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EiFﬁ}A(Rock Mass Rating, RMR)
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Jaeger’s single plane
of weakness theory,
Bray’s superposition
theory...
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Gonzales de Vallejo and Ferrer (201 1)

Cretaceous dolomite. Very good quality. Two main
sets of discontinuities. BELAEE - REBE  MEATELEER



Gonzales de Vallejo and Ferrer (201 1)
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Ordovician quartzite. Poor quality. Weathered and
heavily jointed rock mass. mmerzs . fEx cEtomEmE



Cretaceous dolomite. Very good quality. Two main
sets of discontinuities. Gonzales de Vallejo and Ferrer (201 1)
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Ordovician quartzite. Poor quality. Weathered and
heavily jointed rock mass.
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= Rock mass classifications’5854348,% : Obtaining geomechanical
parameters to use when designing engineering projects.

" The most frequently used geomechanical classifications nowadays are the
RMR and the O classifications.
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A 8517075 Rock Mass Rating (RMR)

= Developed by Z.T. Bieniawski in 1973 at the South African Council of Scientific and
Industrial Research (CSIR), and updated in 1979 and 1989.Also called the
Geomechanics Classification (ith & JE:T 1 %).

= FINIREEE
|. Uniaxial compressive strength (UCS) of intact rock material
Rock quality designation (RQD)
. Joint or discontinuity spacing

2
3
4. Joint condition
5. Groundwater condition
6

. Joint orientation



A ==L 2 (RMR)
RMR = 17 ™ = 18 2_Jj[j48

Uniaxial compressive strength of intact
rock. ¥ &35 & (15%)

Degree of fracturing (RQD). B %4 #2 & (RQD)
(20%)

Spacing of discontinuities. # if i & & iE
(20%)

Condition of discontinuities. # & 5 o ;* i
(20%)

Groundwater conditions. #
(30%)

Orientation of discontinuities. # & & &
it (-60~0%)
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Goel and Singh (2011)

RMR CLASSIFICATION PARAMETERS AND THEIR RATINGS

Parameter Range of values
Strengthof | ISRM chipped | Fracured | Fracured | Fractred | peeledby | peeledby | Indented by
intact rock | description T et vt [ knife hard knife thumbnail
"E:;g:)ﬂ' Point lozd > 10 104 42 2.1 NA NA NA
1 ucs > 250 250 - 100 100 - 50 50 - 25 25155 5-1 < 1MPa
15 12 7 4 2 1 0
Rating
RQD(%) 100 - 90 90 - 75 75 - 50 50- 25 <25
20 17 ks 8 3
2 Rating
Spacing of joints > 200 cm 200 - 60 cm 60 - 20 cm 20-6¢cm <6cm
20 15 10 8 5
3 Rating
Persistence <1lm 1-3m 3-10m 10 -20m 20m
6 4 2 1 0
Rating
Aperture None 0.1 mm 0.1-1mm 1-5mm > 5mm
6 5 4 1 [1]
Rating
Roughness Very rough Rough Slightly rough Smooth Slickensided
[ 5 §
Condition .
4 of joints Rating
Infilling None Hard filling< 5mm | Hard filling> Smm | Softfilling< 5mm | Soft filling> S5mm
e g | S S
Rating
Weathering Unweathered wz:?h':rr: < us:;::sg’ Highly weathered Decomposed
6 5 3 1 0
Rating
Ground water Completely dry Damp Wet Dripping Flowing
Jl'1.5 10 4 4]
3 Rating
RMR = ( )+ ( )+ )+ )+ ( )=( )

Made by Rocklab, IMRE, NTUT



1.Uniaxial compressive strength (UCS) of intact rock

" mOMERY B EhER R

= 53748 + 1,5,25,50, 100,
250 MPa

/TABI_E 6.1 Strength of Intact Rock Material (gﬁgﬂgﬁ ’ ﬁgﬂﬂ%—) A
Qualitative Compressive strength Point load strength
description (MPa) (MPa) Rating
Extremely strong* >250 8 15
Very strong 100-250 4-8 12
Strong 50-100 2-4 7
Medium strong* 25-50 1-2 4
Weak 5-25 Use of UCS is preferred 2
Very weak 1-5 -do- 1
Extremely weak <1 -do- 0

*Terms redefined according to ISO 14689.

Sources: Bieniawski, 1979, 1984; 1SO14689-1, 2003.

At compressive strength of rock material less than 1.0 MPa, many rock materials would be regarded as soil.
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2. Rock quality designation (RQD)
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Core Run Total Length = 200cm

L=38cm
As no centering pieces
longer than 10cm

X

RQD = % x 100

= 59%
_ 156
Core Recovery = 55 X 100
=78%
L=43cm
——————————————— X

Mechanical break

caused by drilling

process L=0cm

No recovery
. ' 4 v

FIGURE 4.1 Procedure for measurement and calculation of rock quality designation (RQD). (From
Deere, 1959)

ROD — sum of core pieces > 10 cm

total drill run

100, %

o =10 CcmeaRR e 2 £ R R grd A

Ll f}d o
* » 5% » 25,50, 75,90
. A
TABLE 6.2 Rock Quality Designation
Qualitative description RQD (%) Rating
Excellent 90-100 20
Good 75-90 17
Fair 50-75 13
Poor 25-50 8
Very poor <25 3
Source: Bieniawski, 1979.
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RQ DZ},ELE}EQ (BAHiTRE ARSI N2 M)

I EE
RQD = (Vg/VL)* . 100

VE 1s 1n situ compressional wave velocity
V1 is compressional wave velocity in intact rock core

® Deformation modulus of the rock mass
= Zhang and Einstein (2004)

E4 and E, are the deformation moduli of the rock mass
and the intact rock

E
d _ 1(0-0186 RQD—1.91

E,



RQDZ fEH

A - NRE IS
= Volumetric Joint Count (J,): the number of joints within a unit volume of rock mass

J
J. = X% ( l ) S; is the average joint spacing in meters for the i joint set
v =

i=1 Si J 1s the total number of joint sets except the random joint set.

