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SUMMARY

| . Title

Rockfall and landslide development of new technologies for the next generation

II. The purpose and necessity of this study

Mountainous country mading up of 70% of the entire land increases scale and
frequencu transforming natural slope by several large housing composition, road
construction and industrial base construction, large-scale housing development

Through local topography and geological characteristics of the expansion of
existing road, curent country is necessarily tending increase of cut-filled up
ground etc. Thereby great casualties and property damage is caused each year
and social problems are emerging due to collape or land runoff caused frequent
extreme weather events

In particular, the case of Kangwon Province which is developed mountainous
terrain, it has demage caused by landslide and rockfall at road and rail routes
becouse of formation of rock slope and natural slope.

To solve this problem, gathering information by slope examination to gain
more efficiently and exactly digitalize research and information technology
development, field information management technology and development of
integrated slope management techniques controling them, wide landslide
threatened area continuously sense, spatial information establishment and Web
support service development and landslide database establishment and monitoring
technique for prompt action and the development of field technology and
measuring technology for reduction of regional landslide and slope disaster
improves disaster reduction technology for the increase of slope stability. Also,
Practical research and development projects is needed to save huge overseas

royalties through localization of foreign technologies.

lll. The substance and scope of this study

In this study, in the Gangwon area which faces the risk of four seasons rockfall



and landslide falling rocks and landslides caused by the disaster. To prevent the
disasters, The purpose is to develop the Slope management technology using
Database systems, ubiquitous systems. The development of integrated slope
systematic developes the key technologies. And our purpose is to build Foundation
of exports and industrialization and train landslide hazard mitigation specialists
through establishing Professional Education Center. Also, It is based on the
systematic management of landslides, and dependent on foreign technology and the
development of a national amnesty safety reinforcement techniques such as
measurement technology by developing the next generation of technology innovation
in research and development projects. Development of reinforcement facilities and
instrumentation skills being suitable for Korea is to contribute to economical and

efficient disaster prevention.

IV. The results of this study

O Development of the efficient maintenance management system, operation of
anmesty researcher specializing center is to build management system for
minimizing the incidence , damage and rockfall and landslide, Slope due to
rainfall infiltration on the slope of the groundwater level changes designed
to analyze the proposed standards.

O Assessment were proposed which can be used to evaluate - compare the
rockfall protection fence and consistent performance of standard rockfall
protectin fence

O District Representative demonstration site selection and performance review
of the Standard and Professional Development slope of Table Mountain
taepyeongga grading, slope maintenance, inspection intervals Edition was
developed for estimating.

O KSMR system and an amnesty program to integrate PDA use one trillion
web-based information sharing system was developed for the slope, the
slope of smart environment research program has been developed.

O PDA based software KSMR was also developed for practical field
application.

O Improving communication devices promote the stability of the collected data
transmission and real-world performance tests conducted on the practical
use and analysis of the results was examined.

O Development of the economy was secured through linking web based

operating system and integrated operating system



SMR based on the practitioners in the field for the rock slope to allow a
rough evaluation with a simple and reliable for the Rock Slope Risk
Assessment was developed primarily by experts examined the feasibility.
Collection and analysis of the data on landslide prevention in and out of
Korea:Collection and analysis of data from an advanced mountainous
country (Japan) and Korea
Analysis of the landslide inspection technology trend and collection of actual
landslide data using the advanced spatial information collection technology
Present condition of the study area: Quantitative analysis of damages and
recoveries in the study area by year and work type
Development of the quick-planting technology (indoor test): Establishment of
the criteria based on the inspection and planting purpose, e.g., the purpose,
pattern and type selection for the introduced species
Research facility: Construction of the research facility for the field
applicability test
Establishment of the structural lineament extraction technique and DB using
satellite images
Field application of the quick—planting technology and troubleshooting:
Identification of the problems in field work and quick-planting technology
based on the indoor test
Improvement of the quick-planting technology (indoor test): Selection of
introduced species for improved quick—planting technology and the
establishment of criteria for that purpose
Development of the spatial analysis system and analysis of DB for
manufacturing the landslide risk map
Development of the landslide risk map manufacturing technology based on
GIS spatial analysis
Field application of the improved quick-planting technology Field work of
the improved quick-planting technology and problem identification
Establishment of the quick-planting technology using native species:
Quick-planting plans using native species and mycorrhizae
Development of the landslide risk evaluation system using the spatial image
data
Development of the operation and evaluation guide for the landslide risk
evaluation system
Manual production: Quick-planting manual and requirements for its

application



O O

O O O O O O

Operation and inspection of the Web map service for landslide management
Development of the Web map service operation guide for landslide
management

Find out advantages and disadvantages with reappraisaling the pre-SAR
interferometry system for Landslides.

Develop the efficiency of progress of interferogram and phase unwrapping.
Save the time for computing with ’adapted filtering’ in phase unwrapping.
Made the displacement map and coherence map about Kangwondo area with
ALOS satellite data

3D GIS analysis

3D data model analysis

3D data model presentation for landslide administration

Design for program development 3D Viewer

Program development 3D Viewer

horizontal slope baesugong fix problems with performance testing and
security, development and horizontal drainage hole and underground water,
soil and slope stability by saturating Guidance details the conditions to
analyze the factors affecting the stability analysis of slope stability analysis
based on baesugong install the improvements Drain the laboratory model
tests carried out in the long term and analyze the problem and the field
applied for the evaluation of multiple performance measures established and
applied to real world problems are analyzed.

