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Welcome to RocData!

RocData is a software program for determining soil and rock mass
strength parameters through analysis of laboratory or field triaxial or
direct shear data. The program can fit the linear Mohr-Coulomb
strength criterion and three other non-linear failure criteria — the
generalized Hoek-Brown, Barton-Bandis and Power Curve strength
models — to test data.

RocData includes built-in tables for estimating typical strength
parameters for various rock and soil types. This feature, combined
with an intuitive interface, rapid response to user inputs, and
immediate plotting of strength curves, facilitates parametric studies of
strength behaviour.

RocData is a product of Rocscience Inc.
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Rocscience produces many other software products for geotechnical,
mining and civil engineering applications. Visit www.rocscience.com
to find out about the other Rocscience programs.




Introduction

Lack of data input on soil and rock mass properties is a major obstacle
often encountered in the numerical modeling of geotechnical
structures and excavations. The usefulness of elaborate constitutive
models, and powerful numerical analysis programs, is greatly limited,
if engineers cannot obtain or estimate reliable geotechnical input
parameters.

RocData helps to remedy this situation. It provides tools for quickly
and easily testing out hypotheses on four of the most widely used and
accepted strength models for soils and rock. The program can be used
to determine strength models that best describe laboratory or field
data.

RocData is designed to aid engineers, especially at the preliminary
stages of design. It provides simple and intuitive implementations of
the Generalized Hoek-Brown, Barton-Bandis, Power Curve and Mohzr-
Coulomb failure criteria. The program enables users to easily visualize
the effects of changes in input parameters on rock and soil failure
envelopes.

In addition, RocData comes with built-in tables of typical strength
parameter values for various rock and soil types, compiled from very
credible sources. This allows users to readily obtain reliable estimates
of the strength properties of a wide variety of rocks and soils.

The task of determining rock and soil mass properties is usually not
an end in itself. It is carried out in order to obtain input material
properties for use in limit equilibrium or numerical analysis of
geotechnical structures.

The material properties determined from RocData can be used as
input for analysis programs such as Phase2 (finite element stress
analysis and support design for excavations) and Slide (limit
equilibrium slope stability analysis). (Phase2 and Slide are programs
also developed by Rocscience.)

There are several different models for describing the strength of
materials. In rock and soil mechanics, the most popular models are
the Generalized Hoek-Brown, Mohr-Coulomb, Barton-Bandis and
Power Curve failure criteria. They are briefly described next.



Generalized Hoek-Brown Criterion

This empirical failure criterion establishes the strength of rock in
terms of major and minor principal stresses. It predicts strength
envelopes that agree well with values determined from laboratory
triaxial tests of intact rock, and from observed failures in jointed rock
masses.

RocData implements the most recent update (the 2002 edition) of the
Generalized Hoek-Brown criterion. This edition resolves some
formerly troublesome issues including:

e The applicability of the criterion to very weak rock masses, and

e The calculation of equivalent Mohr-Coulomb parameters, from the
Hoek-Brown failure envelope

The Generalized Hoek-Brown criterion is non-linear and is expressed
as
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GSI, known as the Geological Strength Index, relates the failure
criterion to geological observations in the field. m; is a material

constant for intact rock, while m, and s are rock mass constants.

Barton-Bandis Criterion

The Barton-Barton failure criterion is an empirical relationship widely
used to model the shear strength of rock discontinuities. It is very
useful for fitting a strength model to field or laboratory shear test data
of discontinuities. The Barton-Barton criterion has the non-linear
form
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where ¢, is the basic friction angle, JRC is the joint roughness
coefficient and JCS is the joint compressive strength.

Power Curve Criterion

A substantial amount of experimental evidence suggests that the
failure envelopes of many geotechnical materials, ranging from clays
and rockfill to rock discontinuities and rock masses, are not linear,
particularly in the range of small normal stresses. Commonly, the
relationship between shear and normal stresses of such curved
envelopes can be described with the Power Curve model

' ' b
T :a(an +d) , Where
a, b and d are the parameters of the model.

In some literature, the Power Curve is written in the form
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which involves only non-dimensional model parameters 4, T and n.
Atmospheric pressure is often used as the normalizing constant P, .

The Power Curve model in RocData can be fit to both triaxial and
direct shear data.

Mohr-Coulomb Criterion

This is the most common failure criterion encountered in geotechnical
engineering. Several geotechnical analysis methods and programs
require use of this strength model. The Mohr-Coulomb criterion
describes a linear relationship between normal and shear stresses (or
maximum and minimum principal stresses) at failure.

The Mohr-Coulomb criterion implementation in RocData can be used
to analyze both direct shear and triaxial test data. The Mohr-Coulomb
criterion for triaxial data is expressed as

C o ' irsing o
o — ¢ cos¢p +sm¢>v o5 where

l-sing  1-sing
c is the cohesive strength, and F is the friction angle.

The direct shear formulation of the criterion is expressed by the
equation

T=c+ a;, tang .



Summary of Strength Models and Stress Data Types Analyzed

The table below summarizes the strength criteria in RocData and the
types of data each can be applied to:

Type of Stress Data

Strength Model Triaxial Direct Shear
Generalized Hoek-Brown X

Barton-Bandis X
Power Curve X X
Mohr-Coulomb X X




How Can | Use RocData?

The following tasks can be accomplished with RocData.

Determine Strength Parameters

Generalized Hoek-Brown Criterion

Determine the Generalized Hoek-Brown strength parameters of a rock
mass (mb, s and a), based on the following input data:

unconfined compressive strength of intact rock sigci
the intact rock parameter mi

the geological strength index GSI

the disturbance factor D

Barton-Bandis Criterion

Determine the Barton-Bandis strength parameters JRC and JCS of a
discontinuity based on direct shear test results and the following
input:

e basic friction angle of the discontinuity fs

Power Curve Criterion

Determine the Power Curve strength parameters of a soil or rock
(mass) (a, b and d, or alternatively 4, T and n).

Mohr-Coulomb Criterion

Determine the Mohr-Coulomb strength parameters, ¢ (cohesive
strength), and f (friction angle) of a soil or rock (mass).

Plot Failure Envelopes

Plot the failure envelopes of the four strength models in principal and
/ or shear-normal stress space.

e Interactively change the parameters of the various strength
models to see how they influence the failure envelopes

Estimation of Input Parameters

For the Generalized Hoek-Brown, Barton-Bandis and Mohr-Coulomb
failure criteria, conveniently estimate the strength parameters of

various rock and soil types using charts and tables built into
RocData.



Triaxial Lab Test Data

Determine the intact rock parameters (sigei and mi) of the Hoek-
Brown criterion, the parameters (¢ and phi) of the Mohr-Coulomb
criterion, or the Power Curve parameters a, b and d (or alternatively
A, T and n) from triaxial lab test data.

The triaxial data

e (Can be imported from Microsoft Excel through the clipboard, from
tab-delimited or comma separated value text files, from RocLab
or RocData files, or

o Entered into the program directly using a built-in spreadsheet

Triaxial Field Test Data

For the Generalized Hoek-Brown criterion, determine the rock mass
parameters (mb, s and a) from triaxial field test data on rock mass
strength, with the uniaxial compressive strength, sigci, and the
disturbance factor, D, as input.

Field data can be imported in the manner described above for triaxial
lab data.

Direct Shear Test Data

Determine the parameters (¢ and phi) of the Mohr-Coulomb criterion,
(JCS and JRC) of the Barton-Bandis criterion, or (a, b, d or
alternatively A, T and n) of the Power Curve model from direct shear
test data. For the Barton-Bandis criterion the basic friction angle,
phib, must be supplied as input.

Direct shear data can be imported in the manner described above for
triaxial lab data.

