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Creating Space Above and Below SL/\,
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Singapore has many different types of rocks under its surface, from
granite and norite, which are much harder than concrete, to limestone,
which could be dissolved by rainwater. Here are some of the rock
formations and a snapshot of Singapore’s underground projects.

Source: ST Singapore
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Singapore’s Underground Initiatives Sicarors

Legislative Change to Facilitate Future Planning
and Development of Underground Space

Subterranean
development
guidelines

to bed

rafted

URA tender seeks consultants to craft
framework on underground space use

By ROYSTON SIM

THE Urban Redev elopment Au-

pa
setof g.udu:!: onsubterranean
development here, in a step to-
wards creating an underground

enable more extensive use of un-
derground space in ergapo.e

The URA said ths wa
steer future decisions on
and safeguard areasfor potential
underground developments

It said the recommendations
and guidelines will also guide the
preparation of an u')dc'g:ou.-.d

.lo' plan to “dovetail”
current landu st ;:.L':

The latter sets out ho\t much
needs to be built to efficiently
sprud the population across the
island

In September, National Devel-

ve and holistic framework to

opment Minister Khaw Boon Wan
wrote in his blog that there is
scope to do much more in terms
ofusingundergrounds;
He mooted the possibility of an
underground equival
master plan to comp!

opments above ground
Before developing guxde
for the URA, the con

have to research case studiesand
the best practices of underground
devel o;,\:ne“ls around the world,
m 1 am 'e\ xeu allthe

P
inSingapore nd bﬂd“'m.‘!h
Republic's use of sublterranean
spaces against other aties

Mr Khaw had citedunder-
ground city Reso in Montreal,
sed by 500, 000 pe:»p.c
dboasts offices, hotels,
cinemasand even universities

In Scandinavia, swimming com-
plexes, concert halls and churches
have alsobeenbuilt below the sur-
face

The study should also look at

PHOTOS: JTC REUTERS

the extent to which ba,erre':

MRT is housed beneath the earth.
Using examples from overseas,
consultants should provide recom-
mendations and set guidelines on
uwsing underg: s
These should
B How to identify locations to
build underground;
M Integrating developments
above and below g.o und; and

ersto gow

The URA also hgh.xghted eV
alchallenges inimplementing v
derground projects here, such as
Tagh costs and a lack of proven
wses of deep cavern space

In terms of underground pedes-
trian links, there is a ck of meen-
tive to build these comections
and building owners are reluctant
todo 30, it not
s here have also cited
the varied nature of Singapore’s
rock and soil formations as anoth-
erchallenge

Existing subterranean develop-
T include the Jurong
Rock Ceverns, which store petro-
chemical ol

Thereare also plans for enun-

rground science city beneath
Kent Ridge Park

Mr Lim Peng Hong, who owns
engineering firm PH Consulting,
said studies onunderground use
have been done before.

However, this latest one moot-
edby the URA s more comprehen-
sive.

The higher cost of going under-
st be weighed against

nefits, he said

He sdded that the psychologi-
cal impact of workingor domg ac-
tivities underground must akso be
considered

“Th robably why the URA
wants b k at best practices, at
how other countries are using the
space and how they make it more
acceptable to people.”

topimdsph.comsg
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Going underground

PUB is exploring the possibility of using underground space for drainage and water
storage to help Singapore overcome the effects of climate change, such as more
intense rain and prolonged dry spells. A tender for a feasibility study will be called in
the coming months.

Surface drainage system

STEP1 STEP3

Rainwater is During a dry spell or when the stored
collected in water is needed, water will be

the surface pumped back up to the surface.
drainage

system, ;
ncluding the = .
reservoirs. : The study will

also look at
the possibility
of harnessing
energy from
the flow of
water from the

[The rainwater
will be
channelled to

a pre-treatment
plant through )
stormwater

conveyance tunnels 0

STEP 2 y l l

pra—

surface water
bodies to
underground
reservoirs for

before being conversion
discharged into an into electrical
underground reservoir, Stormwater

which will be at a depth Underground

of about 100m. tunnel reservoir

Above-grade &
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Singapore Land Authority (SLA) SL/‘\A

LAND AUTHORITY
MISSION
VISION [ |
0 optimise land resources for the economic

Limited Land ® Unlimited Space and social development of Singapore

Developmental:

* Optimisation of State Land and Properties (generation of revenue for government)
+ “Gatekeeper” for land use in Singapore

LTS Regulatory:

& REGULATION:. » Registration of land and property transactions — guarantee of all property rights in Singapore

gnence law compliane

administration 5V
\‘f&z&?mﬁf” * Management of national land survey system
* Administration of Residential Property Act

Mapping & Geospatial :
» Development of geospatial and technologies in support of Smart Nation

» Operation of geospatial platforms within government
* Building up geospatial capabilities within the public service




Digital Government

SMARTSNATION

DIGITAL GOVERNMENT OFFICE

DIGITAL
GOVERNMENT
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ities of the Future
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Battery storage \ |
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friendly design Regional EMS Smart Buildings
through

buildings (Control center) linked
) Regional EMS

Intelligent Transportation
System (ITS)