Using the slope measurement criteria that establish a smile destruction and
practical measures were established after the end of the study.

joints as information extraction techniques to improve it by adding a
semi—automatic video tuning has improved operational efficiency,
high-resolution, high accuracy in the field of digital still images and
high-definition video integrated slope control system by ensuring the
professional management of technology decision—-makers or huisa delivered
on site to establish a rapid response and decision—-making methods are
available.

rockfall to identify the characteristics of the strain used in domestic road
scene and the same product to target a rockfall pullout tests performed by
the Expanded Metal poketsik rockfall was developed.

debris flows and debris flows based on the literature related to the
experimental device and the model based on the slope by debris flows

everywhere, sure facilities were tested.



AE evaluation method of using a dangerous slope, accompanied by the

destruction of the parameters were studied using the destructive evaluation.

Utilization Plan of the R&D Results

When a falling rocks and landslide happen, presented are positive Response
System and Response System.

Efficient and economical maintenance tasks to be performed will support,
Ground disaster prevention technologies, such as rockfall and landslide
disaster preparedness and national level policy decisions can be utilized as
basic data.

To assess the stability of slopes during the rainy season is reasonable to
suggest ways to design cost—effective slope.

Directly involved in slope maintenance on-site manager or officials,
including the road belongs to the relatively non-technical personnel required
to maintain easy to collect objective data while maintaining DB can
maximize your business efficiency.

Maintenance for rockfall and landslide areas in ubiquitous systems by
integrating technology to actively improve the national technological
competitiveness.

Digitized field information management and tracking capabilities within the
immediate response through the center of information to help to build a
centralized system.

Developed Risk Assessment and Management System for PDA’s amnesty
program can be used to integrate the module.

If the quick-planting technology for preventing landslides is developed and
eco—friendly landslide reduction technology is established, they can be used
as basic data for the landslide prevention and recovery work in Korea, as
well as field training data for the planting, erosion control and forest
earthwork engineers, to apply the eco—friendly earthwork to the actual field.
The landslide management can be analyzed in combination with the GIS
spatial information to ensure quick and wide landslide prediction and
analysis. In addition, the landslide map service can be provided to
individuals via Web and can be used to prevent and minimize the landslide
damages.

If the Web map service is successfully linked with the integrated system of
the research group, local governments and national disaster prevention

institutions can collect the landslide data in a short time, and use the data



O O

in recovery or damage calculation after the evacuation of residents or actual
landslide. The Web map service operation for the landslide management will
contribute to the development of the GIS Web visualization technology and
advanced disaster prevention technology via the technical improvement of
the disaster map service in other disaster areas (storm, flood, earthquake,
etc.) and the mash-up of risk maps and satellite images.

Through this research, we suggested that the possibility of landslide
detecting system by using SAR interferometry. In the next research, we
are to apply SAR interferometry to various landslide cases in Kangwondo
and construct database of it. Through the web system, this result will be
provided for users to prevent landslide.

Developed 3d viewer sub program and apply in landslide administration
Apply program in landslide administration business and grasp details
information about landslide occurrence

Forecast conduct about landslide occurrence because using time series
LiDAR data

buy foreign technology through the development of horizontal drainage
system, and export competitiveness is creating economic value.

Using high-tech system to maintain the domination of the IT industry’s
well-rounded.

Acoustic Emission measurement equipment for the laboratory to develop
such a program, such as field application that leverages a smile destruction
can be used for measuring slope.

digital images of fracture by the government by securing a computerized
data collection can be managed systematically.

Disaster prevention of national data to determine jeongtaek been used in
selecting the most preferred investment destination in the underlying data
and provide accurate and risk management standards derived by the slope
can be maintained economically.

debris flow experiments conducted using the experimental device, based on
the results of this review the various forms of debris flow control facility
designed to minimize the debris flow spread range can be used in selecting
a model.

Slope bangjaehal a precursor phenomenon to identify in advance the
development of a measurement system. To destroy the possibility of

installing a rock slope stability of the slope we consume.



SUMMARY

[The 1st Detailed Subject]

| . Title

The development of unity management technique on slope

II. The purpose and necessity of this study

The first a rock falling and landslide has originated from wvaluable loss of
casualty, the second brings a great economical loss like damages of property
that are breakage of the load and the crops. moreover occurred the collapse or
outflow of soil by a localized torrential rainfall cause much damage every year.
Like this result is on the rise by the social problems.

Hundreds of rock slopes are created along the road, highway and railroad in
mountainous Kangwon province and managed by each authorities concerned. It
1s practically not possible to carry out detailed rock slope investigation owing to
the tremendous number of slopes and budgetary limit. Therefore, it is a
reasonable to perform a staged investigation consisted of rough and detailed
survey program and practical and simple rock slope hazard assesment method
for person in charge is strongly required. Therefore, the objective of this study
1s set as ’'development of practical rock slope hazard assesment method’.

In this study, the combination of IT technology field slope using advanced
techniques to maximize the efficiency of the survey research and data available
for information technology development and technology to prevent falling rocks
and landslides ubiquitous systems by integrating technology to actively National
Technological Competitiveness This improves the national level through the
maintenance of the field in order to reduce the budget for information
management and tracking through digitization in the central administrative
center for immediate response to the information you need to build a centralized

system, and it The ultimate goal of this study was set.



lll. The substance and scope of this study

In this study, in the Gangwon area which faces the risk of four seasons rockfall
and landslide falling rocks and landslides caused by the disaster. To prevent the
disasters, The purpose is to develop the Slope management technology using
Database systems, ubiquitous systems. The development of integrated slope
systematic developes the key technologies. And our purpose is to build Foundation
of exports and industrialization and train landslide hazard mitigation specialists

through establishing Professional Education Center

IV. The results of this study

O Development of the efficient maintenance management system, operation of
anmesty researcher specializing center is to build management system for
minimizing the incidence , damage and rockfall and landslide, Slope due to
rainfall infiltration on the slope of the groundwater level changes designed
to analyze the proposed standards.

