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Empirical Design in Geotechnical Engineering

“Empirical design” is
based upon
experience or
observation alone,
without using
scientific method or
theory. Its
application to
engineering design
relies on comparing
the experiences of
past practices to
predict future
behaviour based
upon the factors
most critical
towards the design.

Stress Analysis

| Ribric Analysis Rock Mass Classification |

| Induced Stress = Rock Mass Strength |

|Bu:st| Ve |YieldI

No

Modified Geometry
raodified mining method
support Destress
Seasrruc Montorng

Other

Aralytical Design

| Is Structure Cordrolling Stability |

No

Nureerical IModeling

ry

Erapirical Degign

Stress Effect

Solution

Lirnit Span, Support Wedge, Sequence
Other

Excarvation And Mondtoring

/

Pakalnis (1996)

Re- Evaluation Iine Plan
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Empirical Design & Classification Systems

If you break a complex object
into easily quantified
components, you'll be able to
better understand the object

— [« 8of59
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EOSC 433 (2017)




- | The boundaries of the structural regions usually coincide with a major

|| structural feature such as a fault or with a change in rock type. In

| some cases, significant changes in discontinuity spacing or

| characteristics, within the same rock type, may necessitate the division
| of the rock mass intfo a number of small structural regions.
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Rock Mass Classification: RMR

4 A. CLASSIFICATION PARAMETERS AND THEIR RATINGS
The Rock Mass Rating P g s
Point-load For this low e,
(RMR) system was wogpza |0 e e
. . Strength of
developed in 1973 in South | s, 50 W | soow0 e seas|1es| <
. i
Africa by Prof. Z.T. e r = ; o
Bieniawski. The advantage 2| o %0-100 7-%0 50-75 -5 s
. ) Rating, 20 ) 7] 5 3
of his system was that only p— - e T R R — o
a few basic parameters b I » 0 10 s :
. Very rough ightly rou ightly rough | Stiekensided surfaces | or ouse >5mm
relating to the geometry o | M | T | e i |
. s Conditionof No separaion | Separaton <lram| Scporation <l or b
and mechanical conditions of |*|asmm v S o) il ot syt som | S 5o
the rock mass were Raing ® = ® 0 o
required ] "‘.5':5‘;:&.2;3.‘“ None <10 10-25 25-125 >125
: 7 P P ﬁ%’%& ) <o 01-02 02-05 >05
In applying this system, the
. .. . General - - N
rock mass is divided into a condiions | Comploelydey | parmp wee Driging Foving
number of structural domains Ratng s o z ¢ o
and each is classified
separ‘ately' Because E‘!::‘:;ﬁj::'l:::;t'm‘”\‘:"::lmﬂ?‘um‘-'::::nhblr Far IJ'\‘A.nI'ﬁ?ﬂ Viery Unfarvturable
parameters are not equally ot § et [ ; W 7
important, weighted ratings Rl e u : - = ”
are allocated. .o -
Bieniawski (1989)
—[ < 110f46 Erik Eberhardt - UBC Geological Engineering EOSC 433 (2017)

Rock Mass Classification - RMR

The adjusted value gives the final RMR value for the rock mass, for which
several rock mass classes are described.

weathered, slightly rough and

A mudstone outcrop contains three
fracture sets. Set '1' comprises
bedding planes; these are highly

C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS

Rating 100 « 81 80 « 61 60 — 41 40 21 <21
Class number I n i v \4
Description Very good rock Good rock Fair rock Poor rock Very poor rock
For example: RMR = 6+R,+R;+R,+R;

continuous. The other two sets are
jointing: both are slightly weathered
and slightly rough. The strength of
the intact rock is estimated to be 55
MPa with an RQD of 60% and a mean
fracture spacing of 0.4 m. The

RMR Rating R,

100 150 200 250
Unconfined Compressive Strength, g, (MPa)

300

fractures are observed to be damp.

Harrison & Hudson

(2000)

—[J<— 120f46
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Rock Mass Classification - RMR

Example:

A mudstone outcrop contains three
fracture sets. Set '1' comprises
bedding planes: these are highly
weathered, slightly rough and
continuous. The other two sets are
Jjointing: both are slightly weathered
and slightly rough. The strength of
the intact rock is estimated to be 55
MPa with an RQD of 60% and a mean
fracture spacing of 0.4 m. The
fractures are observed to be damp.

