"Seoul National University
2147| 20| O|3j... MSCist of|L x| Xtel 2 &t

[11] X|S}-&ZF 3D GIS




3D GIS

e 3D GISZOo| 4tH™

« K| EH ZHo| 25

X -/ ) :: ‘_IZID:|E”O|E1E
« 2ZEQ 02 s

00| AL 8!
T e Ol0A 25 = IS0l S0id
B> |« 3121 UIOIEIS CiR s 201} 2017
> |34 GISQ| Jls, &40 et 17
. 3D GISO| EX
3AFA ZhE 0] & 2AA, 2.5AFA GISTT
SR 22t EAES SR8 22101 EAohs H0IE 2
3ALA Al 2fst Vs I JIR s TR E 2

20094 13H7| X|HEH H A| AE



3D GIS vs. 2D, 2.5D GIS
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Geometric Model

Volumetric Model

3D GISO| & mH!

W 3T O
S T
£ -
i i e UlA ok
) __O E | _—
T 5 o«
— 0l o — —_
O_ - — @) ll@)
= R0 T o —
O = - <
QO = .
gol & o M
o ® a3 iy
= o 3] A K|
MM & 0%

*
4
4

2
’Q

*
2
ol

— J[0
<0 L il
qr m.:,_ -
X3 g M
Y 5w
122§ ¢
m.mr 5 £ @
sz a g
mo K 5 2o
raid 4qr A K
o~ N B ~ 0

\/
0‘0
\/

L X4
\/

L X4
/7
0‘0

1

2009




3D GISO| CHEXN D (H|uw)

» Comparison between geometric model and volumetric model (based on previous works by

Kavouras (1992), Marschallinger (1996) and Raper (2000))

Characteristics

Volumetric model

Geometric Model

Emphasis

Variables

Comparison to 2D
GIS

Advantage

Disadvantage

Defining and representing variations in i
nternal properties of objects

Continuous variables

Analogous to raster-based representatio
nsin2D GIS

Easy and efficient to perform Boolean
operations and volume computations
Easy to store and visualize the results of
3D spatial interpolation techniques

Large storage requirement for high
resolution model

Not attractive for visual perception due
to “jaggy” approximations

Defining and representing the bounding
surfaces of 3D objects

Discrete variables

Analogous to vector-based representatio
nin2D GIS

Easy to visualize objects by various
degrees of surface smoothness
More attractive for visual perception

Difficult to represent fragmented objects
and variations in internal properties
Difficult to perform Boolean operation
between two objects
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Research Background

m Traditionally, the subsurface characterization was conducted manually by
geologists and required much time and effort. However, nowadays,
Geographic Information Systems (GI1S) and Computer Aided Design (CAD)
systems are widely used in the tunneling industry and play important roles in
the process of subsurface characterization.

m New trend: geologists can search and download the digital-ready data
Including boreholes, cross sections, remote sensing images, geological maps,
topographical maps, hydro geological maps, structural geology maps as well as
contours of the water table that are required for subsurface characterization.

Data

===National Geosci
“w» . Database Servi




Research Background

m Recent applications of GIS for tunneling projects

— Kimmance et al. (1999) tried to use GIS as a geotechnical database system on airport
line Metro Rail Transit (MRT) construction and discussed the design and architecture
of database systems for a tunneling project. However, the functionality of the system
was limited to query records stored in relational database tables.

— Yoo et al. (2006) developed a GIS-based risk assessment system for tunneling as an
extension of ESRI’s ArcGIS. The program provided advanced functionalities for
analyzing ground movement, utility damage and groundwater drawdown that can occur
during tunnel construction. However, it could only manipulate and analyze two-
dimensional (2D) data.

— Yoo and Kim (2007) also used GIS for predicting tunneling performance in a high-speed
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Research Background

e 3D GIS for tunneling projects

— Although a few attempts have been made to use 3D GIS for tunneling projects
(Elkadi and Huisman, 2002; Kaalberg et al., 2003; Ozmutlu and Hack, 2003),
these mainly focused on 3D geological modeling with extensive use of external
software such as Lynx-GMS (Houlding, 1994), and they used GIS for 3D
visualization of block models representing soil or rock types in the subsurface.

* Problems due to their excessive dependence on external software

— Much data conversion among the various software and that is often time consu
ming and tedious, especially for a large study area

— Difficult to consider the quality control and quality assurance when converting
data

e General 3D visualization tool

— More specific functionalities such as rock mass classification, fault zone analysis
, etc., are not available to support tunnel design work
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Purpose of Research

This study presents a new extension, Tunneling Analyst (TA), that
has been developed in ArcScene 3D GIS software, part of the
ArcGIS software package, to improve 3D GIS functionality for the
tunneling industry.

