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45" represents a discontinuity with a dip of 4%~

\ and strike as shown by the orientation of
the hine. The dip direction is indicated by
the down-dip symbol.

-+- represents a horizontal discontinuity.
represents a vertical discontinuity with a

/ strike as shown by the orientation of the
line.
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1.6:{33; Orientation
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1.1+ 8 Orientation
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1.1 4 Orientation
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2. B BE Spacing
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Fig. 10. Mcasurement of joint spacing from observation of a roch exposure.
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2. B BE Spacing

o [ EE(S)e& 1 = 2
1) -] B §E > 4] i FF gemodal spacing » &« @ §E

Description Spacing
Extremely close spacing <20 mm
Very close spacing 20-60 mm
Close spacing 60-200 mm
Moderate spacing 200--600 mm
Wide spacing 600 2000 mm
Very wide spacing 2000- 6000 mm

Extremely wide spacing > 6000 mm




Description Spacing

' Extremely close spacing <20 mm
Z . FE’IE ﬁE S p adcln g Very close spacing 20-60 mm
Close spacing 60-200 mm
Moderate spacing 200600 mm
=] hi Wide spacing 600 2000 mm
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2. B BE Spacing
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Fig. 10. Measuremem of joint spacing from observation of a roch exposure.




3.4 M/ § M Persistence
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Very low persisience <ilm o
Low persistence 1-3m
Medium persistence 310m
High persistence 10-20m
Yery hi i 20
ery high persistence >20m - e

Fig 1} Simple sketches and block diagrams help to indicate the
celainve perustence of the various sets of discontinuities. Examples
adapied fsom [1} and [2].




3.3 M/ 4 Persistence
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* (r): visibly terminate “-
in rock in the
exposure (. aF »> A
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e (d): terminate © sremred tore ‘30
against other
discontinuities (¥ it
LA )

* (X): Extend outside
the exposure (¥ 2kt
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Fig 1). {dealized examples of potentiul failure planet showing the importance of “intact bridges™ and “down-)tepping™.
Examples adapied from {41 and [7).










3.3 M/ 4 Persistence

o« 1f 5§ gl AR
* Persistent set
Non-persistent set
Sub-persistent set
Intact bridges

Down-stepping

Fig 1). {dealized examples of potentiul failure planet showing the importance of “intact bridges™ and “down-)tepping™.
Examples adapied from {41 and [7).




3.3 M/ 4 Persistence

o Wt ko 2
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(Tr) x 100
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(r): visibly terminate in rock in the
exposure (¥ ;-2 7)

(d): terminate against other
discontinuities (4 1k YL 2] & )

(X): Extend outside the exposure (% 2k
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4 FekE R Roughness
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Fig 14 Diflerent scales of dsconlinuily roughness are sampied by different scales of tests. Waviness can be charscterised
by the angle {i).




4 FekE R Roughness

£ p = 2t folding ruler
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Fig 15 A method of recording discontinuity roughsess in 1wo dimensions, along the estimated direction of potential
shding.
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4 FekE R Roughness
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4 FekE R Roughness

c feAER e o 2 3

Small scale (several centimetres)
Intermediate scale {several metres)

[ Rough {or irregular), stepped
Il Smooth, stepped
111 Slickensided, stepped

IV Rough (or irregular), undulating
YV Smooth, undulating
V1 Slickensided, undulating

VII Rough (or irregular}, planar
Viil Smooth, planar
{IX Slickensided, planar
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i W W e W W

rmetth
————— e ——————— e —

f > IV > VII
i > V> Vil

sHeh omeldeod
Hi
sTerPgD
revgh
v W
smeeith
v —-"-"--—"-—"-‘-—-—-—--—-—-_,--'_"-—.—
1Hehonsided
vl ————— e
UNBULATING
1 owgh
vn N R
smeeth
Vi
slickonsided
[} 4

PLANAR

HI » 1X and Vi > 1IX




4 FekE R Roughness

o fekER ek o B RN
e Joint roughness
coefficient (JRC)& 12 4
HER i

o HHEE 2] 5

TYPICAL ROUOHNESS PROFILES for JRC renge:

1 } i 0-2
2 f— ~ 2-4
3 F —-h ~ 4-6
4 b ——————{ 8-

6 b —~—— ] 10 -12

7 —~——— 12-14

L I PSP S 12

wﬁw = JCALN

Fig. 19. Roughness profiles and corresponding range of JRC values sasociated with each one [6].