Curve Fitting

RocData provides three methods for fitting strength models to test
data. The Levenberg-Marquardt method is the default technique for
fitting all strength criteria to data points. This robust algorithm has
become the standard for non-linear regression. It is very reliable in
practice, and has the ability to converge quickly from a wider range of
initial guesses than other typical methods.

Users can also fit strength models to data using the Simplex method.
The Simplex method is one of the best curve fitting methods, and has
a reputation for being very reliable.



Linear Regression (linear least-squares) curve fitting is the third
technique provided in RocData. It can be used to only fit the Hoek-
Brown criterion for intact rock, and the Mohr-Coulomb strength model
to lab data.

The following table summarizes which curve fitting methods are
available for the different strength models:

Curve Fitting Method

Strength Model Levenberg- | Simplex Linear
Marquardt Regression

Hoek-Brown (lab data / X X X

intact rock)

Generalized Hoek-Brown X X

(rock mass / field data)

Barton-Bandis X X

Power Curve X X

Mohr-Coulomb X X

RocData calculates the sum of the square of the vertical distances of
the given data points from a fitted curve, known as “Residuals” in the
program. This value is a measure of how well a strength criterion fits
a given data set.

Equivalent Mohr-Coulomb Parameters

For the non-linear strength criteria (Hoek-Brown, Barton-Bandis and
Power Curve), calculate equivalent Mohr-Coulomb strength
parameters (cohesion and friction angle).

e The best-fit Mohr-Coulomb strength envelope is determined over a
stress range that you can define based on your application (i.e.
tunneling or slope stability).

e Plot the equivalent Mohr-Coulomb failure envelope in principal
and / or shear-normal stress space

Stress Sampler

Graphically sample any failure envelope to determine specific stress
(principal, shear or normal stress) values at any point along the
envelope.
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Instantaneous MC Sampler

Graphically determine the instantaneous Mohr-Coulomb parameters
at any point along any of the curved (non-linear) failure envelopes.

Other Generalized Hoek-Brown Rock Mass Parameters

RocData calculates rock mass parameters such as tensile strength,
uniaxial compressive strength and deformation modulus for the
Generalized Hoek-Brown criterion.

Project Settings: Selection of Failure Criterion and Units

Select a failure criterion or switch between criteria using the Project
Settings dialog. In the dialog you can also supply a title for your
RocData project.

The Project Settings dialog also allows analyses to be carried out
in either Metric or Imperial units. In Metric, the available stress
units are Megapascals (MPa), Kilopascals (kPa) and Tonnes per
square metre (tsm). In Imperial, the stress units may be either
Kilopounds per square foot (ksf), Kilopounds per square inch
(ks1), Pounds per square foot (psf), Pounds per square inch (psi)
or Tons per square foot (tsf).

Export Data / Images

Export data for further analysis or report writing:

o Copy the data and / or plots to the clipboard for easy import into
Microsoft Word or your favourite word processor or image-editing
program

e Copy the data and / or plots directly into Microsoft Excel

e Save the plots to a JPEG, BMP, EMF or WMF image file
e Print and Print Preview capabilities.

Display Options

Numerous Display Options to customize the appearance of your plots:

Change colors, fonts, line thickness.

Grid overlay.

Add plot title and show input data directly on plots.
Zooming.

Plot Mogi’s line (transition from brittle to ductile failure).
Grayscale for output to black and white printers

11



Quick Tour of RocData

The following “quick tour” of RocData will familiarize the user with
the features of the program.

Entering Input Data

The primary means of user interaction with RocData, is with the
sidebar (Docking Form) data input area. The sidebar input area for
the Generalized Hoek-Brown method is shown below. The sidebar is
used for data input, and for displaying calculated output parameters.

—Hoek-Brown Classification

sigci |3U 3 hiFa @

Input data can be entered in various ways:

Gsl 50 3 = Interactive Data Input
mi |10 = (|
4 e , = .
oo = = e You can click on the =1 arrows with the
—Hoek-Brown Criterion——————— mouse to change the input data. All
mo [1877 output data is immediately recalculated,
s |0.0033 and the failure envelope plots are

@ [DsEE redrawn.

s1=aztoy [mb %H]a
-Hoek-Brown Clazsification:

—Failure Envelope Range

sigei |16 Pa

Application;  General -

sigdmax |7.5000 3 MPa G5 |33 =i

This feature allows you to interactively

omconomoF————— | observe the effect of parameter changes on
c [149a wpa | the shape of failure envelopes, and on
phi [3052 4q 4 computed output values.
—Rock Mass Parameters . .
sigt [0.0692 MPa Pick Dialogs
sigs [1807 MPa ¢ You may also enter input parameters
sigem [5.230 MPa using the “Pick” dialogs. When you select
Em ez HPa a Pick button @, you will be presented

with a dialog, in the form of a chart or
table, which guides you to estimate an
appropriate value for the input
parameter. Upon selecting OK in the
dialog, the selected parameter value will
be loaded into the sidebar data input area.
RocData proceeds to automatically
calculate all output data, and update the

Copy Data

failure envelopes.
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Lab Test Data

For the Generalized Hoek-Brown criterion, you may determine
values of sigei and mi, from triaxial lab test data for intact rock.
This is done with the Use Lab Data option, as described in a later
section. When you select Apply or OK in the “Calculate sigci, mi
from Lab Data” dialog, the RocData calculation is carried out, and
all output values and failure envelopes are updated. The Mohr-
Coulomb and Power Curve criteria can be also used to fit triaxial
lab data.

The Mohr-Coulomb, Barton-Bandis and Power Curve criteria can
as well be used to fit direct shear test data through selection of the
Use Lab Data option.

Triaxial Field Test Data

Given sigcei and D values, the Generalized Hoek-Brown model can
be fit to triaxial field test (rock mass) data.

Viewing of Test Data on Plots

When test data is analyzed, the data points can be plotted in
RocData’s main view, in addition to the failure envelopes. The
data points can be toggled on and off by selecting the Plot Test
Data option. For triaxial test data, the lab or field data is plotted
as points in principal stress space, and as Mohr circles in direct
shear space. For direct shear data, test data is only plotted as
points in direct shear space. Examples of such plots of triaxial and
direct shear test data are shown below.
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Analysis of RockiSoil Strength using RocData
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Estimating Input Parameters for the Hoek-Brown Criterion

Each of the parameters used as input for the Hoek-Brown criterion —
sigci, mi, GSI and D — can be estimated using convenient charts and

tables built into RocData.

These charts and tables are accessed by selecting the “Pick” button
located beside each of the input parameter edit boxes in the sidebar

(docking form).

— Hoek-Brown Clazzification

GSI |45

i |1EI _I:

Fick. From G51 tal:ule|

o =

When you select a Pick button, a table or chart will appear, allowing
you to determine a suitable value for the desired parameter. For
example, the dialogs for estimation of mi and GSI (Rock Type =

General) are shown below.

Pick Mi ¥alue

Ligt of ki alues

Anhpdite 12+ 2

Breccias 202

Chalk 7+2

Claystones 4+2
Caonglomerates 21 3
Crugtaline Limestone 12+ 3
Dolomites 93
Greywacke: 18+ 3
Gupzum 102
Marl: 722

icritic Limestones
Sandstones: 17+ 4
Shales B2
Sitztones 7+ 2
Sparitic Limestones 10 £5

a3

x|

Selected ki alue

b1 alue: I‘l 1]

Filker List
—Iv Bock Type

&+ Sedimentany

= lgneous

{~ Metamorphic

% Coaree
£ Medium

£ Fine

£ Yen Fine

]

Cancel

Once you have determined a value, select OK in the Pick dialog. The
value will be automatically loaded into the docking form, and the
RocData calculation will automatically be carried out (i.e. output
parameters and failure envelopes will be re-calculated using the

selected input data).
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Pick GSI ¥alue |

Rock Type: IGB”B'E" vI SURFACE CONDITIONS

. VERY VERY
G5 Selection: |45 | | ak I GOOD GOOD FAIR POOR FOOR

STRUCTURE DECREASING SURFACE QUALITY =—>

INTACT OR MASSIVE - intact /

rock specimens or massive in a0 NIA N/A

situ rock with few widely spaced e /

discontinuities / /

80

BLOCKY - well interlocked un-

% disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

/ m/

// 77

/| /
/

3

/

20

/

LAMINATED/SHEARED - Lack 10
of blockiness due to close spacing N/A NIA
of weak schistosity or shear planes

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

<— DECREASING INTERLOCKING OF ROCK PIECES

GSI chart (Rock Type = General)

Select the Pick button for each of sigei, mi, GSI and D, and
experiment with the dialogs.