The multiple indicator kriging method is used for estimating a 3D
distribution of RMR values of the tunneling site from borehole and
geophysical exploration data (volumetric approach).

Modeling a 3D discontinuity plane is performed to generate a fault
plane in GIS (geometric approach), and 3D spatial queries are
carried out to identify tunnel sections with difficult tunneling
conditions due to the fault.

This presentation describes the concept and details of the TA
development and its application to the Daecheong tunneling project
In Korea, supporting the tunnel design work.

10
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Volumetric Modeling Approach

B To consider the rock properties in the subsurface, the volumetric
modeling approach should be used with appropriate 3D geostatistical
estimation techniques.

Houlding (2000)

* The number of boreholes available in a tunneling site is usually limited
due to the Investigation cost.

11
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Volumetric Modeling Approach

In site investigation for tunnel design, nowadays, geophysical exploration
as well as drilling logging is generally carried out to evaluate rock mass
classes along the proposed tunnel alignment.
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Volumetric Modeling Approach

Although they have same purpose in a tunneling project (i.e. site
characterization), each data has both pros and cons

— Borehole data

* Pros: quantitative information for evaluating rock mass classes (e.g. RMR
system)

e Cons: limited number of data due to the investigation cost

->there can be many un-drilled sections along the tunnel route where no
drilling logging exists

— Geophysical exploration data (e.g., electric resistivity, seismic velocity)

* Pros: information that can cover the entire tunnel route including both
drilled and un-drilled sections

« Cons: information is not quantitative but qualitative

->the uncertainty is generally much higher than that derived from
borehole data

13
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Volumetric Modeling Approach

By using the multiple indicator kriging method, boreholes and
geophysical exploration data can make up for their weak points
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Volumetric Modeling Approach
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Application

B The Daecheong tunnel design project

— The Daecheong tunneling site in Korea (1135m X 150m)

— Twin tunnels with diameters of 13.4m and a length of 1.1 km under a
mountainous environment

— The geology in the study area consists of 0—-4m thick layers of colluvium
followed by a 1-12m granitic residual soil layer. Underlying the soil layer is a
1-12m completely weathered granite layer followed by moderately to slightly

weathered granite layer
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Application
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Application

m 3D distribution of estimated RMR values in study area
— Project dimensions: 5070-6205m with 5m spacing in an X-direction
— 0-150m with 5m spacing in an Y-direction
— 100-280m with 5m spacing in an Z-direction

& Tunneling Analyst.sxd - ArcScene - Arcinfo (=] 3]
| e gt vow selcton 1ok wedow Help |
[DSE6 ) -Fx ¢ @ Aav0R |+ QoQeQAXITOENOM|

New Graphics Layer

O demsm

O pemsm

O MeasuringPoint

] 3D Points of Discontinuity Ple
[ 3d discintinuity plane

O Boreholes
O Seismic
Estimated RMR
RMR
W 0.00000 - 10.00000
10.00001 - 20.00000
20.00001 - 30.00000
30,00001 - 40,00000
% 40.00001 - 50.00000
¥ 50.00001 - 60.00000
60.00001 - 70.00000
I8 70.00001 - 60.00000
| 80.00001 - 90.00000
W 30.00001 - 100.00000
Tunnel Sections (Up line)
™ Tunnel Sections (Down line)
O patum point
O Datum linez
Datum linet

o |
Display Source |

D festures selected Iz

2009k 18+7| X|HHH H A| AE)



Geometric Modeling Approach

* Modeling a 3D discontinuity plane using simplest fitting function

7 Dip/Dip direction
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3D Spatial Query Functions

* Possible gueries in GIS to support tunnel design work

— “Select all faults and joints that are pierced by a proposed tunnel
alignment.” This query may be used to search for discontinuities that
need consideration of the angle between a proposed tunneling direction
and their dip direction. It can also indicate where the fault will appear
on the tunnel alignment during excavation

— “Select the set of tunnel stations within 20 m of the intersection between
a proposed tunnel alignment and a fault plane.” This type of query can
be used for identifying tunnel sections with unstable ground conditions
such as a fracture zone that needs strong supporting systems

3D Intersection 3D Buffer 3D Intersection & Buffer




Application
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