4 FekE R Roughness

° EI,J 2 %',é }i

= g, lan(¢ + 1)

= shear strength {peak or restdual)
= [riction angle (peak or residual)
= eflective normal stress

= waviness {if present)

¢ JRC: etk B 5 15
2 B 2] 2]

-2 rS N -

TYPICAL ROUOHNESS PROFILES for JRC renge:

1 } i 0-2
2 f— ~ 2-4
3t — 1 e
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Fig. 19. Roughness profiles and corresponding range of JRC values sasociated with each one [6].




4 FekE R Roughness
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5. B2 ae & Strength

o 4 R ATFANAHME R IVAERE
o MRHR LR

"Term Descripiion Grade

Fresh No visible sign of rock matenial weathering: perhaps !

shight discolouration on major discontinuny surfaces
Shightly Driscolouration indscates weathering of rock material I
weathered and disconunuity surfaces. All (he rock material may

he discolourad by wesathering and may be somewhai

weaher externally than i ats Jresh condition.
Moderately Less than half of the rock malerial 1s decomposed H
weathered and.or disintegrated 10 2 soil. Fresh or discoloured

rock is presenl either 85 a comtinuous framewark or

as corestones.
Highty More than hail of the rock material is decomposed Y
weathered and or disintegrared 10 a soil. Fresh or discoloured

rock is present either as a discontinucus framework

Or as corestones,
Complelely All rock mawenal is decomposed and/or distniegrated v
weuthered 16 senl The onginal mass steucture is still fargely intact.
Ressdual Al rock material is converied 10 30il, The mass siruc- vi
<ol lure and materiai fabrsic are destoyed There is a large

change 1n volume. but the soil has not been signifi-
cantly transporied.




5. B2 ae & Strength

e AR Y A2R

Term

Description

Fresh
MNiscoloured

Decomposed

Disintegraled

No visible sign of weathering of the rock material.

The colour of the original fresh rock materisl s changed. The degree
of change from the original colour should be indicated. If the colour
change i3 confined 10 particular mineral constituents this showld be
mentioned.

The rock is weathered Lo the condition of 2 $ail in which 1he original
matecial [abric is still intact. but some or &Yl of the mineral grains
are decomposed.

The rock is westhered 10 the condition of a soil in which the original
fabric i full intact. The rock & Grable. but the minerat grains are
nol decomposed.




