T=VT *Cos o
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[u) (b Lower hemisphere

Lovmrer hevsnghere

Figwre 5.7 Dias in ocanrence of joints in (o) outcrops.  © Figure 5.7 Bias in occurrence of juints in (b) drill holes.
o L]
- -
Sam‘;‘- l\a bias
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Fig. 10. Measurement of joint spacing from observation of a rock exposure.
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| Spacing

/ﬁfé——/’cg Z I For each joint set
/,j,{\/\ < @ Nu(r)r}ber
S l’// ‘1?“& , v observations
I~ 1%
R

Spacing

Measuring tape of at least 3m length
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0 Spacing

= |

i

Extremely close spacing

<20mm

s

. 20-60mm
Very close spacing

7;*5:
ElT

: 60-200mm
Close spacing

1%

Moderate spacing 200-600mm

.

Wide spacing 600-2000mm

U,
| L
- -

. : 2000-6000mm
Very wide spacing

AT >6000mm
Extremely wide spacing
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Fig. 11. Histogram showing modal. minimum and.maximum spacings obtained from obsersations of the spacing of one
set. Suggested descriptions given at basc of histogram.
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. Rock Quality Designation (RQD)

Ratio of core in length > 10 cm and total length

100- Y x; f(s)=2-e7**

RQD =100-e %% . (0.14 +1)

0 20 40 60 80 100
0 N
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Some problems using RQD to evaluate rock mass structure

« The RQD value is influenced by drilling equipment,
drilling operators and core handling. Especially RQD
values of weak rocks can be considerably reduced due to
Inexperienced operators or poor drilling equipment

e Drilling fractures should be re-fitted, but what are
drilling fractures?

spacing discontinuities (.09 m

» Besides, ... N\, S
g
horizontal !,."'""

borehole y,
RQD = 0% .~

horizontal /”’

borehole i =

RQD = 100 % 4

..-F-""'/

I

vertical borehole ROD =0 %
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Persistence

® Itis one of the most important rock mass parameters, but
the most difficult to be quantified.

< It can be crudely quantified by observing the discontinuity
trace lengths on the surface of exposures.

. — e —= —_— —

Upper limit
of exposure

Concealed

|

| Type of termination Should
. be recorded x (out side of the
|

|

trace length >cC_

exposure), r (rock), and d
Scanline g | (discontinuity).

(e /
TT N
/Cormealed //Conceoied Lower limit i
of exposure |

i

Fig. 6. Diagrammatic representation of discontinuity traces intersect-
ing a scanline set up on a planar face of limited extent.
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Persistence

@ plene failure
@ stepped failure '2D'

@ stepped fallure ‘3D’

- Fig. 13. Idealized examples of potential failure planes showing the importance of “intact bridges™ and “down-stepping”.

Examples adapted from [4] and [7].
2010/8/11
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. Persistence

Exponential distribution of trace length

Exponantial Probability Plot for Trace Length of St 1 Exponential Probability Plod lor Trace Lenglh of Sel 2
e W
E wH E £
E ” g BT
E L ﬂl:._:l B4
x B -t
B B 1
81 i
Tralc:a langth [m] N ' 1:i'rane length [r:] "
(a) Set 1 (b) Set 2
Exponential Frobabitily Flol for Trace Lenglh of Sel 3 Exponential Probability Plot for Trace Length of Set 4
= =
t = £ o=
= X
i d %0
b ; : il
OlltCI’OP Oﬂly - Trau::e length [rn‘] Trace length [m]
(c) Set 3 (d) Set 4
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o Persistence

sf sid i
Losckeod oo £ _[j - VA
VAT A R OV SR { 4
fucifricily ~ 3 y /
O A -
7 5t O
- ; 20 EEJITT TS ey /
Fia A (X <1 sz s 7 4 gy
. m 7 Sadmetdh S i
Very low persistence o = i
= C“‘.‘;\_L‘{:"I:E T
e 1-3m e g
Low persistence = < A,
o
H[@ﬁ;’%—?[\% &______. ,}— S __...,:. =
- . 3-10m / AN
Medium persistence as N T L
sk ~Sikcardn o
2 Y | (@) (£ 3]
RENLET 10-20m ;
High persistence
j%’j?@'f_f{?@ﬁfj
. : >
Very high persistence 20m

h“"‘ﬂf

Fig. 12. Simple sketches and block diagrams help to indicate the
relative persistence of the various sets of discontinuities. Examples
adapted from [1] and [2].
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. Roughness

€ The roughness of discontinuity | :;.Ww
walls can be characterized by a )

smooth

waviness (large scale) and " —_——
unevenness (small scale).

