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PREFACE

This "Rock Mechanics in Japan, Volume II, 1974",
published by the Joint Committee on Rock Mechanices, Japan,
organized by the four societies given on the preceding
page, contains brief comments on the activities on rock
mechanics in Japan from 1970 to 1974, in the field of
civil engineering, the soil mechanics and foundation engi-
neering, the mining engineering and material science,
followed by the summaries of selected papers and by the
list of literatures appeared in sixteen journals.

Recently construction works have become more and
more large-scale for example the construction of the
undersea railway tunnel called Seikan Tunnel, the bridge
between Honshu and Shikoku and so on. Also in the mining
industry, the situation is similar as that of civil
engineering owing to adoption of large-scale trackless
machines underground. Furthermore some deep mines are
facing with the danger of rock burst or gas outburst.

Success in those modern construction works and
safe and efficient performance of mining in those mines
will only be accomplished by remarkable development of
rock mechanics, both theoretical and experimental. It
will be a great pleasure if this publication be of use
for investigators and engineers concerning rock mechanics
in exchanging informations and in searching for the
direction of future investigation.

July 1974

gm Jdoraimilin

Yoshio HIRAMATSU
Chairman of Joint Committee

on Rock Mechanics, Japan
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RECENT ACTIVITIES ON ROCK MECHANICS
IN

THE JAPAN SOCIETY OF CIVIL ENGINEERS

Tatsuo MIZUKOSHI, Managing director of Tokyo Electric

Power Co.,, Inc.

OUTLINE OF RECENT ACTIVITIES

The committee for rock mechanics of the Japan Society of

civil Engineers (JSCE) has been playing an leading role in in-

vestigation and research activities into rock mechanics in the

civil engineering world in Japan, ever since its organization

in 1962.

The committee has about one hundred members and they are

taking active parts in four divisions and one subcommittee. The

main activities are as follows:

(a)

(b)

(c)

(d)

(e)

(£)

(g)

The first division ----

research and standardization for the geological investi-
gation methods and grauting technics for rock foundations
of dams

The second division ----

research for the mechanized excavation of tunnels

The third division ----

standardization of in-situ rock test, and the collection
and analysis of the data on rock mass tests in-situ in
Japan

The fourth division ----

research for soft rocks

The subsommittee for the revision of publications ----
editorial activities for the revision of 'Rock Mechanics
for Engineers' published in 1966

Symposium on rock mechanics of JSCE ----

to hold a symposium once a year, 8 times so far

Meeting on rock mechanics ----

to hold a meeting on specific theme three or four times
a year attended by members of the committee and concerned
of JSCE



ACHIVEMENTS OF THE ACTIVITIES

The results of member's activities are reflected in the

publications and printed matters as follows:

(a) Grauting Manual for Foundation of Concrete Dams ----
published in June 1971
(b) Construction Data Book of Grauting for Rock Foundation
of Dams ----
published in September 1973, representative 57 dams in
Japan contained, about 300 pages
(¢) Manual for Geological Investigation of Dams ----
to be published by the end of 1974
(d) Rock Mechanics for Engineers (revised edition) ----
to be published by the end of 1974
This book has been widely read in Japan since its first
edition in 1966. But it's become necessary to revise it
thoroughly because of the recent remarkable advance in
the rock mechanics.
(e) Research reports of the committee
o In-situ mechanical properties of rock masses, Jour.
of JSCE, vol. 57, No. 9, 1972
o Standard method of test for load-deformation relation-
ship in-situ tock mass with a plate, 61973
(f) And others
o Symposiums on rock mechanics (1970-1973)
The reported papers are published as '"Proceedings'" by
JSCE. The numbers and themes for. each symposium are as
follows:
mechanical | mechanical construc- total
Sympo.| year | properties | properties tion others
of rock of rock mass | technics numbers
6th 1970 1 8 5 3 17
7th 1971 3 8 4 3 18
8th 1972 1 11 2 3 17

PRESENT SUBJECT OF THE RESEARCH

(a)

To make a classification table of rock masses for the
excavation of tunnels

e



(b) To investigate the applicability of tunnel boring machine
(TBM} and to collect the data for the actual results of

using TBM,
(¢) To establish the standard for in-situ shearing test

method, of rock mass, and others.
(d) To study the mechanical properties of soft rocks and the
behaviours of rock mass under the sea.

(e) and others



ACTIVITIES ON ROCK MECHANICS IN
THE JAPANESE SOCIETY OF
SOTL MECHANICS AND FOUNDATION ENGINEERING

Koichi AKAI, Kyoto University

The Japanese Society of Soil Mechanics and Foundation Engineering has had
the committee on rock mechanics since 1966 on the point of view that the Society
should coherently take up the problems in the continuous field from soil to rock.

The committee has decided to take the problems of rock mass geotechnically
in relation to soil, directly related to small or middle scale structures, and
approved the following three basic problems to be concerned: 1) unified engineer-
ing classification of rock mass, 2) standardization for rock test and 3) definite
explanation on technical terms in the field of rock engineering.

Among these subjects working circumstances on unified classification has
been briefly summarized in the previous report. The task on standardization
for rock test is being performed under combination with related societies in
rock mechanies.

The subject on definite explanation on technical terms in the field of rock
engineering has been main theme in the Society between 1970 and 1972. This work
is summarized in a booklet with the indices of English, German, French and Italian
under the following idea.

A humsn cultural life is based on various branches of learning and technique
which are in harmony with each other like as warp and woof of beautiful textiles.
It is desirable that words and letters should be something in common for the
humen life, since it is necessary for the elevation of the cultural level.

This fact results in the fundamental significance to unify technical terms and
testing standard, and one can readily realize that scientific and technical terms
have deeply to do with the actual human life and other branches of science and
engineering.

Especially, in newly born and young science and engineering fields, making
words and letters be common without delsy is definitely required to establish
the interrelation between science, technology and the human life, and contribute
their mutual prosperity. Rock mechanics is closely related to such scientific
fields &s geology, mineralogy, geophysics and material science as well as engi-

neering fields of mining, civil, structursl, debris control, resources and
disaster preventien. Thus it is importent to unify the terminoclogy in rock

mechanies as soon as possible.
-6 —



International Society for Rock Mechanies(I.S.R.M.) has already described
the necessity of unifying the terminology as one of essential aubjects to be
solved in near future. The Rock Mechanics Committee in the Japanese Socieby
of S0il Mechanics and Foundation Engineering had taken up the problem to unify
the terminology in connection with that of soil mechanics since 1970 and published
the booklet as the results of the Committee in 1972. To appeal to the public
as early as possible is the main reason for the publication in such a way with
hoping that it may contribute to the progress in rock engineering field as well
as the human society. This work will be authorized as a publication by the
Society.

The Society has also engaged himself in recent years with publication of an
elaborated book titled"Engineering Proper*ies of Rock and Their Application to
Design and Execution. This book is the one on rock engineering, however, it
covers broader area than the ordinary conception about the engineering. From
the beginning, the Committee has recognized the world-wide trend of growth of
Geotechnology by unifying rock and soil engineerings, since rocks and scoils are
nonseparable materials of primary concern which constitute ground.

The contents of the book are shown below.

Chapter 1 Rock (Stratum)

1.1 Definition of Rock, Geognosy, Geological History, Topography

1.2 Minerals

1.3 Clagsification of Rock on Its Origin

1.4 Designation of Rock and Its Discrimination

1.5 Geological Structure

1.6 Weathering and Metamorphism

Chapter 2 Geological Exploration Methods

2.1 Introduction

2.2 Investigation by Documentations and Data

2.3 Aerial Photographic Survey

2.4 Geological Reconnaissance

2.5 PSeismic Prospecting

2,6 Acoustic Logging

2.7 Vibraticnal Prospecting

2.8 Electrical Prospecting

2.9 Radioactive Prospecting

2.10 Underground Water Survey by Isotope Tracer

2.11 Gravitational Prospecting

2.12 Magnetic Prospecting

2.13 Boring

2.1L Borehole Logging and Test

2.15 Investigation on Hydrology
—7—



Chapter 3 Laboratory Testing Methods on Intact Rock

3.1 Sampling

3.2 Tests on Physical Properties

3.3 Tests on Chemical Properties

3.4 Tests on Mechanical Properties
Chapter 4 Physical and Mechaﬁical Properties of Intact Rock

4.1 Intrinsic Properties

4,2 Typical Values of Intrinsic Properties

4.3 Thermal Properties

4.4 Electrical Properties

4.5 TFlastic Wave Velocity

4,6 Elastic Constants

k.7 Brittle Fracture of Intact Rock

4.8 Plastic Properties of Intact Rock

4.9 Strength of Intact Rock

.10 Specific Attenuation Coefficient

4.11 Interrelation between Physical Properties of Intact Rock
Chapter 5 In 8itu Testing and Measurement on Rock Mass

5.1 Need of In Situ Testing

5.2 Tests on Deformation of Rock Mass

5.3 Tests on Strength of Rock Mass

5.4 Tests on Dynamic Properties of Rock Mass

5.5 Measurement of Stress-Strain or Displacement Distribution in Rock Mass
Chapter 6 Engineering Properties of Rock Mass

6.1 Introduction

6.2 Strength Characteristics of Rock Mass

6.3 Deformability of Rock Mass
Chapter 7 Classification of Rock Mass

T.1 Pactors in Classification of Rock Mass

T.2 FExamples of Classification of Rock Mass

T.3 A Classification of Rock Mass Proposed by The Rock Mechanics Committee

(Japanese Society of Soil Mechanics and Foundation Engineering)(1969)

Chapter 8 Application to Civil Engineering{Rock Works)

8.1 Excavation

8.2 Loading and Conveyance

8.3 Paving and Compaction
Chapter 9 Application to Tunnel Engineering

9.1 Route Location
9.2 Excavation Method
9.3 Overbreak



RECENT ACTIVITIES ON ROCK MECHANICS IN
THE MINING AND METALLURGICAL INSTITUTE OF JAPAN

Tomio HORIBE, Tohoku University

There are many practical works dealing with rocks in the mining field such
as the drilling, the blasting, the cutting, the mine support and the crushing
etec., and concerning these works, the problems involving the fundamental rock
properties have been studied in the laboratories of universities and others.

Many researchers have pursued and extended the studies related to the sub-
jects introduced in Vol. 1, Rock Mechanics in Japan, 1970.

Accomplishments of these studies appear in the 1list of literatures of this
issue.

Conspicuous studies of rock mechanics in the mining field may be summarized
as followings as a recent tendency.

One subject of them is the application of the computer to the sitress analy-
sis related to the rock pressure, the blasting and the stability of structures

1)

in rocks. T. ITO and his cooperators "have studied on the formation of cracks
and a crater caused by a blasting with one free face. The processes of cracks
and the crater formation caused by the blasting have been simulated to the re—
snlts that the dynamic stresses in a material with one free face were analysed
applying a numerical technique, which invelved the finite-difference approxima-
tion, to the momentum equation. Y. HIRAMATSU and his cooperators2)have made
the determination of the ratio of the width of rib pillars to that of openings
with the method of ?he three dimensional analysis of stresses. S. KINOSHITA
3

and his cooperator” "have made a theoretical analysis of the stress distribution
around multiple circular openings under the plane stress condition and computed
the stress concentration at the surface of a circular hole. K. SUZUKT and his

4)

cooperators 'have made a theoretical study of the three dimensional analysis of
stresses around a borehole and the consideration on the measurement of stresses
in a vock by a complete stress relief technique using a borehole deformation
method.

A lot of investigations on the observation of microcracks in rocks have

been made in connection with the mechanism of rock fracture. T. YANOS) h

as
Tound many "divergent" fissures in the coal of the stress zone in danger of out—

bursts by the microscopic study of fissures in the coal thrown oul by outbursts.

L



I. ITO and his cooperators6)have made the discussion on the mechanism of the
crack propagation caused by the blasting, through the microscopic observation of
the surface of the crack produced in a polymethyl methacrylate plate by the
attack of a detonator. S. KINOSHITA and his cooperatorT)have investigated the
fracture mechanism of rocks by the microscopic observation of the chip formed
near the cutting point of rocks.

Several studies of the thermal fractures of rocks have heen reported for a

8) 9)

few years. Z. HOKAO and his cooperators have developed a fire jet pierc—~

ing thermodrill and presented results of the fire jet piercing tests at the

10)

underwater depths of 10 to 30 meters. T. ITO and his cooperators™ "have tried
to develop an efficient method of rock excavation for hard rocks, using a mecha-
nical rock-cutting device combined with the thermal action by the flame. U.
YAMAGUCHT and his cooperatorll)have made the measurement of the change of com-
pressive and tensile strengths of rocks heated to high temperatures, and attempt-
ed to find the relationship between the difference of the thermal characteris-
tics of rock-forming minerals and the change of the strengths.

Studies on the veloecity of elastic waves in rocks and on the acoustic pro-
perty of rocks have been done with the attention of interest. M. INOUE and his

12)

cooperators” "have studied on the relationships of the water content to the
velocity of elastic waves and to the compressive strength of sedimentary rocks.
U. YAMAGUCHI and his cooperatorsl3)have tried to find stress states or cracks
in rocks around mine openings with the measurement of the sound velocity in
rocks between the neighbouring boreholes by exploding detonators. T. HORIBE

14)

based on the ratio of areas surrounded by the envelope of the filtered wave form

and his cooperator ‘have developed a drummy rock detector of which principle is
and by that of the original wave form of the impact sound of rocks, and its ap-
plication tests under the noises in underground have been presented.
Investigations of fundamental mechanical properties of rocks have been made
not only with intact rocks, but also with jointed rocks and but also with rocks,
each of which has a plane of weakmess. Y. SHIMOMURA and his cooperatorsls)
have investigated on influences of schistocity planes of schistose rocks to the
compressive strength, the tensile strength and the sonic velocity in rocks.
T. NTSHIDA and his cooperatorsle)have investigated the relationships between
the angle of the joint inclination, and the compressive strength, the cohesion
and the angle of the intermal friction by the triaxial compression tests on the
plaster models containing a single joint. K. SUZUKI and his cooperatorslT)
have studied on the rheclogical property of rocks under the pulsating tompre-

18)

a method for determining the fracture resistance of rocks by strain waves gene-

sgive load as a fatigue test. 3. TAKAQOKA and his cooperators ~“have presented

rated in a drill-rod during a percussive fracturing of rocks and discussed the

—10—=



method to determine the hardness and the viscousness of rocks from thier frac-
ture resistance. In the field of rock crushing, .S. TASHIMA and his coopera-

torslg)

have made an experimental study concerning the relationship between the
specific fracture energy and the specific surface area of the fractured product
in the single particle crushing. R. KOBAYASHIzO)has studied on the shear
strength of rocks and proposed an equation to approximately calculate the shear
strength from the compressive strength and the tensile strength of a rock.
Further, T. HORIBE and his cooperator521)

the borehole deviation in a laboratory. T. ISCBE

have made an experimental study on
22)has made some considera-—
tions on the mechanism of rockbursts and outbursts.

Moreover, field measurements have been carried out with activity. S. 0GA-
SAWARA and his cooperatorsZB)have observed rock noises for several months by

24)ha.s had the observation

geophones placed around the working faces. N. NANKO
of cracks of mine pillars, and had the measurements of the earth pressure and of
the movement of rock strata, considering the application to the design and main-

tainance of mine pillars.

Literatures

1) - 20) were published as full papers in the Journal of the Mining and
Metallurgical Institute of Japan and these are appeared in the list of litera-
tures at the end of this issue.

21) T. HORIBE, M. USHIDA, Y.T. SUNG : Paper presented at Symp. in Fall
Meeting, Min. Met. Inst. Japan, Oct. 1973, I-2, P. l=4

22) 1I. ISOBE : Paper presented at Symp. in Fall Meeting, Min. Met. Imnst.
Japan, Sep. 1971, H-7, P. 1=3

23) S. OGASAWARA, K. SAKAI, K. ISHIHARA : Paper presented at Symp. in Fall
Meeting, Min. Met. Inst. Japan, Oct. 1972, B-9, P. 1-6

24) N. NANKO : Paper presented at Symp. in Fall Meeting, Min. Met. Inst.
Japan, Oct. 1973, J-3, P. 1-4
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RECENT ACTIVITIES ON PNCK MECHANICS IN
THE SOCIETY OF MATERIALS SCIENCE, JAPAN

Minoru YOSHIDA, Managing Director
The Kansai Electric Power Co., Inc.

The committee on rock mechanics was organ{zed in 1963 in the Society of
Materials Science. Japan. Since then, 52 reguiar meetings were held till March,
1974. In 1971, a subcommittee specialized in comminuticns was newly set up in
the committee on rock mechanics and 4 regular meetinos were held till March,
1974.

The Committee now consists of about 50 authorized members, who are engaged
in such fields as civil engineering, minina engineerino, metallurgy, chemical
engineering, geology, aeophysics and seismoloay.

Activities by the committee are not confined to recular meetinas, but in-
volve public lecture meeting, symposium, short study course, field inspection
and publication of special issue on rock mechanics and comminutions.

Those conducted under the auspices of the committee or in cooperation with
the other society since 19701) are as follows: two symposiums on rock mechanics,
one symposium on comminutions, three field inspections, one release of special
issue on rock mechanics for The Journal of The Society of Materials Science,
Japanz)

The regular meetinag on rock mechanics has been carried out bimonthly to
deal with the followino matters:

(1) Lectures on rock mechanics and discussions thereon.

(2) Selection of subjects on the public lecture, symposium, short study course,
etc. related to rock mechanics.

(3) Discussion on managements of the committee.

(4) Introduction amona the committee members of information on activities by
national and international societies for rock mechanics.

(5) Other related topics.

The title of lectures and discussions at the reqular meeting of the commit-
tee from May, 1970 to March, 1974 is as follows;

(1) Mechanism of Rock Burst of Pillars in Mines, by T. Saito, Y. 0ka and Y.

Hiramatsu.

(2) Peviews of the Torics Presented to the 7th International Conference on Soil

Mechanics and Foundation Engineering, held at Mexico City, by S. Murayama.

—13-—



(6)

(7)

(8)

(9)

(10)
(11)
(12)
(13)
(14)
(15)

(20)
(21)

(22)
(23)

(24)

(25)

(26)

(27)
(28)

The Effects of the Couple-Stresses on Stress Concentrations, by S. Kobaya-
shi,

Flow of Rocks and Crust, by N. Kumagai and H. Ito.

The Finite Element Analysis Applied to the Cosserat Elastic Body, by S.
Sakurai.

Free Discussion on Unusual Behaviors of Rocks, Which are Difficult to be
Explained by the Classical Theory of Solids.

fpplications of the Finite Element Method to Soils and Rocks, by T. Kawa-
moto.

Continued Discussion on Unusual Behaviors of Rocks.

Dynamics Stress Analysis by the Tensor Code, by K. Sassa and I. Ito.
Further Discussion on Unusual Behaviors of Rocks,

Some Simulation Analyses for Laboratory Tests, by Y. Niwa and K. Nakagawa.
Seismic Records on a Rock Burst in Ikuno Mine, by Y. Tanaka and R. Nishida.
Discussions on Strenath of Pock in Tension and Compression,

Mechanism of Rock Burst and Gas Explosion, by Y. Hiramatsu.

Study on Effects of Earthquake on Fractured Zone of the Earth's Crust, by
K. Iida.

Measurements of Initial Stresses or Tectonic Stresses in Rocks, by H. Ito,
Y. Oka, S. Kobayashi and T. Saito.

A General Method to Obtain Solutions of Boundary-Value Problems by the Use
of Superposition of Fundamental Solutions, by S. Kobayashi.

Some Problems of Stiff Test for Rocks, by Y. Hiramatsu, Y. Mizuta and K.
Sucawara.

Measurements of Velocities of Elastic Waves in Rocks under High Tempera-
ture and Confining Pressure, by S. Matsushima.

Creep and Fracture of Cement Mortar, by S. Sakurai.

The Finite Element Analysis Applied to Some Problems Containing Stochastic
Distributions of Properties of Constituent Materials, by T. Kawamoto.
Spline Function Applied to Stress-Strain Relations, by T. Kawamoto.
Tectonic Stress Field in South-West Japan Determined by the Geological
Surveys, by K. Fujita.

Tectonic Stress Field in South-West Japan Determined by the Mechanism of
Earthquake, by T. Kishimoto.

Electric Resistance Investigations in Geological Survey for Tunneling, by
E. Yoshizumi, T. Kanno and A. Saito.

Topics Presented to the 5th International Conference of Strata Control,
held at London, by Y. Oka.

Stresses Around Circular Cavity Excavated in Brittle Materials, by T.Saita
Transient Stresses Around Tunnels by the Passace of Traveling Waves, by S.

—14—



(29)

Kobayashi.
Strain Analysis of Bottom Surface of Borehole Drilled in Anisotropic Rock
Mass, by H. Kiyama.

) Thermal Fraamentations of Rocks, by I. Ito, and M. Terada.

Mechanism of Larce Earthquake Around Japan, by K. Mikumo.

32) An Approach to Rock Enaineerina. Based on the Visco-Elast-Plastic Theory,

(33)
(34)
(35)

by T. Adachi.

Some Examples of Rock Slide and Collapse of Tunnels, by Y. Kobayashi.
Measurements of Crustal Deformations, by I. Nzawa.

In-Situe Tests of Soft Rocks, by Y. Niwa and S. Kobayashi.

The title of lectures given at the reaular meetino of the sub-committee on

comminutions is as follows;

(1)
(2)
(3)
(4)

Comminution Properties of Brittle Solids, by S. Okuda.

Theory of Comminutions and Some Indices, by K. Matsui.

Comminutions by Impact, by F. Yokoyama.

Pock Mechanics and Comminutions, by Y. 0ka.

Recent actijvities of the Committee on Rock Mechanics in the Society of

Materials Science, Japan are known by the papers contained in the special issue,

Rock Mechanics No.32), published February, 1971. The list of the original

papers is as follows;

(1)
(2)

(3)

(4)

A New Element of the Mechanical Model of Rock Substance, by Y. Nishimatsu.
Rheological Equation of Anisotropic Viscoelastic Materials and Its Applica
tion to Problems Pertinent to Rock Mechanics, by S. Sakurai.

Failure Criteria of Rocks (Study by a New Triaxial Compression Technique),
by K. Mogi.

Viscoplasticity and Direct Shear Test of Rock Type Materials, by T. Adachi
and S. Serata.

Variation in the Characteristics of Deformation of Marble and Mortar due
to Transition of Stress from Isotropic State to Anisotropic State, by T.
Kawamoto and K. Tomita.

Initiation and Propagation of Brittle Fracture in Rock-Like Materials
under Compression, by S. Kobayashi.

The Effects of the Mean Stress and of the Stress Amplitude on the Rate
Constants of Fatigue Failure of the Rock, by Y. Nishimatsu and P. Heroe-
sewojo.

Deformation of Nunite at Slow Strain Rates under High Temperature and
Pressure, by K. Iida, H. Tsukahara, Y. Kobayashi, I. Suzuki, J. Kasahara
and M. Kumazawa.

The Experimental Study of Secular Bending of Big Granite Beams for a
Period of 13 Years with Correction for Change in Humidity, by N. Kumagai

—15—



and H. Ito.

{10) The Flow of the Earth's Crust Considered from the Nuaternary Crustal “Move-
ments in Southwest Japan, by H. Ito and K. Fuiita.
(11} The Stress in and near the Pillars, by Y. Mizuta, Y. Hiramatsu, Y. Nka and

Y. Tanahashi.

(12} Mechanism of Rock Breakaae under Pressure of Gas Explosion, by I. Ito, K.

Sassa and C. Tanimoto.

In add;%ion to these papers, the following review, technical note and tech-
(Rev.) Plastic Theory of Formation Mechanics and its Application to Rock Mechan-

ics, by J. Makiyama.

(Tech. Note) The Failure Surface of Isotropic and Anisotropic Rocks under Multi-
axial stresses, by K. Akai.

(Tech. Topic) Applications of the Finite Element Method of Analysis to Problems
in Soil and Rock Mechanics, by T. Kawamoto.

The special issue, Rock Mechanics No.4, will be published in May, 1974,
which contains two reviews, two technical notes and six oriainal papers covering
various problems such as prediction of earthquake, blasting of rocks, in-situ
measurements of deformation of underground cavities, stresses and deformations

nical topic™’ are also included in the issue.

around tunnels, transient stresses around tunnels, properties of soft rocks,
nrocesses of rock failures, tectonic stresses and crustal deformations.

References
1) Rock Mechanics in Japan, Vol. 1, 1970, pp 14-16, in which the activities
till March 1970 were described.
2) Special Issue on Rock Mechanics No.3, Reprinted from Journal of the Society
of Materials Science, Japan, Yol. 20, No.209, February 1971, oo 107-226.
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FAILUAs CalTudlA OF ROCKS

- 3tudy by a new trisxial compression apparatus -

Kiyoo MO3I, marthquake Hesearch Institute, University of Yokye

In the earth's crust and upper mantle, fracture and flow of rocks occur
under complex combined stresses. To study this phenomenon a number of
laboratory experiments on rock deformation have been made under high con-
fining pressure (Gﬁ;>6i:=5§). Until recently, however, few investigzations
of the effect of the more general triaxial stresses (01> 02203 ) have been
made because of experimental difficulties. Mig. 1 shows our new triaxial
apparatus by which fﬁ, Q2 and 63 can be applied independently. Fig. 2
shows the stress—strain relation ovtained vy this new triaxial apparatus.
One important result is that the effects of Gz and O3 on the stress—strain
curve are very different. Ductility increases with increasing 63, but
decreases with increasing 0z2. The yield stress and the coefficient of
strain~hardening in the post-yield region increases with increasing Oz,
but are nearly independent of 03.

Fig. 3 shows the fracture strength under combined stresses obtained by
our new triaxial method. 3Stress ( (] ) at fracture is shown as a function
of 52. Different symbols show different $3. The curve shows a similar
pattern in variocus kinds of rocks.

Current fracture criteria failed to correlate those observed fracture
stresses under various siress states. As a satisfactory fracture criterionm,

the following new formula was obtained by

Piston for
. R . , ~ axiat loading
generalization of the Von Kises criterion. i
: = (0, + 83 1
%LC j‘( l 3 ) ( ) Piston for i
To examine the new formula, Tgrt is plotted ¥ Rock faterat lcading
against (0i+ 83 )/2 in Pig. 4. Circles S
for different combined stress states form L oad cel
a single curve. That means that this for- s [‘ —
. . | lat
mula is applicable as a fracture criterion. . - rjpam

Freguently, the yield point is not

i H wev it can be unique-
Sharply deflned, howe er, g Fig, 1. High pressure cell with axial and lateral

ly determined in some cases. The yleld pistons for the new triaxial compression appa-
ratus,
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o Effect of o (03 - Constant)
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Fig. 2. Siress-strain curves of Yamaguchi Marble under triaxial compression.

«: Curves at various confining pressures.
h: Curves at various values of o, (¢, = 0.55 kbur).
¢: Curves at various values of o, (o, = 1O kbar).
stresses under general combined stresses are correlated well by the follow-
ing formula which is different from the Fracture HZguation (1).
Toct =4 (5+03+ 33 ) (2)
In Pig. 5, Tect at yielding is plotted ageinst {Gr+ 02+ 83)/3.

Circles for

different combined stresses form a sinsle curve. 1hus, this formula is
fhis criterion includes the

The

satisfactory as a yield criterion of rocks.
Von lises criterion as a special case witn the eurve siope of zero.
formila is that proposed by Nadai {iv¥50C) and other investigators without
any sufficient experimental examination. (This formula is not inconsistent
with the above-mentioned result that the yield stress is noi appreciably

53 .) -

shows

affected by
Fig. 6 a suli—
mary of the stress states
at fracture and yielding
under combined stress,

according to the gener-

o {(kb)

alized Von YMises crite-
ria. The physical

interpretation of the

criteria is that fracture

. . . o 2 4 8 ¢ z 4
or yielding will occur A oy (Kb)
when the distortional

Fig. 3. Spress (1) at fracture as functions of the

strain energy reaches a
critical value. ‘'[his

critical energy is not

Different

intermediate principal stress (o)
symbols show the different nunimum principsl

stress (g1, which is indicated by numerals in
kb, fa Solenhofen limestone ; b, Dunham dolo-
mit
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(a} Solenhofen limestone
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Fig. 4. Octahedral shear stress (rae) at fracture Fig. 5. Cclahedral shear siress {og.,) at vield point
versus  {o)+05),2.  Different symbols  show vorsits (7 +oe—ag)/ 3. Different symbols show
different og. () Solenhofea limestone ; (b} Dun- different o,

ham dolomite

e T ;
Fracture Tocy =f(oyscy) ‘p‘aﬁe Yield Tocq =1 {ay+5p+04)
2r oo 10 s
'had"\j‘ [
Jd =2
1:6‘ T ;—50 A T Limestcne
von Mises® criterion
‘ . ‘ I + 1]
a5
. ! 2 (0y+03)12C, & {0y o T3e03) 1 3¥,

Fig. 6 Summary of stress states at [racture and yielding of tested rocks (Expression by

generalized von Mises' criterin), Cyt uniaxial compressive strength; Yy vield stress

at the duclility 1 percent, obtained for o - o3
constant, but monotonically increases with the effecctive mean normal stress.
In fracture, shear faulting takes place on a plane parallel to the O2-
direction, and so the effective mean normal stress is (91t 83 )/2. On the
other hand, yielding doces not oceur oa any definite siip vlane with a def-
inite direction, so the mean stress is taken as the effective mean normal
stress. The slope of these curves characterizes the preasure sensitivity

of failure stress of each nock.

REFERENCES

Mogi, K., 1971. £ffect of the triaxial stress system on the failue of
dolomite and lime-stone. lectonophysics, 11l: 11l-127.

Mogi, K., 1971l. Fracture and flow of rocks under high triaxial compression.
J. Geophys. Res., 76: 1255-1:6y.

Mogi, K., 1972. sffect of the triaxial stress system on fracture and flow

of rocks. Phys. Earth Planet. Interiors, 5: 316-324.



EFFECT OF FLAWS ON THE STRENGTH OF ROCK SP.CIMIGE

AND ROCK-MASS CLASSIFICATION

* * C
Kazuhiko IKEDA, Yoshimasa KOBAYASHI, and Takashi SAKURAI

* RTRI, JWR *% DPRI, Kyoto University

1. Introduction

A compressive strength of rocks is often used as a parameter for rock-mass clas-
gification. However, in the strength tests rock pieces with minimum flaws are con-
ventionally employed as specimens, without studing much about the effects of them on
the strength.

In the present study series of compressive-strength tests of rock specimens which

include visible flaws are conducted and the mentioned effect are studied.

2. Rock Specimen

Sample rocks employed in the tests are paleozoic sandy slate and 79 cylindrical
specimens are sampled from the rock.

Prior to loading every specimens were classified into four classes A, B, C and D
defined as illustrated in Table 1,according to the observed state of weathering,

Joints, stratification, ete.

3. Mode of Failure

The orientation of flaws in specimens may be considered to be arbitrary, since
they were shaped from boring cores obtained at a tunnelling site. In almost all cases
for classes A, B and €, which correspond to more or less deteriorated states, failure
cccured along one of flaws in the specimens. The failure looked like at a glance to
have followed the fracture theory by Coulomb, but the angle of failure did not corre-
spond to that of the maximum shear,o(:1/2cofd}k because the specimens were not homo-
geneous nor isotropic. In the above cases the shearing resistance would not have been
uniform within the specimens and as a consequence they failed along planes of the
minimum shearing resistance,i.e.the planes of the most remarkable flaws.

A large part of class-D specimens also failed along flaws. A few of them, however,
fajled at different angles, which were smaller than those in the other cases measured
from the axes of the specimens. In these cases the exsistance of flaws dose not seem

to have influenced the failure angles, but the specimens failed at the plane of the

maximum shearing stress.

4. Effect of Flaws on Compressive Strength

The compressive strength when a specimen fails at an angle/G is given by



P R
rF=7= éinﬁ&coiaw}ésiga)

where P, a, T; and M are the ultimate axial load, the initial sectional area, cohe-
gion and coefficient of friction along failure plane, reapectively. Plots of the
test results are shown in Fig 1. Curves of compressive atrength versus angle corre-
sponding to assumed values of cohesion and friction calculated with the above rela-
tion are also drawn in the figure.

On the other hand the failure angle ¢t in a homogeneous specimen would be given by

L d=F-3
vwhere g=tan 4. In this case the angle and the load would correspond to the tops of

the parsbola-like curves in Fig.1.

In general cases specimens do not fail at an anglecd , but along flaws at a differ-
ent angle, in which cases the failures correspé@ to upper or lower wings of the parsa-
boles, and the strengths become higher than those in failures corresponding to the
tops of the curves. In the test results, however, no fsilure at angles larger than
50 degrees and smaller than 5 degrees could be found. It implies that flaws do not

influence the strength when their angles are larger or smaller than the above values.

5. Effect of Flaws on Llastic-Wave Velocity

It is widely believed that the effect of flaws would also be found in the decrease
of elastic-wave velocity in rocks.

Velocities determined by seismic exploration in situ are in general lower than
those in fresh rock specimens extracted from the same site, and the grade of flaws
in rock mass may be estimated from the ratic between the both velocities.

Thus, the coefficient of flaws defined by (v/V)zmay correspond to the state of
flaws, where v and V are velocities in situ and in fresh rock specimen,respectively.
It must be born in mind that the coefficient includes not only the effect of flaws
tut weathering or other facters vhich may decrease the in-situ velocity.

The mean velocities for classes from A to D of paleozoic sandy slate are given in
Table 2, where the values exibit a reasonable correlation with the deteriorated

grades of every classes of rocks.

6. Quasi Strength of Rock Mass and Strength of Flaw
One of the authers has presented an idea of quasi strength of rock mass which is
defined by

2
073' =(V/V) - Je
where (3,02, v, V are quasi strength, strengtb of core of fresh rock, velocities in

gitu and in fresh rock, respectively. The coefficient (v/Vf;k was called ggefficient
of cracks (or flaws).

tn the basis of the test results and V were assumed respectively to be 1300 ke/cm
and 5.€0 kn/s which correspond to the values for class D. The velocities in situ

where the rock specimens were taken from nre given in Table 3.



On the above assumption of strength and velocity for fresh rock the quasi stren-
gths of rock masses were calculated as given in Table 3. In the table the strengths
of rock flaw are also tabulated for comparison with the gquasi strengths. The both
strengtha exhibit a rather good agreement and the quasi strength introduced in the
above mentioned psper has got a reason to be considered as a representative of the
strength of rock mass in situ.

Tt must be noted, however, that the existance of flaw dose not influence the

etrength, if the angle of it exceeds a range, 5 to 50 degrees in the present case,

as seen from Fig.t.

Table 1 State of flaws

Class Stats of flaws P 30° ro=30kgsom®
Flaw: arn opan,very distinct,strongi /
£ weathered,or large in numbar, 50
T
B Flawgs ars digstinet,weathered,or in Sedst 1y =90kgsemt
: = o © oo 4

parallel crientation. #2107 Ty =1 30k ren m
e Flawz are visible but n.t open,and

are not weathersd, n
B Fiaws are not distinct,or there is nc

visible Tlaw.

o
&

x
co B w ko B=457 Ty=1d0kg emt
o. /L/

oo a( X x X 'n 0=58" Ty=To0kg cnf

Failure angle # (degree)

Table 2 Class of rock and elastic-wave

|+
/;0/
S
/
]
/\

- - 10 o
velocity for Palaeozoic sandy slate \ o @ = S
,, |
Livan & ~ur Wi L 1
Qlaaz | Piece mumber ve " o Lo ! : I 1 . L i i
{ lgn/ 1 MG 200 30 40 G000 600 TN KOO 900 R0 Thag j A 1300 0 13
A 30 514 Compressive strength o (kg em?
B [ 538 £ ( E/Cm )
c 20 553 . O
D 12 561 Fig. 1 Frilure angle versus compressive strength

Table 3 Quasi strength of rock mass and
strengih of flaw determined in the test

- e

Veloufty in | Qoefficient wrasi Itrength of

Class sitw of flaw Lrength 1 |w§ =

By a oyl

v (km s) | k=(v/7)2 g, mi} {kg cm?)

A 1.4~2.3 0, 06~0,17 gr~2r18 lgo~3o00
3 3.0~3.86 0,29~0.39 | 372~507 400~600
o 4.0~4.5 6, 51~0.65 | 660~838 700~900
I 4.8~5.2 0,73~0.86 | 950~1120 900~1,300

» V wag assumed ag §.61 km s
n* oc wag assumed 25 J, 300 ke ex?

1) Ikede,K : ibid Vol.11,No.2, 1970, pp T1~T4



FAILURE PROPERTIES OF ANISOTROPIC BRITTLE
MATERTAL WITH WEAKNESS PLANE

Kazuo YAMAMOTO, Osaka Prefectual Technical College
Masaki ARIOKA, Kumagaigumi Co., Osaka

1. Introduction

There are some types of anisotropy (as foliation, stratifica-
tion and shistosity, etc.) in some rocks. It is essential to in-
vestigate their effects on the mechanical properties of rocks.

Theoretical approaches that expound the failure on anisotropic
brittle material have been suggested by Jaeger, Hoek, and Walsh and
Brace. These approaches are two-dimensional analyses developed
from Mohr-Coulomb and Griffith criteria.

Similarly, such experimental researches on slate have been
done by Donath and Hoek. They show the relative correspondence
between the experimental results and the previous theoretical anal-
yses. In these researches, however, the failures on cylindrical
specimens which are subject to the conventional triaxial compres-
sive stresses are investigated.

In the present research, since some types of anisotropy in
real rocks are irregular and complicated, a series of uni-, bi- and
triaxial compression tests were performed using the specimens of
artificial anisotropic mortar cubes.

From these experiments, we examined the effects of joints on
the strength and aspect of failure and referred to the shape of
failure surface in principal stress space on the anisotropic speci-
mens.

2. Experiments
(1) Specimen and methed of experiment

Specimens are the mor;ar cubes with the construction joints
and are 5.5 cm in a side size., The joints exist parallel with a
principal stress 03. The inclinations a of joints to a principal
stress 0; are seven kinds of 05 155 305 455 60° 75 and 90.

The apparatus used is a large-sized triaxial compression test-
ing machine that can give independently three principal compressive

stresses. The rates of loading are about 2 to 4 kg/cmzlsec.



The kinds of experiments are as follows. Firstly, the uni-
and triaxial conventional compression tests were carried out to
examine the effects of confining pressure on the strength and as-
pect of failure. Secondly, the triaxial extension test and the
compression test under constant mean principal stress were done to
examine the shape of failure surface in principal stress space.
(2) Uniaxial and conventional triaxial compression test

Fig.l shows the correlation between
the inclination of joint and the strength _ Sy S (L 17
and aspect of failure at each stage of '
confining pressure in triaxial compres-
sion test. The uniaxial compressive P (04 o)
strength O for generalization is equal
to 248 kg/cmz.

The effect of joints on strength
appears at a=151451 especially at a=30". 1O

The rate of decrease in strength becomes e 7 /) -~ Jaeger

smaller as confining pressure increases,. —— eéxperimaent

A i 1 »

o . ‘t . O - 3 ¥ [] *
On 30-specimen the rate of decrease be- 0 15 30" 45" 60" 75" 90
o
comes to B80% and 15% under confining Fig,1 Relation between inclination
2 . of joints and strength, in
pressure 0 and 200 kg/ cm® and respective- experiments and criteria
O fullseporated
ly . O semiseparated

® no-separated
Next, let us observe the aspect of

failure in relation to the separation along joints. The full-sepa-
rated failure aleong joints occurs at a=15145°showing the decrease
in strength. The separation is mainly caused at a=15°by cleavage.
The aspects of failure on 01, ﬁdl, 75 and Qdispecimen are similar
to that on the isotropic specimen under no influence of joints.
These correlations are compatible with the experiment results by
Donath.

Moreover, let us consider the comparison of failure criteria
with experiment results. Jaeger’s and Hoek’s criteria are shown
together in Fig.l, The material strength constants of joint and
mortar itself obtained from experiments (as shearing test, etc.)
are used in case of application to these criteria.

Jaeger’s criterion is relatively in agreement with experiment
results except the regions under lower confining pressure and at
a=45160f This lower strength at a=45160°in experiments, we guess,
will be due to mixed failure midway between slip along joints and

slip in mortar, because Jaeger’s criterion represents that the



failure of anisotropic material may take place from slip possible
either along joints or in mortar itself. Besides, we guess, it
will be due to adding the axial cleavage that the lower strength
under lower confining pressure is observed in experiments.

Next, Hoek’'s criterion is not widely lower strength value than
that of experiment. The discrepancy, we guess, will be traced to
the assumptions of criterion that the opened long cracks exist in
line along joints and that the ultimate strength is defined by
initiation of growing c¢racks, But, the modified criterion that
assumes the closed crack is similar to Jaeger’s criterion.

(3) Triaxial extension and compression test

It is well known that a failure surface in principal stress
space forms column, cone or pyramid. Therefore, in order to de-
termine the failure surface in the region of compressive stress,
it is necessary to examine the loci on II- plane and Rendulic-plane.

The loci on II-planes for 36160: o

specimen are shown in Fig.2., The broken

line drawn in Fig.2 shows the loci for ,/

the isotropic specimen. \‘i’( 1
o

t g

¢ ¢

U
effect of joints is shown at o01>03>02. f ?

With respect to SdiGO:Specimen, the .

decrease in strength on accout of the

]
]
1
1
i
]

1 "..o"'b"‘a‘-él"-——.‘o-;’

The rates of decrease in terms of Toet are

- L./
12% and 9% at maximum for Cwr0.80 and 2 Ui SR .
1,20, respectively. This tendency is | 0 Got/ = 08
. a o Toct/ % .Fm/Q: 1.2
also shown similarly for 45-specimen. o 04 0B icrropic

The locus on Rendulic-plane,without

Fig,2 loci of failure surface
for 36260%anisotropic
specimen

graphical representation in this paper,
describes a curve of parabola and
straight line under lower and higher
mean principal stress respectively.

From the results of these tests and biaxial compression tests,
the failure surface in principal stress space is similar to pyra-
midal surface whose intersectional locus on [[-plane is shown in
Fig.2.

Published in Journal of the Society of Materials Science,
Japan, Vol.19, No. 197, Feb.1970,.
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STUDY ON WEATHERING OF IGNEOUS EKCCKS

Tokumi SAITO
Mamoru ABE , Tohoku University
Shoichi EUNCRI

The relationship between physical and mineralogical properties of
weathered igneous rocks were studied to define a quantitative measure
of the degree of weathering. The rock specimens used in this study
are as follows:

quartz diorite : Mizunuma dam, Ibaragi prefecture

andesite : Atagoyama quarry, Miyagl prefecture
dacite : Sakunami quarry, Miyagi prefecture
basalt : Hirasawayama quarry, Fukushima prefecture.

