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Abstract

In pace with the continuous development of cities, the construction safety is based on
our knowledge of subsurface geology. Urban geology has become an expertise field
worldwide. Central Geological Survey (CGS) had accumulated a lot of subsurface
geological data through the 20-years study of Taiwan's urban area and also proceeded to
aggregate map data and develop an Internet inquiry and analysis system in order to improve
our understanding of geological environments and to avoid geological hazards.

French geological survey (bureau de recherches géologiques et minicres, brgm)
developed a great software, GDM, for geological modeling and it can be used on database
establishing and data management. The purpose of this visit is to exchange our experience
and improve our study on urban geology. During the visit, we tried to establish a geological
model of a local urban area in Taiwan via GDM. It's very convenient establishing a 3D
subsurface geological model and displaying data on random profiles. It's also easy editing
the location of each surface and its contact relationship with others. On the other hand, the
software developed by CGS helps to analysis susceptibility of geohazards through the digital
data recorded in 3D meshes.

Each software has its own advantages. If we can collaborate and combined the strengths
of each other, the results of urban geology can in favor of territorial planning, engineering,
urban planning, and public inquiry. It will also be great helpful on varies orientations, such

as domestic construction, industrial development, people's living, etc.
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The development and application of urban geology in Taiwan

— the introduction of the concept, maps, analysis app and inquiry website

Pin-Ju Su
Central Geological Survey, Taiwan, ROC

The safety of constructions is based on our knowledge of the characteristics of
subsurface materials, especially in Taiwan, a densely populated region with frequent
earthquakes, typhoons, complex geological structures. Only with the broad understanding of
subsurface geology and the potential geological hazards can we avoid inappropriate projects

endangering the safety of people or industries.

Because natural hazards are easily triggered in Taiwan, the emphasis of the urban
geology and geohazards study is not to choose perfectly safe sites for engineering, but to
well understand the geological environments and appropriately respond to the potential risks.
Central Geological Survey (CGS) launched a series of urban geology projects and
accumulated a lot of subsurface geological data since 1992. CGS focused on constructing the
subsurface geological model and analysing the susceptibility to geohazards in the plain area
where the most cities are located. Due to the uncemented sediments in modern alluvial plains,
soil liquefaction, surface subsidence, and the distribution of soft layers are the main topics
relating to geological technical problems. CGS had developed two types of map to emerge
the characteristics of the subsurface geology. The geological environments map represent the
lateral and vertical distribution of layers of sediment and geological subdivisions; the
geohazards susceptibility maps show the susceptibility to liquefaction and the distribution of

surface subsidence and soft layers.

The understandable information of the results of urban geology is needed by planners
for the application of hazard prevention. The presenting modes of the maps and the
management of the big data became important issues. Facing the computer era, CGS
integrated analysed results, geological data, and associated information into a database based
on 3D meshes. CGS also constructed an analysis app to help on data management, data
processing, results display, and map exporting. An inquiry website was constructed for

22



information transparency and wider application. Not only the plane maps but also arbitrary
profiles can be showed on the website. The results of this program are in favour of territorial

and engineering planning, industrial development, and people's living, etc.

(=) =
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The development and application of
urban geology in Taiwan

— the introduction of the concept, maps, analysis app
and inquiry website

Pin-Ju Su

Central Geological Survey,
Ministry of Economic Affairs, R.O.C.

e CGS was founded in 1978. Office of the
. L. . . . . President
e 14 main administrative projects, 29 sub-projects in 2015.
e Topics: Geological map, environmental geology, Executive Yuan
hydrogeology, geological hazards, active faults, landslides,
engineering geology, and mineral resources. Ministry of
e The 2015 budget: NTDS 554 million (€ 15.5 million) Economic Affairs

e Human Resources:
Central Geological

73 people -- 56 geologists and 17 administrators. Survey
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Organlzatlon of CGS

Director Chief
Secretary

Director |

Deputy

Library

Regional Geology Division

Active Tectonics Division

Environmental & Engineering Geology

Division

Geological Resources Division

Geological Information Division

Secretarial Office

Personnel Office

Accounting Office

Discipline Office

R TAENESA

The study focuses on plain area.
(70 % area in Taiwan is mountainous)

15t stage (1992-2009) -- establishing
basic data, year-by-region

Deep drilling, cores description, age
dating, grain size analysis, sedimentary
environments reconstruction,
paleontology, engineering characteristics
of sediments, susceptibility of soil
liguefaction, etc.

2"d stage (2010- present) — setting 3D
database, geohazards mapping,
analysis app, inquiry website.

” ntroductlon of urbangeollogyln Taiwan

Legend
E Study Area

Taiwan

-
5
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"Ma Joroutos of urban geo ogy'

e Urban geological maps
— Geological environment maps
— Geohazards maps

¢ Information system
— Database
— Analysis app (for professionals)
— Inquiry website (for populace)

I MR AN

G

als: borehole cores

e Boreholes from CGS and public constructions.
CGS carried out 754 boreholes and collected 16, 194 boreholes data.

e Difficulty: the distribution of cores is uneven.
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nd record

Sam D " a

e Standard penetration test with full
sampling.
e The archived core halves are for visual

(o] -

description

The working core halves are for sampling.

