fc Demand

The traﬂ' ic demand for the route A is the Iowesl as it passes mosl!y lhrough rural
areas. The route C passes through some urbanized areas and also close to a
builf up area, having the highest demand. But the difference is not very large.
The aggregated vehicle-km and vehicle-hours of all traffic in the study area will
be the hlghest for the route A and the lowest for the route C.

: Accessnbahly

717
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The route A will have easy access to PERODUA motor faclory and the newly
established lowns around the factory, whereas access from Rawang town needs
a long delour. The route A can also be easily accessed {rom Ampang and

- Kajang towns. The route B can be accessed from Rawang, Ampang and Kajang
towns. The route C is also accessible from Rawang, Ampang and Kajang towns.

As a resuli, there are no sighificant differences aniong the alternatives. .
¢) COst benefit Anaiy5|s

. The cost-benefil analysis indicator shows lhe h:ghest values for the route C. The
internal rate of return (IRR) for the route C is 18.2%, that for the route 8 and A are
17.9% and 14.8%, respectively. - Cost-benefit ratio for the route Cis 1.97, 1.9 for
the route B and 1.39 for the route A. The differénces in these indicalors between
the route B and C are nol significantly large. Thus the roule B or C is preferable
from the standpoint of cost-benefil analysis. ' :

: Scoring of Evaluation

A_fter' scrulinié_ing each a!ignmentfrom the viewpbint'of_ above aspecls, a scoring was
experimentally given by each evalualion item. The details of scores for ali the three
alignmenis are given in Table 7-4. : S :

The scoring was made based on the following consideralions.

(1) - If a difference of quantilative indicator for the evaluation item, among the

- 77 alternalives was within or more than 20%, a posilive/negalive score was given
according to superiority / inferiority. in cases where there is no quanlitaiive
indicator, the setiousness of lhe condatuonhmpacl will be assessed

{2) A specific weight was not given lo each eva!uallon item, since the welghling may
ditfer depending on the mdiwdua!s and the surroundmg csrcumstances at ihe time
of sconng : -

Overall Eyalualigr]

Since the route A is located at the outermosi area, the impact to the natural environment
will be most serous, particulary where it encroaches the waler catchment area for Klang
Gale Dam. In addition, many tunnel seclions, including the 4.7 km long tunnel, together
with fong fault lines running parallel fo the route will make conslruction difficult. Asthe
total lenglh of structures is the longesl the cost benefil analyms mdzcates it is Iess
advanlageous than olher altemalwes .

7-18



Table 7-4 ; Scores of Evaluatioh of the Three Alternatives
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Aspect Alternatives Remarks
(Indicator for
A B c _Scoring)
1. Engineering '
a) Geology Bad (-1} Falr {0} Falr{0) Referlo Table 7-3
b) Topography Bad (-1} Falr {0} Falr {0} Referlo Table 7.3
¢) Construction Bad (-1) Fair0) . Fair(0) Refer lo Tadle 7-3
s Fair (0) Fair0) Bad (-1) Length of Urban tand
d} Land Acquisition - e e .
&) Project Cost | Fair {0} Fair(®) | Falr (0} Froject Cost
2. Envirohment ‘ . : .
“a} Natural Environment Bad{-t) | - Falf(0)} Good (+1) Referfo Table 7-3
b) Social Environment Good (1) Fali{0} Bad (-I_) : Referto Table 7-3
) Public Nuisance "Good {+1) Fair{0) Bad {-1) . Refer to Table 7-3
d) Regional Development Good (+1) Good (+1) Fair (0) Refer o Table 7.3
3. Economic Aspect
a} Tralfic Demang Fair (0) Fals {0} Falr (0} Traffic Volume in 2020
b) Accessibiity Good {11) Good {+1) Good (+1) ‘Referto Table 7-3
¢} Cost-benefit Analysls Fair (0) Good {+1) Good {+1) . IRR
Totat 0 3 0 :

Note: If indicators are noted in the c,olﬁmn 'Remarks',: the above scaring ciiteria (i) is applied. In other
cases, the above criteria (2) is applied.

Score: Good : +1, Fak : 0, Bad.: -i

Tha route B is located at the middie, therefore, the environmental impact is not extreme,
but modest, aithough there are some negative impacts to the naturat as well as social
environment. They will not be very serious if relevant countermeasures are provided.
The total struclure length Is the least among the three alternatives. This suggests lhat
. the routs is aligned with better {opographic conditions, which will possibly resulls in
~ relatively less construction costs than the other alternatives.

| As the route C is located nearest to the urbanized area, impact to the social environment
will be the most serious. Particularly, it will affect the communities and squalters at
Ampang, Cheras, Kajang and Hulu Klang where public nuisance also will be expecled.

As a consequence, the route B should be selecled as the optimum alignment.
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Table 7-4 : Scores of Evaluation of the Three Allernatives

Aspect Alternatives : Remarks
- (Indicator for
A B c ~ Scoring)
1. Engineering
a) Geology Bad {-1) Fair (0) Fair{0} Refer lo Tabie 7-3
b) Topography Bag {-1) . Fair (0 Fair (0) , Refer lo Table 7-3
¢ Construction Bad {-1) Fair(} Fair{0) Refecto Table 7-3
- Fair {0} Fair(0) Bad {-1} Length of Urban Land
- d} Land Acquisition, Fair {0} Fair(0) Fair (0) Project Cost
e} Project Cost :
2. Environment : _
8) Natural Environment Bad {-1) Fair{0} Good (+1} Refer to Table 7-3
b) Sociat Envirenment Good (+1) Fairnd) Bad {-1) Refer to Table 7-3
¢) Public Nuisance Good (+1) Fair{dy - Bad {-1) Refer to Table 7-3
d) Regional Cevelopment | Good (+1) Gouod (+1) Fair (0) Referto Table 7-3
3.  Economic Aspect
3} Traffic Cemand Fair (0) Fair (0} Fair {0} Traffic Volume in 2020
b) Accessibility Good (#1) Good (+1) Good (+1) Refer to Table 7-3
¢) Cost-henefit Analysis Falr {0) Good {+1) Good {+1) IRR
Total o +3 0 .

Score: Good : +1, Fair ; 0, Bad [ -1

The route B is located at the middle, therefore, the environmental impact is not extreme,
but modest, although there are some negative impacls o the natural as wefll as social
environment. They will not be very sericus if relevant countermeasures are provided.
The total structure length is the least among the three alternalives. This suggests that
the route is aligned with beller topographic conditions, which will possibly results in
relatively less ¢onstruction costs than the other allernalives.

As thé route C is located nearest to the urbamzed area, impact to the social environment
will be the most serious, Padicularly, it will affect the communities and squalters at
Ampang, Cheras, Kajang and Hulu Kiang where public nuisance also will be expected.

As a consequence, the route B should be selecled as the oplimum alignment.

7-20



Chapter 3’} '_

PRELIMINARY EN GINEERING
'8 TUD Y



( - . C) : ERE PP
e - . )




KLORR MAIN VOLUME - CHAPTER®

CHAPTER 8 PRELIMINARY ENGINEERING STUDY

8.1  Engineering Key Issues

~ In the construction of a betler quality highway, Highway Planning will play a significant role,
which will requue amore comprehenswe and sufficient planning consideration.

The PEIA study was conducted to clarify the 1mpacls of the pro;ecl road to surrounding

environment. The PEIA study not only selected the alignment bul also provided significant
~ issues for engingering study comprehenswer and co!laboratweiy, in terms of physical,
. biological and sociclogical aspects : _

* Four key issues, Topography, Environnient Development and Road Net.work were identified
in Chapter 7. The four key issues will be translated into Engineering Key Issues based on the
PEIA study and the engmeermg study for the alternative alignments.

The Engmeenng Key Isspe_s should be examined and summanzed inlo design concépts which
will be applied to the preliminary Engineering Design. The Preliminary Engineering Design will
be conducled based on the design standards and criteria, also {aking into account those design
concepls. ' :

Seven major engineering key issues are identified as shown in Figure 8-1. Buffer zones and
environmental harmony are for environmental preservation in developed and forest areas,
respeclively. Tunnels, bridges and slopes should be studied from the standpoint of topography
and environment. Structures such as funnels and bndges will minimize the destruction of
wnalure and prevent slope failures..

Traffic safety is also considered as a main factor. ToII collectlon syslem isa b:g issue in lerms
of road users, traffic flow and efficiency which will be significant to interchange design.

En 'Heérin Key lssuss [ e e
gincering hey Tssve Design Standard

KEY ISSUEST

+  Bufler Zone

. and Criterions
< Harmonization with
- Natural Environment )

1
1
1
L[]
1
[ * Topography :
) |
. . Y
Tunnel - Pfe._ Engineering
Design |
i ' + Plan & Profile
Brdge ' + Interchange
]
1
1
1
1
1
s

I * Environment

+ Slops * Major Structure

1

'+ Topographic Survey
- (445000, 1/2500) "
+ Geological Survey

l - % Development

Traffic Safely : _

™ Toll Levy System

“1 From Chapler 7.2
'Figu're 8.1 - Identification of Engineering Key issues for the Peetiminary Engineering Study
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Basic Data Used

Peeliminary design was conducted using the foliowing‘basic dalé and design standard.

1) Topographic Map
Topographic map ofapporoximatély 8,000 ha in scale of 1:5,000 was preparaed based _
on aerial photographs taken in May 1995. Plan, profile and slruclure design of ordnnary ‘

section were prepared on the map.

* For interchange and slmc!ural de3|gn topographsc maps of approxumately 1200 hain -
scale of 1:2,500 was prepared

The resu!ls of the desagn are compiled in Drawings of the study Report.

| 2) . Geological Survey
The main purpose of ihe geotechnical investigation was 1o clarify the general and
delailed geotechnical conditions such as the type and quality of rocks, distribution of
faults and condition of soil layers around the site area for the design of ma;or

struclures on the KLORR, such as bndges slopés, tunnels, elc.

