Discovering

Kuala Lumpur’s
Landscape
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Kuala Lumpur’s north and east ends are built
on an extensive flat flood plain between 30 – 200
meters above mean sea level. The city’s north east,
south and west sides are mainly inviting sights of
charming steep sided hills while the south west
boasts a narrow river valley where beautiful rivers
run. From the heart of the city, Sungai Klang
flows towards the coast.
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Stories of

Sinkholes
Sinkholes pose great challenges to
construction works as proven in the SMART
project. A cross-sectional look of the soil portrays
a somewhat honeycombed condition underground
that makes the ground susceptible to cave-ins.
Many sinkholes have been identified close to the
major rivers that pass through the city center, and
where rapid development has disturbed the city’s
water table conditions.
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Karst topography in limestone is formed by a
chemical dissolution process which occurs when
groundwater circulates through the limestone.
Karstic features takes shape after continuous
exposure to water flowing along well-defined
pathways. Gravity adds to the force of karstic
creation as liquid oozes its way, dissolving and
enlarging the pathways it passes. Gradually, the
process produces very jagged appearance
underground, sometimes breaking the soil down
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vertically and deeply into its rocky terrain.

This dissolution of limestone over time creates
the erratic karstic features, with varying depth and
isolated depressions in between. These challenges
in topography, coupled with the Malaysian climate
and urbanization is one of the many reasons that
made SMART a unique project.
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The SMART tunnel traverses Kuala Lumpur’s bedrock of limestone formation at a shallow depth.

TOILS and TRUCE
with

The city’s karstic solution features are also covered by loose silty sand, peat and at some places mine
tailings due to its mining heritage. It is further overlain by the quaternary alluvial deposit at a 4 – 5m thick.
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This karstic element of Kuala Lumpur’s soil exposes the tunnel workings to unpredictable rockhead that
could suddenly drop to 20 – 30m due to eroded solution and cliff features. In addition, the fissured
limestone and alluvium topsoil harbors high ground water table.
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Karstic Features

CHALLENGES
faced by

SMART
Hence, from the SMART’s construction
viewpoint, the most worrisome aspect of tunneling
through the heart of Kuala Lumpur was the
extremely variable level of the rockhead and the
potential large cavities occurrence. The challenge
was to excavate a 13 bored tunnel through the city’s
geological conditions and anticipate consequences
it conceals due to its mining heritage.
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The

MINING REMNANTS

form lenses of material of
HETEROGENEOUS
properties
history and erratic soil, it was apparent that

mitigating potential risks of encountering voids in

route is alluvium and old tin workings. The

tunnelling activities will be facing mixed faces

the karstic limestone and the possible after effects

alluvium is mainly loose silty sand and gravel. Tin

ground conditions. With such dilemma in mind, the

of blasting in an urbanized environment. Few

mining was carried out by open cast methods and

invert level of the tunnel was fixed for hydraulic

options that were looked into for SMART

by dredging during the 19th and 20th centuries.

reasons because at its deepest depression, limestone

excavation included the diaphragm wall, secant

These old workings were then filled either with

is at its weakest point - hence prone to ground

bored pile wall, contiguous bored pile wall, sheet

mine tailings or more recently remediated to enable

water seepage, which subsequently causes ground

pile wall; cantilever RC wall and open cut

development

subsidence or sinkholes.

excavation.

Overlying the KL limestone along the tunnel

After realizing the challenges brought on by

Additionally, during the selection of
excavation methods, consideration was given to

134

135

Being

SMART
and SENSITIVE

SMART design was conceptualized with many considerations, especially because of its shallow head
depth separating tunneling excavation activities from the city on-goings and private residential homes.
SMART maneuvered its way alongside, underneath and safely from private lands and development for 4
years, and no one ‘above’ knew that land was being bored into a huge and long winding ‘cylinder’ for
flood diversion – and just beneath their feet!

“The horizon is defined by the need for a gravity
floodwater flow and by gradient and length restriction at
the on-and off-ramps of the toll highway. A deeper
alignment would reduce, but would not have eliminated,
the shallow cover, karst limestone risk. The curved
alignment is a result of having to stay beneath public rightof-ways and avoid as much as possible passing under
private property.”
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– David Parks with the SSP – Mott MacDonald design
team.
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Highlighting an isolating, one challenge out of
Grouting works were necessary to ensure

an incline. The grout had to be left to cure between

mitigating ground disturbances linked to limestone,

tracks near Chan Sow Lin Road where the TBM

safety to the SMART project but at the same time,

1 to 2 weeks before the TBM was allowed to pass

but their solutions remained SMART and sensitive

machine had to pass approximately 14m beneath

the train schedule cannot be interrupted. Hence,

beneath the tracks to ensure unwanted incidents.

to the populace nonetheless!

that track. The rock level was between 3m – 8m

drilling tasks were done outside the security fencing

The grouting works around the train tracks afforded

below ground. There were grave concern over the

but a close call to the tracks with all holes drilled at

ground engineers with a unique challenge of

many was the tunnel’s brush with fate at a twin rail

presence of cavities and solution features in the
rocks that could invite instability in the ground
during the boring processes and disturb existing
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Geological

