How to Calculate Rock
Mass Properties



Introduction About - Rock Mechanics

Rock mechanics is the theoretical and applied science of the mechanlcal(behawour of rock and rock
masses. Rock mechanics deals with the mechanical properties of r (ol(ghd) the related methodologies
required for engineering design. \\

<> Rock mechanics involves characterizing the
\ intact strength and the geometry and

‘Engineering Rock Mechanics’ and mechanical properties of the natural
TR R——— ‘Rock Engineering’ Design fractures of the rock mass.
£ K i
\ l " . Cconditions

Rock engineering is concerned with
specific engineering circumstances, for
@ example, how much load will the rock
support and whether reinforcement is
necessary.

(b)



For Example —
There is a failure in this mine pit. It is all
about these forces (sliding or failure forces )
to determine in the rock mass, to design
support system which could take this load.



A common assumption when dealing with the mechanical behavior of solids is that they are:

* homogeneous SoIidsHi'\f is<€ase are cement concrete, metals
o i C )
| e <@
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Intact rock specimens
- use equation 5

N

One joint set - do not use
Hoek-Brown criterion

However, rocks are much more complex than this and ¢
their physical and mechanical properties vary c (,
according to scale. As a solid material, rock is of t{i\\

X\
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heterogeneous - discontinuous - anié)gr\opic

(«“

Two joint sets - do not use
Hoek-Brown criterion

Many joint sets - use
equation 1 with caution

Heavily jointed rock mass
- use equation 1
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strength
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all directions
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Influence of Geological Factors

C

Five primary geological factors can be viewed as influencing a rock m\as”s. In the context of the
mechanics problem, we should consider the material and the fc&{%s,\applied to it .
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1. We have the intact rock which is itself divided by df cg?tinuities CTRENBTHCATEGORY | RAKEWNG DEFECTS
to form the rock structure. (()
¢ ( y INTACT ROCK | MICRO-FRACTURES,
2 \ STRENGTH FOLIATION ETC.
2. We find then the rock is already subjecgﬁl\ “an in-situ stress. l
)
3. Superimposed on this fundamental @,gchanics circumstance are  |rock BLock | NON-CONTINUOUS
the influence of pore fluid/ water ffowand time. STRENGTH PRACTURES.AND. VIENS
P
| (« e | }
In all _these subjects, the g R).glcal history has played its part RoCK mAsS | _ e
,altering the rock and the applied forces. STRENGTH JOINTS AND FAULTS




Influence of Geological Factors = Discontinuities and Rock Structure

In practice, failure is most of ten associated with discontinuities which act as pre- existing planes of
weakness. Some examples of the way in which the discontinuity g,eﬁssis leads to differing

mechanical properties are: . Q/\\
N0

Stylolite orientation -~ - & ﬁg
with respect to compression e

F £
L ’*" N

Stylolitic discontinuity Slickensided fault
with high shear resistance surface with low shear
resistance

Open joint which will
allow free flow of water



Influence of Geological Factors — Pre- Existing In-Situ Rock Stress

(’
L : L : (< . :
When considering the loading conditions imposed on the rock s %\t\ure, it must be recognized that
an in situ pre- existing state of stress already exists in the ro?l_g\ )

(a)

Concrete dam

Concrete-concrete
joint

i Ice thrust

Actual dam-rock

C : interface
In some cases, such as a dam or P \.g o
nuclear power stat ion foundation, the r\\\
load is applied to this. (J

stress

0" -

In other cases, such as the excavation of a mine .
or tunnel, no new loads are applied but the pre- s N
existing stresses are redistributed. ANV




Influence of Structure & In Situ Rock Stress Together

Types of failure which occur in different roc

under low and high in situ stress leve

§
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Low stress levels

High stress levels

()

