CHAPTER VI

GEOTECHNICAL ROCK CLASSIFICATION SYSTEMS

The geotechnical rock classification is essential for the
tunnel stability study. The classification is also applicable to the

other stability of slope, foundation, etc.

A system for the general rock classification proposed by the
Canada Advisory Committee on Rock Mechanics appeared in the "Canadian
Mannal on Foundation Engineering" (1975) is considered to be the most
complete one at present. This system comprises three classifications

as follow.

(i) Geological classification systems or classification
according to the geological condition, i.e, igneous,
sedimentary, and metamorphic origin.

(ii) Intact rock classification systems or classification
according to the rock strength. The rock classes are
defined in terms of their limited unconfined compressive
strength. It should be noted that the limiting wvalues
of compressive strength are selected on an arbitrary
basis and may have to be changed when dealing with some
specific problems.

(iii) Rock mass classification systems or classification

according to rock discontinuities.

Many workers have adopted the mentioned classification system
into a practical one. The classifications to be used in this study

are illustrated in Tables 6.1 to 6.3 and Figures 6,1 to 6.2,
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6.1 Geological Classification Systems

The most widely-used geologic classification fo rocks is the
three-family grouping of igneous, sedimentary, and metamorphic rocks,

based on a blend of the genetic and descriptive factors.

6.1.1 Field Classification of Sedimentary Rocks

In an early study, Krynine (1948) had classified the
sedimentary rocks based on the petrographic characteristics, and fur-
ther into m@mbers on the basis of mineral composition of the detrital
fractions, i.e. (1) quartz plus chert, (2) feldspar plus kaolin, and
(3) micas plus chlorite. These fractions may occour as rock fragments,
large, loose, individual flakes or as a micaceous clayey paste (Figure
6.la). Krynine (1948) proposed a further classification as the normal

sedimentary rocks suitable for an observative megascopic and field use

as the detrital and chemical rocks. The rocks were classified as the

quarizites, graywackes or arkosic series according to the composition

of the medium-grained clastic silicate fraction in Table 6.1.

Lundegard and Samuels (1980) proposed a field classification
of the fine-grained sedimentary rocks, based on the features of genetic
significance, grain size and stratification. They used Folk's (1954)
textural categories with the exception of silt-shale, that is almost
identical to that proposed by Potter et al. (1980) (Tables 6.2 and

6:+3) s

6.1.2 Petrographic Classification of Sandstones

Many schemes of classification of sandstones have been
drawn up, some based on the theoretical principles, the other empha-

sized the mineral composition or devised empirically for convenience
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Table 6.2 Field classification of mudrock (after

Lundegard and Samules, 1980),
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in the field and laboratory description. A useful summary of the
sandstone classifications was given by McBridge (1963) from which it
can be observed that the current tendencies are to subdivide sandstones
on the basis of their mineral content, mineral and textural attributes,

or together mineral, texture and structure attributes.

Folk's (1954) classification is on the bassis of mineral attri-
butes. It uses three end-member constituents which are the important
composition in sandstones. The three end-member constituents are mica
and metamorphic-rock fragments, feldspar and igneous-rocks fragments,

and quartz and chert (Figure 6.1Db).

Instead of using Folk's (1954) feldspar and igneous rock, Gil-
bert (1955) used feldsparas one of three end-member constitutes to
classify the sandstones. Gilbert's classification is given in Figure

6.1Cq

Pettijohn (1954) classified the sandstones according to the
textural-mineralogical attributes., He took an account on thé pro-
venance, maturity and depositional current factors. The provenance
is indicated by the relative proportion of sand-size feldspar and the
rock fragments present; maturity by the proportion of quartz and
chert to that of feldspar and other rock fragments; and depositional
current activity by the relative amount of sand present to the amount

of interstitial matrix (Figure 6.1d),

McBride (1963) modified Folk's (1954) scheme by rearranging the
three end-members as (1) quartz plus chert and quartzite, (2) feldspar,
and (3) fine-grained rock fragments exclusive of those under the par-

ticular heading above (Figure 6.le).
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Dott (1964) modified Pattijohn's (1954) scheme and defined
several classes in terms of proportion of detrital quartz, feldspar,
and rock particles and on the presence or absence of an interstitial
matrix (Figure 6.2a). Those with 15 or more percent matrix consti-
tute the "wackes" ; those with less matrix are the "ordinary" (ortho)
sandstones. In Dott's class, three main families are defind : (1)
those in which quartz forms 95 or more percent of the framework frac-

tion, the quartz arenites (orthoquartzites); (2) those containing 25

_or more percent feldspar which exceeds rock particles, the arkoses;

and (3) those characterized by over 25 percent of rock particles,

the lithic sandstones (lithic arenites). The subclasses are also de-
fined between the major families. These are, for example, subarkoses,
and sublithic sandstoneS or arenites. The lithic arenites class may
by itself subdivided on the basis of the type of the rock fragments
presented, as suggested in Figure 6.2A. The dominant rocks in the
group are the graywackes, of which there are two further important
subdivisions, the lithic graywackes in which rock particles exceed
feldspars, and feldspatic graywackes if vice versa. The quartzwackes

are a relatively minor and rare class within the wackes group.