Based on the research of structure of weathered zones at four placeg
we proposed some criteria on the degree of weathering as given in
Table 1. These specimens were investigated in terms of microscopic
observation, X-ray powder diffraction method and differential thermal
analysis. In the case of quartz diorite, the altered aresa in feldspar
is also measured as a " measure of altered area " by means of Integrat-
ing Stage.

As shown in Fig.l, it is possible for quartz diorite to classify
the degree of alteration of feldspar and biotite and the degree of
destruction of quartsz. The classification of the degree of mineralog-

ical weathering is as follows:

total number of degree of degree of mineralogical
alteration and destruction weathering

3 -4 1

5-6

7 -8 3.

On the other hand, the experimental results in the case of other
three-kinds of volcanic rocks indicate that the alteration of ground-
mass is well marked, and that the alteration of main minerals follows
the sequence; primary mineral —% montmorillonite mineral — halloysi-
te mineral. From these results the degree of mineralogical weathering

of volcanic rocks can be divided into the following classes :

2 —



secondary minerals during degree of mineralogical
the course of weathering weathering

clay mineral rare 1
montmorillonite mineral

montmorillonite mineral 3

and halloysite mineral

halloysite mineral 1.

We measured the elastic wave velocities, density, effective porosity,
uniaxigl compressive strength and rebound value by Schmidt test hammer,
The dependence of elastic wave velocities on water saturation was

also investigated. They are clearly seen from Figs.2 and 3 that the
elastic wave velocity and density decrease with increasing porosity.
The uniaxial compressive strength, which is considerably affected by
the alteration of main minerals, decreases as the porosity increases.
The relation between longitudinal wave velocity and uniaxial compress-
ive strength is given in Fig.l4. Fig.5 may show a linear correlation
between rebound value and longitudinal wave velocity in natural dry
condition. This suggests that rebound value can be used as a conveni-
ent yardstick for estimating longitudinal wave velocity. Fig.6 shows
elastic wave velocities as a function of water saturation. Longitudi-
nal wave velocity is influenced by saturation with water, while no eff-
ect of water saturation on transversal wave velocity is observed.
Variation of longitudinal wave velocity with respect to degree of satu-
ration in quartz diorite is different from the results for other three
kinds of volcanic rocks. Wave velocity - water content curve is affe-
cted also by the porosity of sample. The experimental results are
summarized in Table 2.
Leferences ( in Japanese )
1) Kunori, 8. , M. Abe, and T. Saito : Study on Weathering of Granitic
Rocks ( 1 ), BUTSURI-TANKC ( Geophysical Exploration ),
Vol.24, No.l, 6-17, 1971.
2) Saito, T., M. Abe, and S. Kunori : Study on Weathering of Granitic
Rocks ( 2 ), ditto, Veol.24, No.5,10-15, 1971.
%) Saito, T. and M. Abe : Study on the Physical Froperties of Weathred
Igneous Rocks by Schmidt Test Hammer, ditto, Vol.26, No.l,
19-31, 1973.
4) Abe, M. and T. Saito : Variation of Elastic Wave Velocity with
Saturation in Igneous Rocks ( 1 ) : ditto, Vol.26, No.4,
5=-1%, 1973.

5) Saito, T. , M. Abe and S. Kunori : Study on Weathering of Volcanic
Rocks ( 1 ),{ 2 ),ditto, Vol.27, Ho.l, 1974.
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Table 1. Zones of weathering
Zome of Weathering profile Colour of rocks
- Quartz Volcanic| Quartz . . Friability Teatures of fissure
weathering diorite| rocks diorite Andesite| Dacite Basalt
N 3 dark |reddish | light | very friable with Rock structure is
’ L brown |browvn brown hand barely retained.
I brownish| dark [reddish | light { very friable with Cracks are filled up
gray brown | brown brown hanmer with debris and clay,
brownish N ked irregul
3 brown |brown | light |frigble with hammer | Darked irregular
gray brown cracks
. biight ;ight ilght bliro;:- hardly friable with | ji . 0u1ar cracks
e — rown . | brown Light hammer
1 gray bluish | greenish| dark not friable with joint only
gray aray gray hammer
Table 2, Surmerised experimental results.
Quertz diorite Andesite, Dacite, Basalt
Zone of weathering 1 2 3 4 1 2 3 4
Longitudinal wave velocity (Km/s) | >4.50 [4.50-3,00 |3.,00~1.50 | 1.50~0.60 | >4.50| 4.50-3.00| 3.00-1.50| 1.50-0.60
Transversal wave velocity (Km/s) 22,60 |2,60-1.75 | 1L.75=0.75 [ 0.75-0.30 >2.60] 2,60-1.75] 1,75-0.75| 0.75-0.30
Dry density (g/cu) >2.80 | 2.80-2.70 | 2.70-2.45 | 2.45-1.95 | >2.45| 2.45-2,20| 2,20-1.80] 1.80-1.20
Effective porosity (%,) <1.5 1.5-3.0 | 3.0-8.0 | 8.0-25.0 [ < 10 10-18 18-30 30-60
Compressive strength (Kg/cn') >1000 | 1000=300 300 > >1500 [ 1500-6C0 600 >
Bebound value by Schmidt > 60 60—45 45-30 30-0 > 55 55-40 40-25 25-0
test hasmer
Longitudinal wave velocity < 30 30-60 60~140 140-250 0 0-15 15-60 60-150
inerease with saturation(%/,)
Degree of mineralogical 1 2 3 1 2 3
veathering
Altered area in feldspar () [< 10 10-16 16-22 | 22<
Ve Vo
Feldapar degree of nlteration t\névs . Vel o = Ruatz donle
( %sﬁ,“ pe—nrm v i """“g
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EFFECT OF WATER SATURATICN TO VELOCITIES OF ELASTIC WAVES,
ELASTIC CONSTANTS AND COMPRESSIVE STRENGTH OF ROCKS

Michito OMI and Masayasu INOUE

Kumamoto University

In order to reserch for the degree of variation of elastic
waves, elastic constants and uniaxial compressive strength due to
water content of rocks, the authors have carried out an attempt ex-
perimentally and theoretically for various kinds of rocks. The
samples used in this investigation are sandstone,andesite,granite,
tuff and lava collected in Kyushu district.

Velocities of elastic waves were measured by means of an ultra-
sonic pulse method and a resonant frequency method.But when elastic
constants are calculated from pulse velocities, velocity of shear
wave is not always reliable at the present in its measurement. In
this investigation, then, we have carried out measurement of two
velocities-a dilatational wave Vpz by pulse method and a longi-
tudinal vibration Vyg by resonance frequency method.

Shear modulus, bulk modulus, Poisson's ratio, density and
longitudinal frequency are denoted by u, K, v, p and f,respectively,
then Ve,V ,and v are approximately expressed by Eq.(1),(2) and (3).

K+ (4/3) M1
Vi = / [ @ 1 | oo
V= 244 = /_‘%_ ) 4.2|-Fine Sandstone z :
= Ve /V

v F (Vee/Vre) (3) v”b’

In the measurement of the resonant 38 <~
frequency, as the rock specimens were J;ﬁ:r4><nﬁ>
not ideal bar but have some radial di- |

AT
>

Velocity (km/s)

mensions.But the authors have neglected

this correction for it because it will

Vnzo,p—1r°'°‘”L
be less than 1%.The typical examples of Ai)tb X

change in Vp, Vg with saturation are Andesite
i . Vre
shown in fig.l. kak>4>4}4>4>—o+}4>oo
3.6 1 i i

An interesting result was obtained 0 50 100

for weathered rocks. It is that degree Sr (%)
Fig.1l Change of Velocities
with Saturation

of the velocity change with saturation



is different for the same kind of rocks 5 | Y
which have various stages of weathering. ﬁr>01ﬁ°1r_1174r0—4>_6

Results of the measurements of Vp on the 4 |
various weathered rocks which are coarse py Coase Sandstone
sandstones in the Tertiary are shown in Q ( ;
fig.2. £ 3
We will attempt to apply the theory ~ ¢
of porous elastic media which were de- b
P ::-2’0<Lun’qn°“__o;xfr

rived by Biot for our results except the
weathered rocks. Velocity of the dila- 1 :25#
tational wave in porous dry rocks is

given by Eq.(4),

0
p . Kpt+(43)H 0 50 100
Vdry“ i1-6)e (4) Sy ('ﬁ)
where, Ky is bulk modulus of the porous Fig.2 Velocity Change due to
dry rock, ¢ is porosity and ps is density Degree of Weathering

of the solid material. At low frequency
range, velocity of the dilatational wave in water saturated rocks
by taking an average of Poisson's ratio v=0.2 is expressed as fol-

lows,

I (1-Ky 7Kg 7 1
v = 2
sats0 [¢ K (1 9) K K/ K +2Kb] 3 (5)

where, p=(1-¢)a+tén, Ks,Ks are the bulk modulus of solid material
and fluid in pore. At higher frequency range, the velocity is ex-
pressed by Eq. (6),

vt _[ee/ept =) (1-f—2¢4/%) ﬁ_l
sat«03 [ (1 ¢ ‘g) KS+¢ "'Kf +2Kb x p(l—'—gf.;) (6)

where, B=Ky/Ks, x 1is a mass coupling factor(=1-~3).

For further progress, basic 15 -
knowledge of the bulk modulus is % Sandirens (byghviLicher il
ired. Usi a K . o Sandstone X
required. Using van der Knaape's e Conglomerate "
definition of pore compressibility, 10 4 Andesite x ¢>°x
the relation between elastic con- . DS ¥ 04 X
stants and porosity can be written { L N
by Eq.(7). We have decided this co- ¥ w9 % |oo
efficient from our experimental 5 X Eb’,,r’EFf
Ks/Ko= 1 + c¢ 7) = \b
data. Those are 50 for sandstones 1
d 14 for andesite, tuff etc. We
- % 0 0.1 0.2 03
used 37.9x10' dyn/cm?® of quart:z é
for Kg in this calculation of c. Fig.3 Ks/Ku as a Function of ¢
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A calculated relation between the dila- 6 J |
tational wave velocity and porosity is -E-:-=1+50¢
showed in fig.4. 5 b v=0.2 ]
Change of Poisson's ratio due to
saturation are showed in fig.5. It is ‘
Cam
evident from this figure that Poisson's ¥ 4 |
ratio increases with saturation..Change 5 Vsat-oo (x=1)
. 5 I
of it for sandstone is the most remark- VB Q( Veat-oe (=3)
able of all rocks. Now we will attempt -
-
to explain this increment of Poisson's
. . N\ Vset-o
ratio based on the theory of porous 2 >
media. Stress-strain relations of fluid Vdry |
saturated porous media were as follows,
1
0i; = 2ueig+ (Ae+Qe) i 0 10 20 30
-p = Qe + Re } @) $ (o)
. . ig.4 Velocity Defference
where, A,Q and R are the Biot's elastic Fig.4 bthZényDry and
constants, p is the pressure acts on Saturated Rocks

pore fluid part, oj;,e:;; are the

stress and strain tensor of 035 '
solid part, and the volume ‘=Eﬂgé;i
change of the solid and fiuid o—o P ’OJo’
part are denoted by e and €. 025 5’5’ |
e e S

In order to simplify the 1
treatment, it was assumed that 6,,——"
plane waves will propagate at 0156 50 100
low frequency in closed system. Sy (%)
The stress-strain relation ' Fig.5 Change of Poisson's Ratio

] . . with Saturation
under this assumption 1s com-

pared with a classical stress-strain relation, then,Poisson's ratio
of fluid saturated porous media is expressed by Eq.(9).

] Pl T
v w2 ) 4

While, strength have a different tendency of change due to
water content to that of velocities. The uniaxial compressive
strength changes in the form of following exponential relation as

a function of the water content of rocks in our experiments,

g, = a6 "¥+ ¢ (10)

where, oc is uniaxial compressive strength (kg/cm?®),w is water
content (%) and a, b and ¢ are constants.



SOME CONSIDERATIONS ON
ELASTIC WAVE VELOCITY OF ROCKS

Takeshi OKUBO, O0YO Corporation

1. Introduction

Recently in order to investigate and evaluate the engineering
properties of rock masses , the measurements of elastic wave velocity
have been usually carried out. It is well known that elastic wave
velocity of rocks 1s ralated to its elastic moduli (Young's modulus
, rigidity, Poisson's ratio, etc.), which are largely influenced by
the states of pore, water content, pressure, temperature and so on.
Accordingly, for knowing sufficiently the physical and mechanical
properties of rocks from its velocity of elastic wave, it is nece-
ssary to make clear the relationship between elastic wave velocity
and the above-mentioned factors of rocks.

While there have been a number of experimental studies on this
problem, author again examines some interrelations in this paper,
on the basis of extensive test results by rock specimens obtained
at various locations in Japan.

2. Tests procedure

S5cm cube-shaped and cylinder-shaped test pieces which ratio
between diameter and length is nearly 1:2, were made use of in the
present study. The tests were performed about velocity of longi-
tudinal wave, bulk density, efféctive porosity and static Young's
modulus, by rule of the principle of the Japan Industrial Standards
and the Society of Exploration Geophysicists of Japan. Besides,
the tests were carried out at the two conditions that are dry state
and wet state. These states are defined here as follows.

dry state ; drying the test pieces in the oven at 110°C above

24 hours.
wet state ; immersing the test pieces in water during about
48 hours.
3. Summery of test results
By arranging about a thousand sets of data obtained by the te-
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sts, the relationships between velocity of longitudinal wave and

other physical properties have been got, in which, as the velocity

value, that of dry state was employed.
The relation of velocity

of longitudinal wave to bulk de-

histogram of density

nsity is shown in Fig.1l, with 7

L3

those histogram in each kinds of o igneous rocks

rocks. It is seen from this fi- (ﬂdﬂwﬂfefa)
[;_ ?ﬂt?.?OZD:C era
gures that they have a tendency & sedimensary rocks |/
. : ( tertiary period )
concentrating at a fixed range x metamorphic rocks [

en
+

for respective rock kinds, as

{kn/eec)

d S

. i T
explained so far. / 5
¢ E

Fig.2 represents the int- =N, ;o 4" o

. 3 1 J #h <
errelation between velocity of Q / E“aaf &
3 = 3 = R oa g 3
longitudinal wave and effective g yRm &
) 7 o A Y i

5 g 5 e 3 - “
porosity. As shown in Fig.2, g A nrmats 3 2

velocity decreases remarkably
LhiSme
fact indicates that effective

with increase of porosity.

porosity will have influence co-
nsiderably on longitudinal wave

velocity when pores are saturat-

ed by water.

._J \K:,::?é. 4

o Sedimentary rocks

-
I3
>

i~

! ! M

Consequently, for 0 ! -
investigating how the saturation

of rocks effects on its longitudinal wave
velocity, velocities of dry state and those
of wet state have been compared and are shown
in Fig.3, in which the curved line is calcu-
lated one by the theory of Gassmann (1953).It
is observed that the test results approximately
correspond to Gassmann's curve in where the
velocities are more than 3 km/sec, while many
of velocities rather fall by containing water
The

latter fact may be caused by chemical changes

at the area of under 3 km/sec of those.

or bulk variations of matrix and clayey mine-
rals with water saturation of rocks.

In Fig.4, dynamic Young's moduli calcu-
lated from the longitudinal wave velocities

densities »
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by the theory of isotropi-
cal elastic body are comp-
ared with static Young's
moduli determined by the
uniaxial compression tests
on the same pieces. It is
noted that dynamic Young's
moduli are several times
as large as static Young's
moduli in whole data, whi-
le beth evaluations become
nearly equal at their val-
ue of 106 kg/cmz.
4. Conclusions

From the test resul-
ts, the following conclus-
ions have been derived.
(1) Velocity of longitudi-
nal wave of rocks increas-
es 1in proportion to its
bulk density, and decreas-
es in accordance with bec-
oming porous.
(2) Velocity value varies
with the existence of wat-
er in pores. That grows
large by containing water
in general, but reversly,
grows less in some soft
rocks.,

dynanic elastic modeli & (X100 wglemt}

AT st

A
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)
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&
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> G, Bl 5 theoretical cuwrve by
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Fig,3 Camurison of wlocitiss betwen dry state and wet state

zm_
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Static elastic moduli E (X1 kgfen®)
Fig.4 Dynamic Yong' s moduli and static Yorg' s moduli
(3) The relation of dynamic Young's modulus to static one is non-
linear, while there is considerable correlation between the two.

These facts may be admitted as a general trend respectively.

However, 1n detailed observations for each correlation figures,

there is a scattering of plotted points, which may suggest a charac-
teristic of rock properties.

Therefore, it will be important how

to interpret the scattered data in each correlation figures for ex-

plaining the physical and mechanical properties of rocks.



INDICATION OF MECHANICAL PROPERTIES
OF GRANITE

Ryunoshin YOSHINAKA, Saitama University

Kozo TAKAHASHI, The Honshu-Shikoku Bridge Authority
Hiroto OCHI, ditto

Koji ISHIXAWA, Chuo Kaihatsu Corporation

ABSTRUCT
There are several ways to designate mechanical properties of
rock masses. The properties used in the indication are called
Index Properties. In this report we'll show the relation between
indexes and its mechanical properties. Rocks investigated herein
are granite which destributed in the Inland-Sea region of Japan,

INDICATION FOR THE DEGREE OF WEATHERING
There are two ways to indicate the degree of weathering, the

one is according to chemical compornents, the other is to physical
properties. For the fomer, WPI (Weathering potential index} and

PI (Potential index) are well known. o o~

o~
WPI from fresh to strongly L \(EJ ®: Ju uniaxial comp.
weathered granite in this region g' §’ ";( strength
takes about 0710 and its PI is ;;?)I 08(; °.l ®.57tensile strength
around 75, those values are not P —,!i X:Tbcohe sion
enough to distingish the degree N3 (triaxial Test)
of weathering. On the other hand o /1 Porosity
100 1000

the relation between 2Fe203/(Fe0+ =
Fe203) and the ignition loss of

biotite at 800°C is linear on the
rectangular-coordinate, and 501500
ZFeZOS/(FeO+Fe203) takes 1477,
the ignition loss 0.25%0.85%.

Therefore it seems that both can

be weathering indexes,
An example on physical pro-
perties is shown in Fig. 1. Poro-

St(kg/crﬁ)IO

sity is closely related to com-

pressive strength, tensile . .
1 Porosity and mechanical
strength, shore hardness and properties of granite

11
o
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others. It seems that porosity is a good index for granite.

DESIGNATION OF BORING CORE

Boring cores reflects various conditions of rock mass, the

relation between RQD and density of cracks N (per meter), and RQD
and deformation modulus with pressiometer (Eb) are shown in Fig. 2
and 3 respectively. It is obvious that RQD and E, indicate the

deferent properties of rock mass. ,
100 A
oL . 2 |8 L ] ol L
: {Qu »300kg/m) 8 ® .
: GP S %
80 5 i ¢ o o
: > L . ey
s — : qﬂ ° P
{ ug 4 L 4 o ]
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o . . ® L : Y ° ® ..ﬂ
H 6 ® L J %
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4 o
|00 [
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0 L] L L) = x 2 .
o] 5 0 15 20 .
Number of crucks per meter
1
N 20 40 €0 80
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Fig.2 Number of crucks and RQD

Fig.3 RQD and E
GEOLOGICAL CLASSIFICATION b

Rock masses can macroscopically be classified into six groups,

according to the degree of weathering, the length and shape of
core, the condition of fissures. They are A, B, Cy, Cm, CL and D.
Earch classified group has some correlation with RQD, N, Eb and

so on. Fig. 4 shows the relation between Eb and geological classi-

fication.

VELOCTTYLOG
When we compare the velocity with sonic logging (1) to the

velocity of core sample (2), (1) is generally smaller than (2) in
both P and S waves. Therefore there are attempts to get the index
of soundness of rock mass by the ratio of both velocity. But in
the region concerned, it can't be applied for the reason of no

remarkable difference between both two measured velocities.
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INDICATION WITH PLURAL INDEXES

As mentioned above, it is difficult to indicate the compli-

cated rock condition with single index. So we propose the indi-

cation with plural indexes.

The indexes to be used are chosen from the properties closely

related with the purpose for classification, and mainly taken from
the bore hole investigation. For example, there are indication
with RQD and shore hardness to evaluate the shearing strength of

rock masses, with Eb and Vp to evaluate the deformability, and

so on,
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A STUDY ON THE WEATHERING PROPERTIES OF
DECOMPOSED GRANITES

Shin-ichiro MATSUC, Kyotc University
Kouhel SAWA, Akashi Technical College

INTRODUCTION
Decomposed granite soils, which are called MASA-DO in Japanese, are widely
distributed in south-western part of Japan. Thelr engineering-geclogical
properties have been studied by the committee ‘o reseach on MASA-DC in JSSMFE.
On the consideration of the engineering properties of the soils, it is important

to reseach the weathering processes or patterns. In this paper, the alteration

of the grains of decomposed granites is studiedl), and the weathering properties

. . . . 2
of the soil grains are observed by using an electron microscope )’3).

SAMPLES AND METHODS OF EXPERIMENTS

Decomposed granite samples are 3 from Mt. Hiei near Kyoto (Hi-A, B, C), and
3 from Mt. Rokko near Kobe (Ro-4A, B, C). Both A samples are fresh rocks and C
is more weathered. From these samples, 10 X 10 X 30 mm specimens are made, and
a simple tension test is carried out by using the equipment such as Fig.1.
After the observation of the fracture surfaces, the percentage of the areas of
intra-grain fracture (quartz-quartz and feldspar-feldspar) and of inter-grain

fracture (quartz-feldspar) are obtained. Hence, as the proportion of mica is

generally less than that of quartz and feldspar, and it has the same properties

of weathering as feldspar, so the

guantity of mica is included in 50 1
feldspar. g% o E §
40 S § |
i) e =
& >~
Bl oo e
30 —a o == o ¢~a
o o ~—
Specimen Bolt & Nut g - =) oo B
_-Clip G B O . 33 So°
20 | >~ o oo B —
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Fig.1 Equipment of simple Fig.2 Weathering degree vs,

tension test.

inter-grain fracture.
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ATTERATION OF GRAINS OF DECOMPOSED GRANITES

Fig.2 shows the relstion between the weathering degree (shown by an unit
weight) and the percentage of the inter;grain fracture. With more weathering,
the latter increase. Thus, it appesars that cracks occur at the inter—grain be-
tween quartz and feldspar at the first stage of weathering, as combinning forces
of minerals decrease; and that fracture occurs at the weskened grain-boundary.

Fig.3 shows the relation between the inter-grain fracture and the intra-
grain one. As the former grows with weathering, the latter of both quartz end
feldspar becomes reduced. The decrease of the intra-grain fracture means that
the fracture doesn't penetrate the interior of grains because they are strong,
and also that grains aren't yet weakened by weathering. As shown in Fig.3, in
Hiei samples the decreasing quantity of intra-grain fracture of feldspar is
larger than that of quartz, so it is clear that feldspar deesn't alter with
weathering, and that an effect of weathering appears in quartz. On the contra-
ry, in Rokko samples it is evident that feldspar alters and quartz is strong.

Weathering can be classified physical one and chemical one, and these two
types of weathering are usually combined. In general, feldspar is altered by
chemical actions, while gquartz is stable. On the other hand, physical actions
work on mainly quartz. Under this hypothesis, it is evident that Hiei samples
examined here, takes mainly physical weathering and quartz is crushed into small
grains; and that Rokko samples are subjected to chemical weathering and feldspar
alters and produces clay minerals. Thus, it is considered that the properties
of decomposed granite soils that result from physical weathering is different in

texture from those that are produced

by chemical one. o5 80 g
®
g 10—
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Fig.3 The relation between intra-grain and inter-grain fracture.
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MICRO CHARACTERISTICS CF THE SURFACE CF THE SOIL GRAINS
Photo.1 and 2 show the surface of feldspar grains of different weathering

degree. Photo.] shows less-weathered sémples, in which the distinct cleavages
due to crystal structure of feldspar can be seen and cracks are found along the
cleavage. Whereas, in the severely westhered one, the erystal structure of the
grain breaks down and clay minerals are produced (see Photo.2). Photo.3 is of
the surface of quartz grain. The cracks in quartz develop with micro faults.
The characteristics of the cracks of quartz are that they progress in all direc-

tions and that they are éharp and clear,

I

Based on these photographes, it is
? ! . : r : summarized that the fracture of feldspar
c ‘ : develops from fault points at cleavage,
and thatlfeldspar turns perfeétly into
clay particles. The fracture of quartz,
however, occurs from the inherent cracks

and takes place in the progress of these

cracks, Quartz, therefore, cannot

Ph . ) . .
oto.1 Cleavage of feldspar crush easily into small grains.

Photo.2 Production of clay minerals. Photo.3  Micro faults & cracks in quartz

CONCLUSION -
In this paper, it is evident that, with weathering patterns, the process
of alteration of rock-forming minerals is different and the texture of the

decomposed granite soils are various. Based on these results, the crushability

2},3)

of the soils can be considered .
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STUDY ON SHEAR STRENGTH OF ROCK

Ryoji KOBAYASHI, Tohoku University
Kiyohiko OKUMURA, Tohoku University

In order to find out the methods for measuring the shear strength of rocks,
various direct-shear tests have been undertaken by several investigators. The
defects of these tests, however, are ‘that both normal and shear stresses deve-
lop in the shear plane and that these stresses interfere with the reliable de-
termination of the shear strength. To eliminate unknown normal stress deve-
loped in the shear plane, a method of shearing with compression are proposed by
I.B.G.l). The test—device for measuring the single shear strength with compre-—
ssion is shown in Fig. 1. A eube -, or cylinder-shaped specimen (:) is placed
between two beveled dies (:) set up on a testing machine. When the test-device
is pressed vertically by the testing machine, both normal and shear stresses de-
velop in a shear plane defined by the beveled dies. The ratio of these stress-—
es is determined by the inclination of the shear plane to the direction of the
applied load. For each shear tests, the average normal stress ( On) and the

average shear stress (T ) are calculated by

P

On = —E——sino&——(}),’c——" cos k ~—(2)
where P is the compressive force (Kg), A is the shear area (cm®) and
Ot is the angle of shear plane inclined against the compressive force.

To obtain various ratios between the normal and the shear stresses, the
test~device proposed by I.B.G. must be equipped with the accessories of different
dies and wedges, however.

A new test—device for measuring the shear strength with compression is made
as a trial in this investigation. The test—device, as shown in Fig. 2 and Fig.
3, can be arbitrarily adjusted the inclination angle of the shear plane by set-
ting a pair of rotary-dies (:) and (:) . Then the rock specimens used in this
investigation are five kinds of rocks, namely "KIMACHI" sandstone, "IZUMI" sand-
stone, "AKIYOSHI" marble, "OGINO" tuff and "MURATA" andesite. Each specimen
for the single shear with compression is formed into a cube (35 x 35 x 35 mm’ ).

Satisfactory results in this test are usually to be obtained with the in-

clination angles ranging from 15° to 45°., Fig. 4 shows representative rock
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specimen after the test of single shear with compression, and this photograph
shows that the clear shear planes of these specimens are seen in the direction
of shear force.

According to Mohr's theory, the shear strength is approximately shown by
an intersection of T —axis and a common tangent drawing from St-stress cir-
cle to Sc—stress circle. The shear strengths in these cases are calculated by

following equations :

Sg—1 = “—SCL ——(3), Sg-2= IGid ——(4)
2 2 | Td iy — Td,
N Ge Sc

where Sc is the uniaxial compressive strength, St is the uniaxial tensile
strength and Td is the pure shear stress and equal to the uniaxial tensile
strength.

We then may consider the stress—circle in tension side of the T —@ co—ordi-

nates. If Griffith's theory hold, the eriterion for brittle fracture is
(81— €)'+ 8St( 1+ ¢3) =0 . if 6s+36<0 ——(5)
6r=5St , if G+36>0——(6)

In these equations, @&, and d3are two principal stresses, and 6i is alge—
braically larger than &s . Based on the theory postulated by Griffith, the
diameter of a maximum stress circle through St-point, which represents the uni-
axial tensile strength on Mohr's diagram, is equal to 48t, as shown Fig. 5.
Consequently, the Mohr's envelope is expressed in a common tangent drawing from
45t~stress circle to Sc—stress circle, which represents the uniaxial compressive
strength. In this case, the shear strength is approximately obtained from an
intersection of T -axis and a common tangent, and can be calculated by using
the following equation :

Sc- S5t

Sc_3 = » if S5c>35¢
®7 7 2ls(sc—350)

Griffith's theory is reasonable in the tension fracture but cammnot fully
explain the compression fracture of rocks. It is considered that the compre-
ssion fracture of rocks can be explained well by Mohr's theory. For purpose
of correcting the weak points of both theories, the failure envelope in this in-
vestigation is described by the combination of both theories. The failure en-
velopes of various rock specimens shown in Fig. 6 are based on above consider-
rations. The experimental points in these figures are obtained by the test of
single shear with compression, and represent the relationship between the shear
strength and the normal stress developed in the shear plane of rock specimen.

The failure zones represented in the shadowed portion of Fig. 6 are formed by
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these experimental points.

The shear strengths of rocks may be approximately

estimated by the failure zone, because the failure zones approach to a failure

envelopes in the vieinity of T

1)

G. Everling :

-axis, as shown in Fig. 6.
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VARTIATION IN THE CHARACTERISTICS OF
DEFORMATION OF CEMENT MORTAR AND MARBLE
DUE TO TRANSITION OF STRESS STATE

Toshikazu KAWAMOTOC, Fagoya University
Kazumasa TOMITA

l. Introduction

)

It was found in the previous triaxial tests!’that cement
mortar, which seems macroscopically to be homogenecus and isotropic
, exhibits the anisctropy cof deformability not by the intrinsic
property of material, but by the transitiocn of stress state, and
that the internal change of texture of material depends upon the
degree of its porosity. In this study, the triaxial compression
tests by Experiments I and Il were performed for cement mortar and
marktle specimens in order to investigate the relationships between
the characteristics cf deformation and the stress states in rela-
tion to the textursl change =znd the degree of anisctropy. The
term of the textural change is used 1n the sense of the change of
deformability of material due to the hydrostatic stress and the
term of anisotropy means the change of deformability due to the
deviatoric stress.
2. Specimens and Experimental Procedures

The cubiec specimens of cement mortar used in the tests had a
dimension of 10.8 cm in length of each side and made of ordinary
Portland cement and Toycura standard grained sand. Their mix
proportion in weight is water : cement : sand = 0.65 : 1 : 2.
The age of specimens at testing was twenty eight days and the
specimens had the mean uniaxial compressive strength of 366 kg/cmz.

The cubic specimens of marble were intrinsically isotropic and

® and the

homogenecus and had a dimensiocn of 5.5 x 5.5 x 5.5 cnm
uniaxial compressive strength of 797 kg/cmz.

The testing machine consists of three pairs of jack and the
loading capacities of jacks are 100 ton for the horizontal two
pairs and 200 ton for the vertical one pair. Experiment T was
performed for cement mortar and marble specimens with the loading
hysteresis. In Experiment II, the triaxial tests of cement

mortar were carried out for many kinds of loading patterns.



3. Experiment I

125f  Owaloe

( a ) In order to discuss the change of
texture due to hydrostatic stress, the

following loading procedures were appli-

o foe

ed to cement mortar and marble specimens.

The specimen was firstly subjected to

the hydrostatic load to a prescribed

o] 005 010 015 Q20 €25 030

mean (octahedral normal) stress state, £ ()
. . Fig. 1. (a} Siressstrain rejationships of mertar
and then it was unlcaded from this state. specimens after subjected to historical hydro-

Secondly, the specimen subjected to such L

a loading hysteresis was reloaded uni- PO, |
axially and the axial deformation of Zé?—
specimen was measured. The stress- g ﬁf}____
strain relationships under uniaxial com- gam | x/// =
pression after subjected to historical // o
hydrostatic stress are shown in Fig. 1. ozs|— S5/~ Y e

{ b ) The following loading patterns {/ i
were applied to the specimen in order to 0 oS aaﬁd 015 00
discuss the degree of anisotropy of Fig, 1. (b} Stressstrain relationships of marble

specimens after subjected to historical hydro-

material after subjected to the deviato- ol

ric stress. The specimen was first-

ly loaded hydrostatically to a mean e i

stress state and then was subjected to Qﬁgﬁﬁjéﬁﬁg y//w’
the prescribed deviatoric stress state v j (/ ]
keeping the mean stress constant. 6 {/;//
Secondly, the specimen was unloaded re- 0251 4 c?wWMn
versely and was successively loaded uni- :é i

¢} 005 010 015 020 025
axially in each direction in order to £ ()
Fig. 2 (a) Stressstrain relationships of meortar
specimen after subjected to historical devia-
toric stress,

measure the anisotropy of deformability.
Some stress-strain relationships of the
specimens after subjected to historical Cemy |

) 100~ 62155
deviatoric stress are given in Fig. 2. Onoct! G=3.59

The degree of anisotropy is estimated 0.75 F—=—=
by the variation of Young's modulus in
each direction as shown in Fig. 3.

4. Experiment II
p 025 c® direction

i
>

In this experiment, the cement :2 .
mortar specimens were loaded triaxially 0 0os 010 015 020

£ ("3

e i i g
under the following loading p atleria Fig. 2 () Stressstrain relationships of marble

specimen after subjected to historical devia-

loading with constant confining stress "
toric stress,
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( e=1 ), loading with constant ratio of 0;/03 ( ¢c=2 ) and loading
with constant mean stress ( c-3 ). These stress paths are shown
by the relationship between p = ( g, + 203 )/3 and q = ( g, - g3 ¥
with various parameters in Fig. L.

Fig. 5 shows the comparisons of Young's modulus in the axial
direction obtained under different loading paths. In order to
confirm the degree of anisotropy procuced with the change of stress
state, the wvalues of the ratio of Young's moduli in the 0;- and O3-
directions are plotted in the locations indicating the stress state
as shown in Fig. 6. Thig figure suggests that the anisotropy
hardly appears due toc the deviatoric stress when the confining
stress is comparatively low, but the anisotropy appears rapidly

with the increase of the deviatoric stress under the high level of
5.

confining stress. o
{a) 0y direction
Reference S 4 :2 -
1) T. Kawamoto, et al., Proc. of 2nd ‘?3
[
Cong. of ISEM, Beocgrad, 2-2, (1970). Zro % V .?m%
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A STOCHASTIC ASPsCT OF THE FATIGUE
FATLURE OF ROCK

Yuichi NISHIMATSU, University of Tokyo

1. Introduction

It is well known that the result of standerd rock strength test shows
a fluctuation wider than those of metallic materials. This suggests that
the result of fatigue test of rock would show a much wide range of fluctu-
ation and it needs some stochastic approaches to evaluate and discuss the
test result.

In this paper the asuthor would give some typical results of fatigue
test of rock and discuss on the stochastic distribution of fatigue life
related with the failure process of rock.

2. Experiments
2.1, Test apparatus and method

The fatigue test of rock specimen is carried out under the pulsating

compressive or tensile load by means of a standerd Losenhausen type fatigue

testing machine, Therefore, the applied stress is given by

O = O + Og-tn (RTCwt +¢) ¢1)

where (J,, is the mean stress and greater than the stress amplitude C,, wis
the freguency of loading which is kept in 5 Hz.
2.2. Preparation of test pieces

The test piece is cored from a block of rock sample and cut with a
diamond wheel saw., The both end faces of test piece are ground on the
grinding table and furnished to be parrallel with each other within the
accuracy of 125/1000 mm.

The test piece furnished by this procedure for the compression fatigue
test is a cylinder of 20 mm in diameter and 40 mm in height. However, the
test piece for the tension fatigue test must be a dog-bone shape. Inorder
to prepare such a dog-bone shaped test piece, the rock c¢ylinder of 40 mm
in diameter and about 150 mm in length is furnished by the procedure des-
cribed above. The both end faces of this rock cylinder are glued to the

steel end caps by means of the alignment jig which has been developed in
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the author's laboratory. After drying out the adhesive, the section of
rock cylinder is reduced and aligned over about three quarters of its len-
gth by means of the grinding lathe. The dimension of furnished test piece
is 30 mm in effective diameter and about 60 mm in effective length. liore
than 15 test pieces are tested under the same test condition.
3. Stochastic didtribution of fatigue life

The thecory of mathematical statistics indicates that the mean freguen-
¢y P, of thevth among n ordered observations is given by

v
=75 (2)

Hence, the probability that fatigue 1life is greater than N, i.e. the
frequency of survival P(N,) is given by
U

RANY =8 = POt (3)

where N, is the fatigue life of the L th among n specimens in increasing
order of their fatigue lives,
The test result is plotted on the diagram in which the ordinate is
the logarithm of the fregquency of survival calculated by
535, (2) and (3), and the abscissa
is the fatigue life. This diagram
is named as the P«N diagram and {B

: Sanjome Andesite
should be distinguished from the (0118

375+30%5¢

S-N diagram or Wohler diagram.

Two examples of P-N diagram

obtained from the fatigue test of

" " N " L s L i
a two-pyroxene andesite are shown 01 2 3 4 5 6 7 8 95124
X
in Figs, 1 and 2, All of test 10
results give curves opening upwards Fig. 1. P-N diagram of the comprescion

on the P-N diagram. These curves fatigue test of a two-pyroxene andesite

are explicitly expressed as

—-A1N —AzN

Pn)=%,0 +52 £ (4) 1%&‘\ Sanjome Andesite
where §,and $;is called the dis- 5 °°———oo_________
tribution factor and §, + $5 = 1. ] 2

It means that the process of I .
fatigue failure of rock consists Q]? = A %?I%O{a%tl -
of two Poisson processes of the ! 5 10 14 N

step one, in parrallel and exclu- _
Fig. 2. r-N diagram of the tension
gsive mutually. The probability of .
fatigue test of a two-pyroxene andesite



the failure with one of these two processes is §| end the rate constant,
i.e. the probability of failure occurrence with this failure process per
unit cycle of pulsating loading is A, The suffix 2 means those of the
other of these two failure processes.

The test results shows that Azis about 100 times greater than Ay
Considering the resultis of petrographical and microfractorgraphical obser-
vation, it is suggested that & process with the smaller rate constant cor-
responds to the intragranular fracture and the other one with the greater
rate constant corresponds to the intergranular fracture.

If the probability of survival is given by Eg. (4), then the mean
fatigue life is given by

N = 5 + jig (5)

4. The effect of stress amplitude and mean stress on the rate constant of
fatigue failure
The fatigue test of two-pyroxene andesite specimen is carried out
under the appropriate combinations of several levels of siress amplitude
and mean stress for both of pulsating compressive and tensile load.
The test result shows that the effect of stress amplitude and mean

stress on the rate constants is given by
S 9.7% ,Op 145
M=g13x10 ()" )

Ca i< 0 (6)
Aa=1.62x10° 2 ) (—gj_._)
for the compression fatigue test, and
i 9 , Om 2"S,£2é_ 15,4
M=6.97x10" (57D D, -

Aa=3.09x107 (2" cj;‘) P
for the tension fatigue test.

Furthermore, the static strength test of the rock specimen survived
after 10€;cycles of repeated loading shows that the static strength of the
survived specimen is not different from the mean strength of virgin speci-
men.

This fact suggests that the process of fatigue failure of rock is not

cumultive and serial one, but a process with a remarkable rate controling
step.

N



CONSIDERATION ON THE FRACTURE MODES AND STRENGTH
OF ROCKS UNDER COMPRESSION TEST

Masao SATAKE, Tohoku University
Hisataka TANO, Nihon University

Introduction This paper discribes a consideration on the fracture modes

and strength of rocks under uniaxial and biaxial compression tests. It is
known that fracture of rock specimen have two typical modes, i.e. one is the
cleavage type and the other is the slipping type. In this paper, the differ-
ence of these fracture modes is analysed and the idea of fracture mode ratio
is presented.

Case of uniaxial compression Oéa O%a
Cieavage type fracture The most dangerous inclination :
of crack is 0" as is shown in Fig.1 from the considerationl) =%= """ =
on stress concentration and propagation of energy. It can i ‘
be assumed that the uniaxial strengths (O, and Jz, are O Oza
given by
Oéa = X OF (1) Fig. 1
Jea =0y/B (2)
where (¥ and /& are the modification coeffi- 7 T =Tsa My O~
cients in compressive and tensile strengths /i
respectively and (= 1is the ideal ( or theo-
retical ) tensile strength. s
OB = Ofa/0sa (3) >
is usually called the brittleness factor of the U5 Y 0  Oa=0of
materials.

Fig.2
Siipping type fracture For this type of fracture,

the concept of Coulomb's criterion may be applied. In the rock like materisls,
however, it is necessary to introduce the ratio Ma of 7se and gz, which
corresponds to the coefficient of internal friction in soil mechanics. Thus
we have

T = Tsa+ Mal+ (4)

Fracture mode ratio Fig.2 explains the difference of possibility for

the above two fracture modes., Whether the line L becomes to contact the
circle 0 or not determines which type of fracture may occur. That is, if
Ma> Mz (5)
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Table 1

Com- Shear |TensileBrittle- |[Fracture [Expected |Modification

pressive Birength [Strength ness Mode Fracture |Coefficients

Strength Factor | Ratio Mode

Oca Tsa Cta * o,

(xg/ed) | (Kefed) | (xafed) *° Mo °
Jaspilite 6930 395 77.1 | 90.0 ls.1 4.7| ¢ (1.5] 60)
Limestone 1506 95 2.5 60.8 [5.8 3.9 5 2.0 30
Sandstone(1l) 1040 63 16.1 Ok . b 3.9 4.0 S 2.0 32
e 2470 123 35.0 | 70.6 3.5 4,2 5 | (3.0] 24)
Ivgarlstone 175)0 119 —53-6 52 'J: :5-5 3-6 3 2.0 :'6
Chert =250 203 69.5 32.6 12,6 2.8 C J.0 ] 16
Salt 154 15 6.0 | 25.8 2.5 .5 g 2.0 22
Sandstone(2)| 161 27 15.2 | 10.6 [1.8 1.6| ¢ 2.0] 5
Concrete 216 34 2h.5 CoD miLe6n 1 4IBC 00| .
Shale 365 1060 | 108.0 5.4 0.9 0.8 ¢ 20 | LM
Coal 112 1k 21.0 5.4 |o.7 1.1 S .0 1)

C: Cleavege type fracture S5: Slipping type fracture

where MZz =aB/2+f]+ & F , the cleavage type may occur, and if Ma becomes
equal to Mj , the slipping type may occur. In this meaning, Az will be
named the fracture mode ratio. Using the experimental results by WUerkerz),
fracture modes for various rocks expected by this theory are listed in Table 1.
[t is seen that Afa is approximately equal to Mz in almost kinds of rocks,
and this fact means that the fracture modes of rocks are not simply determined.
Putting & = 2 from the experimental reportss), it is found that /£ varies
from about 1 to 60 as is shown in Table 1. (For values with the round bracket,
=12 Kis ®not suitab]es)_)

Case of biaxial compression {

Cleavage type fracture This type of fracture

under biaxial compression may be explained by the
consideration on the stress condition at the top of

Q-

branch cracks. Assuming that the supperposition
law can be applied, the stress at the top of branch
crack is expressed as J e
Ox = K, 07 - K203 (6)
where K, and Kz are the coefficients for ¢ and (5 respectively in the
cases where they are applied independently. Since it is given, from the case
of uniaxial compression, that K, = !7y and Kg =f9, Eq.(6) becomes
O =X s +A 05 (7)
As is seen in Eq.(7), as s increases, the biaxial compressive strength [J-
increases. In such case, however, the circle O shown in Fig.2 may become
larger and will contact the line L, and from this reason the fracture mode may
change from the cleavage type to the slipping one.