wedges. Failure can propagate a long
way into the rock mass if it 1s not
controlled.
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g Massive rock subjected to high in situ
. . L stress levels. Spalling, slabbing and
= Masmre r<ickLspb]ected tq low in situ crushing initiates at hish stress
stress levels. Linear elastic response concentration points on the boundary
with little or no rock failure. and propagates into the surrounding
rock mass.
-
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. . : : Massive rock, with relatively few dis-
= Massive rock, with relatively few dis- T T L
£ continuities, subjected to low in situ continuitis, subjected to high insitu
= stress conditions. Blocks or wedges, ?es u]i g[)‘];]j di;gsén z;g:ﬂﬁ;rtsyas a
released by intersecting discontinuities, surfaces and also by crushing and
fall or slide due to gravity loading. splitting of rock blocks.
x
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g
k-]
D
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> Heavily jointed rock subjected to low Heavily jointed rock subjected to high
= in situ stress conditions. The opening in situ stress conditions. The rock mass
g surface fails as a result of unravelling surrounding the opening fails by slid-
T of small interlocking blocks and ing on discontinuities and crushing of

rock pieces. Floor heave and sidewall
closure are typical results of this type
of failure.




Influence of Geological Factors — Pore Fluids and Water Flow

Many rocks in their int act state have a very low \\
permeability compared to the duration of the engineering ¢ ()
construct ion, but the main wat er flow is usually via &
o . 5
secondary permealbility, (i. e. pre- existing fractures). Thus; (/
the study of flow in rock masses will generally be a fu c;tligu>
of the discontinuities, their connectivity and the (()
hydrogeological environment . ¢ (1
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A primary concern is when the w él\ig (nder pressure, which in
turn act s to reduce the eﬁecti(g tress and/ or induce
instabilities. g/) /
Other aspects, such as groundwater chemistry and the alteration
of rock and fracture surf aces by fluid movement may also be of
concern.
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Force

i I | T

Uniaxial Compression Strength of Intact Rock
Uniaxial Compression test .
Important parameter in the uniaxial compression test is theﬁm\ar)hr;um stress

that the test sample can sustain. Under uniaxial Ioading(cﬁn‘cﬁ)tions, the peak
stress is referred to as the uniaxial compressive s<er(g;h’, Ge.

A Compressive strength: maximum
L load-bearing capability at the peak
of the curve

T

Post-peak region indicating ?
the type of failure, in this

i-brittl
The pre-peak region case semi-brittie

indicating the
specimen stiffness for
force-displacement
axes and
Young’s modulus for
stress-strain axes.

| | | ! H i | I | ] | i | | >
Displacement




Compressive Strength

The compressive strength is probably the most widely used and quoted rock engineering
parameter and therefore it is crucial to understand its nature. In other forms of engineering,
if the applied stress reaches oc, there can be catastrophic cons€gquences.

This is not always the case in rock engineering as rock ofté Qsétalns some load bearing
capacity in the post peak region of the o- € curve.

Whether failure beyond ocis to be avoided at all coi{ gr’to be encouraged, is a function of
the engineering objective, the form of the compl te P ess- strain curve f or the rock (or rock
mass), and the characteristics of the Ioadlng ions. These features are

crucial in the design and analysis of underg\ u'nd excavations.

€ r

Axial stress, o Pre- Post- G‘
e l o Peak
Dependent g Strength
variable _
(the one we
measure)

Linear

Residual
strength

Gradient
= Young’s modulus

-
Axial strain, €

- Independent variable
(the one we control)

gl
-



Effects of Loading Conditions

(,
c oV

AN
Axial o .
These different strengths may be tested stress ‘ :
either directly (e.g. uniaxial tension test ,
direct shear test, etc. ) or indirectly (e.g. ¢ (
. . . . Ve
Brazilian tensile test , triaxial AN o, v,
CompreSSion test ) (X\ Uniaxial compression Uniaxial tension
etc. ). Ne. Axial
s\ </ 13 stress a
) ' oy oy
2 L I A
/</ o o
,) T Lateral
o r, stress
Biaxial compression Triaxial compression

Normal
Fy  force
F
_§_._>
F
_‘_S
T Shear
N force
Direct shear
0
o
0'3 2
0'2 0'3
Ty

Polyaxial compression
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It is the existence of discontinuities in a rock s
mass that makes rock mechanics a unique subject . S
The word ‘discontinuity’ denotes any separation in
the rock continuum having effectively zero tensile
strength and is used without any generic
connotation (e. g. joints and faults are types of
discontinuities formed indifferent ways).

ROCK MASS

JOINTED ROCK

1.
1IN R “_8 SINGLE JOINT
AR

INTACT ROCK

Discontinuities have been introduced tQ he rock
by geological events, at different s’and as a
result of different stress states wof ten, the
process by which a discont L(@/ has been formed
may have implications f owC “geometrical and
mechanical properties.