Selly (1982) used quartz, feldspar and clay as the end members
as shown in Figure 6.1f. His classification of sandstones is based on
the use of clay as an indicator of textural maturity, and feldspar as

an indicator of chemical maturity.

Many other sandstone classifications have been proposed that
amplify, amond, extend or modify the earlier classifications. the

propoéals are shown in Table 6.4.
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Table 6.4 Summary of classifications of terrigenous sandstone (modified from

McBride, 1963 and Pettijohn et al. 1972).

Reference Basis of End-membzrs of classification Comments
classification
Fischer (1933) Mineralogy Quartz Feldspar Rock fragments First use of triangular diagram for sandstone
composition?
Krynine (1948) Quartz Feldspar and Micas and chlorite Ignores rock fragments, Graywacke based
kaolin solely on mica and chlorite.
Folk (1954) Quartz and chert Feldspar and Metamorphic rock Graywacke based solely on metamorphic
. volcanic rock fragments, micas, constituents. Sedi ary rock [ragments
fragments metamorphicquartz ignored.
van Andel (1958) Quartz Feldspar Rock fragments and Graywacke based solely on rock fragments
) chert and chert.
Fiichtbauer (1959) Quartz Feldspar Rock frag s and Recogni clay-rich and clay-poor sand-

Hubert (1960)
Fujii (1962)
McBride (1963)

Shutov (1967)

Teodorovich (1967)

Tallman (1949)

Dapples, kmmbcin,
and Sloss (1953)

Williams and others
(1954), Dott (1964)

Bokman (1955)

Pettijohn (1957)

Sahu (1965)

Krumbein and Sloss

(1966)
Bogas (1967)

Packham (1954)

Crook (1960)

Texture and
Mincralogy

Structure,
Texture, and
Mineralogy

Quartz, chert and
metaquartzite

Quartz plus chert

Quartz, chert and
quartzite

Quartz

Quartz

Quartz

Quartz and chert
Quartz, chert.
quartzite

Quartz

Quartz and chert

Stable grains
(Quartz, chen,
quartzite, plus
tourmaline, erc.)

Quartz

Siliceous resistates

Quartz and chert

Quartz and chert

Feldspar and feld-
spathic crystalline
rock fragments

Feldspar

.. Feldspar

~ Feldspar

Feldspar and
micajchlorite

Feldspar

K and Na feldspar

* Feldspar

"Feldspar and rock
; fragments

Feldspar
Unstable grains
(Feldspar, rock
fragments, and
micas)

Feldspar

Feldspar
Unstable minerals
and rock fragments

Unstable minerals
and rock fragments

chert
Micas and micaceous
rock fragments

Rock fragments
Rock [ragments

Rock [ragments

Rock lrag: t

stone types.
Non-micaceous rock fragments are not
treated as a major constituent. Classification
designed originally for feldspathic rocks.
Divides triangle into five ficlds.

Ignores large micas. Has 8 classes.

Divides triangle into 12 fields forming three
major groups; graywacke based solely on
rock fragment content.

Eig! subdivisions of triangle; addition of

Rock fragments and

maltrix

Unstable fine-grained
rock fragments *

Clay

Rock fragments

Matrix

Clay, sericite, and
chlorite

Labile grains

Matrix

Matrix

pyroclastic material requires tetrahedral re- |
presentation and 11 additional subclasses.

Graywacke based solely on matrix content.
Rock fragments ignored. %
Graywacke bascd on sum of rock fragments
and matrix. Ca feldspar ignored.

Recognizes two suites on basis of > or <10%
matrix. Graywacke used as special rock type
and not part of classification.

Graywacke based solely on clay content.
Feldspar and rock [ragments not differ-

* entiated.

Clay matrix is most important property of
graywacke.

Eight clans of sandstone.

Ignores rock fragments. Graywacke based
on clay, sericite, chlorite, and feldspar content.

Ten princiral and 10 subclasses.
Recognizes two suites. Graywacke based on
deposition by turbidity current.

Recognizes three suites. Graywacke based on
deposition by turbidity current.

Others papers dealing with sandstone classification, not represented in this. table,
include those of Michot (1958), Kossovskaya (1962), Shutove (1965), Chab (1967),

Chang (1967), Wang (1967j, Chen (1968), Konta (1969), and Travis (1970).
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In the present study, the petrographic determination of the
test specimens and samples includes the microscopic measurements of
the average grain size, average fracture opening, average fracture
intensity and Modal analysis of mineral constituents and observations
of textural characteristics. The study results using the classifica-
tion of Pettijohn (1957) and Potter et al. (1980) are shown as Table

4.2.

6.1.3 OQuantitative Classification of the State of Alteration

No single index derived from the simple field observa-
tions or laboratory tests can be expected to apply appropriately to
all materials in the vast range of weathering products derivable from
intermediate stages of decomposition of rocks. Several approaches
useful in the particular rock types are offered as the examples to be

emulated in principle or in detail as the case warrants.

Ege (1968) used four classification indices, expressed by
estimating the percent of altered minerals in the rock, without re-
ference to any unweathered standard. The rock is classed as unwea=«
thered, sligthly weathered, moderately weathered or severely weathered
as the amount of the altered minerals is in the respective ranges 0-10%,
10-25%, 25-75%, and 75-100%. Deere and Patton (1971) reviewed the
classification of the weathered rock mass of different rock types and
suggested a standard terminology based on the approach used by Moye
(1955), Ruxton and Berry (1957) for granites. These suggestions, as

well-as the works of Little (1969), Fookes and Horswill (1970), Dear-

man (1976), and others are listed in the Table 6.5.