STipping type fracture If the shear strength 75z of rocks is smaller




than the tensile strength (3, comparatively, slips

occur on the maximum shear plane (8 = 45°), before
the growth of preexisted microcracks: Such slips
may be distributed irregularly in practice, but the
regular case as is shown in Fig.4 will be considered.
When the concentrated tensile stress 3 which
occurs at the point with distance y  from the
ends of a slip becomes equal to ¢ , the crack
with length r occurs as is shown in Fig.4,
and the sYTipping type fracture may occur

along the line OP with inclination % 1in this
case. (% 1is given by the following
equation4):

o -7 &)z (8)

Thus the condition of slipping type fracture

under the biaxial compression is expressed as
7 B 20+ Ot )

Z (0 - 05) (9)

where £ =1/%=’\/CJTSP(Z,# =%% and %4 for

£ =1and oo respective]y)s)_ Generally

X is shown by a curved surface 2 in Fig.5. This figure suggests that

(1) when confining pressure (% increases, the inclination </ of slip line
decreases gradually and approaches to éi » (2) under the same value of the
confining pressure, rocks which have the large value of - get also the
Targe value of biaxial compressive strength Jj.
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A CONSIDERATION ON THE MECHANICAL BEHAVIOR
OF SCHISTOSE ROCKS

Takakoto SHIMOTANI, Umetaro YAMAGUCHI, Yataro SHIMOMURA,

University of Tokyo

1. Introduction ?

It is well known that the structu- n (lineation) n (]{113
re of rocks has important influences on
its mechanical properties, An investi-

gation was made to study the influence

of schistosity planes of green schist

of Bessi Mine, Ehime prefecture. (a) FIG.1 (b)
2. Experimental procedure

Uni-axial compression test and radial compression test were carried
out on the cylinder and disc samples, of which axes were as illustrated in
Fig. 1.

In the case of uni-axial compression test, more than 10 samples were
tested with respect to each direction. For radisl compression test, more
than 10 samples were prepared with respect to each direction, and about
the halves of them were loaded parallel to the schistosity plane (A type),
and the others were loaded perpendicular to that direction (B type). (See
Fig. 3)

3, Results “T;gk N .

(1) Uni-axial compressive strength varied 2000F T e

with the direction of loading, taking the minimum

-

value at 30-;45“ as shown in Fig. 2. Schematic

fracture surfaces were also shown in the figure,
(2) In Pig. 3, results of radial compression

test were shown with schematic fracture surfaces.
(3) Stress-strain curves under uni-axial

compression were shown in Fig. 4 with the angles

of loading directions. And, in Fig. 5, the curve
under repeated uni-axial compression in the case
of 75° loading direction wes shown,

(4) Tangent Young's moduli at each stress

level were shown in Fig. 6.



4, Discussion g@@@@ﬁb@
(1) Uni-axial compressive strength kg,q.ﬁ‘l -Q‘EEE& l

Adopting Coulomb's criterion of fajilure, mm- md%égﬁfﬁwe
and assuming, that i) the angle of internal fric-
tion is independent on directions, and ii) the
shear strength 5 on the plane which makes angle w §
to the weakest plane is given as S = So =~ 3)cosaw §
(where So, S are constants), J. C. Jaeger sug-

gested that uni-axial compressive strength of

sof —o— A 15 (o)
rock which contains planes of weakness of weak- s
ness varied parabolical as Fig. 2. o O 5 30 45 60 75 90degree

Above discussion means implicitly that mech- d)d)dDd)(b(b(b

anical properties of these rocks are homogenious

and isotropic except the shear strength. And if qﬂqﬁqéq@! %31

— guperior fracture s.Jrche
the shear stress attained specified value on a ==lillesy W
FIG. 3

plane, and in the case that secondary fracture (i. e. 'granulation' on

plane, fracture occured simultaneously on this

this created surface) did not occure, this plane turned into the fracture
plane,

As shown in Fig. 2, about the 0° direction, eminent fracture surface
was parallel to the loading direction. Un the plane parallel to the load-
ing direction, shear stress is 0, then by above discussion these surfaces

must be made by the secondary frac- '%@;g
{

15001 .
sustained the discussion phenomenal- SUSSE_SercLEve (TRord

ture, Therefor, experimental results

ly, but its mechanical interpretation
of fracture was not satisfied.

(2) Radial compression

As shown in Fig. 3, in B type,

significant number of samples were

fraectured along the schistosity plane.

Therefor this test migth be unlikly str
to obtain tensile strength, and the direct ten- |

1500
sile test must be tried.

On the other hand, in A type, eminent frac-'am
ture surfaces were parallel to the loading di-
rection, then, these values would give tensile

strengths,

(3) Stress-strain relation, Young's modulus

-3
J. B. Walsh suggested that downword convex O 12345678 ﬂmm
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stress-strain curve indicated the process of piPrgiem
the closure of cracks existing in rock under 2 Young's modulus
compressive stress, and showed that effec- o 7&?”*
tive Young's modulus Bef of continuum inclu- g 600
ding a crack was in plane stress condition F4] 500
for open crack; 1/Bef = (1 + 4nc’sin’g/v)/E, s
for closed crack; 1/Eef = 400
{1 + 4nc*sin? cosp(cosp - fsinp)/v}/E,---(1) 2
where, E; Young's modulus of continuum, ::
c¢; crack length, v; volume of continuum, 1 100
u3 coefficient of friction on the crack sur~ g e 9l0dggfee
face, p; the angle between loading direction FIGG
and the major axis of the crack. And he also
showed that the slope of the tangent of the stress- etiective Young's modukus
strain curve immediately after unloading gave the EﬁE —

0 closed cruck

value of E.

In the case of schist cracks may extend on the
schistosity plane, Then, the greater the angle be-
tween the direction of compressive stress and the
major axes of cracks, the easier the closure of
cracks may be. The relation of stress and strain in
Fig. 4 can be interpreted as above,.

Substituting ¢3/v = 1, and 4= 0.4, 0.6, 0.8 to

O = kh W+ tn b uw ® w

equation (1), the curves in Fig. 7 are obtained.

FI1G.7

relationship which corresponds the low stress level in Fig. 6 to the curve

Comparison of these curves to Fig. 6 reveals some

of open crack, and the high stress level in Fig, 6 to the curves of closed
crack, respectively. The increase of stress make the curves U-shaped in
Fig. 7. This is due to the crack closure.

5. Conclusion

The results obtained were as follows.

(1) The uni-axial strength was represented against the angle of sample
axes by & parsbolic curve having a minimum value at 30°.

(2) Radial compression test gave tensile strength, when loaded paral-
lel to schistosity plane, but when loaded perpendicular to this direction,
gsamples were fractured along the schistosity plane.

{(3) The mechanical behavior could be interpreted based on the theory
of Walsh, and assuming the presence of cracks elongating along the schist-

osity plane.



ONM THE SLIDING OF JOINTED ROCK MASSES

Tadashi NISHIDA, Kyushu University
Kazuo AOQOKI, Kyushu University

1. Introduction

The purpose of this study is to know the mechanical behavior of jointed
rock masses. 5o, we carried out a series of triaxial compression tests on
mortar specimens with a pre-formed joint.

The failure modes of jointed rock masses may be considered as follows:

1. the sliding along the joint
2. the fracture except the sliding
In many cases, there will be a combination of above two failure modes.

We study about the variation of properties of jointed rock masses, especia-
lly about the differential stress, apparent cohesion, and apparent angle of inte-
rnal friction, when the sliding occures along the joint.

2. Method of test

Triaxial compression tests were carried out on mortar specimens with joint
or intact mortar specimens. The size of specimens is b6-cm diameter, and 12-cm
length. For four different confining pressures, 0, 50, 100, and 200 kg/crof,
the axial load is increased at constant rate of about 5 kg/cm/sec. until the
fracture occures. The inclination of joint is from 0° to 90° at 10° intervals
in Fig. 1. The joint is bonded by synthetic adhesives. Five or six specimens
were tested for each inclination of joint, each confining pressure.

Then, the properties of intact mortar specimens used at tests are as
follows:

Uniaxial compressive strength o7 380 kg/cm?
Cohesion <. 80 kg/cm?
Angle of internal friction % 42°
And, the properties of joint itself are as follows:
Cohesion g 16.5 kg/cm?
Angle of internal friction ¢ 11°
3. Results and discussions
The curves of differential stress { Oy - ¢3) at fracture for four confining

pressures versus inclination of joint are shewn in Fig.l. They are all concave
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upward and roughly parabolic in form.

Increasing the confining pressure, the o
800

differential stress increases., The differ-

ential stress for 50°-specimens is the

least, and that for 0°-specimens is the 3;600
largest. The each failure mode of 0°-, 10} é;éoo
80°-, and 90°-specimens is nearly same as I
that of intact mortar specimens, but that 5

200
of 20°~, 30°-, 40°-, 50°-, 60°-, and 70°~

specimens is the sliding the joint. It is

understood that the differential stress of

jointed rock masses which the sliding

occures along the joint very decreases as Fig.l Variation of differential
compare with that of the fracture except stress (0;-03) With inclination
the sliding the joint. of joint &

Fig.2 (a),(b),(c), and (d), show Mohr
circle diagrams of 0°-, 30°-, 60°-, and 90°-

specimens. In the case of sliding fracture

(a)

along the joint, Mohr envelopes become so

straight as in Fig.2 (b),(c). In other o0

words, if Mohr envelopes are straight, we (8]

can understand that the jointed rock masses

1

'l L
200 400 600 800

may be fractured by the sliding along the 0 o

joint. 200r( D) zoo[ c)
Apparent cohesion C and apparent angle L L77<<§7,¢:<;:D

of internal friction P can be obtained from , 500 200

Mohr envelopes. The each curve of apparent [ Lre

cohesion ¢ and apparent angle of internal - d

friction ¢ versus the inclination of joint 6 Ei ( )

is shown in Fig.3 and Fig.4. These are so g:zoo

concave upward and nearly parabolic in form M

as the differential stress. In these Fig., 300 460 660 360

C, and §, are cohesion and angle of internal G ( kgfem®)

friction of intact mortar specimen, Cg and ?}
are cohesion and angle of intermal friction Fig.2 Mohr circles diagrams
of joint itself, respectively: i.e. apparent

cohesion of jointed rock masses exsists between the cohesion of intact rock mass
and the cohesion of joint itself, and also, apparent angle of internal friction
of jointed rock mass exsists between that of intact rock mass and that of joint

itself. The relations between apparent cohesion C and the inclination of joint



€, and between apparent angle of internal

friction % and the inclination of joint & - 80f------ Inhilbd EEEEEES Co
can be approximately indicated by following ‘%E /
forms, respectively. L

C=C§+a(6—r%mz [ g: radian]
and

P = 9[},+ b( 6 _%@)" ['f’,ﬁ: radian]
where

a, b : constants Here, 83,3 and

0.71 are given.
As described above, it is schon under- 69

stood that Mohr envelopes which the sliding Fig.3 Variation of apparent cohesi-

occure along the joint become straight. 80, o ¢ with the inelination of joint 8

Colomb's assumption, T =C + @g"tan P , can

be applied, when the sliding occures along

the joint. That is,

T=GC+ a(e“%)zﬂ'o"ﬁw{?ﬁ%@‘%ﬂ 40°£§{“"f"“"" ““““ 2

This eqation indicates Mohr envelopes which
O

the sliding occures along the joint. 30
4. Conclusions \ /

o

The following results were obtained f9~20
from triaxial compression tests on mortar 100____________ =g ?5
t

specimens with a pre-formed joint:

1. The differential stress varies with the

inclination of joint, and that very decreases 0° 30° 60° g0°
in the case of sliding fracture along the 69

joint.

2. And also, apparent cohesion, and appa~ Fig.4 Variation of apparent angle of
rent angle of internal frictiom vary with internal frictionTwith the inclina-

the inclination of joint, and those relat-~ tion of joint 2
ions can be approximately indicated by
following forms, respectively.
C=Ce+a(O-2F) , P=%+b(0-FF) [©: radian ]
where

a, b : constants

— (0 —



STRESS-DILATANCY RELATION
OF GRANULAR MATERIAL

Masanobu ODA, Saitama University

Rock and rock mass with high crack density, rock fill mater-
jal and so on are considered as granular materials composed of
irregular blocks or irregular particles. Sands and random mass of
photoelastic circular rods were tested to simulate mechanical res-
ponse of granular materials under the conditions of triaxial com-
pression stresses and of simple shear stresses. The experimental
results and theoretical analyses (see references 1) to 7)) are
summarized as follows:

1) As a first approximation, granular. materials are con-
sidered to be plastic anisotropically strain-hardening materials
composed of rigid, cohesionless particles. In order to get a
reliable stress-dilatancy relation of granular materials, it is
useful to assume that elastic strain and plastic strain due to
grain shatterings are negligible as compared with plastic strain
due to frictional slidings at some critical contacts.

2) Spatial arrangement of solid particles and associated
voids (fabrics) of granular material are characterized by three-
dimensional distribution of normals (Nj) to tangential planes at
contacts (Fig. 1) and by void ratio. The gradual concentration
of N; toward the major principal
stress direction plays an essential
role in strain-hardening of material
during both of triaxial compression
test and simple shear test. The
mobilized principal stress ratio (JEL)
has . . . 03
Close bearing on the fabric index

(éii) of granular mass which depends

on1§ on the three-dimensional proba-
bility density of Nj (i.e., E(a, B)),

as follows; Fig. 1 Normal (Nj) and

contact forces

—-GFl -



¥ Sz .tan‘(—%dt ?)

OF S Sr=
where x S ( l ) SOMA SAND
2 (20 ® 0.59"‘084(]"")

Sz . ,r: o E@B)sim2f3 dadf o 0.84~1.19 .
S T . L0
3 j S- 2 E &,3) cosol:Sim*B ot d B < Py
0 )T jzl :>,/
and q%(= interparticle fric- Oz °.° ////,/’

o

tion angle. Experimental ° °

) oF Sz 3 / °o/
relation between and —=% s * o

X
is well in accordance with the /o/oe
°

theoretical equation (1) ‘///,/’
throughout an early stage of 21> 2
deformation to failure, irre-
spective of initial void ratio
and initial fabrics (Fig. 2). | L SO SR

. av 1.O 1.5
The dilatancy rate ( I- 7z Sz/sx
of granular material has also
close relation to the fabric Fig. 2 Relation between G/03
index SZ’. and S;/Sxfor Soma sand

x
dv 4 Sz
i —_ = y ce o (2 'y
( dE,' ) a Ian{—ﬁf-“r E"?A) Sx ) Gﬂl Lg

Stress~-dilatancy is easily derived from . E____:wp\/\\\.
Eqs. (1) and (2). Ea\ ,\/0[ E;

3) Interparticle contact force at G

3
a contact whose normal (N3j) inclines to Y
7

Zat f3 can be estimated with sufficient

accuracy by the following equation N \\\
%
(distribution law of contact force): /f

Fui= £, 4503 | cosa simf3 |

Eﬂ' =ty 4503 | simx simp|
Fﬁzi=‘E2 43 G7 [ cos Bl

where F; , F,; and ?zt are contact forces resolved in the prin-

_ﬁﬁ =.§2. The distribution
; £

law of contact force given by Eg. (3) was suEported by the photo-

of stress and of
strain increment in

Fig. 3 Principal axes
(3)
simple shear test

cipal stress directions (Fig. 1), and

elastic analyses on two-dimensional model.

4) The both of principal axes of stress and of strain incre-
ment rotate gradually during simple shear test of granular mass.
The direction of principal stress is estimated from the following
relation between stress ratio (g%%) acting on horizontal shear



plane and inclination angle (V) of principal stress axis to ver-
tical direction (Z ) (Fig. 3):

fc

zgi'z e ﬁﬂ”l‘p - (4)

where W is a material constant for a given granular mass. Using
Eq. (4), the stress-dilatancy relation can be determined by taking

into consideration about discrepancy between principal axes of

. stress and of strain increment as follows:
b wses- Pt Er 20 -1} - St b1} g,
S COSZ‘(%—WJ{KM(%%%JH}—T{Jtamj(wa—ﬂ)-:}

where -t-o_ F} S=g'—;—6-3 , B."" é.“é_a,} e é,"'é;;
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FILL-TYPE DAM AND SOFT ROCKS

Takayasu YAMANO, Toyama College of Technology

For the civil engineering use, only a little attention has been paid to
mudstone, sandstone and tuff, generally named "soft rocks", because their
pronerties are inferior from the view point of rock mechanics, Recently, se-
lection standard for fill-up materials for fill-type dam has been changed and
the soft rocks has come to be used for rock materials. For instance, Azuma
Dam in Hokkaido constructed in 1971 is a central core fill~type dam, which is
38.2m in bank height and 542,000 in bank volume. There, since suitable mate-
Tials were not avairable, soft rocks ( mudsione and sandstone )}, base rocks
in the area, were used in the permeable zones at upper and lower courses,

The amount of the rocks were slightly over 70% of the bank volume, The
rocks were quarried by blasting,carried to the bank and then tamped. In the
case of Azuma Dam, while durability of the soft rocks was lower than reqire-
ment for concrete apgregate and the possiblity of weathering of the rocks was
not neglisible, the rocks are toohard to crush to the enough small chips. The
soft rocks behave as rock materials at the fill-up stage and still retgin the
function as permeable zone after tamping, However, it is possible that accor-
ding as the bank will be exposed to dam water and rain over long time, small
fragment will pradually exfoliate from the rock surface and will be carried
away with seeping water. Calculation of the stability of the fill-{ype dam,
which consists of such zones in large proportion, has to be done with the
following two conditions; (a) the condition immediately after the fill-up is
completed and (b) the condition after weathering will proceed some years
hence, In order to do so, development of method to assume the degree of
weathering is required, Here, we report our research on the subject.

The degree of weathering expressed in the " Weathering Degree " is

defined as foll H
— dry weight of fragments, which have exw
foliated up to the time and smaller

Weathering degree — than 4.76um meshes eessaa(l)

initial dry weight of the rock sample

This new concept is to make relative evalution of weathering of soft rocks

placed inside of bank compararing with condition of rocks at the initial



fill-up stage. In this definition, weathering of the soft rocks is considered
in the terms of physical change, that is break down and surface exfoliation
of the rock,

The rock inside of the bank is forced to follow the air temperature
change throughout of the year, and further is repeatedly subjected to dry and
wet condition due to the change of dam water level and due to rain, Regarding
to these aspects, several preliminary experiments were undertaken, to invest:
gate the correlation among the disintegration of soft rocks, temperature of
water, humidity andrepetitionof wet and dry condition. From the results of
experiments, it is concluded that for evaluation of durability of soft rocks
against weathering, tests carried out under mild condition on the basis of
temperature and humidity variation are desirable,

Tne standardized tests of weathering were performed with 27 samples were
collected at eight dam sites including Azuma Dam in 1966 and 1967, in a
chamber equipped with conditioner controled by a program. The experimental
procedure was as follows;

(1) during the preparation of the specimen, the sample was handled carefully
to minimanize the change of a moisture content. The specimen was usually pre-
pared into a cube with 5em in side. The rock easily susceptible to dis~
integration was submitted without preparation,
(2) The specimen was im.ersed in water for a few days, and then a portion of
the specimen was submitted to measurments of specific gravity, water absorp-
tion and compression strength,
{3) The specimen saturated was allowed to stand untill its surface became dry
and then it was weighed and placed in a beaker in the chamber,
(4} The weathering was accelerated by programmed condition as shown below,

highest temperature..........30C

humidity at the temperature.............20%

lowest temperaiure............Gb

humidity at the temperature.........e....66%

number of repetition..........B cycle/day
(5) When the weathering was observed to some extent, exfoliated fragments
were eolleocted, sieved.through 4,76 meshes and weighed. The fragments remaing
on the sieve were returned to the besker. This procedure was repeated at
approximatery regular intervals,
(6) Weathering degree was csalculated, and the relationship between weathering
degree and number of cycle was examined.

Since it was assumed that femperature of in side of dams varies within
non-frost range, the conditioning program was set as described in (4).

The results of some tests are shown in the Fig, 1 and 2 and Table 1,
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water absorption.(%)ﬁ 6,0 1.1
specific gravity, Gs 2.35 2,70
compression strength 108 393
(kg/cm) ,
Table |

From these data, it was found that the next equation held for relation-

ship between number of the cycle and the weathering degree.

I= 1-{1—(%)}9}3... B A ('2)

: weathering degree

1t ¢ number of cycle |

L : initial side length of specimen L:(€!§ )3
s Sw

Wg: initial dry weight
Gg: specific gravity under dry condition
Y,: weight of water of unit volume
3,/3 : experimental constants
In the Fig, 1 and 2,%,were calculated by the equation (2), where I =0.1,
L =5,0cm. From the results, durability of rocks of different places to wea-

thering can be evaluated and compared,

When correlation between the " number of cycle " and weathering period
is established by progress in the method to estimate weathering factors, the
weathering degree of rocks at a time will be able to be calculated depending
on their size, Also approximate grading of the rocks would be estimated.
Thus the stability of rock zone depending on long time would be calculated

on the basis of reasonable fundamental values,
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MEASUREMENT OF THE INITTAT, IN SITU STRESSES
TN THE UNDEEGROUND
AT THE SHIN-TAKASESAWA UNDERGROUND POWERSTATION

Tatsuo MIZUKCSHI, Dr. Eng., Managing Director
Youichi MIMAKI, Tokyo Electric Power Co., Inc.
1. Introcucticn

According to recent reports on initial in situ stresses at various places,
horizontal stress near the surface is unexpectedly large. This means that in
situ stresses are determined not only by the weight of overlying rock, but also
by topographical and geoleogical structures, diastrorhism, orogenic movements
ete. This proklem requires special attention for designing large scaled under-
ground structures.

The underground power plant which is under construction at Takase river for
Tokyo FElectric Power Co., Inc. consists of a machine hall (27.0 m wide, Sh.5 m
high, 163.0 m long) and the adjoining transformer hall. {(20.0 m wide, 35.3 m
high, 107.8 m long, 41.5 m apart from the machine hall)

The results of the initial rock stresses measurement conducted for the cav-
ity opering revealed horizontaliy predeminant stress. These results are ex-
tremely interesting in connection with the tovography and faults.

2. Measurement Method and Result

The measurement method using overcoring in this site consists of simultane-

ous measuring three compenents of the radial direction and one component of the

axial direction (total of four components).
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The stress of the radial direction and the normal stress of the longitudinal

directionr can be obtained for each measurement point in the bore hole., Six in-

dependent relieved strains are necessary for obtaining three dimensional stress-

es.
They can be obtained by taking measurement at least two bore holes in dif-

ferent directions and by combining relieved strazins. For the presert project,

the most probable value was obtained ard the error was estimated by combining

many relieved strains.
The results of the initial rock stresses measurement corducted here revealed

horizontally predominant stress. These are extremely interesting in connectien

with the topography and faults.
Rocks properties (Youngsmodulus, Poisson's ratio) that are necessary for ob-

taining initial rock stresses by using relieved strain were obtained by triaxial

test in laboratory, using over cored rock specimen (4 218 mm) still burying

gavges,
The responses of the setting gauges

were also checked at the same time. - "z

The maximum lozding was large enough to = e
compensate for 120% of relieved strain : f[]

that is induced by overcoring.

H
3

The results of the triaxial test
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e e | 392 210

| e MR 3w g 107t

AT o SR SR———
= .
.

showed that the responses of setting

= Religved strain (x10°)
i
i Y

gauges wWere regular and that the elas-
tic modulus was 20x10*~25x10"kg/cm?.

These meodulus were slightly smaller il

1
é\
|

than the results of the uricompres-

sion test using #46mm core specimen e =
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In situ stresses were determined
making various combinations of . : ,
by 8 Fig.2 Typical plot of relieved
the measured values of a radial strain h
! strain change

by making observation equations and by

golving them to obtain in situ stresses

6 ,dy -+ Tyy, principal stresses P,, B,, P3 and their reliabtility range.
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Tn the above equatiorns,®ij (1%£j£6) is an observation matrix and @ji (1%ifm)
is a measured strain.

The number of combinations of measured relieved strains are four hundred and
eighty eight. ©Some scatfering was found with the results of calculation, Un-
stable data cf relieved strain and the data near the side walls were excluded.

Figure-3 show the results of stress analysis.

- 801 ient
——— 40 kg Sorl " or
O ez

Fig.3 Results of initial rock stresses arnalysis

In situ principal stresses at the position of the machine hall were esti-
mated to te as given below,

Valves for Desipgn

P, = &80~11Ckg/c® (110kg/cm* , 260/80)
P, = 35~ 75kg/cmt ( 6Skg/cnt , 155/20)
Py =  O~=-hSkg/cuf { Okg/cnt , 355/70)

L, Corclusion

The results of measurements have shown that the horizontal stress is larger
than the vertical stress and the ratio K of horizontal to vertical stress is
nearly equal to 1.8.

The main cavity, of the original plan was situated to meet at right angles
with the direction of cerduit, then K values werenearly egual to 1.3 and the re-
guired excavation was to be %2.5 m wide. By analyzing the cavity stability on
that cenditions, we knew that the cavity stability for opening would be unfa-
vourable, so the cavity axis was rotated to the direction of the in situ princi-
pal stress.

We can obtain K values nearly equal tc 0.3, and by making the cavity meet
with the pressure tunnel system obliquely, we can make the size of the cavity

reduce. As the result, the cavity stability could be improved.

—-71—=



Measurement of Ground Stress by Multiple
Circular Holes Method

Y. TOMINAGA, S. KINOSHITA

1. Imtroduction

A new method of in-situ stress measurement is proposed in this paper. This
method is based on the principle that the stress distribution at the periphery
of a circular hole will be changed when another circular hole is drilled ad-
jacently. Therefore, stress releasing is not necessary in this method but it
is only to measure the changes of the tangential strains at selected points on
the wall surface of the first hole.

2. Principle

Suppose that a bore hole is drilled into a linear elastic homogeneous rock
mass which is in a stress condition of ¢z s og, » Tezr at the perpendicular plane
to the hole axis (Z). If we consider the part of bore hole at a large dis-
tance from the mouth and bottom of the hole, the tangential stress at an arbi-
trary point in the wall surface of the part can be given by the general form as

Gs=Xp+0a:+Y 2 0ay+T o+ Tazy (1)
where X, , Yy and 7T, are the stress concentration factors for the inde-
pendent stress field of og: 9gy, Tery and their values are the functions of central
angle @& .

1f another hole is drilled in the vicinity of the first hole the tangential

stress will be changed by an amount 4e¢; which will be given:

do,=dXpea0q: Y go0ay + 4T 5 Tazs (2)
where 4X, , 4Y, and 4T, are the difference of the stress concentration
factors between the two cases respectively.

Providing that the third and fourth hole are drilled in addition, the
stress concentration factors of the first hole will vary moreover. Thus we
can obtain two more simillar equations with respect to the tangential stress
change. Accordingly by solving the three or more first order simultaneous e-
quations the three unknown stresses og: » gqr *» Tery can be determined.

3. Ditermination of stress concentration factors for multiple circular holes
applied stress field (dar » gy » Teus ).

The stress distribution around multiple holes in an infinitely wide plate

_'?' =



was generally analysed by using the complex stress functions of complex vari-
ables Z,. The complex stress functions assumed to consist of three functions, i.
e. the first concerns field stress, the second is log Z, and the third is alge-
brical sum of infinite series which are made up of a minus power of Z,; whose
origin is the center of each hole.

The unknown coefficients of the complex stress functions are determined so
as to satisfy the boundary condition at every point of the all openings.

By using these complex stress functions, stress distributions or stress
concentration factors at the boundary of a hole can be computed for various
cases of a single hole or multiple holes existing in an arbituarv arrangement.
4, Procedure of in-situ stress measurement .

(1) One strain gage method (Fig.l)

Assume that the tangential strain is strain gage

measured at the point A of the circle Oi. ¢
When another hole 0, is drilled as shown ]
in Fig.l, the strain will be changed. The 3
magnitude of the strain variation ( de ) &
can be read from the strain measurement A
and be represented theoretically as the 4 J
difference ( gO—g,1 ). ¢ .

e,1 is the tangential strain in case A ‘
of a single hole and &1 is the tangential 33 3
strain in case of two holes. Both of the Fig. 1
tangential strains are given by the following equations:

1—v? 1t
. au]—yfc » 30“ = . Gdn—DEc (3)

Eﬂl =
where ¥ = poison's ratio, E = Young's modulus

gyl

tangential stress at the point A for a single hole

g,1 tangential stress at the point A for two holes

Ee normal strain in axial direction of bore hole which is
reckoned to be constant for plane strain condition

Then the strain variation ( de; ) can be written by the equaticn:

dey= 1_1-;! (o0 —0c,1)= 1514’ de, (4)

If Je, is known we can obtain the stress variation ( 4o, ) from Eq.(4).

By performing simillar procedure, we can get the stress variations when
bore hole is increased in number from two ro three and from three to four
respectively.

Since the stress variation ( 4¢, )} and the stress concentration factor
‘variation (4X,, 4Y, , 4T, ) are known it is easy to determined the unknown ground

stresses by solving the three pair of Eq.(2).
(2) Modification of the method



The number of additional hole can be decreased if the points measuring
gtrains are increased. For example if we measure strains at three different
points of a circle in the first hole, it is enough to drill only one hole in
addition for the determination of the field stresses.

Instead of increasing number of bore holes the enlargement of the adjacent
hole can be employed because the stress concentration factors vary depending on
the change in the diameter of the adjacent hele,

It is easily understand that the bore holes are not necessary to be ar-
ranged in a row as shown in Fig.l and that any arrangement of bore hole are
valid as far as holes are drilled in parallel.

If the bore holes are drilled more than the minimum number of necessity,
the extra holes will be effective to get more precise measurements of ground
stresses,

If we employ four gages method to measure field stresses it is also possi-
ble to estimate the changes of the field stresses by only keeping the obser-
vation on the variations of the strain at the measuring points.

5. Conclusion

The principle of new method of in-situ stress measurement by multiple cir-
cular holes method was illustrated in this paper.

This method has been demonstrated in laboratory test which was carried out
using gypsum model but has never been demonstrated in field test.

There are some difficulties for the method to be applied in practice, for
example it may not be easy to attach strain gages on the periphery at large
depth of the bore hole and it is also difficult to attach strain gages in weak
rocks. Authors are now tring to apply this method to the inclusion mould gage
method.

If internal pressure is applied to an adjacent hole by o0il or water and
the change of strain is measured we can get stress-strain conversion factor in
Eq. (4) of the in-site rock mass in the field,.
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THECRETICAL CONSIDERATION ON THE MEASUREMENT
OF STRESS IN ROCK USING A BOREHOLE CONTAINED
WITH A METER OF THE TYPE OF A CYLINDRICAL INCLUSION

Yoji ISHIJIMA, Hokkaido University
Hitoshi KOIDE, Geological Survey of Japan

Ko SUZUKI, Taisei Construction Co.

1. Intreduction

The aim of this paper is to deduce the calibrating equations for the
meters of the cylindrical inclusion type to measure the stress in rock. Cylind-
rical mould gauge such as NCB type or Kajima Construction Co. type ( 1 ) belongs
to this category. Borehole deformation gauge and Leeman's multi-component bore-—
hole strain cell of which rigidities are 0 also belong to the same category.

As the calibrating equations, the elastic solution of a cylindrical inclusion in
an infinite body should be applicable under the assumption that the rock is
linearly elastic, homogeneous and isotropic and the meter of cylindrical type is
glued perfectly to the wall of a borehole.

The solution has been deduced here based on the Edwards' analysis on the
spheroidal inclusion problem ( 2 ). Brief discussion is made referring to the
measurement of the absolute stress using a meter of this type and the overcoring
technique.

2. Three dimensional seclution of a cylindrical inclusion

A cylinder is a spheroid of which slender ratio g/q is very small. So
by appropriate operation, that is by neglecting infinitly small higher order
terms than ( §/q f and then by taking the limit §/q-0, Edwards' original solu-
tion can be modified to the one of a cylindrical inclusion. Because of the
destrictions on length for an article it is impossible to represent detailed
computations, so will present only a final form.

The stress {6’} in the inclusion is uniform and is expressed in terms of rock

stress at infinity {d} in the matrix form as,

ax ) ¢y ¢ by 0 G O &y
6; c2 cn bs 0O 0 O Gy
o | lc,eyb,0 0 016 S5
Ty |0 0 0 b 0 0Ty
Lor 0 0 0 0 bg O Tye
(Zix) 10 0 0 0 0 be| (T

—T G —



where o, « b, -Lb, +b0,
. 3 1
c; =~ ¥b +7-b b, ]
, 3
= (v'= 1 )bl Ll _sz . -
‘v e (1 +H)(-wH-=- 2w + 2V )
L (1 +v)(H+ 2 - 2¥)
b = 4 (1 +H)HYOWH+ 1 +w - 2v)
2 3 (1+yv )(H+2-2v)
o 4¢C1 -v)Y( 1+ H)
3T (3 -4v)H+ AL -Y)
b LLFHICK=Y)
4 - (1 +P)(CH+ 2 -2¥)
~ (1 +H) H(L +p)y+2(1-w')]
5.3 (L+v )(H+ 2 - 2p)
L= 1+H Fig.1 Borehole contained with
§ ,2 + H an inclusion
Ho= 2-1

and V is Poisson's ratio of the rock, ¥ is Poisson's ratio of the inclusion, G
is rigidity of the rock, G’ is rigidity of the inclusion.

In case where G'is 0, the inclusion is replaced by the cavity, the solut-
ion of which is easily derived in a similar way as that of the inclusion. The
meaningful quantities for the measurement are the displacement {( u,v,w ) and

strains ( e;; ) on the borehole surface. They are expressed as,

W = [ GG, -0 + 20 1 -4 (G- )c0s20 + 4( 1 - ) T, sin20 |
v o=t [ =201 =) (g~ 6 )sin2 + 4( 1 -)?) T, cos26 ] TE
W =%(d-;—[ 7,; sin6 + 7, cosd ]

and
e = L (4, +6,) +2£ (6~ 4, )cos20 - Lo, + 27 cos20
ew= 10 +0, -¥6, =201 -F)(§ -6 )cos26 - 4( 1 - )7 sin20 ]
ep=  LLE -y(8 +6,)] L3
€gz = -é—( 7, c0s0 - 7 sinb )
ey= 2y = 0

where d is a diameter of a borehole and E is Young's modulus of the rock ( Fig.l).

These results are identical to those obtained by the previous studies
except an estimation for w ( component of displacement in a borehole axis ).
Hiramatsu and Oka ( 3 ) gave an estimation as,

w o= —g—(nzsine +  Tex cosB ) ( 4)
How this happens or what is different will be clarified if we discuss the mode of
the deformation. The results calculated are illustrated in Fig.2. Here d and
@) are the rotation and the component of rotation about the axis of a borehole

respectively.
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The mode A of Fig.2 corresponds to pure

shear. On the other hand the mode B
corresponds to simple shear. Note that
the deformation along the borehole is

same between the two and is represented

by Eq. 4. Of course Eq. 4 should be

used as the calibrating equation for

the borehole deformation method. Fig.2 Borehole deformation induced by
the stress T =1 : A corresponds

. stress ]
. L to Edwards, B to Hiramatsu et.al.

The equations derived in the
previous section give the rigorous evaluation when used to measure the stress
change in rock. However these give only the approximate one generally when app-
lied to the measurement of the absolute stress with a combination of the over-
coring technique.

Two dimensional analysis leads that the limit of the ratio of the stiff-
ness G/G is 0.4% which distingwishes the soft type of a meter from the stiff
one; For the former the theory of the cavity can be applicable as the calib-
rating equation. In this case the diameter and the eccentricity of the over-
coring have no effect on the measured value ( 4 ).

On the other hand, for the latter these advantageous properties do not hold and

the theory of the inclusion must be used with the ristriction for the diameter

of the overcoring. It is estimated from the two dimensional analysis that the

limit of the ratio of the diameter between th2 overcoring and the inclusion is

5.5 which can apply the theory of the inclusion in an infinite body within a

error of 5 % when the ratio of the stiffness G/G is 5.
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THEORETICAL STUDY ON THE NONELASTIC
BEHAVIORS OF JOINTED ROCKMASSES

Ryuichi IIDA,.Shigetoshi KOBAYASHI

Public Works Research Institute, Ministry of Construction

There exist many joints and cracks in rockmasses, then the rockmasses behave in
different manners than the elastic bodies. In this study, based on the assumption that
nonelastic behaviors of rockmasses are due to the slidings on the discontinuous planes
and that the slidings on the discontinuous planes can be treated by the theory of plasticity,
a mechanical model provided suitable for the mechanical characteristics of jointed rock-
masses and analytical method are propesed.

It is indicated by von Mises that the variation of the increment of plastic strain
energy by stresses has the stational value near thereal solution,

8o AWP= def 8oyt dey doy+def do,+ dr, [ 67

p p
z+drzx a7 X-i— drxyﬁ‘n’.'

z Xy

Y

If the criterions of yielding for groups of discontinuous planes are represented as follows
fu(97j)=ky

the following equation be induced by the method of Lagrange's multiplyer

p._y 9fy
d&ij Eaﬂij

ddv

Based on this equation, first let us consider the characteristics of the sliding on the dis-
continuous planes on which the slidings can be occurred only in y direction smoothly,

(Fig. 1)

duP =dwP=0, dvP =0, r ol
a 3] &

P=—(dvP=0, P+
ay dv azdv 0 axdv 0

Then, the increments of plastic strain can be re-

presented as follows

e - 1 _ P _
dep de)F(’ deP drgz—drzx—o

P
d7 %y 70 Fig. 1
of _ _of _ af _ af __af _
oy Boy 80, |ty | 6Tgx
.af_
el
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Then, in this case the criterion of yielding becomes the function of Txy only and co-
incides with the Tresca's critericn.

Next, let us consider the characteristics of the sliding on the discontinuous planes on
which the criterion of yielding obey to the Coulomb's internal friction theory. In this
case the criterion is represented as follows,

£(0ij)=17gy|—=(C+ox tand )=0

Then, the increments of plastic strains are
= P =
de® tan®di , dryy, =+ d2

p P =
de; / dr e tang
If it is assumed that no plastic deformations are occurred outside the discontinuous

planes and uniform slidings are occurred on the discontinuous planes, then
deR/drR,=d (duP)/d(dvP)=" tang
From these considerations, it can be interpreted that when the criterion of yielding

is represented in the form of the internal friction .

theory, there exist undulations in these discontinuous 1 1 - | ! l
planes, and the angle between the undulated planes and W\ \&
discontinuous plane is equal to ¢ .

Based on this interpretation, a mechanical model

for the discontinuous plane are deviced as shown in Fig. | | | | ]

2, and it is assumed that a rockmass is initially in the ' R ‘ b

loosened state, that when a load are applied, these \/\/\/

loosenesses are compacted and the rockmass changes

its state to the compacted state and that when the load b

becomes further larger, the rockmass changes its state ! oz | } i

to the later loosened state and finally to the fracture. M
The changing course of the state of the rockmass, () Later loosened state

the physical properties and the criterions of yielding Fig. 2. Model of Discontinuous

in each state are shown in Table 1. Plane

Table 1. Physical Prop. and Criterion of Yielding

Stage State Physical Prop. Criterion of Yielding
I Initial Loosened State Elastic
I Elasto-plastic ITxyl =0 — oy tand
II1 Compacted State Elastic
v Later Loosened State Elasto-plastic [Tyl =C+oxtan¢
Fracture




Based on the abovementioned assumptions, the analytical methods for stratiformed
rockmass and block-formed rockmass are presented.

Fig. 3 shows the load-displacement curve in the shearing test for a stratiformed
rockmass and Fig. 4 shows the distribution of the principal stresses in the shearing test
under the load a little smaller than upheaval load.

Fig. 5 shows the distributions of the surface displacements in the deformation test
for a block-formed rockmass.

By these analyses the following phenomena can be explained theoretically
1) In the deformation test, a rockmass will small looseness behaves comparatively

elastically, but a rockmass with large looseness behaves nonelastically even under

small load and the deformations outside the loaded area are very smaller than that
inside the loaded area.

2) Upheaval phenomena observed in the shearing test.
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Fig. 4. Distribution of Principal Stresses
in Shearing Test.
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DYNAMIC DEFORMABILITY AND VISCOSITY OF ROCK MASS AND ROCK FILL
MATERIAL UNDER REFEATED LOADING TN STTU AND TRI-AXTAL TEST

Masao HAYASHI, Yoshihire KITAHARA,
Yoshikazu FUZIWARA gnd Hiroya KOMADA

Central Research Institute of Electric Power Industry

Dynamic repeated loading test was carried out on the foundation in test
adit under the planning nuclear power stations. (Fig. 1) This test was tried
to obtain some kneowledges on the dynamic repeated defeormability and viscosity
in large deformation of foundation rock during desipgn earthguake,

Conventional veloc'ty fest of elastic wave was limited fo the information
of deformability irn micro strain level and was insufficient on the one in large
strain level such casge as in contact zone of building to rock foundation earth-
quake,

Then static deformabillity modulus under repeated lcad Es, drnamic deforma-
bility modulus under repeated load Ed znd dynamiec modulus from the elastic wave
Ev were compared in Table 1, Furthermore, it is desired to know the dynamic
viscosity of rock mass which is important to evaluate so called viscous damping
of the dynamic response system,  The stress-strain hysterisis loop of the ex-
perimental dats can be approximated by the VOLGT visco-elastic model, (Fig. 2)
and Young's modulus E (Fig. 3) and coefficient of viscogity n (Fig. 4) of
several kinls of rock mfss can be determined from the locop. Then, the proper-
ties were introduced to the dynamic response analysis between building and
visco-elastic fondation with three-dimension. (Fig. 5)

Similar dynamic properties of rock fill material were experimented by
meang of dynamic tri-axial compressive test in laboratory, (Fig. 6) Void
ratio decreases more or less during repeated loading, (Fig. 7) Hysterisis loop
inclines and becomes smaller zs longer becomes loading period. (Fig. 8) And,
coefficlent of viscesity 5 is shown in Fig. 9 and Fig. 10 which were szpplied
in three-dimensional earthquake response analysis of rock fill dams. Then, the
damping constant h was compared between cbserved result and calculsted result

in actual roclk fill dam as shown in Table 2.
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Table 2 COMPARISON OF DAMPING CONSTANTS
OF A ROCK FILEL DAM

DAMPING
IN FIRST MODE OF DAM
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STRESSES AND DEFORMATTONS AROUND A TUNNEL WITH A CIRCULAR CROSS SECTION
IN ANISOTROPIC ELASTIC BODY UNDER A THREE-DIMENSIONAL STRESS STATE

Yoshiji NIWA, Kyote University
Shoichi KOBAYASHT, Kyoqo University
Ken—-ichi HIRASHIMA, Yamanashi University

Tn order to understand the earth pressure phenomena, it is of importance to
analyze the distribution of stresses and deformations around underground tunnels
taking into account the fact that the undisturbed ground is generally in a three
dimensional stress state. Tt is not easy to clarify the distribution of stresses
and deformations under every conditions, since it is affected by the initial
stress conditions of ground, shapes of tunnel, mechanical properties of rock and
so on. The authors have attempted to analyze theoretically the distribution of
stresses and deformations around a tunnel with an elliptical cross section under
a three-dimensional stress state. In the present paper, we set the assumptions
that (a) the rock is homogeneous and anisotropic elastic body, (b) the stresses
in the undisturbed ground do not vary along the generator of a tunnel, that is,
the three-dimensional stress state is uniform over the wide region as compared
with the diameter of a tunnel, and (c¢) body force is absent. Assumptions (b) is
a reasonable one when a tunnel is excavated in considerable depth far from the
ground surface.