" clay-free rock masses, long or flat blocks (Palmstrom, |1982)
RQD = 115 — 3.3 J,

= for blocks of a cubical (bar) shape (Palmstrom, 2005).

RQD =110—-2.351,
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Weighted joint density (Palmstrom, 1996)

= Based on the measurement of the angle between each joint and the surface or the drill hole.

= Weighted joint density (WJd) (RBJKE)

1D
measurement

v

. A
wid =2 2

2D measurement

sind

— Surface Area
4""—" . ’ ,’f!
\‘}‘51 ----- _gf.. ._‘_IS.;\_",
\‘.‘h ';: “mmiis './
\‘\\ -,_f
ﬁ'\. ’-
-.‘_‘.
i’.f \\\‘
s S
”’ ‘-.‘\
= 1
wJdd = j‘f‘ Z ‘éi-n—g

1
for measurements in rock surface: wld = —= ) f;
oD

1
for measurements along a drill core or scan line: wld = Ezfi

0 is the intersection angle

A is the size of the observed area in m>

L is the length of the measured section
along the core or scan line
f; is a rating factor

To solve the problem of small intersection
angles and to simplify the observations, the
angles have been divided into intervals

FIGURE4.2 The intersection between joints and a drill core hole (left) and between joints and a surface

(right). (From Palmstrom, 1996)



® [ntervals fo

1
for measurements in rock surface: wlJd =—=)» f;
TR

1
for measurements along a drill core or scan line: wld = 3 Zfi

2D measurement

— Surface Area
P o

-
-
-
T
-

/

TABLE 4.3 Angle Intervals and Rating of the Factor f;

R - RS

Angle interval (between joint

Chosen rating of

and borehole or surface) 1/sind the factor f;
0 > 60° <1.16 1

o = 31-60° 1.16-1.99 1.5

o = 16-30° 2-3.86 3.5

6 < 16° >3.86 6

Source: Palmstrom, 2005.

.




Surface Measurement of wjd

= the weighted joint density measurement produces values that are somewhat higher than the known value for the
volumetric joint count (Palmstrom, 1996)

\
TABLE 4.3 Angle Intervals and Rating of the Factor f;
Angle interval (between joint Chosen rating of
and borehole or surface) 1/sind the factor f;
8 > 60° <1.16 1
& = 31-60° 1.16-1.99 1.5
8 = 16-30° 2-3.86 3.5
5 <16° >3.86 6
Source: Palmstrom, 2005.
/
TABLE 4.4 Calculation of Weighted Joint Density from Analysis of Jointing
Shown for the Surfaces in Figure 4.3
Number of joints Number of
Area (n) \:vithin each Total wteighted
(A) interval number joints wid = v
Location m*  >60° 31-60° 16-30° <16° of joints N, =Y nxfi (1/JA) N,
Example 25 12 4 3 1 20 345 6.9
1
Example 25 6 4 2 0 12 19 3.8 3.05
2 Example 1 Example 2
Ratingoffi= 1 15 35 6 FIGURE 4.3 Two examples of jointing on a surface. (From Palmstrom, 1996)
Source: Palmstrom, 1996.
/




Drill Hole Measurements of wjd

4 0.6 0.8 1.0m
[ T T I T I T T T 1
< Section 1
= By Palmstrom(1996) S /AR W N A RN
Section 1
51 \ /7 I | NE
= The 5 m long part of the core has £ Sscton 2 :
. i , & 52\ RN A S-S W =S A DN
been divided into the following three & Secion :
L] L] L] L] L] L] L] 53| l \ / n / / |54
sections with similar density of joints. = s —
54 55
FIGURE 4.4 Example of jointing along part of a borehole. (From Palmstrom, 1996)
\
TABLE 4.6 Calculation of the Weighted Joint Density from Registration
of Jointing in the Borehole in Figure 4.4
(PB)ER  Number of joints Number of
: _ _ Length (n) within Total weighted
E t[_jl— i‘m = 'ﬂ: % Depth (L) each interval number joints wid =
T N % m m >60° 31-60° 16-30° <16° of joints N, =>nxf; (1/L)N,,
L} g
Ae IR IR AE 8 50-52.17 217 11 6 2 120 33 15
52.17-53.15 0.98 9 3 2 0 14 20.5 20.9
53.15-55.0 1.85 5 0 1 0 6 8.5 4.6
Rating of f; = 1 1.5 3.5 6
Source: Palmstrom, 1996.
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3. Joint or discontinuity spacing

® The linear distance between two
adjacent discontinuities should be
measured for all sets of discontinuities.