The rock masses along the diversion tunnel, portals and other

study area are classified for the weathering grade following to Bieni-



Table 6.5 Comparison of some engineering rock weathering classification.

1v

II1

11

residual soil

Completely
decompused

Highly
decomposed

Moderately
decomposed

Slightly
decomposed

Fresh rock

Humus and plant roots
présent in surface
layers.

The texture still
recognisable. Ingranitic
rocks,original felespars
completely decomposed to

clay minerals. Disintigrates
in water. Cannot be recovered
as cores by ordinmary drilling
methods,

Fairly large pieces can be

broken and crumble ia the

hands. Hammer blow penetrates
surface. Cores can be obtained
only by careful diamond drilling.

Considerably weathered throught.
large picees (e.g.NX drill core)
cannot be broken by hand. Hammer
blow-drummy sound.

Distinctly weathered throughout
the rock fabric with slight
Limon{te staining. Strength

approachigg that of fresh rock.
Hammer blow-dull note.

Some limonite stained Joints may
present., Hammer blow-rings.

sandy clay or clayey sand, 1l m
to 25 m thick; up to 30X clay,
dominantly quarts and kaoliam,
reddish brown wvhen very clayey;
light brown or orange when less
clayey.

1Ia Residual debris with core stones

vhich are subordinate, rounded

and free;equal amounts of gruss
and debris; less than 52 clay but
planty of clay-forming winerals-
sericire and kaolin; light colour;
less than 10X core stones;deposit
up to 60 m thick

I1Ib As Ila but 10X to 501 core stones

11I Core stones with residul debris;

v

Bedrock:

core stones dominant, rectangular
and locked together; most commip-
uted material is gruss; deposit

7 m to 17 m thick

Partially weathered rock; minor
residual debris along major struct-
uralplanes but more than 501 may

be iron stained indicating signific-

ant chemical decomposition and

breakdown of biotite; 3 to 30 m thick

grained, light grey; two sets of
vertical ‘joints spaced 0.5 m to 12 m

Fresh unveathered granite; medium

MOYE (1955) RUXTON & BERRY (1957)
Grade Degree of Diagnostic features Send ~Eharacter X age of Crade
Deecomposition solid rock
VI True or mature No orginal fabric. 1 Residual debris structurelass Usually vi

Zero

less than V
10

$0 to 90 IV

greater * 111

thao 90

c. 100 11
1

Lie



Table 6.5 (conts)

LITTLE (1969)

Degree of
Decomposition

Field recognition

Engineering properties

Soil

completely
veathered

highly
weathered

moderately
weathered

slightly
wveathered

fresh rock

Surface layer contains humus

and plant roots

no recognisable, rock texture;
unstable’ on slopes when vegetable
cover destroyed.

rock completely decomposed by
veathering in place but texture
still recognisable; in type of
granite origin feldspars complet-
ly decomposed to clay minerals;
cores cannot be recovered by ordi-
nary rotary drilling methods; can
be excavated by hand.

rock so weakened by wveathering that
fairly large pieces can be broken
and crumbled in the hands,sometimes
recovered as core by careful rotary
drilling;stained by limonite

considerably wveathered; possessing

some strength. Large pieces cannot be
broken by hand; often limonite stained;
difficult to excavate without use of
explosives.

distinctly weathered witn slight limo-
nite staining, some decomposed feldspar
in granites, strength spproaching that
of fresh rock;explosives required for
«excavation

fresh rock may have some limonite stained
joints immediately beneath weathered rock

Unsuitsble for important foundations; unstable on
slopes’'when cover is destroyed.

can be excavated by hand or ripiug without use of
explosives. Unsuitable for foundations of concrete
dams" or large structures; may be suitable for

foundations of earth dame and for fills; unstable
in high cuttings at steep angles; tequires erosion

protection,

similar to grade V; unlikely to be suitable for
foundations of concrete dams;erratic presence of
boulders makes it an unreliable foundation stratum
for large structure.

excavated with difficulty without use of explosives;

- mostly crushes under bulldozer tracks; suitable for

foundations of concrete structures and rockfill dams;
may be suitable for semi-pervious fill;stability in
cuttings depends on structural features, specially
joint attitudes.

requires explosives for excavation; suitable for concrete
dam suundations; high permeability through opem joints;
often more permeable than the zones above or below;
questionable as concrete aggregate.

45 T
staining indicates water percolation along joints;

individual pieces may be loosened by blascing. or stress
relief and support may be required in tunnals and shafte

12184



Table 6.5

(comt,)

CHANDLER (1969)

VARCAS et al (1965), DEERE & PATTON (1971)

Zone

Description

. Zone

Description

Engineering properties

fully
‘weathered
IV a

v

partly
veathered
111

11

un~-
weathered

I

matrix only; distinguisable from
solifluction or drift by absence
of pebbles; plastic slightly silty
clay; may be fissured

matrix with occational clay stone
pellets less than 1/8 inch diameter
but more usually coarse sand size;
little or no trace of zone I structure;
permiability less than underlying
layers.

matrix with frequent lithcrelicts upto

1 inch; as weathering progress,lithorelicts

become less angular; water content of
matrix greater than that of lithorelicts.

angular blocks of marl; first indications

of chemical veathering; matrix starting to
encroach along joints leading to spheroidal

wveathering.

mudstone (often fissured); water content
varies due to different lithology.