5. B2 ae & Strength
¢ 51-S6i * RN .

Approx. range of
vniaxil compressive

Description Field dentification sirength IMPa)
> 1 Very soll clay Easty  penelrated  severa) <0023
-I— i 9 ‘& L"j‘ -—I» N > '/ inches by Ast
—_— 3 K —_— V] g4 52 Solt clay Essidy  penetrated  several 0025-4.05
iches by thumb
4 = 3 4 I\} £ . ,,\ 53 Eirm clay Can be peneirated several 205010
/‘R 9 A 772 inches by thumb with moder.
-_ NS -_ - ate cfiors
S4 Suff clay Readily indented by thumb but 010024
_l. B% * _l. £ \‘E, A penelrted  only  with  grear
-_— 7 /‘1\( —_— m/ s "_” ﬂ efforl
/ ” $5 Very stiff clay Rezdily indenlcd by thumbnail 0.25-0.50
56 Hard clay inderied with difficulty by >0.50
,}" 4 ! thumbnai
RO - R6 3E ;‘F z' kUl Extremely Indeoted by thumbnail 0.35-16
wenk rock
R Very wezk rock Crumbles under finn  hlows 10-50
with point of geotogical ham-
met. can be peeled by ¢ pocke
kale
R2 Wenk rock Can be pecled by & pockel £0.-25
knife with difficulty. shallow
indentstions made by firm
blow with point of geolugical
hammer
1 Medium strony Cannot bt sctaped or pecled 5 .4)
rock with a pocker xmife, specimen
can be [raclured with yngle
fum blow of geological ham-
mer
R4 Strong 1ock Specimen requuces more Lthan 50 100
one hlew af genlogical hammer
1o fraciurce it
RS Yery strong rock Specimen requires many blows 1N 250
of ‘eolo‘u'al bammer 1o frac-
Ture !
Ré Exiremely Specimen can only be chipped > 250
strong rack wilh geologal hammer
Nute. Grades Sl 10 56 apply 10 cobesive suils For cxample clays, ity cluys. and combinnuuons

of silts and clays with sand. genctally slow druining Disconiinuny wall strength will generally
be characierzed by grades RO-R6 (rock) while S1 S iclay) wild gencrally spgly 10 Slled
diswnntinuities (see Fillingl

Somc ruunding of sircagth valucy has been mude when converting 1o 5.5 umits.




5. B2 ae & Strength
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Point load index,I,(54)(MPa)
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Umiarial compressive strength. o, (MPa)

7.17 ShEE e mEENAEOMER (Broch and Franklin, 1972)
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When D=50 mm,

L>1.4D

g, =24l
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Point-Load Test
(Reference: ISRM(1985), “Suggested Method for Determining

Point-Load Strength,” Int. J. R

(1) Point-Load Index(strength)
'[s{jﬂ-} =1, xF

where
L5y =size-corrected point-load strength (index)

I = % 2 : uncorrected point-load strength

D 4%
F= [ Aﬂ) (unit:mm) : size correction factor
P : point load

D,” = p? for diametral test
4% for axial, block and lump tests
and

A = WD = minimum cross sectional area of a
plane through the platen contact points

36

.M. vol.22, no.2, pp.51-60)

(2) (i) uniaxial compressive strength,

o, =(20~25),,

(i1) uniaxial tensile strength,

o, = 1.25]

5(50)
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Fig.  Specimen shape requirements for (a) the diametral test, (b) the axial test, {¢) the block test, and [d) the srregulas lump
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(d) iovalid core teat; (e} invabd axial test,
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0. F Aperture
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Fig. 21. Diagrams showing the suggesied definitions of the aperiure
of open discontinuities and the widik of filled discontinuities.




0. F Aperture
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0. F Aperture

e 2 Ao keE W L(modal)p E
- BABR TS R AT R
F iz

e &+ £(10-100 cn)eif SGR R B (31 M)k R

Aperiure Description
<0.1 mm Yery 1igit
0.1-0.25 mm Tigh "Closed™ features ?f (2
(.25-0.5 mm Partly open
0.5-2.5mm Open
2S5-1mm Moderaiely wide “Gapped™ feutures B
> 10 mm Wide
1-10cm Vcry wu:le
10-100 ¢ Extremely wide “Open” (eatures 7% R
>Im Cavernous




calcite filling




Bt e

(i) Mineralogy of filling marerial
(ii) Grading or parlicle size
(tii} Over-consolidation ratio
{iv) Water content and permeability
(v) Previous shear displacemeni
{vi) Wall roughness
(vii) Widih
(viiit Fracturing or crushing of wall rock

R AT 23 mo

Bt BB R R A) -

L

TR AR

B~ 1-2 kg(7

=3

79\7}7{0




7.7 @ & 2R Filling

1) 5F  ER&E5 ] 5K
fri ¥ LR A

A EGERE > T B R R
ORI e ST A
o B B (At )
c Pt < ) T HF AL TG = HE
o AR o AT AR

ROUGHNESS AMPLITUDE

m.u-!l;!’

