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ABSTRACT

The Government of Malaysia under the Greater Kualapur / Klang Valley National Key
Economic Area as detailed in the Economic Transébion Programme of Malaysia, planned
to provide an integrated and sustainable transpgtem for the Klang Valley. The MRT
Sungai Buloh - Kajang Line has a portion of undeugud line which formed part of the Klang
Valley Mass Rapid Transit Project. With approxinhat@.5km of bored tunnel, and with as
many as 6 concurrent tunnel boring machines, atll stringent accuracy requirements, the
underground tunnelling survey is, by any standardiery challenging surveying project.
Great care has to be taken in the design of thasrand underground networks and
monumentation. This paper seek to present thegwploy and designs of the control network,
field and office procedures for the precise transigerations and extensive horizontal and
vertical control into the underground facilitiesidathe control traverse scheme employed in
the tunnels.
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The Design and Philosophy of the Tunneling Survey for
theKlang Valley Underground Mass Rapid Transit Project

David Leng Hua CHANG, Malaysia

1. INTRODUCTION

1.1 The Greater Kuala Lumpur/Klang Valley (GKL/KV) Natial Key Economic Area
(NKEA) is one of the 12 NKEAs under the Economi@fisformation Programme of
Malaysia. The goal of this NKEA is to transform @&ter Kuala Lumpur/Klang Valley
into the top-20 most liveable metropolis globallydatop-20 in terms of economic
growth. Greater KL/KV extends beyond the boundaoniedsuala Lumpur.

1.2 On 8 July 2011, the Malaysian Prime Minister lawgttithe first MRT line Kigure 1)
that will run between Sungai Buloh and Kajang (SBKjich passes through the centre
of Kuala Lumpur. The line starts from Sugai Bulatd gasses through Kota Damansara,
the Curve, Bandar Utama, Taman Tun Dr Ismail, J&8@emantan, Cheras, Bandar Tun
Hussein Onn and Balakong before ending in Kajarmg [Ength of the SBK line is an
estimated 51 km, of which 9.5 km are undergrourdi4ih5km are elevated. There will
be 31 stations, with 7 underground and 24 elevatatons, and 16 Park and Ride
facilities.
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Figure 1: Proposed Klang Valley MRT Line

1.3 The boring of the underground tunnels will be mavdéh several Tunnel Boring
Machine (TBMs), one at each end of the sections.oAglate of this writing, a
Malaysian company has been awarded with the prdageconduct the construction
underground tunnelling portion of the SBK Line. Jipaper seek to describe the survey
work which covered 9.5 km underground portion & 8BK Line, beginning from KL
Sentral Station to Maluri Station, its philosopmgdadesign, methodology of the surface
geodetic control network and underground geodettwarks, field and office
procedures for the precise transfer operations extdnsive horizontal and vertical
control into the underground facilities, and thatcol traverse scheme employed in the
tunnels.

2. PRIMARY CONTROL SURVEY NETWORK
2.1 Based on geographical extent of the project siterimary Control Network, shall be

designed with the following criteria:
a. Optimal distribution of the stations on both sidéshe alignment of the tunnel,
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b. Inclusion of national geodetic stations in the gasietwork;

c. Inclusion of control stations which have been di&hbd by the Project Delivery
Partner (PDP);

d. Connection to the local geodetic reference frantechvin this case GDM2000.

2.2 The following network shall be designed:

a. A network comprising of Department of Survey andpidiag Malaysia (JUPEM)
MyRTKnet Continuous Operating Reference Stations®e Malaysia Primary
Geodetic Network Stations I(MPGN) and control stasi along the alignment of
the 9.5 km tunnel;

b. These stations shall be measured using static Gétbaique; and

c. The GNSS measurement duration and software shadeleeted so as to ensure
relative baseline accuracy of one part per mil{ibppm).

2.3 Figure 2 shows the proposed Primary Control Network.

: . 2 .
yored Sl
trol Survey Network

Figure 2: Primary Con

2.4 In order to maintain standardization and qualitg tollowing tests shall be carried out
on the GNSS receivers:
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2.5

2.6

4.1

4.2

a. A zero baseline testing shall be performed befbeestart of a survey to test and
validate the GPS equipment and the software;

b. A short baseline testing shall be performed betbeestart of a survey to test and
validate the GPS equipment and the software;

c. The tribrach shall be checked to ensure that thieagplummet and the plumb line
are correct.

Carrier phase observations of static mode shallcdr@ied out with duration of a
minimum of 2 hours over 3 epochs for the purposepbimization of the reliability and
redundancy of the network.

The data processing and adjustment shall be caowgdusing appropriate GNSS
processing software to compute formal a-priori déad errors from the baseline
variance/co-variance statistics and subsequentbydduce a posteriori errors computed
at the 95 percent (2 sigma) confidence level feratijusted station coordinates.