11

111

‘v

Upper zone mear tne surface;
mature residual soil or/and
colluvial soil, Difficult to
distinguish one from the -
other. Consist of red brown -
or yellow porous clay or sandy
clay soil,

Intermediate zone; red brown
or yellow stiff or hard clay
or clayey sand; meadum to
compact, consist of limonite
conections or hard layers
formed by the precipitation
of coloidal matérieal from the
upper layer,

Mediua low k, low streng.h
very compressible. -

Medium k, lovw to medium
strength RQD=0

Residual soil; Gravelly, sandy Higﬁ k RQD=0-502

or clayey with relict structure.

Eventually with boulders or
layers of decomposed rock.

Fresh veathered zone composed
of weathered rock, boulders or
layers of intact rock mixed
together with clayey or sandy
soils.

Sound rock substratum which in
most cases fissured to a
certain depth,

‘ ‘Meadium to high k;

RQD=502-752

Very high ltren;tf
RQD>752

61c



Table 6.5 (cont.)

e

FOOKES & HORSWILL (1969)

DEARMAN (1976)

Crade Abbreviation Soils (i.e. soft rocks)

Racks (i.e. hard rocks)

- Degree of
composition

Grade Nature ¢f weathered product

Terd
True VI Rw
residual
soil
Completely V Cw
weathered
Highly 1v Hw
westhered
Moderately III Mw
wveathered

siightly 11 Sw
weathered

Fresh 1 Fr

the material is completely
changed to a soil of new
structure and composition
ia harmony with existing
ground surface conditions

the material is altered
with no trace of original
structure

the material is mainly
altered with occasional
small lithorelicts of
original soil; little or
no trace of original
structec-

the waterial is composed
of large discvloured
lithorelicts of original
soil separated by altered
material

the materfal {s composed

of angular blocks of fresh
soil, which may or may not
be discoloured; some altered
starting to penetrate
{avards from discontinuities
sepagating blocks

the parent scil shows no
discolouration, loss of s
strength or any other .

effects due to weathering

the rock is discoloured and
is compl=tely changed to a
soil with the original fabric
completely destroyed

the rock is discoloured and
is externally changed to a
soil, but the original fabric
is maioly preserved; the
properties of the soil depend
in part on the pature of the
parent rock

the rock is discolourea;
discontinuicties may be open
and the fabric of the rock
near to the discontinuities

is altered; alteration pene-
trates deeply inwards, but
lithorelicts are still present

the rock is discoloured dis-
continuitics may be open and
surfaces will have greater dis-
colouration with the alteration
penetrating invards; the intact
rock is noticeably weaker as
determined ian the field than
the fresh rock

the rock may be slightly discolou-
red;discontinuities may be open
and have slightly discoloured
surfaces; the intact rock is not,
as determined in the field,

weaker than the fresh rock

the parent rock shows no dis-
colouration, loss of strength or
any other effects due to weathering

Residual
soil

Completely
seathered

HIghly
weathered

Hodcrutcli
wveathered

Slightly
weathered

Fresh

VI

v

v

III

framework or as a core stone

All rock materials converted to
soil. The mass structure and
material fabric are destroyed.
There is large change in volume
but the soil has not been signif-
icantly transported.

All rock materials is deco-posed
and/or cisintegrated to soil.
The original mass structure and

material fabric are still largely
intact ’

More thasshalf of the rock material
is decomposed and or disintegréted
into a soil. Freshor discoloured
rock is present either as a dis-
continuous framvork or ss core stone

Less tha half of rock material is
décomposed and dr disintegrated to
a soil,.~Fresh or discoloured.zrock -
1s present either as a.contiguous

Discolouration indicater weathering
of rock material and discontinuity
surfaces. All the rock material may
be disccloured by weathering.

No visibtle sign of rock material
weathering. Perhaps slight dis-
colouration on major discontipuity.

oce



Table 6.5 (cont.)

Bieniawski (1973), ISRM (1981) - Engineering Group Work Party (1977)
Term Description Grade . Term - . . Description o Grade
Fresh No visible sign of rock material weathering: perhaps 1 Fresh : No visible sign of rock material weathering.  ° 1A
slight discolouration on major discontinuity surfaces. ;
. 'Faimly weathered Discoloration on 'major diu_:ominuity surfaces. 1B
Shghtly ’ Discolouration indicates weathering of rock material 11 Slightly weathered " Discoloration indicates wealhenng of rock material and discontinuity. - 11
weathered and discontinuity surfaces. All the rock material may surfaces. All'the rock material may be discoioured by weathering and
be discoloured by weathering and may be somewhat > 4 mav be somewhat wukgr than in its fresh condition. }
weaker externally than in its fresh condition.
Moderately Less than half of the rock material is decomposed m Moderately weathered Less than half of the rock material is decomposed and/or disintegrated mn
weathered and/or disintegrated to a soil. Fresh or discoloured : 10 a soil. Fresh or discoloured rock lS present cither as a continuous
rock is present either as a continuous framework or . framework or as corestones. '
as corestones. R
Highly More than half of the rock material is decomposed v Highly weathered More than half of the rock material is decomposed and/or disintegrated v
weathered and’‘or disintegrated to a soil. Fresh or discoloured 10 a soil. Fresh or discoloured rock is resent euher as.a dbconnnuous
rock is present cither as a discontinuous framework ! framework or as coresiones
or as corestones.
Completely All rock material is decomposed and/or disintegrated \ Completely weathered  All rock material is decomoosed and/or dxsumeorated to soil. The L Y
weathered 10 soil. The original mass structure is still largely intact. original mass structure is still largely invact.
Residual All rock material is :qnvméd 10 soil. The mass struc- Vi Residual soil . - All rock material is converted to soil. The mass siructure and naxen'al. vi
soil ture and material fabric are destoyed. There is a large fabric are destroyed. There is a large change in volume, but the soil has
change in volume. but the soil has not been signifi- not beea significantly transported.