STEPPED

rough

v —_———— T T —

smoeth

vV - ——-www

slickensided .
vi —_—

UNDULATING
ough
vil
smoeth
vii
slickensided
X
PLANAR

Fig. 17. Typical roughness profiles and suggested nomenclature. The length of each profile is in the range | to 10 metres.
The vertical and horizontal scales are equal.

2010/8/11 41



. Roughness

® 1t can be measured by
m Linear profiling : measuring x
andy
Compass /clinometer : four thin

circular plates of various
diameters (i.e. 5, 10, 15, 20 cm).

ROUGHNESS
PROFILE

azimuth = @'

N

7
~

s

—————— e —f~

| stone High
point

~
~ japparent

~ dip
~

Unused half of
2m folding
straight edge

Fig. 15. A method of recording discontinuity roughness in two dimensions, aiong the estimated direction of potential
sliding.
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resding
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level I’
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b
1 1 L L 1
L] El 0 40 30
plate diameter em
. ;g:: drection of e
. ADim petentiel sliding e ]

Fig 16, A muthod of recording d y rough

n three

i

for cases where the potenual direction o

slding 5 not yer known. Circular discs of different dimensions (e.g. 5. 10, 20 and 40cm) are fixed in furn 10 & C!_u-
compass and clinometer. The dip direction and dip readings are plotted as poles on equal-area nets Adapted from [1]

and [2].
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Roughness
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. Roughness

TYPICAL ROUGHNESS PROFILES for JRC range:

0-2

Strength of joints

2-4

1
¥
S 4-6

.
|

¢+1  concept P SR B

5 — 8-10

¢ peak — I + ¢r 6. FiTas SN 10-12

77 e S e RN | 12-14
JCS

¢ peak = JRC- IOglo( ) + ¢r 8 W bl i
On

9 —— — 16 -18

0 —— T ———— T 18 - 20
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SHEAR STRESS MPa

{b.

A. ROUGH UNDULATING = tension
jeints rough shesting rough
bedding.

< S50cm 1+

e —————

G—3500cm —— O

1 2 3

NORMAL STRESS MPa

= tan(20.1eq_( lt‘-'ijf 30°) (A}

B.5SMOOTH UNDULATING =smooth

stheeting, non-planar fellation .

and badding.
< S50em o

ic .
T/o: tan (Iﬂ.lo.‘(—&f )+36') (m)

JRC =10|

1 2 3

NORMAL STRESS MPa

C.5MOOTH NEARLY PLANAR-
plenar shear jeints, planar
follation, bedding.

@ S0cm >

G—————500cm —— o

'II/G = tan(n.lo.*(!.&l!) +30") (c)

JRC =5

1 2 3

NORMAL STRESS MPa

Fig 18 A method of estimating peak shear strength from roughness profiles. Each curve s numbered with the
JCS value qumits of M%) 'IL.I_n:.mugll_ucs:. profiles are intended as an approximale gude to

appropriale

the approprate JRC values
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Wall strength

A. Defined

and with corestones (right).

idealized weathering
profiles - without corestones (left)

B. Descriptions of characteristics
of the idealized profiles.

C. Example of a

complex profile
with corestones

Humus/topsoil *:

Vi
Residual
soil

\

Completely
weathered

v

Highly
weathered

Moderately

weathered
I

Slightly

weathered

IB Faintly
weathered

|A Fresh

Weathering

Humus and topsoil

All rock material converted to soil; mass structure
and material fabric destroyed.
Significant change in volume.