The geoiechn1ca1 invesligation mcluded a reconnalssance survey mach:ne boring and.

laboralory tests.
_Bonng Points g o : 30 locations
SPY (Standard Penelrauon Tesl) : every 1 meter of bonng
Bulk Soil Sampling ‘ 10 location

Laboratry Testing ..
- Natural watef content -
- Specific gravity
- Grain size analysis
. - Alterberg fimit ‘
CBR test :
Compaction Test

8.2 Design Standard
8.2.1 Geometric Design Standard
JKR and MHA ha\ke prepéred the fol!owing geomelric design guides and stahdards:

- “A Guide on Geometric De3|gn of Roads" issued in 1986 (JKR)
- "A Guide 10 the Design of At-Grade Inlersections” issued in 1987 (JKR);
- "A Guide to the Design of Interchanges” issued in 1987 {JKR);
- "Design Standard for Interurban Toll Expressway Syslem of Malaysia® (MHA).
The recommended geomelric design standards for the KLORR are mainly derived from these
- guides and standards, supplementing some necessary items. Main deslgn elemenis for !he
KL.ORR, companng the gu:de and standards are shown in Tabla 8-1.-
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“Through Carriageway

()  Road Classification

The KLORR will pass through a forest area and some residential areas in the north
and east sections. In the southern section, it will pass through urbanized areas or
proposed development areas. It will serve inter-city and inlra-city mixed traffic. R will
be an expressway, and considering its nature and functions it will be classﬂ” ed as R6
and U6 m the southern section. .

(2) Design Speed

The design speed of the KLORR is decided at 100km/h. A design speed higher than
this wili not ba necessary, considering the funclion of the KLORR. Long and high
speed trips will not be predominant, as in the inter-city expressway. But, a design
speed of 80knvh might be necessary for the sections of the KLORR passing through -

mountainous and h|lly areas.

(3)  Lane Width -

Careful consideration of lane width is important to road planning. it reflects the speed
and nature of traffic, which the road should serve. For the KLORR, a lane width of
3.65m is adopted. The KLORR will not be expressway like inter-urban expressways,
which have a lane width of 3.75m serving high speed, long inter-city trips. But, to
serve development projects in the suburbs, a lane width of 3.50m will not be enough.

{4) - Shoulders

A shoulder width of 3.00m is adopted foll'owm‘g the ekisting standards. But, for the

- tunnel and long span bndge sections, the shoulder is reduced by 1.00m to cut

constructlon cosl

{5} | _Mediaj_ns

A n{edian of 4.0bm is édopted' fol!bxving the exisliﬁg standards.

(6) Maximum Suberelevalion and Minimu.m Radius

The maximum superelevation and minimum radius together with the design speed are
closely retated to each other. The relation between radius and superelevahon is

obtained from lhe fol!owmg equation:-

R =; V2 / 127(14:)

Where, ¢

' R :! Radius
V .. Design Speed (kmfh)
i Superelevalion (m/my)
f:

Lateral Friction F actor
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(N Maximum and Minimum Grade

Maximum gradient are normally determined based on the condition that fully loaded
trucks can climb slope maintaining speed of at least hall the design speed. The
gradient of 3% for design speed of 100 knvh, are adopted respectively as a desirable

- maximum grade, At slope where steeper grade than desirable grade are needed,
criticat length of grade should be considered.

(8)  Verlical Curve
Vertical curves have effect in smoolhening the vertical élignment between tangenl.
‘grade in crest or sag. This should resull in a design that is safe, comfortable in

operation pleasing in appear’ance and adequale for drainage.

A slandard cross section for the KLORR is shown in Figure 8-2 and Geometnc Design
Standards are shown in Table 8- 1

2) Interchanges _
{1 Design elements of through highway
The geomelric design sl’andard of lhrough highway al an interchahge area

should be higher than that of a normal section of highway to facilitate diverging,
merging and weaving, and to provide longer sight distance.

- MINIMUM RESERVEIWIDI'H L:60.00

33.90

3.00 34 36501095 RN - S 323.63 01098
2.50 050 : . oo apo |
Carriageway - ’ ¢ Cacriogeway
{1woy - 3tane} - ’ . (hway - 3lane)
suonedy ) FG i FG
| MERGNAL STRP ™ MERGINAYL IR
. A

|

Figure 8-2 : Slandard Cross Seclion |
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(7)  Maximum and Minimum Grads
Maximum gradient are normally delerm'ined based on the condition that {ully loaded
frucks can climb stope maintaining speed of at least half the désign speed. The
gradient of 3% for design speed of 100 knvh, are adopled respeclively as a desirable
maximun grade. At slope where steeper grade than desirable grade are needed, -
critical length of grade shou!d be considered.
(8) - Verlical Curve
Vertical curves ha\ie effect in smoothening the verlical é1ignrhent between tangent
_grade in crest or sag. This should result in a design that is safe, comfortable in
operation, pleasing in appearance and adequate for drainage.

A standard cross seclion for the KLORR is shown in Figure 8-2 and Geomelric Design
Standards are shown in Table 8-1.

2) Inferchanges
(1) - Design elements of through highway
The geomelric design standard of through highway at an Intérchange area
should be higher than that of a normat section of highway to facilitate diverging,
merging and weaving, and to provide longer signt distance.

{2) Design Speed in Interchange Ramp

- “A Guide to the Design of I'nterchanges"' preScribesrihe {able for the ramps design
speed as shown in Table 8-2. ' : o

Table 8-2 ;: Rarnp Design Speed -

Highway Design _ - Ramp Design Speed (km/h)
Speed e R ; ' '
(km/h) upper middle : lower
120 90, 80 70 60 (50)
100 80,70 60 -1 50
80 70,60 |- 50 S 40
60 | . 50 a0 30
50 ' 40 T 25

{ ) is applicable only for loops

8-6
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_ Capacﬂy

To delermine the required number of lanes the capacdy of tha KLORR is analyzed.

‘The concept and methodology used for the analysis is based on the Highway Capacity
Manuat of the Highway Research Board, USA. Some adjustments are made lo reflect
local conditions based on the resulis of A Guide on Geometric Design of Roads of
Malaysia®, as shown in Table 8-3.

Table 8-3 : Capacity of the KLORR

o : ' : Rampway:
Description o , : Throughway T
. : Semi- Loops and
' Direction Diagonal
Design Speed (km/h) : 100 80 60 40
Tetrainor Grade = .  Flat | Rolfing 4% 5%
Basic Capacity (PCUfHour!Lane) 2000 1900 1900 . 1900
Senvice Level - S c | ¢ c C .
Coefficient of Service Level - 0.75 0.75 075 0.75
Service Volume (PCUfHourfLanéY 1500 - 1400 1400 1400
Lane Width (m) - 365 | 365 3.50 . 350
Lateral Shou!derssde 3.00 3.00 250 - 250
Clea ' :
toarance () | pedian | 100 1.00 0.75 0.75
Heavy - | Ratio of H.V.(%) 20 20 20 20
Vehicle - ) .
: Composite PCE 1.44 144 - 1.60 1.60
WidthofLane | 100 | 100 1.00 1.00
Cosfficient Lgteral_cma:ance 1.00 1.00 0.97 0.97
-| Heavy Vehicle 0.69 0.69 063 0.53
Total 059 0.69 0.61 - 061
Design Seivice Volume (VethrfLane) 1035 | 60 } 850 | 850
PHF(%) ST I T 10 10
DDR (%} - . . : . 60 60 60 | 60
L_Design DanyCapacdy(Veh!Day{Lane) 10800 - 10300 7080‘ : 7080 -
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8.2.2 Bridge Design Standard
1) Standard to bé used

Prevailing bridge standard specificalions and other structurat design guidelines
in Malaysua summarized below, are adopled for the sludy.

+  Guidetine Book for Bndge Deagn (Buku Panduan Rekabentuk Jamba!an) '

+ . Concrete Bridge Design Guidelines - published by the Design and

~ Research Seclion in the Public Works Department (JKR) in November :
1985,

+ Inter-urban Toll Expressway System of Malaysia, Des&gn Standard,
Comprehensive Design Standard of Interurban Toll Expressway Syslem -
published by the Malaysian Highway Authority in November 1986.

For supplementary purposes, the following slandards are used as gufdelines: :

. -Specuf ications of H:ghway Bradges pubhshed by the Japan Road
“Association, :
+ - Design Manual pubhshed by the Japan Road Aulhonty )
+ Slandard Specﬁ" icalions for Highway Bridges published by the Amencan
: Association of State Highway Offictals (AASHTO).
+  Series of Specificalions and Codes published by the Bruhsh Standards
‘ Institution (BS|) ,

2y Major Design Load
'Major'de_sign loading criteria adopled i:n this study are as follows:

(1)  Dead Load

- Slruclural Steel - - 7.85ton/cum
Reinforced Concrete : - 25ton/cum
Portland Cement Concrete - “23ton/cum
Asphalt Cement Concrete 2.35ton/ cum
Backfill Material | - 1.8tonfcum

Embankment Material | 18ton/cum

{2) ~ Live Load

a) Type HA Load (Normal Loadmg)
This load approxlmately represents the effect of Ihree vehlcles each
22 tons in weight, closely spaced, in each of two carriagaway lanas,
followed by 10 lons and 5 tons vehicles. A 26% allowance for :mpact
is included. Type HA Ioad consists of three components:

()  HA-udl load, umformly distributed load
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(i) ~ HA-ke! load, knife edge load, acting across the width of lane

(i) HA-wheel load

HA-udl and HA-kel loads are given in chars and diagrams in
conjunclion with design lane width and loaded length. Standard cross-
sectional loading is shown in Figure 8-3. The loaded length is usually
the base lenglh of the positive or negative portion, as the case may be,
of the influence line diagram for lhe member under conmderahon

As for continuous conslruchon where the posmve or negatwe portion -
of the influence line appears in a complicated shape, the maximum
effect for the member under consideration is o be studied, faking into
account any possible combination of the separate loaded length. In
such case, the loaded length is the sum of the separate loaded lengths.
Figure 8-5 and 8-6 show the example of influence line loading on 2-5
span and 4-5 span continuous struclures.

"B} Type HB Load (Abnorma! Loading)

This load caters for safe péssage of a single abnormally heavy vehicle
(16 wheels, four axles) up to 180 tons, and would be used when
specified by the appropnale authority. The HB vehicle is shown in Fig-

8-4.

The full HB load per axle is 450 kN (approximalely 45 tons). Type HB
load is often expressed in Units (1 unit = 10 kN, approximately 1 ton)
per axie. The full type HB joad is orien referred to as 45 units.

