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SUMMARY Cl1 assification of rock masses is correlatsd with im situ moduli measured from jacking tests and
theoretically derived moduli using composite elastic theory. A moans of improving ths in situ moduli by
rock belting is them considered. In order to assess the effsctivensss of the remaedial measure psaudo
elastic theory is used to analyse the specific problem of slops stability. The results of the meduli
chenges due to roek bolts are checked by in situ Jecking tasts.

1 INTRODUCTION

This paper deals with the stabiliiy of soft-hard
rock slopes whers systems of joints and fzults con-
trol the behaviour of the slopes. Ifthe material

is a soil or soft rock the various plastic degign
a@pproaches varying from the Swadish S1lip Circle

to Jenbo's wedge analysis are gensrally used, If the
material is & hard intact rock an slastic design
approach is wsed. In turn, if the material is neither
plastic nor elastic in its deformational rasponse,

an elastic plastic analysis or pseudo plastie or
pseudo elastic approach is used. When thesa latter
methods are used the definition and determinaticn

of deformation moduli require caraful consideraticn.
Namely because in the deformational proceas tha
mechanisms of slip and rotation occur between and
scross the joint and fauit systems. However, when
stress pr load gradients are minimal, Chappsll (7)),
these latter mechanisme are also minimal and the
representation of the jointed rock mass as = com~
posite material in pssudo elastic theory is valid,

it is gensrally recognized that the deformational
moduli obtained from relatively small intact rock
samples are very much different to the deforma-
tional moduli of the jointed rock mass from which
the intact rock samples are retriaved, Consequently,
ip situ testing techniques developed to maasure the
mass deformational moduli, are an important and
essential part of the investigation program. In
order to determina the moduli defining the consti-
tutive relation some assumption or coafficient is
applied to the measuring instrument, be it a flat
Jjack, dilatometer, or plate bearing devica. This
coafficient is required in that it defines the
boundary conditions and when used in con junction with
the glastic moduwli gives the stress distribution.
In & continuous or discontinuous material the
constitutive relation is defined by the slastic
modulus oz pseuds elastic modulus. Consequently
these moduli are very much depsndant on the boundary
interactiona, and if the boundary conditions are
il) defined and ths mechanism causing deformation
undefinad then the evaluated zoofficisnt of tha
maasuring instrument is suspect.

Here the deformational response of ths rock slupaes
is naither elastic nor plastic. With thass aspacts
in mind a simple field test is devised to measure
the deformational moduli of the jointed and faulted
rock masses which have rones of hard and soft intact
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rock, Many of the slopes excavated in this matarial
had failed and others were still to be excavated.
Remedial measures to esnsure the stability of exist~
ing and future slopes requirsd careful assessment
and design. A comparison of the measured moduli
bafore and after slecpe stabilisation was the contrel
criterion used to measure the offectiveness of ths
romedial measures and confirm the design process.

The rock material whars the in situ moduli were
measuyred was classifisd and collated with the
various geolegical structural zones. From this the
designed remedial rock bolt patterns for specific
rack mass clesses were allocated and documented.
Consequently, the rock mass type encountered in the
field was wasily classifised and the appropriate
slope treatment defined.

2 SLOPE DESCRIPTION

2.1 Materiai Types

The geclogy of the sits is not reported in detail
here but the general characteristics of ths material
and profile of the slopes are given.

Because of the complexity of the geology and material
in whieh the slopss are sxcavated it is important

to classify the different tock zones antounterad.

An important addition of ths classification used

here was the measursement of the deformational res-
ponse, From this the required ramedial measures in
the form of rock bolt patterns were determinid by
using a pseudo slastic design procass. Three classi-
fication systems were considsred namely these des-
cribed by Barton et al {2} Bieniawski (3) and Wick-
hem (4). Of these Bieniswski's RMR, rock mass rating,
was used to define and assess the bshavicur of the
structural rock zones relatad to the excavated slopes.