O Assessment were proposed which can be used to evaluate - compare the
rockfall protection fence and consistent performance of standard rockfall
protectin fence

O District Representative demonstration site selection and performance review
of the Standard and Professional Development slope of Table Mountain
taepyeongga grading, slope maintenance, inspection intervals Edition was
developed for estimating.

O KSMR system and an amnesty program to integrate PDA use one trillion
web-based information sharing system was developed for the slope, the
slope of smart environment research program has been developed.

O PDA based software KSMR was also developed for practical field application.

O Improving communication devices promote the stability of the collected data
transmission and real-world performance tests conducted on the practical
use and analysis of the results was examined.

O Development of the economy was secured through linking web based
operating system and integrated operating system

O SMR based on the practitioners in the field for the rock slope to allow a
rough evaluation with a simple and reliable for the Rock Slope Risk

Assessment was developed primarily by experts examined the feasibility.



v. The practical plan of product

O When a falling rocks and landslide happen, presented are positive Response
System and Response System.

O Efficient and economical maintenance tasks to be performed will support,
Ground disaster prevention technologies, such as rockfall and landslide disaster
preparedness and national level policy decisions can be utilized as basic data.

O To assess the stability of slopes during the rainy season is reasonable to
suggest ways to design cost-effective slope.

O Directly involved in slope maintenance on-site manager or officials,
including the road belongs to the relatively non-technical personnel required
to maintain easy to collect objective data while maintaining DB can
maximize your business efficiency.

O Maintenance for rockfall and landslide areas in ubiquitous systems by
integrating technology to actively improve the national technological
competitiveness.

O Digitized field information management and tracking capabilities within the
immediate response through the center of information to help to build a
centralized system.

O Developed Risk Assessment and Management System for PDA’s amnesty

program can be used to integrate the module.

[The 2nd Detailed Subject]

| . Title

Development of the wide-area landslide reduction technology

. The purpose and necessity of this study

In recent days, climatic change cause abnormal weather all over the world
and we have a great loss of life and property every year. In Korea, we suffer
from landslide problem because large regions of Korea Peninsula are composed

of mountain.



Therefore, rapid detection and to take follow—up measures of disaster,
development of the spatial information DB and Web service for the wide-area
landslide management, Construction of InSAR image processing system,
Development of a landslide monitoring technique by a time series LiDAR
information.

In this study, we aimed to estimate the vulnerable mountain area for landslide
in Kangwondo and this results will be used for construction of landslide

detecting system.

lll. The substance and scope of this study

The spatial analysis system for the landslide risk map and the map-making
technology based on DB analysis and GIS spatial analysis were developed as
the spatial analysis system for the landslide risk map to develop the risk map
manufacturing technology.

The developments of the landslide risk evaluation system based on spatial
image information included the development of operation and evaluation guides
and Web map service module for landslide management.

The requirements for making and applying the quick-planting manual were
defined. The Web map service operation guide was developed for the operation,
mspection and management of the service.

Interferometric SAR (InSAR) is the process extracting information from the
phase data. If two observations of the same region from very similar position
are available, aperture synthesis can be performed to provide the resolution
performance which would be given by a RADAR system with dimensions equal
to the separation of the two measurement. If the two samples are obtained
simultaneously by two antennas on the same aircraft, some distance apart, then
the phase difference can contain the information about the angle from which the
radar echo returned. Combining this with the distance information, we can get

the position in the three dimensions of the image pixel. 1.e. we could extract



terrain altitude as well as radar reflectivity, producing a digital elevation model
(DEM). In case two samples are separated in time by two flights covering the
same terrain, there are two kinds of phase shift available, terrain altitude and
motion. If the terrain has shifted between observations, it will return a different
phase and the amount of shift can be seen by the order of the wavelength used.
The interferometric phase is sensitive to both, surface topography and coherent
displacement in between the acquisition of an image pair. The basic idea of
differential interferometric processing is to separate the two effects and retrieve
a differential displacement map. This goal may be achieved by subtracting the
topography related phase. The topography related phase can either be calculated
from a conventional DEM or from an independent interferometric pair without
phase component from differential displacement. There are three kinds of
common methods in differential interferometry, 2-pass, 3-pass, and 4-pass. In
this study, we aimed to estimate the vulnerable mountain area for landslide by
2-Pass DINnSAR which uses the conventional DEM for subtracting topography
phase.

Development of macro land monitoring technology about the potential landslide
area using airborne LiDAR.

Developed 3 dimension data model standard and viewer program for landslide

administration that use LiDAR data.

Therefore, the final goal of the study "Development of the wide—area landslide
reduction technology” for the scope of the study are as follows.
O Development of the spatial information DB and Web service for the
wide—area landslide management
O Construction of InNSAR image processing system

O Development of a landslide monitoring technique by a time series LiDAR



IV. The results of this study

O Collection and analysis of the data on landslide prevention in and out of
Korea:Collection and analysis of data from an advanced mountainous
country (Japan) and Korea

O Analysis of the landslide inspection technology trend and collection of actual
landslide data using the advanced spatial information collection technology

O Present condition of the study area: Quantitative analysis of damages and
recoveries in the study area by year and work type

O Development of the quick-planting technology (indoor test): Establishment of
the criteria based on the inspection and planting purpose, e.g., the purpose,
pattern and type selection for the introduced species

O Research facility: Construction of the research facility for the field
applicability test