Geometrical Properties of Discontinuity

/&
7 S & Fitting
The main featurgs of rock | o w5  Discontinuity set
mass geometry include spacing | __ __ =~ -
and frequency, orientation (dip Wallswrength e -
direct ion/ dip angle), persistence K_\ g ,/"" Roughnesss"
. rsistence
(size and shape), roughness, /" "\" Spacing oK
. . /2 BOREHOLE
aperture, clustering and block size. (\’ ~><
)
¢« & S
)\: Seepagghu_r
P
@
() .

There is, however, no standardized method of measuring and characterizing rock structure
geometry, because the emphasis and accuracy with which the separate parameters are
specified will depend on the engineering objectives.



Discontinuity Spacing and Frequency

Spacing is the distance between adjacent discontinuity intersections with the measuring
scanline. Frequency (i. e. the number per unit distance) is the reci(p,rocal of spacing (i.e. the

mean of these intersect ion distances).
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Rock Quality Designation )\'
An important feature for pgﬁﬁeering is the overall
quality of the rock mass'‘cut by fracture systems. For
this reason, the concept of the RQD was developed.

\<j

RN

Total length of core run = 200.cms

¢

L=3%¢cm =1 £ngth of core preces = |0 cm length
ROD = < | (YR
Total length of core run

i=i G . I8+ 17+ 20+ 35 .
ROD = (M) = 555%
1 NE— 200
Dq L=1]
/ no pieces = 10.cm
L=20¢ecm
L=35cm
7 Drilling break

L=1m0
Ao recovery

[ S



Rock Masses

Building on our examination of first intact rock behaviour and then dlfcontlnwty behaviour, we

can now concentrate on extending these ideas to provide a predl

and strength of rock masses.

Intact rock

Fractures

~

Rock Mass

g

s". = 7o N

E‘:m(é\rﬁ'odelf or the deformability

v ~J
e . .
ad\ o -
o P
.
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Introduction O
Rock Mass Properties ~ (-
Generalized Hoek-Brown failure éQt<e)r|on
Input Parameters ) \(
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¢
In this presentation, | will introduce you how to determﬁlﬁe Rock Mass Properties
through Generalized Hoek-Brown failure crlterloazx

O
For analyzing underground problems, to de\mgn cut slopes and to determine
ground behavior around tunnels, 1t ha§ l§ecome important to determine

I determine rock mass propert%eﬁ}rrough the excel file which I have prepared for
tunnels and rock slopes. %)

@
[ will compare the VS&GS determined through excel file with Roclab (Rocscience
software) for validation.



What are Rock mass Properties?

First of all, we shall know what is Rock Mass? \f\(Q
Rock mass is a matrix consisting of rock m&?érial and rock

discontinuities. <>()/

Secondly it usually come to our mind W/f(‘l) we see any fractured rock
mass,what are their properties? /\\<’

* How to determine and charaqt\;&fﬁze their strength and deformation?

» The fact that fracture )‘égﬁtrol the mechanical response of rock

masses makes tl“te(dr termination of their mechanical behavior
difficult.. <



Rock Mass Properties
Rock masses




Rock Mass Properties

By taking strength and deformability parameters of intact rock, rock fra(ztures parameters like
spacing; orientation; width; roughness; weathering and in-situ stres{& -we can determine Rock mass
properties.

M Joimnt Fi
eld
ntact Hock Persistence Slffesses
S[/()ﬂg[/? (LenO[n) \
// - /"/ /
] < // v
/ o -
L
\
Jp//n‘ . Jormt
Spacing Ground- g = Orientation
water |

Core ' >

Oua//[}/ Jomnt Pt 4

(Fracture Contour L doint
Density) (Shape) / Aperture and

. Surface Conaition



Rock Mass Properties

For determining rock mass properties or we can say rock mass strength, we usually adopt
Generalized Hoek-Brown failure criterion as shown in below equation. &