The area in which the slopes were excavated is Jurras
sic in age and is highly crushad and contorted. Low
grade pressure and temperature metamorphiasm occurs
which cavses a wide variation in the material types
and fauli-joint systems. The rassultent materials are
darived from sandstones and basalts givimg guarte
zitic sandstone, greenstone, jasper and calcite,
Suparimposed on these metemcrphosed material types
are the geological structural featurss and reasultant
gouge material. The gouge is a breccia and mylonite
material with seams of calcite, chlorite, kaolinite
and moptmorillonite being quite common.,



When classifying both the material and gtruciural
zones (1), the rock mass is defined on & rating
stale of class 1, 2, 3, 4 or 5 which in descriptive
terms is excellent, very good, good, bad and very
bad respectively. The slopes considered hare were
gxcavated in rock masses dafined as class 4 and 5
with scme class 3 in the upper regions of the slope.
The heights of the slopes varied from 50 m to 130 m.
2.2 Material and Slopa Prafile

In many situations in practice the rogk profile is
generally such that the strength and deformational
characteristics of tha rock mass improve with

dapth. This is acceptsd as being consistant with

the weathering profile and stress environment
ganerally encountered. Here, however, there ig a
general improvement to e depth of about 30 m and
than beolow this depth the strength esnd daeformational
characteristics markedly decrease with an increase
in depth.

This means that as the depth of excavation is
increasod the toe of what was a stable slope
becomes softer and deforms more readily. Though the
toe of the slopé does not necessarily fail, excess-
ive deformation accurs. This excessive deformation
causes tha loosening of the joint and fault system
in the stiffer upper regions of the slope and this
im turn causes unravelling and local wedge failures.
From this general slope failure ensues. A typical
excavation profile is depicted in Figurs 1.

CLASS 3 MATERIAL

CLASS 4 MATERIAL

130m

CLASE S MATERIAL

FIGURE 1
TYPICAL SECTION OF SLOPE
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In order to prevent a racurrence of these events
some means of reducing the deformational response

especially in the region of the toe is required.
Rock bolts which impose a confining stress and kine-
matic restraint on the rock mags not only reduces
the deformational response but also markedly in-—
creasas the strength of the rock mass. Though
deformation and strength are inextricably related

it is felt especially in & discontinuous material
that an understanding of the deformation procaas
must be acquired before the strength can be defined.

With these aspects in mind a series of ungrouted
rock holt plate bearing type tests are devised and
performed where the deformational response of the
loosened and then prestressed rock mass is measured.

1t should be noted that the prestressed and then
subasduently grouted bolt serves in the mein two
functions. As an active prestressed bolt the normel
forces acruss the joint sets are increased and
consequently the magnituds of tha daformational
modulus is increased. In addition as tha depth of
excayation is increased the magnitude of deforma-
tion of the rock mess is inhibited Hy the passive
interaction of the grouted bolt within thae jointed
rock mass.

3 MODULL DETERMINATION

3.1 Deformational Moduli

In orger to perform a peeudo~elastic plastic analy-
sis knowledge of %he deformational response and
strength parameters is reguired. The deformational
response is given in terms of a constitutive
relaticn. Smart (5) and Singh (6} end others con-
sidar the discontinuous rock material as & multi-
phasé composite material. Deformational mess modull
are evaluated using slastic multi-phase contin-
uous models. These approaches are fraught with many
dubious assumptions {7) sspecially if the mecha-
nisms of siip and rotaticn are occurring. By using
the criteria of competibility and eguilibrium Hill
(8) shows that the upper and lowsr bounds of defor-
mational moduli for an elastic multi-phase conti-
nuum are obtained. In turn by messuring the mass
moduli in situw plus somposing the mass composite
moduli from component parts and then comparing thase
results with the upper and lower eveluated bounds
an appreciation of discontinua is obtained. This
latter approach is valid when the mechanisms of
slip and rotetion are absent and this is eo if the
etrass or load gradients are small.

By knowing the separate deformational response of
the two phases makimg up the jointed rock mass
namely the intact rock and joint material tha mass
deformational modulus is compiled (9). These
material characteristics related to deformational
response and strength were determined by standard
laboratory technigues. While performing the joint
tests both normal and shaar stiffnesses are also
measured. In addition to the above information the
core retrieved from the rock bolt moduli test holes
was classified.

The in situ deformational response of the jointed
rock mass was measured by noting the movements of
both the anchor and face plate of a loaded hollow
rock bolt. This allowsd the determination of the
daformational modulus of both the destressed sur-
face rock and inner confined rock masa. The differ-—
ence betwsen the magnitude of these twc moduli
gives the effect of the stress environment in a
jointed rock on the daformaticnal response.
Initially, =s the rock mass making up the slope is
unloaded and as there is no surrounding rock bolé



which pre-loads or kinsmatically constrains the
contiouous rock mass, the mass deformational res-
ponse rolates to an unloaded rock mass. After
determining the unlcaded deformational response the
ragion was preloaded by loading a nearby rockbolt
and the deformational reosponse at the same location
was repeated. This gives the decrease in deforma-—
tional response due to the active preloading across
the joint systems, It does not measurs the kinematic
passive constraint inhibiting dilation of the rock
mass as further deformation of the rock mass occurs.