BHHBEHEE -
= 554  0.06,0.2,0.6,2 m

(FRERIA - 5 HHE)

- R
TABLE 6.3 Spacing of Discontinuities
Description Spacing (m) Rating
Very wide >2 20
Wide 0.6-2 15
Moderate 0.2-0.6 10
Close 0.06-0.2 8
Very close <0.06 5

o

Sources: Bieniawski, 1979; ISO 14689-1, 2003.

If more than one discontinuity set is present and the spacing of

discontinuities of each set varies, consider the unfavorably oriented
set with lowest rating. 1ISO 14689 uses the term “extremely close”
for joint spacing less than 0.02 m.

/




4. Joint condition

® |ncludes roughness of
discontinuity surfaces, their
separation, length of continuity,
weathering of the wall rock or
the planes of weakness, and
infilling (gouge) material

o

\
TABLE 6.4 Condition of Discontinuities
Joint
separation
Description (mm) Rating
Very rough and unweathered, wall rock tight and 0 30
discontinuous, no separation
Rough and slightly weathered, wall rock surface <1 25
separation <1 mm
Slightly rough and moderately to highly weathered, wall rock <1 20
surface separation <1 mm
Slickensided wall rock surface, or 1-5 mm thick gouge, or 1-5 10
1-5 mm wide continuous discontinuity
5 mm thick soft gouge, 5 mm wide continuous discontinuity >5 0
Source: Bieniawski, 1979.
/
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4. Joint condition

= roughness of discontinuity surfaces, separation,
length of continuity, weathering of the wall
rock or the planes of weakness, and infilling

(gouge) material ZIBAYEE D IELE o

4 N
TABLE 6.5 The RMR System: Guidelines for Classification of Discontinuity
ey axaw A\E ASH AW §2|—{—|\ /\ s ==

Conditions (ERIEHAENG - FEE - 2R D BES)
Parameter* Ratings
Discontinuity <lm 1-3m 3-10m 10-20m  >20m
length (persistence/
continuity) 4 2 1 0
Separation None <01mm  0.1-1.0mm  1-5mm >5mm
(aperture)

6 5 4 1 0
Roughness of Very rough Rough Slightly rough  Smooth Slickensided
discontinuity
surface 6 5 3 1 0
Infillings (gouge) Hard filling Soft filling

None <5 mm >5mm <5 mm >5mm

6 4 2 2 0
Weathering Unweathered  Slightly Moderately Highly Decomposed
discontinuity weathered  weathered weathered
surface

6 5 3 1 0

Table 6.4 directly.
Source: Bieniawski, 1993.

-

*Some conditions are mutually exclusive. For example, if infilling is present, it is irrelevant what the
roughness may be, since its effect will be overshadowed by the influence of the gouge. In such cases use

/

21



5. Groundwater condition

= Completely dry, damp, wet, dripping, or flowing

= |f actual water pressure data are available, these should be stated and expressed in
terms of the ratio of the seepage water pressure to the major principal stress.

- N

= 580

TABLE 6.6 Groundwater Condition (ENIER/KEISZZE /N - 52 S)

Inflow per 10 m tunnel length (L/min) None <10 10-25 25-125 >125

Ratio of joint water pressure to major 0 0-0.1  0.1-0.2 0.2-0.5 >0.5

principal stress

General description Completely Damp Wet Dripping Flowing
dry

Rating 15 10 7 4 0

Source: Bieniawski, 1979.

\- /




6,Joint orientation @massEeTens e

= The influence of the strike and dip of discontinuities is considered with respect to
the direction of tunnel drivage, slope face orientation, or foundation alignment.

= 535K

- D
TABLE 6.10 Adjustment for Joint Orientation

Joint orientation

assessment for ~ Very favorable Favorable Fair Unfavorable Very unfavorable

Tunnels 0 -2 -5 =10 —-12
Raft foundation 0 -2 -7 =15 —-25
Slopes* 0 -5 —25 =50 —60

*It is recommended to use slope mass rating (SMR; Chapter 18).
Source: Bieniawski, 1979.

- /




6. Joint orientation
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TABLE 6.8 Assessment of Joint Orientation Effect on Tunnels

Strike perpendicular to tunnel axis

Strike parallel to

Irrespective

favorable

unfavorable

Drive with dip Drive against dip tunnel axis of strike
Dip Dip Dip Dip Dip Dip Dip
45°-90°  20°-45°  45°-90° 20°-45° 20°-45° 45°-90° 0°-20°
Very Favorable Fair Unfavorable Fair Very Fair

Source: Bieniawski,

-

1984.




RMR Class |, 2
Table 3.27 ROCK MASS QUALITY ACCORDING TO THE RMR INDEX

Class Quality RMR rating Cohesion (MPa) Friction angle
I Very good 100-81 >0.4 >45°
| Good 80-61 0.3-0.4 35°-45°
1] Fair 60-41 0.2-0.3 25°-35°
\Y, Poor 40-21 0.1-0.2 15°-25°
V Very poor <20 <0.1 <15°

Class | (RMR = 81-100) and Class Il (RMR= 61-80) rock masses

Cretaceous dolomite. Very good quality. Two main
sets of discontinuities.

Granite. Good quality.

discontinuities.