Original record Observation
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Geological environment map
Core - - - - - - e
description A £ mEE) - |
Lateral =
correlation
| Regional fence )
diagram _ -
Sedih‘nent )
distribution
— '
Geological 3
subdivision Site clasy
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Purpose: showing subsurface appearance

Traditional geological maps don’t represent the details of alluvial sediments.

The geological environment maps show the subsurface geological and
engineering characteristics.

Traditional geological map (part)

Geological environment map (part)

L R v—————— - - —— — —_— -
% N A eh S B R S PR pom——. ,

Ibsurface geological framework

e Based on core description & lateral correlation.
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Geological subdivision

Displaying the lateral and
vertical distribution of
lithology and strength.
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0.51 < §,51.02

e R T ek £ eI
XAy :
g f

e Based on the “Seismic design specifications and commentary of buildings”
of Taiwan (Ministry of interior) .

(Referred to IBC (International Building Code))

e For average properties in top 30 meters. (~100 ft.)

Vs \ Su

Site class Shear wave velocity |Standard penetration| soil undrained shear
(m/s) resistance strength (kgf/cm?)

>1.02

15t very dense soil >360

2nd stiff soil 180~360
3rd 5oft soil <180

15~50 0.51~1.02
<15 <0.51
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& W #1 85 South Tainan City

instructions —====

Legend —

Lenx &= T

Main lithology of top 5m
sediments

Site class

Geological subdivision

Geological subdivision

2l
_F— Map frames
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Sediments

Lateral

‘correlation

‘ Assessment of

susceptibility of geohazard

v i A 4 i ¥
Surface |
| subsidence Soft layer iSoIl tIqusfactioq

5

J

h 4

Geohazard
Susceptibility Map
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* Soil Liquefaction Potential Pitfalls of traditional maps:

Evaluation Method (Japan Road > The underground characteristics
Association,1996) is followed. cannot be shown.

e Main input data: Fines Content » Systematically update is infeasible.
FC(%), SPT-N, Effective
overburdened pressure.

e Results:

— Liquefaction Resistance Factor
(F,) for each sampled depth.

— Liquefaction Potential Index
(P,) for each location.
(following Iwasaki, 1981)

W R T2 MW SR

Each mesh includes the data of:

e Basic data: coordinate (x, vy, z)

e Experimental data:
SPT-N, FC (%), PI, y,, USCS

¢ Analysed data: Single unit: : 100m x 100m x 1m
F.(1-20m) ~ Vg ~ P, Build depth : 30m

M Interpolate values are used when the meshes has no original data.

T ced_THESIFERIES

OBECT -~ proj_no - hole_no - | bottom_depth - n - FC - )38 - Rt -
\BREE] 00972742 BH-23 1 7 96.7 38 178
112954 00972742 BH-39 2 7 9662666 38.06667 1782
112955 00972742 BH-39 3 g 9516 394 1822
112956 00972742 BH-39 4 4 9424333 25.33333 1862
112957 00972742 BH-39 5 4 9067332 0 1296667
112958 00972742 BH-39 [} 19 28.13999 0 183
112959 00972742 EH-39 7 29 1] 0 18
112960 00972742 BH-39 8 35 1.420005 0 1809332
112961 00972742 BH-39 9 44 2982001 0 1996
112962 00972742 BH-39 10 44 3798 0 2058
112963 00972742 EBH-39 11 34 3068667 0 2023
112964 00972742 BH-39 12 42 44 .42 0 2083
112965 00972742 BH-39 13 a7 4091999 0 2066
112966 00972742 BH-39 14 53 23.15689 0 198181
112967 00972742 BH-39 15 95 2.294821 0 1818017
112968 00972742 BH-39 16 95 2.294821 0 1818017
112969 00972742 BH-39 17 95 2.294821 0 1818017 Iﬁiﬂ.’.‘ﬁ'%ﬂ
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Benefit

> Easy to plot subject maps
and profiles.

» Easy to understand the
underground characteristics.

» The result is not controlled
by data from only few
boreholes.

Shortcoming

» Need long time for calculation.

» It takes 1~1.5 day for each
urban area.

Number of meshes

Taipei
Kaohsiung
Pintung
Yilan

Xinchu
Tainan

25,913 x 30
25,799 x 30

77,023 x 30
33,902 x 30
11,634 x 30
51,762 x 30

R TAENESA

Main lithology of sediments at the depth 1~5 m  Main lithology of sediments at the depth 1~10 m
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The traditional and 3D meshes maps

Traditional maps

3D meshes maps

““PGA=320 gal .|
Sl am

The traditional and 3D meshes maps

PGA=320 gal

Meshes
analysis

. &
Traditional

analysis

PGA=240 gal

I SR L0
R ftAEiE s R PL=0-5)
O i R L=5-15)
HHEEEESRILZ15)

PGA= 70 gal

4 SR T FE MW SR




i

e Soft soil layers
— Marking the layers where SPT-N <15.

e Surface subsidence
— Exhibiting the amount of surface subsidence in 5 years.