As the case may be, 37.5 units or 30 units are adopted for des:gn No
al[owance for HB load |mpact is made.

Loads Due to Centrifugar Force

Where the bridge camégeway is cufved a load for centrifugal action
of the vehicles (Fc) is consrdered in des;gnmg the members. Fcis

 given as follows:

30,000
CFe = . — kN
(4150
Wheré | (= radiué of lane (M)

This load is imposed on up to two lanes and any numbers anywhere
every 50m in longitudinal direction. .

Breaking Loads (Longitudinal Load)

This load représent the traction and breaking force of vehicles. The
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ene force for width of bridges shall be applied over an area 3.0m wide
by 9.0m long, or the length of the bridge, whichever is fess. The force
shall be loaded at the level of the carfiageway surface in longiludinal
direclion so as to cause lhe worst effect on the member under
consideration. in conjunction with the span length the force ranges
from 100kN {approximately 10 tons) to 253 kN (approximately 25.3

tons).

Seismic Loads
No seismic force is taken into consideration.

Wind Loads

Wind forces, though rarely significant in small-span and medium-span

bridgework, can be critical in bridges like the suspension type where
the span is large. Generally, any structure which is sensitive to slability
problems will inevilably tend to be more sensitive lo wind loading.
Load Due to Shrinkags, TemperétUre and Creép _

These are horizontal loads due to forces generated in the beams /

- slabs caused by shnnkage lemperature and creep in the material.

- 3) Material and Allowable Siress
The use of ‘major materials and reqwred strength of each of lhem are shown .
~in the following tables. : :
: Table' 8~_4(a) : Design Compressive Strength of Concrete
Class | Design Compressive : " Use
Strength at 28 days R
A 400kg/em? Prestressed Concrete Structure Casting on Sile.
B ' 360 kg fcm? . " Steel Reinforced Superstructure
C 300kg/em® ‘. Steel Reinforced Substructure
D 200 kg fem? Non Reinforced Substructure
- Table 8-4(b) : Tensile Strength of Rein'forcing Steel
Type ©Tensile Strength '- Yield Strength
Round Bar ' - 1400 kg /em? - 24 kg / mm?
DeformedBar | .. 1800 kg/em? . 30kg/mm?
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CARRIAGEWAY WIDTH
{BRIDGE EFFECTIVE WIDTH)

N x (@ OESIGN LANE WIDTH

FSRST LANE | SECOND. LANE | THRD LANE
FULL HA LOAD|FULL HA LOAD | /3 HA LOAD
(VDL ~ KEL) (UDL - KEL) {uptL. - KELY

900 900

(1800 XN GROSS VEHICLE WEIGHT)

PLAN
ASOKN 450KN 450KN 450KN
1800 6100 _ , 1800
PROFILE

Figure 8-4 : The HB Vehicle
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o) SPAN' MOMERY ON A-B CENTRE
-~ LOADED LENGTH : L(A-B)

b)  SUPPORT MOMENT ON B =
LOADED LENGTH : 2L (A-B-C

FF igure 8-5; Influence Lines Fo_r 2-Span Continuoué Struclure

7

il St

\\__:—/ = :

¢} SPAN MOMENT ON B-C CENTRE
LOADED LENGTH : L (B-C) or

2L(8-¢,b-£)

b} SUPPORT MOMENT ON 8

LOADED LENGYH : 2L {A-B-C)or
. ... .. 3L(A-B-C,D-€£}

Figure 8-6 : Influence Lines For 4-Spari Conlinuous Slructure
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Table 8-5 : Strength of Prestressing Steel (SWRP_?A T12.4 and SBPC 125)

Name . Yield Strength ' Breaking Strength

PC7-Wire Strand ' 150 kg / mm? 175 kg fmm?
PC-Bar . 110 kg / mm? ' 125 kg / mm?

8.2.3 Pavement Desngn Slandard

N

2

)

General

Pavements can be broadly classified into ﬂexlbIe and rigid types.

In selechng the type of pavement for each road, the fol[owmg fealures of each
pavemenl lype are taken inlo consideration

(a) Ease of construction and maintenance
(b) - Resistance to rot and wear :
(o) Stage construction

(d) Materials used

{e). .~ Skid resistance

H Initial investment

{g)  Difficully in repair

Considering the climalic and environmental conditions, physical properiies and

- condition of the roadbed soils and the heavy traffic volume in the Klang Valley,

the most reasonable design procedure was selecled from procedures as
descnbed in the Road Note 29 and 31, and Japan Road Association Standards.

Optimum Design of Fi'exible Pavemenl Structures

Flemble pavement is reoommended for throughways ramps, frontage roads
and bridges. The opt:mum design of flexible pavement s{ruc{ure for the project

-road is dlscussed in subseclion 8.5.4 pavement.

Opiimum Design'of Rigid Pavement S!ructure

ngld pavement with slab thlckness of 30c:m is recommended in lhe toli plaza
area for all road segmenls C :
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Basic beSlgn Policy |
Buh’er Zone
A buﬁer. zone between carriageways and adjacent proper'tie's is an impor!aﬁl countermeasure

for environmental preservation, especiatly traffic nuisances such as noise, air poliution and
vibration. The type of buffer zone is determined from the land use of foadside areas.

. Table 8-6 and Figure 8-7 show the type of buffer zones by fand use. Five types of buffer zones

are proposed for different land uses and road side conditions. The widths of the buffer zone are
éxamined based not only on the influence of traffic nuisances, but also on urban Iandscapmg,

with reference to the National Landscape Guideline - JPBD.

Table 8-6 : Roadside Land Use and Buffer Zone Type
+ Residential Area .

Type of _ Roadside Type of*. Right of way and
Urban Areas Conditions Crossing (one slde width of
: : ' Section 82) {m)
Existing Urban Area General Typés : A |80 (23.05)
' Crossing Urban Area - B 100 - (21.05)
{with service road) :
With Service Road _ 8 100 {21.05)
Approved Urban Area '

{Structure Plan/Local Plan} | i { evel Enwronmenlaf c 120 {31.05)

Residential Area

Futwre Developed Aréa -~ | With ServicoeRoad .~ | 8 |10 (21.05)

. In'dustgria‘t Area (Commercial Area)

Typeof : Roadside " Type of* Right of way and

Urban Areas . Conditions : Crossing | {one side width of

' ' Section B8Z). (m) .
Existing Urban Area” © | General Type | o leo: . {13.05)
Approved Urban Are2 With Service Road o E 80 (11.05)

{Structure Plan / Loca! Plan)

Fulure Developed Area Wi_lh Sewice Road E 80 (1 1'.05)

. Opeh Space Area

Type of , Roadside Typeorr | Rightofwayand

Urban Areas Conditions ' _Crossing (one side widih of
' . _ o Section BZ) {m)
OpenSpace | . |l o 60 . (13.05)

Note : . Reference to Figure 8-7
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" RESIGENTIAL  AREA

INDUSTRLAL - AREA

Cume BTN .. nme

Figure 8-7 : Types of the Buffer Zones
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To decide the type of buffer zone for the KLORR, roadside areas of the project are examined
from the standpoint of densily of buildings, land use type, condition of infrastructure
development and so on, as mentioned in Table 8-7.

Based on the analysis, eleven seclions are proposed o be provided with buffer zones.
locations and type are shown in Figure 8-8,

Table 8-7 : Roadside Condilions and Buffer Zones for the KLORR
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Figure 88 : Analysis Section for the Position of Buffer Zones
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832 Harmonizalion with Natural Environment

1)

2)

Conservation of the Environment through Planling

Although highways are artificial facilities, they can be harmonized with the background
natural environment by carefully deliberated miligation measures. In case where the
project road will affecl landscape and wa!di:fe |I is |mporlant to cons:der a plannmg
appfication to preserve them.

' To'mitigale the Impact caused by the deveiopment of the prdjecl road, lhe planning

application can be by planting trees, and it can be effective for tandscaping too. The
planting for landscaping, in fact, can be effeclive to the wildlife conservation in the
vicinity of the project road, and also contribute to a reduchon of pubhc nunsance such as
air poliution.

(1),  Landscape Planling for the !mprovement of the Living Environment

Where the project road pass near schools, hospilals and residential placesina
suburban area, pIanllng trees in ROW for fandscapmg will i |mprove the living
enwronment : .

In delermining the paliem and size of landscape planting, the type and number
of buildings alongside the road, environmental quahty, and fand use paltern
should be taken into consideration.. :

The mode! paltern will be a muHi -storied planting with evergreen trees as the
core zone, surrounded by a mixture ol tall, medium and low decnduous and
olher soil i improving trees.

- 2 Landscape Ptanling Technique

The Iandsbape ptanting techniqué has not yet been well established and rémains
debatable. However, the following points can be taken into consideration:

(a)  Planting of nalive spacies.

(b} Transplanting useful exisling trees.

{c) Conservation of scientifically imporiant plants.
. {d) Conservation and recycling of the top soil,

(e) Protection by planting along the edge of foresl using slaeve and manlle

_ ~ communities. E

()] Pianting {rees and piants whlch prowde food for birds.

Landscape Planting for Wildlife Conservauon

The deveTOpment of the projecl road will affect wuldhfe environment during conslructlon

as well as operalion phases. In order to minimize the disturbance, the continuity of
wildlife habitat with regard to topography, vegelation, soils and other factors should be
secured in the des'[gn and construction of the road.
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Various species of wildkfe inhabit halurai wide and continuous foresls. The road
development may often chwde wildlife habitat Ianearly and causes detrimental effecls lo

wildlife.

The followings three mitigation measures are consndered Fi Igure 8-9 demonslrales'
~some examples of them. -

U

@

@

Mammal Trail with Planting

Thisis a Way to c_onnéct both sides of forest habitats wh'ich are divided by the
highway. There are two methods: One is a tunnel by box culvert under the
highway. The other is an overhead bridge above the highway. '

- In either method, vegetation should be planted near the facilities for hiding

wildlife refuge. The fence along the highway will prevent wildtife from crossing
the road, thus encountenng acc1den!s :

Forest Cut Edge Recovenng with Plantlng
Highway conslruchon in forest area not only divides habitals but also endanger :
flying wildlife, especially birds by traffic flow. Trees planted artificially near by the
road will help them to fly over the road safely. :

Wildlife Corridor with Planling

itis useful for wildlife cdnservalion {o connect the separated forest habitals by
a vegelation corrddor. In the vegetation corridor, wndl fe can hide themselves

“and use lhe comdor safely

8-19



© Wildiife Corridor with Planting

: Figure 8-9 : Mitigation Measures for Wildlife
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8.3.3 Traffic Safety

Tfamc safoly was considered in designing the project road vased on drivers’ concern and

feeling to the existing highways and expressways. A drivers' interview survey was conducted

on the Karak highway and the N-S expressway to collect information regarding awareness and

concern of the drivers. The method, questionnaire and detailed analysis, mcludlng cross
' statistical analysis are included in Techmcal Report.