Several sets of weathered

25



Table 3.27 ROCK MASS QUALITY ACCORDING TO THE RMR INDEX

Class Quality RMR rating Cohesion (MPa) Friction angle
| Very good 100-81 >0.4 >45°
| Good 80-61 0.3-04 35°-45°
Il Fair 60-41 0.2-0.3 25°-35°
\Y, Poor 40-21 0.1-0.2 15°-25°
V Very poor <20 <0.1 <15°

Class Ill rock masses (RMR= 41-60)

Ordovician slate. Fair quality. High fracturing degree. Ordovician quartzite. Fair quality. High fracturing
Weathering degree: Ill. degree. Very hard intact rock.



RMR Class 4,5
Table 3.27 ROCK MASS QUALITY ACCORDING TO THE RMR INDEX

Class Quality RMR rating Cohesion (MPa) Friction angle
I Very good 100-81 >0.4 >45°
I Good 80-61 0.3-0.4 350°-45°
Il Fair 60-41 0.2-0.3 25°-35°
\Y, Poor 40-21 0.1-0.2 15°-25¢°
V Very poor <20 <0.1 <15°

Class IV (RMR= 21-40) and Class V (RMR <20) rock masses

- o NG & \\«,_ ¥ \‘\\\\ ‘\ \l\‘ \n'

] CHAAN S e

Ordovician quartzite. Poor quality. Weathered and Palaeozoic slate. Very poor quality. Heavily jointed.
heavily jointed rock mass. Degree of weathering: V.
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=43 7% Rock Mass Rating (#2838

ROCK MASS RATING SYSTEM Table 3.26 ROCK MASS RATING SYSTEM (CONT.)
A. Classification parameters D. Meaning of rock classes
1 Strength | Point-load =10 10-4 4-2 2-1 Uniaxial Class number 1 M m v Vv
f hi i N A
?Dé:tact EE e, Ségnmqﬁhm?;v:a] Average stand-up time 20 yrs for 1 yr for 1 week for 10 hrs for 30 min for
| — 15 m span 10 m span 5 m span 2.5 m span 1 m span
matenal | |Jnjaxial =250 250-100 100-50 50-25 25-5 | 5-1 | <1
(MPa) compressive Cohesion of rock mass >400 kPa 300-400 kPa | 200-300 kPa | 100-200 kPa <100 kPa
strength Friction angle of rock mass >45° 35°-45° 25°-35° 15°-25° <15°
Hating B 12 g 4 e L g E. Guidelines for classification of discontinuity conditions
2 RQD 90%-100% 75%-90% 50%-75% 25%-50% <25%
Rating 20 17 13 8 3 Len.gth (persistence) <lm 1-3m 3-10m 10-20 m >20m
3 Spacing of discontinuities =2m 06-2m 0.2-0.6m 60-20 mm <60 mm S2lng g e 2 L 0
Rating 20 15 0 s 5 Separat\on (aperture) None <0.1 mm 0.1-1.0 mm 1-5 mm >5 mm
™" - - - - Rating 6 5 4 1 0
4 Conditions of Very rough Slightly rough | Shightly rough | Slickensided Soft gouge - - -
discontinuities surfaces. surfaces. surfaces. surfaces. 5 mm thick. Roughness Very rough Rough Slightly rough Smooth Slickensided
(see E) Not Separation Separation or Separation Rating 6 5 g 1 0
continuous. [ <1 mm. <1 mm. Gouge <5 mm | =5 mm. Infilling (gouge) None Hard filling Hard filling Soft filling Soft filling
Mo separation. | Slightly Highly thick Continuous. >5mm <5mm =5 mm
Unweathered | weathered weathered or Rating 6 4 2 2 0
wall rock. walls, walls. Separation 5 N .
= Weathering Unweathered Slightly Moder. Highly Decomposed
Continuous. ) weathered weathered weathered
Rating 30 25 20 10 0 iiatilg 6 5 3 1 0
5 Ground | Inflow per 10 m MNone <10 litresfmin | 10-25 litres/ | 25-125 litres/ | =125 litres/min F. Effect of discontinuity strike and dip orientation in tunnelling
water tunnel length min min 2 = =
- Strike perpendicular to tunnel axis L Ao
(Joint water 0 0.0-01 0.1-0.2 0.2-0.5 =05 = = = : - - . . Dip 0°-20'
pressy(Mayor Drive with dip Drive against dip Strike parallel to tunnel axis Irrespective of
principal stress) Dip 45-90° Dip 20-45° Dip 45-90° Dip 20-45° Dip 45-90° Dip 20-45° strike
General Completely Damp Wet Dripping Flowing Very favourable Favourable Fair Unfavourable Very Fair Fair
conditions dry unfavourable
Rating is 10 ¥ & 0 (Bieniawski, 1989).
B. Rating adj; 1ent for disc y orier (see F)
Very Very Table 3.27 ROCK MASS QUALITY ACCORDING TO THE RMR INDEX
Strike and dip orientations favourable Favourable Fair Unfavourable | unfavourable Class Quality RMR rating Cohesion (MPa) Friction angle
Rating | Tunnels and mines 0 -2 =5 -10 =12
nd | annes andim | Very good 100-81 >0.4 >45°
Foundations 0 -2 -7 =15 25
— o o_gco
T 0 s BT a0 60 Il Good 80-61 0.3-0.4 35°-45
i — | o_1QLo
C. Rock mass classes 1l Fair 60-41 0.2-0.3 25°-35
\% Poor 40-21 0.1-0.2 °-25°
Class I [} L} v v 00 15725
Description Very good Good Fair Poar Very poor \ Veery poor <20 <01 <15°
Rating 100-81 80-61 60 - 41 40-21 <20