Notice that there are TWO distinct GSI charts:

¢ One for general rock mass types, and
¢ A second for weak, heterogeneous rock mass types such as flysch,

which extends the useful range of GSI down to values as low as 5.

For further information about the Hoek-Brown classification
parameters sigci, mi, GSI and D, please consult Ref.1.
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Estimating Input Parameters for the Barton-Bandis Criterion

Each of the parameters used as input for the Barton-Bandis criterion
— phib, JRC, and JCS — can be estimated using convenient charts
and tables built into RocData.

These charts and tables are accessed by selecting the “Pick” button
located beside each of the input parameter edit boxes in the sidebar.

—Baron-Bandis Classification
phik |3U 3
JRC |14 3:

deg

120 = MPa

JCS
T =0, "

n

tan

i +7RClog) D[E]l
n

=
2|

ﬁpiék from JRC table]

When you select a Pick button, a table or chart will appear, allowing
you to determine a suitable parameter value. The dialogs for
estimating phib and JRC are provided below as examples.

Basic Friction Angle for Rocks

List of basic friction angle (phib) values

Selected phib walue:

~ degrees

o]

Cancel

Rock | Moisture | SigM range (MPa) | Fhib (degrees) |A
Amphibolite dry 01-42 32
Basalt dry 01-85 35-38
Basalt wet 01-74 31-36
Conglomerate dry 0.3-34 35
Chalk wet 0o-04 30
Daolomite dry 01-72 31-37
Dalomite wiet 01-72 27-35
Gneiss (schistose) dry 01-81 26-29
Gneiss (schistose) wet 01-74 23-26
Granite {fg.) dry 01-75 31-35
Granite (f.g) wet 01-74 29-3
Granite (c.9.) dry 01-73 31-35
Granite (c.g.) weet 01-7h 31-33
Limestane dry 0o-05 33-39
Limestone wet 0.0-05 33-36
Filter List Reference
1 Moisture

& Dry

et

Phib dialog
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Ix

Roughness Profiles and Corresponding J1

JRC=0-2 |
JRC=2-4 |
JRC=4-5 |
—_— JRC=6-8 |

——— T s JRC-8-10 |

’_\—-w_r-""“—"‘“-— JRC=‘ID—12|

e JRC=14—1B|
e JRC=1B—18|
S o e Y JRC=1B—2D|

Selected JRCvalue: |13 3:

JRC dialog

Once you have determined a value, select OK in the Pick dialog. The
value will be automatically loaded into the sidebar input data area,
and the RocData calculation automatically carried out.

The material list in the phib dialog can be filtered by moistened state

(dry or wet), while the list in the JCS dialog can be filtered into

properties for rocks and those for soils.

Select the Pick button for each of phib, JRC, and JCS, and

experiment with the dialogs.
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Estimating Input Parameters for the Mohr-Coulomb Criterion

Mohr-Coulomb parameters ¢ and phi can be estimated using
RocData’s conveniently built in tables.

These tables are accessed by selecting the “Pick” button located
beside each of the input parameter edit boxes in the sidebar.

—MohrCoulomb Classification

C I1 3: MPa
: - ' sl -
phi |35 3 deg  pick from Mohr-Coulomb Cohesion table] -
sigt 0.5 ~ WP = :
. 28
_Zecosg | Ising
q_l—sm.» 1—ging 3 o7
T:c+crntane$ /=T SRR
25 ...............

The tables for ¢ and phi are shown below. Using the search option in
the dialogs, you can quickly locate the parameters for a material of
interest.

Cohesion Values for Soils and Rocks x|
List of cohesion values
Mame | USCS Classification | Cohesion range (MPa) | -

Sandhy grawvel with silty or clayey fines 0.001
I f and sand withfirges o [003
Low p

0.002
Mediurm to high plasticity silt 0.003
Low plasticity clay 0.006
Medium plasticity clay 0.008
High plasticity clay 0.01
Organic silt or clay 0.0a7
Alluvial - high energy G, GF. G a
Alluvial - low energy ML Sh. SP. 3w 0-0.024
Eolian - dune sand SP 1]
Eolian-loess ML, St 0.024-0.048
Glacial -till SM. ML 0.048-0.192
Glacial - outwash Gy, GF. 3w, 5P, 5M 0-0.048
Glacial - glaciolacustrine ML, St 5P 0-0144 hd|
Filter List Reference
T Search

Ortiz, JM.F., Sera, J.. Otea, C. Curso Aplicado de
Cirnentaciones, 3rd Ed. Madrid: Colegio Oficial de

Text/Subtext: Eo | rguitectos de Madred, 1986.

Selected cohesion: ID-DDS 3 MPa

oK | Cancel |

Cohesion, ¢, values for a variety of rock and soil types

19



Friction Angle for Soils and Rocks x|

List of friction angle (phi) values

Marne | USCS Classification Fhi range (deq) | -
High plastic silts & clays, organics CH. MH, OH, PT 0-25

Silts, low plastic clays ML, CL. OL 25-30

Low plasticity silt imedium dense) 26-32

Lo It [dense)

Silty sands, clayey sands M, SC 28-32

Sand, gravel, stone GWY, GP, GM, GC, 5\, 5P 32-36

Mixture of gravel and sand with fines 28

Unifarrm fine to mediurm sand (medium dense) 30-34

Uniform fine to medium sand (dense) 32-36

Well-graded sand (medium dense) 34-40

Well-graded sand (dense) 36-46

Sand and gravel (medium dense) 36-42

Sand and gravel (dense) 40 - 45

Allwsial - high energy G, GP, GM 30-38

Alluvial - low energy ML S, SP. S 15-30 hd|
Filter List Feference

[T Search Hough. B.K.. Basic Sails Engineering, 1957, The Ronald

Fress Ca., Mew rork

Text/Subtext: Go |
Selected phivalue: I32 3 degrees

OK | Cancel |

Friction angle, phi, values for various soil and rock types

Select the Pick button for ¢ and phi to experiment with the dialogs.
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Failure Envelope Plots

RocData plots failure envelopes in two different spaces:

e Principal stress space (sigmal vs. sigma3)
e Shear — Normal stress space (sigma normal vs. Tau)

The strength curves plotted correspond to the current data in the
docking form. By default, BOTH principal stress AND shear-normal
plots are displayed.

Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification

intact uniaxial compressive strength = 30 MPa

GSI=50 mi=10 Disturbance factor =10
Hoek-Brown Criterion

mb=1677 5=00032 a=0406
Mohr-Coulomb Fit

cohesion = 1.494 MPa  fiction angle = 30.52 dey

Rock Mass Parameters
tensile strength = -0.069 MPa
uniaxial compressive strength = 1.807 MPa
global strength = 5.230 MPa
modulus of deformation = 547723 MPa

Major principal stress (MPa)

m m @ ©

Shear stress (MPa)
S woe

o1 2 3 4 5 6 7 o 1 2 3 4 5 68 7 8 9 W0 1 1213
Minor principal stress (MPa) Mormal stress (MPa)

However, you can choose to display either plot type on its own, by
selecting the desired plot type from the toolbar, the Analysis menu or
the right-click menu.