. The tunnel is considered to be an opening of an elliptical cross section
witﬁ?éﬁ?ﬁiided with the z-axis of a cartesian coordinate system (x,¥,z). In
this case, principal elastic axes of the body assumed that the surrounding mate-—
rial is homogeneous and anisotropic body, incline to arbitrary directions agai-
nst this coordinate system.

The principal stresses Oy , G"

and Ggln the undisturbed

ground applied at infinity

from arbitrary orthogonal

directions inclined indepen— o
(a) (b)
dently with not only the Fig. 1
directions of principal elastic axes but also the axis of a tunnel, can be
devided into six components of stress along the axial directions of coordinates
(x,¥,z) as shown in Fig. 1.
In order to obtain the stresses and deformations In an anisotropic body,

let us introduce the complex wvariables

T -



- L . Smar =
Zp= X+ Ped = W3R = S { (A-tpe DT H{ A+ AP, J, 123 )
2
}Q}éﬂd}% are the roots of characteristic equation for the anisotropic body under
consideration. The stress components in the coordinates (x,y,z) are expressed

in terms of three complex analytic functions ¢h@@)as follows?
Ty = 2Re LSO+ JEPED + 5 AP (2)],
0y = 2 Re [ $lEI+ b/(Z0 + Az dc2], oo o oo o SR e )

Where Ag(k=1,2,3) are complex constants related to the roots g and the elastic

constants &_;d- . We can seek the expressions for the functions chi(zﬁ) in the forms

dom i (|l =BT, deao=ghp(Brp®Y, , da@ =G5t
In which E. s B. and 5} are the complex constants to be determined by external
stresses on the contour of a hole and the shape of the hole. When the stress
components equal and oposite sign Gf s Gg ,1ﬁ% ,1:; and’q; applied at infinity
act on the contour of the elliptical hole with semi-axes of & and b , these

EY
constants take the values:

o

_ - - _ 8 — ‘] -
4, = $(Ty0-TTyb) , b= (Vga-Tab), C = F(Tpa-tTeb) %)
Then we can sclve the problem under consideration by superimposing the
stress components Jx ,GE ,...,7%3 by eq.(2) to the components Qi, G;:..., ’tgz

applied at infinity. The deformations W , ¥ and W may be also obtained as the

same manners. Table 1 Relations between the rectangular cartesian coordinates {x, », ) and («'*, »''", 2'").
Let the elastic \\\\ x ¥ z
constants for the X cos fcosy —cos #sin y sin 8
system (x‘”,y",z’”) be " sinasi;ﬁcos y+cosasiny ) cosacosris;asinﬁsinr ) —sin o cos
known and consider z’ —cos a sin B cos r+sinasiny S @ €03 7+ COS o $in. Fsin cos o cos

the anisotropic body being inclined to the Y rE, )
I
axis of the tunnel (Fig. 2). 1In this case,

-

the position of the new coordinate system

(x,¥,2z) with respect to the first one (x“,

v*,2"”), is defined by the Table 1. The

rotations of coordinate axes such that the
angles « P and ¥ take independently any

values from 0 to 2T, we can easily obtain

the elastic constants in the system (x,y,z) ZW// {/

j
Fa ;
//z { axis of a tunnel }

for all inclinations of axes of elastic {E£3/
moduli‘). Fig. 2

For the sake of simplicity, let us consider the cross—-anisotropic elastic
body such that the elastic moduli and Poisson’s ratios are given respectively by

E1-E2=353=’6,0’“042.’-, V,=Va= 0.5 , and the moduli of rigidity are defined as
- | Z | 1 - =y
V= 0.25 Joy = VB TV TRYE L (g2 D)
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These assumptions do not lose in
generality for our problem as an

anisotropic elastic body.

Let us show some numerical

examples. Fig. 3 shows the stress o L
distributions around the circular (b) 3
opening when the stress O§=l acts

at infinity. Now assuming that ﬁiéiiiﬁ & ﬁi&jﬁ;ﬁ %é_ o
the principal stresses Gf, Gfand //k_“\‘ o .

03 in the undisturbed ground with

prescribed elastic constants are

a3
as shown in Fig. 4, the distribu-
tions of stresses and deformations

on the wall of the tunnel with a

circular cross section are illust-

Fig:. 6
rated in Figs. 5 and 6. In these =

figures, normal stress (; along the axial direction of the tunnel was calculated
from the assumption of plane strain of the z-direction. Fig. 5 indicates the
distributions of stresses and deformations for the isotropic elastic body

(Poisson’s ratio V =0.25).
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STRESS ANALYSIS OF THE PLASTIC REGION ARCUND A TUNNEL

Eiichi ODA and Takuo YAMAGAMI

Faculty of Engineering, Tokushima University

The stresses in the plastic region of the ground around a circular tunnel
are analysed by the equations of equilibrium of stresses and yield condition.
The plastic-elastic boundary around the tunnel is approximately determined by
the plotting curve of the intersecting points of the plastic shearing stress
curve and the elastic shearing stress curve along the slip lines.

Taking the polar cecordinates as shown in Fig. x

Syrface of
Eround

1, we have the equations of equilibrium of stre-

sses in a two-dimensional element with gravity
force.
26y +_L§1m .1_JY—(6‘;-03)= —urcod B
Y Y 28 ol
37;5 Juﬁjﬁi :SEL = Wi B
+ + 2
3Y Y 38 Y

where d? is the radial normal stress, GB igs the
tangential normal stress,’?}a is the shearing
stress, and w is the unit weight of the ground.

Postulating that the plastic ground has cohesion

SN
without frictional resistance, we have the yield (}; RN
9. T
condition: - - T
6= 6+ ez = %
6. = 6 — T cod2f ----~(2) Fige 2
% kaZEP T
where as shown in Fig,2 and Fig.3, Gi is the
maximum principal stress, §, is the minimum J ,"nfgr
' k
principal stress, § is the angle between the K] CA2Y: d?'#;f
radial direction and that of 6;, and -5, ' | k

G—;_GT;G;T_G‘;EGL 8 e ) — o

Substituting eq. (2) into eq. (1), we have

the following equations: Fig=3

— 00—



—%% —-zkzu'ngp%ﬁ% +2 kcodzsag%— + £ kesd2g +urcesd=0

—%~a—+2_k,cadlﬁo_i -\—'Z kmzﬁoa—g)"f" Ram2¢ ~ Wi H=0

(8

The theory of partial differential equatioms shows that the characteristic

equations for the simultaneous partlal differential equations (4) are given by

Co s "31% F 1o ( Gt T )
Y
. 20 1 ham (- F4e)E -8
C_. 3@ Y ( 4 )?ﬁ
on the physical r, § plane, while the characteristic equations are given by
' 1 2 _ar_ I -
T a0 +zk 39 4 (24 am2g—wrah )L +(Z keodag +ureadd 5L =o (7)

! zk%g ¢ (o hatnag - raind)ff + (G hosty tiresf)g =0 - - (D
on the 61 9—i.e. stress plane, where & and @ are the parameters of the chara-
cteristics. We can discuss the state of stresses by solving eqs. (5),(6),(7)
and (8) instead of grappling with eqs. (1) and (2). There exists one-to-one
correspondence between a point in the physical plane and a point in the stress
plane.

It is shown by eqs.(5) and (6) that C*—curve and C_-curve are slip lines,

and r and & of the intersecting point of C,-curve and C_-curve are represented
by the partial differential equations of the hyperbolic type about of and B.
Because of the hyperbolic character of the differential equations of plastic
flow, the stresses in plastic zone near the boundary i.e. the periphery of a tun-
nel depend only on the shape of the boundary and the stresses on the boundary,
They are independent of the loading i.e. elastic stresses at large distance from
the plastic zone considered. But the loading and the conditions on the other
boundary surfaces affect the shape and size of the plastic zone.

We suppose that OJY= 0, TYB: 0 and S":% on
the periphery of the circular tunnel with radius

T

r,, and hence
(G;)rw,,:zk) (0")
As shown in Fig.4, assumlng that the plastic

flow takes place on AB of the circular periphery

of the tunnel, we can consider that C*_and C -

curves are the curvilinear coordinate axes ¢ and

@ which are AC and BC curves respectively, and the

boundary AB intersects o and § lines at the

points A and B respectively. The stresses and



the coordinates of the nodal point in a network of the slip lines depend on the
boundary conditions of the arc AB. The' solutions of egs.(5),(6),(7) and (8)
are obtained by an approximate step-by-step procedure.

Assuming that the ground is elastic solid and the depth of the center of the

circular tunnel is H, we can calculate

the stresses around the tunnel by the

theory of elasticity proposed by H. Schmidg.
We shall investigate the shape and the

position of the elastic-plastic boundary

by the following approximate method pro-

posed hypothetically, We determine the

point on the elastic-plastic boundary ar-

ound the tunnel to be the intersecting

x {m)

point of the distribution-curve of shear-
ing stress of the plastic theory and the
distribution-curve of shearing stress of
the elastic theory along the slip line.
Assuming that H==50m, r°=3m, w=2.0 -ym?,
k=3.0 k%m‘, poisson's number M=2.33 or

3.00, we calculate the network of slip

lines and the elastic-plastic boundary
which are shown in Fig.5. Fig.6 shows o
1gmb
the distributions of stresses around the
2)
tunnel,
Distribution of 6| - Distribution of &, -
Reference v st ¥ S

{(H=300)
1) H. Schmidt: "Statishe

Probleme des Tunnel und
Druckstollenbaues und ihre
gegenseitigen Beziehungen"
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AN ANALYTICAL METHOD FOR DETERMINATION OF
EARTH PRESSURE ACTING ON TUNNEL LINING
IN VISCOELASTIC MEDIUM

Shunsuke SAKURAI, Kobe University

1. Introduction

One of the most difficult problems in the design of a tunnel lining is how
to estimate the pressure acting on it. The pressure dépends not only on the
initial stresses in the underground medium but on the rigidity of the lining,
and usually increases with time, so that in a theoretical analysis a time factor
must be considered. For the purpose of designing the lining, however, the
maximum pressure especially is of more importance than a transient pressure
change.

The author proposes herein a new analytical technique for the determination
of the maximum pressure distribution acting on the lining, constructed at a
large depth underneath the ground surface. The proposed method does not require
a time-dependent analysis, but follows exactly the same technique as the one in
the theory of elasticity. It can be extensively applied for the case of an
orthotropic viscoelastic ground as well as for an isotropic medium, and the
Finite Element Method can be easily adopted for the case with complex boundary
conditions.

2. Procedure of analysis

The creep function expressing the relation between the shearing stress and

shearing strain in an isotropic medium is assumed as follows ;
I -
p(t) = & + G*{l exp( t/TO)} )

where G and G* are the shear modulus and retarded shear modulus,
respectively. Ty denotes the retardation time. It is also assumed that
Poisson's ratio does not change with time,

The calculation procedure whose mathematical verification has been given in
the reference [1], is as follows ;

First, the displacement ug(l) at internal surface of an unlined tunnel due
to the initially existing stresses before tunmnelling, as shown in Fig. 1 (a),
is calculated by introducing the apparent shear modulus G*exp(tOITO), where
t0 denotes construction time of lining after excavation.

1

It should be noted here that in the calculaticn of ug, only its variation



due to tunnelling must be considered. It is interesting to know that the
apparent rigidity of the underground medium increases with the delay of the

g(2) of the tunnel

construction of the lining. Second, the displacement u
surface due to the confining pressure R caused by the lining, as shown in
Fig. 1 (b), 1is determined as a function of the pressure, where the apparent
shear modulus is taken as GG*/(G+G*). Third, the displacement up of the
outer surface of the lining which consists of an elastic material, as shown in

Fig. 1 (c¢), 1is alsoc expressed as a function of the pressure R,

9 s

g ‘\< g

e
——
—pm——
—_—

(a) ()
Fig.1 Schematic diagram for explanation of calculation procedure.

Finally, the above obtained displacements are substituted into the following
compatibility equation which must be satisfied at the contact plane of the
lining and the surrounding medium.

) (2)
5 + ug ) (2)

By solving Eq. (2), the unknown function R which gives the maximum earth

u2=u

pressure acting on lining can be determined.

The proposed method can also be applied for the case of an orthotropic
underground medium. If one principal axis of orthtropy coincides with the
tunnel axis, the stress-strain relation-ship under the plane condition is

expressed as follows ;

€2 411 ) o b0 i[O
e ay1 a5, 0 Gy (3)
ny 0 0 333 Txy
where . . .
) S = g "31)I (=T 57 4T, 2y, = a5 = =V + vy, "32)J =)
0 0
§——dT = (1~ vVv,, V..) t¢ (t-T) ol dt S t¢ (t-1) gl dt
X T > 855 % 23 ¥32’| ¥2 3T > 833 % [ P58 3T :
0 0

If the following creep functions are given,
¢, () = {1 - exp(-t/T)}/EX
¢2(t) {1 - exp(—t/TO)}/E§ (4)
$5(t) = (1 + 2v)) ¢, + ¢,

1

then Eq. (3) can be expressed by only one creep function, say ¢l(t).

—94—



Therefore, the above mentioned calculation procedure for an isotropic case can
be extended for this problem, as follows ;

(1)

First, the displacement u can be determined by putting the material
constants as follows ;
= = = ®
a1y = (1= Vyq Vapexp(-t, /1) /E]
= - = %
12 =~y * Vy3 Vyplexp(ty/Ty) /B] (5)

99 = (1 - Vyq v32)exp(—t0/T0)/E§

a

a

azq = (1 + Ef/E% + 2vl)exp(—t0/T0)/Ef
Second, in the calculation of ug(z) the following material constans must be
used.
2 ) I e 1 3l 31 M
2] Ziialns Lnimme? 3032 ek o
3gp = (1 = Vp3 Vgy)/ES
344 = (1+ Ei/E% + Zvl)/Ei

Third, u, is easily calculated, as it can be assumed that the lining
generally consisis of an isotropic elastic material.

Finally, these displacements are substituted into Eq. (2) to determine
the pressure distribution on the lining.
3. Conclusion

A new technique to estimate the earth pressure acting on the tunnel lining
constructed in an isotropic or orthotropic viscoelastic underground medium is
proposed here. The pressure can be calculated without consideration of a time

factor, even though the underground medium is assumed to be viscoelastic.

Reference
[1] Ssakurai, S. and Y. Yoshimura, " A METHOD OF CALCULATION OF PRESSURE
ACTING ON UNDERGROUND STRUCTURE IN VISCOELASTIC MEDIUM "(in Japanese)
Proc. Japan Society of Civil Engineers, No. 218, 1973, pp. 75 - 85.



ON THE MECHANISM OF SQUEEZING-SWELLING
ROCK PRESSURE OF MUDSTONE ON TUNNEL SUPPORT
IN RELATION WITH THE CASE HISTORY OF NOSHIRO TUNNEL

Ryoki NAKANO, National Research Institute of Agricultural Engineering

l. Swelling characteristics of clayey rock (mudstone or shale) and tunnel load.

As the autbor pointed out in his previous papell), almost all natural clayey rocks
such as mudstone or shale show very little swelling cahracteristics when immersed
in water at their natural water content, but there are some mudstones or shales
(especially those of Neogene Tertiary) which show conspicuous swelling character-
istics in water when they are once disturbed and remolded, resulting in much reduc-

tion of their strength., These characteristics are especially @ Small

s " cavity
67 caused by
fracturing

conspicuous to such mudstones or shales, that contain ex-

N
panding clay mineral Montmorillonite, which are the bed-rock /

Water
squeezed
into¢racks

il
of the so-called landslide areas. The author once proposed /‘:
6%

new terms such as "Artificial Mudstone", "Remolded 45

Protruding
p;}rl 15
Mudstone" or "Disturbed Mudstone" to mean the rock artifi- — | St
;, ovement zlong concentration
cially made (but without simulating the process of diagenesis) ALl L
by just compressing the powder of natural mudstone with its ?‘ewlyb ;
a1sturbe
natural water content to its original density. (He took the ® & P
. . Sy
remolded or artificial mudstone compressed by the vertical é\&}y Partion
disturbed

at stage '@
swells and
softens by
sucking
squeezed
water.

stress of 100 kg/cm2 as a standard specimen to compare the
swelling potential of various remolded mudstone.)

In the plastic zone around a tunnel, the rock is sheared

or cracked, and along the sheared or fractured zone, a dis- —
Fig.1 Illustration of the mecha

turbed zone is formed. nism of softening and swelling
The water originally held loosely in pores in a rock or -

loosely absorbed by clay minerals adjacent to this sheared 3 ;:

zone is squeezed by the concentrated stress to this zone B osop | |\

and is sucked up or absorbed by the expanding clay minerals "'f :Z —

in the disturbed shear zone (Fig.1), resulting in the remark- = TZ S u;,t;dm‘h

streng

able reduction of the strength of rock mass as a whole. O e ;‘ ;ﬂ :

Moreover, as the rock mass in the plastic zone dilates as a i 3 T tr??::.jrm

result of breakage(Fig.2)and is squeezed into the excavated N

-zt — Y

space of the tunnel, stress relief is to take place and the _
Fig.2 An example of stress-
concentrated stress is transferred gradually from the rock 3:532;3;;;;;‘ mudstone and

adjacent to the tunnel surface to the rock remote from the wall.



Hence a condition favourable for the movement of water squeezed from the stress
concentrated elastic zone to the plastic zone is also established and the water accel-
erates the swelling or softening of the rock mass of sheared and disturbed mudstone.
These conditions all contribute to the reduction of cohesion and internal angle of
friction of the mass of broken rocks.

2. Mechanism of the squeezing-swelling rock pressure.

Supposing that the radius of a circular tunnel is Ry and that the hydrostatic
Siress at a great distance is ¢, , the relationship between the radial stress o; at
r=R; and the radius R, of the boundary surface between the plastic region and the

elastic region (ref. Fig. 3) can be expressed as,

oi (200—0w) (1—f) —Gu(1+£%) |
FT 1T (1—F%) (Ra/Ry) A2

Here, both the solid rock in the elastic region and the broken

rock in the plastic region are assumed to behave as Coulomb

materials,

Fi4
qu,qy’' are unconfined compressive strengths and g=tan(7+7%).

B’ =tan(i:—+%) for solid rock and the mass of broken rocks respec-

tively, As is evident from Eq.(l), the larger the ratio Ra/R],

namely the more the rock is loosened and the inward movement is Flagtie sondl ==

RRRRR

Fig.3 Plastic zone around a
. L. circuler hole in an isotropic
inward movement is allowed excessively beyond some limited homogeneous material

allowed, the smaller the radial stress 5"1 becomes, so long as the

parametersg, ¢, q,, 4,' are kept constant. However, if the

range, strain-softening takes place and the strength of rock in the plastic zone is
brought beyond its peak value down to the smaller values and its strength parameters
are decreased ultimately to those of residual strength Cr,¢r, resulting in the dec-
rease of q,' and g and the increase of internal pressure 6 (Rp must be kept within
an allowable value to maintain the required sectional area of the tunnel). This is
clear from Eq.(l) .

If the disturbed mudstone or shale has a high swelling capacity, water content
along a sheared zone increases and q;' and g are to become very small and a

&= Seismic velocity

troublesome high rock pressure LR~ 1% ik Al

100~ 351Kh
L3~ 150
BIR=- 100

e=HK ~ 10 m/sec

200 =1 10

will ensue.

Mudstone

3. A case history of a typical E— e

. ey vy -
- =——Tunnel Yo, 6 e = - T .
ue . : ! i 1 Tunnel No. 1 = Tunnel o, 3
squeezing-swelling rock o — A e : —L-

Initial vertical stress exerted
pressure. B — -] hy overburden of averape thickness:

Lnitial vertical stress exerted
by overburden ol average thickns
of Mim

Three of the-tunnels of the T A T

. . . K . ] I i ot I - e e L e
main irrigation water line for qu e ANIE 2 N RS | S W, N
[0 S A — o
; . . K K =Ry
Noshiro Irrigation and Recla- &2 [~ ke S

L . : |

* 0
. . . . TS0 M 7500 M 500 m 5000 m
mation Project in Akita Pre-

Fig.4 Geologic profile of Noshiro Tunnels Ne.3, 4, 6 and

. unconfined compressive strength of mudstone.
fecture prov1de the data for G, Initial vertical stress exerting on the tunnel for-
mation before tunneling by overburden pressure.

this example (ref. Fig.4).



Three tunnels, No.3, No.4 and No.6, were all constructed in a massive, occa-
sionally faulted Tertiary mudstone bed named as Fujikotogawa Formation. The phe-
mnomena encountered during the construction of Tunnel No.4 were very different
from those of the tunnels No.3 and No.6.

In the case of Tunnel No.4, the heavy rock pressure caused an excessive de-
formation of the first placed light steel supports resulting in the necessity to change
to the heavier supports with invert struts.

In contrast with Tunnel No.4, the rock pressure experienced in tunnels No.5
and 6 was considerably smaller in spite of the fact that the mudstone of these tunnels
were apparently similar to that of Tunnel No.4.

4, Considerations on the mechanism of heavy rock pressure of Noshiro Tunnel No.4

As is evident from Fig.4, the ratio of the compressive @s

26 -
strength q, of the mudstone of tunnel No.4 to the initital 24

(w  water content after swelling}

— 0=]kg/cm?

o) (w=S0+2.0%
20}
181
16f
raf
12|

vertical stress 6y=J§t*h (h is the thickness of the over-

Vertical stress on the
specimen

& =Zkg/em?

[t0=44.2+1.1%

burden rock and B,t is the rock density), i.e. qu/ﬁ‘{r was

(%) —=

only 1.5 - 2, whereas that of Tunnel No.3 was 3—4 and

o =tkg/em?

that of Tunnel No.6 was around 6. Besides, the swelling w—40.7x2.1%

Swelling

o =6kg/cm?
(=35.2£1.7%

conspicuous (Fig.5) and much higher than that of Tunnel 2 {

e b by b b e by |
No.3 and No.6. Although all the mudstones contained % a0 80 120 @0 200 240

Flapsed time (hr] ——

capacity of the remolded mudstone of Tunnel No.4 was &

more or less expanding clay mineral Montmorillonite, Fig.5 Swelling under various vertical
18.

i i i : . ressures of artificial (or remolded|
L2 Swelllng capacny at remolded or disturbed condi- ;udstone sampled from Noshire Tunnel-
No. 4

tions was very different.
Based on these facts and considering the reasons previously mentioned in section

1, 2 it may be concluded that the rock in Tunnel No.4 was broken by concentrated

stress and plastic zone of failure was formed concentric ey o DT A
S g
with the tunnel axis and softening due to swelling along o ol e of s e conten ll
W [ of clay in fault gauge,

the sheared zone (Fig.l) took place, resulting in the rapid s l,"-:*E;m:m

after swelling

EE

decrease of its strength (Fig.6) and the increase of

qu  kglem’ —— =

Water content

Hange of water " \{aiper eontent I I
. 3 . tent of 4 atrer swellm “ i
Squeezing-Swelling Rock Pressure, whereas both in Tun- = s/ | | 2
nel No.3 and No,6 the mudstone underwent very little S PN T |
. . ——= Vertical siress on specimen {I '
breakage and very little softening of mudstone accompany- En T
, g . . . Fig.6. Relationship between the swelling
ing it, if any, hence a small vertical loosenmg rock pres-— pressure, the water content and uncon-
fined compressive strength ;11:‘ aft the end
sure was encountered. Based on these facts, the author of smelling (gudetone S annel No.4 )

proposed a new method for predicting the possibility of

Squeezing-Swelling Rock Pressure and for classifying rocks for tunneling purposes.

Reference:

1) Nakano R: On weathering and change of properties of Tertiary Sedimentary
rocks {mudstone) related to Landslides, Rock Mechanics in Japan Vol, 1. p7l-
73 (1970)

— g8 —



STRESSES AND DEFORMATIONS AROUND TWO OPENINGS IN
ELASTIC BODY UNDER IN-PLANE AND OUT-OF-PLANE LOADS

Ken-ichi HIRASHIMA, Yamanashi University
Yoshiji NIWA, Kyoto University

In the present paper, the following problems are treated: (1) stresses and
deformations around two or more openings with arbitrary cross sections in an
isotropic body, and (2) stresses and deformations around two or more openings
with circular or elliptical cross sections in an anisotropic body under in-plane
loads 0% , Ty , 'r:i& and out-of-plane loads gz, Tyg at infinity.

The method of analysis was used the successive approximation to be obtained by
the point matching technique based on the exact solution of an isotropic or am

anisotropic elastic body containing an opening. y

Let us consider an infinite body to the coordi- (///f\\\\\ .

nate system (X, 4,2 ) where the origin lies in the B L\i\‘#’//)
cross section of an opening (see Fig., 1). And we A S b

consider the body with an opening, the contour of }

which is given by the following expression, ro

vV
Xo= 0y 0SB+ D (cAmCS MO + B, o MO) (2>

mad (l)
Y, = oA, 5P ’i(dm smMP— BnoSMB) X b

k.
For the case of an anisotropic body, the present ///: \\
paper treats only the problems containing a circu- ol -
lar or an elliptical hole (corresponding to ) =1) ¥

hy

at which the complex stress functions %‘(};) are T

single-valued throughout the region. ¢ o\~

When an infinite body under consideration is D (k)

applied by the uniformly distributed loads Gf, 5, Fig. 1
’313,132 andqaﬁ at infinity, stresses and deformations in the body can be cal-
culated by the complex analytic functions as follows™

()

geyr= ZA T, yar=-F0- s 0>, bxy= DO T e @)

= Z()" n=bm)¥ " ST ,AZCb UDT, s =5 By e 3)

Eq.(2) corresponds to the case of an isotropic body, and eq.(3) to the case of



a plane anisotropic body.
When the stress components equal and opposite signs to Gﬁ, GE, ﬁﬁh,’Tﬁgand
’L’gz applied at infinity act on the contour of the opening defined by eq.(l), the

complex constants AF y b".f, ] b1° and Cr take the values™’

- - vp-1 E ; . P V- 1“ - *
Af= Caf'i“l:bf)'l“ﬁiv-zd_; JA&- Y;*“’H ) '};‘z —iﬂ{@(?+LF?)+‘PLLv_2§d(o(J“LPJ).};_+r+1 }(4)
= { P P 0 0 Y 0 -0 3

BT= J;%}f,,{gfo(,,w:a—wb +df(fr:,i’a+wi)— ﬁf(cri—t’rig)} e (5)

= 1 ¥ (i (] 6 0 L

Cm 2 Pao] 64 (T - TR el (B 100 — B 100
In which the symbols (Sf and R;& in eqs.(4) and (5) are defined respectively

SP_{O br pxg p ‘{o for p<z R<p o GO

U for p=j PRl S jsps®

In our cases when the surface of the opening is not loaded and the stresses Ty ,

d

Gg s qfa, Tﬁ; and’t};are applied at infinity, the components of resultant

stresses T , G’a . ’I';H , Txz and ’Ugg can be determined by the expressions:

d
(UIS"" ,t;o? R ff:.lz -, /T:az = Taai + Taz

where OQ., OE’, 1;&,'Tlaand Q%zof the right-hand

0 . o . . . ]
= 4= = -+ o +
T =0 + T . T Ua G‘H 2 /r.r.a Txé ’E’cc“j I U-C o ////
. Crihotropic le=2.0, %1 0) ,'f,\:re 10

+(6)

sides in above expressions are the stresses deter-
mined by the well-known equationslwfor the case
when the stresses “Gf',-qg ,-1i% ,-73; and “'ng
act on the contour of the opening. The deforma-
tions W , ¥ and W may be also obtained as the same

manners.

From stresses and deformations around or near
the opening in an infinite isotropic or
anisotropic elastic body obtained in
above description, we can solve the
problem of multi-connected region such

as an infinite body with several holes

utilizing the point matching technique.
The method of analysis due to the point

matching approach is repeating opera-

tions such that the boundary conditions
with free surfaces of two or more open-

ings are satisfied by the finite number

of the boundary points of the openings.
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sses and defor-~ e I
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R . Al P F- j N Isatropi (--lo:r
mations in the 4o / s "%%mf$1§- F 78 I
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o 9 £ et
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halas)

body under con-,, 7

sideration, theI°

similar funecti-

ons such as the

ones defined by
eqs.(2) and (3) were used in these operationms.
The literatures [1,2] are to be refered for

further details relating to this problem.

Let us show some typical examples for the

circumfential stresses and deformations at the

contours of the openings subjected to uniformly

distributed loads at infinity. Fig. 3 shows

the stress distributions around the right-side :e

opening 2, (two equal circular holes) with para-,, S = e

meters of s,/2a and the angle Y . Fig. 2 is theono ji;gi‘

case for two unequal circular openings. _LJ | j

Figs. 4 and 5 are the cases for the two equal -

square openings In an isotropic body when the 20&__ﬁé§;¥ mw”,—m:

in-plane and out-of-plane loads apply at infini- ,off%iﬁééE§§g§%iﬁl?é'“*'*

ty. W e e
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DETERMINATION OF THE WIDTH RATIO OF RIB PILLARS TO OPENINGS

Yoshio HIRAMATSU, Kyoto University
Yukitoshi OKA, Kvoto University
Yoshiaki MIZUTA, Kyoto University

The width ratio of rib pillars to openings is one of the most important
factors to be taken into consideration on designing large stopes. The authors
have, therefore, investigated theoretically as well as experimentally how to
determine it on the basis that the maximum stress in pillars should not exceed

the allowable compressive strength of pillars.

Stress Analysis by the Theory of Elasticity
The stress in rib pillars standing side by side regularly in an elastic
ground was analyzed by the finite element method on models of both two-
dimension and three-dimension. Denote the widths of pillars and openings by
t and a , the hight and number of pillars by A and 7 , and the horizontal
length of pillars (openings) by & . In the two-dimensional analysis, where
pillars and openings were assumed to be infinitely long in the horizontal-
direction, the geometrical conditions of models were as follows:
7 =1~5 and oo, ajt =1~3, A/t =0.5~6,
while in the three-dimensional analysis, where pillars and openings had a
limited horizontal extention, the geometrical conditions were as follows:
n= oo, ajt =2~5, Aft =1.5~6.
Fig.l shows onec of three-dimensional models divided into gross elements.
We assume that the mean normal stress appearing in an optional pillar

of a model subjected to vertical pressure, p,, be given by A kpp (a+ )/ ¢,
where k, and k,are the stress distribution factors for the pillar depending
upon the geometrical condition, k, being unity when b =oo. Similarly we
assume that the mean shear stress in an optional pillar of a medel subjected
to shearing force, ps, be given by kgkypsla+t)/t and kp=1 when b = o0, where
kgand ky are also the stress distribution factors for the pillar. From
analysis the coefficients k,, kg, k, and k), were determined. Within the
geometrical conditions of models analyzed, k, ranges from 0.51 to 1, whereas
ks from 0.03 to 1, and kpand 4, are as shown in Fig.2. It is seen that & is

approximately 0.5 k.
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The maximum normal stress, ¢max, that appears at the upper and lower
ends of a pillar in a model subjected to both p, and pg; will be given, by a
little calculation, by

Omax = @ Ky Ay a;f& + 3'?“/<sk; 'g‘";*z"‘Ps

where & is the stress concentration

factor.

Model Lxperiments

To investigate under what

condition a pillar would

collapse, model experiments were

Eiement (1)
carried out. Firstly, models made &

of so-called Oginotuff, 20cm x 30cm

% 2cm in size, as shown in Fig.3, r"
were subjected to vertical loading
with the results that fracture of Element(2)
pillars occurred when the mean (& -
= |

normal stress recached the compres-

sive strength of specimens with the

same width-height ratio as the

pillar. It follows that the stress
concentration factor a may be
regarded as approximately unity at Fig.1
the moment the pillar is fractured.

Secondly, shear tests of model pillars

under axial compression were carried out. kp ;: s ?/5! B O e
The models were made of marble, A/¢ being 2. 05__: g “/J_,,fz' ®

Both shearing force and axial force were 0.4 J’ Q

applied to models by a stiff loading appara-  02[ £

tus elaborated by the authors as shown in 0

Fig.4. A high normal stress appeared near k;aﬁ "‘L_ _______ -5
the ends of each pillar by bending. From 0.4 ‘”,,w'"‘

these tests it was found that the maximum 2 //qfrfﬂ'? T

normal stress at the ends of a pillar when 09 1 2 3 4
compressive fracture took place was F?T
considerably lower than the theoretical Fig.2

value, say a half of it.
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Designing Width Ratio

It is desirable, if possible, to determine the
original stress state by measurement. But when it is ‘
impossible, we have to assume it. The assumption a/t=1
should be on the safe side, but an excessively safe g t
assumption will be uneconomical. From long o Hd E:ih
experience of stress measurement and theoretical h/t = 0.5
consideration, the authors proposed to take p,=72z,, 1
Pu= 72, and pg= 72,/3, where 7 is the specific 2
gravity of the ground, 2z, the depth from the‘surface. 3
Under this assumption, considering the results
of stress analysis and model experiments, the maximum Fig.3

stress, Tmax» given by following equation may be
taken as the basis on designing the width ratio of

pillars and openings:

Tmax = 7725 ky (ky+ T hs £ ) = 720 ko K 2L

Depending upon the results of
analysis, the values of K for
A/t 22 are evaluated, on the
safe side, for several
geometrical conditions as

shown in Table 1.

Table 1
a/t 71 =1 n =3 =5
1 1.07 1.14 1.41
2 1.00 1.19 1.36
3 0.98 1.11 1.27

The value of Fmax of each

pillar in 11 Japanese mines

Fig.4

working massive deposits was
calculated and compared with the
compressive strength, S, , tested on specimens taken from the pillar. Even

if we estimated the strength of the pillars, Sp , at 50% of S, it was found
that the safety factors, Sp/Omax , of sound pillars ranged from 3 to 15.

Thus it is considerd that we can take the safety factor based on Omaxas small

as 3 provided that the mined space is filled with waste whenmining isfinished,
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1.The state of the affair

SEVERAL OBSERVATIONS ON CAUSES AND PREVENTIVE MEASURES
ABOUT ROCKBURST

Toshiro ISOBE, Hokkaido University

May the 12th 1968, a violent rockburst broke out at the pit of Bibai col-

liery in Hokkaido, and 19 persons were killed and injured. This rockburst occur-

red in the coal seam called Noborikawa.

low the serface.

and had advanced about 300m from the start line of it.

was about 1.7m.

700-750tons daily.

In this pit face was laid 650-750m be-
A dip of it was about 40-50°, and it had a length of about 60m
The workable thickness

Its goaf was treated by full packing, and coal production was

A-B Gallors where rockburst happenedy
oy 2 o /

The 4th level where

the accident happened was drifted among

the cecal pillar whose width was about

50m.

gallery had 25m wide coal pillars respec-

tively.

All of the rock arround the seam

Therefore the both side of this

had high strength as well as coal seam

was hard.

shown in Table 1.

The state

of rockburst is

-

‘.ﬁ Lelfll
- —Ballery i e soan—Guiry 2 8 777 G gaf

Fig.l. A skech of underground

Each time a rockburst came about there was a small earth-

quake, and the epicenter was estimated in the vicinity of Bibai city.

Table 1. The state of affairs.
i date Depth Damages Number of victims | 2nd
63) from thej|floor destruc—| gas emission D
(19 surface |upheaval {ted coal|max, , |[total killed | injured amage
Lom) (mi) Lty My pun) | (md)

2/27 | 650-660 740 555 75.6 9700 3 none

4/22 } 660-670 163 89 12.1 450 0 i} none

5/12 | 610-670 {unknown |unknown | 86.6 |unknown 13 6 fire in the

gallery

2. An interpretation about the occurrance mechanism of rockburst

Generally speaking, a rockburst will be occurred when a rock stores strain

energy exceeding its storing capacity. This energy strikes rock body accompanied

sudden rock destruction.

An elastic energy content A of JdV-volume rock body,

not being excavated, is expressed next equation.

where, (0,

I,Qh=

= (e (e

4+ Op*+ 0 Y — ( ¥m) (%%

+0y 0y + 030 )}

rci 1)

principal stresses,E ,m: Young's modulus and Poisson's number.
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Three principal stresses can be determined as follows.
0w = yh , G=0z= e o (2
When being made galleries and face's underground, the strain-energy will be
transmitted without decreasing from the part where it is caved to a boundary
rock. The reason will be recognized by following simulation. At Fig.2 there
are many n-pieces of spring are supporting a weightW. Here,
assuming each spring has a same physical property, supported

v each spring is W/n. Then elastic energy of each spring is

calculated as (‘&/2) (W/n..f, (£ = const.). So total energy con-

tent of this system is expressed A,= (ﬁ/z)(wzln). Next, if pjp, 2, Simulation
eliminating m-pieces of spring from the system, there remains
(m-n)~pieces of it yet. Then total emergy content must be varied A, = (’k/2)(W1/
(n-m)). Therefore AA= A, - Ae can be considered as an increasing quantity of
energy by eliminating m-pieces of spring. So )

88 = (W3 )5 - ) = (F%%) i = (R4 ) xm

can be obtained by assuming W3m. From the result, it may be understood AAis

nearly equal to energy which was contained in m-pieces of spring before elimina-
V.
T 737

L
2
following explanation. Fig.3(1l) shows comparatively ‘A %

o ()
large rock body, not being excavated, contains V/// ///
4 7.

strain energy A°+A|. And Fig.3(2) shows disturbed W (2)

Fig.3. Energy quantity
quantity A4,. From above described calculations, A.-A=48A = A, is to be

ting omnes. Streching the idea, it could be obtained 7%

state, where the cave is formed, contains its energy

assumed. Here, observation should get into the subject. When a rockburst oc-
curs, there is a small earthquake simultanecusly. To compare the intensity of
seismic motion, it must be taken up "Magnitude”. From magnitude M, it is able
to get approximate energy of earthquake Ae by Gutenberg-Richer's formula.

. 'Eo'gmAe =S 7-5” + 11-8 BLL S (4)

Here, the author asserts
At = AN i ($)

3, Certifications by several calculated conclusions
(a) Estimation of Young's modulus of coal seam

From eq. (1) and (2) V¥ -volume of rock body's strain energy will be obtained
as A=[{emroom=2}/{2Emm=0}] KT - (&)
Taking E and m as coal seam's ones, h as the depth from the surface and Jas a
mean specific weight of rock, these values can be settled in this case. i.e.m=
5, b = 650m = 6.5 X 10%em, ¥ = 2.6g/ci’, T =L .H.S = (6X 10 cm) (1.7 10% cm) (3%
lO*cm) = 3.56 X ldocm% Here, L, H, and § are face leugth, coal seam thickness,
and advanced distance from the start line of the face, respectively. Thus A.=

26
4.38¥X10 /E. (ergs), (Ec= Young's modulus of coal) will be obtained. On the
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other hand, each magnitude relating to each rockburst was calculated as 2.2, 1.9
and 2.7 respectively. Then total energy Ae is 8.56)(103‘ergs.
Therefore £, is estimated as 1.15X 10" dyne/em® = 5.24X lOkkg/ch'.
This E, is approximately coincides with the value of 5«~6>(10#kg/cm%measured by
Prof. Hiramatsu.
(b) comparison with floor upheaval, destructied coal volume and gas emission
Putting each Aéas an energy of i-th rockburst, they are,4;= l.26>(10’§ergs,
Ae= 0.22x10" ergs and Av= 7.08X 10 ergs.
In the case of 1lst and 2nd rockburst Aé / A§= /.26/0.22 = Ly

The floor upheaval, destructive coal volume of each side of gallery and gas
emission volume are guessed from Table 1. So next ratios are got.
upheaval : 740/163 = 4.5, destructed coal : 550/89 = 6.3, gas : 75.6/12.1 = 6.3
Considering each value, it is able to be supposed that these values are
proportional to energy quantity.
4) Estimation on breaking stress from Aé
From Table 1. in the case of 1lst rockburst, destructed coal volume and floor up-
heaval are 5.6X1108g and 74OHfrespective1y. The floor upheaval is also consist
of coal. Then total volume including upheaval and destruction is 11.4)(103cm o
where ¥;= 1.4 g/cm®. And as ALiS 1.26X10wergs = 1.29X 107 kgem , energy con-
sumption per lem? is
A:,_ [ { Total destructed coal vo(ume)=(/.Z?Xfoq)/(//.-’.txm?) = /.13 K3 end
By using Mohr's circle and experimental research on coal seam strength, follow-
ing formula is concluded. Where 0] and ¢ are principal compressive stresses.
T, = 1,88 0z + 220 (Kg/wmt), (G neglected) .--- -(7;
Putting 0A as energy consumption per lem® and using fomulae (1), (7) and
OA=1.13 kgem/cm® ,0, and (J, are obtained as follows. K9/ 2
SA=0.13X 10740*— §68x107'0; vo.18, G =278 Kfum>, %=30 Veud
These stresses measured by Prof. Hiramatsu are reported as { = 350 kg/cml
and J, = 40 kg/cm®. Then the values calculated here are not so different.
4, Some preventive Measures
Conclusions and preventive measures are itemized as follows.
(1) A rockburst will happen when strain energy quantity exceeds boundary rock
storing capacity.
(2) The boundary rock must not be a storage of strain energy. Therefore such a
storage should be pushed into rock body as far as possible.
(3) The galleries in the coal seam are sometimes dangerous for rockburst, becau-
se coal seam stores a great deal of energy owing to its small Young's modulus.
(4) To decrease the capacity of energy content, relief boring will be effective.
(5) To prevent stress concentration in the neibourhood of a goaf, it is better

to build strong packs or to practice a caving method.
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BLASTING RESEARCHES

Kunihisa KATSUYANA, Kyoto University
Koiehi SASGA, Kyoto University
Ichire ITO, Kyoto University

1. Blasting in a infinite material

It is well known that when an explosive detonates in a ma-
terial, the radial cracks are produced around an explosion by
the hoop stress in the spherical stress wave. But, there are
many unknown points which must be clarified in the growth mecha-
nism and the properties of these radial cracks. In this study,
the behaviour of the crack propagation has been discussed through
the microscopic observation of the surface of the crack produced
in a polymethyl methacrylate plate by a detonator's attack,

The polymethyl methacrylate plate used in this experiment
is 1.8 em x %30 cm x 30 em. The propagation velocity of the
longitudinal wave is about 3000 m/s, Poisson's ratio is 0.4 and
specific gravity is 1.2. When a No. 1 detonator is detonated in
=z borehole of which diameter is 0.7 cm, the stress wave of which
wave length is about 1% cm is projected into the plate and
produces the radial cracks of which lengths are about 3 cm.