28
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= Average Stand-up Time for an Arched Roof

7’

" The stand-up time depends upon an effective (unsupported) span of the opening, which is defined

as the width of the opening or the distance between the tunnel face and the last support
(whichever is smaller)

20| Immediate Collapse /’m\ |
15 } v \ <
umitof — |, AR

= s N \ .
* 1% ~ 8 - )
Applicability S o S N
4 ] \ \ \
~ ~ ~ Y
) / N R i e AN
\ \~ S hY \
q» X \‘ \ S A —

\ ~ Sy —— &0
y \\\\ \\ \\ /ﬁ

—Ax 5 il
\ b 40
v \ /

/“{ No Support Required
01 10 10 10° 10° 10 10°
Stand-up Time, hr

FIGURE 6.1 Stand-up time versus unsupported span for various rock mass classes according to RMR.
(From Bieniawski, 1984)
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TABLE 6.11 Design Parameters and Engineering Properties of Rock Mass

= Cohesion and Angle of Internal Parameter/ RMR (rock class)

. . S.  properties of 100-81 80-61 60-41 40-21 <20
Friction No. rock mass ) ) ) av) V)
1 Classification of Very good  Good Fair Poor Very poor
rock mass

2 Average stand-up 20 years for 1 year for 1 week for 10 hours for 30 minutes

time 15mspan  10mspan 5mspan  2.5mspan for T mspan
3 Cohesion of rock ~ >0.4 0.3-0.4 0.2-0.3 0.1-0.2 <0.1
mass (MPa)*
4 Angle of internal ~ >45° 35-45° 25-35° 15-25° <15°
friction of rock
mass
5 Allowable bearing  600-440 440-280  280-135  135-45 45-30

pressure (T/m?)

6 Safe cut slope (°)  >70 65 55 45 <40
(Waltham, 2002)

During earthquake loading, the above values of allowable bearing pressure may be increased by 50% in
view of rheological behavior of rock masses (see Chapter 20).
*These values are applicable to slopes only in saturated and weathered rock mass.

Source: Bieniawski, 1993.
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RMR/ZRVFE,

= Modulus of Deformation of rock mass.

LL
DIE
g
Kl

N
X
)

D

e

= MREF, which is defined as a ratio of the
modulus of deformation of a rock mass to
the elastic modulus of the rock material
obtained from the core.

» Singh (1979)
Eqs = E,- MRF

* Bieniawski (1978) for hard rock masses (q. > 100
MPa).

Eq =2 RMR — 100, GPa (applicable for RMR > 50)
* Serafim and Pereira (1983)

E, — 10(RMR-10)/40 Gp,
(applicable for RMR < 50 also)

1.0 | | n
e Kotlibel Dam, India
EL O Tehn Dam, India
~ 0.8~ o Cases of Bieniawski
g :
5 o
.S
L 06 /
C
O
E /
-
8 0.4
o
@ O
g 0.2 - & °
O . ]
. - "
0
0 20 40 60 80 100

Rack Mass Rating (RMR)

FIGURE 6.2 Relationship

between

rock mass rating (RMR) and modulus
reduction factor. (From Singh, 1979)
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RMR;ZRYFEH

RMR-10)/40

- | O Serafim & Pereira, 1983 [Ey = 10'
+ Bieniaswki, 1878 (E; = 2RMR -100)

Cco
(]

(@)
-]

N
Q

&
(o

o

In Situ Modulus of Deformation (E.), GPa

20 40 60 80 100
Rock Mass Rating (RMR)

FIGURE 6.3 Correlation between modulus of deformation of rock masses and RMR. (From
Bieniawski, 1984)
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RMR;ZRYFEH

= The modulus of deformation of a dry and weak rock mass (q. < 100 MPa) around
underground openings located at depths exceeding 50 m is dependent upon

confining pressure due to overburden and may be determined by the following
correlation (Verman, 1993)

E4 = 0.3 H* . 10(RMR=20)/38 5p,

o = 0.16 to 0.30 (higher for poor rocks)
H = depth of location under consideration below ground surface in meters > 50 mm

7’

= Read, Richards, and Perrin (1999)
Eq = 0.1(RMR/10)", GPa
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(GSI & RMR << 100) 2= B2 4417 45 &

TABLE 8.14 Empirical Correlations for Overall Modulus of Deformation of Rock Mass in the Non-Squeezing Ground Condition

Ge < 100 MPa; H = 50 m; Jy, = 1
Coeff. of correlation = 0.97

Authors Expression for Ey4 (GPa) Conditions Recommended for
Bieniawski (1978) Ey = 2 RMR — 100 ge > 100 MPa and RMR > 50 Dams

Serafim & Pereira (1983) Ey = 10RMR-10VA0 e > 100MPa Dams

Nicholson & Bieniawski (1990)  E4/E, = 0.0028 RMR” + 0.9 g'RMR/22.82] —

Verman (1993} Eg = 0.3 Hy, 10RMR-20/38 = 0.16 to 0.30 (higher for poor rocks) Tunnels

Mitri et al, (1994) E4/E. = 0.5[1-cosin RMR/100)]

Singh (1997) Ey = Q36 102
Fe = 1.5Q%% ¢

Q < 10; ), =1
Coeff. of correlation for E, = 0.96; |, < 1

Dams and slopes
Dams

2 100

D
Ei=(1-21) . qpticsi-1oy/40)
= (-3)