cantly transported.

lce




222

awski (1973) and ISRM (1981) classifications which described in Table
6.5. The pebbly graywackes and subarkoses in the diversion tunnel and
its portal are generally slightly to moderately weathered with occasio-

nal highly to completely weathered in the upper-vortal slone faces

closed to ground surface and in some excavation open cut area.

6.2 Engineering Classification Systems

The engineering classifications of rocks are directed toward
the potential engineering use of the rocks or of underground excava-
tion in the rocks. The compilation of the data and the application
of classification criteria must take into account the way in which
each datum point has been obtained from the intact rock material or

the rock mass, or both (Table 6.7)

Franklin (1970) and Bieniawski (1974) considered the following
prerequirities to be of an importance for any rock classification sys-

tem employed on a routine bgsis.

(1) It should be based on the measurable parameters which can
determined by the relevant, quick and cheap field tests.
(2) It should involve only the rapid testing techniques which
are able to cope routinely with a large number of samples.
(3) The testing techniques should be simple enough to be car-
ried out even by the semi-skilled field laboratory staff.
(4) The fange of test result values should allow a sufficient
power of discrimination when applied to the various test

samples.

Some classification systems are listed below.
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Table 6.6 Some engineering classification systems for rock.

Objective

For general purpose

For a special purpose

Intact Rock

Coates (1964)

Deere and Miller (1966)
Underwood (1967)

Duncan (1969)

Deere and Gamble (1971)
Morgenstern and
Eigenbrod (1974)

Wood and Dev (1975)

Fourmaintraux (1976)

Bergh-Christensen and
Selmer-Olsen (1970) -
resistence to blasting
Selmer-Olsen and

Blindheim (1970) -
drillability

Olivier (1979) - stability

of tunnel

Rock Mass

John (1962)

Deere (1964)

Hansagi (1965)
Onodera (1970)

Tida et al. (1970)
Muller and Hoffman
(1970)

Franklin et al. (1971)

Sjogren et al. (1979)

Terzaghi (1946)- tunnels
Stini (1950) - tunnels
Lauffer (1958)~ tunnels
Carterpillar Tractor Co.
(1966) - rippability
Obert and Duvall (1967)
- mining -

Ege (1968) - tunnels
Kruse et al. (1970)

- tunnel

Wickham et al. (1972)

- tunnels

Bieniawski (1973)- tunnels

Barton et al. (1974)

- tunnels
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6.2.1 Intact Rock Classification Systems

A systematic approach to the intact rock substance
classification could invovle the characterization on the properties of

rock that are routinely measured, usually in the laboratory.

6.2.1.1 Coates's Rock Mechanics Classification

Coates (1964) proposed a comprehensive classi-
fication with five characteristics, the first three to be applied to
the intact rock substance, and the other two to the rock mass. The
five parameters are the uniaxial compfessive strength, pre-failure
deformation, failure characteristics, gross homogeneity, and continuity
of rock material in the rock mass. Burton (1965) extended Coates's
criteria for the rock mass from Jmassive" and "layered" to "homogen-
eous", "heterogeneous" and "heterogeneous-welded" and classified the
continuity of rock material in the rock mass to become more specifi-
cally as "intact", "tabular", "columnar", "blocky", "fissured or

seamy" and "crushed".

Coates and Parsons (1966) subsequently modified the previous
proposal to include the geological name of the rock and to alter the
boundary between weak and strong rocks to a uniaxial compressive
strength of 10,000 psi (70 MPa). 1In addition, instead of trying to
distinguish between the elastic and viscous substances and plastic
and brittle failure pased on the deformation characteristics, the
substance was simpl& classified either as elastic or yielding. The
term yielding means a certain minimum time-dependent strain rate or

a certain proportion of total strain being permanent.
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Stapledon (1968) also discussed Coates's clsddification at
the "strong" level. He then added the “medium—strong", "weak", "very
weak" classes, roughly corresponding to the range of compressive

strength.

6.2.1.2 Modulus-Strength Classification of Deere and

Deere and Miller (1966) had classified the in-
tact rocks based jointly on the uniaxial compressive strength and el-
astic modulus. They also presented the data showing the relationship
between the strength and elastic modulus. In practice, the modulus of
elasticity and the uniaxial compressive strength of the rocks are plot-
ted on the log-log grid and their properties are classified according
to the position of the point plotted (Figure 6.3). The complete clas-

sification should also include the lithologic description.