- Some of the results are reflected in the KLORR design; Suggesuons for the KLORR desugn are
made as follows, from the slandpoml of lraffic safety. _ :

M

(2}

- (3)

@

- Eliminalion of dnvers anxiety

itis normal and natural that the high percenlage of drivers felt anxiety in the heavy rain
in running below high cutling section. 50% of drivers pointed out their anxiety while

- driving on the mountain side sections of high cutling even though they are desugned

accordmg to lhe demgn standard of N-S expressway

| ltis recornmended that the length and he:ghl of road s:de slopes on the KLORR should

be as short and low as poss:ble :

Keeping constant speed '

itis imporant to keep a constant speeds not only for accident prevenilon but also for
comfortable dnwng Changmg speed is one of ihe causes of accidents.

A gentle vert[cal alignment shourd be recons:dered 5% is the steepesl gradient
recommended for the KLORR

Fac:ialate sleenng

In order fo keep a constant speed, it is noted thal the curved section after the slralght

: sectson shou!d be des:gned smoothly

0% {0 0% of drivers on the Karak and N-S Expressway pointed out 1hal sleering their
vehicles on sharp curves on downward slopes was most difficult. The sharp curve

_ be!ween the long and slraight seclicns should be well treated.

Pay more attention to tunnel desngn

Number of tunnets including one wﬂh tenglh more than 3KM are planned in the KLORR
The {unniels in the KLORR will be deSIgned with higher slanderd than Genting FTunnel
in the KL - Karak Highway. :

Several aspects were pointed out in the tunnel driving survey, such as visibility, air
-ventilation and emergancy systems. Accordmg {0 the survey results, the following |tems

should be considered in des;gn
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- | Design of funnel enirance 1 Usually, speed is reduced just before the tunnel
- enlrance. There are many reasons, but anxiely and feelings of oppression are
some. The design of tunne! entrance should be well considered. :

- Genlle vertical alignment : The vertical alignment is recommended to be
designed at less than 2%, if possible around 1%, to make lraffic floor smooth
and to minimize the speed difrerence,_ especially with lorries. '

- Provision of Emergency Refuge : Itis required to provide emergency refuge
for broken down vehicles in a tunnel. The interval of space should be al least
1,000 m. r ' '

834 Toll System
1) General

Toll system will be an iniportant part of operational issue of the KLORR if it will be conslrucled
and managed by privatized scheme. To ensure smooth traffic flow and fair toll system, the .
. Sludy proposed that toll system of the KLORR be a close syslem and integrated among toll
- expressways and highways in Malaysia. As there is anincreasing tendency of the number of :
concession companies o construct expressway, it is necessary {0 establish the method to
manage toll system. ' : S S L

Such a syslem is also considered to render good seivice of expressway to user and lo reduce
emission of polittant by avoiding stop and go operation at toll booth. if the tol! booth is installed
at the entrance of every different managing body of expressways, the problem of inconvenience
to driver will increase, especially at the connecting interchanges. If the KLORR is to be
construcled by plural concession companies, this problem would happen in the KLORR itself,
To make slops of drivers minimum some technical method is proposed.

2) Examinalion of Toll System

There are many toll éxpresswayé and highways a[re'adybpen to traffic in Malaysia. Two
‘systems to coliect toll, i.e. close toll system and open toll system are commonly used in the
counlry. Their application are compared as follows. - : :

(1) Open toll sysiem

Toll barriers on main lane are needed to be instalied dividing the KLORR into several
sections. In this syslem there are some trips which are not covered by this toll barrier
installation, It means there are some trips which will use the KLORR without paying toll.
To prevent them some more toll barrier will be needed (o be installed resulting more

~ frequent stop, o ST I ' o

- At system interchanges with exisling toll expressways, toll_plaz_as' are needed to be

installed. Forlong distance travelier nuisance to stop al toll plazas and toll barriers will
be troublesome even thotgh there are some trips not covered by this system.
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{2) Close toll system

Toll plazas are installed at entrance and exit of service inlerchanges. Users will get a
ticket at entrance toll plaza encoded interchange name, vehicle type, date and time,
The user will have 1o pay toll fee at exit loll plaza propertionat to the travel distance on
the expressway. As the KLORR wrli cover 88 knn Iong sectlon toll charge should be
fair {or every user. :

4) tnlegrauon of loll syslem wnh lhe existing toll expressway

For the travel!erthrough the emshng toll expressway and the KLORR, lhe same pnnmple will be
. applied. They get ticket at entrance toll plaza and they will pay toll fee at the exit toll plaza. The
toll charges are calculated according to the trip length of both expressway mulliplied by their
unil toll rate. Evenif the trip is made over the section of different managing bodies the method
~ is basically the same. '

Toll plaza will not be needed to be installed at the interchange of' the KLORR with other
expressway, thus, it will be able to ensure smooth traffic flow at interchanges.

But, toll plaza should be instalied at interehange with open loll road for each direction of traffic.
A fixed toll fee can be charged at toll praza For the directional flow, toli will be charged as
follows

i)~ Opentoll road to the KLORR
fixed toll fee will be collected and ticket will be issue for the KLORR at toll plaza

i) The KLORR lo open toli road

toll fee will be collected for the KLORR and open toll road depending on the

direction.
5) Management of toll collection
“To manage _loil collection system loll managing center should be established. At ihe center ali
traffic information of the system is transmitted and stored. Amount of toll fee which should be
collected is calculaled immediately based on the traffic dala.
The due shares of collected toll fee for concession companies are also calculated. And the
balance betwgen due share and the actual collected amount will be transacted among
conc_ession companies fora ceﬂain unit of time saya month.

Contract among the concession companies should be made regardmg the exchange of traffic
information and transaction of coilected to!l fee

- 6) Nelwork Types
There are two types of network:

(i) ~re netwerk" -- a single route for every interchat_\ge pair
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{ii) "mesh network” - plural route for a certain interchange pair

Toll charge wilt be simple for the tree nelwork which will appear at stage construction period.
However, collection of toll will be complicated in case of mesh network. For mesh network that
will appear at the completion of ring road, the route which a user travefed should be clarified to
charge toll at exit toll plaza. For the purpose, some equipment will be needed to be mslalled
at some stralegic pom!s on the KLORR to clarify the traveled route.

(1) Check booth ' ‘
Check booth w:ll be mstalled to encode the pomts on the tlcket

' (_2) ‘ Vehicls identifier without stopping
: Road side facility to idenlify the individual vehicle by radro wave emilter and receiver
. with on board device. Sucha facmty will be realized by the year of comprehon of the
KLORR : :

- (3) Traffic counlmg station

Installation of precise lraffic counter and to carculate the traffic voluma separahng the
- traffic with smgle route and plural roule .
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Design of Plan and Profile

Design of Alignment

The alignment designed on a 1:5,000 map is contained in the separate volume of drawings. In
this section the outline of final alignment is discussed. .

1)

' Section 1

This section is from the interchange wnth the Norlh-South Expressway !o the
Inlerchange with ihe KL-Karak Highway.

{i length 22.830 meter
(ii) interchanges 4 numbers
(i} tunnels 3 numbers, Ienglh 3, 560 meter

{iv) bridge 22 numbers, length 6,050 meter
{1} North - South Expressway te FR No. ‘l
It slards at the intersection with the Noith-South Expressway. at north of Kuang town.

The type of mletchange is a combination of Ioops and directiona! ramps Serwce to
Kuang town is added to the interchange.

‘Then, it turns to norlh easlwaird aTong the Malayan Rallway, then turns eastward to

Kanching forest. The main structure of this hilly area is cut and fill but bridges are

designed at the crossing points of the railway and some rivers.

Then, it passes under the mounlain 'range and Bukit Lagong foresl reserve (FR) by a
tunnel of 1,320 meters to the valley where Federal Route No.1 runs. The highest
elevation of this area is 145 melers and the lowest is 60 melers. A 3% gradnent is used
to climb to the tunnel sectlon

From there, it passes through the valley south of FR No. 1 with the elevation around 100 "
meters, then intersects it. Almost all radii of horizontal curves are around 1,500 meters

_but in some sechons radlus of 800 melers are used.
E (2) FR No.1 to Karak H:ghway

' It passes ihrough a mountain range behmd new!y deveioped area by a tunnel of 1,800

meters, then it passes near the residential area of Taman Jasa Utama and intersects
State Road B 23 below the Batu Dam. The hlghest elevahon |s 150 melers and lowest
is 78 meters _

It runs eastward to the mountain area noﬂh of Taman Sﬂ Gombak wnth a shorl tunnel
of 400 meters fong, with cut and fili method to Sungai Gombak and KL-Karak Highway.

- The interchange with the Highway Is designed along the wast bank of Sg. Gombak.

'The highest elevalion is 130 meters and lowest is 80 meters in the section along Sg.

Gombak. The steepest gradient of 4 % is used onty in‘a short secl;on The rest of the

. section con!ams a gradient of less than 3%,

Radii of honzontal ahgnmenls are around 1 000 meters or more except for one seclion
crossing FR No. 1. - . _
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Seclion 2.

_ This section covers the section from the KL-Karak Highway to Federal Route No.1

(Jalan Cheras) it passes through a mountain range and Ulu Langat Malay Reserve.