3.2 Joint Moduli

Using the Hoek direct shear box machine the apparent
cohesion and friction angle of the joints were
measured. In addition to this the shear stiffness
was determined., Tables 1 and 2 show the rssults of
the inteact and joint properties plus stiffnesses
for the jeint system,

Apparant )
Sample Intact Poisson’s Unconfined
No, Modulus Ei Ratio Comp. Str. Daseription
GPa MPa :
1C-1 55.6 . 0.32 7‘5.? Greenstone
1C-2 38.0 0.23 5.6 Greenstone
3C—1 84,0 0.28 . 875 Greenstone
4C 49.3 0.29 a5 Greenstone
B6C 71.0 0.19 155 Greenstone
8C 23.0 0.51 38.2 Jasper
ac 13.0 0.98 10.0 Jasper
20-2 321 0.24 56,0 Quartzite
3C2 B5.6 0.2t 645 Quartzite
TABLE 1

Intact Rock Proparties

3.3 Combimed Moduli

When combiming the component parts of multi-phase
materizl by compusite slastic theory an important
assumpticn is that normal loads do not induce shaar
forces. This does not apply in & jointed material
wvhere the joints are in any wsy staogered, (7).
This howevsr, is not significant if the mechanisms
of elip and rotation do not occur.

The formula usaed for determining the upper and
lowar bound deformational moduli are svaluated from

{7),

Eyupper = BVt EpVp v f)
1 oM, Ve, (2
Eviower E, E;
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Ey upper and E, lower are the upper and lowsr bound

composite moduli,
E1, E2, gtc., are the component moduli of phases

1, 2, ate.
U1, “2’ etc, are the percentage volumes of phases 1,

2, etc. in relation te the total volume considered.

Upper and lcwer bound moduli aras given in Tabls 3
for the various freguencies of joints per metre
thieknass of material.

3.4 In situ fisld moduli

There are a number of ways of determining the
deformational response in a discentinucue rock mass.
It is difficult, howsver, io achisvs consistant or
repeatable values of deformational response from the
various methode generally used (10), (11}, (12).
From experisnce gained measuring the deformational
rasponse with devices such es flaf jacks, plate

Residual
Tost Normal  Angle Normal Shear
No. Description  Location Stress  of Fric  Stiffness  Stiffness
MPa MPa/mm MPa/mm

L Greenstane on  South side 8.0 i 3.88 2.7
Greenstone

2. Greenstone with South side 4.76 19 2.44 0.84
Chiarite infill

3 Chlorite on South side 20 19 2.7 0.83
Chlorite

4 Jasper on South side 3.7 29 0,83 0.46
Jasper

5 Chlorite on South side 2.9 17 5,56 1.7
Chlorite

<] Greenstone on North side 1.9 19 245 0.75
Greenstane

7 Greenstone on  North corner 4,62 12 5.6 .2
Jasper

8 Jasper on Centre 3.33 26 3.03 1,48

Jasper

TABLE 2
Joint Proparties

bearing, overcoring, axtensometers and pressurae-
meters it was decided to use a rock bolt type plate
bearing test, or often termed the jacking test.

The tast performed here used a hollouw rock bolit
anchered from 3 m to 9 m intc the rock mass, Figure
2. Using an oil jack the rock bolt is loaded and
the deformations of both the bearing face plate and
anchored extension rod are measured, Figure 3, From
this the deformation of the rock loaded betwsen the
face plate and anchor is known. Initially, difficulty
was expsrienced in achisving adequate anchorage in
the class 4 and 5 rack. This was cvercomse by creat—
ing a cavity at the anchor end with a small guantity
of explosive using a detonator. Good anchorage was
achipved and the size of anchorage was determined

by measuring the guantity of grout used for anchor-
ags and the depth of drill hole before and after
grouting the anchor.



