N45W/EN45

-----------
- gy
L]

/ N30E/ES60

&
'..
4

o0

VEBEZIRE AR

EEFE—EAE -
LHEFE) B B
W ERIEEHA ™k :

A8 5 7 : d

A - - VA :
%fﬁﬁ?ﬁ%ﬁmﬁﬁﬁ?ﬁIZéﬁﬁgﬁﬁﬁﬁ - #ﬁﬁ;@%—ﬁﬁ‘ “Hif" REEK TR

rial equal-angle net.

2010/8/12 22



2010/8/12



@ v . v
HW2

% Ch 3, problems 3, 4, and 5
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HW3

¥ Resolve Ch 3 problem 6 using
stereographic projection

Apparent dip and True dip
tan B, =sino -tan S,
§=0°p,=0°

5=90° 8, = f

5 Angle between dip direction of
discontinuity and outcrop surface

230°
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Trace length
<lm -4 m >4m
joimt. © o 0] \
bedding  © a a _
o 3 D2 o samplmg line 1
° o % % R 8‘6 \
o
/:B Q? QP 2 oo% o o
sampling line 3 @0 9 o

Figure 5.1 Example of a lower-hemi-
sphere plot of discontinuity normals.
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% The results of scanline survey (in the previous page) are s/;bWI; in the
table. Please plot the poles of 15 discontinuities and estimate the
number of sets of joints and the averaged orientations.

:  Diraeti ; Semi-trace Semi-trace Termination
ditznca(m) Ooorees | ©Ooore | Eogiplaboe | lngtimbelowor | 1
0 247 50 0.09 0.01 2 2
0.55 190 85 0 0.05 2 2
0.83 204 85 0.03 0.06 2 2
1.00 230 85 0.02 0.02 2 2
1.50 348 90 0.03 0.08 2 2
1.77 306 50 0.09 0.01 2 2
2.54 318 75 0.04 0.19 2 2
2.72 240 60 0.13 0.01 2 2
3.07 240 65 0.06 0.01 2 2
3.33 226 45 1.96 1.63 2 2
3.65 240 45 0.01 0.1 2 2
3.74 250 60 0.12 0.03 2 2
4.99 350 70 0.1 0.01 2 2
5.87 290 50 0.04 0.04 2 2
6.57 16 65 0.03 0.04 2 2

Detail of scanline: Details of rock face: Rock type

Trend 60 Dip direction 286 FAOELZEERE &
Plunge 15 Dip angle 38~ condition of exposure:
Length —6.69 Non-overhanging vRR

He_g;ht m
Width m

p F tight

2010/8/12
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(M) Lower hemisphers
Lower hevnghere

Figure 5.7 Dias in vccurrence of juints in (@) outerops. Figure 5.7 Wias in occurrence of joints in (b) drill holes
] L
= -
Som‘;ltha bies
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Percentage values, per |5 area
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Figure 5.4 Contoured lower-hemisphere
projection.
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FIGURE 15-4
Examples of symbol
and contour plots of
pole projections in
equal-area
stereographic
projections.

©%

169 Original Poles

Symbol Plot

Lower Hemisph
EqualrM:a Pro]:gion

Lower Hemisphere
Equal Area Projecti
Fisher Distribution Applied

Legend (%)

i T

[

EE= 609
N 01012

Peak Orlentations
Dip/Dip Direction
S1  48/054

S2 76148

S3 86248
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(a)

- Upper hemisphere

(b)

Figure 5.6 Distributions of normals to dis-

continuities, plotted on stereographic projec-

tions. (@) Two-well-defined sets and a third

more disperse set. (b) One very disperse set

and a second set distributed in a great circle

girdle. _ 34
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A

Presentation of structural geology informacion and preliminary
evaluation of slope scability of a proposed cpen pit mine.
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. 2 Rock mass structure

Topic1 Discontinuitiesof rock mass
Topic 2 Hemispherical projection
Topic 3 Rock mass classification



. The design approachesfor rock engineering

Numerical: difficult and often cumber some, however,
possible with discontinuous numerical rock mechanics
programssuch as UDEC.

Analytical: only in relatively smple cases possible
for a discontinuousrock mass.

Classification: classification systems are empirical
relationsthat relate rock mass properties either directly
or viaarating system to an engineering application.