Various additional display / analysis options are available, including:
e Display of equivalent Mohr-Coulomb envelope
e Stress sampler / Instantaneous Mohr-Coulomb sampler

e (Customization of plot appearance with Display Options (eg. grid
overlay, line thickness, fonts etc), and zooming
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Right Click Menu
TIP — most of the plot display options, are also conveniently available

in the right-click menu, if you right-click the mouse anywhere in the

plot display area.

Hoek-Brown Parameters

For a given set of input parameters (sigei, GSI, mi and D), RocData

calculates the parameters of the generalized Hoek-Brown failure
criterion (mb, s and a).

These are displayed in the sidebar, as shown below. The Generalized

Hoek-Brown failure envelopes plotted in RocData are generated
using the values of mb, s and a shown on the sidebar.

—Hoek-Brown Classification

sigci ISD 3: MPa

Gsl (50

mi |10

o |0

<
|
<2
<

—Hoek-Brown Criterion

il |1.5??
5 |n.0039
a |n.505

o =itay [mb ﬁ,+5]a
Tl

These parameters are calculated using the latest version of the Hoek-
Brown failure criterion. For a definition of these parameters, and the

equations that define them, please see Ref. 1.

Other Generalized Hoek-Brown Rock Mass Parameters

At the bottom of the sidebar for the Generalized Hoek-Brown

criterion, you will notice that the following rock mass parameters are
also calculated:

Sigt (rock mass tensile strength)

Sige (uniaxial rock mass compressive strength)
Sigem (global rock mass compressive strength)
Em (rock mass modulus of deformation)
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—BRock Mass Parametars

sigt [0.0832  MPa
sigc |1BD?‘— MFa
sigcm IEESD— MFa
Em [647723  MPa

For the definitions of these parameters, and the equations used to
calculate them, please see Ref. 1.

In particular, you will notice that there are two calculated values of
rock mass compressive strength— sige and sigem. For a discussion of
how these two parameters are defined, and how they may be used,
please see Ref. 1 — section 5: Rock Mass Strength.

Power Curve Parameters

For a given set of input parameters (a, b and d), RocData calculates
the parameters of the non-dimensional version of the Power Curve
criterion (A, T and n), and the tensile and uniaxial compressive
strengths (sigt and sige) of corresponding to the input parameters.
These are displayed in the sidebar, as shown below.

—Power Curve Classification
a 1
d |0 MFa.

B |07

L

= (ay +d |

—Mon-Dimensional Power Curve ——

Fa |01 = MPa

A [1.995

n 07

T

T:APQ[%TT
[

— Strength Parameters

]

sigt MPa

]

sigc 0 MPa
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Mohr-Coulomb Parameters

For a given set of input parameters (c and phi), RocData calculates
the uniaxial compressive strength sige.

—Mohr-Caoulamb Classification

c |1 3: MPa
phi 35 =]deg ==
sigt Iml\dpa

_decosg | MHsing
T l-sing l-sing

T :-::+c|':,q tan g

— Failure Ervelope Range
Application:  Custom -

3ig3ma_x|?.5|]ﬂﬂ 3: rMEa

— Strength Parameters

sigom |3-842 MPa

Equivalent Mohr-Coulomb Parameters for Curved Failure
Envelopes

In addition to the parameters of the non-linear failure criteria (the
Generalized Hoek-Brown, Barton-Bandis and Power Curve models),
RocData always calculates Mohr-Coulomb parameters (cohesion and
friction angle) equivalent to a currently specified strength model.

Since most rock engineering software is still written in terms of the
Mohr-Coulomb failure criterion, the calculation of these equivalent
Mohr-Coulomb parameters is an important feature of RocData.

—Failure Envelope Range

Application:

sig3max|ﬂ-5542 3: hPa
S e Ele)i ID'UEE SR — Failure Envelope Range

Tunnel Depth |5D 1] Application: |Custom j

General
Tunnels
Slope

—Mohr-Coulomb Fit————————— sig3max

© IDSE? MPa
phi |49-9IB deq
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The corresponding Mohr-Coulomb envelope can be viewed by selecting
the Mohr-Coulomb Envelope option from the toolbar or the Analysis
menu.

Failure Envelope Range

It is important to note that the Failure Envelope Range option has
a direct effect on the calculated Mohr-Coulomb parameters.

e For details about the Mohr-Coulomb fitting procedure, and the
significance of the Failure Envelope Range option, see Ref. 1
(section 4: Mohr-Coulomb Criterion, and section 6: Determination
of o, max)

e The General option is available only for the Generalized Hoek-
Brown criterion. When the Failure Envelope Range option is set to
this option, notice that sigma3max = sigci / 4. This is based on the
empirical observation that the stress range associated with brittle
failure, occurs when sigma3 is less than about one-quarter of
sigcei.

e  When the Failure Envelope Range option = Custom, you may enter
any value of sigma3max or sigNmax.

e The Failure Envelope Range has NO effect on the calculated
parameters of a non-linear failure envelope.

The appropriate stress range (maximum sig3 value) over which
equivalent Mohr-Coulomb parameters must be obtained depends on
the application, i.e. the type of geotechnical excavation being designed
or analyzed. Based on the principles outlined in Ref. 1, RocData
estimates maximum sig3 values for tunneling and slope design
applications.

Analysis of Triaxial Test Data

A fundamental feature of RocData, is its ability to input triaxial
stress test data (sigmal / sigma3 data pairs), in order to determine
strength parameters. Three of the failure criteria in the program — the
Generalized Hoek-Brown, the Mohr-Coulomb and the Power Curve —
allow analysis of triaxial test data. Such analysis is performed as
follows:

1. Select the Use Lab Data option from the Analysis menu or the
toolbar.

2. The data can be entered in a spreadsheet, or imported from a file,
as shown in the dialog below.

3. A curve fit is then performed on the data, using the Levenberg-
Marquardt, Simplex or Linear Regression curve fitting techniques,
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and values of sigei and mi (Hoek-Brown strength of intact rock
data), ¢ and phi (Mohr-Coulomb strength), or a, b and d (Power
Curve strength) are obtained. These calculated strength
parameters are known as ‘best-fit’ values.

4. After entering the data, select OK in the dialog, and the ‘best-fit’
values will be used to calculate the failure envelopes and other
parameters of the selected strength model.

Calculate mi, sigci from Lab Data x|

—Lab Dat
Curve-Fiting Method:  Levenherg-Marquardt - il |49 975 sigei: IU-752 MPa

Numberof Tests: |10 3

sig3 (MPa) sigl (MPa)

1 711348 25
10.9384
13826
15.2284
18.4258
209118
234371
26.5077
27.9813 5
29127

@l | o s w3

Major principal stress (MPa)
>

2| o @ | = ;| | @

=

1} g 10 15 20 25
Minor principal stress (MPa)

[~ PlotMogi's Line Fesiduals |3.1H

Copy B Paste| Irpart I

Apphy | QK | Cancel |

Example showing fitting of the Hoek-Brown criterion to intact rock lab
data.

Obtaining actual values of strength parameters from triaxial lab test
data is always recommended. It should be emphasized that a large
number of test results is not always necessary, and good results can be
obtained from a relatively small number of data points (eg. 6 or 7
triaxial tests).