G\

¢
~
e Uniaxial com pressw@§tr‘erigth oc of the intact rock pieces,
' o . .
, , o4 * Value of the eI@Brrgwn constant mi for these intact rock
C1 =037 0| Mp 778 pieces, and\ )
“  Value of€he Geological Strength Index GSI for the rock mass.
¢ y;
N
\_{; E— R Intact rock strength
SN b A | e g
: B
™ "\\ " -
y B >
\‘ | : Rock mass
N o) strength  '"P'®
Eaenl Fonchn T = Uniaxial Compressive Strength = 75 Mpa

GSI = Geologuical Strength Index = 55
mi = Constant for Intact Rock = 17
D = Disturbance Factor = 0

w MR = Modular Ratio = 275

4 03 H = Depth of Tunnel/Slope Height = 100 m

Rock Mass ¥i = Unit wieght of Rock = 0.027 KN/m3



This failure criteria helps in determining the rock mass properties for analyzing underground tunnels and for
slope stabilization. C

G\

¢
Generalized Hoek-Brown Criterion expressed as ¢ \ \i/)
: a ( )/ <
1 1 EF .
Oy =03+ 0| my—>+5 <) ............ Equation 1
o AN
e

G, — Maximum principal stress at the time of faih}ré\ <

G, — Minimum principal stress at the time o faiﬁa{é

m, — 1s the reduced Value material constan %

o, — Uniaxial compressive strength osf/tlge mtact rock

s and a — Constant which depends GIPSOh the rock mass characteristics

- -
V.
To determine the above szlﬁre criteria following parameters need to be determined.
mb is determined

GS!—ID-:]]
............ Equation 2

o =M Exp( 28—14D



Generalized Hoek-Brown Failure Criterion

C-
N
¢« G\
GSI—-100 AN |
§ =exp AR Equation 3
0-3D <> /

1.1 (E—G’SH]S _E—zma] ) (}(()\ ............ Equation 4

2 6 \r\\

\\
5

¢\~

\,
In equation 2 to 4 there are 9(@input parameters like GSI, D, mi, oci, which | will show you in
next slide how we could @ mine them.



Generalized Hoek-Brown Failure Criterion- Rock mass Properties

Uniaxial Compressive strength of Rock mass

UCS of rock mass is obtained by keeping 63 =0 in

Equation 1. It is stress where there is initiation of failure ¢
of rock mass. (It is not rock mass compressive strengtpg

Tensile Strength of Rock mass obtained by keepit

ol =63=ctin Equation 1

Modulus of deformation E (

()

<\

s

(
\)
. A N
O, =0,.5"
5, — 50 ;
mp,
E, (GPa) = Oci 10((GSI-10)/40)
" 2 V100




Mohr Coulomb Failure Criteria for Rock Mass = Friction

Mohr Coulomb determines equivalent angles of friction and cohesive strengths for each rock mass
and stress range. - C 5
c and ¢ for rock mass has been determined for numerical software \)(hé(e\the rock mass properties
. . . . -~
determined through H&B criteria can not be incorporated. O
o 6amy, (s +myo yat [
¢ =sin "
2(1+a)2+a)+6amy, (s+myo ) ’\
% 40
a—1
T i I[l +2a]5+[1—a)mg,cr3 ls +mpo ) 5
c = n n 0
(1 +a](2+a]‘jl +[6amb (s+myo ya-l )/{(1 +a)(2+a)) g% (oY
' 8 01 =03 +0y mhf*‘»‘ Hoek & Brown Criteria
E %)
where o5, =0 o, 5 20
= Tmas [ T 5 _2ccosg l+sing _ Mohr & Coulomb Criteria
\‘) l l-sing 1-sing ’
This co-relation is valid only for 6, < 6;< G5, .
Where o,,,,, is maximum confinement Stress, beyond which this |
co-relation does not applies. e

Minor principal stress o3



Rock Mass Properties

Compressive Strength of Rock Mass vy - Unit nggﬁt) of rock
H - d(ep@j (oﬁunnel below surface
2c cos g - O
CFL’.'FI - u ()
1—sing ~—~
W

v o (my, + 45— a(my, —8s))(my, /4 + 5)o
“ 2(1+a)(2+a)

M

Determination of o, for Tunnels and Slor(eS\ :
J
ey
, —0.94

II:Fvl‘."l'i‘f

Tunnels dmax _ 47 If Horizontal Stresses > Vertical stresses use horizontal stress instead of YH

a

O '

~0.91

o | o
Slopes Smax _ 73| —<m

'G-{'H‘f !-L, ‘}H



Input parameters for determining Rock mass properties are the parameters(Nhlch we determine through

geotechnical investigation like . () |
-

p,

- Intact Rock Uniaxial Compressive Strength which we detérn)ige through UCS Tests
- Modulus of elasticity which is determined through sépwe UCS tests

- GSI Geological Strength Index — Determined oﬂthe S|te borehole data and also during excavation.
LR

- Overburden Cover over Tunnel — Which vge COuId determine engineering drawings.