The main results obtained are as follows:

1) The radial crack caused by an explosion does not grow con-
tinuously from the surface of the charge hole, that is, the in-
tense stress wave which is projected into the material by an ex-
plosion creates at first many nuclei of the crack, and then the
cracks which develop from the respective nucleus interlink with
each other and finally produce a long continuous radial crack.
2} The relation between the number of the nucleus per unit area
(N) and the distance from the inner surface of the borehole (r)
changes with blasting condition. In the case that the decoupl-
ing coefficient is 2.0, N decreases gradually with the increase
of r, and the values of N at the inner surface of the borehole
and the point at r=1.0 cm are about 5x105 pieces/cm2 and 2.5x
103 pieces/cm2 respectively. But when the decoupling coeffici-
ent is 1.1, the largest value of N which is about 2.5XlO5 rieces
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=

/omd appears at r=1.0 cm other than at the surface of the bore-
hole. It may be considered that one of the reason why this phe-
nomenon appeared is the increase of the ductility of the material
caused by the temperature rise in the material due to the adia-
batic compression accompanied with the propagation of an intense

stress wave.

Formation of crack and crater caused by a tlasting with

AS]

one free face

The dynamic stresses in a material caused by a blasting
with one free face have been analyzed with the aid of a numerical
technique which involves tue finite-difference approximation to
the momentum equations, and then, the processes of the develop-
ment of the cracks and crater formation caused by the blasting
have been simulated.

At first, experimental studies have been conducted by using
a polymethyl methacrylate plate. The diameter of a borehole
drilled in the plate is C.7 cm, and the length of the burden (W)
is 2 cm. A No. 1 detonator has been utilized to break the speci-
men.

The size of the model for the numerical simulation of this
experiment is 40 cm x 2% cm. The size of a square element is
C.u42 cm x 0.42 cm, and the number of element is ahocut ©000.

The main results obtained are as follows:

1) The maximum values of the tensile stress at the points near
the free face (about 0.2 cm from the free face) and near the
line of least resistance increase abéut twice as large as those
in the case where there is no free face.

2} The results of the numerical simulation of crack and crater
formation agree fairly well with those of the experimental
studies, The process of the crater formation deduced from the
simulation is as follows. At first, a crack is produced along
the line of least resistance, and then, a few of the radial
cracks reach to the free face in the range of x{ W, and lastly
the crack perpendicular to the direction of the line of least
resistance is produced, where x 1is the distance from the line

of least resistance.

Bl Smooth blasting
The dynamic stresses in a material caused by a smooth blast-

-112—



ing have been analyzed and then the process of the development of
the cracks has been discussed. The size of the model for the
numerical analysis is similar to that used for the analysis of
the blasting with one free face. Two empty holes are located
both sides of a charge hole to simulate the drilling pattern of
the smooth blasting.

The main results obtained are as follows:
1) In order to get a good smecoth wall by the blasting, the
spacing (L)/vurden (W) ratio must be kept less than 1.6, and also
the explosives in each hole must be initiated simulftaneously.
2) When the value of L is 1.6W, the maximum value of the tensile
stress at the surface of the empty hole is 1.83% times larger
than that of the tensile stress at the other point having same
distance from the explosion.
%) Because of the stress concentration at the two points on the
ad jacent empty hole which are closest to and farthest from the
explosion, the separate cracks are initiated at these two points
and develop along the projected plane of breakage before the
radial cracks from the explosion reach to the empty hole.

4. Effect of the pre-split on the blasting adjascent to 1t

The dynamic stresses in a material caused by a klasting
adjacent to the pre-split have been analyzed. And then, its
effects on both the vibration and the breakage caused by a main
blasting which is done adjacent to the pre-split have been dis-
cuséed quantitatively.

- The main results obtained are as follows:

1) The pre-split has a greater effect on the control of the
cracks caused by the main blasting even if it has a smaller
effect on the reduction of the wvibration.
2) Existence of many discontinuities makes the greater change
in the wave form of the stress wave which propagates through the
discontinuities.
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THE FRACTURE PHENOMENA OF ROCK IN CUTTING

Iwao NAKAJIMA And Shigenori KINOSHITA
Department of Resources Development Engineering

Hokkaido University

1. Introductiomn

In the present study, we made microscopic observations on chip formations
in rock near and beyond the point of cutting.

The bit was stopped cutting and taken off the cutting plane carefully, then
the cutting plane was cemented over the wide range by Canada Balsam. This agg-
lutinated rock sample was sliced to thin slab in parallel with cutting direc-
tion and polished to make a thin section for a microscopic observation. The
thin section was successful for us to observe the mode of rock fracture occur-
ing in a vertical section of the cutting plane.

Main results of observations for samples of marble, tuff and sandstone are
described in the preceeding sections with some disscussions about the fracture
mechanism of rock in cutting.

2. Method of cutting |

In this study, rock cutting was performed
by a wheel cutter using an apparatus as shown
in Fig. 1. A thin rectangular parallelepiped
rock specimen settled in a holder is fixed on

¥
the octagonal ring dynamometer and the unit is ) — P - _w

placed on the table of milling machine.

strain
gage

Prior to the actual test, the specimen is

cut to make arciform cutting face like AR in dynamometer

the figure, then the specimen is moved forward ["ﬁ_ﬁ__f*“"——————“\L_____j

horizontally by a small distance (f) so that Fig. 1, cutting apparatus.

the bit can scrape the rock along the line AC.
The depth of cut (t) is defined as the thickness of triangle ABC measured in the
radial direction of the wheel at the point of cut. Therefore it can be esti-
mated by the equation t = f sing where ¢ is the rotating angle of bit from the
horizontal.
3. Photographic observations on cutting actions of a bit

Twelve photographs are presented here in order to illustrate the character-—

istic modes of rock fracture in cutting. The first four photographs are the
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examples of photographic view of chip formation and others are the photographs
obtained by microscopic observations on the fracture plane of cutting.

By reference to the photographs the following concepts were obtained with
regard to rock fracturing in cutting.

(1) There should be the two different forms of failure as Goodrich has already
postulated. The first is a crushing phase in which the bit reduces the rock
to a fine powder and dust. The second is the cutting phase in which the
large chips are fractured from the rock.

(2) The first phase occurs in a very small range of cutting depth within about
150#. The photographic views of the chip formation in this phase are shown in
photo.l and photo.2. It can be seen that the chips are produced continuously in
the vicinity of the cutting point, being discharged in curled form into the air.
The boundary between the crushing zone and the unbroken rock is observed to be
inclined at an angle of about 45 to 50 degrees to the cutting direction.

{3) If the cutting depth is Increased beyond the critical value of the first
stage, the second phase of fracture will take place succeeding to the first
process, At this stage rock would break along a fracture plane at an angle of
25 to 30 degrees to the direction of travel. Since the two processes occur
alternately the chip formation becoms discontinuous as seen in photo.3 and 4
at a larger cutting depth.

(4) In the present paper the fracture of the crushing zone in the first phase
is called the faulting because it is a shear fracture due to high confining
pressure in the crushing zone, and the fracture in the second phase is called
the extension fracture because it seems to occur owing to crack propagation.
(5) Photo.5 shows the aspect of the chip formation in the first phase when the
cutting depth is very small. It is noticed that the large crystalline par-
ticles of the rock are crushed into small pieces by faulting of the compressed
zone. This faulting plane could be revealed cobviously by photo.6, which was
observed on the fracture plane after the cuttings have been removed from the
cutting plane.

Photo.7 represents the state of crack formations in the neighborhood of
the cutting point at the end of the first stage and how the cracks propagate
and develop to the extension fracture are shown in photo. 8.

(6) A model as illustrated in Fig.2(a) may be derived from the photographs
mentioned above, with regard to the cutting actionm of a bit. The model is the
same as that of Goodrich. The model characterizes the fracture mechanism as
that the two processes, faulting and extension fracture, occur alternatively
and that the volume of the faulting zone is approximately equal to the volume
of the extension fracture zone. However the model seems to be valid in rela-

tively small cutting depth.
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IZU Sandstone AKIYOSHI Marble AKIYOSHI Marble

photo. 1 t=30 photo. 5 t=50, x=240 photo. 9 t=400, =x=24
photo. 2 t=100 photo. 6 =100, x=80 photo.10 t=650, =x=24
photo. 3 t=200 photo. 7 t=200, =x=120 photo.1ll =500, =x=24
photo. 4 t=500 photo. 8 t=100, x=80 photo.12 t=650, x=24
t = cutting depth t = cutting depth t = cutting depth

x = magnification x = magnification

(7) When the cutting depth becomes larger than the depth a model like Fig.2(b)
should be assumed.

The failure mechanism in this model is not essentially different from the
model of Fig.2(a) except that the faulting zone reduces in relation to the in-
creasing of the cutting depth. The evidence of the assumption is found in a
series of photographs from photo.9 to 12.

The rock failure by faulting can be observed in photo.9 and the fracture
plane thus produced is revealed clearly in photo.l0. The extension fracture
plane taken place in succession will be seen in photo. 1l.

The two fracture planes are recognized more distinctly in photo.1l2 which
is for the case where the rock is cut by a bit with a rake angle of 20 degrees.
In the photograph, BD and CB represents the previous extension fracture plane

and a newly developed extension fracture plane respectively. The faulting
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plane is represented by CD. It is easily known that the faulting plane is
taking place across the extension fracture plane.

(8) It was difficult to get clear microscopic observations on the fracture plane
for sandstone and tuff because of difficulties of making thin sections. However,
it was supposed that similar processes would occur in the cases of those rocks.
4. Conclusions

As the result of microscopic ob-

servations on the fracture planes of

AKIYOSHI Marble, where it is cut by a

?0°
— A
bit with a varied cutting depth, it I/, L

was ascertained that there were two crushed zone

extension fracture zone

processes in rock failure. The first

: extension fracture
plane

: faulting plane

process is a shear fracture caused di-
rectly in the crushing zone by the

penetration of the bit. The second

process is an extension fracture due
to the propagation of the cracks Fig.2, chip formation in rock cutting
which are.brought about by the de-
velopment of the crushing zone of high confining pressure. It was alsc demon-
strated that the first process occurs alone with a small cutting depth and that
when the cutting depth becomes larger the two processes occur alternately. The
fracture plane is inclined at the constant angle of 45 to 50 degrees in the
first process and at the constant angle of 20 to 25 degrees in the second pro-
cess to the direction of travel for all kinds of rocks tested in this study.
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SOME EXPERIMENTS OF ROCK FRACTURING
BY ELECTRIC SPARK DISCHARGE

Akira TAKATA & Yosihiro OGATA,
National Research Institute

for Pollution and Resources

When an electric spark discharge of large power occurs under
the presence of water, the energy level of this stress wave reaﬁhes
as high as rock can be broken. This idea was born during the study
of seismic sources of "geo-sonar" and electrohydraulic forming of
metal sheets.

The testing apparatus uses a burst of high voltage electric
charge released at a spark electrode in water. The electrode has a
coaxial section, and
the both poles are

 TE8 06—

connected at the tip 7

by a fine copper wire
(Fig. 1). A shock +

wave is generated by
vaporization of the Fig. 1 Spark electrode
fine wire and surrounding water.

In this test, the voltage was kept under 500V tdlexamine the
details of electric current in the whole system. Its performance
changes at random by fine changes of circumference condition. Only
a little part of 1200joules, which can be charged in the capacitor
seems to be consumed at the
spark electrode,

Plate specimens of some
kinds of rocks and cement
mortar, 6 to 1O0cm thick,
were broken by this methed.
The electrode were inserted
into 6mm dia. boreholes, 2
to 5cm away from side wall,

Water is poured in just be-

fore the electric discharge.

Tensile cracks formed Fig. 2(a) A shape of crater (1)
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Fig.3(a) Effect of
another hole

Fig.3{(b) Effect of
another plane

Fig.4 Simultaneous explosion of
plural holes

wide-spread craters toward a free face of side wall(Fig.2). Growths
of cracks were liable to be affected by another free faces or hollow
holes, as shown in smooth blasting(Fig.B). Simultaneous explosion
of several holes caused well-controlled breakage line through each
holes(Fig.4).

Peak pressures of shock wave in water reached 1.3 to 1.5kg/cm2
at the point of 13m from the electrode(Fig.5). This means that the
pulse pressure reaches more than 2Okg/cm2 in the neighborhood of
electrode. Bubble sphere (about 20cm dia.) could be observed, when

the spark occurred near the water surface(Fig.6).

SR




If the charging voltage is raised more than 10kV, as we are
planning, the electrode will not need fine wire comnection, and re-
peating discharges will show effective breaking power, especially in

sea water.

R=13m
comp.

NO. 127 1

oy ™ S

NO. 125 _1l

/.
v = tens.

NO. 124
/.

N Nttt
I

! !
0 1 2 ms 3

Fig.5 Pressure wave measured in water

Fig.6 Bubble spheres formed near water-surface
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THE FRACTURE RESISTANCE OF ROCK
DURING FPERCUSSIVE DRILLING

Hirohide HAYAMIZU, National Research Institute for
Pollution and Resources

Shigeo MISAWA, "

Saburo TAKAOKA, "

Drilling rate for percussive drilling hzs been studied so
far and especially the emphasis was placed on the relationships
between the drilling rate and mechanical properties of rock. But
these relationships have not been clarified enough.

The following experiment was carried out as the first step
to clarify the relationships, The resistance of rock during frac-
turing by percussive drilling was discussed here,.

It is obvious that the fracture of rock by percussive drill-~
ing was caused by the strain wave through the drilling rod. As-
suming that the behavior of the drilling rod is expressed by
one dimensional equation of motion, the strain £ which is ge-
nerated at a cross section of the drilling rod is given by

Elx.tY)= Et-Z2) + &t r ) (1)

where x is the coordinate along the axis of rod, t is the time

and a is the propagation velocity of the strain wave., §(t-x/a)
is the strain wave which vropagates through rod from shank end

to bit end and é£:(t+x/a) is the strain wave which propagates in
the opposite direction to that of g,.

If the strain wave £, and &, can be separated each other
from the results of the measured strain £ , the external force
applied to the bit end, the fracture resisiance of rock, can be
determined by the strain wave &, and E€:.

¥ig.l shows the one examrle of the strain which is measured
at the middle point of the rod during the fracture of rock. As
is clear from this figure, €& and &: were separated each other
vecause &, falls in the range of L/2a to 3L/2a and €: falls be-
tween 3L/2a ana S5L/2a, L is the length of the drillinz rod.

The fracture resistance of rock derived from the measured
values are shown by solid lines in ¥ig.2. In this figure,ordinate

is the dimensionless fracture resistance F/(EAv. /a), where T is
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l% %

sand store (soft)

sand stone (hard)

V= 445 MYsec | Piston weight =3 31kg
A=scmi. L=4m sand stone (hard )

Tio,1 Tvrical strain wave Me,? Fracture resistance

.

the fracture resistance, A is cross-sectional area of rod, i is
Voung's modulus of rod and v, is the percussion velocitv of the
piston of drill,

Following equation 1s assumed fto relate the fracture resist-

ance with the mechanical properties of rock.

F=Ru + 4 ol/2t 2)
where u and pu/2t are the vpenetration depth and penetration rate
respectively, R is the hardness of rock and { is mechanical im-
pedance of rock. Mechanical properties above mentioned are rela-
ted to the shape and gage of bit.

The strain wave §, shown in Fig.l is theoretically approxi-
mated with following eouazation,

£ = -%[@XF{—;\, (t— %’)}-ﬁxr{-/\z(l‘— %)H Hit-20 (3)
where H is unit step funection and A, and A, are consiants,

Fracture resistance F i3 derived theoreticallv as the func-
tion of the time from equation (2) and (3),.
ol =l .

F--2E4% f—_‘-ig—;ﬁ{ex,p CrE=5) - exp (-0 ct- 2D}

i w‘iwﬁ(—/\z(i—ﬁ))—w(—E’Ut—ﬁ))ﬂH(I'E)
= R “4)
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where /2' _ £

(§Lﬁ~ + 7))
* (5)
N o=
(= o 1

The dotted lines are the dimensionless fracture resistance
derived from ecuation (4). Fig.2 tells us that the theoretical
results agree well with experimental values and as a result the
fracture resistance can be defined by eouation (2).

The experimental results which are derived from the rock
fracturing in a certain condition is necessary to determine the
hardness and mechanical impedance of rock. By drawing a figure
in the same way as that of Fig.,2, t. , the time when the strain
wave £ changes from tensile wave to compressed wave, and t2 ,
the time when the strain wave €, and €; coincide each other, can
be determined,

Tig,% shows the theoretically derived relationship between
T:and R' and ¥ig.4 shows that of between t: and @ . Therefore,
R!' and %' are determined by t, and t: which are experimentally
obtained and then R and # are determined by eouation (5).

In conclusion, if the shape and size of bit does not vary,
the fracture resistance of rock in anyv values of v. A, A\, , Az,
etc, can be derived from the eouation (4) using the values R and

{ obtained above, And the penetration depth of bit into rock Um
can be approximately given by following eauation.

! EA .. L :)— -A: t. :
thm = 2 ¥ u 253 (@«p( Ate)—exp(=A )] (&)
10r
08‘ Ag |=]0
06 R
5 09
® 04t Q7
02 1 0.2% 07
A2=47250 Vsec 0l
1 L 1 XTloa n
0 L2 3 4 0 01 02 03 04
R'(1/5ec) Ny’
Fig.3 Fig.4
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EXPERIMENTAL STUDY CN RELATIONSHIP BETWEEN
ENGINEERING PROPERTIES OF ROCK AND
MECEANICAL DRILLING CHARACTERISTICS

Takeshi MITANI and Takeo KAWAI

Japan Construction Mefthod and Machinery

Reserch Institute

In recent years, Tunnel boring machines and large diameter shaft
borers have been used in view of various considerations at construction
sites. In the present investigation, drilling experiments were coduct-
ed for rock samples listed in table 1.

Table 1 Engineering proverties of rocks tested

Main spe- E Rock Locdlion SrecHic Wg\“ I:””"h Brittieness mr:”
cifications of Granite | Enzan 206 | 1809 1og¥et| 7 89
the drilling 1 Ansesife(bord) Funabarn| 2.56 1397 io2 14 69
test machine Andesite(soit) Sanjome | 2.21 771 45 11 55
are as follows: Sandstone | Kewazu | 2.08 25 | 37 7 20

Thrust exerted @ranite  [lnade | 2.68 | 1927 68 28 88
2 | Anesite  |Funabera | 2.43 | ) 00O 75 13 71

on cutter; max-
Marble  JAkiyosw | 2 68 638 | 44 ] 46

imum 16 tons,
Rotary speed of cutter head; 0 to 100 rom, Torgue; maximum 1440 kg-m.

In the first test, 20 cm by 20 cm rock samvles as listed in Table

1 were used. The bits used were Model 35, Model 3M, and Model 3H tooth

type tri-cone bits with diameter of & in. and thrust applied were vari-
ed from O0.% tons to 10 tons depending uvcn the strength of rock and the
type of bit. In each test, the rotary speeds were changed in three ste-
ps from 9 to 14 and 19 rom. Total test conditions were 141.

In the second test, 30 cm by 30 cm rock samples as listed in Table
1 were used. The bits used were Model 3H-8 bit with diameter of 3.62
cm, Model 3H-12 bit with diameter of 12.14 c¢m and Model 3VH-12 bit with
diameter of 12.14 cm. Model 3VH-12 bit used was W~C tip inserted tri-
cone bit, and Model 3H-3 and Model 3H-12 bits were tooth type tri-cone
bit. Drilling tests were conducted under 65 conditions with the thrusts
between 0.72 and 8.0 tons and the rotary speeds of cutter head were 19
rpm and 45 rpm.

1. BIT THRUST AWD DRILLING TORQUx

We obtained nearly linear relation between the bit load and drilli-



ng torgue from NO.1 test( Fig. 1). ms) Sy LTS
According to the resuits of WO.2 test,
there are some data indicating that the e
torque 1s in proportion to 1.2 to 1.7 5o
power of the load applied to bit.
2. W/D and R/N
W/D is the thrust per bit diameter
in kg/cm and R/N is the drilling length 28

per bit rotation in ecm/rev. In each ca-

gse.of Fig. 2, the characteristic curve

\ —_—
has a linear portion(as referred to 'pe- o mmpind he ?V :;?m)

d . : .
rformance line"). For relatively soft P I e i OTO PR O T e

rocks, there 1s a tendency for the dri- e . .
with increase in thrust

1ling efficiency to reduce downwards in

the region of high thrust (as referred Ao
Bl 3in 3Meit

to "transvort line"). Such a reduction
of drilling efficiency is mainly due to o
the decrease in the removal of cuttings

caused by the increase in drilling spe- -
ed, Particularly, in case of soft rocks

it is considered that the driilinsg ef{f- ot
iciency will be reduced further owing
to a sticking action of cuttings on to

the teeth of the bit with the increase

o2

in drilling speed( or the derxth of pen=-

o au‘ oo 400

oo L0808 4L e
etration of teeth). From IMg.2, it is W/D (%m)
concluded that with respect to the efi- Fig.2 Drilling performance
ctive region of drilling thrust there
is an uwnper limit fbr so0ft 28] e Mam2g g
rocks and a lower limit for K 3in, ML
hard rocks. 20

3. DRILLING INDEX cot,
The drilling index K 1s ( ,5
expressed in terms of the vo-
lume of the rock excavated =
per minute per rotary horse-
power in @mémin-ps. p =~ 45!23
g = AR KB rai
5 -‘5=z=:ﬁéE;E::::I:Z:::E;=
where A is the cross -sectio- r 2 4 ¢ ™) 7o (TeN)

3

nal area excavated in cm” and

Fig.3 Relation between thrust and K
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R is the drilling sreed in cwm/min. And the drilling horsepower P in ps

12w N.T
75 © 60 T716.2

in rpm and T is the drilling torgue in kg-m. Conseguentry, the drilling

—~ - -
R /{6'2 = ?lo.EIDB'{ R j—= where D is
}a . i+ N T

is given as P=

where N is the rotary sneced of bit

index is expressed as

K = A

the drilling diameter in cm. Thus, the drilling index can be expressed
in terms of the drilling diameter, R/N and the drilling torque. The va-
lues of K are vlotted against those of the biit thrust as shown in Fig.3,
where a sharp peak in value of ¥ is recognized in case of soft rock (sa-

ndstone), .and also similar peaks are occurred in case of hard rocks,

even thogh not so significant as comvared with soft rocks.
3in 35, 3M 3+ bit (Teoth)
e 3Wpin W~ B LIk { TosTh)

4. DRILLING INDEX o
ool \
) -y —-— ¢34in 3y~ 12 bit (Tosth)

AND STRENGTH OF ROCK
results, it is shown that “%. e Ve ———d4a¥Hin IvH-12Bl(Bulten)

From the experimental

there is a linear relation- ey "
ship between the muximum
(%

value of drilling index

Ko and the uniaxial couapre-

ssive strength of rock Sc ::’
when plotted onzlog—log 5C— 3e0]
ale graph. Fig.4 indicates -
linear characteristics of .
individual straight lines, - _ )
$o o0 ass ass  Sve Aove 3,000 Rapo

but distinct correlations comprenive] atrengll Sc

N
SLESRUOL L neiNaros Fig.4 Relationship between Ko and Sc

these straight lines.

However, it is found from Fig.4 that °ﬂ
Model 3VHE-12 cutter designed for ext- Riv
remely hard rock drilling maintains (Do)

0.3

relatively high value of drilling in-

dex in the hard rock rsgion.

0.219
Pinally, some typical drilling

performance obtained at actual const-
ruction site using I.0 to %.6 m diam- =]

eter shaft drilling machine are shown

in Fig.5. 0

Fig.5 Drilling performance cobta-
ined at actual ccnstruction site
in Japan
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THERMAL FRACTURING OF RCCKS BY THERMODRILL

Zenjiro HOKAO, Tokyo University.

Two kinds of thermodrills or jet pircing machines were develop-
ed by author. One kind of thermodrill based on a principle of liqu-
id propellant rocket engine and the other a principle of jet engine.
The rocket engine principle thermodrill is applied for under water
boring and the jet engine principle thermodrill for cutting and bor-

ing of rocks on the surface. 80 -

In Seto Inland Sea of Japan, under 70 L

water boring experiments were carried out .

at the depth of maximum 50 meters and 5o L

very good results were obtained for gra- ’.
nite. The drilling rate at the depth of l

Driliing Rate (€Mfmin)

a0 -
10 meters was 42 cm/min. in average,

while at the depth of 30 meters it decrea-

sed to about 29 cm/min. The diameter of

20 |

O

10

[¢] 1 t \ L L n

hole was about 100 mm. (Fig.1l) (Fig.2). 0 20 30 (m)

The rock removal rate at the depth of 10 prorkinaigRenth

neters was about 3100 cmB/min. in average, Fig.1 Relation between drilling rate and
working depth.

while at the depth of 30 meters about

2000 cmB/min. Ir these case, the combus-

4500

4000 +

3

Rock Removal Rate {€Timin}

tion chamber total pressurc was 20 kg/cm2
3500

and the quantity of kerosene fed to the

thermodrill 0.7 #/min., oxygen gas 1.6 20901

NmB/min. The diameter of combustion AR
chamber is 18 mm and the total length of

thermodrill about 3 meters. The tempera- 1500

2000

ture in combustion chamber is about 3400 LOCCH
°K and the velocity of Jjet about 2000 500 -
m/sec. Two divers held the thermodrill G

10 20 30 {m)
and were engaged in boring under water. Working Depth

Fig_3 shows the bore holes drilled into Fig.2 Relation between rock removal
rate and working depth.

a granite block at the depth of 10 meters
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under water.

Several types of thermo-
drills using compressed air
and kerosene or gasocline
were also developed. These
thermodrilis arec based on a
principle of jet engine, but
the each has a little differ-
ent designs and technical
characteristics. The thermo-

drill using air and kerosene

requires oxygen gas when it

Fig.3 Bore holes drilled in

) a granite block at the depth
using gasoline do not have a of 10 meters.

is ignited, while the others

same requirement. Today two
types of thermodrills using air and gasoline are used practically,
and the one has a spray injection type injector and a cylindrical
combustion chamber, while the other a premixing type injector and

a conical combustion chamber. The temperature in combustion cham-
ber is about 2400°K and the velocity of jet about 1200 m/sec.

Fig, 4 shows the supersonic fire jet gstream of alr-gasoline thermo-
drill.

The author measured the temperature and pressure distributions
of free jet stream of oxygen gas-kerosene thermodrill, and examined
the relations between these parameters and propellant weight flow
rate, distance from a nozzle exit, drilling rate etc.

Thermal characteristics of Jet stream impinged to the rock
surface differ from that of free jet stream, for the supersonic
stream gives rise to shock wave in front of the surface. Then the
author measured the temperature distributions of jet impinged verti-
cally upon the rock surface, and a heat transfer coefficient between
the jet stream and the rock surface experimentally. The author
applied a method of INepuun A. T.,
and used a air-gasoline thermodrill,
throat diameter of which was 11 mm,
the combustion chamber diameter 40
mm and the quantity of gasoline fed
0.12 ~ 0.18 A/min.

In this method, the flame jJet

was impinged upon the surface of

Fig.4 Fire jet stream.
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one gide of cylindrical heat trans-
mitter made of cupper. The heat trans-
mitter has three holeg, in which ther-
mocupples are inserted, and the bottom
and peripherical surface of which are
coverd with insulator.

The heat ftransfer coefficient was
calculated with data of temperature
distributions in the heat transmitters.
Fig.5 shows a relation between the heat
transTer coefficient (h) and the dis-
tance of impinged surface from nozzle
exit (£). Pig,6 shows the distribu-
tions of heat transfer coefficient in
cross section in case of £ = 10 cm.

By the examination of experimental
results, the following equation was

obtzined in general form:

Nu

5/4 1/3
Re Pr

= 0.05 ~ 0.06

when Nu - local Nusselt number
Re - local Reynolds number

Pr - Prandtl number

This equation will be useful for exami-
nation of thermsl fracturing of rocks
by the fire jet stream.

Heat transfer into impinged jets
ig different from that of jets over
flat plates. In case of the latter
Nu/ReB/4Pr1/3: 0.0296 and smaller than
that for the impinged jets. This must
be congidered in calculaticons of
thermal stresses induced in rocks in

case of thermal fracturing by Jjets.
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A STUDY ON THE EXCAVATION METHOD
USING THE MECHANICAL CUTTING
COMBINED WITH HEATING BY A FLAME

Yoshinori INADA, Hyogo Prefectural Office
Makoto TERADA, Kyoto University
Ichiro ITO, Kyoto University

In order to develop an effectual excavation method for hard or
extremely hard rock formations, & method using the mechanical cutting
device combined with heating by a flame has been studied experimentally
and theoretically.

In general, when rocks are heated, they are degraded and their
strengths are losed., The degraded rock may be mechanically excavated
more efficiently than the rock which has never been degraded. Therefore,
an experiment to examine the efficiency of mechanical rock cutting method
combined with heating has been carried out in the laboratory.

The apparatus used in this experiment is illustrated in Fig. 1.

The flame nozzle for heating, the atomized water nozzle for cooling,
the roller cutter, the air blowing nozzle and the dust collector for
rock cuttings are arranged in a row.

When the rock specimen fixed on the rack with wheels was moved at
a constant speed from one end to another end, it was heated, cooled, cut,
blown and vacumed in sequence. This process was repeated and a trench
wag ¢ut on the surface of rock specimen., Every ten times of the repe-
tition, the depth and the width of the cut trench were measured and the

excavated volume of the rock was calculated,

In the experiment, a granite and — =
Ir o
two kinds of marble were used as the . Compressed| | Pressed |19 Th
City gas air — ! rust
specimen. Also, the disc or gear proltey
cutter was used under the following %, #
. 1&2
condition: the thrust force was 400, i ;mﬂ
6 ; A collector

500 and 600 kg respectively and the Rock specimen
moving speed of the rock specimen Chain 30%x 50'~ 20' {em)

was 1,5, 3,0 and 4.0 cm/sec ;;;; (i:) Rack (ZZ)__}EQ
spectivel S
resp 1VeLy. 1:Flame nozzle , 2:Atomized water nozzle ,

Examples of the experimental 3:Air blowing nozzle

results obtained in granite specimens Fig. 1 Experimental

are shown in Figs. 2 and 3. arrangement
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g Thrust
Every curve drawn by dotted lines in these o 2 T00ks
[ & BOC kg

figures shows experimental result{s under 7:3%3

Disc cutter, Granite,
Moving speed : 1:5cmisec
30

the conditicn of no heating effect. =8 3

Eg} 2
From these results, it was found that the = §
efficiency of mechanical cutting in LS 5

granite specimens increased by the effect 24

of heating by a flame and the increasing

0o m B i m % 10 % % W@ %
tendency found in disc cutter experiment No- of repetition No.of repetition

was higher than that found in gear cutter Fig. 2 Depth and width
experiment. Also, in either case, the of the trench with
R cutting repetition
bigger the thrust force was, the higher EE=F

the efficiency becane.

o
]

In the experimental results obtained

-
200

in marble specimens using disc cutter, it

e —

-
4

was found that the effect cof heating by a

Excavated volume (cm?}
Excavated velume {em? )

z E 2
flame was not always good; on the contra- Ll L -
i ®" o s e0 700 0 ¥5 30 &S
ry, it was sometimes bad. In the case of Threst thg ) Speed (cmiset

marble specimens using gear cutter,

Fig. 3 Correlation
between excavated
was recognized as well as in the case of volume, thrust force
and moving speed of

the rock specimen

however, the effect of heating by a flame

granite specimens.

Considering the reason, the marble is
apt to be chemically disintegrated by the effect of heating and conse-
quently the product forms a pulverized layer on the surface of the heated
rock. This layer seems to prevent the effectual excavation by the disc
cutter., Therefore, for marbles, it is deduced that the drag type of
cutter is desirable rather than the roller type of cutter in order to
utilize the effect of heating by a flame in the mechanical cutting.

In order to consider the effect of heating by a flame, firstly, the
thermal conduction in the rock specimen was studied. The rock specimen
was regarded as & semi-infinite solid and the three dimensional distri-
bution of temperature in the rock specimen was calculated. With regard
to the expression used for the calculation, see the reference in detail.

An example of temperature distribution in the rock specimen is shown
in Fig. 4. In this calculation, the rectangular coordinates system is
used, in which the x and y axes are on the surface of the rock specimen
and the z axis is perpendicular to the surface and faces to the interior
of the rock specimen. The origin of the coordinates is always at the

center of the heat source and it moves toward the negative direction
along the x axis.
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On the basis of the calculated temperature distribution, secondly,
distribution of thermal stresses in the rock specimen was calculated by
means of the finite element method. For example, the state of stress
distribution in the rock specimen corresponding to the temperature
distribution shown in Fig. 4-B is shown in Fig. 5.

When the values of thermal stresses induced in rock reach the
values which satisfy the criterion of failure, the local failure such
as a micro-crack would be generated and consequently the thermal degra-
dation would be produced. If the heating effect would be further
provided with the passage of the heat source, the degraded zone in rock
should be expanded toward the interior of the rock. Considering the
above postulation, the distribution of thermal stresses in the rock
gpecimen were recalculated and the transition of the degraded zone with
time was presumed as shown in Fig. 6.

On the other hand, according to the microscopic observation of the
thin sections which were cut from the rock specimen heated by a flame, it
was ascertained that the degraded zone thus presumed analytically

coincided fairly well with the zone of local failure generated by the
effect of heating.

REFERENCE
1) Y. Inada, M. Terada and I. Ito: Jour. of the Mining and Metallurgical
Institute of Japan, 88, 1008 (1972)
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STIZE DISTRIBUTIONS OF FRACTURED PRODUCTS AND
FRACTURE SURFACE ENERGY IN SINGLE PARTICLE CRUSHING

Saburo YASHIMA, Tohoku University
Yoshiteru KANDA, Yamagata University
Fumio SAITO, Tdhoku University

During the course of an investigation on the single particle
crushing in this laboratory since 1964, the authors have reported
the results; i) Single particle crushing under slow rate of 1oadi%g_
ii) Observation of fracture surface of crushed particle by scanning
electron microsco%%. iii) On the relation of work index and mechani-
cal properties of brittle materialéz iv) Size effect of single
particle crushi%g?)v) Mechanical properties of brittle materials
and their single fracture under dynamic loadin%.

The present paper reports the experimental results of size
distributions of fractured products and fracture surface energy in
single particle crushing under various loading rate. The samples
used in the experiment were sphere of 2,0 cm diameter made of two
kinds of glassy materials and

six kinds of minerals. The

102 ——r

number of specimen was 200~300

in every experimental condition.

The universal compression

o o

testing machine and the drop

e
-2
o
=
o
=
: S
hammer testing machine were used g {
in the compression test. v —
‘ - vive [—]
A summary of experimental 2 ; £ @29 x10
Z
results was as follows. £ % 2.9 O
1.50 x 10
. . . . " 4
l. Size distribution of I v Ol 2.87 x107
fractured products - f ‘ | l“
. ; g ¢
The sizing analysis of 5 162 16" 3
fractured products was carried Particle diameter , X [e¢m ]
out by the Tyler standard 200 100 48 28 14 8 4
screen, The Gaudin-Meloy-Harris Particle size [mesh]
(G-M-H) size distribution Fig.t Size distributions of fractured sphere

applied to the experimental cleboroslcopeiass
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results for borosilica glass was shown in Fig.l. Where vo(vo=1.67
X162Kg/sec) is the minimum loading rate in this experiment and
(V/Vvo) is the ratio of loading rate.

It was found that the three parameter (maximum particle size
Xo, distribution parameter m, size ratio n) in the G-M-H size dis-
tribution function given by Egq.l could be represented as function
of the ratio of loading rate., These functions for silica glass,

borosilica glass, quartz, feldspar were presented in Table 1.

y=1-01-= (x/x0)"1" (1)

Table1 Gaudin-Meloy-Harris distribution of fractured product

y=1-[1-(x/x"]" ™ Range of Number of
Kinds of Xo [em] loading rate specimen
sample m [—]
N =] v__[Kg/sec]
o= 212007587 +0.100
Silicaglass|m = 1.29(v/%f° +000729 (2)|3.33x10' ~ 5.1 x10° 200

n =0.895(v o) >0 +0.0915
Xo =1.91(v /247 00535

Borosilica ' C—qoozze L - 5
glass |mM =1.2‘1(\-'/’\'-)(10&5g £00323  (3)]5.00x10 ~ 48 x10 200
n = 1.69(v /Vo) +0,237
Xo =1 .91(v/o§)“m02‘;%:0.0497
Quartz  |m =0.894(¢ f¥ef’ 2000423 (&) 1.67x10' ~ 1.12x10° 296
n =0.0566(\'«/\'«.)0',m £00175
¥o = 1.75( /ca)aogzcmz:o.oszo
Feldspar |m =0.756(\'f/\'fn510129 £000263 (5)|1.00x18" ~ 1.12x10° 299
n =0.0323(v /%) <~ +0.00607
» \7»:1.67):102 Kg/sec, »e« Nominal diameter of specimen is 2.0 ¢cm

2. Fracture surface energy

Fracture surface energy required to enlarge the surface area
is shown by Eq.6.

Ve “ iy (o)
WhereYe is the fracture surface cenergy, E is the fracture energy
calculated by the load-deformation curve, M is the mass of speci-
men and 48w is the produced new specific surface area. The curves
in Fig:2 expressed the variation of the fracture surface energy
with the ratio of loading rate. The values of the fracture surface
energy in the region of higher loading rate (v/voZ 0% [-1) tended
to decrease with the ratio of loading rate and they took the order

of 104 ergs/cmz. The values were similar to the one of the
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surface energy ( 1.67£3,10 X104ergs/cm2 ) calculated by Jimbh! for
quartz from thermal balance in the experiment of a vibration ball

mill.

10’ A
® Silica glass
O Borosilica glass
P ® Quartz
g’.-. 10 @ Feldspar
5% N Agﬂ\
(]
Y 5 ﬁ_*a : m JFTH:::::~MN
SO 10%&!‘&——- \ . v WAL
52 LA RS, S e
o -y iy \‘,{
Ex, 10 {2 Lime stone b 'é.
2 — O Marble
o [ © Gypsum
e ; ® Talc
'I L1 Lt L1 LIt
1 10 100 10 10° 10° 10° w0

Ratio of loading rate , V/Vo [—]

Fig.2 Variation of fracture surface energy with ratio of loading rate

In this study, the relationships between the fracture surface
energy and the ratio of loading rate for quartz was given by Eq.7.
.0271

+ 1.68x10"
[ ergs/em®] (7))

0
0.0153 58 (%/4
Ve = 2.02x107 (¥/%0) /et 58(v/%o)

1.67x10T 2 (¥/%0) = 1.12x10°
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ANCHOR MrCHANISE OF ROCK BCOLT ERNLIGHTENED

Seisuke MISAWA ,  Akinori TAKAHASHI

Japanese National Railways

1. Preface

For the purpose of the nost advantageous rock bolts to be used practically in
public eliminating the operators uneasiness for such anchor mechanism, the two
species of the expansion type and bonding type hrve now fully been enlightened
with the various test results, and according to an approval of the safcty factor
for such rock bolting, here have firstly been used about 100,000 rock bolts in the
tunnelling works of the New Sanyo Trunk Line by the Japanese Mational Railways, and
then the demand has been increased for various construction fields including highway

and waterway tunnels and underground power stations.

2. Test
- : ; i‘-aq 4
2-1 laterials for test i :
f
The tested rock bolts were expansion type @ i
called as "TH type" in style and size as shown zy/—_L
Fig.-1, and bonding liquid mainly of the poly- e

ester resin called as "CELFIX" nmanufactured by ()LE%"

the Celtite in Frrnce, as shown Fig.-2. = g L)
Ol & il
2-2 Tests in tne {ield
The field tests were conducted at the actually
excavatig spots utilized in the Aioi tunnel of J ] wissiet

the New Sanyo Trunk Line with the rock bolis

©
Q,

installed in the downward lLoles of 28 %o 40 rm. Q@gJ i
dia. and 1.5 to 2.0 m. long, and the bolts were i =
pulled by a hydraulic jack until the bolts Fig.-1 TH Type 5.
broken off or slipped sway from the hole walls, Resin

and the relationship between load anddisplacement m<:

was recorded by reading dial gauge for elongsa- c e
CELFIX oagulan
tion and slipping of the bolts on various load W ?

levels. Tested in various ways with different i ‘écrew
lengths and dismeters of the bolts, different %gi—n+f - - ~
amounts of Celfix :nd diffcrent times of mixing ® Bolt

as well as walting times. Fig.-2 Bonding Type
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2-3 Bagic tests in the laborsatory
The basic tests were conducted in the laboratory for the following items which
could not be known at the field tests.
1) Physical properties of the solidified resin.
2) Anchoring strength of TH type for the different rocks.
%) Adhesive strength of Celfix.
4) Test of Celfix in steel pipes.
3., Test results and considerations
3=1 Relationship between pull-out load and displacement.

Pull-out test results in the field are as shown in Fig.3% & 4, and the real lines
show the measured values including slipping and elongation in the field, and the
dotted lines show the calculated elongation of the bolts themselves. Vhen
compared Fig.-5 with 4, the total amount of displacements with pull-out load 10
tons is about 15 mm. on the TH type and is about 2 to 4 mm. on the Celfix, so that
the Celfix is more suitable in the rock bolting anchor mechanism by reason of the

less displacement with the more advantages for the rock belting.