2010/8/12 2



Discontinuitiesin rock mass, each with itsown variable properties and geometry.

How to evaluate the properties of every discontinuities ?

How to evaluate the properties of rock mass ?

/__

' 2010/8/12 \ 3




The objectives of rock mass classification

| dentify the most significant parametersinfluencing the behavior of rock mass.
Divide a particular rock massformation into groups of varying quality.

Providea basisfor under standing the characteristics of each rock mass class.

Relatethe experience of rock conditionsat one siteto the conditionsand
experience encountered at others.

Derive quantitative data and guidelinesfor engineering design.

Provide a common basisfor communication between engineers and geologists.
2010/8/12 4



intact rock strength

orientation (with respect to

engineering structure)

rock block size
and form

amount of disc. sets

spacing per disc. set

persistence per disc. set

type of excavation

hnical discon- material
geotec.tnlca tinuities friction
uni
shear strength surface roughness
along characteristics of (dilatancy)
discontinuity discontinuity wall
condition o stren
(condit f trength
discontinuity) deformation
infill material
susceptibility to weathering
deformation parameters of intact rock/rock mass
engineerin eometry of engineering structure (size and orientation of a tunnel,
g g |19 Yy g9 g
structure height and orientation of a slope, etc.)
external water pressure/flow, snow and ice, stress relief, external stress, etc.
influences

2010/8/12




Rock mass parameters

|
| ntact rock ‘

strength

Filling

Roughness

ApE \ Joint
= spacing

Joint D\
Seepage
orientation ‘ RQD

2010/8/12 6
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Rock Mass Rating (RMR) system: applied in
tunnels, foundations and slopes design.

§ Par ameter Rating
1 Inhact rock sf.-ensfh /
o e (s ot s Strength of Intact Rock 0~15
4 Corditin :-FBJoir:.a T
5 Croondister RQD 3~20
Spacing of discontinuities 5~20
Persistence 0~6
Condition of Aperture oo
| | | Rough-ness 0~6 0~30
Discontinuities ___'"filling 0-6
Weathering 0~6
Groundwater 0~15

2010/8/12 7



RMR System

o ——————————————————————
A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

ltlem Value (973 (974 976 1979 (989
Point load index 7 MPa 5 5 12 12 12
RQD 0% 14 14 13 13 13
Spacing of discontinuities 300 mm 20 20 20 10 10
Condition of discontinuities Described 12 10 20 20 25
Groundwater Dry 10 10 10 I5 {5
Joint orientation adjustment  Very favourable 15 15 0 0 0
RMR 76 74 75 70 75

(After Beiniawski 1989)

