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GIS APPLICATIONS IN ROCK ENGINEERING

Introduction 818, Co0 2 Mo dalie
GIS (Geographic Information System) is the system to capture, store, integrate, {
and analyze data, which are spatially referenced to the Earth. The GIS is
recognized as an important tool for the advanced information society of the 21st
century. In order to harmonize developments with environments, our laboratory
actively studies to predict, monitor, assess, and reduce the impact of developments
on natural and social environments using the GIS technology. We also evolve the
research with emphasis on the collaboration between industry, government, and
academe.

GEO-ENVIRONMENT

Fukuoka at 1900

Ariake
Sea

A precision landslide hazard map in
Sasebo, Nagasaki

Establishment of spatiotemporal analysis
system for water circulation and land
subsidence

- ‘ :‘-

Simulation of landslide due to the
torrential rain in Minamata,

| Kumamoto

Fukuoka at 1997

GIS analysis for the history of land use
for 100 years

A hazard map of shallow subsidence 3D landslide hazard mapping

INTERNATIONAL PROJECTS

Takeominami
ic

T -
Stability assessment of Tertiary stratified slope
by using GIS and stereo-net

Ac

Establishment of 3S (GIS, GPS, RS) system for the monitoring
of slopes in the Sanxia dam

T
A hazard map of the rock slope disaster in
the Himalaya mountainous region

Development of GIS-based three-dimensional
tunnel seepage prediction systems

[ Government-, CSIS-clearinghouse etc.

Establishment of Self-Regulated and Distributed Spatial Information System

. Technologies

*Geo-environment
*GIS applications
*Analysis of Spatiotemporal data

bsidence due to the underground mining in northern China, and its environmental prediction and conservation measurs

l Needs

-Environments, disasters prevention
-Infrastructure and management for safety and
reliable society

-Risk-management, decision-making systems
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DEVELOPMENT OF TUNNEL SEEPAGE AND

SHORTAGE OF GROUNDWATER PREDICTION
SYSTEM

" Introductions

Seepage due to tunnel excavation affects construction schedules, costs and safety. It is important to predict
quantitatively the seepage. Environmental assessment such as the shortage of groundwater in surrounding area
has been also required.

Previously, a number of the tunnel seepage prediction methods were proposed. In this research, to understand
the tunnel seepage and the shortage of groundwater temporally and spatially, GIS (geographic information system)
and a numerical method are used to develop the tunnel seepage predication system.

I Contents

Summary of the System | Dataanagement

Study area

Water balance

analysis

Land use

Spatial analysis using GIS

Study area Data management using GIS

Study area Display of the results

Water balance analysis using TankModel  *= o=
Geological Map Topography
uno '_Hydrograph —— Observed value =
T Display of the results

Distribution of
groundwater level after

e the excavation
Time series
behavior of tunnel -
el e e seepage I_ =
==
3D groundwater flow analysis

O Analytic value F

Descent of groundwater level
-i}l'd li :
Entrance of tunnel gad! and extent of the impact

3D groundwater flow analysis model ! Exallnp.le M
-
. Conclusions

The tunnel seepage predication system, which considers hydrological cycle, topography, and geology, has been
developed, and applied to the case study in order to examine the validity of this system. The GIS can efficiently
divide drainage area, classify the land use, create the 3D mesh data, and set initial groundwater level. Additionally,
this system makes it possible to examine descent of groundwater level and extent of impacts.
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GIS BASED PREDICTION MODELLING OF LANDSLIDES AND

DEBRISFLOWS HAZARD IN MOUNTAINOUS TERRAIN,
CENTRAL NEPAL

I Introduction

Extreme weather event of 19 - 21 July 1993 triggered off a large number of landslides and debrisflows in
the Agra Khola watershed of central Nepal. A prediction model is performed to assess landslides and
debrisflows hazard in mountainous terrain by using Geographic Information System (GIS). The model is
based on spatial integration of multivariate data.

Objectives of the research are: (1) to characterize landslides and debrisflows in mountainous terrain (2) to
define spatial correlation of landslides and debrisflows, and causative factors, and (3) to improve the
hazard modelling techniques in mountainous terrains and its application.

| Contents

LANDSLIDES AND DEBRISFLOWS DAMAGE BY JULY 1993 DISASTER
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I Conclusions

GIS Based Prediction Model illustrates spatial integration of multivariate data to quantify landslides and
debrisflows hazard in mountainous terrain. The model also demonstrates effective use of GIS functions to
define hazard for data rarity and complexity of mountain terrains.
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SHEAR - FLOW COUPLING PROPERTIES

OF ROCK JOINT

" Introduction

Deep underground structures utilize rock characteristics such as stiffness, sealing, durability and isolation. It is important to
obtain the permeability of the rock mass, in which underground structures are to be constructed in order to confirm its
capacity to isolate. Permeability in rock masses containing multiple joint sets is principally governed by those joints. The
permeability of a rock joint fundamentally depends on its behavior in opening and closing, it is necessary to understand the

coupling between the hydraulic and mechanical mechanisms.

. Contents

The shear-flow coupling properties of a rock joint are clarified from laboratory tests. Aperture distribution is determined
using joint surface data and a shear-flow coupling model is developed. The shear-flow coupling tests are simulated in order
to clarify the mechanisms of shear-flow coupling properties and compared with experimental results.
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. Conclusions PE—

The proposed shear — flow model simulates the variation of shear stress and hydraulic conductivity during shear relatively
in good agreement with experimental test results, according to the aperture and contact distribution. Further research for
measurement and characterization of joint geometry to accurate simulation of coupling processes is ongoing.
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DEVELOPMENT OF GIS-BASED SPATIAL THREE-

DIMENSIONAL SLOPE SPATIAL STABILITY
ANALYSIS SYSTEM: 3DSlopeGIS SYSTEM

_ Abstract

Based on a new IT technology-Geographic Information System (GIS), this study presents a new slope
analysis approach which can be used to identify the possible slope failure bodies from complicated
topography. In a system, all slope-related spatial information (vector or raster dataset) are integrated; the
study area is divided into Slope Unit which possesses approximate inclination; assuming the initial slip to be
the lower part of an ellipsoid, the 3-D critical slip surface in the 3-D slope stability analysis is located by
minimizing the 3-D safety factor using the Monte Carlo random simulation.

l Contents
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SN N

Ve

Monte Carlo Simulation for
( Critical slip surface of slope )

_ aifical ﬁpa:fa:e

TV

Slip Options

SlopeUnit

The Minimum Safety factor of each
SlopeUnit

~ Conclusions

A GIS-based system of 3DSlopeGIS has been developed for evaluate the possible slope failure of a hilly area. A new
Geographic Information Systems (GIS) grid-based 3-D deterministic model has been used to zone possible slope failure
using the index of the 3-D safety factor of slope.
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