Intact 1 Joint/m 5 Joints/m 10 Joints/m

Material Intact Joint int Ent Eu Eu Eu
Type Mod. Type Thick Mod, Eupp Elow El Eupp Elow El Eupp Elow Ef
GPRa mm  MPa
Greenstone 60 Greenstone 25 8 59.85 3.04 18,7 59.256 0.63 933 635 032 184
Greenstone B0 Chlorite 5 3 59.7 059 100 585 0.2 488 570 006 950
Greenstane 60 Jasper 10 0.5 594 005 1188 57 0.1 5 700 54.0 0.00% 10800
Jasper 18 Greenstone 25 8 17.96 2,72 66 17278 062 288 175% 0315 56
Jasper 18 Chlorite 5 3 17.81 058 308 1785 0.12 147 171 0.08 286
Jasper 18 Jasper 10 0.5 17.82 008 356 17.1 0.01 1710 16.2 D005 3240
TABLE 3

Ratios of Upper & Lower Bound Moduli

Bearing plate Joint systam from surfsce
mapping and drill core,

FIGURE 3
NMLC DRILLED HOLE

The load distribution between the face plate and
Anchor bulb creatod . .
by detenatar, anchor is largely conjestural. However because the
stress distribution for a continuocus material is as

FIGURE 2 ghown in Figure 4 and the stress distribution for a
TYPICAL STRUCTURAL MODEL DETERMINED TO discontinuous materizl is as shown in Figure 5, the
MEASURE IN SITU DEFORMATION MODULLS strees distribution between the plate and thse anchor

is assumed to be uniform. Assuming the sirsss dis-
tribution as given in Figure 5 depicting the results
APPLIED LoAD of thz geological and computer model and the in situ
deformational response Figure & the mass deforma-
tional responss is svaluated. This gives the defor-
mational modulus vhich is the constitutive para-
mater used to relate load and deformation, Table 4.
ROCK SURFACE
Tabla 4 also gives the modulus of the same material
measured from the same rock bolt after loading the
material with a nsarby rock bolt. The nearby rock
bolt is located within a radius of 1/2 the length
of the initial rock bolt, and is also egual to the
length of the initial rock bolt.

Moduli determinad from the deformaticn of the face
plate snd anchor are also given in Table 4. These
values of modyli show the effacts of destressing
the surface or skin of the slopes and the increase
of moduli due to the confining or stressimg effects
of the inner rock mass. UYhen determining ths sur-
face ar skin moduli the elastic theory formula

_ P~V
v 2Zpa
was used, wherse EV is the deformational modulys P is
the applied force aepplied to a rigid punch, vis

ANCHOR Poisson's ratic, P is the messured displacement of
the rigid punch of radius a.

FIGURE 4
CONTINUOUS STRESS DISTRIBUTION
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Face Plate Absoluts Rainforced
Modulus Modulus Modulus
GPa GPa GPa

025 6.26
0.38 3.68
Q.15 1.62
0.98 1.82
0.16 5,13
0.2 M
0.67 3.1% 1.3
0.16 7.43
0.08 0.53 3.18
0.407 0.66
0,45 12.7
0.35 2.1 5.47
TABLE 4 :

In Situ Moasured Maduli

Bore Hole
Hole Diamatar Longth
No. mm m
1 75 6.96
2 45 1.9
3 45 1.58
4 45 2,43
5 75 6.96
6 45 1.8
7 45 1.88
8 75 6.34
9 48 1.35
10 45 2.14
11 75 8.0
12 45 1.65
i.i. .t.". .,_1
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FIGURE 5

3.5 Pseudo Elastic Analysis

Table 4 shows that there is difference between the
surface moduli and anchor moduli due to the effects
of joint constraints and confining stressss. The
rock mess daformational modulus increases with depth
from the surface of the excavation. In order to
account for this the absolute deformations measured
between the face plate and anchor are used to eval-
uate the rock mass deformational moduli. This

valye to the measured depth namely & m is used for
the skin wvalue of the slope stability analysis whils
the deformation of the anchor is used to determine
the modulus of the jinmer rock mass. From these
moduli the analysis of the slopes were performed
uging a pssudo elastic finite elemant program. The
rasult of this was that tensile or much reduced
compressive strass zones which were generated in the
upper regions of the slops were sliminated after the
remedial rock bolts were applied to the toe regians
of the siopes.