SECONDARY CONTROL SURVEY NETWORK

As the tunnels will be approached from multipletsers or portals, primarily from

seven (7) MRT stations, a densified secondary obrgurvey network shall be

established to support the underground network.s T$g@condary control survey

networks (surface network) shall consist of staithom the Primary Control Network

and new survey stations at the TBM launching sfésld measurements of angle and

distance shall be carried out with the followingesra:

a. The difference between repeated angle measurestegitsot be more than 3”.

b. The difference between repeated distance measutesieall not be more than the
precision of the total station (2mm + 2ppm).

c. The adjusted coordinates of the stations shallid@mw1:100,000.

d. Distances between adjacent stations establishieel b@tween 500 and 1000m.

UNDERGROUD NETWORK

The underground network shall be established tarcbthe TBM. There are two
horizontal observations on the tunnels namely tistadces and angles. The distance
measurements shall be applied with meteorologioalections, scale projection and
scale factor with varying heights or refraction ahé angle measurements shall be
conducted with six (6) series of zero directionsdach observation set. The rejection
criterion for the angle shall be 2”. The computatiand adjustment of all these
observations shall be carried out by least squdjresement.

The error analysis and reliability of the adjusttnehall be carried out with the
following criteria:

a. Errors in the instruments
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4.3

4.4

4.5

5.1

5.2

5.3

Pre-analysis a priori error

Quiality control information

Check on the normal distribution
Coordinates closure to other control stations

®o0oT

As the axis of the tunnel is not readily availalide observation, the underground
networks must be designed in zigzag manner forptimpose of reducing the lateral
refraction error.

Main Survey Control Points shall be established dach tunnel bore on each track
inside the Stations. The Survey Control Points|dballocated on the tunnel roof or
walls clear of the track and walkway concrete. Aiddal points shall be installed at
each level within the station to suit the other Yéo€ontractor’'s requirements.

If two TBMs were to be at work on the project, eatlall be able to excavate up to 20
m per day. The networks shall be extended by aBo0t m each time to keep the
machines moving forward. In this way, the surveyoesntain and expand the tunnel’s
network of control points towards each other. Fachenew control point, the survey
crews shall install threaded bolts into the tunmalls or floor. Three instrument setups
shall be required to extend the control networkaltthe total station makes multiple
measurements to approximately 18 targets

TRAVERSESIN TUNNEL

The most difficult part of the tunnel works is tlsaght lines are narrow in the tunnels.
Therefore multiple prisms shall be used for a tetation’s field of view. To solve the
problem, 1" robotic instrument combines with precisneasurement and target
technology shall allow the automatic pointing aadtf high-accuracy measurements to
be carried out within the limited spaces.

One of the most demanding setting-out projecthésalignment of the TBMs. Each
TBM is more than 150 m long, and the concrete datlat support it must be placed
accurately. Working beneath the machine, survegbadl install profile points on the
tunnel walls at intervals of 10 m. Each TBM advanapproximately 20 m per day, and
survey crews need to set out six points at a tifhe. robotic total station automatically
turns and target at the set direction and makestiteqe measurements until the
appropriate point is found on the tunnel wall.Hen produces a red laser dot on the
point and the surveyor marks the spot with a raathar.

When the whole cross-section of the tunnel heaatisanced simultaneously through
the TBM, 3D coordinates and offsets at chainagervials shall be provided by the
surveyor to the TBM operator who steers the machinebserving laser beam targets
mounted on the machine. These TBM have sensorstéztdand display the position of
the laser while driving the TBM on the correct ahgent. The total station which
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measures angles and distance to the reflectorseomBM gives guidance to the TBM.
From the coordinates of the reflectors, positionpagameters are determined in real-
time and transmitted continuously to the TBM operat steering the machine.

6. ASBUIT SURVEY

As built survey shall be carried out to check tatees of completed structures by the
following techniques:

a. The use of laser scanner which emits laser beamsgatlar intervals on a rotating
plane either vertically or orthogonal to the tuncehtre-line.
b. The use of reflectorless total station by whichnp®ioutcropped from tunnel
surface are automatically obtained.
7. CONCLUSION
7.1 In this Underground Tunnel MRT Line of Klang Vallgn estimated 9,5 km of tunnel
shall be laid by the TBM and this has brought abiwet accuracy demands for the
establishment of control networks for the propet eonstruction of the tunnel.

7.2 The Primary Control Survey Network and Secondarnt@b Survey Network are
important in bringing the reference and contrah® construction sites.

7.3 The surface control networks must be carried oUEBNSS techniques in static mode.

7.4 This design and method used for the transfer ofrobshall be able to detect errors and
prevent it from being propagate down the constditienel.

7.5 The errors due to refraction though extensivepitld be reduce by the employing the
double zigzag method of traverse within the tunnel.
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