O Establishment of the structural lineament extraction technique and DB using
satellite images

O Field application of the quick-planting technology and troubleshooting:
Identification of the problems in field work and quick-planting technology
based on the indoor test

O Improvement of the quick-planting technology (indoor test): Selection of
introduced species for improved quick-planting technology and the
establishment of criteria for that purpose

O Development of the spatial analysis system and analysis of DB for
manufacturing the landslide risk map

O Development of the landslide risk map manufacturing technology based on
GIS spatial analysis

O Field application of the improved quick—planting technology Field work of
the improved quick-planting technology and problem identification

O Establishment of the quick-planting technology using native species:
Quick-planting plans using native species and mycorrhizae

O Development of the landslide risk evaluation system using the spatial image
data

O Development of the operation and evaluation guide for the landslide risk
evaluation system

O Manual production: Quick-planting manual and requirements for its
application

O Operation and inspection of the Web map service for landslide management



O O

O O O O O

Development of the Web map service operation guide for landslide
management
Find out advantages and disadvantages with reappraisaling the pre-SAR

interferometry system for Landslides.

Develop the efficiency of progress of interferogram and phase unwrapping.
Save the time for computing with 'adapted filtering’ in phase unwrapping.
Made the displacement map and coherence map about Kangwondo area with
ALOS satellite data

3D GIS analysis

3D data model analysis

3D data model presentation for landslide administration

Design for program development 3D Viewer

Program development 3D Viewer

Utilization Plan of the R&D Results

If the quick-planting technology for preventing landslides is developed and
eco—friendly landslide reduction technology is established, they can be used
as basic data for the landslide prevention and recovery work in Korea, as
well as field training data for the planting, erosion control and forest
earthwork engineers, to apply the eco—friendly earthwork to the actual field.
The landslide management can be analyzed in combination with the GIS
spatial information to ensure quick and wide landslide prediction and
analysis. In addition, the landslide map service can be provided to
individuals via Web and can be used to prevent and minimize the landslide
damages.

If the Web map service is successfully linked with the integrated system of
the research group, local governments and national disaster prevention
institutions can collect the landslide data in a short time, and use the data
in recovery or damage calculation after the evacuation of residents or actual
landslide. The Web map service operation for the landslide management will
contribute to the development of the GIS Web visualization technology and
advanced disaster prevention technology via the technical improvement of
the disaster map service in other disaster areas (storm, flood, earthquake,
etc.) and the mash-up of risk maps and satellite images.

Through this research, we suggested that the possibility of landslide

detecting system by using SAR interferometry. In the next research, we



are to apply SAR interferometry to various landslide cases in Kangwondo
and construct database of it. Through the web system, this result will be
provided for users to prevent landslide.

O Developed 3d viewer sub program and apply in landslide administration

O Apply program in landslide administration business and grasp details
information about landslide occurrence

O Forecast conduct about landslide occurrence because using time series
LiDAR data

[The 3rd Detailed Subject]

| . Title

Increased skills development and slope stability

Il. The purpose and necessity of this study

Most of the country consists of mountainous terrain, because the composition of
several large housing, road construction and industrial base construction,
large-scale housing development to transform the scale and frequency due to
natural increase and local topography and geological characteristics of the existing
road Consequently, due to expansion and the current Korea - embankment section
and are on the rise. The large cut slope torrential rains, earthquakes, weathering
and other natural phenomena is a very vulnerable situation and the resulting slope
amgoeul nakbanui always exposed to risks that may be.

Slope, and the biggest impact amgoe nakbane representative of rainfall can cause.
Especially during the summer rainy season, hurricanes due to rising groundwater
levels in the slope by heavy rainfall and the resulting increase in pore pressure
decreases the strength of the soil by increasing the activity load togoeui which
eventually led to the collapse of these slopes casualties and property damage
caused by natural disasters The trend is increasing each year.

Seasons are at risk of rockfall in Gangwon Province, and in the reduction of
accidents caused by falling rocks, by localization of international technology
nakbaneurobuteoui safety and can reduce a huge royalties. However, the current
domestic and foreign technologies that rely on technology a lot of the local

topography and geological characteristics of the case does not fit can cause



problems to solve these problems, slope stability and localization of technology for
maintenance is required.

In this study, four seasons, the slope of the disaster risk reduction in the
Kangwon region for the slope to disaster sites to the development of technology
and measuring technology for improving slope stability and development of
proactive disaster reduction technologies, domestic and foreign technology
hwahameurosseo huge offshore royalties is reduced to a practical research and

development projects.

lll. The substance and scope of this study

The goal of this research, "Development of slope stability, increase" the
dependence on foreign technology through research and development and
localization of the field for the practical use through technology development and
commercialization is the development of technology. Thus, human and technical
reinforcement to increase the safety of the slope and the next generation of
technology and by developing measurement technology innovation research and
development areas as part of the domestic conditions for business facilities and
instrumentation technology and reinforce geongjejeokyigo contribute to effective
disaster prevention should want to.

This study developed and applied for amnesty for the horizontal drainage system
design criteria are proposed and developed pagoeeum measurement method using
the instruments, rock slope using digital imaging techniques and equipment,
development of joint structure mapping, localization technology poketsik rockfall,
Blocking characteristics of debris flow in mountainous terrain suitable model, AE

(Acoustic Emission) using the slope of the fracture risk research is aimed.

IV. The results of this study

O horizontal slope baesugong fix problems with performance testing and security,
development and horizontal drainage hole and underground water, soil and slope
stability by saturating Guidance details the conditions to analyze the factors
affecting the stability analysis of slope stability analysis based on baesugong install
the improvements Drain the laboratory model tests carried out in the long term and
analyze the problem and the field applied for the evaluation of multiple performance
measures established and applied to real world problems are analyzed.