Hoek et al. (2002) Eqy = (1 — _) e, 101(GSI-10)/40)

(. = 100 MPa
D = disturbance factor (Table 26.4)
g, = 100 MPa

Adachi & Yoshida (2002) Eg = 10/00431R-0.8853)

For weak rocks, R = In situ average
Schmidt hammer rebound number

Barton (2008) By = 10[Q - q /100" < E

Q=0.1-100
Ge = 10 — 200 MPa

Tunnels

Zhang & Einstein (2004) B _ | gooss Rap-1.91
==

r

For 0 < RQD < 100

Preliminary analysis

Hoek & Diederichs (2006) 1-D/2

Ea = {002 4 060 + 15 D — GoI) /11

Tunnels, caverns, and
dam foundations

The above correlations are expected 1o provide a mean value of modulus of deformation.

e
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Q% (Q-system)

RQD J, J

X

= Q= J 3. SRF

" The Q-value varies between 0.00] and
1 000.

= (RQD/J,): Degree of jointing, a relative
measure of the block size. 11 7] DI B #5&
FERHERERRT -

= (J./J,):]oint friction, an indicator of the
inter-block shear strength.

W

= (J,,/ SRF): active stresses.

(RQD/J,)

(Jr/ Ja)

(J,,/ SRF)

NGI (2015)

- VALUES: (RQD / J) o ! J) o ), [ SRF) =| Q
Q (lypical min) = i0 / 150 * 15 | 80 * 066 [/ 100 =|0.008
() (typical max) = 00 / 30 * 30 J 10 * 100 /7 10 =|100.0
Q (mean value) = MM 1 67 * 26 | 23 * 081 | 24 =| 444
Q) {mosttequeni= | 70 /[ 90 * 30 J 10 * 100 J 10 =]2333
B 5 V.POOR | POOR [ FAIR [ GOOD EXC
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¢ ] 110 ( H el
K plolm liolo
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e Rlepor Ko Figure Mo,
Project name
Depth 2one i D by D
Q-REGISTRATIONS CHART
Lopg Crecked Apprved
NGl

35



| .Rock Quality Designation (RQD) Q=REDX§

Iy

L%

a

SRF

“RQD is the sum of the length (between natural joints) of all core pieces more than 10 cm long (or core
diameter x 2) as a percentage of the total core length” (Deere, 1963)

R BB E TR - ABIBEEN : BIXE) B BIE A

BEENERBENAE - e EETETARQDIES)

BERQDIEREERS » Aiia FEIER ENEAEILRRQDAIELAS

NGI (2015)

RQD (Rock Quality Designation)

A Very poor (> 27 joints perm?) 0-25
B Poor (20-27 joints per m?) 25-50
C Fair (13-19 joints perm?) 50-75
D Good (8-12 joints perm?) 75-90
E Excellent (0-7 joints per m?) Q0-100
Notfe: 1) Where RQD is reported or measured as < 10 (including 0) the value 10 is used to evaluate the @-value
i) R&D-intervals of 5, i.e. 100, 95, 90, etfc., are sufficiently accurate
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2.Joint Set Number (] ) @-xx

n a

= EFIRAEE (joint set) ZHITE : F—iAENIEGIBB—IEL H(EDF

sEIANEIEAE—H - BEZ » EHE—EEIIELE

(random joint) °

SRF

IR ENIERH - T =FEHEED

2 Joint set number Jn

A Massive, no or few joints 0.5-1.0
B One joint set 2
C One joint set plus random joints 3
D Two joint sets 4
E Two joint sets plus random joints 6
F Three joint sets Q
G Three joint sets plus random joints 12
H Four or more joint sets, random heavily jointed "sugar cube”, efc 15
J Crushed rock, earth like 20
Note: i) For funnel intersections, use 3xJ, [FIE RS Y ES J,x3
iy Forportals, use 2x J, B}ngﬁ O Eﬁ _/,,XZ NGI (2015)

M)mﬁ#ﬂﬁ
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2. Joint Set Number ( | )

» REEARRER K » RBEIE (short

joint){R 25 B2 AT L2 1 2
TFEE - RRIEAEEEEs

i (crack) i

BB

g e YRRy AL A —{EE B Em -

" Bl ERTEEEZ EENESE - HE
ZRENEMER L 5825 B A HEE
& o BIANTEAREN IR 38 SR % Al BE
A - o FEEN PR AH B EE ATt FE RV B
B4 - MmIF=+HEMEFATEERIEUES

RQD T I,
X X
J. "1 " SRF

n a

Q=

7
5
T g g
= El n b
HY .
[
= 3||
El n
= 1 o M
n [:=]

NGI (2015)

Mote:

The number of joint direclions is not always
as the number of joint sets

%
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3. Joint Roughness Number (]) -5

" T ERAFIRYABHEENIEETT

FIER - 1520 A] BESE -

ERAYEZAHENTE

- B B

W

)
X

a

NGI (2015)

3 Joint Roughness Number

a) Rock-wall contact, and
b) Rock-wall confact before 10 cm of shear movement

A | Discontinuous joints 4
B | Rough or irregular, undulating 3
C | Smooth, undulating 2
D | Slickensided, undulating 1.5
E | Rough, irregular, planar 1.5
F | Smooth, planar 1
G | Slickensided, planar 0.5