- Unit weight of the intact rock thro&lgh lab test.

(s“

(In the starting of the project, input parameters are determined through the Geotechnical Investigation, which
is the very important stage to get all the rock & soil parameters, in-situ stresses of the area, Ground water
levels).



Input Parameters — UCS & Rock Cover

Uniaxial Compressive Strength - C 5

UCS is Uniaxial compressive Strength test where we determine the Intac’g roc| niaxial strength.

 BS EN 1926 - specifies a method for determining the uniaxial comprﬁﬁk q’strength of natural stones.

e AS AS-4133-4.2.2 - Methods of testing rocks for engineering purp@s/es)— Rock strength tests - Determination of
uniaxial compressive strength - Rock strength less than 50 Mpa

 AS4133.4.2.1-2007- Methods of testing rocks for engineering purposes Rock strength tests - Determination of
uniaxial compressive strength of 50 MPa and great(er( /()

Rock Cover over the tunnel

e
W
This is the depth of rock over the tunnel cr?WQg }hown in the below Figure.
€ - / £
Ch.(m)

0 10000 20000 30000 40000

E D Man Range Grante
= 1000 [ vetamonrosed Seamerntary Rock
2
$ 500 Overburden : 157m
2 . + Overburtien :
- Overburden : 227m 1130m
0 | —
TBM 2

|

Inlet Outlet
(Ch.858m) (Ch.44583m)

Adit 2 (Ch.6620m) Adit 3 (Ch.30364m)

-

. JCh.24252m)




Input Parameter - GSI

GEOLOGICAL STRENGTH INDEX FOR

JOINTED ROCKS (Hoek and Marines, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35 Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present.  When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

GOOD

Rough, slightly weathered, iron stained surfaces

FAIR

Smooth, moderately weathered and altered surfaces

POOR

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

DECREASING SURFACE QUALITY

Slickensided, highly weathered surfaces with soft clay

coatings or fillings

VERY POOR

}

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting disconfinuity sets

N
©
S

7

VA

INVA

ER

NN

/

I~
N
™~

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

N

o
=3

™

SR

~

BLOCKY/DISTURBED/SEAMY 40—y
- folded with angular blocks /

formed by many intersecting

discontinuity sets. Persistence 30
of bedding planes or schistosity / z

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

~<—= DECREASING INTERLOCKING OF ROCK PIECES

AN
SRR

[

-|.

™~

LAMINATED/SHEARED - Lack
of bleckiness due to close spacing

of weak schistosity or shear planes

/A

NIA

10

GSl is the mass characterization through visual inspection and
compa in t’he data through this chart and determine the value of

(\Determmmg GSl is not in the scope of this presentation. It is more

/

for geologist who are more expert of geological field.



Input Parameter — mi for Intact Rock

Rock | Class Group Texture
type Coarse | Medium | Fine | Verv fine
Conglomerates™® Sandstones Siltstones Claystones g
(21£3) 17=4 T=2 42 - - .
Brecoias Greywackes  Shales Constant mi is for Int ock, can be determine from the
> | Clastic (19 3) (18=3) 6=2) .
< as given rock type,(CI@/s; f rock, group and texture of the rock
Z . — —— — . ! .
= Crystalline Sparitic Micritic Dolomites
% Carbonates | Limestone Limestones I_imesltnnes @x£3) p rese nt In t h € é Qf) p I"Oj eCt *
- (12 3) (10=2) ©=2) () <
Non- Gypsum Anhydrite A
Clastic Evapormtes =2 12=2 . . . . . .
Chalk Other e) mi also determined through Triaxial testing of
Orgzanic T£2 . . . .
- oo Tromiehs o Intact.rock sample. (not included in this presentation)
= | NonFoliated 9=3 (19=4) 20=3 )
e Metasandstone ¢
2 (19 % 3) ( /
= Migmatite Amphibolites e
= | Slightly foliated 29=3) 16=6 \\
2
Foliated** Gneiss Schists Phyllites Slates \
28 =3 12=3 =3 T=4
Granite Dhorite
32=3 255
Light Granodiorite
(22=3)
Plutonic
Gabbro Daolerite
Dark 27=3 (16=3)
'_.: Norite
g 20=3
I':'E‘ Hypabyssal Porphynes Diabase Peridotite
a (0= 5) (152 5) (25= 5)
Rhyolite Dacite Obsidian
Lava 25=35) 25=3) (19=3)
Volcanic Andesite Basalt
25=3 5= 3)
Pvroclastic Agglomerate Breccia Tuff
(19=3)  (19z7) (13=3)