Multi-energy
station

EV car
sharing
EVcar _
sharit
~ ——— Smart House

Small / Medium-scale

Solar panel Smart Buildings
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Offshore wind farm Multi-energy station

Sustainable Resilient Smart
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What does Goespatial
Enablement means?
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Precise Position and High Resolution SL S
Maps for Smart Applications CAND AUTHORITY

Sensors Network

The skies wil in nemanned. .< daivery, Ingpection, and

surveillance purpozes. With UAN aperations, It Imanagement system to &

et e L &

e Tl ot i e SPS (LA st dersopiod e o By Five trends that
AR FATIONTISTANCE EECECRENC NG Ao will shape construction
fEESastfviet 4 :

= and capital project
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Next-generation

[ e Higher-definition s ® 5D Building
surveying & geolocation : Information Modeling
&y Rapid digital mapping A\ Design platform for the

R and estimating future
‘ ; . 9’:0

e .o Future-proof design
Digital collaboration i and construction

and mobility ' Designing with materials
Moving to paperless. e and methods of the future
projects, from the SR

office to the workforce %

The Internet of Things
and advanced analytics  ®
Intelligent asset
management

and decision making

Smart Construction
Source: Geospatial World

s
MONITORING SIGNAL STRENGTHS DESIGNATED LANDING AND
TAKING OFF ARFAS

NTU Proposed concept for UAV air traffic management
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National Mapping Framework I
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Digital Terrain Model 3D Ownership

Aerial LiDAR &
Imaging

Capture

CityGML

Establish Standards

e

iy

Singapore
Advanced Map

Virtual Singapore

Panoramic Images & Point Cloud Spatial Database



Supporting Sustainable, Resilient & SL/‘\A

SINGAPORE

Smart City

* Digital transformation

* Ensure interoperability

* Evolve from 2D to 3D and beyond
* Enhance geospatial capabilities

WaterBody

Vegetation CityFurniture

Relief

Tunnel

Building :
Buidge Transportation

© KIT — Karlsruher Institute of Technology



Digital Transformation S!“A
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<End>309810.31992060284 370316.99547977943 </End>
</Spiral>
- <line dir="336.262803296404" length="419.512560716454">
<Start>309810.31992060284 370316.99547977943 </Start>
<End>309641.44843472657 370701.01788779336 </End>
</Line>
</CoordGeom>
</Alignment>
- <Alignment name="Alignment - 2" length="1211.255997059351" staStart="0." des
- <CoordGeom>
- <Line dir="336.26280329641" length="419.512560716561">
<Start>309641.44843472657 370701.01788779336</Start>
<End>309472.5769488503 371085.04029580741 </End>
</Line>
- <Line dir="15.097888445971" length="791.743436342791">
<Start>309472.5769488503 371085.04029580741 </Start>
<End>309678.80151245283 371849.45451490517 </End>
</Line>
</CoordGeom>
</Alignment>
</Alignments>
</LandXML>

24356 13245.23 61524.98 2.34

71626 13225.89 61524.38 3.15
17263 13524.98 23452.09 1.25

17625 13276.55 61454.25 1.36
74635 13672.28 61174.72 1.35
74653 13095.00 61466.72 1.98
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All faces of building
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gml:Solid gml:id="srf_T2911172_2543" ...>
<gml:exterior>
<gml:CompositeSurface ...>

</gml:CompositeSurface>
</gml:exterior>
</gml:Solid>

CityJSML Files

Wall

Wall

Wall

Y

<gml:surfaceMember>
<gml:Polygon gml:id="“poly_T2911172_p2543_0">
<gml:exterior>
<gml:LinearRing gml:id="line_T2911172_p2543_0">
<gml:posList srsDimension="3">....... </gml:posList>

/gml:surfaceMember>

Database

SLA

SINGAPORE
LAND AUTHORITY

<gml:surfaceMember>
<gml:Polygon gml:id="poly_T2911172_p2543_1">
<gml:exterior>
<gml:LinearRing gml:id="line_T2911172_p2543_0">
<gml:posList srsDimension="3">....... </gml:posList>

/gml:surfaceMember>

SURFACE_GEOMETRY

<gml:surfaceMember>
<gml:Polygon gml:id="poly_T2911172_p2543_2">
<gml:exterior>
<gml:LinearRing gml:id="line_T2911172_p2543_0">
<gml:posList srsDimension="3">....... </gml:posList>

/gml:surfaceMember>

<gml:surfaceMember>
<gml:Polygon gml:id="poly_T2911172_p2543_3 ">
<gml:exterior>
<gml:LinearRing gml:id="line_T2911172_p2543_0">
<gml:posList srsDimension="3">....... </gml:posList>

/gml:surfaceMember>

Y

<gml:surfaceMember>
<gml:Polygon gml:id="poly_T2911172_p2543_4">
<gml:exterior>
<gml:LinearRing gml:id="line_T2911172_p2543_0">
<gml:posList srsDimension="3">....... </gml:posList>