O Using the slope measurement criteria that establish a smile destruction and

practical measures were established after the end of the study.



O joints as information extraction techniques to improve it by adding a
semi—automatic video tuning has improved operational efficiency, high-resolution,
high accuracy in the field of digital still images and high—definition video integrated
slope control system by ensuring the professional management of technology
decision—-makers or huisa delivered on site to establish a rapid response and
decision—making methods are available.

O rockfall to identify the characteristics of the strain used in domestic road scene
and the same product to target a rockfall pullout tests performed by the Expanded
Metal poketsik rockfall was developed.

O debris flows and debris flows based on the literature related to the experimental
device and the model based on the slope by debris flows everywhere, sure
facilities were tested.

O AE evaluation method of using a dangerous slope, accompanied by the

destruction of the parameters were studied using the destructive evaluation.

V. The practical plan of products

O buy foreign technology through the development of horizontal drainage system,
and export competitiveness is creating economic value.

O Using high-tech system to maintain the domination of the IT industry's
well-rounded.

O Acoustic Emission measurement equipment for the laboratory to develop such a
program, such as field application that leverages a smile destruction can be used
for measuring slope.

O digital images of fracture by the government by securing a computerized data
collection can be managed systematically.

O Disaster prevention of national data to determine jeongtaek been used in
selecting the most preferred investment destination in the underlying data and
provide accurate and risk management standards derived by the slope can be
maintained economically.

O debris flow experiments conducted using the experimental device, based on the
results of this review the various forms of debris flow control facility designed to
minimize the debris flow spread range can be used in selecting a model.

O Slope bangjaehal a precursor phenomenon to identify in advance the development
of a measurement system. To destroy the possibility of installing a rock slope

stability of the slope we consume.
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<219 3.18> Deformation of fence with flexible side support posts
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MOSAICE7F o] &5 =d. MOSAICEFelA FHdde] ddztes e #2H
o= AAsh= FLRSTS, T3HE d9 o Ao wxwt gf~Ee] flo=z A
Aok LASTSF, 3% 4ol Ao Adgts ovsh= MEANS, T3¥ 4
Ao iy A G T HaxgS ovstks MINMUMER9 239 99 & Adas
omatE MAXMUMES: Soll LASTERE Adste] adFatoltte] DEMel #4ket
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o]t} DEM<S &alste] §&8S AAstt. 29 3100 2cm AA2 13 3101

Im AA=2 §3¢ DEMS 7538 Aot}

e L

<79 3.100> 1m &3 DEM <79 3101> 2cm 3% DEM

DEME €3 Aol 0.628mol Al 0.367m= DEMY a3k A w7t 345 9 oh

<% 327> %9 DEM Agx= #H7} ($1:m)
Ed2golAd EHXAH A 9% 2cm % DEM lm % DEM
¥QE A X3 gk ¥ A ¥ g o=t
1 121582 121575 0.007 121.207 0.375
2 122.092 122.086 0.006 121.734 0.358
3 122.051 122.053 -0.002 122.415 -0.405
4 120.324 120.337 0.013 119.924 0.401
5 120.183 120.182 0.001 119.791 0.392
6 120.728 120.726 -0.002 120.310 0.418
7 117.491 117.506 -0.008 117.116 0.375
8 117.654 117.650 -0.004 117.228 0.426
9 117.862 117.854 0.012 117.670 0.192
10 117.741 117.742 -0.001 117.416 0.325
&z el 0.006 0.367

- 112 -



FRAA AN = Faeteltte] Ag=E 2= DEMeo| A EU A ettt
=

gy FRAAE AREs ¥ DEME THete] shibe wolE Zulow wi
g

A AE LiDAR 94 98 3 BUEF 7]&/M%

b AEALe] B AAD Aoy T3
(D) AT A S

2A1 - F71 7 A Etael A ALY Agow BRI A

2,
-
O
ot
o2t
of{
c
)
>
=
Y
t
bl
it
i,
N
19
o
ofy
o>,
o
il
B
oy
o
)
>
=
Y
o 1@
o
i1
>,
ol
8

g
Aal A 2 #F9" AYLIDARAEE d FHxelt ol A Hu=z Wi
sk7] flall 3ol Zbzb 2709 VA S A F A& A GPSFHE AAEHY
1A g AR E A5 sk A5E VIS HAAEE o] &ste] EY 2
o] Ade] A dE Hrf HEE FHSstL o] & AYLIDARM =S A% Fx
Ax] AA AMLIDARAES A HE2 Wseldeh. ¥ 328, ¥ 329, ¥ 3302 3
Mael EdxHold 245 ARXE o] &3t AJLIDARASZ S #xWdks gt