() length 3? 580 meter

(ii) interchanges 3 numbers

(i} {unnels 3 numbers, length 5, 730 meter
{iv) bridge - 38 numbers, length 9, ??0 meter

(1)1 The KL- Karak Highway to Jalan Ulu Langal (Stale Road 852)

After ¢rossing the Karak Highway it passes under the quartz ndge by a lunnel of 1790
meters long. Then by a viaduct it passes through Taman Melawali. Then it passes
through the foot of the quartz ridge by cut and fill and bridge where filling deplh deemed
too high. Then it climbs a mountain range from 100 meters to 220 meters with a 4%
grade for 2,800 meters long.

it passes under the lop of the mounlain and Ampang water catchment and forest
reserve by a tunnel of 3,170 melers long.  Then, it tums southward descending the
mountain range by gradlent 4% and 2% to the iowland along Sg UIu Langat, where the
he|ght is around 60 meters.

if forms interchange with . the'proposed Ampang Etévated Highway exiension in the |
area. Then it forms mlerchange with Jalah Ulu Langat (State Road B 52} The design
speed of this section is 80 km/h. . :

A radius of 800 meters is used 1o climb the mountasn when wmdmg through the range.
But, in lowland along Sg. Ulu Langal larger radu are used. -

2) Jalan Ulu Langat to Federal Route No.1 {Jalan Che_ras)'

it forms Interchange with the proposed West East Link extension after the Interchange
with Jalan Ulu Langal. Then it turns to a hilly and mountainous area in the east of
Cheras and Kajang town in order to avoid the newly developed area of Sg. Long and the
Prison. By radius of 1,500 melers it turns west to the south of Kajang Town.

The main struclure ih the area is cut and fill, but a shorl tunnel of 750 meters is planned,
also bridges are designed in’ the valleys where filling with culverls become (oo difficult.
The highest elevation is 95 meters and the lowest is 61 meters.

The steepest grédieni is 3% near the tunnel and h.itiy area. Horizontal 'alignment will
have also sharp curves in the hilly area where a radaus of 800 meier is frequently used
Ilke the one at lhe corner of lhe Pnson

; Secuon 3

ThIS sechon covers the section from lhe crossmg point wnth Federal Route No. 1 to the
ending point at Norlh-South Central Link.

(i) length 28,500 melers
{ii} interchanges 6 numbers '
{ii). bridges - . 19 numbers, Ienglh 6, 110 meters
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(1) FRNo.1to KL-Seremban Expressway

Alter crossing FR No.1, it forms interchange with FR No.1 which is system class B
double trumpet type. Then il passes weslward north of a golf course and crosses the
Malayan Railway, from where it crosses the residential area of Bangi New town.

Then it turns north west to State Road B 11. By a viaducl type struclure it passes on
B 11 to the Kajang interchange. At the Kajang interchange, a syslem class A
inlerchange is planned withOut dislurbing present functions of the service Inierchange

The steepest gradlent is less than 3 %, reflecting the flat terrain. The sharpest curve
of 800 meters is used to fit and avoid comrol points.

(2) The KL-Seremban Expressway to N-S Central Link

It passes lhrough the north of 811 untit it connects the Damansara- Puchong Road. It
forms Interchange with the Urban Motorway in Putra Jaya. The main struciure is cut
and fills and bridges where filling depth becomes very hlgh :

It crosses the Dechcaied Highway and forms interchange with the Damansara- Puchong
‘Road. Then it runs lo low land of less than 20 melers except one hill where cutling

" heights will be high. The main slruclure is filling but bridges are planned al crossing
points of rivers. One service interchange of trumpet type is planned fo serve the Pulra
Jaya prwahzed zone.

 Althe endmg pomt it crosses the N-S Central Link and forms an mterchange The lype
- of inferchange will be a combmahon of !oops and direct connection ramps. '

Almost ali of the gradient is less lhan 3% reflecling flal terrain condition and curves are
larger than 800 meters. .

Honzonta! Ahgnmenl

Tab!e 8-8 shows the resulls of the horizontal alignment by frequenmes of usage of horizontal
radius by its class. The nature of the KLORR which passes through hilly suburban area and that
it is designed by expressway design standards is strongly reflected in the result.

In Section 1 and Section 3 tendency of usage of radms is aimost the same, around 40% of
radius are of 1,000 lo 2,500 m and around 50% are more than 6,000 m. Whereas in Seclion
2, reflecling sleep mountain conditions, the usage of small radius less than 1,000 becomes
Iarger than in other two sectlions. _
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Table .8-8 : Frequency of Radius

 Class ' Section 1 Secton 2 o Secton 3

R:;%us Length (m} % - Length (m} % Length {m) %
Less than 1,000m 983 44 8077 . 16.2 1,630 53
1,000 to 2,500m 8,877 138.9 6,630 176 11,633 407
2,500 to 5,000m 1,509 66 2,085 55 2,017 7.1
More than S.OOOm ' 11,446 50.1 .22.808 60.7 13,320 - 469

Total 22830 | 1000 | 37580 1000 | 28500 | 1000

- 8.4.3 - Vedical Alignment

Table 8-9 shows frequency of gradient of the verical alignment. This results also depicts the
_nalure of the KLORR. In Section 1, reflecting hilly terrain and to reduce culting and filling depth
_gradient of 1.5 to 3.0% are most frequentily used. In Section 2, usage of gradient is scallered

for all range of percentage, and because of mountainous terrain, the usage of gradient more .

than 3% is 16.5% which is higher than in the other sections. In Section 3, because of gentle
hilly terrain condition, 86% of length are designed with gradient of less than 1.5%.

, T_ablle 8-9 : Frequency of Gradient.

Class 3 Secion1 ‘Section 2 ' Secton3
.Gr:c:ient | Length(m) | % Length {m) % Length(m) | %
Less than 0.5% 3,100 1386 8300 .| 220 . 8s00 | 302
0.5% to 1.5% o 0o | 9300 247 15000 | 558
15%1030% 19,130 83.8 13,760 36.8 4000 | 140
Morethan3.0% | 600 | 26 | - s200 | 165 0 00
Total | 2283 | 1000 | 37580 100.0 28500 | 100.0
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Deslign of Road Facilities

Geological Condition in the Study Area

. The geologicat map of the Study Area s shown in Figure 8-11. The general geology of lhe

Study Area comprises various lithology of igneous, sedimentary and metamorphic rocks,

The main mountain range consists of extensive masses of granite where original
sednmeniary cover has been removed by weathering and erosion. The low- Iymg areas mark
the margin between granite and stratified rocks

The area along the proposed corridor is iemporanly divided info the following 3 areas from
north to south. _

1) Hllty area Cewnen o the area along mountain and foothill area, including the
middle stream reaches of Sungai Gombak, Sungai Kfang,
S Sungai Langat and Sungai Semenyah
2) Alluvialarea = ... the area downstream of the above rivers.
3) Mining pond area .......... the’ area of Ex-Mining ponds, which exist widely.

Each of these subdivided areas are studied geologioally and geolechmcally wrth regards to
the engmeenng control pomts for the rough alignment study ' ‘ '

1) Hilly Areas

Hilly areas are compcsed of phy!me schist, limestone granitic rocks and some quartz
dykes and veins. &

The surface of these rocks is overla|d with thick residual soil layers due {o heavy
wealhenng under the tropical crrcumslances The geo!oglcal condition in the hilly
areas is shown in Figure 8-11. :

The geolechnrcal oondmons along hi[ly areas are preferabre to the alluwat Iow areas.

The main proposed structures whsch pass along hllly areas are tunne!s bridges,
open cut slopes and htgh embankmenls ‘ : ‘

2) Alluvial Area’

The basic formalion around site area is composed of lwo types of rocks, Kuala
Lumpur Limestone and Quariz Vein. Thick alluvial deposits overlaying these fwo
" rocks are divided into upper alluvial deposits and lower alluvial deposits. The
thzckness of each deposit varies abrup!ly reﬂecung the circumstances of deposmon

Quarlz veins have mtruded info the hmestone dunng the Mosozoao periocd of earlier
probably after the Intrusion of the granite. They are composed of almost pure white
‘quartz and some feldspar, but are considerably weathered inlo fine {o coarse sand.

“The natural oul- -crops of quarlz veins are found on!y in a limited area a!ong lhe Kiang
Gales Ridge, silualed about 13 km northeast of Kuala Lumpur
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3) Mining Pond Area

Numerous mining ponds were excavated and so left mine tailing deposits in tha
alluvial plains around Kuala Lumpur as shown in Figure 8-13. Many parts of these
mining ponds have already been refilled by various kinds of materials, such as
domesfic wasles and spoiled soils,

These reclaimed mining grounds show the complicated geoléchnicaf condltl.on' in the
deposiled soil layer. Therefore a de!arted foundation study is mdispensabie for these
mining pond areas.

For the road constmciion geological and geotechnical consideration should be sfudied
for each of the works to be accomplished. Such work items to be expecled at this
proposed roules are described as follows:- _

- Embankmenl .... Settiement and Slope Stabitity Analysrs

- Bridge ... Type of Foundation
- Cut Siope ... Sludy of Slope Failure’ .
- Tunnel . Selection of Construction Method

Each cons:derauon for the antlc:paled problems from the resulfs of s:te survey are
summarized hereinafter. Rock weathering and eng:neenng judgements for conslrucuon
methods are shown in Table 8-10 - Table 8-11.
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- 852 Bridge
1) General

In general, bridge constructions in Malaysia along hilly areas are rather familiar. This

is easily observed as such the Karak Highway, the expressway to Ipch and many

Federal Highways passing through hilly areas. However, the most of the constructed
- bridges are T or | girder reinforced and prestressed concrete bridges. Whereas

continuous, long span, balanced, canhlevered girder and prestressed concrete
. bridges are rare.

Anyway in mountainous areas, a lot of long span high pier bridges are planned in this
project. For along span h|gh pier bridge construction, the applyication of Dywidag
post tensioning method (balanced cantilever construction method) would be the
most suitable.

Therefore generally, for short span (20~ 35m glrder length) and low pier (10m H)
bridge construcllon | or T girder prestressed concrete method is adopted, and for
fong span (60 ~ 100 m span) and high pier (15m H) bndge construction, the Dywidag -
posl tensioning method is employed.

The bridges to be employed in this pro;ect are divided mto four types accord:ng to

their utilization. They are: bridges for crossing a small siream or a narrow path of
~ the embankment area of the highway, a medium stream or developed area, a sleep-

walled vaHey, the project road and the loop line bndges mssde the interchange.’