RMR = 6+12+R;+R,+R; |
20t - -------- \77477\77L7777
o | |
'é P73 " [N B A |
2 03 |
51 |

0 +

0 10 20 30 40 50 60 70 80 90 100
Rock Quality Designation, RQD

RMR Rating R;

RMR = 6+12+10+R,+R;

‘ Joint Spacing (meters)

Harrison & Hudson (2000)

—[ < 130f46 Erik Eberhardt
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Rock Mass Classification - RMR

Example:

A mudstone outcrop contains three
fracture sets. Set '1' comprises
bedding planes: these are highly
weathered, slightly rough and
continuous. The other two sets are
jointing; both are slightly weathered
and slightly rough. The strength of
the intact rock is estimated to be 55
MPa with an RQD of 60% and a mean
fracture spacing of 0.4 m. The
fractures are observed to be damp.

RMR* = 53 to 58

RMR = 6+12+10+(15 o 20)+R;

EOSC 433 (2017)

35
30

Rough/Unweathered

N
@

Weathered

(1 Sets 2 & 3
Sef 1:> Slickensided Surface or Gouge-Filled

20

RMR Rating R,
@

Soft Gouge-Filled
. I

0 1 2 3 4 5
Joint Separation or Gouge Thickness (mm)

RMR Rating Rs

Flowing

RMR = 6+12+10+(15 to 20)+10 | ,

General G

G

Harrison & Hudson (2000)
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Rock Mass Classification: Q-System

The Q-system of rock mass classification was developed in 1974
in Norway by Prof. N. Barton. The system was proposed on the
basis of an analysis of 212 tunnel case histories from Scandinavia.

_RQD ], J,

J. ], SR¥

Q

where
RQD
In
I

Ja

rock quality designation,

joint set number (related to the number of discontinuity sets),

joint roughness number (related to the roughness of the

discontinuity surfaces),

joint alteration number (related to the degree of alteration or

weathering of the discontinuity surfaces),

T = joint water reduction number (relates to pressures and
inflow rates of water within the discontinuities), and

SRF = stressreduction factor (related to the presence of shear zones,

stress concentrations and squeezing and swelling rocks).

o

i

.. the motivation of presenting the Q-value in this form is to provide
some method of interpretation for the 3 constituent guotients.

— [« 150f46 Erik Eberhardt - UBC Geological Engineering EOSC 433 (2017)

Rock Mass Classification: Q-System

The first quotient is related to the rock mass
geometry. Since RQD generally increases with
decreasing number of discontinuity sets, the
numerator and denominator of the quotient mutually
reinforce one another.

Q T

The second quotient relates to “inter-block shear
strength” with high values representing better
‘mechanical quality’ of the rock mass.

The third quotient is an ‘environment factor'
incorporating water pressures and flows, the

presence of shear zones, squeezing and swelling rock RQD J
and the in situ stress state. The quotient increases Q=—"—
with decreasing water pressure and favourable in siti /A A

stress ratios.

—[J<— 160f 46 Erik Eberhardt - UBC Geological Engineering EOSC 433 (2017)




v blocky
v low_str
regime
1Y Q=190 A |
(good rock) g
... Courtesy-Golder Associates
—>| / |€— 17 0of 46 = Erik Eberhardt - UBC Geological Engineering  EOSC 433 (2017)

foliated | e e - N
rock... 5 : '
| v low stress §
regime
|V RMR = 40 |
(poor to

lvQ=09
(v.poor to |

Courtesy - Golder Associates
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| v massive, strong rock

| v extremely high stress
regime

| v rockburst failure,
complete closure of
drift, extremely heavy
support, screen
retains failed rock

Q

|

r

| v RMR = 80 '\
(good to v.good rock) |

lvQ=05
(very poor rock)

v blocky
| v high stress |
regime

|V RMR =40 |+,
(fair rock) &

|vQ=08
(very poor
rock)

= & =

B

b courtesy - Golder Associates
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Rock Mass Classification - RMR versus Q

o Relative Influence of Rockmass Components on :
& RGD o Q RMR
) i s e e e e -
Z
o 5 o] | Joint Spacing
G ~ | | ana
T o Block Size P .
S 5 8 ] 2 Bieniawski (1993)
o
Q 8 n= - Y
A i 1
3 § ’ 3 - Joint
I a5 = Condition
o =
g / '
= Joint
;._) > Criantation
3 - Bl Rock
xI N o _Hll Strengin
2 ﬁ Water Flow T
= [y and Pressure | O

RMR =91n,Q + 44

RMR = 21 log,, O+ 44 8
Q = lolRM'R-éfﬁl)/.’I
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Classification Systems & Empirical Design

Rock masses can be 0 -
extremely complex, making 201
the derivation of predictive
equations difficult. As an
alternative, rock mass
classification methods have
been calibrated against
large databases of case
histories to provide
guidelines for support

Immediate
collapse

Roof span, m

. | i !
deSlgn. w0l 100 10' 10?2 103 10 10° 108

Stand-up time, hrs

Empirical design of stand-up time, the duration within which an’ sk (1989)

unsupported excavation will remain serviceable, after which
significant caving and failure may occur. The database used in
its development examined 351 civil tunnel and underground mine
case histories.