¥ 328> Avwl A, F AANLIDARAES ol%e] A Ao TAA e FuAR

o AJLIDARCE T ) T ZeE EggolA( (vt A)
e X(m) Y (m) Z(m) X(m) Y (m) 7(m)
1 204670.827 | 444127.821 90.385 204670.827 | 444127.824 90.338
2 204696.209 | 444131.606 89.380 204696.210 | 444131.605 89.386
3 204665.833 | 444077.930 36.014 204665.837 | 444077.986 86.009
4 204684.485 444098411 87.253 204684.483 444098.400 87.261
o A4LIDARCE P F) ¥ xeE gl (gt F)
e X(m) Y(m) Z(m) X(m) Y (m) Z(m)
1 204671.941 | 444126.476 37.632 204671.945 | 444126.478 87.629
2 204659.111 | 444098.923 86.699 204659.105 | 444098.929 36.695
3 | 204693.8078 | 444122.907 38.697 204693.811 | 444122.899 88.704
4 204682.199 | 444093961 36.951 204682.195 | 444093.960 36.957
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<E 329> vk A, F AAYLIDAR A8 olke B A HA A e Hx 4H

o A 4LiDAR (g7t #) T ZeE el A 1)
e X(m) Y(m) Z(m) X(m) Y(m) Z(m)
1 205239.025 444846.651 171.884 205239.014 444846.629 171.865
2 205218.264 444852.125 158.903 205218.265 444852.131 158.916
3 205231.312 444777.459 170.803 205231.301 444777.462 170.808
4 205208.732 444783.907 156.068 205208.753 444783.921 156.068
= A A ALIDAR(EH 3 T rEEs EdagoldA(HFul &)
e X(m) Y(m) Z(m) X(m) Y(m) Z(m)
1 205251.659 444891.278 173.038 205251.650 444891.271 173.027
2 205227.865 444894.405 161.880 205227.855 444894.499 161.872
3 205236.176 444781.210 172.684 205236.169 444781.205 172.687
4 205212.265 444783.037 156.082 205212.275 444783.044 156.077

<3 330> #Fvl A, & AALIDAR A=< Atsts A =

AL

Ao e HE Au

=5}
o

A FLIDARCEPE #)

2 Ty S B8 Ao

pug

1080 4)

X(m) Y(m) Z(m) X(m) Y(m) Z(m)
1 206129.256 443304.025 63.595 206129.238 443304.045 63.601
2 206151.251 443278.648 64.794 206151.237 443278.662 64.800
3 206084.319 443285.708 61.844 206084.307 443285.723 61.841
4 206130.371 4432477597 61.764 206130.387 4432477 576 61.768
o A ALIDARCE#E 1) T wez Ed gl A(gut 1)
Ter X(m) Y(m) Z(m) X(m) Y (m) Z(m)
1 206116.058 443303.302 62.039 206116.049 443303.298 62.046
2 206074.153 443.293.798 61.789 206074.159 | 443.293.805 61.781
3 206157.690 443263.648 63.562 206157.698 443263.634 63.555
4 206130.816 443247.014 61.396 206130.808 443247.019 61.388

¥ 331, 3% 332, ¥ 3332 EgExHolAY x4 FARE 7|+ o = AALIDAR
g o] FAxAstel sk X, Y, 259 HAe e HAE YER AT
¥ 331> AJLIDAR S%9 olkg A A9 AAHI=
TAA A R
X(m) Y (m) Z(m) X(m) Y(m) Z(m)
1 0.000 0.003 0.003 0.004 0.002 -0.003
2 0.001 -0.001 0.006 -0.006 0.006 -0.004
3 0.004 0.006 -0.005 0.003 0.008 0.007
4 -0.002 -0.011 0.008 -0.004 0.001 0.006
1A=} 0.002 0.005 0.005 0.004 0.004 0.005
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¥ 3.32> AALIDAR =%9] o]xd B A9 9AATE
w49 A At %

AX(m) AY(m) AZ(m) AX(m) AY(m) AZ(m)

1 -0.011 -0.022 -0.019 -0.009 -0.007 -0.011

2 0.001 0.006 0.013 -0.010 -0.006 -0.008

3 -0.011 0.003 0.005 -0.007 -0.005 0.003

4 0.021 0.014 0.000 0.010 0.007 -0.005
oA = 0.011 0.011 0.009 0.009 0.006 0.007

<HE 333> AYLIDAR Z%e] A5HE Ao 91143

- nk A nk ¥
e X(m) Y(m) Z(m) X(m) Y(m) Z(m)
1 -0.018 0.020 0.006 -0.009 -0.004 0.007
2 -0.014 -0.014 0.006 0.006 0.007 -0.008
3 -0.012 0.015 -0.003 0.008 -0.014 -0.007
4 0.016 -0.021 0.004 -0.008 0.005 -0.008
A =} 0.015 0.017 0.005 0.008 0.008 0.008

Y. Ay ANFS 53 AAYE LIDARZ RO 93 AAE ZUEH 7
Sy

(1) AAbe] 2PAE Az £ =AY

@ AAbe) ZEAbE A2}

ARALE) uEA ok Aol tE W9 mUEES 98] Fu) AbabEle] 2 2 B
F8e nste] Ay AFo] JMestEE wPS AFadrt PP 1230mm x
2160mm ZL7]¢] ZHAS AgEle] THE So @uk HA el A%ale)

@ Asgs 9 A

AQLIDARAE S W9 wUHE A3=E PFxetr] g8 T ZF Edsy
ol oM & RUEE kol W] A-1xk W] T, owe H-23F W F, o9 A
- 33 W] & o] WS S sFoR 3] ALLIDARAES RUH
9 A1 Ay T owe A-22 WY T we d- 33 W) Fof ko] MY gk
Axfel H AXE F 334, ¥ 335, 3% 3.36, ¥ 3.37 o YERNAL

o,
)
(o

E

¥ meE edodol A} 3mm A4 7 AALDARA RS wUE e
A== Hr 0.007m, 0.006m, 0.006m¥HA 2= YEFE S ™ 6mm, 9mm % 12mm?Z4

Ak RUHE A== 242 Hr 0.008m, 0.010m, 0.009m % 0.010m, 0.014m,
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o},
el AALIDARAIREE o] &35t 9d Al