3-2 Anchor mechanism of TH type
( TH type)
Whilst the real lines and dotted 20 ! =
lines in the above graph would show 4:: [ P ”#-_-*F-j;i;;;ﬂfaz’a T
Q pd .
the same position if there is no X m; / / oo e
a o] F / /
slipping, the graph shows still @ I / j7¢ -
i 710
considerable differences. The causes | | # fi://
¥ ors &
would be (1) the slip between the Q 5_f :?7x’
shell of bolt and the wall-face of é 2;fi£
% T 8 B 20 25 30 35

drilled hole, (2) the slip between
Displacement { mm )

% Curve of Pull-out load and Displacement

the plug and shell at the conic
Figo _:;

rortion of the bolt due to the

defornation of the plug, and (3) the slip ( Bonding Type)

between the shell and plug caused by intru- Egao I ’g =
sion of the shell into the side of the drilled L . K ::IS ;’,
nole. GCenerally in the past, (1) had so far :g f :g ;
been taken into concideration but as far as & '0; = '°§
the basical test results concerned, (%) was ’i E/ 'i i
the most affective and (?) was the next, and E 5.5 E 5{
(1) has never been recognized in such 3 S T
phenomenon. Displacement °, (mm)
3=-3 Strengths of the solidified resin Pig.-4 Curve of Pull-out load

The physical properties of the solidified and Displacement

resin cbtained by the specimen test pieces were the specific gravity : 1.77, longi-
tudinal velosity : 2970 I / S, compressive strength :552 Kg /er?, tensile strength
: 88.7 Kg /em?, shear strongth : 154 ¥g /cmF, Young's modulus : 38600 Kg-/cmz.
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On the other hand, the varieties of the adhesive strength to the surface and
different shear strengths according to the object materials, hole boring methods,
etc. obtained from the pull-out test results are in such amounts as shown Table-1.

3-4 Adhesive mechanism of Celfix.

If suppose the bolt falling down whilst it was sticked to the rock by the
solidified resin, the following three accasions would be considered as (1) slipping
between the hole wall and the resin, (2) slipping between the bolt and resin, and
(3) break of the resin itself. \hen the sticking face was smoothly flat,the resin
would likely come off as (1) and (2), and to the contrary, when the sticking face
was rough, the resin would likely be broken as (3). Therefore these shall differ-
ently be valued according to the natural properties of the object materials and to
the roughness of their facing points. That is, when the hole wall surface is
smoothly finished by drilling with such as a diamond core bit, the resin is likely
to come off from the hole wall, and when the hole wall surface is roughly finirhed
by drilling with such as a fish tail bit the resin shail completely be filled
through even in the concaved portions of the hole wall face as well as of the bolt
threads, so that the resin is likely to cause shear breaking in this portion.

4 Concluding Remarks

By the way, here at present (rareh 1974) about 30,000 rock bolts are monthly
used for various minings and tunnellings in Japan, and now varicus problems are
being studied closely at many research institutes, for such as how to prevent any
loosening of the tightened bolts caused due t¢ vibrations by the excavations
operated in the vicinity, the photo elastic tests of the fully embeded resin,

analysis by the Finite Element Method and exaninetions by the block rodels.

Table - 1 Adhesive strengths and shear strengths of solidified resin

Materials TR str:ngth Sheas strenfth Remark
( kg / e ) (kg / enf )

Steel pipe 52 114 Drilling by
Rhyolite 32 - dismond core bit
Andesite 39 h—
Marble 42 —
Tuff 18 S
Concrete 100 120

> ' 7
Andesite 114 <137 Drilling by
Marble 67 86 fish tail bit
Tuff 49 -
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STUDY ON FAULT TREATMENT OF DAM FOUNDATTON BY THE
COMBINED USE OF FAULT REPLACEMENT WITH CONCRETE,
GROUTING OF SURRCUNDING ROCK, AND PRESTRESSING OF
FOUNDATION BY HIGH-TENSION STERL MEMBERS

Toshio FUJII

Dept. of Construction, the Tokyo Electric Power Co., Inec.

I. INTRCDUCTLION

In recent years, the need for development of new water rescurces has in-
creased, and economical construction of dam is a very strong demand. Sites of
dam construction with relatively good geologic conditions have been developed,
and the remaining dam sites have, in general, some difficulties in their geo-
logic conditions. Thus, research on the treatment of dam foundation is the most
important part of the dam engineering.

There are several methods being used at present for the treatment of dam
foundation, i. e. replacement of weak zones with concrete, transmission of the
forces from the dam to sound rock beyond Tault through the concrete plate in
foundation, prestressing of foundation by high-tension steel members, restric-
tion of displacement of foundation by concrete struts, counsolidation of weak
zones by grouting and so on. These methods are used depending on the special
situation at each dam site, and the details of the treatment are guite different
in each case. It is therefore difficult to give a general description of the
practice of these methods, and at present, accumulation of many examples of dam
foundation treatment would lead the technical development and would be benefi-
cial to the engineers concerned.

For this reason, it is significant te introduce the foundation treatment of
Nagawado Dam, an arch dam of 155m high, in which bed rock was composed mostly of
granite with well developed joints and wide ranges of fault zones.

II. FAULT REPLACEMENT WITH CONCEETE

Foundations of dam should have sufficient strength and rigidity to with-
stand forces from dam, and also they have to be impervious to avoid leakage from
reservoir, Thus, in case the foundation rock has fault zones, it is generally
believed that the fault replacement with concrete is the most reliable method.
However, ir case fault zones are located close together, loosening of surround-
ing rock as the result of excavating fault zones would become a problem, and the
conventional excavation by smooth blasting method would induce such loosening.
In such case, the hydraulic excavation using high pressure water jet is very
effective, both technically and economically.

In case of Nagawado Dam, there were ten large fault zones to be treated to
get good stability of dam foundation, and study on the fault treatment was
carried out by calculation and experiment taking account of the reguired mechan-
ical properties of dam foundation, i. e. strength, deformability, and imperme-
ability. In conseguence, it was decided to replace the fault zones with
concrete within *0m from the abutment face by making use of high pressure water
jet in fault excavation. This method of excavation by high pressure water jet
was modified from the one that is being used in coal mines and applied here to
the fault excavation for the first time. According to the preliminary test in
site, it was decided to use the pressure of 1OOkg/cm2 and the nozzle diameter of
17 = 19mm, and to excavate the fault zones of 1 - 2m wide by dividing them into
blocks each 10 x 10m, The volume of fault excavation was about 13,000m> in
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total.

Tt is important in the excavation by high pressure water jet to investigate
the geologic conditions of fault zones. FEspecially, frequence and direction of
joints and cracks, which are often observed between soft fault materials and
sound rock around them, would determine the efficiency of the excavation, while
the width and gradient of the fault zones would determine the safety and easi-
ness of this process. Thus, it is very important to investigate these subjects
at the planning stage, and to make a plan for the excavation process which is
based upon the results of the preliminary investigation and test in site. After
the process has started, it is important to pay special attention to the train-
ing of monitor operators and strutting crew, for the ability of the moniter
operators determines the overall efficiency, while skilled workers of strutting
can get rid of an accident of rock fall which often takes place immediately
after water jetting.

Tn addition, it is essential for the construction supervisor to observe
loosening of surrounding rock during the operation. This observation should be
done by not only direct measurement of actual displacement, but also some others
which are easy to make a number of measuring points and able to be translated
into displacement and should contribute to the accurate judgement ol actual dis-
placement. For especially in case the rock contains many well developed joints
and cracks, direct measurement of displacement would sometimes indicate the
unusual local movement only, and consequently, in order to observe the entire
displacement, it is necessary to have a considerable number of measuring points;
however, in case this is not possible, the other methods by which numbers of
mezsuring points are easily chosen, such as the measurements of rock noise,
permeability, etc., should be attempted.

At Nagawado Dam, the measurements of rock noise and permeability in addi-
tion to the actual displacement of the rock was within a few wmm, which
demonstrated the effectiveness of this excavating technigue by high pressure
water jet.

T1I., GROUTING OF SURRCUNDING ROCK

This fault replacement technique with the use of effective excavating
method by water jet may restrict the damage and loosening of surrounding rock,
however, rock around the holes made by excavation is easy to loosen due to
ground pressure, and in some cases, an application of cement grouting to the
surrounding rock is helpful which would seal cracks that are the causes of
loosening after filling the reservoir. TIn order to perform grouting effective-
1y, it is necessary to determine the area of grouting, and this should be done
by careful observation of the behavior of the surrounding rock during fault
excavation. The permeability test of surrounding rock before and alter the
fault excavation is quite essential for this determination. The other important
factor is the proportion of grout mix which would determine the effectiveness of
grouting. For especially dense and highly viscous grout mix, a detailed regula-
tion must be followed.

At Nagawado Dam, based upon the measurement of displacement in the surround-
ing rock during the fault excavation, the area of grouting was determined and
grouting was performed after the filling of concrete at the fault zones. The
total length of grouting holes was about 13km, weighing 5%kg/m of cement grout-
ing. This result would make proof of effectiveness not only of the excavating
method by water jet to restrict the loosening of surrounding rock, but also of
the grouting methed te fill the cracks with prout according to the geologic
conditions.

IV. PRESTRESSING OF FOUNDATION BY I'IGH-TENSTON STEET, MEMBERS
The grouting of surrounding rock used together with fault replacement by
concrete is a powerful method to restrict loosening of rock, And prestressing

of foundation rock by high-tension steel members would further increase the
effectiveness of the treatment of dam foundation. However, in case the scale of
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prestressing works is big, and consequently, the drilled holes for inserting
steel members would become long, actual application of this method tends to en-
counter with some difficulties. In large scale operations, it is almost
inevitable to have deviations of drilled holes from the right locations, trou-
bles in inserting steel members due fto chipping-off of hole surfaces, leakage of
mortar from the packers around the end of hole, and creep of rock during pre-
stressing works. Thus, it is important to give enough considerations beforehand,
and to perform preliminary tests in site to make up a detalled plan, and once
the process has started, it is necessary to prepare a flexible measures to deal
quickly with eventual changes. »

At Nagawado Dam, taking account of geologic conditions and stress distribu-
tion in the foundation rock, the scale of prestressing system was determined.
The drilled holes were 150mm in diameter, and six high-tension steel bars with
27mm diameter were inserted into each hole, and the tension applied-to the bars
was 240t/hole which totals 40,000t for the entire area, and on the average
10t/m€, The total hole length was about 12km, and the total weight of steel
bars used was 330t. Tenslionings of the bars were done three times before fill-
ing the reservoir, and groutirg of cement to the holes and surrounding rocks was
done after observing that the relaxation of the steel bars and the creep of the
rocks were practically finished.

V., OBSERVATTON ON STRUCTURAL BEHAVIOUR OF DAM FOUNDATION

The structural behavior of treated portions of dam foundation after filling
the reservoir would make clear the effectiveness of entire treatment process,
and observation on this behavior is important not only for the maintenance of
structure, but also for the development of research on the engineering for
foundation treatment. This behavior is best grasped by observing the displace-
ment of foundation at each treated portion. In addition, the ohservation on
its dinamic behavior during an earthquake is of enourmous value.

At Nagawado Dam, this behavior after filling the reservoir has been observ-
ed by measuring the displacement of foundation, uplift pressure, acceleraticon
response during earthquakes. The results show that the restriction of lcosening
of rock arcund the treated faults has been maintaired quite well, and it is
concluded that the replaced concrete and surrounding rocks have been behaving as
a monolith, and the uplift pressure working on the dam foundation has been prop-
erly controlled, and the leakage through the treated area has been minimal, and
all in all, the actual construction has fully satisfied the design conditions.

VI. CONCLISION

The method of Ffault treatment introduced above was actually used at
Nagawado Dam, and the entire construction went quite successfully. The actual
measurement indicated that the structural behaviors of the surrounding rocks
during excavation of the fault and after filling the reserveir were quite close
to the one which had been expected at the designing stage.

According to this fact, it is verified that for the treatment of dam foun-
dation having many fault zones, the combined use of the fault replacement with
concrete, grouting of surrounding rock, and prestressing of foundation by
high-tension steel members is a very effective and proper method from both tech-
nical and economical view points.
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GROJTING IRDPC CRACHRED VULU .WIC ROCAS

Isao SHIBAT., Public Works %esearch Institute, Ministry of construction

108t remaining dam-sites are frequently consisted of defective
foundations in Jupan, as a great number of dams have already been built
on the sound rock foundations. Such beling the ¢ se,in order to elimin.te
seepage, it is the proper treatment to pgrout into defective foundutions
when a hish dam is built on i1t. Standing on this point of view,
"Technical Standard on Foundation Grouting wus est:blisned by Commitee
on rock Mechanics J.5.C.E.. Important contents of it are as followings;
1)permeability of the foundation should be explored by meuns of "iupeon
Test",
2)it is desirable that the depth of curtain grout holes are extended
to more than G.5H, wher H is the heipht of dam, as shown in figure 1.
3)arirmery material of grout should

be limited to standard or modified

rortland cement, T
Lygrouting shoild be carried out \
by means of "Split Spacing Method', k

S)grouting vorogram should be s

hecked by hoth reduction of g & o

che h S\ prdlnagy/uondltlon
Lugeon number and grout take of s ~ g

RS __yfﬁéd Condition

the respective series of holes, —
and nermeability of finished

grout curtain beneath the danm rig.l Extent of Grout Curtain
should be less than 2-lugeon for concrete dunms or 5-Lugeon for rocx-fill
dams.’**l)

Now when a dum is planned to build on the volcanic rock foundation
which is frequently full of open cracks, the dam engineers have to design
grouting method carefully as it is very difficult to restrict seepage

by the ordinary treatments. In such a case, it is desirable to decide

details of grouting method due to the results of sreliminary grout tests,

And dam engineers in Jupan have abundant experiences on these treatments.



Tr s=ite of the fact btiat vnreliminary 'grout test at Yata dam site,

which was consisted of welded tuff, indicated very different curves on
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Fig.2 Relations Between Pumping Pressure and Grout Pake at Yata Dam

pumping pressure and grout tuke of the first seri-s of holes, the curves
of tne third series of holes converred very well as shown in fipure 2
by the offect of injection.***e)

In a thin ridge at !'idorikawa dam,of which geclozgy was welded Luff
and full of oven cracks with w width of from (.5-cm to 10-cm, so large
leakage through it was estim.ted that preliminary grout tests were

carried out and details of curtain grouting were decided due to the

results of it. rermeability of the ridge of 2%-Lugeon before grouting
T ALO L
™
o
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Fig.3 Keduction Of Lugeon Number And Grout Uake 4t Hidorikawa Dam
was reduced to G6-Lupeon after grouting as shown in figure 3, and grout
take was decreased to 100~-kg/m. Leakage through the thin ridge with a
len=th of 2,00C-m amounted to 2.6—m3/min, but there was no chunge in the
guantity for several experiences of full reservoir.‘**j)

So far as we know, it is possible to reduce the perneability of
cracked volcanic rock foundations to about S-lugeon by means of careful
grouting method, but it is still very difficult to reduce it less than
H-Lugeon, 45 a laree quantity of leakage through it may conseauently

be estimated, the amount of le:akipge and water level of reservoir have to
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be measured at all times. Due to these measurements we can find out a

hazard, because the umount of leakage may increase when the grout curtain

!
is wushed out by seepage.‘*‘})
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1)Commitee on Rock Mechanics J.5.C.E.; Technical Standard on Foundation

Grouting

2)I.81TBATA, M.TAHARA,and S.MIURA, Proceedings of tie 8th Symposium on

Rock HMechanics, J.5.C.E.; Test Grouting for Layers of Pumice Flow and

Scoria in Aso Lava
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CORE ZONE WORKS MANAGEMENT METHOD
FOR ROCK-FILL DAMS

Tsuguo HARADA, The Kansai Electric Power Co., Inc.

Ideal works management method for core zone of the rock-fill dam is to con-
duct the works by obtaining the information on coefficient of permeability of
embanked-up materials so that the core materials can function in full as water-
tight zone. The most critical problem in this case is the speed by which the
works are to be managed and conducted. Commonly employed works management meth-
ods adopt field permeabiiity tests at dam site where the core materials are emg
banked up or adopt indoor permeability tests with undisturbed test materials as
picked up at the site. However, all these methods cause time delays of two or
three days at Teast, and judging from the embanking-up speed, it is hardly pos-
sible to obtain the test results in advance of the related embanking-up work for
which the test results would have been truly required and such tests cannot be
conducted so frequently or all the time. In many cases, therefore, indirect
works management methods are employed by which to assume the permeability coef-
ficient of the soil on a basis of the data on water content in percent of total

weight or density at time of the compaction which are deemed to have close re-
. lation with the permeability coefficient of soii. However, these indirect meth-
ods tend to neglect almost all the time the variances of the material quality
and fail to define the permeability coefficient for design with the core materi-
al of high content rate of coarse grained soils (usually with particle diameter
of 4.76 mm or more}, or result in unnecessary repetition of rolling with the
core materials of high content rate of fine grained soils.

Higher rock-fill dams requires larger quantity of core materials, which
could hardly be even or uniform in quality, such quality of core materials de-
pends Targely upon topographic and geologic structure of borrow-pit and, itslo-
cal weather conditions, and upon works management factors such as picking meth-
ods, the spread by the dumping cars and rolling. The variances of the quality
must be admitted or taken for granted to some extent. This paper deals with a
new works management method which aims to make use of the core materials char-
acteristics and the permeability coefficient data for conducting works manage-
ment in more directly and without causing any delays in embanking-up speed. One
approach is to assume the permeability coefficient by the results of soil tests
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and the other is to calculate the permeability coefficient by simple permeabili-
ty tests with the in-situ pit.
2. Procedures of Works Management
Procedures of the works management are as shown in Flow Charts (1), (2) and
(3), respectively. Tests consist of those to be conducted both at borrow-pit
and embanked site.
2-1 One-point compacting test to define optimum water content in percent of
total weight (W opt) and maximum dry density (¥d max)

One-point compacting test is conducted with a large mold of 30cm x 3lcm
with natural water content in percent of, total weight and with particle diameter
of 50 mm or less. And then the values of W opt and Jd max will be obtained from
the test results and the compacting curve prepared in advance as in Fig. 1 where
1/¥d max = 0.01056 W opt + 0.3935, based on the following expressions:’

W-se = Wos (1‘“ Pﬂj)"‘ A s 'PHS 3
Yd-se = ﬁﬁr/?l*LUﬂc);
P N V\/-‘rns /( ,]. h UJ-’:—L‘I)
" (Wes - \N;"s)/(l*u/r-ls) + Wrie /(14 (Whs)
a,’t-_‘:‘v VV-:'n:/Z /s ?02
2-2 Weight with particle diameter of 0.074 mm or less
Simple sedimentation tests are conducted to define the weight of grain
soils of particle diameter of 0.074 mm or less which is deemed to have close re-

lations with the permeability coefficient. Test procedures are given in Flow
Chart (3) and the equations used are:

1t

P_L.;- = (\’\,"-g - Vb&l.&‘)/ ( T LJ"S)
. (Wese = Wris) / (1t s) + Wes /0

L P-c.c‘]4 - P~J§ 0 S P—o.c74

2-3 Tests to define Jd after rolling

Water substitution method is employed with the excavated pit at embanked-up
site in order to define the value of Jd. Same excavated pit is utilized for
simple permeability tests to obtain the permeability coefficient by applying the
following expressions:

o (WastWes)/Y - Ve
aﬁd—s*c”

] + -5
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3. Judgement of test results

After completing the tests as mentioned in the preceding paragraphs, the
Water content during works in percent of total weight could be defined by W opt,
and the degree of compaction by the value of ¥d max. As and when the values are
given for Weight with particle diameter of 0.074 mnm or less, water content dur-
ing works in percent of total weight and d-50, the permeability coefficient is
obtained by the management chart in Fig. 2. The measured value of the permea-
bility coefficient can be arrived at by Fig. 3.

Thus, the judgement on the permeability coefficient will be made in compar-
ison with the coefficient of permeability for design (for an example 10 x 10-°
cm/sec). If the permeability coefficient fails to satisfy the design value, ad-
ditional rolling will be considered in proportion to rolling energy ratio before
repeating another set of procedures as mentioned above.

4. Designations
For the purpose of this paper, the following designations mean respective
expressions as assigned thereto:

W-50:  bulk weight of grain soils with particle diameter of 50 mm or less

w-15:  water content of grain soils with particle diameter of 15 mm or
less

w-50:  water content of grain soils with particle diameter of 50 mm or
less

W+16:  surface dry weight of grain soils with particie diameter of 15 mm
up to 50 mm

wt15:  absorption of grain soils with particle diameter of 15 mm up to
50 mm

P+15:  weight of grain soils with particle diameter of 15 mm up to 50 mm

¥t-50: bulk density of grain soils with particle diameter of 50 mm or less

¥d-50: dry density of grain soils with particle diameter of 50 mm or less

P-15:  weicht of grain soils with particle diameter of 15 mm or less

LP-0.014: weight of grain soils with particle diameter of 0.074 mm or
less, as in test soil materials with particle diameter of 50 mm or
Tess.

5P-0.074: weight of grain soils with particle diameter of 0.074 mm or less,
as in test soil materials with particle diameter of 15 mm or less

V: volume of sands or water

V#50:  volume of grain soils with particle diameter of 50 mm or more.
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USES OF ELECTRICAL PROSPECTING FOR
TUNNEL GEOLOGICAL SURVEYING

Eizaburo YOSHIZUMI, Kyoto University
Chugoro 3ATO, Kajima Corporation

1l. Introduction

During the recent past several years, tunnel engineering
techniques have made rapid development and the plans of tunnel
engineering works have grown very large. One of the problems of
tunnel engineering works is to make tunnel geological conditions
clear. Many tunnel engineers are turning to geophysical prospect-
ing for an answer to some of these geological conditions. There
are two major methods of geophysical prospecting. They are the
earth resistivity prospecting method and the refraction seismic
prospecting method., In tunnel geological surveying the latter is
used mainly.

The cardinal aim of geophysical prospecting in geological
surveying is to add a third dimension to surface geological maps.
The primary Jjob of the geophysicist is to analyze the data of geo-
physical constant which is used in prospecting and the secondary
job is to translate these analyzed maps into the needed maps in
geological surveying. This secondary Jjob is called "interpre-
tation", which seems to have indeterminate nature. First of ali,
the geophysicist has to make every effort to complete the primary

job.

2. Earth resistivity prospecting

There are two kinds of measuring systems. They are so-called
earthing resistance
system and earth re- il

sistivity system as

shown in PFigs.l and 2 3 ¢
respectively. The i —y Do, ——
former is affected by

the resistivity of Fig.l Earthing Fig.2 Earth
material within a short  Tresistance system resistivity system
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distance of each electrode. For example, curves cobtained by the
earthing resistance measuring system in a borehole agree well with
curves obtained by the cone penetration test qualitatively, because
these curves are too much affected by a local earth structure. On
the other hand, by using the latter the effect of the material near
the electrode can be minimized,

There are many linds of electrode configurations, one of
which is shown in Fig.2., The so-called configuration or geometric
factor of an electrode confipuration is calculated by the distances
of the four electirodes from each other and if the electrode config-
uration is altered so that the configuration factor becomes differ-
ent. The so-called apparent resistivity is defined such a way that
on homogeneous earth it remains the same value even if any kind of
electrode configurations is employved., But on inhomogeneous earth
it does not remain the same value and it shows the different value
according to the different electrode configuration. Such physical
interpretation of apparent resistivitv makes this measuring method

obscure.
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Fig.3 Sensitivity distribution Fig.4t Sensitivity distribution

Tn order to make the feature of each electrode configuration
distinctly characteristic, "sensitivity distribution" are proposed
and defined by the authors and two examples are shown in Figs.3
and 4, In this report, the authors intend to explain the example
of the Rokke Maya tunnel area by using the analog simulation anal=>

vsis method and the sensitivity distribution analysis method.

3. Rokko Maya runnel area of New Sanyo Line
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The aim of earth resistivity prospecting in this field is to
prospect water-bearing fault zones. The subsurface cross—section
of the Rokko Maya tunnel area is shown in Fig.5, depicting the to-
pography, the tunnel and the proposed water-bearing fault =zone
which is analyzed by using the analog simulator which has been
studied by the authors and their assistants since 1954. For ex-
ample, resistivity profiles are shown in Fig.6 carried out at the
earth surface of the field in Fig.5. Resistivity profiles at the
corresponding earth surface of the analog simulator are shown in
Fig.,7 with homogeneous medium, namely with the topography only, by
using the similar electrode configurations to the field procedure.

Broadly speaking, these resistivity profiles shown in Figs.6
and 7 are quite similar and it is clear that the anomaly in this
case is keenly affected by the topography. The water-bearing zone
in Fig.5 is analyzed by using the analog simulator and the solid
electrode arrangement as well
as the surface electrode ar- m

230

rangement, some sensitivity
30

distributions of which are

shown in Pigs.6 and 7 respec- =
tively. 130 i B
The authors wish to ex- ﬁﬁl
105~
press thanks to members of : — X
of O W o W od 10 14T o =)
the chair of geophysical ,
prospecting, Kyoto Univ., and 1 A
Kajima Corporation, Fig.5 Subsurface cross section
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GEOLOGICAL INVESTIGATION AND JUDGMENT
OF ENGINEERING NATURE,
UTILIZING BOREHOLE MEASUREMENTS

Kozo TAKAHASHI, Honshu-Shikolku Bridge Authority
Koji ISHIKAWA, Chuo Kaihatsu Corporation

1. Introduction

In investigating the engineering nature of foundation rocks
for huge structures involving submarine rocks, such as the projected
Honshu-Shikoku Liaison Bridges, there are restrictions which make it
difficult to directly identify by the eye or inspect such rocks.
Therefore, geological investigation method making use of borehole
measurements has been applied, and attempts made to determine the
engineering nature (particularly, deformation properties) using the
various values obtained.

The rocks investigated are the weathered granites belonging to
the Hiroshima and Ryoke types of the Cretaceous Period in the Mes-
ozoic Era, which rocks are extensively distributed in the Inland Sea
district. If the engineering nature, e.g., the deformation proper-
ties, of weathered rocks which intrin ically have fissures as the
granite does, is governed largely by two factors, viz., the degree
of hardness in the individual rocks and the degree of fissure in the
base rocks, it has been found that the engineering nature of fis-
sure-bearing rocks can be evaluated significantly with the borehole
measurement method by combining those rocks in which the two pro-
perties mentioned above are easy to measure.

The measurements undertaken included judgement of the cores
with the naked eye and the Rock Quality Designation Method (RQD),
the primary velocity by Sonic Logging Method (Vps) and the formation
resistivity by Electric Logging(Rt\, the deformation modulus by
Pressiometer(Esp), the uniaxial compressive strength(Qu) and the
static elastic modulus(Esc) by coretesting

2. Index Properties of Measurement Values

The relationships shown between the various measurement values
correspond with the degrees of weathering of the base rocks. If the
measurement values strongly reflecting the factors of hardness or
fissure are plotted as parameters into the dispersion tendencies of
distribution, then the significance and index properties of the dis-
persion will become clear.

With respect to the relation between Esp and Vps, plotting Esp/
Qu as parameter gives the results as shown in Fig.l. According to
the figure, Esp/Qu which has the meaning of a modulus of a fissure
tends to concentrate towards the upper limit of Esp with lower fis-
sure rate, and towards the lower limit with higher fissure rate. Tn
the case of a complete elastic body, E should be equal to O.leld5Vp2
(p=2.40, #=0.3, V:km/sec)kg/cm?, which indicates the degree to which
modulus and index vary with increasing fissure as EspleOnﬁOVp3” (kg/
cm2). When Esp and Vps are compared, meanwhile, the former is in-
terpreted to reflect the two properties of hardness and fissure, the
clearer if Qu showing the proper hardness of rock and Esp/Esc showing
the degree of fissure are plotted as horizontal axis and parameter,
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that Vps and RQD are evaluated as oppsite to each other, and that
the softer rocks with less fissure lie closer towards the left side
of the graph, or have Vps small and RQD large, while the harder
rocks with more fissure lie closer towards the right side of the
graph, or have Vps large and RQD small., Moreover, the tendency of
the various parameters show by which of R«D and Vps they tend to be
affected to a grater extent. Any change in this tendency seems to
indicate that the degree of influence varies with the degree of
hardness and fissure.
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3. Judgment of Engineering Properties

If the engineering nature(deformation properties) of the base
rock is governed largely by the two factors--the property of hard-
ness inherent in the rock and the fissure of the rock as an aggre-
gate--RQD which easily reflects the property of fissure relatively
strongly, and Vps which easily reflects the property of hardness,
among those which it is possible or easy to measure continuously,
were combined and plotted with the measured values of Esp as para-
meters, to obtain the results as shown in Fig.6. According to this
figure, it is judged that RQD and Vps are opposite to each other in
their relationship with Esp. Moreover, this tendency is gentler
(namely, greatly influenced by RQD) with the better-guality rocks,
and steeper{namely, greatly influenced by Vps) with the worse-qual-
ity rocks.

From the foregoing studies, the engineering properties(defor—
mation properties) of the base rocks can be judged. Fig.6 can be
used as a judgment chart for engineering properties. DBesides, it
can be used as a judgment sub-chart in the Vp Rt or RQD Qu relation.
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respectively, to obtain the results shown in Fig.2.

Next, the relation between Vp and Rt is as shown in Fig.3,
plotting 1/Vp-as horizontal axis, 1/JR as vertical axis, and Ed as
parameter. Generally Rt and Vps decrease with increasing degree of
weathering, namely, with increasing porosity. When the degree of
saturation, Sw, drops, Vps drops further, but Rt increases.

The empirical formulas of Wyllie (1956), Archie(l9h2), ete.,
can be rewritten and expressed, thus:

1/Vp=1/3wJRw/RE(1/VE=1/Va)+1/Vie e s v e vrennennnanennsenna(l

1/Vp=(1-@) /Vm+dSuw/VE+P{ 1=5W) / VA e vt veeeetnnennnnnneaasa(2
Where N
Vp: primary velocity of base rock
Sw: degree of saturation
Rw: resistivity of formation water
Rt: true resistivity of base rock
Vf: elastic wave velocity of water contained in the base rock
Vm: elastic wave velocity in the substances constituting the
rock
Va: sound wave velocity in the gases contained in the rock

Therefore, if Rw=20a-m, Vm=6.50km/sec, Vf=1.57km/sec, and Va=
0.33km/sec, it can be shown by the graph of the figure.

From this it seems that Rt tends to be affected by both factors
of fissure and hardness(viz., inherent fissure, and increased poros-
ity following increased degree of weathering), and Vps tends to be
greatly affected by hardness. By comparing these two factors, the
degree of weathering in the base rock can be Judged gquantitatively
irrespective of the degree of saturation.
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Next, the relation between RQD which is affected relatively
greatly by fissure on one hand and Vps which is affected relatively
greatly by hardness on the other is as shown in Figs.4 to 5, plot-
ting classification Qu and Esp/Esc as parameters. According to
these figures, Vps and RQD correspond with a certain width, but show
considerable dispersion. This seems to indicate that fissure and
hardness, in addition to showing their independent properties re-
spectively, have something to do with each other. In the better-
guality rocks, there is a greater tendency for fissure and hardness
not to correspond but to disperse, in the worse-guality rocks, mean-
while, a greater tendency for shape(fissure) and hardness to corre-
spond easily. This seems to mean that when weathering advances and
the rock softens, brittleness is easily reflected in the shape of
the core. As a result of the foregoing, the classification shows
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#OCK PROPERTIES LN THE SEIKaN TUNNEL

Yutaka LOCHIDA
Japan Reilway Construction Public Corporation

1) Introduction and Geology. The Seikan tunnel, conects Honshu
and Hokkaido, is 53.85 km. long, including 23%.3%km. under sea
part, and will be used for conventional railway and also for
Sinkansen. Water depth on the tunnel is 140 m. meximum and its
overlayer is 100 m. minimum. The geological surveys have been
carried out by mean of dredging at sea bottom (2,109 points),
seismic survey ("Spaurker" 249 lines 2,027 km.)and drilling at
the sea {4 sites) etc. This area is composed of sedimentary
rocks, pyroclastic rocks and volcanic rocks, ranging over vari-
ous ages of Neogene Tertiary. Volceanic rocks, andesite dolerite
and rhyolite, are mainly exposed at southern part of the area.
(Honshu side) All formations are disturbed by Neogene crustal
deformations and as the result 10 big faults zone under the sea
and basin structure at middle part of the straits were formed.
2) Rocks. In general rocks in the tunnel are soft rocks and

semi-hard rocks, and these compressive strengthes are 5C~1,000

Entrance Tunnel Cutlet Tunnel
53Kg50m
K
13K550m 23K 3p0m 17¥gopm . o
v ¥ - 200
v - ——
yYvvy e _: :_:‘_:'
(WL vv ¥V + :-_ - = 0
o - YV v s -
ST =
Yvy vv L ; \ L _200
5 s = Moin Tawe) |
ervice Tunne e .
-w Fu Bz T RE_Fo -400
Pilot Tunnel — — B Tio F, By
S S A S
Kuromatsunai—so Rhyolites and Andesites

(Siltstone and Sandstone} Tappi Andesites
Yakumo — 80

{Shale and Tuffaceous Sandstone) Taulte

Kunnui— so
(Tuff and Siltstore)
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kg./emd  Volcanic rocks are comperative hard with many fissure
and gushing water which usually should be cut off by grouting
cement or the other materials pior to excuvation. 4C,000 md
grout have been carried out at Honshu side and 5,000 mdat
Hokkaido side (Northern partj.

%) Faults. Some of big faults, Fg Fis Ky (see fig.) had been
penetrated through. At Fg , 2 comperatively small fault, rocks
were semi-hard rock with concentrated fructure and gushing water.
Volume of grouted there materials was 1,5000 mi V4 was one of
bigger fault, and striking partially same direction of the
tunnel. Rocks were tuff and siltstone with many montmorilionite.
When swelling ground pressure exposed, gradually steel ring
suports (¢¥5.0 m. 125 9?1 F-shape) had been deformed and col-
lapsed. Reconstruction of this part was carried out with timber-
ing 150 %4 H-shape suport (5.0 m.) at out side and 125 T4
H-shape suport ($¥3%.8 m.) at in side between them were sprayed

60 cm. thick shoterete. F; separated tafaceous part from
andestic part at Honshu side and was intruded by thin dorelite
dyke. PFrom facing in Fys , ﬁater gushed out maximum 14 mi/min.
with 500 mi earth, and 2 length of 150 m. of inclined shaft was
completely flooded. To excuvate though the Iy5 , exhautive grout-
ings of colloid cement and chemical materials (2,500 mi) was
darried oul surrounding the tunnel to the thickness of 12 m.
Prior to excavation 25 of drainge holes were drilled around the
grouted zone to decreasing a water pressure for the ftunnel. From
them, & m%/min. of water was drained out assuring ssfty in
excavation. 4Also in the sub-fault of ¥, , the facing were broken
down with maximum 10 m?/min. of gushing waster and 1,000 md3 of
earth.

4} ‘water inflow. Froperties of grusiting water into the tunnel
(see the table) are mainly three types, that are fresh water near
the land, captive water and sea water. Sea water change ions in
the rocks, decreasing Mo and K, increasing Ca. Near the big
fault properties of gushing water is approximatly same as sea
water. Usualy these water was prospected by exploratry drill-
ings.

5) In under sea tunnel, the pressure of water don't decresase
inspgite of great lot of water inflow. Nost of water vressure

are protected by the grounds consolidated as one body with grout-
ing materials. HRaimained waler infiow from the grouted grounds
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would be drained
into the tunnel.

Un the basis of the
above consideration
water pressure
would not press
immediately against
the tunnel lining
except near the
faults or the other

Temp | pH | Nat | K+ | 0a2t| Mg2t| C17 | So4?
) |emi (#) [()l (| Oy () [ ()

Sea water 8.4 (11,000} 430 390| 1,272) 19,560, 2,520
Honshu side

Pilot Tunnel 23171 | 7,879 | 200| 1,200 960| 15,800 2,060

Service Tunnel 7.6 | 1,025 71 1,320 192) 4,200f 840
Hokkaido side ]

Pilot Tunnel 30173 | 1,800 8 846 69 2,772 2,080

Service Tunnel 215/7.6 | 3,300 6| 1,624 163| 6.700| 2.420
Fi5 24 (73 | 9.300| 265| 880| 1,536| 18,815| 1,980
Fio 19 {8.4 [10,000| 250] 1,000| 1,056 18,500 2,360

Table

soft ground &t where

Property of water

linings would be pressed by ground pressure and some part of

water pressure.

Now gquantities of water into the tunnel are 13.4

m?min at Honshu side excavated aproximately 5.% km. long, and

2

5.

under the sea.

m?min at Hokkaido side excavated aproximately 3.5 km. long in

Rock D?vl‘rrles%;:y 001‘!11{.( stcr:lrgth Tensjile gr’grzengbh Seia'nilg/ ;gaél}oci-ty
Kunnui f,
tuff 219 219 22 2,850
tuffhreccia 2.36 286 39 3,935
siltstone 2.18 474 33 3,050
Yakumo f,
shale 1.82 629 107 2,650
giltstone 1.86 583 54 2,480
Furomatsunai f,
giltstone 1.11 49 9 1,320
sandstone 1 44 41 5 1,660
Andesite 272 964 111 5,495
Dorelite 2.66 571 81 5,030
Rhyolite 2.42 854 56 4,615

Mechanical Properties of rocks
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ROCK MASS INVESTIGATION —

AN ATTEMPT AT QUANTIFYING ITS MECHANICAL PROPERTIES

Toru F. ONODERA, Ryunoshin YOSHINAKA and Masanobu ODA,

Saitama University

Studies have been carried out to express the field data on
the mechanical properties of rock mass quantitatively so as to
furnish full boundary conditions for calculation.
1. Exposure survey on rock mass

1) Distribution of strength: Point load tensile strength tests

on un-trimmed specimens were correlated to the uniaxial compres-
sive strength and to the tensile strength by radial compression
tests. An example of the distribution of rock strength on a pro-
posed dam foundation of Miocene tuffaceous complex is shown in

Fig. 1.
z
K_g/cm T : TUFFACEOUS ROCKS
S 200} +——+—RIGHT BANK SS - SANDSTONE
= [ i
5 180F
© 1801 | __L_TEST ADIT
S b - -4 - TE //AVERAGE
sof
o [
~ 40}
o) L
w9 i e Y S — — —
- NO. O | 243 86 7 8 iOlli2l4 16 17 182019 23
= ROCKS[ Ti [ T2 [ T2 15 S T T2 (T4 | T
T4TsT4 TI Ss

Fig. 1 Rock strength distribution

2) Friction test on joint surface by shearing device: Shear-
ing device tests were applied to granite specimens of intact rock
(simulating rock substance), split specimens by radial compression
(simulating rough tension joint) and smooth cut specimens (simu-
lating shear joint). Fig. 2 shows the relation of friction angles
to porosity being a basic index property of the granite.

3) Application of Schmidt concrete test hammer: Rebound
values by Schmidt test hammer were measured on rock masses of
known geology. Statistical analyses on frequency distribution,

mean values and variances of rebound values resulted that the
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rebound value gives index to rock strength and loosening by joint

frequency.
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2. Drilled core survey: Results of geological observations on
the walls of test adits in granite were correlated to RQD (for
each one meter) of pilot boring, physical and mechanical test
values on the drilled core. Simple test values such as porosity n
and Shore hardness compensate for observational discrimination.

Fig. 3 summarizes some relations on a test adit.

n Sh
107 80 3
i d LR Innoshima(H-2)
= r_,"": : ! A Sh
81 €07 L L'l it ' I T P
{1 b A I S L100
1 H I3 -~ T, e
61 401 ' L o <
. - =
44 20+ oD o
J - 7 a o
gl o Av | 707! %

O 4 8 12 16 20 24 28 32
Depth of Boring (m)

Fig. 3 Representation of test adit by boring core tests
(n: porosity, Sh: Shore Hardness)

3. Tentative evaluation of shearing strength of rock mass: 1In-
situ shear test results in test adits of granite mass of known
geology were correlated to RQD, strength of drilled core, strength
of rock specimens in the adits, basic physical properties and so
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on. Fig. 4 shows an example in which shearing strength of the
granite can be estimated by RQD for each adit at constant Shore
hardness depending on internal friction angle.

Eb X103 (Kg/cit)

rao. Sh=61~80 4 6810 20 30 50
% 50~75 : iy
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o"——:/
-.\/'.':'./:}' "
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0 i 1 1 1 ] % \\‘ \.
10 20 30 4(2) 50 40 [ \l Lk
oh (Kg/ecm)
Fig. 4 Relation between Fig. 5 Measured and esti-
shearing strength of mated deformation
rock mass and RQD at modulus.

constant Sh.

4., Tentative evaluation of deformation modulus of rock mass: De-
formation moduli Eb on granite obtained by deformation test in the
bore hole were correlated to observational rock classification Cl’
shape factor of the drilled core CZ’ hardness of the core C3, wea-
thering of the core C4, RQD (ratio for each one meter), longitudi-
nal seismic velocity Vp (km/sec), and transverse seismic velocity

V. (km/sec). The following regression equation is obtained;

s
_ -2 -2 -1 -1
logoBb—S.SZXIOC'-4.76X10q;2.20X10C3—1.92X10C
a4
-3 - -
-1.08X10RQD +2.13X10V;+5.41Xléi;+CONST.

where const. equals 2.67, Fig. 5 shows the correlation in the
sequence of depth of the drill hole. 1In the figure full line
indicates measured values, dotted line indicates calculated

values and chain lines show area of confidence coefficient 90%.
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A NEW INVESTIGATIVE METHCD OF UNDERCEOUND WATER
——Underground temperature survey in and

arcunc landslide areas——

Atsuo TAKEUCHI, Kyoto University

Some reports on landslide areas suggest strongly that the underground
wvater relating with the landslide activiiy exists in vein stream form rather
than in strata form, This conjecture may nct be applied to 211 landslide
areas, but in the case of interpreting the phenomena in landelide area, this
seems to be reasonable., If a part of the underground vein stream in plugged
by some causes, the confined water would be gathered behined that part and
for this reason the pore water pressure would increase and the resistance
against the sliding force of the landslide mass would decrease, It is con—
sidered sufficient io cause a partial landslide activity which spreads in
all parts of this landslide area, which has beer in the critical condition
for sliding, resulting thus in a large scale landslide movement. According-
ly, if an abnormal fluctuation of water table is noticed, the water gather-
ing in this section must be drained in a hurry, thus the partial landslide
activity ceaused by abnormal ground water can be prevented and a large scale
landslide movement can also be got rid of., TFor the purpose it is necessary
that the position of the vein can be fournd out in advance in order to secure
time for conducting proper measures for the drainage. However, the existing
investigation method employing tracer, has many defects for the purpose to
get informatiion about the flowing channel of underground water.

Various kinds of investigation method of ground water are concducted at
present for obtaining the information cn the flowing channel of ground water
, but in every methods, it is necessary to sample water directly from either
bore holes, spring points, wells or ponds., This fact means that the appli-
cability or reliability of interpretation on the basis of the above mention—
ed methods including the iracer method are limited by the available number
of the sampling points. 1In practice it is difficult to get many sampling
points as necessitated by economical or others reasons. Thus it would be
dengerous to discuss the channels of vein stream in and around the landslide
area on the basis of ihe results of ihe average tracer method utilizing a
small number of sampling points, It is thus desirable to avoid carryiﬁg

out landslide-preventive works related to underground water, until one has
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collected accurzte information about the channel of vein streams in order to
improve the effect of the measures. The tracer nethod requires much time
and expense and the informatior thus obtained are precious, The position of
the channels of vein stream, therefore, should be presumed in advance by
other methoés and the effect of ecch stream on landslide activity is evalu-
ated before concucting tre tracer method, The method should be Tirst con—
ducted for the confirmation of the most important vein stream.