All rock material decomposed and/or disintegrated
to soil.

Original mass structure still largely intact.

More than 50% of rock material decomposed and/or
disintegrated into soil.

Fresh/discolored rock present as discontinuous
framework or corestones.

Less than 50% of rock material decomposed and/or
disintegrated into soil.

Fresh/discolored rock present as continuous
framework or corestones.

Discoloration indicates weathering of rock material
and discontinuity surfaces.

All rock material may be discolored by weathering
and may be weaker than in its fresh condition.

Discoloration on major discontinuity surfaces.

1

-~/
vor

No visible sign of rock material weathering.

- -
i) "\"r LAY

- - .
SRAPES Y P

LEGEND

i Rock decomposed to soil

{\‘:l‘\\\\\\\\- Weathered/disintegrated rock
Rock discolored by weathering

coer Fresh rock
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Walkstrength

Clays

Very | ) . Very :
soft | Soft | Firm | Stiff Stiff Harcg

Rocks

Extremely :

Weak
™ Very | Extremely

E Very Weak Weak étzong Strong Strong Strong

[
i H :I-rfl t 1 TITllliO i ' I".'Tnll' T H -‘lif!li 4 i LRI RE
'

0.01 0.10 1.00 10.00 100.00 1000.00 MPa

P e B uEEEHEE RS AR L #E(Johnston,1993)
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Wall strength

A8 | H it R - | H B % R (MPa)
R6 | & 3 # POTAERR LA R > 250
RS | & % b AR S 4 100 ~ 250
R4 5% 4 RS E ENE SR EY 50 ~ 100
R3 | ¢ & % 7m0 B OFERE- ST 4 25 ~ 50
R2 5 H 7 R ] B R AR mEE DR R 5~ 25
R1 | ¥ 3 # F U TR RS F o 7 22 1~5
RO | & 3 ‘L#TL.%;]E' i '§=:; REPL 0.25 ~ 1
S6 | TA AR + 4345 @ 4w >0.5
S5 | HAAk2 2k i @ A1 un 0.25 ~ 0.5
S4 A k2 AT BB AW  RIRF 0.1 ~ 0.25
S3 | w94k At 4 F ‘p‘.‘ » 0.05 ~ 0.1
S2 A2 L D SR gD 0.025 ~ 0.05
S1 | & #Hdks L¥EF <0.025

2010/8/11




i
-EBLI V| 2=

AVERAGE DISPERSION OF 1 Impact plunger
STRENGTH FOR MOST ROCKS (MPa) o 3 Housing compl.
| T | ] a 4 Rider with guide rod
30— oy g 6 Pushbutton compl. 12
s00 e ~ 7 Hammer guide bar : |
{ | - 8 Disk 23—H
250 L . a° 9 Cap 8 —|
: H - I l | ) 10 Twoe-partring
; 200 I | /—l—.‘loo ‘ ' - 11 Rear cover
P [O2so 1 i 12 Compression spring
e b < I | | L4 13 Pawl
E 150 LI Qjze0 E : : " 14 Hammer mass
2 j | " 15 Retaining s.pring 7
i ! ) 16 Impact spring
- | | 17 Guide slesve
2 100 [+ Zpe E & kNs/m3 18 Felt vyasher
L - 19 Plexiglass window
-~ 80 [ scale printed on windcw
=% 20 Trip screw
; fo 21 Lock nut
= &0 22 Pin
g 23 Pawl spring
Lad 50
o
=
w
40

]
2
w 30
(]
-
= |
o !
S |
S 2
Hammer vertical downwards
15 ) ! Fig. 2
[ | Longitudinal Section of the
| ‘ ‘Type N Concrete Test Hammer
H
» | ‘ Condltion on impact
20 30 40 30 60 When ordering spare parts,
please state No. of part and
SCHMIDT HARDNESS (r) L- hammer serial No. of test hammer!

Fig. 20. Correlution chart for' Schmidt (L) hammer. relating rock density. compressive strength and rebound number.

after Miller [1].
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