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1. Introduction

(1) During the feasibility and preliminary design stages

(2) A check-list to ensure that all relevant information has been considered.

(3) To build up a picture of the composition and characteristics of a rock mass to provide initial 

estimates of support requirements.

(4) To provide estimates of the strength and deformation properties of the rock mass

2. Engineering rock mass classification

It is recommended that at least two methods be used at any site during the early stages of a project

(1) Aim

- Groups of similar behavior

- Basis for understanding characteristics

- Quantitative data

- Common basis for communication

(2) Requirements

- Simple, easy and understandable

- Clear and widely accepted terminology

- Should include the most significant properties

- Based on measurable parameters in the field

- Rating system for relative importance

- Functionally quantitative

Chapter 4. Rock Mass Classification
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(3) Parameters

- In-tact rock strength (i.e. point load strength index)

- RQD (Rock Quality Designation)

- Spacing, condition (roughness, continuity, separation, weathering, infilling), orientation,

groundwater condition, stress field

- Surface / near surface – structural geological features

Deep underground – stress controlled

* For point load strength index, refer to the attached ISRM suggested method

Rock? Deere & Miller: UCS > 25 MPa

ISRM: UCS > 1 MPa 
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3. Terzaghi’s rock mass classification (rock load)

(1) Evaluates rock loads

(2) Appropriate to the design of steel sets

(3) Most commonly used for steel sets

(4) Not suitable for modern tunnels (shotcrete & rock bolts)

(5) Too generous (too conservative)

(6) Not providing quantitative information on rock masses
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Example.   B = 15 ft, Ht = 15 ft, Depth = 300 ft, Granite, w = 165 lb/ft3 (pcf)

 = 165/62.4 = 2.64

(1) Moderately jointed: 0 ~ 0.25B

Hp, min = 0

Hp, max = 0.25B = 0.25  15 ft = 3.75 ft

 Max. stress = 3.75 ft  165 pcf = 620 lb/ft2  4.31 psi = 0.03 MPa

(2) Moderately blocky and seamy: 0.25B ~ 0.35(B+Ht)

Hp, min = 0.25B = 0.25  15 ft = 3.75 ft

Hp, max = 0.35(B+Ht) = 0.35  (15+15) ft = 10.5 ft

 Min. stress = 620 lb/ft2

Max. stress = 10.5  165 = 1730 lb/ft2  12.0 psi = 0.083 Mpa

4. Classifications involving stand-up time

- Lauffer (1958) – Pacher (1974) Classification

(1) Unsupported span: The span of the tunnel or the distance between the face and the nearest

support, if this is greater than the tunnel span

(2) Stand-up time: - Period of time that a tunnel will stand unsupported after excavation

- Function of tunnel orientation, shape, excavation and support method

-  Rock mass classes

- Lauffer (1958)  Pacher (1974) modified

(3) Tunnel span   Time available for the installation of support 

Example. Small pilot tunnel – short span, successfully excavated

Larger span tunnel – immediate installation of substantial support required

(bench / multiple drifts)
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5. Rock Quality Designation Index (RQD) – Deere (1967)

(1) A quantitative estimate of rock mass quality from drill core logs

(2) Definition: - The percentage of intact core pieces longer than 100 mm (4 inches) in the total length

of drilling

- Core should be at least NX size

(54.7 mm or 2.15 inches in diameter)

- Double-tube core barrel
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5. Rock Quality Designation Index (RQD) – Deere (1967)

(3) RQD index vs. Terzaghi’s rock load factor

 Reasonable only for steel-supported tunnels (NOT good for rock tunnels)

(4) RQD – NOT good with clay fillings or weathered material

- NOT sufficient on its own, though inexpensive

(5) Palmstrom (1982) – When no core is available

RQD = 115 – 3.3 Jv

Jv = The sum of the number of joints per unit volume for all joint (discontinuity) sets

(Volumetric joint count)

6. Rock Structure Rating (RSR)

(1) Developed by Wickham et al. (1972, USA)

- A quantitative method for describing the quality of rock mass

- For selecting appropriate support

(2) Advantages

- Quantitative

- Many parameters incorporated

- Complete classification (input & output)

(3) Rating system (using weighted values)