Following the classification system of Deere and Miller's
(1966) mentioned above, the test of the pebbly graywacke specimens
can be classified as medium strength, wilh an average to high modulus
ratio (CH to CM), medium-grained, dense, homogenous and the subarkosic
sandstones as high strength, with an average modulus ratio (BM),

medium-grained, very dense, and homogeneous.

The major limitation of the Deere-Miller system as pointed
out by Olivier (1978) is its inability to differentiate the rocks of
a variable durability as the swelling properties were not taken into

consideration.



.

® kg/enfx10°

N

Young's Modulus, E,

0.28

“’9 P |
x 4 16 32 64 psixlO
»
= D c B A
20} w Low Medium High Very High
gtreng‘?ﬁ : Strength | Strength | Strength | Strengt
1 L /,
A
A Greywacke sandstone A ¢ /
T X Subarkosic sandstone 4 7
03
] 2 3 4 6 8 10 20 30 40 60 psixI0®
i it s 1 L 1 . .
75 125 250 500 1000 2000 4000 kg/cm?
Uniaxial Compressive Strength , Oy
Note: (1) Eg = tangent modulus at SO % ultimate strength
(2) Classify rock as AM,BH, BL, efc
Figure 6.3 Engineering classification for intact rock

samples from Chiew Larn damsite (37 specimens,
95 % of points) after the classification system
of Deere and Miller's (1966).



*

22

A general comparison of the various classes with numerical

values of uniaxial compressive strength is given in Table 6.8.

6.2.1.3 Durability-Plasticity Classification by

Deere and Gamble

Deere and Gamble (1971) gave a modified version
of Gamble's (1971) earlier work. That classification is described as
the slake durability index (%i). The values of Ei vary over the range
from O to 100%. There is no discernible connection between the dura-
bility and geological age but the durability increases linearly with
the density and inversely with the natural water content (Goodman,
1960) . Olivier (1978) reported his results of two-cycle slake durabi-
lity tests carried out on the selected rock samples using the apparatus

developed by Franklin and Chandra (1972), then classified according to

this classification. His report is presented in Figure 6.4.

6.2.1.4 Fissuring Classification

'The degree of fissuring should be a basic
component of any rock classification scheme. It can be characterized
through a microscopic observation, or more simply through the index

tests.

fourenq et al. (1971) offered a approach based on a compa-
rison of the actual and theoretical wave propagation velocities.
The low velocity ratio of the actual to the theoretical values indi-
cates a significant fissuring degree. They defined the ratio of
measured-to calculated longitudinal wave velocities in term of a

Quality index IQ. o
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Table 6.7 Uniaxial compressive strength classification for intact rock (modified from Bieniawski, 1981)

Uniaxial

Compressive Strength, MPa References
08 o7 2 $ 4 8 678 |0 20 30 4050 70 |00 200 300 400 500 700
g by ) sople 1 A 1 A B T | = " Aol g7 g iuip of b n 1 PTG
b v T ¢
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Note :
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O greywacke sandstone Vow Medium "R —
; ? gh Very high
A subarkosic sandstone Very low sirength strength strength strength strength Deesre & Miller
(1968)
Very weak Weak Medinm strong Strong Very stiong Stepledon
(1988 )
Highly Slightly weathered rock Unweathered rock
weathered SNy savhcred rod TR Rihcred roc Broili
(1989 )
ol vV o
Very weak - Weak M“:::;“ y Muoderately strong Strong “::":g Extremely strong Geologlcal Soclety
Soil ==t Rock ! (1970)
Extremely Exlrgmely
low| Very low strength Low strength Medium strength High strength Very high strength high Broch &Franklin
strength strength  —
(1872)
Soil Very soft rock Soft rock. Hard rock Very hard rock Extremely hard rock Jenning et al.
(1973)
: Low . Medium High ’ e :
o ey i sceng® strength strength | strength Very high strength Blenlawsk!
(1973)
Very weak Weak :’::i::"": Strong | Very strong Attewsll & Farmer
(1978)
- EL A T Medium Vv .
Very low Low Moderate high, High _Very high ISRM
ety = R g (l°7s )
R 5
A\ T l o
| MPa 5

100

250 MPa
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The results of the pebbly graywacke are classified according
to the fissuring classification of Fourmaintraux (1976), are pre-
sented in Figure 6.5. This phenomenon appears to be slightly-to

non-fissured rock.

6.2.2 Rock Mass Classification Systems

The engineering classification of rook masses is
neccessary adjunct for assessing the rock mass conditions for the
engineering purposes in both design and construction works. It is
believed that this approach is a suitable, practicable and highly
promising mean for the engineering work during preliminary planning
and construction (Bieniawski, 1976, 1979). The successive olassi-

fication systems proposed by the previous workers are as follow.