From the above mentioned consideraticns, the zuthor discusses whether
or not the underground tempercture measurnent, which is effective in a hot—
spring survey, could be adopted zs one of the methods to presume the posit-
ion of vein sireams in and around landslide areas.

for the purpose of trying the method, temperature measurment was con~
ducted in the Kamioogl landelide area in Shiga Prefecture, which site is
characterized by simple underground structure, simple configuration and the
relatively uniform ground—surface condition. The geology of this area con-
sists of the lNamjo clay layer and the ¥Yamioogl gravel layer overlying the
former. The former is a sound impermeable layer and the latter is a sound
vermeable layer, Underground wvater exists mainly in the latter.

leasuring method of temperature is as follow: kaking a hole in the
ground of 1 m depth and 25 mm in diameter by piercing an iron bar into
ground, and a trhermistor is inserted into the hole, After ten minutes, the
indication of thermisior is read, which may be regarded as the underground
temperature at 1 m depth of the measuring peint. Some results are shown
in Fig.,l. Lhat is evident is that low femperature parts exist in each meas—
uring line, These low temperature parts do not seem to ke caused by the ef-
fects of geological and topographical di!ference, diurnal variation of under—

ground temperature or difference of ground surface condition, In the resulis

of the mezsurment, the total zfc

average of the temperature 20 \\”__hh\\'/’-\\\ﬁw,»”’/ A - fine

is 19.88°C and temperature O B S T S S R S R SR (R

of spring gushing out in I ZJC .
this area 15.35°C. The tem} '° AN T S BRUD
perature of water is very E li 12 3 4 36 78 8 LU 2B WS

low compared wiih that of % 2'9‘

surounding underground, g : :\:’:_:—:\:\?—:—:—::]“::; C - line
Accordingly if this acol -,

water flows, taking heat :;: ;"/A\*_'/*\v/A\\\““\,/"’/’_ﬁ\‘\“:i;ﬁj_
away from the ground sur- io

i 2 3 4 5 € T & 9 101 12.13 4 15 16 7 18 19 20 21
face at the same time, the ——> Number of
. Megsuring Polals
temperature around the cool Fig. 1. Results of the measuring of underground temperature.
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vein stream 11!l become lower compalied with that of other place. If the low
terperiture part is not the result of ge logical or other conditions, it may
most reasonably be attributcd to the effect of flouing cool vein stream.

The Vein stream line oktained by connecting the low temper-iure part with
one another 1s showm in Mig,c, The dimension of the veln streams ectimated

by 1he YU

's method are shown in Jig.2. from the results it is suggested
thet there 1s a veln ciream hoving the dimension of 5 m racdius in 10 m Gepth,
Tt is naturaly Yy o meons-inristed that the vein stream 1ith o racius of §
m exists in lhe presum ¢ place ane toat water [lows with a rush in the vein
in rezli.y. Tut at lecast it 1s surgested thot the vnderground water having
a highor veloelily then those of the other flows 15 concentr-ted at the wvein
given by ke czlculution, 4Lccordiurly, 1f a water—collecting well 1is con-
structed at the place of ihe precumed vein, it is expected that 2 large ctuan—
tity of water can be ¢raineds, (n the basis of his result, a water-collect—
ing well (III1), which vas 3 m in sizmeter and 15 m ceep, was constructed ot
the pesgition showm in Fip.z and 3. A great amount of water gushed into the
well in the depth between 2.5 m and 13 m. “his guantity(5l 1/min.) is
greater than those at two other veter-collecting vells :I and II) at the
site {total vuantity was 35 l/min.). A larger guantity of water was thus
drained from one of ihree wells, neverthelcss three wells were excavated in
the same permcable layer,
Therefore, 1t nmust be noied
that there 1s a route where
the underground water {lowso
concentratedly even in an
apparentry uniform verme—
able layer,

Avove mentioned re—~
sults indicate that meas—

uriient of underground tem—

pverature is one of the Fig. 2. Measuring lines of underground temperature survey and presumed channel
of underground water vein-stream from its result.
voeful methods for vein-

gstream investigation,

Fig. 3. Existent condition of the vein-stream by calculation,
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ON THE ANALYSIS OF STEADY STATE SEEPAGE THROUGH EMBANKMENT
Toshikazu KAWAMOTO, Depart. of Civil Eng. Nagoya
University

Hiroyva KOMADA, Central Research Institute of
Electric Power Industry

Tomonobu MIYAGUCHI, Chubu Electric Power Co. Ltd.

Seepage problems have been solved by sketching flow nets or relaxation method.
These methods are scarcely practical when the boundary of the region of seepage is not
clearty defined and the soil media are non-homogeneous and nonuniformly anisotropic.

In this paper, the application of the finite element method to such problems is ex-
plained and the effective stress distribution due to seepage flow in a rock-fill dam is
discussed.

A computing procedure of finite element analysis for estimating the seepage flow
with unknown top flow surface in the embankment is shown in Fig. 1 and Fig. 2. In this
analysis, the position of the top flow surface in the embankment is successively until the
boundary conditions H; = y,, and oH;/on = 0 are satisfied on its surface. This pro-
cedure may be applied for any shape of embankment and non-homogeneous or anisotropic
media. It is enough here to use only input data for the region of seepage which is pri-
marily divided into an arbitrary system of triangular elements, since the successive
steps of calculation are automatically performed in the computer. For an example of
the calculated results, the top flow lines are illustrated in Fig. 3 for the embankment
with slopes of 1 on 1. 5. It has been found that the exit point obtained by the finite ele-
ment method is about 5% higher than that drawn in the manner suggested by Casagrande
at the upstream part within the embankment.

Then the quantities of seepage water through the section T, T,, .... , Tg in
Fig, 3 are calculated using the velocity in the elements of both the uptream side and the
downstream side of each section. The calculated values and the mean values between
the both are presented in Table 1. On the other hand, the quantity calculated by
Casagrande's method is 1. 60. The accuracy of calculated seepage flow line and hydrau-
lic potential distribution may be also estimated from the quantities of seepage flow.
Maximum deviation of the quantity of flow is represented by the maximum value of
I'q - i/ q, in which q; is the quantity of flow through earch section and q is its mean
value. In this calculation, the maximum deviation is 0. 006 using the quantities in Table

1. The top flow line in the embankment with anisotropic media (ky = 0. 1 ki) is simulta-

T



neously shown in Fig. 3. Besides the top flow line and the hydraulic potential distribu-
tion in the embankment with core media is presented in Fig, 4.
The equilibrium equations between the effective stress and the hydraulic potential

due to seepage flow are obtained as follows from the relation as shown in Fig. 5.

S0y 0Txy = oH
0x u oy Tv Jx s
du oT oH

_a_yL + _T?)‘(Y. = Yw 3y - fy|
It is found from the above equations that the effective stress due to seepage flow
may be estimated by treating the hydraulic gradient multiplied by v,, for body forces.
For an example, the equivalent body forces to the seepage flow in the center core
of rock fill dam are shown in Fig., 6. The effective stress distribution in core part and
rock fill part of downstream side due to the equivalent nodel force given in Fig. 6 (b) is
calculated in Fig. 7. It is found from the above that the effective stress due to seepage

flow has much influence on the stability in core part and near downstream slope of rock

fill dam.

data reading
[

the number of element, the coordinate of nodal_
point, permeability coetlicient. boundaey condi-
tion (e , Hak ), the number of nodal pont on
CBA, the shape of duw nstreani slope, maximum
ersar {€), maximum number 6f staraton (ILRA)

D

i number of jtaracson n = 0 [

Fig. 1 Procedure of F. E, M. of steady
state seepage through embankment

Is Fn-l identical
with An-17

boundary condition Hep Add Han to the boundary — .
Hag i condition of n-I step boundary congition of n-t step
‘ 1 }
4
Make the permeability matrix Make the permeability mairix
within region ABCDEA within region CDEFn-1C
[}
Calcuiate the inverse matrix of
the permeabdiry matrix

Caiculate the hydraulic potential
distribution

1

top fiow lme

Iprint: hydraulic potential disiribwion,

Divide region CDAFn-1C into
triangular elements

| P — |
f
Calcwlate the yuantity ]
of seepage water
Fig, 2 Flow chart of seepage analysis in Fig. 1
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Fig. 3 Top flow line and section of calculated

amount of flowing

Table 1. Quantities of seepage water

through each section in Fig. 3

upstrearm downstream | o
side side Q/k
Wk | IQefk
‘T, 1710 1.958
Ty 1.738 1921
T, 1.758 1.951
Ta 1752 1913
Ts 1.781 1926

section

1.834
1.830
1.852
1.832
1.854
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Fig. 5 Equilibrium of. effective stress

at two-dimensional state
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Fig. 7 Effective stress in rock fill dam

due to seepage flow

Fig.

(a) Hydraulic potential (b)
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ANALYSIS FOR NONSTEADY SEEPAGE FLOWD

Ryuichi IIDA, Hajime ASAKURA

Public Works Research Institute, Ministry of Construction

Recently several studies on the analysis of seepage flows by finite element method
are presented and there have been achieved some progresses in the field of numerical
analysis on seepage flows but all these studies are restricted in steady flows or non-
steady flows without phreatic surfaces.

In this report, the analytical method for nonsteady seepage flows with phreatic sur-~
face are presented by the application of the principle of variation to the equations of
motion and the equation of continuity for seepage flow taking the equation of the phreatic
surface into consideration.

The equations of motion for a seepage flow are represented as follows

b

0
B Tl;“ + 7 (u/kin +v/kyz +w/kys }=0

7]
ﬂy a;l +7(u/kiz+v/kes +w/kes )=0 -

8
2 ‘% +r{u/kis+v/kes +w/kss ) =0

and the equation of continuity is represented as follows

& u vy dw on
ﬂx ax+ﬂy 3y "‘Lﬂzaz =a a1 (2)

If the equation of the phreatic surface is represented as follows
f(x y, z, t)=0 (3)
and if the movement of the phreatic surface by velocity u, v and w is equal to %L,:—, the
following equation must be held.

3 f af 8 { 9f 6h
Ax uﬂ‘*‘ﬂyva—y*“ﬂzwa_zzra—zw (4)

If u, v, w and h satisfy the equation (1), (2) and if u+ éu, v+ év, w+ dw and h+ sh

satisfy the equation (1) and do not satisfy the equation (2), then the following equations

must be held.

]
Fx g5 (h) +r (Bu/ku +ov/kiz +ow/kis ) =0



8
Py gy (IR 4T (ou/kiz +ov/kz c
+ 8w/ ke ) =0 fix. y, 22 t)

7]
,B (6h)+r (5U/k13+5V/k23
Z g,

+ dw/kss ) =0
0 B y
By these equations, we obtain
0
S Bx 7 (0) 47 (du/kiy + ov/ke Fig. 1. A .

a
+ dw/k1s )}u+{ﬂy§§(6h)+ r (

w E-L.230

6u/k12 -+ BV/kzz + 5W/k23 ) }11

il
ax { ﬂZG_Z(ah)+T (du/kys +6v/kza

+ éw/kas ) w Jdxdydz =0 (a) k10 1em'sce, 2 hours after

Now if the boundary surface on the phreatic surface

denotes by F and the boundary surface in the per-

meable layer denotes by S, and if the equation (2) (b) k=10"*cm/sec, 4 hours after

and (4) are substituted to this equation, we obtain I
_ w127

the following equation.

(el k=10""cm/sec, & hours after
Fig. 2.

f[ﬁx ucos(n, x)tAhyv cos(n., y)+48;wcos(n, z)Jdhds
7] 7]
+f r%&h cos (n, z)ds+ffa5% oh dxdydz
+rff[(u/k;1 +v/kiz Fw/kis )+ (u/kia v/ ke

+w/kis)dv+{u/kis +v/kes +w/kss ) b‘w] dxdydz=0 (5)
This is the variational equation for the seepage flow with a phreatic surface. By
this equation analysis by finite element method for the seepage flow with phreatic surface
become to be able. By this equation it becomes clear that the movement of the phreatic
surface per unite time is proportional to the in-flow per unite time on the phreatic
surface which is necessary to keep the phreatic surface on the same position.

Fig. 2 shows the results of calculation for the phreatic surfaces and the {low nets in
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a rockfill dam when the water level draw down.

Reference

R. Iida, H. Asakura: "Analysis of Nonsteady Seepage Flows by Finite Element
Method" Journal of Public Research Institute, Vol. 142, No. 1,

-1 78—



OTHERS

) 1}

THE FLOW OF THE EARTH'S CRUST CONSIDERED FROM

THE QUATERARY CRUSTAL HDUEHEHTE I SOUTHWEST JﬁPﬁH

(H. ITD, K. HUZITA) -

ON THE GECLOGICAL EL&SSIFIE&TIUN OF LANDSLIDES

HORIZON (T. ANDO)-- oy

THE STABILITY OF SLOPE DURING EXCAVATION

(Y. RITAHARA, Y. FUJIWARA, M, KAWAMURA) o

LONG TERM MEASUREMENT OF: RED ROCK DEFORMATION OF
ARCH DAM (K. AOKI, J. TANO)- seanee

BEHAVIOR OF FRACTURED ROCKS AND ITS EFFECTS UPON

STRUCTURES (S. TANAKA) oot

DRUMMY ROCK DETECTION UNDER DISTURBANCE OF
VARIOUS KINDS OF NOISES (T. HORLBE, M. USHIDA)-

MICROSCOPIC STODIES OF THE FISSURES IN COALS

FHROWN OUT BY OUTBURSTS AND ROCKBURTS (T. YANO) -~

- 181

-------- 184

----------- 187

- 190

----------- 193

1196

199






THE FLOW OF THE EARTH'S CRUST
CONSIDERED FROM THE QUATERNARY CRUSTAL MOVEMENTS IN SOUTHWEST JAPAN

Hidebumi ITO, Kyoto Women's University

Kazuo HUZITA, Osaka City University

The mechanical behaviors of rocks during a long period of million years
are considered on the scale of the earth's crust in this paper. Now, we are
attending to the areas of Kinki and Chubu in the Inner Zone of Southwest Japan.

Here, abundant active faults are distributed cutting the pre-Neogene basement

Fig.l Summit level map of
200 m contours, drawn based
on the highest points in 20
km quadrates using 1/200,000
topographic map of Japan
(after M. TANAKA).

0 100 km 0 100 km

Fig.2 Process of developments of fault systems in the Inner Zome of Southwest
Japan (HUZITA, 1974). (a) Older linearments recognized in the photographs of
ERTS (Earth Resources Technology Satellite). These may represent strike-slip
faults appeared 1.6 million years ago. (b) Active faults which have appeared
since 0.3 million years ago.
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rocks as shown in Fig.2(b), most of which coincide with the high-seismicity
zones of microearthquake.

The Quaternary crustal movements of these areas have been revealed by the
studies of HUZITA (1969, 1974) and his collaboratores from the view-points of
neotectonics as follows. Before the Quaternary Period, the areas had been
widely covered by the peneplain with low relief. The summit level map of Fig.1l
showing the present topographic features reflects that the uplift and subsidence
of the land during the Quaternary Perfod is due to the undulation ( foundation
folding of MAKIYAMA,1956) with axis of N~S trend. The strike-slip faults shown
in Fig.2(b) consist of conjugate sets of NW-SE (left lateral) and NE-SW (right-
lateral) trends. Whereas, the faults of N-S trend are thrust type. Such fold
and fault systems suggest that the areas have been under the tectonic stress
state of horizontal compression in E-W trend through the Quaternary Period.

It has been also found that the earthquakes occurred in the crust. of these areas
have been generated by the tectonic pressure of E-W trend (ICHIKAWA, 1971).
According to OIKE and others, the foci of microearthquakes are concentrated in
the depths shallower than 15 km, which coincides with those of the fault planes
estimated from the displacements of the faults associated with earthquakes.
Therefore, we may conclude that the faults in these areas do not extend to the
deeper part of the crust, but are limitted in the upper crust.

Thus, HUZITA has proposed the following process of the tectonic movements
of the Inner Zone of Southwest Japan. At the beginning of the Quaternary Period
(about 2 million years ago), undulatory deformations started under the E-W
compression. Then, it entered into the stage of fracturing represented by
strike-slip faulting about 1.6 million years ago (Fig.2{a)) to divide the upper
crust into fault blocks., The blecks began to swell up or tilt, and then
differentiation among the uplifted mountain lands and subsiding basins has
become clear. Moreover, the tectonic stress has increased to concentrate it at
the corners of the fault blocks, where the thrusting of N-§ trend has occurred.
Thus, many fault blocks determined by such complicated fault systems as shown
in Fig.2(b) have been elevated rapidly since about 0.3 million years ago.

A few tilted blocks controlled by special conditions, such as Osaka, Biwa and
Ise basins, have accumulated thick sediments on the subsiding sides. Such
movements did not go on simultaneously on the whole area, but propagated from
east to west. The above whole processes can be understood as the expression of
lateral contraction of the earth's crust under the tectonic stress through the
pericod.

Although we can find out some places where the amount of the Quaternary
uplift exceeds 1500 m, the average amount of it can be estimated to be 500 m

from the 1/2,000,000 Quaternary tectonic map of Japan (1969). How much has the
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crust been laterally contracted ? Considering that the Bouguer anomalies of
gravity of these areas show almost keeping the state of isostacy, the crust has
been deformed always in the state of isostacy. Assuming the mean density of the
crust and that of the upper mantle to be 2.8 and 3.3 gm/cm3 , the uplift of 500
m corresponds to the increment of 3,300 m of crust's thickness. Hence, the
vertical expansion of the crust with about 40 km thickness is 8 % on the average.
Since above mentioned conjugate strike-slip faults show that the minimum princi-
pal axis of stress is in the nearly N-S trend, the N-S horizontal expansion

of the crust is above 8 %. Thus, the E-W horizontal contraction is estimated

to be more than 16 %. Such a large contraction can not be explainedonly by the
tilting or slipping movements of the rigid blocks of the upper crust, but each
block itself has to be contracted as well as the crust does on the whole.

As the tectonic movement has been accelerated at the later stage, let us
take the strain rate e = 0.16/1 million years = 1.6)(10—7 /year, provided the
contraction e = 0.16. At the places where the uplift reaches 1500 m, e = 5X
10_7 /year. These strain rates equal the present strain rates gotten from
geodetic data.

KUMAGAI and ITO have been continuing the experiments extending over 16
years on the creep of granite test-pieces, and they have concluded that 1)
granite undergoes viscous flow and 2) its viscosity is 2'"---5)(1020 poises.

Based on the conclusion 1), it seems to be proper to consider that all rocks in
the crust make viscous flow. Assuming the viscous flow of the crust, we get the
simple relation

p = 37e,
where p is the tectonic stress and # is the viscosity of the crust. The value of
p may be estimated by using the data of absolute rock stress measurements and
those of stress release calculated by the analyses of earthquake faults.

Recently the initial rock stresses were measured by the stress relief
technique using a borehole in the sites of Okutataragi (Kinki) and Shintakasegawa
{Chubu) underground electric power stations. It was found that the rock stresses
are connected closely with the tectonic stress in these areas (HIRAMATSU, OKA,
IT0 and TANAKA, 1973). We can deduce the tectonic stress p = 40~120 kg/cmz,
since the tectonic stress may be considered to be rock stress minus overburden
pressure,

Thus we have been able to get the viscosity of the crust to be in the order

of 1022 poises.
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ON THE GEOLOGICAL CLASSIFICATION OF
LANDSLIDES HORIZON

Takeshi ANDO, Geological Survey of Japan

Heavy rain, melting snow, earthquake, content of groundwater,
soil pressure and sub-surface plane of discontinuity control the
movement of landslides greatly. As well, geologic and geographic
conditions are also primary cause of landslides. Especially,
weathered terrain often causes landslides. Studies on elucidation
of the mechanisms and the prediction of landslides require the
consideration of geologic horizon.

Generally, the most essential geological factor related to
the occurrence of landslides is the rock properties such as
sedimentational and structural features, particle-size and
composition of the rocks. Characteristics of structural geologic
factors shown as fault, joint, fold, f{racture and etc., and
tectonic movement affect on it and thus make complicate the
mechanism of landslide. Other factors such as properties of
structure and facies change in sedimentary rocks are also control
the occurrence, scale and movement of landslides to some extent.

The Japanese islands which locates on the circum-Pacific
mobile belt is characterized by the complicated geological
structure, in turn tremendous number of landslides and collapses.
In the attached table, the classification of landslides in view
of geologic horizon is shown. For understanding of landslides,
rock mechanics, weathering, physical properties of sliding matter
and the basic types of movement are necessary to study.

1. Landslides in Tertiary horizon

Neogene Tertiary region along the coast of the Sea of Japan
(is called Inner Zone geologically) is most famous landslides
area. In this area, originated from so-called '"green tuff"
volcanic activity, great deal of volcanic and pyroclastic rocks
spout out and accumulated. The pre-Neogene basement, more over

the petroliferous formation intercalates thin layers of tuff
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very offen. The area in where black mudstone, hard shale, sandy
mudstone and alternation of tlose are cropping out, 1is the
potential landslides area.

In the Tertiary region which is overlain by younger volcanic
rocks prevails "complex landslides" due to its geological condition.
So-called "Hokusho type'" landslide whose rock formation consisted
of coal-bearing Tertiary formation and plateau basalts, and "
"Hirane type" and "Qami type' landslides consisted of oil-bearing
Tertiary sedimentary rock and younger volcanic products are very
difficult to be elucidated.

2. Landslides in regional metamorphic zone

Landslides which occur in the area of crgystalline schist are
unique in Japan, and called "schist type'. Also the landslides
in the area the Sambagawa belt, which is consisted of crystalline
schists, phyllites and accompanied by the Mikabu green-rocks are
distributed is the most active landslide zone. This type of
landslides is influenced by the characteristics of original rocks
and their metamorphic grade, and developr widely on the black
phyllite, green-schist and Mikabu green-rocks area. The develop-
ment of joints, schistosities and cleavages is the major factor
of the landslides causing fissility and breakable of rocks.

3. Landslides in igneous rocks, volcanic ash and altered volcanic
areas

In the areas consists of serpentine, weathered granitic rocks
and volcanic ash of '"loam" and "Shiras', the landslides or collapes
are easy to occur. Also in the area altered by volcanic fume,

landslides occur remarkably.
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Table 1.

Geological classification of landslides horizon

Geological classification

Landslides

Type Sub-type

Oil-Tertiary type Black mudstone type

(mainly middle-upper Hard shale type

Miocene series) Sandy mudstone type

Green-tuff type Mudstone and tuff type

(mainly lower-middle Tuffaceous rock type

Miocene series) Propylite type

Neogene system

Alternation type

(mainly upper Miocene-Pliocene scries)

Coal-Tertiary type

Paleogene system type

Landslides in Tertiary region

Hokusho type

Complex type Hirane type, Oami type

(in places of Tertiary Shorinzan type

i T
formations and '"cap rocks) Naniai type

Landslides in
regional metamor-
phic zone

Black phyllite type

Schist type Green schist type

Alternated schist type

Mikabu green-rocks type

Semi-schist type

Gness type

Landslides in

Mesozoic sediments type

Mesozoic and
Paleozoic areas

Paleozoic sediments type

Serpentine type

Landslides in
igneous rocks

Granitic rocks type

Landsliides in

Loam type

volcanic ash

Shirasu type

Landslides in thd

Volcanic fume type

volcanic altered
areas

01d volcanic altered tyﬁe

In Quaternary

Diluvium type

[Excl. Sammarized remarks of Japanese text.]
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THE STABILITY OF SLOPE DURING EXCAVATION
- THE METECD OF ANALYSIS AND OBSERVATION -

Yoshihiro KITAHARA, Central Research Institute
of Electric Power Industry

Yoshikazu FUJIWARA, Central Research Institute of
Electric Power Industry

Masashi KAWAMURA, Chugoku Electric Power Co. Ltd,

SHIMANE Nuclear Power Plant had to be constructed on the narrow seashore
which was surrounded by steep slope of hills, In order fo obtain the flat area
of about 120,000 square meters, a part of this slope must be cut out and the
total velume of the excavation reached about 1,040,000 cubic meters,

The characteristics of this slope was the stratification of weathered
shale in the surrounding hard tuff and the inclination of this stratification
was downhill about 25 degrees from herizontal plane. (Fig_ 1)

The cutting-out of the hills was to be conducted fo the height of about
120 meters with an inclination of about 1.5 : 1,0, Then the problem occurred
during the excavation whether the weathered stratification of shale was stable
or not,

Tn this study, under the assumption of elastic non~homogeneous plane
strain, (Table 1) safety factor for slide (F253) along the stratification was
analized by applying the Finite Element Method, and the observation of excavat-
ed slope was successfully made during excavation work by using a special instru-
ment which was a version of Carlson type's joint meter,

As a result of both analytical and cbservatory approach, it is concluded
as follows:

(1) Observed displacements were approximately from 60 to 80 percents of those
calculated by F,E,M,, It was considered that the difference was due to the
assumptions of plane strain, or to the assumed certain low values of Young's
medulus, (Fig. 2)
{2) Stability of the slope was almost assured but the cautions must be taken
to a few parts where the factor of safety was low and the observed displacement
was large to a certain degree, (Fig. 3, 4, 5 )

G _ _1r25° 10+ gn tang
7252 T 250
where 7r25°; shearing resistance along the stratification

70; shearing strength along the stratification

tan ¢; angle of internal friction along the siratification

r25% calculated gshearing stress along the stratification
ogn; calculated stress normal to the stratification
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Table 1 Fundamental Value of Mecamical Properties
(Natural Dry Condition)

quality of ‘rock High Clags |Middle Class Low Class
kind of rock Skale | Tuff |Shale | Puff |Shalel Tuff
Elastic Modulus(Kg/cm?) 18000|30,000|10000 |20000 (5000 [15000
Polsson's Ratio 0.3 02 0.3 0.2 0.3 0.2
Shearing Strength(Kg/cm?) 20 4.0 1.5 30 | 10 20
Angle of Internal Friction(degree) 30° 40° 28° 35°| 25° 30°
Specific Gravity 26 24 2.6 24 2.6 2.4
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LONG TERM MEASUREMENT OF BED RNOCK
DEFORMATTON OF ARCH DAM

Dr. Kenzo AOKI and Joichiro TANO, Kyushu Electric Power Co., Inc.

A measurement of the bed rock movement in the Hitotsuse Dam (height 130 m),
was carried out using a rock deformation meter in order not only to seek a guid-
ing principle for safety maintenance and control of the dam, but also to find
out the dynamical characteristics of the bed rock (composed of sandstone, clay-
slate and their alternative layers), the actual measurement cases of which are
very few. The Carlson-type rock deformation meters were embedded in the part of
saddle and at the elevations of the arch element adopted for the dam stress
analysis (analysis arch) as illustrated in Figure 1. And the directions of the
measurement in their parts illustrates also in Figure 1. Their directions are
arranged almost consistent with those of the computed principal stress of the
dam. The measuring range of the depth is 20 meters as average and the stress

meters were placed in the position of upstream, center and downstream of the dam,

Hitotsuse Dam

Section A - A

o 20 40
A = s
27262524 252221 2019 1B 1615141312 11 109 8 7T 6 5 4
EL  lwL. 20000 EL 203.00 Ciin an 9 4 3 2
200 o | o ﬁ By
E |
180 1, wiirooo, | E L. 16500
3oy Nj i [ N £ L. 140.00
140 I . » N\ EL 11500
"
120 i ‘ \ EL 9000
100 /\I\ ,lj/\
a0 1
f
Plug Concrele A =]

60 - ]
PR |

Saddie
Figure 1. Arrangement of Deformation Meters

Figure 2 illustrates the comparison of the deformation immediately before

start of filling water and at the time of full water.
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Figure 2. Comparison of Deformation before Filling of Water, and
at the Time of Full Water
Figure 3 illustrates the historical record of the bed rock deformation at
the elevations of the analysis arch after filling of water, developed over the

extended period of seven years. The result of the measurement will be summarized

as follows:
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Figure 3. Measured Deformations at Elevations of Analysis Arch

(1) The development of deformation caused by filling of water is enormous during
the first two months when the filling velocity is high (water level of reservoir
is EL 90m. - EL 190m.), and it accounts for more than 80% of the largest defor-

ma.ion thereafter. The deformation of this early peried is irreversible against
change of the water level within the effective depth of water thereafter. There-

fore, the deformation of the foundation against the change of the water level
within the effective water depth develops making the deformation in the early
period as minimum range. And the deformation of the foundation taking place peri-

odically with the change of the water level thereafter is fairly elastic.

(2) By reviewing the deformation of the foundation at the time of the highest
water level each year, we find that the deformation in the first year at filling
of water is lesser and the degrees of the deformation later are almost the same.
It is considered from this fact, that non-elastic deformation has come almost to
end in two years after filling of water, and at the same time, it proves the

stability of the foundation (Fig. 4),
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{(3) A number of strain meters were embedded in the abutment concrete at the
elevations of analysis arch. We succeeded in obtaining correlations hetween
average principal stress and the deformation of bed rock with considerable accu-
racy. It is illustrated in Figure 5. The small circle marks connected by a line
in this figure illustrates the values at the time of filling of water, and other
scattered marks indicate the values after 1964. From this figure, we confirm
that the gradients of the change of stress and deformation in the first year at
filling of water is clearly different from those in later years, and the rigidity
of the foundation after the converges of non-elastic deformation becomes con-

siderably firm.

(4) With regard to the deformation of the foundation at EL 115m. and EL 140m.,
the modulus of deformability in the early period at filling of water and the
modulus of elasticity at a later period are as Table 1. TIn this connection, the
modulus of static elasticity of the foundation site prior to the dam construction
by Jack test was 50 x 103kg. average, and ER = 50 x 10%kg/cm? was employed for

calculation for the dam construction plan,

Table 1. Dgp and ER of foundation rock Table 2. Comparison of Ec, Ep and
( x 103kg/cm?) Eq/Ex
left bank right bank E < DR or EH Ec/ E R

Elsvation yaar DR 8 ] o R E R Stage of design 200,000 50, 000 4

1963 3% 24 X {ossumed)
EL 115 |188s | — 52 - 75 carly stage

1968 &5 ey 60 atter filllng 210, 000 33,000 6.4

water

19620 g30 44 N 1965 - 1968 220,000 93,000 2.4
EL 140 | 1985 163 e

1968 93 119

For the analysis of arch dam, the ratio of elasticity modulus of concrete EC to
ER is considered as parameter to introduce the effect of deformation of the
foundation. Their comparison of the values at the time of plan making and at a

later period is illustrated in Table 2.

(5) We consider that the above measurement data will be useful for planning the
arch dam construction and studying the actual measured stress of the arch dam

in the future.
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BEHAVIOR OF FRACTURED ROCKS AND
ITS EFFECTS UPON STRUCTURES

Shigeru TANAKA, Kobe University

Deformation of the earth's crust caused by tectonic forces in-
volves not only elastic strain but also plastic deformation and
rigid body translations and rotations. Along fault zone, displace-
ment may occur by slow, secular, differential slippage as well as
by sudden rupture. Typical geoclogic section in fault zones shows
a succession of crushed and sheared rock, gouge, breccia, and
clays. Such materials would behave under pressure more as a Vvis-
cous, plastic solid than as a brittle, elastic one. Faults and
associated joints are preferred channelways for groundwater, wheth-
er of surface origin or of deep steated origin. Many faults are
accompanied by extensive wall rock alteration,either by surface
waters or by hydrothermal solutions derived from a hot source at
depth. Breccia filling of local origin is found in some faults and
consists of angular to rounded brittle rock fragments derived from
adjacent competent rocks and rolled and abraded by movements of ad-
jacent walls of the fault. Gouge deforms plastically, and under
pressure it may squeeze slowly into underground openings. It may
produce swelling pressures when it contacts with ground water, and
also it is essentially impermeable to ground water movement. Water
exists in rocks and associations with mineral grains and open
spaces.

Fracture permeability is secondary permeability resulting from
development of faults and joints in rocks of variable permeability.
Open fractures may offer relatively slight frictional resistance
to flow., Ground water flows may be classified as follows: (1}
flows in fractures connecting with the earth's surface and fed by
water from streams, standing bodies of water, or water-soaked sur-
ficial deposits, and (2) flows of stored or trapped water which is
replenished slowly by water from the earth's surface.

Faults can destroy structures by shearing, compression, ex-
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tension, and rotation caused by tilting or bending. And earth-
quakes may occur along them. Past faulting may have much affected
the physical properties of foundation materials, by decreasing
their strength, changing their permeability, or bringing together
rock units having defferent physical properties. Fault rupture and
the accompanying ground deformation can have serious consequences.
At many places in Kansai area in Japan, the writer has investigated
troubles occured at structures constructed in and in the vicinity
of a main fault, and has been able to obtain a conclusion that
there exists a close relationship between the said troubles and
ground movements, either of fault Zone or adjacent rocks. Struc-
tures in or across a fault zone that undergoes surface faulting had
and may expect to have severe damage. Faults also have slippage,
or creep, and progressively demolished and may destroy buildings
and other structures on the faults. In the vicinity of a main
fault, several closely-spaced fractured zones where embraced ground
water shows independent head peculiar to each zone, have been found
by the writers and others at some places in mountainous district in
Kobe and its vicinity. An interesting phenomenon of ground motion,
i.e. "Seasaw Motion" which is named by the writer, was discovered
by the writer and engineers at Kobe City Office, at Tsurukabuto
area in Kobe which was reclamated by cutting Mt. Tsurukabuto. At
the location where many fractured zones are converging, narrow rock
blocks devided by two adjacent fractures bordering each block, have
been repeating continuous reciprocal motion, from the fracture with
higher ground water head towards the opposite oﬂiwith lower head,
and furthermore, the head is alternatively changing. Water head in
each fractured zone is not the same, but differs from zone to zone
and in course of time, and shows its own behavior peculiar to the
zone itself,

At the mountainous area in and near Kobe, where granite, al-
ternatioﬁiof sand stone, tuff, shale and conglomerate, and the same
of loosely consolidated clay, sand, and gravel, are existing, the
writer and his associates have been pursuing the researches on "the
relationship between troubles occurred at structures and the be-
havior of fractured zones", and have obtained the following con-
clusion:

(1) When earthquakes may occur, not only faults themselves deform
but also rock blocks devided by faults move very rapidly, the
displacement of structure and that of the foundation may differ
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(2)

(3)

(4)

(5)

(6)

(7)

very much, thus structures may be damaged.

Along fault zone, slow, secular, differential slippage may
occur, structures in or across the zone may be damaged.

When fault zone containing ground water or the rock mass in
front of the said zone may be cut, structures on the cut slope
may be demolished, by the cause that the water pressure acting
upon the rock block may often overcome the resistance to slide
of the block, especially, in the case of heavy rain, and also
that gouge emerged at the slope surface may rupture.

When fractured granite zone near a main fault may be cut and
thereafter structures may be constructed on it, embraced water
in several fractures may increase its head, especially in the
case of violent storm, and may cause slope rupture along a
slide surface through extensively altered rock. Under such
circumstances, the structures may receive serious damages.
Structures constructed on an alternation of sand stone, tuff,
shale, and conglomerate, where fractured zones densely exist,
and also each rock layer is comparatively inclined, near a main
fault, may often suffer from cracks or damages.

An alternation of loosely consolidated clay, sand, and gravel,
which is thickly accumulated on granite, having fractured
zones, is also often affected by the said zones, especially in
the clay layer. The layer often has fratured zone with some
width, and underground water sometimes flows up through such
openings to the upper sand or gravel layer, and the water head
often shows a very good correspondence with heavy rain. Struc-
tures on or across this kind of fractured zone also may be
damaged.

The earthquake ground accelerations may differ from fractured
zones to adjacent rock blocks, and they may induce complex
inertia forces in a structure across the zones, sufficient to
damage it. The earthquake may trigger landslides or similar
local surficial movements that may destroy structures, es-

pecially at the site where base rocks are fractured.
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DRUMMY ROCK DETECTION UNDER DISTURBANCE

OF VARIOUS KINDS OF NOISES

Tomio HORIBE, Tohoku University
Minoru USHIDA, Tohoku University

Authors have developed a new method for the detection of drummy rocks by

means of an acoustic analysis of an impact sound, measuring a ratic of the areas

surrounded by the envelope of the form of the wave filtered by a one-third oc-

tave band pass filter and by that of the original wave of the impact sound

of rocks in accordance with the arrangement of the block diagram shown in Fig.l.

400, 500

Center frequencies of bands of the filter used in this study were

and 630 Hz, because our preliminarly experiment
showed that these frequency bands were most
effective to distinguish drummy rocks from firm
rocksl) 2).

There are many kinds of noises in under-

ground that may disturb the detection of drummy

LOGARITHMIC
RECTIF]ERH INTEGRATDRH AMPLEIER

rocks with [MICROPHONE AMPUIFIER

A CHANNEL

the impact

LOGARITHMIC
AMPLIFIER

FILTER

sound. RECT]F]ERH INTEGRATOR

B CHANNEL

VOLTAGE
STABILUZER BATTERY

Then over-

all sound

pressure Fig. 1. Block diagram of drummy rock detector
level and —
o— 108 dB{c)
the spectrum of each -
1001
kind of noises were -
90r
measured. These are Fe— B8 dBld)
r—o— B5dB(e)

shown in Figs. 2, 3 8ol
and 4.
0f these noises,

the distance from the

80r

SOUND PRESSURE LEVEL (dB)

b1 of

noise source to the

0 L a il

microphone (A) , the

AL N sl B il
00 20 500 K00 2000 5000 10000
over-all sound pres- a2 M )
(e}: drilling of rock drill—adistance 5m
(d}: drilling of rock drill—distance 40m
(e}: operating of air-driven loader
Pig. 3. Spectra of noises

sure level at this

distance (B] , the

~ 196 —

SOUND PRESSURE LEVEL (dB)

SOUND PRESSURE LEVEL {dB)

104,

90

&0

70

&0

50

£0

30

o= g1d8 {b)

—e—BsdB{a)

20 50 100 Z00 5000 10000

500 1000 2000

FREQUENCY (Hz)

{a)}: racing of rock drill—distance 45m
{b}: racing of rock drill—distance 35m
of noises

Fig

1o

80f

60

50

40F

30

. 2. Spectra

[—o—B5dB(f}

-+—EB8dB(q}

—o—-g3gs p°
(W) a

r—e—53dB({i)

| Y | 1
20 50

PRI | -

00 20C 500 1000 2000 5000 10000

wlul

FREQUENCY (Hz)

(f): passing of battery locomotive
{g): leakage of compressed air
(h): water flow

(i):

Arop of water

Fig, 4. Spectra of noises



Table 1. Sound pressure level of noises

distance over-iall sound pressure level of each difference between (B] and [(‘]
from noise | sound pressurc | fregueney band (dB) (] {an) by)
noise source source (m) | Tevel (dB) T _._fil‘ter_f'r‘_equ_ency 1 filter frequency
(2] ™ ooma SOOHz | 630Wz |  400Wz |  S500Rz | 630Hz
racing of rock drill (a) 15 R84 [{53) 61 5T 18 23 27
racing of rock drill (b) 35 91 82 T6 75 9 15 16
drilling of toek drill (e} 5 108 Gh a6 a7 12 | 12 11
drilling of rock drill {d) 10 88 T4 68 66 14 20 22
operatling of air—driven loader(c} 10 85 59 57 55 26 28 30
passing of battery locomotive (I} 30 &5 59 67 70 16 18 15
leakage of coumpressed air (¢} 3 68 40 40 42 28 28 26
water flow {h} 1 63 46 42 15 17 2t 18
drop of water (i} 1 53 10 39 39 13 14 14

sound pressure level of each frequency band (C) and the difference between over-
all sound pressure level and the sound pressure level of each band (D] are given
in Table 1.

However, there are itwo factors in the disturbance of noises for the detec-
tion of drummy rocks. One is (D) and the other is (B). The more is the value
of (D) , the smaller is the disturbance of noises for the detection of drummy
rocks. Therefore, the degree of disturbance of noises from the air-driven
loader and the leakage of compressed air should be small, while that of distur-
bance of noises from the battery locomotive, the water flow and ‘the drop of
water in underground should be great. And the degree of disturbance of noises
from the rock drill would not be so great if it would be operated far from the
detection place.

"If the level of ( B) becomes higher, even if (D) is great, the degree of
disturbance of noises for the detection of drummy rocks would become greater,
because the sensitivity of the microphone, even if the microphone is of the
highly-directional type, could not be zero, although it should be set in the
direction of its minimum sensitivity.

Thug, it was found that the degree of disturbance of noises from air-driven
machines such as the rock drill and the loader, and that from the batitery loco-
motive for the detection of drummy rocks were greater than that from the leakage
of compressed air, the water flow and the drop of water.

Here, the distinction between the drummy rock and the firm rock was made by
the auditory sense of a highly skilled technician.

When the experiment was carried out, impact sounds were made with the ball
type hammer of 60 nm1¢ at these measuring points. Then the measurements of
these sounds by a microphone were made at each five points of the drummy and
firm rocks of a 3 m(w) x 2 m{h) drift of quartz~porphyry zone, located at 45 m
and 35 m distances away from (a) and (b) noises, respectively. The microphone
was set at the place of 50 ¢m distance apart from the impact point normal to the
wall. The noise circumstances were given as follows ;

(:) silent state (about 36 dB level, at the measuring point)

(:) (a) - noise state, distance 45 m (about 84 dB level, the same above)
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(:) (b) ~ noise state, distance 35 m (about 91 dB level, the same above).

Consequently, in noise circumstance @ the UNI-DIRECTIONAL HIGHLY-DIRECTIONAL
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= . . Fig. 5. Reading range of meter

rock from the firm rock was almost impossible. deflection vs. filter frequency

By the use of the highly-directional microphone the reading ranges were over—
lapped partially at frequency bands of 400 Hz and 500 Hz, but it was found that
the drummy rock was able to be distinguished successfully by the selection of
the frequency band of 630 Hz.

Incidentally, the acoustic characteristic of the underground drift was in-
vestigated with the standard sound of a pistol shot. Then it was shown that
the frequency characteristic of the underground drift was generally flat and no

resonance was recognized.
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MICROSCOPIC STUDIES OF THE FISSURES
IN COALS THROWN OUT BY
OUTBURSTS AND ROCKBURSTS

Teizo YANO

10 Method of investigation.

Fine coals of 10 grams that were thrown out by outbursts were
used commonly for investigation. The grain size of used samples
were from -100 mesh to +200 mesh or sometimes small particle
(several mm) and small lump coal. To make smooth the surface of
them, alumina 1500-3000 and polisher (brand name "MAGOMET') were
used. And those samples were photographed with POM polarized
microscope by o0il immersed reflection method. A photograph of one
sample was composcd of sixteen continuous photographs of surface
of it,

AE The fissures in coal samples collected at site underground.
2 The fissures in coals thrown out by outbursts.