. PP

CENTRAL' GEOLOGICAL SURNEY,

L

Seohazards mii

» Soil liquefaction
potential

* 5-year accumulated
subsurface subsidence

» Soft soil distribution L ke
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Taiwan earthquake

USGE ShakaMap | TAIWAN
TUTC ME4 HZZETE12067 Ospih: 230m DusE00MyEh

1e” 1207
Mg e 3 Procamand 30164 06 0TS UTD

i hex tox| Waan | Lot nosws| fiveng
PR | e | i | rina [owvien | it
Musacsre |0t | 03 | 88 | &% | 1@
or| di | 4 | &7 | %4
' - 1] ] |

6 February 2016

03:57:27 (Taiwan time,UTC+8)
6.4 Mw

23.0 km (14.3 mi)

22.94°N 120.59°E

117 dead; 550 injured
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Soil liquefaction

L ion is lapers
of marth act ke kquics dus to the pressure creatid by sarthaquakes.

or i i With
of friction from the enaugh pressure, the water
V‘ ing, will break the friction in the

Sand layers can shda, —
causEng rips in the ground surface

of uneven sattling of building foundations.
sand can even push up through the ground,

Sousce: CaMomia Wakch reseanch BRIAN CRAGIN | CALIFORNIA WATCH

Surface upli

Friction |

Original
surdace @

[ Uniisfied |

Figure 17, Idealization of 3 house with shallow foundation resting o surface of liquefaction-prane
around {two-dimensional cross section of a three-dimensional idealization)
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E
. L1k
# Liquefied site
+iEAERS_RiteR
Low susceptibility
Medium susceptibility|
I High susceptibility

e Most actual liquefying sites are
located in the high to medium
potential area.

e Error Causes

1. Uneven distribution of core
data: insufficient data in local area.

2. Heavy rainfall before the
earthquake: the rising
groundwater table improved
the liquefaction.

3. Unpredictable artificial infill: the
worst-hit locations were fish ponds
hundreds years ago.

R TAENESA

— GIS Operation
| Geological analysis and
evaluation modules

s

L

&

o

=

]

=

L=

=

]

N

(]

=

=)

7]

(&)
| Datamanagement

module
System management

— module

— Boreholes selecting
Traditional analysis —{—  Liqucfaction analysis

— liqucfaction potential map

— Boreholes selecting
— Data standardization
3D meshes analysis ——  Liquefaction analysis

— Soft soil analysis

— Geohazard maps & profile

—  Import Geo2010 data
Boreholes data import —
—  Qutput shpfile and forms
Project database =~ —— Creat 3D meshes
Map export
management
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Boreholes selecting

Y

Liquefaction analysis

\ 4

Form exporting

Y

Result maps exportiing
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Analy5|s app:-‘ proflleplottlng e

e Arbitrary cross-section can be displayed with the properties

of USCS, F,

and V..
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» Lithology profile (USCS)
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- Analysis app — map export
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“Inquiry website

7. i
S C TR SRt VR o 1

e User target: Disaster prevention or city planners

* Provides geological environment maps and geohazards maps.
e Mobile phones and tablets accessible.

* Provides varies base maps for superimposing.

Ci.co

-_

m.tw/04032_1/

g —_—

http://ge-lab-212.ce
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e Arbitrary profile plotting.

e Distance and area measurement.
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Liquefaction specific inquiry website

e User target: populace e St
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e Providing related countermeasures —
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e More than 2 million visitors accessed the website, and 600 phone calls on

the first day.
e Issues of concern: house price, not safety
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FUTURE DEVELOPMENT

What roles should geologists play in hazards prevention?
» Analyzed each geological subdivision separately.
»What exact composition of sediments will liquefy?
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Sampling fo rm the boiled sands

Classification | Grain size (mm)
v. Coarse sand 1.00~2.00
Coarse sand 0.50~1.00
Medium sand 0.25~0.50
Fine sand 0.125~0.25
v. Fine sand 0.063~0.125
silt 0.004~0.063
clay <0.004

U K

Mostly quartz grains.

Well to moderately sorted.

High sphericity

Angular to rounded

lligh sphericity ‘ ' . . .
> o ¥ o
Ly g o> @D @ GO

Zoom in to 45 times
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FUTURE DEVELOPMENT

What roles should geologists play in hazards prevention?

» Analyzed each geological subdivision separately.
»What exact composition of sediments will liquefy?

»How do we choose a suitable groundwater table to analyze
the liguefying potential?

W R T2 MW SR

e What type of groundwater table is suitable for liquefaction analysis?
e Long-term? Short-term? Or a given elevation?
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Thank you for listening.

Merci beaucoup!