6.2.2.1 Terzaghi's Rock Load Classification

Terzaghi (1946) was the first to attempt
any type of rock classification for the engineering purposes. His
classification is a simple system for use in estimating the loads to
be supported by the steel arches in tunnels. He recognised the
significance of discontinuities, their spacing, and infilling
materials, and used this information to define the certéin types
of ground which would influence the load imposed on the steel arches
in tunnel. The classification is according to the tunnelling terms
i.e., intact, stratified, moderately jointed, blocky and seamy,
crushed, squeezing, and swelling rocks (Geological Society of

Engineering Group Working Party, 1977 and Hoek and Brown, 1980) .
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6.2.2.2 Classifications of Stini and Lauffer

Stini (1950) proposed another rock mass
classification which emphasized the importance of structural defects
in the rock masses and stressed the need to avoid tunnelling paralled
to the strike of steeply-dipping discontinuities. Lauffer (1958)
emphasized the concept of the active unsupported rock spans and
the corresponding stand-up time which are very relevant parameters
for determining the type and amount of support in tunnels. He
suggested that the stand-up time for any given active span was
related to the rock mass characteristics, and by this way the rock
was classified into seven categories from a very good rock to very

poor rock as displayed in Figure 6.6.

6.2.2.3 Deere's Rock Quality Designation (RQD)

Rock quality designation (RQD) was proposed in
1964 by Deere. It is a measure of drill core quality as obtained from
the borehole according to the degree of fracturing and the amount of
weathering (Bieniawski, 1974). RQD is a quantitative index based on
a modified core recovery procedure which incorporated only those pieces
of hark, sound pieces which are 10 cm or longer in length. Generally
RQOD should be determined on a core of at least 50 mm in diameter and

is expressed as

_ Length of core in pieces > 100 mm
RQD Total of core length x 100 .......(6.1)

Deere (1968) developed the relationship between the numerical
value of RQD and the engineering quality of the rock from very poor to

very good, as shown in Table 6.8.
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Table 6.8 Deere's RQD quality bands (after Farmer, 1983).

Deere's RQD Classification Description | Terzaghi Classification'
90 - 100 Excellent l.= 3
75 - 90 Good 3 -4
50 - 75 Fair 5
25 - 50 Poor i 5-6
0 - 25 very Poor 6 - 7

The rock mass classification system used in this study follows
that of Deere's (1964) as the system suggests a measurable quantity
rather than the personal experience in the systems of Terzaghi (1964)
and Stini (1950). The RQD values of this study area obtained from the
boreholes showed that the pebbly graywackes are fair to good
(50 té 100 %) except iﬁ.strong weathering and shear zones where very
poor to poor (0-50 %). On the other hand, that of the subarkoses are
generall good to very good (75-100 %) with the lower RQD where the rock
contact with the weathered cobbly graywackes or are near . .ground surface.

These results illustrated in Figure 6.7.




233

" 10" oo ;¢ IOh. 1d. Iwk. Imo.3moly.  10y.  1OOyrs.
T r\ T T T T S

CE SRR =

=2 TR i
T\ \2 Py \ B A
O ENE N RN e \
\ X

®O
"
A
e

2 \3 ’/'—
,/i\\\\lj'}‘ /\: Rock Class
it L N BT Sl % Y \ \

0.6 g ) R
i AV 4 \ %\ ORI \ \

Unsuppone& Width of Span, m.

0.2 / 7 A\ Z ' .
5\
// - S \° \\ \\\ \ \
o'| ‘/ > A Y \ \ 4
0* 03 102t | - 10% = 10% 40t 108 10% s

Standup Time, tg
Lauffer Rock Classes A-G

Figure 6.6 Standup time as a function of rock class and undupported

width of tunnel roof (modified from Lauffer, 1958)..

ND %
g0 T 24. Data Point = 374 :35-"':'.':'
80 T2 R
70 T 18. £
60 T 16. i
so T1a. s
4 T10
e

© 2 8§ 8 © B 8 & 8 8 8

KE ROD, %

Figure 6.7 Histogram plot of the frequency distribution
of the rock quality designation of Chiew Larn

rock.



234

6.2.2.4 Rock Structure Rating (RSR)

Wickham et al. (1974) presented a ground—su?port
prediction model intended to-provide a common method for appraising and
rating, on a numerical scale, the competency or physical quality of a
rock structure, with respect to its need for structural support around
the tunnel openings. It is based on an index called the Rock Structure
Rating (RSR) which is defined as the sum of the values of three parame-
ters A,B and C., Parameter A represents the general geology of the rock
mass, including the effects of rock type, strength and the geological
defects. Parameter B represents the joint pattern, including the joint
spacing and thickness, the attitude (strike and dip) and the tunnel
alignment as related to joint orientations. Parameter C represents the
groundwater and joint conditions. The RSR will vary from the lowest
possible value of 19 for the worst rock condition to a maximum of 100

for an ideal condition.,

The classification system was not further studied in the pre-
sent work since the system is to be equipped with some complicate
parameters, yet the study result will be similarly to that obtained

from the RQD system.,

6.2.2.5 Geomechanics Classification of Jointed Rock

Masses

Bieniawski (1973) introduced a Geomechanics
Classification similar to Wickham's RSR concept. The original system
of Bieniawski had eight parameters, namely the rock quality designa-

tion (RQD), degree of weathering, intact rock strength, joints
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spacing, joints separation, joint continuity, groundwater inflow,
joint orientation (strike and dip). Bieniawski (1974, 1975, 1976,
1979) had revised his previous classification system by éliminating
some parameters such and separation of joints together and adding
the point-load uniaxial compressive strengths. He also changed the
weighting of the parameters. The five basic classification para-
meters, having been revised are the strength of intact rock material,
rock quality designation, joint spacing, joint condition and ground-
water condition. The latest Bieniawski's (1979) system is shown in