If triaxial lab data is not available, parameter values can always be
estimated in RocData, using the Pick dialogs described previously.
If incorrect data pairs (i.e. data for which sig3 exceeds sigl) are
accidentally imported into triaxial data analysis, the curve fitting
calculations are not carried out, and an error notice 1s issued. An
example is shown below.
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x|
—Lab Dat
Nurmber of Tests: |22 3 mi |4g e sigc ID 765 MPa
# sig3 (MPa) sigl (MPa) (=]
1 -1 0.4
2 1] 0.4
3 1 38
4 2 29
5 3 4
B 4 B3
7 5 6.6
8 [ B3
9 7 6.2
10 8 8.2
1 9 6.8 e
12 1n 6.9
13 " 7.2
14 12 95
13 a7
- y el
Gy B  Poste | mpert. I ™ PlothMogi's Line Residuals: |3314
Data contains 14 errors: sig3 cannot be greater than sigl. Errors start with row
To compute data correct errors, or else press cancel
Apply | OK | Cancel |

Errors issued in dialog when a direct shear data set is incorrectly
loaded as triaxial data.

Analysis of Field (Rock Mass) Triaxial Data

The Generalized Hoek-Brown strength model can be fit to triaxial field
data. The procedure is the same as above except the Use Rock Mass
Data option has to be employed. In addition, the analysis of field data
requires entry of intact rock uniaxial strength, sigei, and disturbance
factor, D, as input.
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Calculate mi, GSI, mb, s and a from Rock Mass Data x|
—Rock Mass Data

mi; [49.948 Gl [48.839
Curve-Fitting Method:  Levenberg-harquardt -
Input Parameters o I1 2 = IE| i
’7 sigoi: |30 MPa D: |1 ‘ 5 [0506
Numberof Tests: |10 3:
# sig3 (MPa) sigl (MPa)
1 1 711948
2 2 10.9364 ®
3 3 13.826 =
4 4 16,2284 =
@
5 5 18.4258 %
B B 20.9118 T 15
7 7 234371 g
8 ] 26,5577 210
9 [ 27.9813 z
10 10 251231 5
1} g 10 145 20
Minor principal stress (MPa)
Copy B Paste Impart | ™ Plothogi's Line Fesiduals: IE 991

Apphy I QK | Cancel |

Fitting of the Generalized Hoek-Brown criterion to triaxial field test
data

Analysis of Direct Shear Test Data

RocData can be used to fit the Mohr-Coulomb, Barton-Bandis and
Power Curve strength criteria to direct shear (shear—normal) test
data. Such analysis is performed as follows:

1.

2.

Select the Use Lab Data option from the Analysis menu or the
toolbar.

The data can be entered in a spreadsheet, or imported from a file,
as shown in the dialog below.

A curve fit is then performed on the data, using the Levenberg-
Marquardt, Simplex or Linear Regression curve fitting techniques,
and values ¢ and phi (Mohr-Coulomb strength), JRC and JCS
(Barton-Bandis strength), or a, b and d (Power Curve strength)
are obtained. (Fitting of the Barton-Bandis criterion to direct shear
data requires the input of the basic friction angle, phib.)

After entering the data, select OK in the dialog, and the computed
‘best-fit’ values will be used to calculate the failure envelopes and
other parameters of the selected strength model.
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x|
— Shear Strength Data
Curve-Fitting Metho JRC: I2E| 000 fless I26 145 MPa
Input Parameter
’7 phib: |28 deg |
Numberof Tests: |99 = 18
# sign (MPa) sigt (MPa) =
1 -0.0691672 0 18
2 0713874 0.483964 14
3 0.334606 0783651 ~
4 0521838 1.03313 g 12
5 0.703548 1.25348 E
B 0.680893 1.45371 % "
7 1.05452 163896 g a
8 1.22624 1.81236 w
3 1.39317 1.97606 g
10 1.56869 213161 .
11 1.72208 2.28013
12 1.88347 2.42263 2
13 2.0431 2.55983
14 22007 2.69221 a 3 B & 5 10 12
15 235753 282029 LI Mormal stress (MPa)
Copy B Paste | Irmpart I
*Copy data from your spreasheet, and then press Residuals: IW
Paste to have it entered in the grid
R I N

Example showing Simplex fitting of the Barton-Bandis criterion to
direct shear data.



Analysis with Strength Models for fitting both Triaxial and
Direct Shear Data

The Mohr-Coulomb and Power Curve strength criteria can be fit to
both triaxial and direct shear data. At the top of the data analysis
dialogs for these criteria, there are two radio buttons for selecting the
required data type.

Calculate a, b and d from Triaxial or Shear Strength Data x|
— Shear Strength Data
a |1 367 d |n133 MPa

Curve-Fitting Method:  Levenherg-tMarquardt -
Data Typ! b |0.678

’7 & Triaxial " Direct Shear ‘
Number of Tests: |10 3: 2

sig3 (Pa) sigl (MPa)

1 711948
10.9364
13.826
15.2284
16,4258
209116
234371
26.5577

w|oo| | o ;| e | =] 2

Majar principal stress (MPa)

27.9813
281231

Sl e = | o | ] w| e

=

o 10 20
Minar pricipal stress (MPa)

Copy B Paoste T

" Plot Mogi's Line Residuals: |2.755

Apply | OK | Cancel |

Notice the radio buttons in the upper left corner of the dialog for
selecting the type of data to be analyzed for Power Curve strength
parameters. In the example shown, the strength model was fit to
triaxial data.

Fitting of Different Strength Criteria to a Dataset

Y

RocData allows users to test the fit of different strength models to a
given test dataset. Such analysis is performed as follows:

1. Select the Project Settings option from the Analysis menu or
the toolbar. Select the desired strength model from the resulting
dialog.

2. Next select the Use Lab Data option from the Analysis menu or
the toolbar, and enter the test data as previously described.
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3. To test the fit of a different strength model to the same data, go to
the Project Settings dialog and select the new strength model.
Click the OK button in the Project Settings dialog.

4. The data dialog for the selected strength criterion is immediately
opened, with the previously entered data points automatically
transferred.

Issued Caution when Switching between Data Types

The Generalized Hoek-Brown strength model in RocData can be fit
only to triaxial data, while the Barton-Bandis model can be applied
only to direct shear data. As a result, when a user attempts to switch
to one of these models while analyzing a data type that is
incompatible, the program alerts the user on the inconsistency.

If the user chooses to proceed with the switch, the new data analysis
dialog is opened, but without any data. The data type switch warning
can be turned off if desired by selecting the “Do not show warning
again” checkbox.

Switching Data Types x|
Criterion change requires switch from triaxial to direct

shear data.
Proceed?

¥ Always showthis warning before switching between datatypes

Mo |

Data type switch warning dialog

Selection of Curve Fitting Technique

For every strength criterion in RocData there are at least two
techniques available for fitting the criterion to test data. Curve fitting
techniques can be selected from the dropdown menu in the upper left
corner of every data analysis dialog.

31



Calculate mi, sigci from Lab Data x|

r—Lak Dat:
Curve-Fiting Methad:  Levenberg-Marouardt - mi: I“g 359 sigei: IE 800 MPa
Lev arolt
MNurnber of Tests:  |Simplex
Linear Regression 600
# sig3 (MPa) sigl (MPa) S
1 24 [
2 4 125 =
3 163 401 =
4 2 89 &
W
5 50 154 =
=
6 i 359 E
7 30 EH =
2
g 120 320 =z
g ki 110
10 130 340
il kL 62
7 53 164 1} 100 200 300 400 500
3 173 408 Minor principal stress (MPa)
14 50 175
15 210 55
o e o x| | I PlotMogi's Line Residuals: [131672361
Copy B Pacts Import. |

Apply | OK Cancel |

New parameters are calculated as soon as a curve fitting method is
selected from the dropdown menu.

The following table summarizes the curve fitting methods available
for the different strength models:

Curve Fitting Method

Strength Model Levenberg- | Simplex Linear
Marquardt Regression

Hoek-Brown (lab data / X X X

intact rock)

Generalized Hoek-Brown X X

(rock mass / field data)

Barton-Bandis X X

Power Curve X X

Mohr-Coulomb X X
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Stress Sampler

The Stress Sampler option allows the user to graphically obtain the
exact stress coordinates at any point along the failure envelopes. This
is done as follows:

Select the Stress Sampler option from the toolbar, the right-click
menu or the Analysis menu.