2) Overpass of Small Siream or Narrow Path

For crossang smatl streams and the narrow path box culverts or pipe culverls are !0
be ulilized for economical reasons and to ft any cross sectlon

3) Overpass of Stream or Developed Area

Conceming lhe overpass for the s!ream or the developed area, there is no need to
use the long span girder. Normall or T girder prestressed concrele bridges are to
be used. However, on the overpass for the developed area, in order to keep easy

~ clearance, the Gerber hinge would be used if there is another road under the project
foad as shown in Figure 8-13.
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O\}erpass of Steep-walled Valley

A lot of long span high pier bridges are to be constructed.  Considering the
advantage of the ODywidag post tensioning method, the system would be applied into
the project as shown in Figure 8-14 (a)..

The superslructure is divided into small sections and the concrele is poured seclion
by section, or some blocks are made and stacked on the seclions gradually from the
constructed pier toward the next left and nght ssde piers, ba1ancmg the welght of the
left and right of the superslucture.

" The melhod is widely applied in the world ulilizing the above advanlages into the
- conslruction procedure. The predominant characteristic of the method is keeping

the volume of scaffolding to a minimum. Material transportation rowles through piers

" are fixed from beginning to end of the construction period. The superstructure is

temporarily stcessed to bring forth the ftexibility of the correspondence fo the .

' overburdened load relaled lo fabncauon and erecllon

Taking the above factors into consideration, it can be concluded that this method is
suilable for the construcuon of long span concrete bndges which pass over deep .
valleys. _

Dywidag posl tensioning melhod isa paiented method for fensioning and anchoring
the lendons, which are used for construction of superslructure of post tensioning

‘prestressed concrele bndges

‘Because of the difficully in handhng. the length of high- strenglh steel bars may have
to be further limited. But sleeve couplers are availablé {o splice the bars to.any

desired Iength

Flyover

The most 1mpo'riant aspecls of the throughway crossing flyover is lhét tha
foundations of ihe flyover should not obstrucl the sight distance of drivers ln tha
section of the curve tme _

Loop Line Bridges inside Interchange

For selecting an easy process of making the looped girder of the bridges, box
continuity uniform height girder bridges are to be used as shown in Figure 8-14 (b).
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Special Consideration of Piles

According to the result of soil inves!igélion, the pile use area can be divided into
three typical zones:

O]

(2)

@)

'8.5.3 Tunnel

Hilly or Mountainous Area

In this afea soil conditions are rather favorable to the alluvial fow areas, and
there are no special problems posed to p:lmg work, as long as the pnes are
not too long. _

However. the overall 'problem of éoil condi(ion of this area eiis!s. The

- surface of the structural supporting layer is not horizontal, but steeply

inclined. Also thickness of the soft soil covered layer is varied.
Alluvia! Area

The site is almost flat. Accordmg to the dala of subsurrace investigation,
thick alluvial deposits are divided into upper alluvial deposits and lower
aliuviel deposils. Upper alluvial deposits are further divided inlo fine coarse
sand, organic clay and sandy sill layers. Lower alluvial deposils are divided
into loose sand, medium sand, dense sand and silt layers.

The thickness of each deposit varies abruplly, reflectmg the circumstance
of deposition. To support the struclural loads adequately, the pile fength
must be 30m or more. : _

Mining Pond Area

'Numerous mmlng ponds wiere excavated and Ieﬂ mine lau!ing depossls in the
"~ alluvial plains around Kuala Lumpur. Many parts of these mining ponds have

already been refilled by various kinds of materials, such as domestic waste
and spoiled soﬂs )

These reclaimed mining _gr'ohnd_s show the complicated geotechnical
condition in the deposited scil layers. Therefore, a detailed foundation study
is indispensable for these mining pond areas.

These facls show us tha d:fﬁcmues in mining pond areas. Propoer
consolidation procedures should be done to determine how to best deal with

- problems, such as ground settlement,

General

A fundamental rute of the tunnel work, no matter what type of timbering would be used, is
always performed lo take account of the circumstances, siluations and conditions of the
work ground. Also when the different interpretation of the circumstances between planned
and aclual situation arises, proper steps should be taken from time lo time to make the .

working method fit for the actual circumstances.

~ From this point of view, New Austnan Tunnehng Method {NATM) has a ciear advanlage
' judgmg !rom the fact that the method is ihe most flexible to the alteration of the plan or
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deéign due to the changing of the circumstances, such changing as area of the cross
section, size or interval of the limbering, thickness or kind of lining material efc. Thus, in this
- project, as this method is used worldwide, the method would be used. '

(1) New Ausltrian Tunneling Method

- New Auslrian Tunneling Method (NATM) Is a way of tunne! excavation. One of
advantages of using this system is to be able lo utilize the nalural ground strength
effectively. : : - ' '

For bringing forth the maximum ulitization of the nalural ground strength, rock bolts
are to be inserled in place of steel timbering from lunnel excavated surface to inner
of the overburdened ground at regular intervals, expecting a very small amount of
ground surface displacement toward the center of the lunnel by which it would form
the ground arch reaction depending on the ground sirength,

Even if the quantity of the rock bolis to be used is estimated in the design slage, it
will be adjustable in the construction stage in conformity with the changes of the
situation of the ground cenditions or behavior. - -

(2)  Lining Method

Usually the tunnel surface lining work which would be executed just after cerain
length of tunnel excavation is divided into two stages. : C

Mainly the first slage lining work consists of shotcrete work (lining thickness: & ~ 25 _
cm), occasionally, addilional malerial, such as steel nets, rock bolfs and frame
squares would be adopted coupling with the work. However, during this period, for
the purpose of not obstructing the tunnél displacement convergence, the lining would

~ aol be made 1o be too sliff. - : : S : '

- Whereas it is said that an intention of the second stage lining work, which will be
executed after tunnel displacement has been settled, is restoration of the first stage
lining work. Therefore, the lining structure is not necessary lo be strengthened. Yet
taking thee safety of the tunne! inlo account, the thickness of the lining of the tunnel
shall be more than 30 cm1. oo :

2)  Concept of Tunnel Design

The geological features of the tunnel construction area are composed of phyilite,
schist, imeslone, granitic rocks and some quartz dykes and veins. The main
mountain range consists of extensive of granite masses where the original
sedimentary cover has been removed by weathering and erosion. '

‘Limestone is not strong against water movement. It is unevenly eroded away by
water penetration. Somelimes 1his erasion causes sinkhole problems.. Even though
the limestoneis a crystaflized rock mass, there is the possibility of erosion.

Also, some active fault zones are scaltered over the northern pari of the planning
area of the KLORR. The direction of the active-fault lines is approximately 120
degrees south - east. : - . : :

The rock mass, mostly granitic rocks around the Kuala Lumpur area, has already

sulfered from heavy weathering under the sevére tropicat climates, Surface layers
are almost changed 1o soil and even the remaining rock has many open cracks and
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joints.
-Selection of Tunnel Route

Taking the above geological conditions into consideration, the fo1lowing examination
cntena for tunnel rouling were eslabhshed

.(1) Avoid places where eccentric Ioadnng would be generated, seteot the tunnal
: route symmelrcally with the lay of the land to the tunnel centerline so as (o
bear uniform Ioads :

(2) . The route of the tunnel should have suff c:enl !englh from the heavy
: weathered rock, the tunnel route should have enough distance from the foot
- line of the mountain to prevenl serious tunnel deformation, seitlement or
collapse, (Wealhered rock zones would be 25~50m from the ground
sun'ace) .

(3) tn principle, the tunnet route should be free from active faulis. If the route
' _ cannol avoid aclive faults, the route should not be run parailet to the active
~ fault lines located near or inside the tunnel, for the active faulls, apt to
include rock crushed strala, sometlmes bnng ahout senous walter spouts

from the ground

| (4) The route center line should be perpendicular to the contour line of the

topography, close to the entrancofequ of the {unnel to prevent the collapse
of tunnel mouth.

{5) The foute should not pass through limestone areas to prevent circumstances
thal lead to sinkhole p_r_ob!ems.

(6} The slope of the ldnhel_ {ongitudinal line should be gentle because a steep

slopa in the tunnel longitudinal line would reduce traffic capacity of the

highway and interfere with smooth traffic flow. Also, emission of car fumes

inside the tunnel would increase. However, taking the water drainage slop
; mto conssderahon it shouId be 0.5~ 2 (especial 3) %.

Destgn of Tunne! .
{1) Design of Tunnel Cross Section

New Auslrian Tunneling Method (NATM) Is recommended to construct three lane
tunnel as shown in Figure 8-16. One of advanlage of usung this method is 1o be able

to uhhze the natural ground strength effeclwety

{2) ; Lenglh of Proposed Tunnef

The length of the proposed tunnel al Sechon 1 and 2is shown in Table 8-12 and
Table 8-13. :

Table 8-12 : The length of Proposed Tunnel at Section 1

Staticn (km) - Length (m)
6+650.74870 C 1320
13+¢310-15¢110 o 1800
164030-17+350 ' 420
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Figure 8-15 : Tunnel Cross Secuon

Table 8-13 : The Iengih of Proposed Tunnel at Section 2

Station (km} Length (m)
0+260-2+050 1700
9+400-12+560 3160

20+270-30+050 780

{3) Aux:l:ary Facilities

~ For ensuring smooth traffic, safety and comfortableness in the tunne! for poth
vehicles and pedestnans a ven!a!al:on hghltng and emergency measure system
“would be used _ _

(a) Venmauon System

The ventilation systemis dnnded into two systems Cneis natural ventilation system ‘
and the other is mechanical ventitation syslem
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Which system to be used depends on the following formula,
CLN22000  or LN <2000

Where, L : Tunne! Length (km),
- N Traffic Volume (N/h) ;-

if LN > 2,000, then the mechanical ventilation syslem would be used. Whereas, if
iN < 2,000, the natural ventilation system would be used. The mechanical

ventilation system is classified into three groups depending upon their venlilating

flow direclion of the exhausting gas. They are paraliel flow © | ventilation

system, partial lateral flow ventilation system and lateral flow ventilation system. .
Figure 8-17 and Figure 8-17 show different lypes of ventillation syslems.

T

: —_———

Figure 8-_16 . Paraltel Flow Ventilation System
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Figure 8-17 : Lateral Flow Ventilation System
Selection of Venlilation System
When the ventilation system is se[ecled the lay of the land enwronmenl
adaplability of the traffic congeslion and the calamity as well as the tunne! tength and
the traffic conditions should be taken inlo conSideral:on for each alternative. '

For reference, in generatl the following types of venhlahon are selected dependmg
upon the tength of the tunnel.