Risks
Geological risk requires consideration of the
following points:
•

Surface risk profile e.g. any buildings or heavy
traffic in the vicinity

•

Detail assessment of the geological features
and the degree of certainty on those features

•

Rock cover above crown of TBM

•

Surface features which will indicate porosity
of nature of top soil e.g. monsoon drain,
vegetation, etc.
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Introducing the

SLURRY MIXSHIELD

Tunneling Boring
Machine (TBM)
Slurry Mixshield TBMs were used to prevent groundwater drawdown to avoid ground subsidence and
the triggering of surface sinkholes. In addition the machine can react more immediately to changes in
operating pressures when working in waterbearing rock which, cover is relatively shallow - at 1 to 1.5
times the 13.26m tunnel diameter. In addition the route challenges also incorporate several tight 250m
radius curves.

Since the slurry method was recognized early as the better suited mechanism to face the test of erratic
geological conditions in Kuala Lumpur, two pressurized Slurry TBM excavation systems were selected for
the project. The cutting wheel configuration chosen was for mixed face conditions and the double
rotational head is able to bore through medium rock and soft soil, or mixed face conditions

Largest in South East Asia! Second Largest in Asia!
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Shield Length: 10.245 m

Maximum Advance Speed: 0 mm/min

Shield Weigth: 1,500 tonnes

Minimum Steering Radius: 200 m

Total Length: 70.0 m

Total Installed Power: 8,200 kVA

Total Weigth: 2,500 tonnes

Cutterhead Electrical Power:4,000kW

Cutterhead Diameter: 13.260 m

Two identical Mixshield TBMs, each with a cutter diameter
of 13.25m were purchased from Herrenknecht AG,
Germany for SMART. The machines feature the largest
cutter head in South East Asia and are the second largest in
Asia.

The first Herrenknecht Mixshield, Tuah

The second machine, Gemilang arrived 2

arrived within 12 months of order confirmation in

months later in May 2004. After assembly, it was

February 2004. It was launched by Wayss &

launched by MMC-Gamuda JV in September and

Freytag in May and headed north under Jalan Tun

headed south under Jalan Chan Sow Lin and the

Razak and Jalan Desa Pandan before terminating at

KL-Seremban Highway, next to the Sg. Besi

the holding pond at Ampang, behind Gleneagles

airfield before terminating at the existing pond in

Hospital. The tunnel length bored by Tuah was

Taman Desa.

5,400m.
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Both machines were launched from the North Ventilation Shaft, located in the JKR field areas in Jalan
Chan Sow Lin but worked in opposite directions.
In early December 2004, after completing its first 740m long drive, the Gemilang machine broke
through into the North Junction Box to record the first major milestone for the tunneling operation. The
tunnel length bored by the machine was 4,050m. Gemilang was re-launched on its second 4.5km drive on
26th February and by mid-April 2005, both machines were well into peak production.

“Bored tunneling was adopted for the full tunnel alignment and together with two pressurized TBM
excavation systems, needed to complete excavation within the project’s four-year construction period (one
TBM would have taken some five years to complete the 9.7km alignment), we would also need
comprehensive ground and structures monitoring programmes; construction process systems to mitigate as far
as possible the evident risks; and a rapid response strategy in the event of any incident.”
– Gustave Klados, Senior Project Manager-Tunnel for the MMC-Gamuda JV.
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Slurry
Mixshield TBMs

The

The slurry shield tunnel boring machine has four essential parts:

The Rotary Cutter Head – equipped with

The Bulkhead is located closely behind the Rotary Cutter Head – this is where the pressured bentonite slurry

The Tunnel Lining Erector – the last main part

tungsten pick bits for soil excavation and

shield is form to avail the necessary stability during the excavation process.

of the machine that is used to install pre-cast

disc cutters for the excavation of rocks.

concrete lining of the tunnel.

The Hydraulic Rams – used to propel the machine forwards and jeep the tunnel in its right alignment.

The Tunnel Lining Erector – the last main part of the machine that is used to install pre-cast concrete lining of
the tunnel.
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An experimental Seismic Softground Probing System was included on
each TBM to enable the identification of soil conditions as far as possible to
get a head start in troubleshooting ‘remedies. When the rotating cutterhead
did not survive the city’s harsh limestone environment a more robust
protective casing was put in place.
Early detection or being a able to ‘see’ ahead remain important to the
excavation exercise, so various surface based geotechnical survey
techniques were considered, including the microgravity, cross hole seismic
survey, ground penetrating radar and the 2D resistivity tomography,
The most beneficial of these was the 2D resistivity tomography, which
is a technique that detects changing resistivity of features within the ground
to spot would-be karts voids or fissured rock anomalies, amongst the few
possible abnormalities.
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It can be noted that the construction of the SMART tunnel was not short of its challenges making the
SMART tunnel a good showcase for highly erratic karstic limestone featured soil. The challenges posed in
the excavation of the deep shafts again highlight the uniqueness of SMART. Through experience learnt
from SMART, the accuracy of the geophysical survey attained in the project using resistivity survey
detecting limestone features is now made available for future projects.
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