Single click the left mouse button, at any value of sigma3 (on the
principal stress plot), or any value of normal stress (on the shear-
normal stress plot).

The stress coordinates will be displayed, corresponding to the
value of sigma3 or normal stress, at which the mouse was clicked.
A vertical dotted line will be displayed on the plots, to mark the
location.

4. Alternatively, if you click and HOLD the left mouse button on
either of the plots, and DRAG the mouse left or right, the stress
coordinates of the failure envelopes will be continuously displayed,
as you move the mouse.

5. NOTE: if the equivalent Mohr-Coulomb envelopes are also
displayed, then the stress coordinates of BOTH the non-linear
strength, and equivalent Mohr-Coulomb envelopes will be
displayed.

18 Be Bt vew fnuv Wnow Hep :ﬁj

D RS D Il EAAAG VYol BuEE k%

xwim . o i o8 St i Rt
o E - . v

n-vrhu['e %u]’

Fadura Emulope Flangs
Applicaion:  Custom

Mchr-Coulomb Fit

phi [0 dog | 4

P T

c frz Lo

Fock Mass Pammaters &

Riady

st [unesz M
wge [1807 M
sigom (6230 MFa

Em [547721 P

By CopyDen
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Instantaneous Mohr-Coulomb Sampler

p.c

The Instantaneous Mohr-Coulomb Sampler option allows the user
to graphically obtain the instantaneous Mohr-Coulomb parameters
(cohesion and friction angle), at any point along a curved failure
envelope. This is done as follows:

1. Select the Instantaneous MC Sampler option from the toolbar,
the right-click menu or the Analysis menu.

2. Single click the left mouse button, at any value of sigma3 (on the
principal stress plot), or any value of normal stress (on the shear-
normal stress plot).

3. The instantaneous Mohr-Coulomb envelope (tangential line) will
appear on the plots, for the value of sigma3 or normal stress, at
which the mouse was clicked. The instantaneous values of
cohesion and friction angle will be displayed, as well as the stress
coordinates. A vertical dotted line will be displayed on the plots, to
mark the location.

4. Alternatively, if you click and HOLD the left mouse button on
either of the plots, and DRAG the mouse left or right, the
instantaneous Mohr-Coulomb envelope and coordinates, will be
continuously displayed, as you move the mouse.

T s
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Fock Mass Pammatens

Riady

Application  Cusc

sigom [5230 M

P T

g 4
cfl@m we =4
ok 11 dog | H 1

st [unesz M

wge 1807 WP
Em [Ea7723 M

By CopyDen
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Exporting Data / Images

The RocData analysis results and failure envelope plots can be
exported to other programs for report writing, further analysis, etc.
This can be done in various ways.

e The Copy Data option in the sidebar or the Edit menu, will copy
the contents of the sidebar (i.e. all input and output parameters) to
the clipboard. From the clipboard, this can be pasted into a word
processor or spreadsheet. This provides a handy analysis
summary.

o The Copy option in the toolbar or the Edit menu, will copy an
image of the current failure envelope that is displayed, to the
clipboard. From the clipboard, this can be pasted into reports or
image editing programs, etc.

e The failure envelope plots can also be saved directly to a JPEG,
BMP, EMF or WMF image file, with the Export Image File
option. This is available in the File menu, or the right click menu.
(An 1mage of this option is displayed below.)

One Click Export to Excel

The most powerful data export feature is the following — with a single
mouse click, all data AND plots can be exported to Microsoft Excel. To
do this:

—

Select the Export to Excel toolbar button.

2. If you have Excel installed on your computer, the Excel program
will be automatically started, and all analysis input and output
data will be exported to an Excel spreadsheet.

3. Failure envelope plots will then be generated in Excel.

4. This all takes place with a single mouse click!!!

Note that the plots, which are generated in Excel, correspond to the
failure envelope plot(s) that you are currently viewing. For example, if
you are only viewing the shear-normal plot, then only the shear-
normal data and plot will be generated in Excel. If you are viewing
both plots (principal stress and shear-normal), then both plots will be
generated in Excel. In addition, if the equivalent Mohr-Coulomb
envelope is displayed, this will also be plotted in Excel. Finally, note
that the number of data points used to create each failure envelope is
controlled in the Display Options dialog in RocData.
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[® Fle Edit View Analysis Window Help

0 D bew ColiN (e & S &\ & B |18 e [ik [l b
— [ Open... Crl+0
T Close
M save Crl+5 SOt
Save As... {
28 ......................................
Image File...
i [2: Page Setup. . glldt':j Shiear Mormal Function. ..
— [&, Print Preview
& Print.. Cirl+P %
1 CORGCDATA 300, B roc A
2 C\ROCDATA 3., \BB.roc 3
3 MC DirectS.roc 2
4 MC Triaxial.roc 1
5 COVRDCDATA 3050, WPCroc
| & COROCDATA 3.0, MC Regroc 0
T Exit 19
“Apphicanon;  Cas T ¥ | | _ 18

The Export option in the File submenu
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Display Options

ii

The appearance of the Failure Envelope plots may be customized with
Display Options, zooming, and other options.

e Display Options is available in the toolbar, the View menu, and
also in the right-click menu (if you right-click the mouse anywhere
in the Failure Envelope display area).

Display Options x|
Colours Pt
Haoek-Brown v Grid Overlay
¥ Crop Axes
tohr-Coulomb V¥ Project Data
" Bounding Box
Line ‘Width: 1 . ¥ Project Title
" hogi's Line
Auxes Line Width: 1 - I Graph lcons
Decimal Flaces: Diefault -
Foints to create plots: 100 -
Flot Justification: Left -
Font |Arial, 8 ot |
Restore Defaults oK | Cancel |

Most of the Display Options are self-explanatory, and it is left to the
user to experiment with the options. However, we will note the
purpose of the following options:

Mogi’s Line

Mogri’s Line defines the ratio of major and minor effective principal
stresses at which there is a transition from brittle to ductile failure.
This line 1s simply defined by sigl/sig3 = 3.4, and is plotted as a green
line on the principal stress plot, when the Mogi’s Line option is
selected in the Display Options dialog.

o If the principal stress failure envelope lies ABOVE Mogi’s line, this
indicates a brittle failure mode.

e If the principal stress failure envelope lies BELOW Mogi’s line,
this indicates a ductile failure mode. This may occur with low
values of GSI, for example.
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Zoom Extents

The Zoom Extents option will automatically scale the axes of the
failure envelopes for the Generalized Hoek-Brown criterion, so that all
possible failure envelopes, for the current value of sigei, will be visible
on the plot.

This corresponds to maximum values of GSI (= 100) and mi ( = 40).

1. To demonstrate this, select the Zoom Extents option.

2. Use the interactive arrow buttons, to increase the value of GSI to
100, and the value of mi to 40.

3. Observe the failure envelope plots. When GSI = 100 and mi = 40,
the extent of the principal stress envelope will correspond to the
maximum extent automatically calculated by the Zoom Extents
option.

You may find the Zoom Extents option useful for interactive
demonstration of parameter changes on the failure envelope.
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Project Settings

The Project Settings dialog is used to enter a project title, to select a

failure criterion or to select a measurement unit.

e The Project Settings dialog is available in the toolbar, the

Analysis menu.

Project Settings

Project Title:

x|

IAnaIysis of Rock/Sail Strength using RocData

Strass Units: Megapascals (MPa) -

Strength Criterion
' Generalized Hoek-Brown i dohr-Coulomb

" Barton-Bandis i~ Power Curve

Canceal

The Project Settings dialog is self-explanatory, and it is left to the user

to experiment with the options.