Table 8-14 : Selection of Type of Ventifation

Paralle! Flow Ventitation = | - L<1,500m
Partial Lateral Flow Ventiiaion . :| L < 3,000m
Lateral Flow Ventilation L > 2,000m

{b) Lighling
(i) Normal Lighting Section
In this seclion, the intensity of illumination depénds on the visible diStahce of the
obstacles in the tunnel, driving comrortab[eness and traveling speed (demgn speed)
of vehicles.
{ii} Entrance Lighling Section
The function of this lighling syslem'is 1o have the vehicle driver recognize the tunnel
entrance. Without its help, the driver would perceive the tunnel entrance as a flat
black hole and can not see the inside of the tunnel when the driver approaches il.
Another imporiant function of this system is to be a help of having the driver adapt
the tunnet environment just after enters it. :
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| (iii) Exit Lighting Section

For prevention of a lowering of vision of the driver when he goes oul the tunnel, the

intensity of illumination near the tunnel exit would be adjusted suitably.

Emergency Measure System

For preventiori of spreading of the fire in the tunnet and minimizing the damage of the fire,
several kind of emergency measure facilities are (o be installed in'the tunnel.

The emergency measure facilities, could be listed as follows.

Ay,
(2)
(3)
(4)

(5)

(6)

Communication Facility
Emergency Alarm Device
Fire Exlinguisher

Smoke Exiraction Apparafus.
Refuge Guidance Sysiem
Obseérvation Facility

in addition lo the above, fi ixing of the dramage facility and the interior fi l"mshlng work for lunnel
wou!d be needed

8.54 Pavement

1)

2

Design Condmons

The pavemenl Iayers and their ihlckness should be delermined based on the
foltowing faclors governing the design {flexible pavement design):

-Yralfic;
-Strength of subgrade; and

Z -Cons!ruclion matena!s adopled to lhe pavement rayers

in most of the prevailing pavement design guides, traffic is expecied in terms
of the cumulative single axle loads of 8,200 kg (18-kip), over the design life of

- the road. The number of commercial vehlcles in partlcu!ar heavy vehicles

such as buses and trucks.

The tmck factor per vehicle computed from the equwalen! single axle is assumed to
ba 2.5 on average.

The strength of subgrade wnl! govem the thickness design of pavement. Commonty '
the sirength is expressed by California Bearing Ratio (CBR) value determined by

‘laboratory testing. A CBR value of 4.0 0 6.0 % is adopled in the compulat[on of

pavemenl thickness.

, Dessgn Features 5

Based. on the above discussion, Road Noles 29 and 3! and Japan Road
Associalion standards have been used to design the thtckness of the pavement
layers. The design condition is indicated as follows: o -

-Design life : 20yrs
~Truck factor - 2.5

-Bus faclor : 0.7
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- -CBR of Subgrade 4-6%

The resulit of the compulation indicates that the pavement thicknss is required as
- shown in Figure 8-18,

855 Embankment
1) General

Maximum embankment helghl is examined by two different aspec!s namely, slope
slability analysis and consohdal:on settlemenl analysis.

S!ope stability is evaluated by safely factors against landslides along assumed arc
in road cross-section. Among others, the Swedish method has been used for the
analysis, in which embankment characteristics and subsoil conditions given by soil
investigalion are taken into account. The required safely factor is generally 1.2.

Consohdalson selllement al the middle of the embankment base is given by a sum
of each consolidation seltlement of particular clayey subsoil layer against the .
considered embankment shape and weight. The degree of consohdahon seltlemenl :
progress is also studied..

Assumed embankmenl characlenst:cs would be as foilows

Embankmenl Slope Gradient - 115

Embankment Unit Weight 1.8ton/fcum.
~ Cohesion of Soit . L 3.0ton/sq.m

Internal friction angle - . 10 degrees -

In accordance with the estimation of the work of this project, maximum height of ihe
embankment would be 20 to 25 m. Thus, when selecling malenals non- selthng and
slable material should be chosen for embanknu,nt work

2) Method
. To prevenl earth and sand ﬂowmg ol from lhe slope of the embankmenl s!ope-
protection measures are adopted. There are many kinds of slope protection
methods. [n this project, the turfing method will be adopted. (gradient : 1: 1.5), a
horizontal space would be made every 5 ~ 7 m in the slope. Furthermore, perfect
drainage of the road should be planned in the delailed design stage.
8.5.6 Excavalion '
1) General .

.The maxirmum cullung helghl of this pro;ect would be 100 However this scale of .
excavation work can be seen anywhere in Malaysfa '

Therefore it is very :mpoﬂanl to analyze rockfa!l and landslide problems of the
culling area, due to heavy ground weathering and snltallon
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2) " Geotechnical Condilion's

Due to the ﬁnusually rapid pace of development for housing and industrial estates,
the cut stopes at hilly areas are oflen faced with the problems of rockfalls and
landslides. _

As menlioned before, the rock mass around Kuala Lumpur area has already suffered .
from heavy weathering under the severe tropical climate. Surface layers have
almosl changed to soil and even the remaining rock has many open cracks and
joints. This is aggregaled by rain seeping into the rock, so rockfa!ls and landslides
often occur.

Hence, a suitable lreatment plan should be prepared while the slructures in ihis area
are designed.

Selection of Cutting Areas

Similar to as tunnel route evalualion, the following evaluation criteria for fixing
alignment, lakes into consideration the suitable cuu:ng area in conformlty wnh the
present soil conditions, where eslabhshed :

Avoid excavation in steep and heavily wealhered places,

- Avoid excavation in weathered sedimentation areas.
Select the cutting places where water drains well.

. Avoid the cuiling in aclive faull zones; .
Perpendicularly interesect the road route and the contor line of lhe
topography.

« & ® = .=

Special Censideralions

Severe rockfalls and landslides are'present around Kuala Lumpur. _The observed
causes of these tragic disasters can be classified inlo two reasons One is an’
arlificial reason and lhe other is an inherent reason.

Excessive and rapld developmenl of land around Kua!a Lumpur eulher for housing
or industral used quickly extends the culling areas wider and wider, and the coltapse
of cut slopes can be seen anywhere in developing zones. This is lhe reason for the
increase of rockfalls and landslides.

These faclors also have a high polential to harm the slopes. Taking the above
reasons into consideration, as long as the developers are deliberale in coping with
the execution of the culting area near land shdmg, many of the dssaslers wou!d be
effectively prevented :

We cannol prevent the weathering of rocks, but we can utilize the fact 'thal’the rocks
need time for weathering. In other words, itis useless to make cuiling slopes gentle,
because all the rocks will be weathered and loosened evetually. They can be
steepened bul we have to consider the resulls of weathering.

Character of Geotechnical
As mentioned previously, the rack mass mainly consists of granitic rocks e_round the
Kuala Lumpur area and has already suffered lrom heavy weathering under the

severe lroplcal circumslances. Surface layers have almost changed {o soil and even
the remaining rock has many open cracks and joints.
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Because of this, rain water easily penelrates into the base rock and this acceleratas
weathering, which encourages landslides.

Prevention of Rockfalls and Landslides
The measures to prévenl rockfalls and landslides are as follows: -

If the rock layer surface is parallel to the excavaled rock surface or Inclined

- downward, then rock anchor cables or bolts chain-link or torpedo nelling are used.

If the rock tayer surface is perpendicular 16 the excavated rock surface of mchned
- upward, then chain-link or torpedo netling is used to prevent small scale rockfall.

In both cases, a drainage is ditched along the top edge of the rock to seperale

. rainwater from the surface of the base rock. Drain pipes can be inserled into the

rock slope to fake seepage waler away from the rock mass.

However, if the route couldn't avoid large scale disaster areas, then there is a
possibility of large scale landslides. Disaster preventlon shellers should be installed
for salety of passmg cars. :

-If these measures ara applied Lo the plan after detaited mveshgahon and the p!an is

execuled in conform:ty with these |deas they would surely preven! landslide disaster,

Cutting Sr0pes

The mclme of the cufting surface slope should be 1:0.7 to 1:1, on account of the

degree of weathering, direclion of the layer surface and the kmd of malerials
included belween the layers of rock or soil.

n addnison to detaited soil nnveshgahons analys;s of the Iands!:de for sfope should

be executed in the delailed design slage 1o ensure the safety of the s!ruclure

8.5.7 Other Facﬂmes

W

Road Dralnage

1) - Road Surface Drainage

~ The existing rivers, channels and drains run parallel with the planned roads in miost

of the project area and are therefore suitable for outlels from the roads drainage
systems. Under these conditions the principle of keeping the planned road drainage
complele!y separale from that of the frontage road may be costly and impractical.

' It is lherefore proposed (hal generakly the systems are kepl separate, however at

outlets, a combined sysiem may be used to avoid expensive duplication, as shown

“in Figure 8-18 The combined drainage facility will be ma:nlamed by the relevant

authorities after maintenance ltﬂ’llls have been decaded

(i) The sag po:_n! on lhe road proﬁle

() The crossing point of existing drainage structures

(i) - Points accessible to existing drainage -
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The proposed typical road surface drainage system are shown in Figure 8-18 énd
- are described as follows: .

* Quter shoulder which was 4% crossfall and 3.0m wide will be ulilized for the
location of road gullies;

£ Catch basins with grid covers will be placed at intervals of nol mors lhan
50m; and :
* Concrete pipes not less than 40m diameter wel! be se! longltudmally under

“the shoulder 1o connect to the basins. -
:2) ~ Road side D'rainage :
Road side drains which have enough discharge capacily to give protection from

floods should be planned at the oulside of the SIde strips and ¢onnecled to the
exisling main dra:n canal or fiver.

(2) | Toll Collection Facilities
1) Roof Struclure

A roof slruclure to cover the toll boolhs and collecl:on area is needed for proteulson
from the weather. The roof and supporting pillars for ihe roof structure will be made
of permanent consiruction materials.

2} Refuge IsIand ‘

The refuge' island is needed to prowdé a foundation for the toll booth and prolechori
from approaching vehicles.: Drawpit and air ducts are mstalied to prowde lhe air
condition system for each {oll booth.