The produced fissures in coals thrown out by outbursts occur-
red at 8 coal mines that outbursts occurred frequently were
investigated. Fig 1 shows a example of Naie coal mine (Hokkaido
in Japan).

From results of general surveys,
it was found that the fissures in
coal samples had much the same appar-
ent pattern, but micelic mechanics of
coals, total length of the fissures

were different from each other.

2882 The fissures in coals from Fig 1 Coals thrown out
the vicinity of folds, faults and volcanic by outbursts.
rocks underground.

In most samples of coals taken from the vicinity of folds and
faults at coal mine, the fissures were not found. However, the
above samples crushed by powerful air hummer mostly produced the
fissures that were similar to them in coals thrown out by out-

bursts.
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In natural cokes (thickness 20 cm)
caused by intrusion of volcanic rocks
(basalt) or in coals at the contact
zones, the fissures produced also were
of the same apparent pattern.

It may be those causes that some
residual stress of orogenic movement
or stress caused by excavation have
remained. Fig 2 and 3 show the
examples of Utashinail coal mine
(Hokkaido).

2-3 The fissures of drillings

produced by boring at coal face.

I f the standard vol _ AR S 3
n case o ume S R

(calculated volume) of drillings were crushed by air
produced by boring in coal face, the hummer.
fissures were not found in them. However, in case of the drill-
ings volume were produced several times that of the standard, the
fissures were apparently found.
These fissures indicated the
dangerous degree of outbursts
corresponding with the author's
assumptive rank "A' or "B".

Fig 4 shows a typical example

at Oyubari coal mine.
3 The fissures in case of adding Fig 4 Drillings.

an external force on the coal sample.

The fissures produced by changing moderately the sort and
force of stress were surveyed. The used samples were hard coals
(friability 15-20) and compressive tests for them were carried out
with 10 tons amsler or 400 tons press. The fissures in fractured
samples were not produced in each
case of tension, shearing and
bending test, but after the above
tested samples were crushed by
powerful air hummer, the fissures

similar to them in coals thrown out

by outbursts were produced in the

samples. Fig 5 shows a typical Fig 5 Coal crushed by air
hummer after carried
example. out bending test.
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4. The fissures of coals having artificial thermal strain.

The coals were heated for several hours in N, atmosphere and
were cooled in water immediately. By this way, static strain-
stress should be generated and remained in the coals. After that,
those coals were crushed by powerful air hummer, then the fissures
were remarkably similar to them in coals thrown out by outbursts
were produced in the coals.

Heat temperature was rised from 50 degree C to 200 degree C,
holding constant temperature for 2 hours at every 50 degree. Fig
6 shows a example in case of cohals heated at 200 degree C.
5. Conclusion ( R ‘ A :
(1) The state of the fissures in :

coals thrown out by outbursts occurred
at 8 coal mines were photographed with
polarized microscope. Those photo-
graphs were remarkably similar to each
other. So it would be fact that the

apparent pattern are common to i Samples crushed
by air hummer
with coals having
Ishikari coal field in Hokkaido. thermal strain.

outbursts occurred in ccal mines of

(2) 1In coals at faults zones, fold zones and natural coke zones
caused by intrusion of volcanic rocks underground or contact zones
of them, the fissures were not found, but in the above coals
crushed by powerful air hummer, the fissures similar to them in
coals thrown out by outbursts were found. As this reason, those
fissures may be produced on account of remained stress caused in
coals by orogenic movement or excavation.

(3) The drillings volume produced by pilot boring may be possible
to predict dangerous rank of outbursts.

(4) When forces being contrary to each others (bending stress,
shearing stress, etc.) act at the same time in coal seam, out-
bursts of gas and coal will be subject to occur.

(5) It is important that in proportion to heat volume of coals
having thermal strain, total length of the fissures per unit area
(cmz), and interval of the branching fissures are different from

each other.

—201—






M LIST OF LITERATURE

1. SOIL MECHANICS AND FOUNDATION ENGINEERING (JOURNAL OF THE JAPANESE
SOCIETY OF SOIL MECHANICS AND FOUNDATION ENGINEERING) - - 205
2. SOILS AND FOUNDATIONS (IN ENGLISH) oot - 206
3. PROCEEDINGS OF THE SYMPOSIUM OF THE JAPANESE SOCIETY OF SOTL
MECHANICS AND FOUNDATION ENGINEERING - oiooosssssrmmsi oo oo 207
4. PROCEEDINGS OF THE CONFERENCE OF THE JAPANESE SOCLETY OF SOIL
MECHANICS AND FOURDATION ENGINEERING it oo oo it it 209
5. JOURNAL OF THE JAPAN SOCIETY OF CIVIL ENGINEERS - - 210
6. PROCEEDINGS OF JAPAN SOCTETY OF CIVIL ENGINEERS 210
7. JOURNAL OF THE MINING AND METALLURGTCAL TINSTITUTE OF JAPAN 210
8. JOURNAL OF THE SOCIETY OF MATERIALS SCTENCE, JAPAN: - 213
9. PROCEEDINGS OF THE NATIONAL SYMPOSTUM ON ROCK MECHANICS, JAPAN - 214
lu* LA'RIGE DA - mm e m o e o e 217
11. ZISHIN, JOURNAL OF THE SEISMOLOGICAL SOCIETY OF JAPAN-- 218
12. ZISURELL e e e s D e e D =t bl e e L 213
13. 'ER’G]:R‘EERIH; G’EﬂLmY dimalidhaaia iadabaw sraisdnmmneons P T R T e e SR )
14 CROPRYSTOAL | BXPLORATTON foovis-wrrr i e e Br S s s 221
15, HYDRO ELECTRIC POWRR-——rrroesrrrrr omeesmeeosoesioomoosmmems oo cesmememsreeeescome 222
16. PREPRINT OF THE FALL SYMPOSIUM, MMIJ - 222






I LIST OF LITERATURE

1. Soil Mechanics and Foundation Engineering (Journal of the Japanese
Society of Soil Mechanics and Foundation Engineering)

1)

2)

3)

4)
5)

6)

7)
8)

9)

10)

11)

12)

13)

14)
15)
16)
17)

18)

19)

Kunio SUYAMA, Takeshi OHKUBO, Hiroshi TSUTIYA: Elastic Wave Velocity
as a Factor to Determine Feasibility of Slope Cut, Vol.18, No.l (Jan.
1970) p.23-32 (F)

Isao NODA, Juro KODERA, Noriyuki TAKADA, Takeshi OHMACHI:

Experimental Study on Fixation of Pier to the Base Rock, Vol.l8,

No.2 (Feb. 1970) p.11-26 (H)

Eiichi ODA, Takuo YAMAGAMI: On the Distribution of Stresses of the
Plastic Region around a Circular Tunnel without Lining Driven in the
Ground of Clay, Vol.19, No.3 (Mar. 1971) p.39-46 (B)

Takeshi OHKUBO, Akira TERASAKI: Physical Property of Rock and Elastic
Wave Velocity, Vol.19, No.7 (July 1971) p.31-37 (A, F)

Hiroshi NIINO: Problems Relating to Investigation of Sea Bottom
Strata, Vol.20, No.9 (Sep. 1972) p.3 (F)

Kozo TAKAHASHI, Gaku SUGITA: Investigation of Sea Bottom Strata in
Akashi Strait, Carried out for Construction of Honshu-Shikoku Bridge
Construction, Vol.20, No.9 (Feb. 1972) p.21 (F)

Ryozo NIIYA, Gaku SUGITA: Investigation of Sea Bottom Strata Formation
by Sonic Wave, Vol.20, No.9 (Sep. 1972) p.27 (F)

Yoshiharu UMEGAKI: General Description of Geology in Chugoku District,
Vol.20, No.l0 (Oct. 1972} p.61 (H)

Toru ONODERA: Development of Rock Formation Engineerings and Formula-
tion of Investigation System of Same, Vol.2l, No.3 (Mar. 1973) p.l-4
(H)

Masao HAYASHI: Corelations Among Dynamic Properties, Behaviour
Analysis and Measurement Results, of Rock Formations and Rocks
Comprising of Coarse CGrain Particles, Vol.21, Noi3 (Mar. 1973) p.5-14
(A)

Kozo TAKAHASHI, Shiro TAKADA, Koji ISHIKAWA, Tadao HRYU: Investigation
of Rock Formation (Weathered Granite) Using Bore Hole Measurement,
Vol.21l, No.3 (Mar. 1973) p.15-24 (F)

Takayasu YAMANO: Use of Soft Rocks as Fill Materials of Rock Fill Dam,
Vol.21, No.3 (Mar. 1973) p.25-32 (E, G)

Kazuhiko IKEDA: Application of Results of Rock Formation Investigation
on Design and Construction of Tunnel, Vol.21, No.3 (Mar. 1973} p.33-
42 (F)

Kunitaro MATSUOKA: Investigation of Rock Formation in Conmnection with
Road Construction, Vol.21l, No.3 (Mar. 1973) p.43-50 (F)

Akimitsu OHHASHI, Mituru KIMOTO: Investigation and Design of Base Rock
Strata Where Piers of Kanmon Bridge Were Constructed, Vol.21, No.3
(Mar. 1973) p.51-58 (F)

Keiji ADACHI: Rock Excavation, Vol.21, No.3 (Mar. 1973) p.59-65 (D)
Ryunoshin YOSHINAKA: Classification of Rock Masses and the Representa-
tion, Vol.21, No.3 (Mar. 1973) p.67-74 (H)

Shoichi NISHIDA, Mitsuharu MINAMOTO: Characteristics of Tertiary Land
Slide in Niigata Prefecture and the Treatment, Vol.21l, No.7 (July 1973}
p.5-21 (E, H)

Motohisa HARUYAMA, Etsuro SHIMOKAWA: Report of the State on Slope
Failures in Kagoshima Prefecture Occurred in June and July of 1972,
Vol.21, No.7 (July 1973) p.13-16 (E, H)

—205—



20)

21)

22)

23)
24)
25)

26)

27)

28)

Masayasu INQUE: Land Slides in Amakusa and Shinko, Vol.21, No.7 (July
1973) p.17-20 (E, H)

Hiroo YAMAMOTO, Morito HOSOKAWA, Hirotaka SOKOBIKI, Kunitake
HASHIKAWA: Slope Failures in Hiroshima Prefecture, Vol.21l, No.7 (July
1973) p.21-28 (E, H)

Kno UESHITA, Tadashi KUWAYAMA: Land Slides Occurred in the Western
Mikawa Area by Heavy Rain-Fall in July, 1972, Vol.21, No.7 {(July
1973) p.29-32 (E, H)

Bungo TAMADA: Mechanisms of Occurrence of Landslides in The Tertiary
Period Strata, Vol.21l, No.7 (July 1973) p.33-40 (C)

Kojiro NAKASEKO: Landslides Observed in The Group of Osgka Strata,
Vol.21, No.7 (July 1973) p.45~48 (H)

Goji YAMADA: Landslides Phenomena with The Excavation of Limestone,
Vol.21, No.7 (July 1973) p.49-54 (C, H)

Sumiji KOBASHI, Masami OGURA: Methods of Investigation to Establish
Stability of Slopes at Open Cuts, Vol.2l, No.7 (July 1973) p.55-62
(F, H)

Harumi ARAKT: Investigation of Slope Destruction by Appraisal of
Aerophotography, Vol.21, No.7 (July 1973) p.63-68 (H)

Makoto NAKAMURA: Engineering Method to Prevent Slope Destruction,
Vol.21, No.7 (July 1973) p.69-74 (E)

Soils and Foundations (in English)

1

2)

3)

4)

5)

6)

7)

8)

9

10)

11)
12)

13)

Motohisa HARUYAMA: Effect of Surface Roughness on the Shear Character-
istics of Granular Materials, Vol.IX, No.4 (1969) p.48-67 (A)
Shin-ichiro MATSUO, Kazuhiko NISHIDA: The Properties of Decomposed
Granite Soils and Their Influence on Permeability, Vol.X, No.l (1970)
p.93-105 (A)

Yoshiaki YOSHIMI: An Outline of Damage during the Tokachioki Earth-
quake, Vol.X, No.2 (1970) p.1-14 (H)

PUBLIC WORKS RESEARCH INSTITUTE, MINISTRY OF CONSTRUCTION: Damage to
Roads, Dikes and Highway Bridges during the Tokachioki Earthquake,
Vol.X, No.2 (1970) p.15-38 (H)

Shiro MISHIMA, Hideo KIMURA: Characteristics of Landslides and
Embankment Failures during the Tokachioki Earthquake, Vol.X, No.2
(1970) p.39-51 (H)

Takeichiro IKEHARA: Damage to Railway Embankments due to the Tokachi-
oki Earthquake, Vol.X, No.2 (1970) p.52-71 (H)

Masahiro MORIYA, Noritada KAWAGUCHI: Damage to Small Earthfill
Irrigation Dams in Aomori Prefecture during the Tokachioki Earthquake,
Vol.X, No.2 (1970) p.72-82 (H)

Toyotoshi YAMANOUCHI, Sadakatsu TANEDA, Taizo KIMURA: Damage Features
in 1968 Ebino Earthquakes from the Viewpoint of Soil Engineering,
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of Decomposed Granite Soils, Vol.XII, No.3 (1972) p.55-63 (4)
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15) Akira YOKOYAMA, Toshio INOUE: Water Seal Grouting in Seikan Tunnel,
6th Conf. (1970) p.75-79 (G)
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Tunnel, 8th Conf. (1973) p.1-5 (B)
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Masaji SAGARA, Kozo TAKAHASHI, Keiji MIYAJIMA, Toshiaki TAKEUCHI:
Development of a High Pressure Load Tester in a Borehole and Applica-
tion to Rock Materials, 8th Conf. (1973) p.42-46 (E)
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Youichi MIMAKI: Results of Measurement the Initial In Situ Stresses in
the Underground at the Shintakasegawa Underground Powerhouse, 8th
Conf. (1973) p.67-71 (B)
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Ko SUZUKI, Yoji ISHIJIMA: Simulation of Progressive Failure in Rock
Around Mining Excavations, Vo0l.86, No.982 (Feb. 1970) p.69-74 (B)
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Ko SUZUKI, Yoji ISHIJIMA: Theoretical Consideration on Some Fundamental
Problems Concerning in Situ Measurements of Stresses in Rock by Relief
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Ryoji KOBAYASHI: Mechanical Properties of Rocks Under High Rates of
Loading (2nd Report), Vol.86, No.989 (Aug. 1970) p.525-529 (4)
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Specific Practure Energy and Specific Surface Area of Fractured
Product in Single Particle Crushing, Vol.88, No.1l007 (Jan. 1972)
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Iwao NAKAJIMA, Shigenori KINOSHITA: The Cutting Force of Rock in the
Formation of Small Chips, Vol.88, No.l015 (Sep. 1972) p.521-526 (A)
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(Nov. 1972) p.775-780 (B)
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47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

Zenjiro HOKAO, Teijiro SHIBATA, Shoji OHMURA: Piercing Tests in Seto
Inland Sea — Piercing Holes in Sea-bed Rocks by a Thermodrill (2nd
Report) — Vol.89, No.1021 (Mar. 1973) p.135-160 (C)

Twao NAKAJIMA, Shigenori KINOSHITA: The Fracture Mechanism of Rock

in Rotary Cutting, Vol.89, No.1023 (May 1973) p.291-295 (C)

Nobuhiro TAKAHASHI: Application of the Third Theory to the Grindability
Test, Vol.89, No.1023 (May 1973) p.301-305 (A)

Kunihisa KATSUYAMA, Koichi SASSA, Ichiro ITO: Computer Calculations

of the Effects of the Pre-split on the Blasting Close Proximity to It,
Vol.89, No.1024 (June 1973) p.357-362 (C)

Kiyoshi HASHIMOTO, Masuyuki UJIHIRA: Some Causes of an Outbreak of
Gas-outburst, Vol.89, No.l024 (June 1973) p.369-372 (B)

Kazuo KURIHARA, Shigeo ABE, Miyoshi ISHIGAKI, Shoji NAKAMURA, Akira
KIKUCHI, Chiyota INABA: Outbursts of Coal and Gas at Longwall Faces,
Vol.89, No.1024 (June 1973) p.373-380 (B)

Teizo YANO: Microscopic Studies of the Fissures in Coal Thrown Out

by Outbursts and Rockbursts, Vol.89, No.1024 (June 1973) p.381-386

(4)

Yusaku TOMINAGA, Shigenori KINOSHITA: Measurement of Ground Stress by
Multiple Circular Holes Method, Vol.89, No.1025 (July 1973) p.449-454
(B)

Takakoto SHIMOTANI, Umetaro YAMAGUCHI, Yataro SHIMOMURA: A Considera-
tion on the Mechanical Behaviour of Schistose Rocks, Vol.89, No.1026
(Aug. 1973) p.515-520 (4)

Zenjiro HOKAQ, Teijiro SHIBATA: On Fire Jet Piercing Tests at Depths
of 10 to 30 meters under Water, Vol.89, No.1026 (Aug. 1973) p.521-
5259(C)

R. HEROESEWOJO, Yuichi NISHIMATSU, Ko SUZUKI: The Effects of Repeated
Concressive or Tensile Load on the Mechanical Properties of Rock

(2nd Report), Vol.89, No.1027 (Sep. 1973) p.588-592 (&)

Yoshio HIRAMATSU, Yukitoshi OKA, Yoshiaki MIZUTA: Determination of the
Width Ratio of Rib Pillars to Openings, Vol.89, No.1027 (Sep. 1973)
p-593-598 (B)

Hirohide HAYAMIZU, Saburo TAKAOKA, Shigeo MISAWA: A Study of Determina—
tion of the Hardness and Viscousness of Rock for Percussive Drilling,
Vol.89, No.1028 (Oct. 1973) p.639-644 (C)

Takeichi YANAGIMOTO, Ken-ichi UCHINO: Measurement of Thermal Conduct-
ivities of Coals and Rocks in Coal Measure, Vol.89, No.1028 (Oct. 1973)
p.645-650 (A)

Zenjiro HOKAO, Shohei SHIMADA, Keiichi KOMAI: — On Temperature of Fire
Jet Stream ~ Study on Parametes of Fire Jet Stream on Thermal Fractux-
ing of Rock (1lst Report), Vol.89, No.1028 (Oct. 1973) p.651-656 (C)
Tomic HORIBE, Minoru USHIDA: On Influence of Various Noises in Under-
ground to Detection of Drummy Rock, Vol.89, No.1029 (Nov. 1973)
p-711-716 (A)

Zenjiro HOKAO, Shoheil SHIMADA, Ken-ichi KOMADA: — On Heat Transfer
Coefficient of Fire Jet Stream — Study on Parameters of Fire Jet
Stream on Thermal Fracturing of Rock (2nd Report), Vol.89, No.1029
(Nov. 1973) p.727-732 (C)

Journal of the Society of Materials Science, Japan

1)

2)

Kazuo YAMAMOTO, Masaki ARIOKA: Materials Properties of Anisotropic-
Brittle with Joints Respecting Fracture, Vol.l19, No.197 (Feb. 1970)
p-130-137 (A)

Yoshiji NIWA, Syoichi KOBAYASHI, Ken-ichi HIRASHIMA: Stresses Around
a Tunnel with an Arbitrary Cross Section Excavated in Anisotropic
Elastic Ground, Vol.19, No.197 (Feb. 1970) p.138-144 (B)
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8}

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Yuichi NISHIMATSU: A New Element of the Mechanical Model of Rock
Substance, Vo0l.20, No.209 (Feb. 1971) p.129-135 (A)

Shunsuke SAKURAT: Rheological Equation of Anisotropic Viscoelastie
Material and Its Application to Problems Pertinent to Rock Mechanics,
Vol.20, No.209 (Feb. 1971) p.136-142 (A)

Kiyoo MOGI: Failure Criteria of Rocks (Study by a New Triaxial
Compression Technique}, Vol.20, No.209 (Feb. 1971) p.143-150 (A) .
Norihisa ADACHI, Akimasa SERATA: Viscoplasticity and Direct Shear
Test of Rock-Type Materials, Vol.20, No.209 (Feb. 1971) p.151-155 (A)
Toshikazu KAWAMOTO, Kazumasa TOMITA: Variation in Characteristics of
Deformation of Marble and Mortar Due to Transition of Stress from
Isotropic State to Anisotropic State, Vol.20, No.209 (Feb. 1971)
p.-156-163 (A)

Shoichi KOBAYASHI: Initiation and Propagation of Brittle Fracture in
Rock-Like Materials under Compression, Vol.20, No.209 (Feb. 1971)
p.164~173 (A)

Yuichi NISHIMATSU, R. HEROESEWOJO: The Effects of the Mean Stress and
of the Stress Amplitude on the Rate Constants of Fatigue Failure of
the Rock, Vol.20, No.209 (Feb. 1971) p.174-178 (A)

Kumikoto IIDA, Hiroaki TSUKAHARA, Yoji KOBAYASHI, Isao SUZUKI, Jyunzo
KASAHARA, Mineo KUMAZAWA: Deformation of Dunite at Slow Strain Rates
under High Temperature and Pressure, Vol.20, No.209 (Feb. 1971)
p.179-184 (A)

Nacichi KUMAGAI, Hidebumi ITO: The Experimental Study of Secular
Bending of Big Granite Beams for a Period of 13 Years with Correction
for Change in Humidity, Vol.20, No.209 (Feb. 1971) p.185-189 (A)
Hidefumi ITO, Kazuo FUJITA: The Flow of the Earth's Crust Considered
from the Quarternary Crustal Movements in Southwest Japan, Vol.20,
No.209 (Feb. 1971) p.190-196 (B)

Yoshiaki MIZUTA, Yoshio HIRAMATSU, Yukitoshi OKA, Yoshihiko TANAHASHT:
The Stress in and Near the Pillars, Vol.20, No.209 (Feb. 1971) p.199-
202 (B)

Ichiro ITO, Koichi SASSA, Chikaosa TANIMOTO: Mechanism of Rock Breakage
under Pressure of Gas Explosion, Vol.20, No.209 (Feb. 1971) p.203-208
<

Koichi SASSA, Ichiro ITO: The Breakage and Stress Waves Caused by
Detonative Loading, Vol.2l1, No.221 (Feb. 1972) p.123-129 (C)

Koichi HANASAKT, Ichiro ITO: Stresses around One Hole or Two Holes
Subjected to Internal Pressures in Semi-Infinite or Infinite Medium,
Vol.21, No.226 (July 1972) p.652-659 (C)

Kunihisa KATSUYAMA, Koichi SASSA, Ichiro ITO: Numerical Analysis of
Dynamic Stress in a Material with a Cavity under Impulsive Loading,
Vol.21, No.228 (Sep. 1972) p.839-845 (C)

Makoto OKUMURA, Umetaroc YAMAGUCHI: Measurement of the Attenuation
Constant of Sound Waves in Rock (Measurement by the Free Vibration
Method), Vol.21, No.228 (Sep. 1972) p.869-875 (A)

Yuichi NISHIMATSU, R. HEROESEWOJO: The Fatigue Failure of Rock as a
Stochastic Process under the Pulsating Tensile Stress, Vol.2l, No.230
(Nov. 1972) p.1024-1029 (A)

Yuichi NISHIMATSU, R. HEROESEWOJO: The Failure Process and Statistical
Distribution of Fatigue Lives of the Rock Sample, Vol.22, No.233
(Feb. 1972) p.153-158 (A)

Proceedings of the National Symposium on Rock Mechanics, Japan

1)

Masayasu INOUE, Michito OHMI: Relations among Longitudinal Velocity,
Apparent Density and Compressive Strength of Common Sedimentary and
Igneous Rocks, 3rd Symposium (Nov. 1970) p.1-6 (A)
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5)

6)

7)

8)

)

10)
11)
12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Umetaro YAMAGUCHI: Proposed Method to Determine the Degree of Weather-
ing of Rock, 3rd Symposium (Nov. 1870) p.7-12 (A)

Akio DAICHO, Yukichi MORITA, Isao NISHII: Relation between Specimen
Size and Maximum Grain Size of Granular Material in Consolidation
Test, 3rd Symposium (Nov. 1870) p.l13-16 (A)

Yuichi NISHIMATSU, R. HEROESEWQJO: The Effects of the Mean Stress
and Stress Amplitude on the Rate Constants of Fatigue Failure of

the Rock, 3rd Symposium (Nov. 1970) p.17-22 (A)

R. HEROESEWOJO, Yuichi NISHTMATSU: The Influence of Repeated Loading
on the Mechanical Properties of Rock, 3rd Symposium (Nov. 1970)
p-23-28 (A)

Tomio HORIBE, Ryoji KOBAYASHI, Yasuhiro IKEMI: Fatigue Test of Rocks,
3rd Symposium (Nov. 1970) p.29-34 (A)

Tsuneo KIZAWA: A Comparative Study on Mechanical Characteristics of
Rock in Green Shist Zone Through Test In-situ and in Laboratory,

3rd Symposium (Nov. 1970) p.35-40 (B)

Kumikoto TIDA, Kiyoo MOGI: Deformation and Fracture of Rocks,

3rd Symposium (Nov. 1970) p.41-46 (B)

Ryunoshin YOSHINAKA, Toru ONODERA: Stereographic Projection Method
for the Analysis of Mechanical Features of Rock Mass, 3rd Symposium
(Nov. 1970) p.47-52 (B)

Hitoshi KOIDE: Condition for Formation of Microfractures in Rocks,
3rd Symposium (Nov. 1%70) p.53-58 (A)

Takeshi MITANI, Keiji ADACHI, Takeo KAWAI: On the Size of Cylindrical
Specimen in Rock Strength Test, 3rd Symposium (Nov. 1970) p.59-62 (A)
Koichi AKAI: Failure Surface of Isotropic and Anisotropic Rocks under
Multiaxial Stresses, 3rd Symposium (Nov. 1970) p.63-68 (A)

Syuichi MURATA, Toyosato YAMAUCHI: On Brittle Failure of the Sample
of Undisturbed Shirasu with Tensile Strength (Collapsible Deposit
Layer of Volcanic Product), 3rd Symposium (Nov. 1970) p.69-74 (A)
Toshiaki TAKFUCHI, Kazuhike KAJIMA: Consideration on the Results of
Rock Shear Test in-situ (Relationship between the Weathering
Classification and the Shearing Behaviour of Rocks.), 3rd Symposium
(Nov. 1970) p.75-80 (B)

Norihisa ADACHI: Viscoplasticity and Direct Shear Test of Rock-Type
Materials, 3rd Symposium (Nov. 1970) p.8l-86 (B)

Bungo TAMADA: The Process of Formation of the Landslide Plane in the
Sedimentary Layer of Tertiary Formation, 3rd Symposium (Nov. 1970)
p.113-118 (B)

Syunsuke SAKURAI: Deformable Behaviour of Circular Tunnel in Ortho-
tropic Viscoelastic Medium, 3rd Symposium (Nov. 1970) p.119-124 (B)
Ryuichi IIDA, Shigetoshi KOBAYASHT: A Mechanical Study on the
Characteristics of the Rock—-masses Behaviours Obtained from Shear
Tests, 3rd Symposium {(Nov. 1970) p.125-130 (B)

Yoji ISHIJIMA, Ko SUZUKI: Some Fundamental Problems on the Stress
Measuremerts in Rock by the Borehole Deformation Methods, 3rd
Symposium (Nov. 1970) p.131-136 (B)

Toshio TANAKA, Akira IIZUKA: A Geophysical Interpretation of the
Subsidence of Ground above a Tumnel due to Excavation, 3rd Symposium
(Nov. 1970) p.137-142 (B)

Yoshiji NIWA, Ken-ichi HIRASHIMA: Stress Distribution Around Two
Circular Tunnels in Anisotropic Elastic Body, 3rd Symposium (Nov.
1970) p.143-148 (B)

Masao HAYASHI, Satoshi HIBINO, Tadashi KANEGAWA: Visco-plastic
Analysis on Progressive Relaxation of Under-ground Power Station,
3rd Symposium (Nov. 1970) p.149-154 (B)
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24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)
39)
40)

41)

42)

43)

Yoshio HIRAMATSU, Yukitoshi OKA, Yoshiaki MIZUTA, Yoshihiko TANAHASHT:
The Stress in and Near Pillars, 3rd Symposium (Nov. 1970) p.155-160
(B)

Cyugoro SATO, Osami SHIBUYA, Ken ZAKO, Hakaru TAMURA, Nobuyuki
OKABAYASHI, Harushige TANIMOTO: Tunnel Excavation in a Landslide Area,
3rd Symposium (Nov. 1970) p.161-166 (B)

Ken-ichi OTOQFUJI, Akimitsu OHHASHI: Foundations, Kanmon Suspension
Bridge, on the Weathered Rock, 3rd Symposium (Nov. 1970) p.167-172 (D)
Ichiro ITO, Koichi SASSA, Chikaosa TANIMOTO: Mechanism of Rock
Breakage by the Pressure of Explosion Gas, 3rd Symposium (Nov. 1970)
p.173-178 (C)

Eizaburo YOSHIZUMI, Tsuyoshi SUGANO, Syojiro SUZUKI, Cyugoro SATO:
Electrical Measurement for Long Term Variation of Earth Structure in
Ono Dam, 3rd Symposium (Nov. 1970) p.179-184 (D) .

Eizaburo YOSHIZUMI, Soichi TANAKA, Syoji MATSUI: Electrical Measure-
ment for Grouting Effect in Tail Race Tunnel of Kisenyama Underground
Power Plant, 3rd Symposium (Nov. 1970) p.185-19C (D)

Jun YOKOTA: On the Behaviour of Rock Foundation Supporting Kurobe
Dam, 3rd Symposium (Nov. 1970) p.191-194 (D)

Cyugoro SATO, Osami SHIBUYA, Ken ZAKO, Nobuyuki OKABAYASHI, Masahiro
NOGUCHI: Mechanical Properties of Foundation Rock at Nuclear Power
Station Construction Sites, 3rd Symposium (Nov. 1970) p.195-200 (D)
Chugoro SATO, Ken ZAKO, Masakuni MATSUI, Tatsuo NISHIFUJI, Harushige
TANIMOTO, Kanji TANAKA: Prediction of Somadani Fractured Zone in the
Maya Section of Rokko Tunnel on New Sanyo Railroad Line, 3rd Symposium
(Nov. 1970) p.201-206 (D)

Toshiro ISOBE: Causes and Preventive Measures on Rock-burst,

3rd Symposium (Nov. 1970) p.207-212 (B)

Hidehumi ITO, Kazuo FUJITA: The Flow of the Earth's Crust Considered
from the Quarternary Crustal Movements in Southwest Japan,

3rd Symposium (Nov. 1970) p.213-218 (B)

Keiji KOJIMA, Syoichi TANAKA, Mitsuo SATO, Yasusuke SAITO:
Undisturbed Core Sampling and Testing Techniques of Soft Rocks and
Weak Zones in Hard Rocks, 4th Symposium (Nov. 1973) p.l-6 (E)
Yoshihiro OGATA, Akira TAKATA: A Measuring Method of Bar-Velocity for
Rock Specimens, 4th Symposium (Nov. 1973) p.7-12 (A)

Ken-ichi HIRASHIMA, Akira KOGA: Theory of Determination of Stresses
in an Anisotropic Elastic Medium, 4th Symposium (Nov. 1973) p.13-18
(B)

Takazo TAKAHASHI, Shiro TAKADA, Koji ISHIKAWA, Tadao HARYU:

Approach to Rock Classification System by the Borehole Measurements
in Granites, 4th Symposium (Nov. 1973) p.19-24 (B)

Hiroto OCHI, Tsukasa NOTO, Hisashi FUKUZAWA: A Proposed Method about
Evaluation of Rock Quality, 3rd Symposium (Nov. 1973) p.25-30 (E)
Umetaro YAMAGUCHI, Takakoto SHIMOTANI, Jiro YAMATOMI: Compression
Test for Soft Clayey Rock, 4th Symposium (Nov. 1973) p.31-36 (4)
Tsuneo KIZAWA: An Attempt on Rock Classification for Excavation
Purposes, 4th Symposium (Nov. 1973) p.37-42 (E)

Koichi AKAI, Toshihisa ADACHI, Nobuo TABUSHI: Mechanical Properties
of Soft Rock in Terms of Effective Stress, 4th Symposium (Nov. 1973)
p-43-48 (A)

Masao SATAKE, Hisakata TANO: Consideration on the Fracture Modes and
Strength of Rocks under Compression Test, 4th Symposium (Nov. 1973)
p.49-54 (A)

Jyun-ichi SEKI, Koichi SASSA, Ichiro ITO: Experimental Studies on
the Effects of the Existence of Cracks on the Elastic Wave Propaga-
tion, 4th Symposium (Nov. 1973) p.55-60 (4)
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45)

46)

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

Masanobu ODA, Toru ONCDERA: An Approach from Granular Mechanics to
Rock Mechanics on Mechanical Properties of Clastic Materials,

4th Symposium (Nov. 1973) p.61-66 (B)

Yoshiji NIWA, Syoichi KOBAYASHI, Takuo FUKUI: Analysis of Seepage
Problems by the Integral Equation Method, 4th Symposium (Nov. 1973)
p.67-72 (E)

Isao OHURA: Machine Tunneling of Soft Rock, 4th Symposium (Nov. 1973)
p.73-78 (C)

Yutaka MOCHIDA, Kenji NODA, Jyunko KUSHIDA: Vertical Shaft Sinking in
Volcanic Sediments — Nakayama Tunnel at Joetsu New Trunk Line —

4th Symposium (Nov. 1973) p.79-84 (D)

Tomoyuki AKAGI: Loss of Pretension in Rock Bolt due to Creep of Rock
Mass, 4th Symposium (Nov. 1973) p.85-90 (B)

Michito OHMI, Masayasu INOUE, Keizo SUZUKI: Relationship of Water
Saturation to Velocities of Elastic Waves and Elastic Module of Rocks,
4th Symposium (Nov. 1973) p.91-96 (A)

Masao HAYASHI, Yoshihiro FUJIWARA, Hiroya KOMADA: Dynamic Deformabil-
ity and Viscosity of Rock Foundation and Rock Granular Material,

4th Symposium (Nov. 1973) p.97-102 (A)

Masamitsu NEGISHI, Makoto HOSHINO: Studies on the Strength of Rock

— Especially on the Relationship between the Compressive, Tensile,
Shearing Strength and Ultrasonic Velocity of Propagation —

4th Symposium (Nov. 1973) p.103-108 (A)

Ryuichi OKAMOTO, Hayashi SUGAHARA: On Change of Strength Properties
of "Soft Rocks" under the Long-Term Loading, 4th Symposium (Nov.
1973) p.109-114 (A)

Toru ONODERA, Ryunoshin YOSHINAKA, Masanobu ODA: On the Characters

of Void and Their Relations to the Mechanical Properties of
Weathered Granite, 4th Symposium (Nov. 1973) p.121-126 (A)

Yuichi NISHIMATSU, Koji MATSUKI, Syozo KOIZUMI: Failure Process of
Rock in Compression, &4th Symposium (Nov. 1973) p.127-132 (A)

Takeshi MITANI, Takeo KAWAI: Investigation for the Relationships
between the Engineering Property of Rocks and the Drillability of
Mechanical Bits, 4th Symposium (Nov. 1973) p.133-138 (C)

Akira TAKATA, Yoshihiro OGATA: Some Experiments on Rock Fracturing by
Electric Spark Discharge, 4th Symposium (Nov. 1973) p.139-144 (C)
Hikoji TAKAHASHI: Tunnel Collapse and Earth Pressure Theory

— Phenomenal Earth Pressure Theory —, &4th Symposium (Nov. 1973)
p.145-150 (B)

Syunsuke SAKURAI: Theoretical Considerations of Pressure Acting on
Tunnel Support Structure in Viscoelastic Medium, 4th Symposium

(Nov. 1973) p.151-156 (B)

Yoshio HIRAMATSU, Yukitoshi OKA, Hidebumi ITO, Yutaka TANAKA:

The Correlation of the Rock Stress Measured in Situ and the

Tectonic Stress Inferred from Geophysical and Geological Studies,
4th Symposium (Nov. 1973) p.157-162 (B)

Yoshiji NIWA, Syoichi KOBAYASHI, Tadaaki MATSUMOTO: Transient Stresses
Produced around Tunnels by Travelling Waves, 4th Symposium (Nov. 1973)
p.163-168 (B)

Takeshi YANAGIBA, Mitsuyoshi SHIUSA, Mitsuho WADA, Ryoichi SAKANO,
Masashi NAKANO: Tunnel Excavation-Effect against the Adjacent Tunmel
and Their Preventive Measures — Report on the Chuo Expressway's
Sasago Tunnel Work —, &4th Symposium (Nov. 1973) p.169-174 (B)

10. Large Dams

1)

Takeo MOGAMI: Embankment Materials, Especially in Respect of Shear
Resistance of Materials, No.54 (1970) p.149-164 (A)
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2)
3)
4)

5)

Eishiro MIKUNI: Rockfill Dams, Compaction of Materials and Behaviour
of Dam, No.534 (1970) p.l65-179 (A, D)

Toshio FUJII: Behaviour of Surrounding Rock in the Treatment of Fault
at Nagawado Dam, No.56 (1971) p.31-40 (8, D)

Masayoshi NOSE: Observation and Measurement of Dynamic Behaviour of
the Kurobe Dam, No.57 (1971) p.26-34 (B)

Toshio FUJII: Foundation Grouting at Nagawado Dam, No.57 (1971) p.55-
64 (D)

11. ZISHIN, Journal of the Seismological Society of Japan

1)

2)

Mamoru ABE: Measurement of the Attenuation of Elastic Waves in Rocks,
Vol.25, No.3 (1972) p.265-266 (A)

Yoshio YAMAZAKI: Electrical Resistivity of Strained Rocks (Construc-—
tion of a Resistivity Variometer), Vol.26, No.l (1973) p.55-66 (A)

12. ZISUBERIL

1)
2)
3)
4)

5)

6)
7)

8)

9
10)
11)

12)

13)
14)

15)

16)

17)

Masayoshi MATSUBAYASHI, Koichi MOCHIZUKI: Ground Water of the Land-
slide Zone, Chausuyama, Vol.6, No.3 (Feb. 1970) p.1-10 (E)

Kyoji TAJIME, others: Preliminary Surveys of Resistivity Near the
Reservoir of Takadomari in Hokkaido, Vol.6, No.3 (Feb. 1970) p.l1l1l (E)
Hiroyuki NAKAMURA: Shear Strength at the Clay-film of Slip Surface,
Vol.6, No.4 (May 1970) p.1l-5 (B)

Hiroshi FUSE: On the Mechanism of Landslide, Vol.6, Ne.4 (May 1970)
p.6-9 (E)

Kyoji TAJIME, Tsutomu MURASE: On the Under-ground Survey by the
Specific Resistance Method at Pirikauta, Akkeshi Town, Vol.6, No.4
(May 1970) p.10-13 (E)

Yasumasa FUKUMOTO: On the Property of the Pile Strength for Landslide
Prevention and Control, Vel.6&, No.4 (May 1970) p.15-25 (D)

Dai UMEZAKI, Koko MISAWA: Study on the Quality of Ground Water in
Landslide Areas, Vol.6, No.4 (May 1970) p.26-32 (E)

Hiroyuki NAKAMURA, Masashi KONDO, Kazuo SHIRAISHI: On Measurement of
Underground Water Level and Pore Water Pressure at the Landslide
with Cohesive Soil as the Principal Constituent, Vol.7, No.l (Aug.
1970) p.1-7 (E)

Seiji TARAYA: The Study of Landslide Topegraphy Used Aerical Photo-
graphs, Vol.7, No.l (Aug. 1970) p.9-12 (E)

Bungo TAMADA: Studies on the Mechanism of Landslide at Hokusho in
Nagasaki Prefecture, Vol.7, No.l (Aug. 1970) p.13-23 (E)

Hiroshi FUSE: On the Definition of Landslide and Debris-flow,
Vol.7, No.l (Aug. 1970) p.24-28 (E)

Keisuke KUBOMURA: Appearances of Landslide at the 7th Shiboro Kabetsu
River Bridge Near Shimizuzawa along Yubari Line, J.N.R., Vol.7,
No.2 (Dec. 1970) p.1-7 (E)

Hiroyuki NAKAMURA: Earth Pressure Acting on Piles for the Treatment
of Landslides and their Design, Vol.7, No.2 (Dec. 1970) p.8-12 (D)
Seiji TAKAYA: The Study of Landslide Topography Used Areal Photo-
graphs, Vol.7, No.2 (Dec. 1970) p.13-18 (E)

Atsuo TAKEUCHI: On the Fractured Zone Type Landslide in Kochi
Prefecture by the Electrical Resistivity Survey, Vol.7, No.2 (Dec.
1970) p.19 (E)

Hung Teh Lin, Shin-ichi YAMAGUCHI: The Decision of Moving Cycle of
Landslides in Past Time by the Age Measurement of Bogwood Obtained
from Landslide Area, Vol.7, No.3 (Apr. 1971) p.1-6 (E)

Koichi MOCHIZUKI: On Landslides in the Mountainous Area along Sai
River and Hime River in the Northern Part of Nagano Prefecture (1),
Vel.7, No.3 (Apr. 1971) p.7-14 (E)

—218—



18)
19)
20)
21)
22)
23)
24)
25)
26)
27)

28)

29)
30)
31)
32)
33)

34)

35)
36)
37)
38)
39)
40)

41)

42)

43)

Makote HOSHINO, Tamotsu YOSHIDA: The Distribution of Landslides in
Mushinai Area,Hokkaido, Vol.7, No.3 {(Apr. 1971) p.15-20 (E)

Seiji TAKAYA: The Study of Landslide Topography Used Aerial Photo-
graphs, Vol.7, No.3 (Apr. 1971) p.21-25 (E)

Shin—-ichi YAMAGUCHI: The Distribution of Landslides in Formosa,
Vol.7, No.3 (Apr. 1971) p.26-27 (E)

Bungo TAMADA: On the Process of Formation of the Slide Planes at
Kuchinotsu Landslide Area (I), Vol.7, No.4 {June 1971) p.1-8 (E)
Tomomitsu YASUE: A Standard Classification for the Failures of

Steep Slopes, Vol.7, No.4 (June 1971) p.9-12 (E)

Hiroyuki NAKAMURA: On the Displacement of the Clayey Landslide
Gliding Over the Base-Rock, Vol.7, No.4 {(June 1971) p.13-20 (E)
Masami FUKUOKA: Report of Landslides Caused by San Fernando
Earthquake, Vol.7, No.4 (June 1971) p.21-26 (E)

Masasuke WATARI: On Types of Landslide and their Control Methods,
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