2010/8/12

Parameter Bange of values
Point-load For this low range -
Strength ﬂom oA d =10 MPa 4-10 MPa 2-4MPa 1-2MPa uniaxial compr%ssive
of rength index iest is preferred
1 | intact rock |Uniaxial comp. D50 MP B . N 5-25|1-5]| <1
matorial | sirength »250 MPa 100 - 250 MPa 50 - 100 MPa 25 - 50 MPa MPa | MPa | MPa
Rating 15 12 7 4 H 1 0
Drill core Quality RQD 20% - 100% 75% - 50% 50% - 75% 23% - 50% < 25%
2 Rating 20 17 13 8 3
Spacing of discontinuities =2m 06-2.m 200 - 600 mm 60 - 200 mm < 60 mm
3 Rating 20 15 10 [ 3
Very rough surfaces §ﬁghlly rough Slightly rough Shokensided surfaces | Son gouge >5 mm
INol continuous surfaces surfaces or hick
Condition of discontinuities |No ion Separation <1 mm  |Separation< 3 mm  [Gouge <5 mm thick ar
4 {See E) Unweathered wall Slightly weathered Highty weathersd or Separation > 5 mm
rock walls walls Separation 1-5mm  [Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10 m N ] . -1
tunnel length (Vm) one <10 10-25 25-125 > 126
Ground |(Joint water press)/
5 | water [(Major principal o) 0 <0.1 0.1.-02 02-05 >05
General conditions Completely dry Damp Wet Dripping Flowing
Rating 18 10 7 4 ]
B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)
Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 2 -7 -15 -25
Slopes 0 -5 -25 -5¢
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 < 81 B0 « 61 60 « 41 40«21 <21
Class number | 1l n v v
Description Very good rock Good rack Fair rock Paor rack Very poor rack
D. MEANING OF ROCK CLASSES
Class number 1 1 [Ii} v v
(Average stand-up time 20 yrs for 15 m span | 1 year for 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span { 30 min for 1 m span
(Cohesion of rock mass (kPa) > 400 300 - 400 200 - 300 100 - 200 <100
Friction angle of reck mass (deg) »45 35-45 25-35 15-25 <15
|E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions
Discontinuity length (persistence) <im 1-8m 3-10m 10-20m >20m
Rating 8 4 2 1 4]
‘Separation {apsttura) None < 0.1 mm 01-1.0mm 1-5mm =5mm
Rating <] 5 4 1 [{]
Roughness Very rough Rough Slightly rough Smooth Slickensided
Raling 6 5 3 1 g
|nfilling (gouge) None Hard filfing < 5 mm Hard filling > 5 mm Seaft filling < 5 mm Soft filling > 5 mm
Rating g 4 2 2 [¢]
(Weathering Unweathered Slightly 0 1 Mod. 1 Highly weathered Decomposad
Ratings 8 5 weatlawe:ed 1 0
|F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Strike perpendicular 16 tunnel axis Strike parallel to tunne! axis
Drive with dip - Dip 45 - 90° Drive with dip - Dip 20 - 456° Dip 45 - 90° Dip 20 - 45°
Very favourable Favourable Very favourable Fair
Drive against dip - Dip 45-90° Drive against dip - Dip 20-45° Dip 0-20 - lrrespective of strike®
Fair Unfavourable Fair

* Some conditions are mutually exclusive . For example, if infilling is present, the roughness of the surface will be overshadowed by the influence of

the gouge. In such cases use A

.4 directly.

** Modified after Wickham et al {1972).

8



RMR System

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS
Parameter Range of values -
int- . ' For this low range -
Strength ;fg: 't%a;:‘ dox >10 MPa 4-10 MPa 2-4MPa 1-2MPa uniaxial compressive
of g test is preferred
1 | intact rock |Uniaxial comp. MP 100 - . MP . E-25|1-5| <1
material | strenath >250 MPa 00 - 250 MPa 50 - 100 Pa 25 - 50 MPa vPa | MPa | MPa
Rating 15 12 7 4 2 1 0
Drill core Quality RQD 90% - 100% 75% - 90% 50% - 756% 25% - 50% < 25%
2 Rating 20 17 13 8 3
Spacing of discontinuities >2m 06-2.m 200 - 600 mm 60 - 200 mm < 60 mm
3 Rating 20 15 10 8 5
Very rough surfaces [Slightly rough ﬁghtly rough Slickensided surfaces | Soft gouge >5 mm
Nat continuous surfaces surfaces or thick
Condition of discontinuities |No separation Separation <1 mm  |Separation <1mm  [Gouge <5 mm thick or
4 (See E) Unweathered wall Slightly weathered Highly weathered or Separation > 5 mm
rock walls walls Separation 1-5 mm  |Continuous
Continuous
Rating 30 25 20 10 0
Inflow per 10m None <10 10- 25 25-125 >125
tunnel length (I/'m)
Ground |(Joint water press)/
5 water (Maior pl’incipal 0.) 0 <041 0.1,-0.2 02-05 >05
General conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0

(After Beiniawski 1989)
2010/8/12 9
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RMR System

B. RATING ADJUSTMENT FOR DISCONTINUITY ORIENTATIONS (See F)

Strike and dip orientations Very favourable Favourable Fair Unfavourable Very Unfavourable
Tunnels & mines 0 -2 -5 -10 -12
Ratings Foundations 0 -2 -7 -15 -25
Slopes 0 _ -B -25 -50

C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS

Rating ' 100 « 81 80 « 61 60 « 41 40 21 <21

Class number I i il v A

Description Very good rock Good rock Fair rock Poor rock Very poor rock

D. MEANING OF ROCK CLASSES

Class number i ] i v vV

Average stand-up time 20 yrs for 15 m span | 1 year for 10 m span | 1 week for 5 m span | 10 hrs for 2.5 m span{ 30 min for 1 m span