(4) Two general categories

- Geological parameters: - Construction parameters

rock type, size of tunnel

joint pattern (spacing), direction of drive

joint orientation (dip & dip direction), method of excavation

type  of discontinuities, 

major faults, shears, folds, 

rock material properties, 

weathering, alteration
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(5) Three basic parameters

Parameter A, Geology (rock structure)

rock type origin (igneous, sedimentary, metamorphic)

rock hardness

geologic structure

Parameter B, Geometry (discontinuity pattern)

joint spacing

joint orientation

direction of tunnel drive

Parameter C, Groundwater flow

overall rock mass quality (A + B)

joint condition

amount of water flow (gal/min/1000 ft)
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Example A hard metamorphic rock  Type 1

Slightly folded or faulted  A = 22

Moderately jointed

Joint striking  tunnel axis

Dipping 20~50   B = 24 (Drive with dip)

A + B = 46  Fair joint condition

Slightly weathered and altered

Moderate water inflow: 200 ~ 1000 gpm  C = 16

RSR = A + B + C + 62

24 ft diameter tunnel

Shotcrete: 2 inches

Rockbolts: 5 ft (1 inch diameter)

Steel rib: 7 ft (not a practical solution)

Example For RSR = 30

8WF31 (8” deep wide flange I section weighing 31 ppf): 3 ft

Shotcrete: 5 inches

Rockbolts:  2.5 ft
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(6) Machine bored tunnel vs. Drilled & blasted tunnel

(Lesser amount of support)

(7) Rockbolts spacing: Very rough calculation

Rockbolt tension considered only

25 mm, working load 24,000 lb

Spacing (ft) = 24 / W

W: work load in 1000 lb/ft2

Example. Moderately blocky and seamy

Max. rock load  1730 lb/ft2

Spacing = 24 / 1.73  13.9 ft  4.5 m

(8) Shotcrete thickness

t = 1 + (W / 1.25)     or    t = D(65 – RSR) / 150

t: shotcrete thickness (inches)

W: work load (lb/ft2)

D: tunnel diameter

Example. W = 1730 lb/ft2

t = 1 + (1.73 / 1.25)  2.5 inches  6.5 츠

Example. D = 6 m  20 ft, RSR = 50

t = 20(65-50) / 150  2 inches  5 cm
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7. Geomechanics classification (RMR: Rock Mass Rating)

(1) Developed by Z.T. Bieniawski in 1973  (Modified in 1989)

(2) Six parameters

- Uniaxial compressive strength (UCS) of rock material

- Rock Quality Designation (RQD)

- Spacing of discontinuities

- Condition of discontinuities

- Groundwater conditions

- Orientation of discontinuities

(3) Rock mass should be divided into a number of structural regions

Each region is classified separately.
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Example. A slightly weathered granite

A dominant joint set dipping at 60 against the direction of the drive

Point load strength index 8 Mpa A.1 = 12

RQD = 70% A.2 = 13

Slightly rough and slightly weathered joints A.4 = 22

Separation < 1 mm, spacing 300 mm A.3 = 10

Wet condition A.5 = 7 A = 64

E: 1 ~ 3 m discontinuity length 4

Separation 0.1 ~ 1.0 mm 4

Slightly rough 3

No filling 6

Slightly weathered 5 22 (A.4)

B: -5

A + B = 59  

C = Good rock (II)
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7. Geomechanics classification (RMR: Rock Mass Rating)

(4) Support load (Udal, 1983)

P = (100 – RMR) B / 100 = ht : Support load

ht = [ (100 – RMR) / 100 ] B : Rock load height (m)

B: tunnel width (m)

: density of the rock (kg/m3)

Example. RMR = 40, ht = 0.6B, P = 0.6B

 = 2500 kg/m3, B = 10 m

P = 15000 kg/m2  P = 15000 kg/m per I m tunnel length

 150 kN/m per unit length

(5) Application to rock slopes

Based on the cohesion & friction angle

8. Modification to RMR for mining

(1) Modified Rock Mass Rating (MRMR)

Laubscher (1977, 1984), Laubscher & Page (1990)

* Bieniawski’s RMR – Based on civil engineering case histories

(2) Modified Basic RMR (MBR)