3)  Toll Booth

“The toll booth is used as a space for toll collectlion, The booth structure will be
prefabncated unit. _

4 - Toll Building

The toll building is provided mainly for the supervision of the loll coflectmg operahon
and consists of the following ﬂoor plants:

‘ -Control room with’ suppomng office Spaces
-Security and lobby; - :

-Security van; C

-Service and cat‘elena

-Locker rooms; and
-Emergency generator room -

5) EQuipmehls and Devices in Toll Plaze
The fo!lowing equipments and devices will be provided in the tolt plaza:

-Signal syslem tor 1rafific lane control in the 1ol plaze area;
Toll colleclaon devices such as voucher issue equipment, fare display and vehicle
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detector, all provided in the toll booth; .
-Vehicle weighting devices in the barrier type toll gate;
-Local data processing unit in the toll building; and
-Interphone system. _ '

Lighting
1) General _
The objective of the provision of Iigh'ting facilities is to reduce the number of traffic

accident occurrences during the night time. By providing lighting, it will also make the
toll ways more altraclive to potential users. : :

2)  Scope

The proViéion of the lighting installations in this project covers the following locations -
and facilities; '

-Thoughways of long bridge section; _
-Interchanges including ramps and through lanes and at-grade intersections;
-On-off ramps including toll plazas; : : '

- -Toli building interior tighting; and

-Emergency power units for the tolf buildings and other faciliii_es.
3) Standards _ _
-Informational guide for roadway lighting, American Associalion of State

Highway and Transportation Officials {AASHTO); and
-Design standard for road lighting facilities, Ministry of Construction, Japan.
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lnterchénge Plan a'nd Design

Proposed Interchanges on the KLORR

Interchanges of lhe KLORR with other roads are studied and thirteen interchanges are
planned based on the future highway network configuration. Table 8-15 show the proposed
interchanges with the classification. o

Examination of fnteréhange Location and Conﬁguration

inlerchange locations are determined predominanliy by the élignmenl of the proposed

' expressway, bul sometimes they are delermined due to the timited land availability for

interchangas, consltraints from nearby exisling or committed interchanges, difficull terrains
conditions and so on. Figure 8-20 shows interchange location and configuration.

For examiple, the location and type of interchange with the North-South Expressway or the
KL-Seremban Expressway are planned and designed taking into account existing and
committed inlerchanges, which are located within short inlervals. For those interchanges,
several alternative interchange plans are prepared and evaluated for comparison.

The KLORR will be a privatized project with toll charged to users. A toll collection system
is an imporiant factor to confirm interchange locations and types. in order to provide smooth
traffic flows on the Expressway network, and to make the toll fee fair for all users, a closed
toll system is recommended. Even if several privalized companies are involved in the

- operation of the network, the introduction of a common tickeling system with other

exprassways is recommended, This will provide free traffic flow without stopping at toll
gales, especially on system interchange class A. o

Table 8-15 : Proposed Interchanges and their Classification

[ Location : Conne—ctia;ug Roaa o Classification of the | Classification
No. : . Connecting Road of Intérchange
3] . Rawang | North- South Expressway Expressway Systém {A)_
2 Templer Park federa! Route 1 {Jin. 1poh) _ - Highway System {8)
3 | BalvDam: | stote rosa 823 (Jin. Ulu Yam) _ Primary Senvice
4 | Gombak - KL - Karak Highway Highway System ()
’5 - Uiy Langat Ampang Elevated Highway Extenslon Highway Syster (B)
6 Ut Langat Slate Road B52 (Jin. Uu Langal) : Primary  Senice
7 | un Langst Eas! - West Link Extension . Highway System (B)
8 | Kajang | Federat Rocte 1 Uin Semenyih)  Highway System (8)
9 | Kajang ¢ |wL. Seremban Expressway Expressway System {Aj )
10 | Putra Jaya Putra Jaya Ufba:} Mo{omay ' Urban Motorway - | Sysiem (8)
| 11 | Putra Jaya Damansara Pucﬁ_ong Roas” Primary Service
12 [ Pulrataya Puﬂ'a Jaya. Service Road Primary Sewvice
13 | Kuala Langat North-South Central Link Expreésway Expressway System (A).
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Figure 8-20 : Interchange Location and Configuration
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The comparative'evaiaation and major planning considerations for the each of the proposed
interchanges are discussed below. ' '

Syslem Interchanges class A
(1) The Norh-South Expressway (IC No.1)

The interchange with the North-South Expressway which is an origin point of the -
KLORR is pfanned in the nearby area of Rawang and Serendah, In the area, the
Rawang Inlerchange was conslructed and two new interchanges are ptanned. One
is at Bukit Beruntung, the ottier is in Kg. Sungai Choh, approximately 5 km north
from Rawang IC. Furthermore, there is a service area already open in between.
The other interchange is planned in Kuang, approximately 4 km south from Rawang
IC. These interchanges and facililies are major conslraints for the planning of
interchanges of the KLORR. '

~ From the standpoint of fulure traffic dernand, thé northern logation of Rawang IC is
preferable for the KLORR interchange. However, spaces between the interchanges
ard service areas are not sufficient to construct a new interchange. In addition,
committed development projects along the North-South Expressway and the Federal
Highway also put conslrainis on the alignment of the KLORR, even if the interchange
with the KLORR could be inlegrated with the proposed new Sungai Cheh IC.

The interchange, therefore, should be planned in the south of Rawang IC. However,
a new service interchange in Kuang is planned. It is difficult to construct a new
interchange between two inlerchanges. Subsequently, two aiternalives using either
existing Rawang {C or new Kuang IC are considered. The function of the both
allernatives are Service IC as well as a System IC. S

(2) The KL-Seremban Expressway (IC No.9) |

The physical condition of the KL-Seremban Expfessway' in the Kajang area is similar
to the one in the Rawang area mentioned above. There are three intérchanges with
shortintervals, namely UPM IC, Kajang IC and BangiIC. ' o

'Conéideri_ng the KLORR alignment, there are two allernatives. Using the ei(isling
Kajang IC or construcling a new inlerchange. Alternative 1 means new Ilnterchange
construction and alternalive 2 means to integrate with the existing Kajang IC.

- Alternative 1: An interchange should be located at a sufficient distance from the
existing interchanges. The inlerchange, therefore will be located in
the west of the Bangi new town center, meaning the KLORR crosses
the town centre.  This location is the same as the interchange of the
South Kiang Valley Expressway with the KL-Seremban Expressway

- proposed by the Pulra Jaya Development Plan. '

Alternalive 2 : This is selected to add the interchange onto the existing Kajang IC
' ' (Service Interchange) which: avoids the construction of a.new
- Interchange in the section of the KL-Seremban Expressway.

In Alternative 1, the KLORR will cross Bangi New Town Cenler, creating four
- successive interchanges. Subsequently, alternative 2 is selecled in spite of the
complicated ramp way configuration. Provision of sufficient traffic information
syslem for the proposed inlerchange is cecommended. '
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(3)  The Norh-South Central Link Expressway (No.13)

" The interchangse with the North-South Central Link Expressway should be planned
as a System Inlerchange class A, a combination of directional and loop interchange.
- The location of the interchange is based on the Putra Jaya development plan.

System interchange class B and service interchange
{4)  The KL-Kdrak Highway (C No.4)

Major conslraints on the planning of the interchange with the KL-Karak Highway
“include topographical conditions and existing villages along Jalan Gombak. Also the

Islamic University and the KL-Karak Highway widening project including construction

of a new toll gate, which is under construction. : : :

The new toll gate and the university are focated south and north of the criss-crossing
point with the KL-Karak Highway. To minimize the influence to the exisling villages,
the proposed inlerchange is planned outside the village. The interchange will be
designed a$ a System Interchange class B. : ' :

(5)  Federal route 1 (IC No.2)

The crossirig point of Federal Roule 1 with the KLORR isrin: mountainous terrain.
The KLORR will pass hrough the area with tunnels and bridges as well as high cut
slope. Federal Roule 1 passes tirough the valley area with steep gradienl.

A double trumpet type interchange is proposed as a service interchange. The
planning of the ramp way should be examined carefully according to the structures -
and alignments of both expressway and highway. ' :

(6)  State Road 852 (IC No.3) -
The planning of the inlerchange with State Road B52 faces the same consltraints as -
the interchange with Federal Route 1. The merging point and diverging point of the -
ramp way should be selected carefully.. S e
(7)  Extension of Ampang Bypass {IC No.5)
The location for this interchangé will be determined based on the alignment of both
the KLORR and Ampang Bypass extension. The location should be chosen in an
“area with less mountainous terrain. _ 1
(8)  Jalan Ulu Langat (IC No.6):
This inlerchrangé will be designed as a Service Interchange. Minimizin:g the

dastruction of the community along Jalan Ulu'Langat is the most important issue in
. the design of this interchange. : ; : : ' ; :

(6)  Exdension of East-West Link (IC No.7) -
" This inlerchange is proposed as a three-leg trumpel type. Since both highways have

~ been planned recently, it is possible to identify the location for the interchange where
there are fewer constraints. S '
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' (10) Federal Route 1 {Jalan Semenyih) (IC No.8)

. The connection with Federal route 1 in Kajang is designed as a service interchange
A major issue is how to avoid existing and approved development projects in the .
alignnment.

{11)  Urban Motorway in Putra Jaya (IC No. 10)

According lo the Putra Jaya development p1an three mterchanges are planned in lhe
_area. This Study will design the interchanges in line with the development ptan. The
alignment of the KLORR is differed from the one proposed in the development plan.

The location of the No. 10 interchange, therefore, is decided according to the
KLORR alignment. - The Urban Motorway in Pulra Jaya will connect o the
interchange.  Considering land availability and topographical cond:tlon the
:nterchange will be designed as a lhree leg semi-direclional. :

(12) Damansara - Puchong Road (IC No.11)
| By the negoliation with Pufra Jaya this interchange was decided to connecl
Damansara - Puchong Road. The type is basically double trumpet, but cons|denng _
topographical condmons the shape is somewnhal changed
(13)  Putra Jaya Ring Road (IC No.13) |

This interchange will connecl to the Putra Jaya Ring Road which will serve the
privatized zone of the Putra Jaya. This is a trumpet type interchange.
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