Note: i) Description refers to small scale features and intermediate scale features, in that order

¢) No rock-wall contact when sheared

H

Zone containing clay minerals thick enough to prevent rock-wall contact when sheared

Note: i}y Add 1 if the mean spacing of the relevant joint set is greater than 3 m (dependent on the size

of the underground opening)

i) J, = 0.5 can be used for planar slickensided joints having lineations, provided the lineations are oriented

in the estimated sliding direction
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3.Joint Roughness Number (J) © “Ser

» RRE#L : SteppedfEtaik,

Undulatlng,EZ,EHk Planar

CHAR © 1E

EIEmE EME | mERR - HEEAE
’Eﬁ 2 o

= /Z\RE#EL(rough¥H#aE, Smoothiz;
Slickensided B ¥ ZJR) :
TTRUEEIR - BFFE0n

" FHaAEE R YRR 2. R EE/AS

F3 18]

" e EBEME(TAX

—_—= A/

= Bl

i

)

G

NS YN
T8 T Rk

(e]

)

CIE) -,

RQDJ J

4

Scale
NGI (20'5) dm - m --———s= | mm - cm
Stepped
1 Rough —— TN

] Smooth —_————————————

Il Slickensided ———
Undulating

IV Rough ————e T —

v Srnooth M

VI Slickensided

Planar

VIl Rough

VIl Smooth

IX  Slickensided

Figure 3 Examples of joint wall surfaces with different J, - values. The length of each
profile is in the range: 1 - 10 m. The vertical and horisontal scales are equal.

(Modified from ISRM 1978)
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4. Joint Alteration Number ( /)

=[x VEMEEABNEE 2 o BIRIEFE R ¥
BNFERK  ARERERERNNER
EASEE

= J, 2R RTE B EA B R E B B
HERMBEBRENAE 2 A

(AN

NGI (2015)

4 Joint Alteration Number

a) Rock-wall contact (no mineral lings only coatings) ok I FH$EM » MEIE Y

Tightly healed, hard, norrsoffening, impermeable filing

A I.e.. quartz or epidote. 075
B | Unaltered joint walls, surface staining only. 25-35° 1
c Slightly altered joint walls. Nor-soffening mineral coafings; sandy particles, 25.30° 2
clay-free disintegrated rock, etc.
Silty or sandy clay coatings. small clay fraction .
L (nor-softening). it =
Softening or low friction clay mineral coatings, i.e.. kaolinite or mica.
E | Also chiorite, talc gypsum, graphite, etc., and small quantities of swelling 816 4

Clays.

b) Rock-wall contact before 10 cm shear (thin mineral fiings) BEEI10 cmbPA A BB BENS 2 0 1 fHBE % -

No rock-wall contact when sheared

NGI (2015)

F | Sandy particles, clay-free disintegrated rock, etfc. tﬁﬁ%?ﬁ 25-30° a4

c Strongly over-consolidated, non-softening, clay mineral 16-24° &
fillings {(continuous, but <5 mim thickness).

H Medium or low over-consolidation. softening. clay mineral fillings (confinuous, 12-16° a8
but <5 mim thickness).

J Swelling-clay filings. .. montmorilonite (confinuous. but <5 mm thickness). FRrs a1z

Value of J, depends on percent of swelling clay-size particles.

¢) Norock-wall contact when sheared (thick mineral Mlings) SUEIIG G REA R - S

K | Zenes or bands of disinfegrated or crushed rock. 16-24° &
Strongly overconsolidated.

Zones or bands of clay, disintegrated or crushed rock,

L Medium or low over-consolidation or softening fillings. 1216 8

M Zones or bands of clay. disintegrated or crushed rock. 612 12
Swelling clay. J, depends on percent of swelling clay-sze particles.

M Thick contfinuous zones or bands of clay. 12-16° 10
Strongly overconsolidated.

o Thick, continuous zones or bands of clay. 12-16° 13
Medium to low over-consolidation.

P Thick, continuous zones or bands with clay. Sweling clay. &-12 1390

J, depends on percent of swelling clay-size parficles.
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5.]Joint Water Reduction Factor (J,) o-"P+ig

= BNIEME LAYkl RESs{LEV R EIE R E
KB TR AR K IEMFES] - (FRIEE SRR

", ZFITEIRIZIKGEARRE K IK B K1)y -

Joint Water Reduction Factor

E MR EED

A | Dry excavations or minor inflow ( humid or a few drips) 1.0
B | Medium inflow, occasional outwash of joint fillings (many drips/“rain®) 0.66
C | Jetinflow or high pressure in competent rock with unfilled joints 0.5
D | Large inflow or high pressure, considerable outwash of joint fillings 0.33
Exceptionally high inflow or water pressure decaying with fime.
E . : 0.2-0.1
Causes outwash of material and perhaps cave in
E Exceptionally high inflow or water pressure continuing without 0.1-0.05
noticeable decay. Causes outwash of material and perhaps cave in T
Note: i) Factors C to F are crude estimates. Increase J,, if the rock is drained
or grouting is carried out
i) Special problems caused by ice formation are not considered

a

2 B
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6. Stress Reduction Factor (SRF)

SRFA S B2 ) E

&

a: F;ﬁi”bﬁff%mﬁﬂ(%ﬁg

SR
b: ZRE AERBEEARNL E
o IRt FE L B R R
c: BRI EE - B
N

d: fZAR %S

E

g SBIKEFESE{LE

¢

2715 R854 E Z FE

Alfpi1
ZE'T'I'T'