Table 6.10,

Bieniawski (1973) also recommended that, for an application,
the following six parameters were most significant in the behavior
of rock mass. The ratings for parameter 1 to 5 in part A of Table
6.10 are summed and then corrected by the rating adjustment for the
joint orientations given in part B to give a parameter called the‘
rock mass rating, or RMR system. Part C on the table shows the class
and description give to the rock masses with various rock mass rating.
The interpretation of these ratings in terms of stand-up times for
the underground excavations and rock mass strength parameters is
given in part D of the table and also illustrated in Figure 6.8.
These classification parameters can all be observed and measured in

the field (Bieniawski, 1974).

(a) Uniaxial Compressive Strength of Intact Rock Material

The properties of the intact rock material is important
if the discontinuities are not persistance, thus a specimen of rock
material represets a microscopic-scale model of the rock mass as the

rock have been subjected to the same geological process in every scale.
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Table 6.9 Geomechanics Classification of jointed rock mass (after

Bieniawaki, 1979).

A CLASSIFICATION PARAMETERS ANO THEIR RATINGS

PARAMETER RANGES OF YALUES
For this low range
st oo ] (it > 10 MPa 4-10 MPa 2-4mMPa 1-2MPa - uniaxial compres-
of strength index 3ive test is Oreterred
1 | intact roack | Umaxial Rasihe « 525 | 18 <1
- compressive > 100 - 250 MPa 50 - 100 MPa 25 - 50 MPa mPa | MPa | MPa
Rating 15 12 7 ‘ 2 1 [}
Onil core quality RAQOD 90% - 100% 75% -90% S0% - 75% 25% - 50% < 25%
2
Rating 20 17 13 (] 3
Soacing of discontinuities >2m 08-2m 200 - 600 mm 80 -200 mm <60 mm
3
Rating 2 15 10 L) S
Siickensiied surfaces
Very rough surtaces.
Not continuous Slightty rough suctaces. | Slightly rough surtaces. °.°M0<Smmu Soﬁgamo)"s:mnw
Condition of discontinuities Mo shpereiion Separapon < Imm | Separaton < 1 mm {of
4 Unweathersg watl rock. | Stanuy walis| Mighly wails | Separauon 1-5 mm. fifparsiion 3> Spm.
Continuous Scooungi
Rating 20 - 2 10 [}
Infiow per 10 m No <10 10-25 25128 > 125
unnel length litres/mn litres/min litres/min
a ] OR + OR OR OR OR
i ""'.," Ravo i srsa (] 0,0-0.1 0102 0240.5 >05
$ ™ __{oR oR OR OR (]
G [ ary Oamp Wet Oripping Flowng
Rating 15 0 7 4 0
8. RATING ADJUSTMENT FOR JOINT ORIENTATIONS
Strike and dip Very Very
orientanons of joints favouraoie Fevourssie i il untavourabie
Tunnels [ -2 -5 -10 -12
Rstngs Founaatons [ 2 7 15 25
Siopes o -5 -25 -50 -0
C. RAOCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100— 81 8061 6041 40121 ( <2
Class No. | " " w : 4
Oescription Very good rock Good rock Fair rock Boor rocx Very poor rock
D. MEANING OF ROCX MASS CLASSES
Class No 1 " " . W v
Average stand-up tme 10 years for 15 m span 8 montns for 8 m span 1 week for S m span 10hoursfor2,5mspan | 30 minutes for 1 m span
Cohemion of the rock masa > 400 xPa 300 - 400 xPa 200 - 200 kPa 100 - 200 xPa < 100 kPa
Friction angie of the rock mass > 45° 35° - 45° 25° . 38° 15° . 28 < 15°




Table 6.10 Assessment of joint orientation favourability upon stability of

(after Bieniawski, 1979), b) dam foundations (after Bieniawski, 1975).

.

a) tunnels

Note :

arc present.

This table is based on experience and on considerations of stress distributions in foundation rock
massts (28] as well as on an assumption that in a dam structure both the arch and the gravity cffects

g * . . ’ 3,
The initial in-situ state of stress is not considered here as in dam foundations in-situ stresses are

mainly important when considering grouting, drainage curtains and the excavation scquence of the
foundations. For this last aspect recent evidence [29] shows that high horizontal stresses may be expec-
ted in ncar-surface rock masses.

This table is tentative only and represents simplifications of a problem which is justificd for rock
mass classification purposes only. The authors would welcome comments and discussion on this table.

Strike perpendicular to tuanel axis
Strike parallel Dip
to tunnel axis 0° - 20°
Drive with dip Drive against dip irrespective
of scrike
Dip 45°-90° Dip 20°-45° Dip 45°-90° Dip 20°-45° Dip 45°-90° Dip 20°-45°
v .
ery Very
favourable Favourable Fair Unfavourable - ENEART Fair Unfavourable
: Dip 10°-30° S
Dip | S ) Dip Dip
0°-10° Dip direction . . 30°-60° 60°-90°
"Upstream Downstream
Very favourable Unfavourable Fair Favourable | Very unfavourable

LEC
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