WIDTH OF FILLING

Fig. 21 In the case of simple Rlied dusconlinudies, 1the amphiude
of the wall roughness and 1he thicknest of Lhe filling can help 1o
indicate the amount of shear displacement required for rock ¢ontact
(stiffening) 10 oceur. (Zero volume change mgsumed during shear).




VA

2) b AER C AERT R4

Decomposed:—  The rock is weathered to the condi-
tion of a soil in which the original
material fabric is still intact, but
some or all of the mineral grains
are decomposed.

Disintegrated.— The rock is weathered to the condi-
tion of a soil, in which the original
material fabric is still intact. The
rock is friable, but the mineral
grains are not decomposed.

7.7 i e cuE iR Filling

3) i FELROUEREAED FHaen A(F 42
f%—«flj_{ . r'gﬁ%:_l)

4) B F‘T S ,J . bouiders 200-600 mm coarge sand 0.6-2 mm
VT cobbles 60-200 mm medivm sand 0.2-06mm
coarse gravel 20-60 mm fine sand 0.06-0.2 mm

medium gravel 6-20 mm silt, clay <0.06 mm

finc gravel 2-6 mm




7.7 @ g w LE R Filling

VA

Approx. range of
untaxinl compressive

U
N—r’
\,\'*
el
F
J

Grade Description Field identification sirength (MPa)

Sl Very sol clay Easily  penctrated  several <0.025
wnches by s

S2 Soft ciay Easily penefraled  several 0.025-0.09
inches by thumb

S) Firm ¢lay Can be pencirated several 0.03-0.19
inches by thutab with moder-
ale efiort

S4 S4iff clay Readily indented by thumb bul 0.10-0.2%
pencirated only with grest
effon

S3 Very nilf clay Resdily indented by thumbnail 0.25-0 50

Sé Hard clay Indented with dificuity by >0.50
thumbnail

RO Extremely Indented by thumbnail 02510

weak rock
RI Weak rock Crumbla under firm bdlows 1.0-50

with pownl of geological ham-
mer, can be petled by a packet
knifc
R} Weak roch Can be peeied by 1 pocker 5.0-25
knife with difficuhy, shallow
indentations made by firm
blow with point of geological

hammer
R} Madiom Cannot be sctapad or pesled 25-%0
strong rock with & pocket knife, specimen

can be fracuured with single
firm blow of geclogical bam-
AT

R4 Strong rock Specimen requites more than 50-100
one blow of gevlogical hammer
Lo fracture it
RS Yery sirong rock Specimen requires many dlows 100-250
of geological hammer to frac.
{uwre il
Ré Extremely Specimen can oaly be chipped > 250
strong rock wilk geological hammer
Noie. Grades $1 1o S6 apply to cohesive soifs. for exampk. claya siky clays und combinations

of silts and clays with sand, genecally skow draining. Some reunding of the sirengih values
bas bect aads when converting to 5.1 unis,
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W1 The filling materials are heavily consolidated
and dry, significant flow appears unlikely due
10 very low permeability.

W2 The filling materials are damp, but no free water
is present.

W3 The filling matcrials are wet, occasional drops
of water.

W4 The filling materials show signs of outwash, con-
tinuous flow of water (estimate litres/minute).