By increasing ths magnituds of skin moduli the ten-
sile stress zones were eliminated in the upper
destressed regicns of the slops. The two main modes
of decreasing tha deformeticnzl response of a rock
mass are by grouting and/or prestressing with
anchors or rock bolts. In this particular instanecs
grouting would not be effegtive in that the joints
were infilled with couge which would prevent the
penetration of grout and much of the excavation had
alraeady been performed. Of consequence rock bolting
was used to improve the deformational characteristice
of the slopes. The situation considered here is that
the rock mass without the rock bolts ganerally
expands as the excavation is crested and the loads
radistribute. By using rock bolts, slip and rotation
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R
160
LENGTH = 5.53

Face pists deformation

LOAD - kN

BORT PATTEAN STRESSED EFFECTIVE

Abxoluts dHormation
'S

Effective
length 553

DEFOMMATION —mm

FIGURE &

MEASUREMENT OF BEARING PLATE
AND ANCHOR DEFORMATIONS

Py

Joints

bttt

Pttt

FIGURE 7

JOINT SETS ORIENTATED PERPENDICULAR
AND PARALLEL TO IMPOSED LOADS

nf the joimt end fault sets is inhibited and as
these mechanism of slip and rotation are the main
processes of loosening and causing the consequent
loss of rock mass strength the value of the rock
bolt is evident. Besides this, however, the rock
bolts also incrsase the normal loads across the joint
system. This increases the stiffness of the joint
which in turn incrsasams the deformationsl modulus

of the rock mass. With thess aspects in mind the
measursd in situ moduli were used in a pseudo elas~-
tic plastic analysis. Where any zones of tensils or
amall compressive stresses.occurred, the rock mass
was pre-loaded with patterns of reck bolts ao placed
that zones of doubtful stress conditions were
etiminated. ) '
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With the above approach the soft tos areas were pra
and post stressed and the upper regions of the alope
consequently stabilised. A very difficult and pre-
carious condition is stabilised by measuring in the
field the mass rock moduli hefors and after loading
with rock bolts.

By combining the intact modulus of the parsnt rock
and the modulus of the joint the upper and lowsr
baund moduli ars determined. A simplistic picture

of the effect on these bound modull caused by the
orientatiaon of the joint system relative to the
direction of imposed load 1s given in Figura7&8 When
the joints are perpendicular to the direction of the
load a lowsr bound value of modulus is obtained when



NUMBER OF JOINTS

FIGURE 8

parallsl an upper bound value results. This introdu-
ces an anisotropy into the material which is charac-
terised by the orientation of the joints and their
physical properties, Table 3. It is pvident that

haere the intact rock controls the upper bound moadulus
and the jeoints control the lowser bound modulus.
Therefore if ths intact rock is soft the upper bound
modulus would be low in megnitude and have a high
clasgification value depicting bad rock mass sven if
the mass had no joints., On the other hand if the
intact rock wers hard but ted numerous soft joints
the rock mass would still have a high classification
rating and be considersd bad, It is thsrefore evident
that joint properties and the associated orientation
relative to the imposed loads has an important effect
on the rock mass classification and the conseguent
deformational response.

The measured in situ rock bolt mass moduli varied
from 0.53 GPa to 3D GPa. This was collated with the
rock mass classification defined below.

Clans 3 4 5

Madulus 210 GPa < 10 GPa but> 1 GPa < 1 GPa

The moduli measursd before and after rock bolting
showsd that the bolts in effsct increased the
classification rating of the rock mass, A charac-
teristic not investigated here but neverthsless
important is that the rock bolt inhibits loosening
of the rock mass thus preventing load redistribu-
tions and dilation. This increases the strength
characteristics of the rock mass.

Table 5 shows the percentags raduction of the
deformational response of the intact roek modulus
caused by the joint-fault systems, John (i3)., The
intact moduli of the Gresnstone and Jasper were
taken as 6C and 18 GPa respectively and the
measured mass moduli are those related to the
classified rock mass.

By comparing Tabies 3 and 4 it is gesn that the
measured in situ mass moduli lis within the wpper
and lower bounds of the evaluated meduli. The
effacts of the rock bolts on the mass deformational
response is to improve the rock mass classification
by at least on® class and in some cases two, That
is if the rock mess was class 5 befors installing
the rock bolts it is improved te at least a class 4
and in some cases a class 3.
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4 CONCLUSIONS

Whern the mechanisms of slip and rotation in a
jointed rock mass are not part of tha deformational
process, the rock mass is considered a composite
slastic material. From this the pasudn elestic
theory is used to analyse the stability of the rock
slopea. In order to perform the analysis the con-
gtitutive relation betwesn load and deformation is
required. In situ field jacking tests using hollow
anchared rock bolts are found suwitable for deter—
mining the deformational modulus of the rock mass.
A geological model of the rock material making up
the jacking test zone, is constructed and this
coupled with the results of the in aitu deforma-
tional response give the required deformaticnal
muduli required for the pseudo elastic analysis.