/gml:surfaceMember>

ID|GMLID PARENT |ROOT|IS_SOLID |IS_COMPOSITE GEOMETRY SOLID_GEOMETRY
_ID _ID
1 srf_T2911172_2543 (null) |1 1 0 (null) SDO_GEOMETRY
2 |UUID 1 1 0 1 (null) (null)
3 |poly_T2911172_p2543_0 |2 1 0 0 SDO_GEOMETRY |(null)
4 poly_T2911172_p2543_ 1 |2 1 0 0 SDO_GEOMETRY |(null)
5 |poly_T2911172_p2543_2 2 1 0 0 SDO_GEOMETRY |(null)
6 poly T2911172 p2543 3 2 1 |0 0 SDO_GEOMETRY |(null)
7 poly_T2911172_p2543 4 |2 1 0 0 SDO_GEOMETRY |(null)
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Evolving from 2D to 3D Smearon:
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Ground

Object TexType

*

Buildings

T1914132
T1914131
T1914130
T1914129
T1914128
T1914127
T1914126
T1914125
T1914124
T1914123
T1914122
T1914121
T1914120
T1914119
T1914118
T1914117
T1914116
T1914115
T1914114
T1914113
T1914112
T1914111
T1914110
T1914109
T1914108
T1914107
T1914106
T1914105
T1914104
T1914103
T1914102
T1914101
T1914100
T1914099
T1914098
T1914097
T1914096
T1914095
T1914094
T1914093
T1914092
T1914091
T1914090
T1914089
T1914088
T1914087
T1914086
T1914085
T1914084
T1914083
T1914082
T1914081
T1914080
T1914079
T1914078
T1914077
T1914076
T1914075
T1914074
T1914073

<
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Development of Smart Cadastre
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Precise GNSS Infrastructure in Singapore
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* National Reference System for Surveying,
Mapping and GIS
e Support real-time precise navigation and
monitoring

\
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<3 @4,& 0 5 10
@ Kilometers
<3‘. SiReNT GNSS Reference Stations
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https://theta360.com/s/shJSAPl9H8OLmF5xYHaiKGoVw
http://tobsat.com/wp-content/uploads/2011/08/GPS-Navigation-GLONASS_SatelliteDoomsday1983.jpg
http://news.bbc.co.uk/2/hi/science/nature/6634285.stm

SiReNT as a National Positioning Infrastructure

Focus on enabling government agencies

Positioning

e Surveying & Mapping
¢ Engineering

¢ GIS Data Collection

® Asset Management

Navigation

e Intelligent Transport Systems
e Self-Driving Vehicles

e Public Transportation

e Emergency Services

* Fleet Management

Monitoring

¢ Tectonic Movement

¢ Subsidence Monitoring
e Structural Movements

¢ Deformation Monitoring
e Atmospheric Conditions

SLA
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3D National Mapping

Phase 1

Airborne Laser Scanning and Imaging
(FY13 to FY15)

A | L
anin

Jh. Jh.
Ohligue Vertical
.- A
V= n
’jé/ iz =2« LeE
7
o'l 5%” = K/
/ ;:: = :" —
3= —— r;g;:’»f”".
FY14 | FY15 FY16 I FY17

o cans LA

Water for All:Conserve, Value, Enjoy Civil Aviation Authority of Singapare

SINGAPORE
LAND AUTHORITY

Phase 2

Mobile Laser Scanning and Imaging
(completed: Jun 17)




3D City Model for Virtual Singapore S!'A
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3D Map
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3D City Model Standard
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(Top Down View) Fe e
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Mobile Mapping

Mobile Laser Scanner — Riegl
VMX-450

360 Spherical Camera -
Ladybug 5

Mebile Point Cloud Data
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Data-Driven Decision Making S!'B
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Solar Potential Study Development Planning Underground Infrastructure

3 ,4,".'2;'% A
2 \G'F' |1

E ' Solar Potential Underground Infrastructure

DTM for Flood Management Urban Heat Island Urban Air Flow Dynamic

Wind Velocity: 3.3m/s (NNW)
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Self-driving Vehicle Development

* SiReNT provides precise navigation capability for
Self-Driving vehicle implementations in Gardens-by-

the-Bay and LTA’s Driverless Vehicle trials in One-
North.

* Mobile Laser Scanning data contributes towards the
development of self-driving Vehicle

Delphi=-Audi SQ5 prototype




Smart Construction

GNSS Assisted Piling System

Smart Crane

sitio EReference Network

GNSS RTK
ANTENNA 1

KIMLY

CONSTRUCTION

AR NANYANG
@ TECHNOLOGICAL
'9:5’ UNIVERSITY

Building and Construction »Authority

SLA
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The pile e 21
GNSS RTK

ANTENNA 2

S C ANG FEI KUN
CONSORTIUM PTE LTD

- Piling & Construction
Pte Ltd

Agency for
Science, Technology
and Research

SINGAPORE
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Smart Construction - Height Monitoring SNeAPORE

LAND AUTHORITY

* Enforcement of height
restrictions on a
construction site

* Other methods mainly
require line of sight to
work

e Using RTK allows accurate
machine height
monitoring and
enforcement
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Integrated Above and Underground 3D Map o
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