= W A-12 ¢ T W A-22pe & W A-3a9 ¥
o (3mm) (3mm) (3mm)
1 0.005 0.004 0.004
2 -0.003 -0.001 -0.006
3 0.002 0.003 -0.002
4 0.014 0.017 0.011
5 0.004 0.001 -0.001
6 0.003 -0.001 0.009
7 0.001 0.004 0.005
8 -0.003 0.001 0.02
9 -0.001 -0.014 -0.022
10 0.008 0.01 0.007
11 0.006 0.018 0.01
12 0.007 0.009 0.009
13 0.004 0.007 0.008
14 0.003 0.005 0.003
15 -0.005 0.004 -0.008
16 -0.002 0.001 -0.009
Hat H=A} 0.007 0.006 0.006
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<& 335> - ZE s EEAHO AR AYLIDARAS S EYEY Hg (H9im)

B\
2

EEEEr S

TEREEE S

WSl 3 me

(6mm) (6mm) (6mm)
1 0.015 0.036 0.015
2 0.002 -0.017 0.01
3 0.025 0.006 0.011
4 0.009 0.009 -0.006
5 -0.007 -0.02 -0.02
6 0.008 0.023 -0.005
7 -0.004 0.013 0.001
8 0.016 0.012 0.032
9 0.007 -0.031 -0.025
10 0.006 0.01 0.004
11 -0.011 -0.009 0.016
12 -0.004 0.004 0.003
13 -0.008 -0.011 0.008
14 0.007 -0.001 0.007
15 -0.004 -0.007 0.004
16 -0.011 -0.009 0.018
P Az 0.008 0.010 0.009
<3 336> ZEE EdzH oA AYLIDARA RS RUHY 45 (F9im)
o W A1 & W9l A-24We ¥ Wel A-34we F
i (9mm) (9mm) (9mm)
1 0.018 -0.014 0.017
2 -0.022 0.02 0.022
3 0.015 -0.013 0.008
4 0.017 -0.018 -0.007
5 -0.001 -0.005 0.003
6 -0.005 -0.046 0.003
7 0.009 0.006 -0.002
8 -0.001 0.005 0.024
9 -0.014 -0.04 -0.028
10 0.01 0.025 0.021
11 -0.007 0.004 0.013
12 -0.004 0.014 0.025
13 ~7E-15 0.013 0.019
14 -0.01 -0.007 -0.003
15 0.009 0.016 0.014
16 -0.005 0.018 0.026
At A=} 0.01 0.014 0.012
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J -1 $ H -2 9] % HeA-32H 9] &
r (12mm) (12mm) (12mm)
1 0.013 0.018 0.021
2 0.018 0.016 0.016
3 0.007 0.014 0.008
4 0.019 0.004 0.002
5 0.021 -0.021 -0.024
6 -0.005 0.006 -0.016
7 0.019 0.014 0.014
8 0.019 0.016 0.021
9 0.004 0.007 0.026
10 -0.004 -0.006 -0.006
11 0.01 0.008 0.021
12 0.02 0.011 0.009
13 0.003 0.005 -0.005
14 0.003 0.003 0.003
15 -0.015 -0.006 -0.012
16 -0.002 -0.015 -0.012

Hat H|=zp 0.015 0.011 0.014

o WY EYUEE 7EE o] &3 AA AE H&

AT AR QoA e WS mUEP AHe AA Abdel 4837 94
AL AR A A4sAT. A8 ALDAR AW E olgale] Ane -
A F AEe] 67) A sl ZAZ Abbel WMAE F F ohA 2AYS

AAlstan W9 Aats EAske] AA ARl M A ZLIDARA R ] BHEA oS g

AT A 67] Aol thate] o7 FAWMYE Fo] 20mm HFCE WY
2 =35t Hisk gy AALIDARAEONA FEE H W9 kS vludte] 1
A3 0004 ~ 0.013me] HAE YERN I Qo ojuf HHAE 0.008mS Tt 9]

A = 9 W19 EUHYS 93 7Ho R AYLIDARAES] AHEol #a8T Ao
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<3 338> EYHH

(&9 :m)

el A A5 Bt A7 LiDAR a5

(No) el gk Pt

No. 1 -0.253 -0.257 0.004

No. 2 +0.108 +0.116 0.008

No. 3 -0.210 -0.205 0.005

No. 4 -0.329 -0.316 0.013

No. 5 +0.169 +0.178 0.009

No. 6 -0.149 -0.141 0.008
Bt AR 0.008

AT EAS 678 Al thste] 75E WS A o] DEME o]8-8tof e

3AHAAE W ARE 1y 31020 JER AT

e

<79 3102> W %
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3. LIDAR AHE o] 43 2y RIS 98 349 oy =g

EF % Aze Z2ad e g 79

7b. LiDAR ARl o3 ALe) @28 3349 A3 Z=2 33 (Fo) M
(1) =228 A

@© 3td AA

Table of
Content

1208 S2m>0

AEHEAIS

<719 3.103> 34| AA

@ User Interface 7i%2+

@b LiDAR Analyst

ASCII to Raster

/-[ RSOl aster ]— [0AR Aralvat |

_ : \ ASCIl o Raster |
» Raster data=S HEieh ASCI W2 raster | Point to Raster
dataset© 2 convert

21y T = HEE ASCH T 0] ALS .
=4 U2l 2 raster dataset B
== 9 ul2! o] data type= integer, float -

P |

<719 3.104> LiDAR Analyst - ASCII to Raster
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O NI OF A5 LC T —
A -