WS The filling malerials are washed out locally, con-
siderable water fiow along out-wash channcls
(estimate litres/minute and describe pressuce i.e,

low, medium, high).
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W6 The filling materials are washed out completely,
very high water pressures experienced, es-
pecially on first exposure (estimate litres/
minute and describe pressure),

Fig 2). Examgples of field sketches of complex Bied d s
m
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(a) Geomelry:

(h) Filling type:

(¢) Filling strength;

(d) Seepage:

width

wall roughness
ficld sketch
mineralogy
particle size
weathering grade

soil index parameters
sweliing potential
manual index (S1~56)
shear strength
over-consolidation ratio
displaced/undisplaced
walter content {rating as
WI1-W6j permeability
quantitative data
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Idealised saw-tooth joint
with crushed mica filling
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Unfilled discontinuities Filied discominuiries
Seccpage
Seepage ' -
rating Description raung _ Description ‘
I The discontinvity is very light and dry | The filling materials are heavily consoli-
water fiow along it does hot appear poss- dated and dry, significant Row appears
ible. unlikely due 10 very low permeability.
il The discontinuity is dry with no evidence [ T 4 Ty L Y
of water flow. E he ﬁllmg_matena!s are damp, but na
111  The discontinuily is dry but shows evi- free waler s present.
dence of water flow, i.e. rust ::ainins. :‘0- Il The filling materials are wet, occasional
v The dfsconunuuy is damp but no free drops of water.
water is present, o , _
v The discontinuity shows seepage, 0cca- Iy The filling materials show signs of
sional drops of water, but no continuous outwash, continuous flow of water (esli-
m.d' S ; mate [/min}.
Vi iscontipuily shows a.conlinuous ; - : -
flow of water. (Estimate J/min and de- v The filling materials are washed out
scribe pressure ic. low, medium, high). locally, considerable water flow along
out-wash channels (estimate l/min and
describe pressure ie. tow, medium, high).
Vi The filling materials are washed out com-

pletely, very high water pressures experi-
enced, especially on first exposure (esti-
mate I/min and describe pressure).




Rock mass (c.g. tunne! wall)

Secpage
raling Description
| Dry walls and roof, no deteciable seep-
age.
I Minor seepage, specily dripping discon-
tinuities.
i1l Medium inflow, specify discontinuities

with continuous flow (estimate |/min/
(0 m. length of excavation).

v Major inflow, specify discontinuities with
stcong flows {estimate [/min/10m. length
of excavation).

Y Exceplionally high inflow, specily source
of exceptional Rows (estimate I/min/1G m.
length of excavation),




“Block"
of intact
rock (rock material}

Definitions of rock mass and rock material.

Jolnts

vk b
(rock mass)

I

AEET
(intact rock)

. s

(discontinuity)




massive, occasional randem juints
one joint set

one joint set plus random

Iwo joint sets

two joint sets plus random

three joint sets

three joint sets plus random

four or more joint sets

crushed rock. earth-like
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Fig 24. Examples thus demonstrate the effect of the number of joim
sely on the mechanical hehaviout and appearatice of 3 rock mass
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« H 18 4% 2 33 o #(Volumetric Count of Weak
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The following descriplive 1erms give an impression of the ¢ = —E-'- —Q § W mﬁ,{ L3
corresponding block size: Aﬁ% o A @ § -
Description J, (joinisim®) 15 ).L ﬁ'{
Very large blocks <10
Large blocks -3 ¢ 122215810 m
Mecdium-sized blocks 3-10
Small blocks 10-30

J, = 6/10 + 24/10 + 5/5 + 1/10
J. =06 +24 4+ 1.0+ 0.1 =41/m* (medium-size
blocks)

Yery small blocks >3

Values of J, > 60 would represent crushed rock. typical
of # clav-free crushed zone,
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(1}  massive = few joints or very wide
spacing

(i}  blocky = approximately equidimen-
sional

tii}  tabular = one dimension considerably
smalier than the other two

(iv) columnar = one dimension considerably
larger than the other two

{v} irregular = wide variations of block
size and shape

{(v1)  crushed = heavily jointed to “sugar
cube”
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RQD =115-3.3J., RQD <100
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Fig. 29. Skerches of rock masses ilustrating 120 dlack, (W) reeguidiie S0) tabrelar and (d) codumennr Block shapes