Project Settings

Froject Title:

IAnaIysis of Rock/Soil Strength using RocData

Megapascals (MFa)

Stress Units:

Kilopounds per square foot (ksf)

Strength Criter

Kilopounds per square inch (ksi)
& Generalized Hoek-Braown " Mohr-Caulomb

" Barton-Bandis  Power Curve

QK I Cancel
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Documentation

The calculations in the RocData program, are based on the latest
version of the Generalized Hoek-Brown failure criterion, as detailed in
the following paper (Ref. 1):

Hoek, E., Carranza-Torres, C.T., and Corkum, B. (2002), Hoek-
Brown failure criterion — 2002 edition. Proc. North American
Rock Mechanics Society meeting in Toronto in July 2002

The program RocData incorporates all of the latest developments
described in this paper.

The paper should be read by all users of the Generalized Hoek-Brown
criterion in RocData!!! The definitions and equations for all input and
output parameters in RocData, can be found in this paper, which is
available as a PDF document.

Another useful document is the following (Ref. 2):

“A Brief History of the Hoek-Brown Failure Criterion”, by Evert
Hoek.

This paper provides a brief chronological overview of the evolution of
the Hoek-Brown failure criterion, and provides references to all of the
significant papers which have been published. This is also
recommended reading for all users of the Generalized Hoek-Brown
criterion. The paper is available as a PDF document.

Finally, a set of notes by Dr. Evert Hoek, Practical Rock Engineering,
(Ref. 3) is available on the Rocscience website, www.rocscience.com ,
in the form of a series of PDF documents. Practical Rock Engineering
1s recommended reading for all students of rock mechanics. Chapter
11 (Rock mass properties) should also be read by users of RocData.
Note that the version of the Hoek-Brown failure criterion which is
presented in the current version of Practical Rock Engineering, has
been superceded by the latest version of the criterion (Ref. 1).
However, the conceptual information is still relevant, and gives
further insight into the development of the Hoek-Brown criterion.
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Tutorials

Example 1 — Hoek-Brown Strength Envelope for a Tunnel in
Undisturbed Rock (D = 0)

Consider an undisturbed in situ rock mass surrounding a tunnel at a
depth of 100 meters, with the following Hoek-Brown classification
parameters.

— Hoek-Brown Classzification

sigoi IEIII _,3 MPa ::%|

GSI [45 = =2
mi 10 = o
)

Enter this data in the sidebar input data area. Also, enter the
following data to determine the Failure Envelope Range (sig3max),
which is used to calculate equivalent Mohr-Coulomb parameters for
the Hoek-Brown model.

— Failure Envelope Range

Application:  Tunnels -

ig3max |'| 3525 _,;' MPa
Idnit W eight IEI.EIE? kM A3
Tunnel Depth |'| aa m

The resulting output will be automatically displayed in the sidebar,
and the failure envelopes calculated and plotted.

Notice the equivalent Mohr-Coulomb parameters that have been
calculated:

t ahr-Coulomb Fit

o ||:|.583 tFa
phi |4?.1 E deqg

The envelope corresponding to these parameters can be viewed on the
plots, by selecting the Mohr-Coulomb strength envelope option, from
the toolbar or the Analysis menu.
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To get a better look at the MC envelope, let’s view only the Normal vs.
Shear stress plot. Select the Normal vs. Shear Stress option from the
Analysis menu or the toolbar. This will hide the principal stress plot,

and show only the Normal vs. Shear stress plot, maximized in the
view.

Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact uniaxial compressive strength = 50 MPa
GSl=45 mi=10 Disturbance factor=10
Hoek-Brown Criterion
mb=1403 s=00022 a=0503
Mohr-Coulomb Fit
cohesion = 0.583 MPa  friction angle = 47.16 deg
Rock Mass Parameters
tensile strength = -0.079 MPa
uniaxial compressive strength = 2.241 MPa
global strength = 7.810 MPa :
modulus of deformation = 5302 55 MPa Yy L LT T TR RIT TR PP YRRRTEE PRRRTRPIN

Shear stress (MPa)
)

5n

0 : 2 5
Narmal stress (VIP&)
If you examine the MC envelope, you can graphically confirm the
calculated values of cohesion, friction angle, and also the rock mass
tensile strength sigt. The tensile strength is the negative value of
normal stress, at the origin of the failure envelope.
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Example 2 — Hoek-Brown Strength Envelope for a Slope
Application in Highly Disturbed Rock (D = 1)

Consider a rock mass with the same basic parameters as the previous
example, but in a highly disturbed slope of 100 meters height, with a
disturbance factor D = 1.

Enter disturbance factor D = 1.

— Hoek-Brown Classification
sigei |50 kPa
G5l (45

mi |10

D

ok
BI6I86

_.
|-

Enter the following data to determine the Failure Envelope Range
(sig3max):

— Failure Envelope Range

Application:  Slopes -

sigamax |'| 9526 _I? MFa
Unit " eight IEI.EIE? M A3
Slope Height |'| 0o m

The resulting output will be automatically displayed in the sidebar,
and the failure envelopes calculated and plotted.

Notice the equivalent Mohr-Coulomb parameters which have been
calculated:

b ahr-Coulomb Fit

C ID.S#E kPa
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Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact uniaxial compressive strength = 50 MPa
GSI=45 mi=10 Disturbance factor=1
Hoek-Brown Criterion
mbh=0197 s=00001 a=0508

Mohr-Coulomb Fit

cohesion =0.268 MPa  friction angle = 31.01 dey
Rock Mass Parameters

tensile strength = -0.027 MPa

uniaxial compressive strength = 0.475 MPa

global strength = 2.836 MPa

modulus of deformation = 2651.28 MPa

Shear stress (MPa)

IEn

FED

0 1 2
Mormal stress (MPa)

Compare the equivalent Mohr-Coulomb parameters and envelopes,
calculated in Example 1 and Example 2. This demonstrates the
significant effect which the disturbance factor D, can have on the
calculated rock mass strength.

For information about the Disturbance Factor, see Ref. 1 — section 7:

Estimation of Disturbance Factor D.
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Example 3 — Hoek-Brown, Power Curve and Mohr-Coulomb
Analysis of an Intact Rock Triaxial Dataset

This tutorial will involve fitting three strength models — the Hoek-
Brown, Mohr-Coulomb and Power Curve criteria - to a triaxial lab
dataset for intact rock.

Start up RocData and a new analysis file will be automatically
opened. If you are already in the program select the New option from
the File menu or from the toolbar.

Select the Project Settings option (from the Analysis menu or the
toolbar) and ensure that the measurement unit is set to MPa. Notice
that the Generalized Hoek-Brown criterion is the default strength
model.

Next select the Use Lab Data option from the Analysis menu or
toolbar. This opens up the Hoek-Brown lab (intact) data analysis
dialog. The Levenberg-Marquardt technique is the default curve
fitting method in the dialog.

Set the number of data points to be analyzed to 5, and enter the
values shown on the figure below.

Calculate mi, sigci from Lab Data

—Lab Data.

Curve-Fitting Method:  Lewvenberg-Marquarch -
Mumber of Tests: |5 3
sig3 (MPa) sigl (MPa)

0 15
3 28
5 49
16 B4
275 102
I ——

| || ra — | 3

Notice that each time you hit Enter on the keyboard, sigei and mi are
immediately calculated for the data that has been input.

Select the Simplex curve fitting method and observe the immediate
calculation of a new fit. Next select the Linear Regression curve
fitting method and view the resulting parameters.

Select the Levenberg-Marquardt method again and click the OK

button. This action applies the analysis results to the main view of
RocData and exits the dialog.
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The report at the top left corner of the main view displays all the
relevant parameters of the analysis of the lad data. At the very end of
the list, information is provided on the curve fitting method used and
the value of the Residuals.

Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact uniaxial compressive strength = 15.605 MPa
GSl=50 mi=14.43 Disturbance factar=0

Hoek-Brown Criterion
mb=2420 5=00039 a=0506

Mohr-Coulomb Fit
cohesion = 3.058 MPa  friction angle = 18.78 deg

Rock Mass Parameters
tensile strength = -0.025 MPa
uniaxial compressive strength = 0.940 MPa
global strength = 3.243 MPa
modulus of deformation = 3950.32 MPa

Analysis of TRIAXIAL Lab Data
Mo, of lab data points =5
Sum sguare of errors (Residuals) = 146.085
Current strength model is LEVENBERG-MARQUARDT ‘best-fit'

Change the sigci value displayed on the docking form to a number of
your choice; note the changes in the last line of information displayed.
RocData warns that the currently displayed model is not a ‘best-fit’,
1.e. is not a model produced by one of the curve fitting techniques.

Analysis of Rock/Soil Strength using RocData

Hoek-Brown Classification
intact unizxial compressive strength = 20 MPa
GSl=50 mi=14.43 Disturbance factar=0

Hoek-Brown Criterion
mb=2420 5=00039 &=0508

Mohr-Coulomb Fit
cohesion = 3.356 MPa  friction angle = 20.44 deg

Rock Mass Parameters
tensile strength = -0.032 MPa
uniaxial compressive strength = 1.205 MPa
global strength = 4.158 MPa
madulus of deformation = 4472.14 MPa

Analysis of TRIAXIAL Lab Data
Mo. of lab data points =5
Sum sguare of errors (Residuals) = 425467
Current strength model is NOT a best-fit!

Go into the Project Settings dialog, select the Mohr-Coulomb
criterion, and click OK. Immediately the data analysis dialog for the
criterion is activated. The dialog contains the intact rock data
previously analyzed with the Hoek-Brown lab data option. Click the
OK button to apply the analysis results and exit from the dialog.

Next select the Power Curve strength model from the Project
Settings dialog. The Power Curve data analysis dialog is opened with
the input data and its corresponding fit. You may save the analysis
under any file name of your choice and exit the program.

This concludes the tutorial on fitting the Hoek-Brown, Mohr-Coulomb
and Power Curve strength models to an intact rock lab dataset.
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Example 4 — Generalized Hoek-Brown Analysis of Field Data

Y

This tutorial will fit the Generalized Hoek-Brown criterion to triaxial
strength data for a rock mass.

Start up RocData and a new analysis file will be automatically
opened. If you are already in the program select the New option from
the File menu or from the toolbar.

Select the Project Settings option (from the Analysis menu or the
toolbar) and ensure that the measurement unit is set to MPa and
strength criterion set to Generalized Hoek-Brown.

Next select the Use Field Data option from the Analysis menu or
toolbar. This opens up the Hoek-Brown field (rock mass) data
analysis dialog.

Enter an intact rock compressive strength (sigei) of 50 MPa and a
Disturbance Factor (D) of 0.5. Set the number of data points to be
analyzed to 9, and enter the values shown on the figure below.

Calculate mi, GSI, mb, s and a from Rock Mass Data

—Rock hass Data
Curve-Fitting Method:  Levenberg-Marguardt -

’—Input Parameters

sigci: |5U WP D ID.E
Mumber of Tests: |9 3

sigd (MPa) sigl (MPa)
1 71
2 104
3 13.8
4 15.2
b 18.4
G
7
i
9

£

204
234
26.6
28.0

| 0| | | | | o o =

Input data for the tutorial
Select the Simplex curve fitting method and observe the immediate

calculation of a new fit. Click the OK button to close the dialog and
apply the analysis results to the RoecData main view.
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The default settings for the main view do not display the input data

points analyzed. To view them select the Plot Test Data option from
the Analysis menu or the toolbar.

Fiocliata - [MC e for Tutoris #4.r0c)
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Generalized Hoek-Brown analysis of triaxial field data

Triaxial data points are shown as points on the principal space plot of

the strength envelope, and as Mohr circles on the direct shear plot.

This concludes the tutorial on fitting the Generalized Hoek-Brown

criterion to field (rock mass) triaxial strength data.
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Example 5 — Mohr-Coulomb and Power Curve Analysis of a
Direct Shear Dataset

Y

This tutorial will examine the fitting two strength models — the Mohr-
Coulomb and Power Curve criteria - to direct shear stress data
(measured in psi units) for a soil.

Start up RocData and a new analysis file will be automatically
opened. If you are already in the program select the New option from
the File menu or from the toolbar.

Select the Project Settings option (from the Analysis menu or the
toolbar) and set the measurement unit to psi. Change the strength
model from Generalized Hoek-Brown to Mohr-Coulomb.

Project Settings x| Project Settings x|
Project Tille: Project Title:
IAﬂaIys\s of Rock/Sail Sirength using RocData IAna\ys\s of Rock/Soil Strength using RocData
Stress Units:  Megapascals (MPa) d Stress Units:  Megapascals (MPa) d
Kilopaunds per square inch (ksi) -
Strength Criterion Strength Criterflopounds per square oot fks
 Generalized Hoek-Brown (ol MDhr—CDu\Dmh C G liz|Pounds per square foot (psf) x
£ Barion-Bandis © Power Curve  Barton-Bandis © Paower Curve
0K I Cancel | 0K I Cancel

Project Settings for the tutorial

Next select the Use Lab Data option from the Analysis menu or
toolbar. This opens up the Mohr-Coulomb lab data analysis dialog.

There are two radio buttons near the top of the dialog that enable
users to select the type of data to be analyzed: triaxial or direct shear.
Select the direct shear radio button. Set the number of data points to
be analyzed to 8, and enter the values shown on the figure below.
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Calculate Mohr-Coulomb parameters ¢ and phi from T4

—Lak Data
Curve-Fitting Method:  Levenberg-Marquardt -
Data Type
|7 i Triaxial
Mumber of Tests: IB 3
# sigh (psi) sigT (psi)
1 1 8.2
2 2 76
3 3 3.4
4 4 10.1
5 b 95
4 B 1.2
7 7 12.3
g 8 12.2
I

Input data for the tutorial. On the shown dialog image notice the radio
buttons for selecting the type of data to be analyzed.

Select the Linear Regression curve fitting method and view the
resulting parameters. (For Mohr-Coulomb data the Linear Regression
and Levenberg-Marquardt methods give the same answers for
practically all cases.)

Click the OK button. This action applies the analysis results to the
main view of RocData and exits the dialog.

Go into the Project Settings dialog, select the Power Curve
criterion, and click OK. Immediately the data analysis dialog for the
criterion is activated. The dialog contains the intact rock data
previously analyzed with the Mohr-Coulomb lab data option.
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Calculate a, b and d from Triaxial or Shear Strength Data x|

— Shear Strength Data.
= [0708 a4 [5570 psi
Curve-Fitting Method:  Lewvenberg-tMarquardt >
Data Typ! b [1.000
’7 € Triaxial @ Direct Shear ‘

Mumber of Tests: m

22
# sighl {psi) sigT (psi)
1 1 82 2”
2z 2 76 18
3 3 X 165
4 4 101 1 8
5 5 95 i
5 6 1z 2
7 ? 123 =
il 3 12.2 =)

5 =

4

2

-8 -8 -4 -2 o 2 4 B 8
Minor pricipal stress (psi)
Copy B Pacte Import
™ Plot bogi's Line Residuals: |2.427

v T | — |

Power Curve fit of the sample direct shear data

This concludes the tutorial on fitting the Mohr-Coulomb and Power
Curve strength models to a direct shear dataset.
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