+ Point feature = raster
convert

OO f= R

» == UH2LE raster dataset

« Convertdl] 0] #8t LWeo) celle] 39| £0]
FolAoks

dataset = =

H BHE point T & T2 0] AlLS

| LIDAR fAnalyst
] ASCH to Fiastar

Point to Raster

<219 3.105> LiDAR Analyst

@ 3D Analyst

= Slope

Point to

Raster

A SIS
2k celh.} 0]=%t cell 2k=2] | CHHEI=EE= Ml

o

i)

%E" sl 2= cell= 21 ALS value =St
ols Ul = DEM S2| DS A== =25t
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J

A
0
J

Hillshade
Curvature
Contous

Behavior Analysiz

FECETTED

L] Lefafulalufi] |

<719 3.106> 3D Analyst

® Aspect

Slope

R ASEES
- F cell= 26 0] celle] 2 AFRFSEF A A
= II}C"A_ 2t cell2] ZH= cell=2] ZAPH
e jralf’;l

= WA SDEM S2| DS ARE =8t
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Cumvatime
Contoue
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3437557

<19 3.107> 3D Analyst
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m Hillshade

E T I < 7 o o
_{ Coo0SmErEs = s
e T om
= 2= diolE{=2] 2t cellol] CHEF E=EHEE 2 Cartour
Z5lo] surfaces] Jfate] EHE= ol= o
A==
= 28 WM E2DEM 52| NS AlRE et
» J|E2Ee= 2= 02552 A4gkoll 2lsh
gray= = &=

Behavior Analysis

<719 3.108> 3D Analyst - Hillshade

m Curvature

‘m‘s_l—
curvature |:.‘;:‘.‘.,e
Curvature
« 2121 uj2o] raster surfacedl] sl 2= =

AFE2HZ 1| &F

= 218 22 DEM S2| DS ARE S

= Surface= 3X3 A== 245HH 9 cell
2| elevationZ S oll curvature H| &F

<719 3.109> 3D Analyst — Curvature

= Contour
[Eenayar]
Stope
rapect
i - Fiasaia
o SIE] elevalone = =& =2l st s
o] sFol== o A SE2 ¥ Canmour
value2| 3 I E= A 215121 0| contour e

o= N2 = DEM S DS Al== =at

» HEX, ==X, &=20], A= S0l CHsr
Al2tsf s .

v =8 Tl2l2 feature TI2Z A SOM =M

ci= e

<219 3.110> 3D Analyst - Contour
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® Behavior Analysis

. EEhEMRAGERES B

= 27H2] elevation TFUZIS| M=) R|= o] B
== A&

» 2l Ul = DEM S2| NS KlsEE =S

» Surface=2| W=l A= 2| HSI2E= surface
A=A 2oLt sE0l = HSlere

<219 3.111> 3D Analyst - Behavior Analysis

m Save Layer File

/[ SEVRLEERFD

« KML S<= export 5EHLE GIS layer=2 =
=olJ| £l oll Laver Ut 2! =2 x| =+

[Comversion]

To KML
To IMAGE
Save Layer File

TUE BUD LAW BAENE EID SEBE
Q==-0 & J - mn

=

-1}

oE -

& chunan_asa. b

O chunan_ceibye

Qenan ol
eyt
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FecGIS Layer

E-or17 2% 520

53 (123 01 22 6458 5L IME

P

<719 3.112> Conversion -

= 3D Navigation
3D Navigation 7] &
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A ZEE

32k Alzhel ZR el F 3t

Save Layer File

EI=

3249l Folol

LS® 6@ 3357 | | LeoekARONGE §
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o
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l [NaVvioatrc) I -

L

312 viewertllA] control orjl H Sl
AFSADL 3XHE 22t dIoIEIS DIgt=e = Ot
A BEES Mtox 2sh= A =0l 3XA

FHMU=2 =22

<219 3.113> 3D Navigation
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Recent Advances in Geotechnical Engineering

(a) Uploading GIS data to the mobile
mapping system

(b) On-s igation, data retrieval
and mapping using the mobile
mapping system

(c) GIS data and ortho toge ith GPS location shown on pocket computer

Figure 15 — Geotechnical mobile GIS mapping system

visualize the site conditions (Figure 16)
on their desktop computers. This
facilitates geotechnical studics, c.g. in
reviewing historical landslides and
terrain  evaluation (Wong  2001).
Virtual reality animation and computer
“fly-through®> can be produced for
presentation and evaluation purposes
without the nced for input from
specialists in 3-D computer graphics.

Figure 16 — 3-D virtual reality model of
Tsing Shan Footfills
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I. INTRODUCTION
ILA. BACKGROUND

Slide Problem

The maintenance of slopes and the restoration and
correction of slides on highways has been identified by a
number of agencies as a major and continuing problem
involving considerable expenditures of funds. Each year,
highway agencies in the United States spend millions of
dollars in maintaining highway embankments, slopes, and
other earth structures; removing rock falls and debris from
roadways; and repairing landslides. Such activities often
cause resfrictions and sometimes disruptions of traffic flow,
creating serious safety hazards and resulting in economic
losses due to the inconvenience to the traveling public.
Maintenance crews must take corrective action fo retumn
slopes to a usable and stable condition, to restore the
facilty to normal operating conditions, and to minimize
hazards to the traveling public. Various routine activities
may minimize the potential of slope failures.

Major and catastrophic failures of earth slopes are frequent
occurrences around the world. These failures are often
related to natural phenomena such as earthquakes and
floods or to insufficiencies in design elements of major
construction projects. Major slope failures "make the news"
because of their sizes and quantities of material involved or
because of significant losses and injuries to life and
property. Failures lead to formation of investigative teams
to study the probable causes of the failures and to identify
corrective measures to restore the slopes to their original
funcion and te minimize possible reoccurrences.
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