— [« 220f46 Erik Eberhardt - UBC Geological Engineering EOSC 433 (2017)
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Empirical Design - Mine Stability

»»»»»»»»»»»»»»»»»»»»»»»» ‘Equi‘valen‘r Spul;|s: S‘quun‘e Spu;n,m;tm ‘
| | | | | | | | | | | | (Tunnel Span], m x =
PSP I VT I T R T aQ 20 = 20 40 x 40 &0 = &0 80 x 80
‘Mathew's Method, through o f10) 120 130] o)
_ various updates, compiles  '° = I T
‘more than 189 case @ & Unsiotle P
s e B - S S L] L] =
tories of unsupported sl (7 o925
- open stopes plotted on the T
~ Stability 6raph. Stable "%”’P;o“" 1
- stopes were those that : 87" coi®
‘exhibited little or no

.deterioration during mining.

~ Unstable stopes exhibited n ]
_ limited wall failure and/or "]
block fallout involving less | 5
~ than 30% of the face @ = 2
" area. Caved stopes T 13
- suffered unacceptable . 5
- failure. £
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Caving Angle
= Block Cave
= Panel Cave

:

Mine name
1-4 Alaska-Juneau
5-6.Anding
7-8.Athens
8, Bagdad
10. Cavati
11.Chmax
12.Corbin
13.Crestmore
14, Grisberg
15 Insparation e
16 Jenifer e 7 =
17.King : ! ! !
18 Lake Superior " -
10-22 Miami s oo £ S s S A S S R S
23 Narthparkes 38
24,Questa P
800 - 25-29.5an Manuel = -3
30, Shabani ’"?
31.Climax —
32.33 Creighton o
34-37 E1 Tenlenta. N
38 Grace ~
1000 |- | 39-40.Henderson 135 { { { { {
41 Salvador 3% P S
Q
o
2

=
1

:

Undercut Depth {m)

42 Urad

1200 1 1 1 ! 1 1 ! 1
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B IT musf be remember'ed 'rhough 'rha'r such gu:delmes are drawn

~ from previous experiences (i.e. case histories) and are therefore
~ limited by the range of conditions under which these experiences
~ were generated.

1:30 340 41-80 S1-60 6170 TV.BD BNG0 s

! RMR Range Depth Range, m i
S Bieniawski(1989)
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Rock Mass Characterization vs. Classification

DESIGN

Classify the rock mass
using:

Rock Mass :> I-

Classification Describe the joints

- Block Size

- Roughness/Strength
-Tunnelling Factors

Empirical database

Support Requirements

DESIGN

Geological Stability Analysis
Strength Index _

Rock Mass
Behaviour Hoek-Brown
Failure Envelape

- m (friction) O
- 5 {Cohesion)
- Oci L

E

Quantified
Factor of Safety

—[ < 290f 46 Erik Eberhardt - UBC Geological Engineering EOSC 433 (2017)

Rock Mass Properties - Strength

Classes of
rock strength

Rememberl!! - we're
now talking about rock
mass failure, not
structurally controlled
failures.

Joints parallel to face

Pair of intersecting joints

Use discontinuity
shear strength

Closely fractured rock

Weak, massive rock

Use rock mass
shear strength

Wyllie & Mah (2004)

—[J<— 300f46
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. are related to rock mass quality
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Weak, massive rock | | / /1 Generalized Hoek-Brown |

40 !
| § - / VVVVVVVVVVVVVVVVVVVV |
) shear strength | == - -
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= 3
,,,,,,,,,,,,,, / - U|=U3+G(‘F ”!b +5 S
™ [s2
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" | LIMNESTONE L
] ! a | |
~ _ o3 bt —
| oy =03+06 (mp—+7 b T
,,,,, Oci o

o

s =1

Major principal stress o)

Hajor principal stress o3

Uniaxial compressive strength o
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,,,,,,,,,,,,, sttt
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' Hoek & Brown (1997)
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20 0 20 40 60 80 100
Normal Stress, 5, (MPa)
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g The GSI provides a system for estimating
E the reduction in rock mass strength for
E
i
£

different geologlcal condmons

' T Vqlues of GSI are related to bofh
- | the degree of fracturing and the
~| condition of the fracture surfaces.

/ g g alghtly weathorod, iron stained ataces

R
NN I
f\;

= - ////
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" Bieniawski (1989)
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Description of rock mass

Suggested value of D
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Rock Mass Properties - Strength

Mohr-Coulomb
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GSI, Hoek-Brown & Mohr-Coulomb

Where Mohr-Coulomb properties are required (or preferred because we have
more experience and an intuitive feel for ¢ and ¢), these can be derived by
fitting a linear failure envelope across the non=linear-H-B envelope:
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