{aboratory tests ars parformed on the NMLC core
retrisved from the hcles drilled for the jacking
tests. Standard laboratory testing give tha modull
of the intect rock materisei and stiffnesses nf the
joint-fault sete. The results of the testing are
incorporated in the geological structural model

to determine the in situ pasudo elastic moduli or
usad in compogsite elastic theory to give thae upper
and lower bound moduli of the rock mass.

Using an appropriate t¢lassification system the rock
zones are classified; which in this instance are
class 3, 4, and S being fair, bad and very bad rock
masses respectively. The deformational moduli
associated with these rock zonss are carefully
correlated. This means that when ancountering a
rock of a specific class the appropriate rock bolt
pattarns and remasdial measures are applied.

The possibility of connecting the classification
system with design by measuring the concomitant
deformational moduli has widsr aspscts than those
reported here, The quantificaticn of classifigation
with design has great potentiel in documentation

of both specifications and contracts associated
with earth material.



TABLE 5

Rock Mass Class (Classification)

3 4 5

greenstona % Modulus reduction [<16.7 >16.7 but < 1,7 > 1.7

Jasper % Modulus reduction [<55.6 »56,6 but < 5.6 > 5.6

5 ACKNOWLEDGEMENTS
(13)
The work presented here involved many psrsonnel JOHN, K.W., Civil Engineeri
employed in the Gecmechanics and Materials Branch Stra;gth aad Daformagilizslgg QggzggthEEnggzlgizﬁ.
at SMEC aespecially Mr Dankers and Huggett and thanks Rock Mechanics Theory and Practice. Eleventh Symp.
is sxtended tc all who helped. The authors also on Rock Mech. B erkelsy, pp 69-80 (1969).
wish to thank the management of SMEC for permigsion
tn publish this work.

6 REFERENCES
(1

CHAPPELL, B.A., Classification of Rock Mass related
to foundations, Paper submitted to International
(Conf. on Structurel Foundations on Rock, 1980.

2)

BARTON, N., LIEN, R. and LUNDE, J., Enginearing
tlaspification of rock masses for the design of
tunnsl support. Reck Mechanics, Yol. 6, No. 4,

pp 189-236 (1974),

3
(B%ENIAMSKI, 2.T., Rock mass classification in rock
sngineering. Proceedings of the Sympaosium on
Exploration fer Rock Engineering. Johannesburg,
pub, Balkemma, Cape Toun, Vol. 1, pp 97-106.
{Nov. 1976),
(4)
WICKHAM, G.E., TIEDEMANN, H.R., and SKINNER, T .H.,
Ground support pradiction model (RSR concept ).
Proc. 1st Rapid Transit and Tunnelling Conferenca,
AIME, Wew York, pp 43-64 (1972).
(8)
SMART, P., Strength of weathered tock. Int. J.
Raock Mech. Min. Gei. 7, 371-389 (1970}.
{6)
SINGH, B., Continuous sharacterization of jointed
rock masses. Part 1 - The constitutive equations.
(%?t. 1. Rock Mech. Min. Sci. 10, 331-335 {1973).
CHAPPELL, B.A., Component Characteristics of
Jointed Rock Masses. Int. J. Rock Mech. Min. Seci.
(&)Geomach. pbstr. Vol, 2., pp 87-92 (1975).
8
HILL, R., The slastic behaviocur of a prystalline
aggregate. Proc. Phys. Soc. Lond. AGS, pp 349-364,
1952, .
(9)
CHAPPELL, B.A. Design parameters for Abprdeen
tunnel, Hong Kong. Proceedings of the Symposium
on Exploration for Rock Enginsering, Johannesberg.,
(pu?. Balkemma, Cape Touwn, Yol. 1, pp 181-188 {(1976).
10
CHAPPELL, B.A. Deformational Response in Discontinua.
Paper accepted for pub. in the Int. J. Rock. Mech.
Min, Sei. {1979).
{11)
CHAPPELL, B.A., Load Distributicn and Redistribution
in Diseontinua. Paper accepted for pub, in the
Int. 3. Rock. Mech, Min. Sci. (19?9).

(12

BI%NIAMSKI, 2.7., Determining Rock Mass Deforma-
bility Expsrience from Case Histories. Int. J. Rock.
Mech. Min. Sci. & Geomech. Abstra. Vol. 15. 237247
{1978).

2-100