BEEm

[of¥

FTEARETIRRE

1 R - B

1EReZBR

RQD J, I

Q=——x3

W

SRF

n a
&6 Siress Reduction Factor SRF
a) Weaok zones infersecting fhe underground opening, which may causs loosening of rock mass
Multiple occurrences of weak zones within a short section containing clay or chamically
A | disinfegrated, very locsa surrounding rock (any depth). or long sections with incompatent 10
(weak) rock (any depth). For squeszing, see 6L and &M
8 Muitiple shear zonas within a short saction in competent clay-free rock with locss 75
surrounding rock (any depth) :
C | Single weaak zones with or without clay or chemical disintegrated rock (depth = 50m) 5
D | Loose opsen joints heavily jointed or sugar cubs”, setfc. (any depth) 5
E | Single weaak zones with or without clay or chemical disintegrated rock (depth > 50m) 25
Mota: ) Reducs thess valuss of SRF Dy 25-500% I the waak Zonas only Influsnce DUt 4o not
INtarsact Me undarground apening
i . o oo, SRF
b) Compefent, mainly massve rock. sirass problams el 01 af O
F | Low stress near surface, open joints =200 =0.01 25
& | Medium shess, favourabls stress condition 200-10 (00103 1
High sitess, wery fight simuciure. Usually favourable to stability. 0.52
H | May alzo be unfavourable to stability dependent on the orentation of 1055 | 0304
stressas compared o joinfing/weakness planss® 25"
J | Moderate spoliing and/or slabbing affer= 1 hour in massive rock 53 050485 550
K | Spalling or rock burst after a few minutes in massive rock 32 0.55-1 | 50-200
L | Hsowy rock burst and immediate dynamic deformafion in massive rock <2 =1 200-400

Mote: I FOr STongly anisciiopic vingin smass Teld (f measursd), when 5 £.q, /o, £ 10 1educe o_10 075 g_.
WhNan s, fa, > 10, 120UCa o 10 0.5 5. WHers . = UNCoNMNed Comprassion STangdtn. ¢, and o, ars
@ Major and minor NCIDal STEssas, and o, = MAEIMUT Tangential SMess @simated Tom alastc

thaory)

1y Whien the depin of e CRown DSlow TNe SUMace | kass Ihan Ne Sparn; suggest SkE INCreass
oM 2.5 10 5 for such casas (306 F)

¢) Squeszing rock: plasfic deformafion in incompefant rock undsr tha influsnce of o /5. SRE
high prassure
M | Mild squesaring rock pressure 1-5 510
N | Heavy squesezing rock pressurs »5 10-20

MNota: W) Detarmination of squesezing rock condifons must e mads acoording To reslsvant Isiatuns (.. Singn

st al, 1992 and Bhasin and Samstad, 1996)

d) Swaling rock: chemical swaling acfivify dependng on fhe presance of wiafer SRE
O | Mild swalling rock pressure 510
B | Heovy swelling rock prassurs 10-15




RMR & Q system

< EIEFSIERMR)

R NEElS
7NJREFSMIAE ZINAE

Uniaxial compressive strength of intact
rock. EBBRREE (15%) =amnaeE

Degree of fracturing (RQD). 22 E
(RGD) (20%)

Spacing of discontinuities. 1~ & #& [H I IE
(20%) rEmmmE

Condition of discontinuities. F~3E#EE AR
RE (20%)

Groundwater conditions. it F 7K HREE
(30%)

Orientation of discontinuities. 1~ B #& H i
BE (-60~0%)

REAEER
VS RS B oE?

= Q System
= SEREIHE
_RQD I ),
J " J " SRF

Rock Quality Designation (RQD)

Joint Set Number ( )

Joint Roughness Number ( J,) FEEE A

Joint Alteration Number ( /)

o Uk W

Joint Water Reduction Factor ( J,)

Stress Reduction Factor (SRF)
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B
afs

RifaT - BEIRER3- 23 H ARk A -

= B%R :

TIRARAE

— & (rock type)
— BRE D HRIZ#E (rock mass classification)
— S HS#R Bl (rock mass class)

= HEEREBIA » BIZA%E - ZKFRMR

RMRILHiEER2 /48

R

RMR=81-100, Class | £—f5=52

« RMR=61-80,Class 2 55_f8&552
N — Al . =41 & T KEH S Een
- A¥E : %HRMRTE%—¥E RMR=41-60, Class 3 %_Uﬁzj—gﬂ
o o e « RMR=21-40, Class 4 S50 $a 552
=\ T— —_— s T pE L
n$ERMRf§B¢ fff“& « RMR<20,Class 5 £ h 5252
£32 A-BERZEBHILBIZER
EER e AZzBRMR &N | B2 RBMREALEH B e
A, RMR =81 o
A, RMR80~61 RAMR= 81 B
Au RMR60~41 RMR80~ 61 B
As RMR40~21 RMR60~ 41 B
A RMR20~11 RMR40~21 B.
Av RMR=<10 RMR =20 B.
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— &8 (rock type)
ﬁ%&*_ /‘E - ﬁﬁ%ﬁ%&%ﬁ(mck mass classification)
E H"" — EREAR Bl (rock mass class)
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