Cohesion of rock mass (kPa) > 400 300 - 400 200 - 300 100 - 200 <100

Friction angle of rock mass (deg) 35-45 25-35 15-25 <15

>45

Slope massrating (SMR) system (M. Romana)

2010/8/12

(After Beiniawski 1989)
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RMR System

E. GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY conditions

Discontinuity length (persistence) <im 1-3m 3-10m 10-20m >20m
Rating 6 4 2 1 0
Separation (aperture) None < 0.1 mm 0.1-1.0mm 1-5mm >5mm
Rating 4] 5 4 1 0
Roughness Very rough Rough Slightly rough Smooth Slickensided
Rating 6 5 3 1 0
Infilling {gouge) None Hard filling < 5 mm Hard filling > 5 mm Soft filling < 5 mm Soft filling > 5 mm
Rating 6 4 2 2 0
Weathering Unweathered Slightly weathered Moderately Highly weathered Decomposed
Ratings 6 : 5 weathered 1 0
3
F. EFFECT OF DISCONTINUITY STRIKE AND DIP ORIENTATION IN TUNNELLING**
Strike perpendicular to tunnel axis Strike parallel to tunnel axis
Drive with dip - Dip 45 - 90° Drive with dip - Dip 20 - 45° Dip 45 - 90° Dip 20 - 45°
Very favourable Favourable Very favourable Fair
Drive against dip - Dip 45-90° Drive against dip - Dip 20-45° Dip 0-20 - Irrespective of strike®
Fair Unfavourable Fair
(After Beiniawski 1989)
2010/8/12 11




Guidelines for excavation and support of 10m

span rock tunnels in accordance with the RMR system

(After Beiniawski 1989)

2010/8/12

Rock mass Excavation Rock bolts Shotcrete Steel sets
class (20 mm diameter, fully
grouted)
I-Very good Full face, Generally no support required except spot bolting,
rock 3 m advance.
RMR: 81-100
IT - Good rock | Full face, Locally, bolts in crown | 50 mm in None.
RMR: 61-80 1-1.5 m advance. Complete 3 m long, spaced 2.5 crown where
support 20 m from face. m with occasional required.
wire mesh.
1L - Fair rock Top heading and bench Systematic bolts 4 m 50-100 mm | None.
RMR: 41-60 1.5-3 m advance in top heading. | long, spaced 1.5-2m | incrown and
Commence suppoit after each in crown and walls 30 mmin
blast. with wire mesh in sides.
Complete support 10 m from crown.
face.
IV - Poorrock | Top heading and bench Systematic bolts 4-5m | 100-150 mm | Light to medium
RMR: 2140 1.0-1.5 m advance in top long, spaced 1-1.5 m in crown and | ribs spaced 1.5 m
heading. in crown and walls 100 mm in where required.
Install support concurrently with wire mesh. sides.
with excavation, 10 m from face.
V — Very poor | Multiple drifts 0.5-1.5 m Systematic bolts 5-6 m | 150-200 mm | Medium to heavy
rock advance in top heading. long, spaced 1-1.5 m in crown, ribs spaced 0.75 m
RMR: <20 Install support concurrently with | in crown and walls 150 mm in with steel lagging
excavation. Shetcrete as soon as | with wire mesh. Bolt sides, and 50 | and forepoling if
possible after blasting. invert. mm on face. | required. Close

invert.

3.13GTTEAIRE
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Q system

» Based on case historiesin Scandinavia

* Numerical valueson alog scale
» Range 0.001 to 1000

* representsroughness and frictional
characteristicsof joint wallsor infill material

* representsthe structure of the rockmass

: ! * consists of two stress parameters
» crude measure of block or particlesize P

* SRF can beregarded asatotal stress parameter

ROD J J measur e of
O= Q X W —loosening load as excavated through shear zones
Ju Jgq OSRF —rock stressin competent rock
where —sgueezing loadsin plastic incompetent rock

* JW isa measure of water pressure

RQOD is the Rock Quality Designation

- is the joint set number
Jr is the joint roughness number
Jy is the joint alteration number

Jw is the joint water reduction factor

SRF 1is the stress reduction factor
2010/8/12 13

(After Barton et al. 1974)



	頁面擷取自-2.2.pdf
	頁面擷取自-2.3