Cummings et al. (1982), Kendorski et al. (1983)
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9. Rock Tunnelling Quality Index, Q (Q-System)

(1) Developed by Barton et al. (1974) of NGI (Norwegian Geotechnical Institute)

(2) Major contribution

- Large number (200) of case histories of underground excavations (mostly tunnel)

- Quantitative classification

- Enables design of tunnel supports

(3) Q varies on a logarithmic scale from 0.001 to 1000

Q = (RQD / Jn) (Jr / Ja) (Jw / SRF)

RQD: Rock Quality Designation

Jn: Joint set number

Jr: Joint roughness number

Ja: Joint alteration number

Jw: Joint water reduction factor

SRF: Stress reduction factor

(4) RQD / Jn: Block size (100/0.5 ~ 10/20: 200 ~ 0.5: 400 times)

RQD, Jn: overall structure of the rock mass

Jr / Ja: interblock shear strength

Jw / SRF: active stress

SRF: loosening load, rock stress, squeezing and swelling loads; total stress parameter

Joint orientation: implicit in Jr and Ja (most unfavorable joint) 
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Example. RQD: 85% ~ 95%   RQD = 90

Two joint sets  Jn = 4

Rough & irregular joints (undulating)  Jr = 3

Unweathered / minor surface staining  Ja = 1

Minor inflow  Jw = 1

Depth = 2,100 m, v  2,100 m  0.027 MPa/m  57 MPa

Principal stresses: H = 1.5 v  85 MPa

UCS = 170 MPa, c / 1 = 2  SRF = 15 (10~20)

(5) Equivalent Dimension, De, of the excavation

Example. A crusher station of 15 m span  ESR = 1.6

Reinforcement category (4): Systematic (pattern) bolting: spaced at 2.3 m 

40~50 mm shotcrete thickness
length  3 m

5.4
15

1

1

3

4

90
Q

ESR Ration,Support  Excavation

(m)height or diameter  Span, Excavation
eD

m 4.9
1.6

m 15
eD
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Blasting damage (Loset, 1992)

For  4  Q  30, blasting damage  joints  Q

How to estimate?  Reduce RQD.

Ex. For 50% RQD drop, 

Reinforcement category (5):

rockbolts – 2 m spacing, 50 mm thick fiber reinforced shotcrete

3.2
15

1

1

3

4

45
Q
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(6) Length of rockbolts (Barton, 1980)

Example.  B = 15 m, ESR = 1.6 

(7) Maximum unsupported span (Barton, 1980)

Example. ESR = 1.6, Q = 4.5  2*1.6*4.50.4 = 6 (m)

(8) Permanent roof support pressure (Grimstad & Barton, 1993)

Example. Jn = 4, Q = 4.5, Jr = 3  

ESR

B
L

15.02


)( 3
6.1

1515.02
mL 
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10. Using rock mass classification systems

(1) Two most widely used methods: RMR & Q

(2) Both use geological, geometric and design / engineering parameters

(3) Differences

(4) Recommended use

 Full and accurate characterization  parameter ratings

 Use of two rock mass classification

 Give a range of values

i.e. Q = 8.9  1.7  Q  20 (See p.46 of textbook)

(5) Relationships

RMR Q-system

Scale

Stress

Discontinuity

Strength

Linear

N/A

Direct

Direct

Logarithmic

SRF, c/1

Indirect

Indirect

7.0)(SD 546log313

8.9)(SD 412770

9.4)(SD 43log5.13

44ln9









.Q.RSR

.RMR.RSR

QRMR

QRMR (Bieniawski, 1974)

(Rutledge, 1978)
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11. Estimation of in situ deformation modulus

(1) Important parameter: Numerical analysis

Interpretation of monitored deformation

(2) Difficult & expensive to determine: Estimate !

(3) Bieniaski (1978): Em = 2RMR – 100  (RMR  50)

(4) Serafim & Pereira (1983): (wide range)

(5) Barton et al. (1980, 1992), Grimstad & Barton (1993):                                   (Q  1)

40

10

10





RMR

mE

QEm 10log25
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12. Seismic Velocity  vs.  Rock Mass

(1)  vp (km/s), Q, joint frequency F (1/m), RQD (%)

(2) 

Use of normalized  Qc

(km/s)   5.3log  Qvp
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