* Conglomerates and breccias may present a wide range of m; values depending on the nature of the
cementing material and the degree of cementation, so they may range from values similar to sandstone to
values used for fine grained sediments.

* *These values are for ntact rock specimens tested normal to bedding or foliation. The valie of m; will be
significantly different if failure occurs along a weakness plane.



Input Parameter — Disturbance Factor

Table 1: Guidelines for estimating disturbance factor D

Appearance of rock mass Description of rock mass Suggested
value of D
Excellent quality controlled blasting or excavation by
Tunnel Boring Machine results in minimal disturbance D=0
to the confined rock mass surrounding a tunnel.
Mechanical or hand excavation in poor quality rock
masses (no blasting) results in minimal disturbance to D=0
the surrounding rock mass.
Where squeezing problems result in significant floor
i . = D=05
heave, disturbance can be severe unless a temporary No invert
invert, as shown in the photograph. is placed. e s
Very poor quality blasting in a hard rock tunnel results
in severe local damage, extending 2 or 3 m, in the D=08
surrounding rock mass.
Small scale blasting in civil engineering slopes results D=07
in modest rock mass damage, particularly if controlled | Good blasting
blasting is used as shown on the left hand side of the
photograph. However, stress relief results in some D=10
disturbance. Poor blasting
Very large open pit mine slopes suffer significant D=10
disturbance due to heavy production blasting and also | Production
due to stress relief from overburden removal. blasting
In some softer rocks excavation can be carried out by D=07
ripping and dozing and the degree of damage to the | Mechanical
slopes is less. excavation

-

R
Disturbance factor depen@’s%n the disturbance of rock mass

’

while blasting as ShO\(‘D;m\th)e Figure.

P
A
D-Disturba&cﬂega}tor is used for determining mb and s for

equationﬂ(,
)
4

d 3, respectively.

Wh ,
re e(

AN . .
<\mb s the reduced Value material constant mi
- J
\)/

is constant which depends upon the rock mass characteristics



Comparison of RocData Vs GDs Design Sheet

4 Define Material Models

B Rock Name | Rock =

Calibrated Rock ‘ -

e — Here | I provide the comparison
Failure Criterion: | Generalized Hoek Brown |~ J ' : £{ ehn ROCSCIEHCQ SOftwa re ROCdata and
Type Data
Mateial Type o = \  )Excel Sheet for determining Rock mass
Define by GSI, mi, D v
Peak Strength p rope rties.
UCS of intact rocl :j.."',': act) (MPa 75 E—S ‘
Gl 55 B | : :
= 5= = Both will give the same results as the same
o 0 B equations has been used.
Set Residual to Peak v
Residual Strength
GSI Residual
mi Residual
D Residual
Tensile Cutoff Type None
Inputs
Eal= m oY B 4 o .
= - O = Uniaxial Compressive Strength = 75 Mpa
G5l = Geologuical Strength Index = 55
mi = Constant for Intact Rock = 17
D = Disturbance Factor = 0]
MR = Modular Ratio = 275
H = Depth of Tunnel/Slope Height = 100 m
T = Unit wieght of Rock = 0.027 KN/m3

RocData Comparison Example - https://www.rocscience.com/help/rsdata/tutorials/rock-strength-tutorials/hoek-brown-strength-envelope-for-a-tunnel-in-
undisturbed-rock-d-0



https://www.rocscience.com/help/rsdata/tutorials/rock-strength-tutorials/hoek-brown-strength-envelope-for-a-tunnel-in-undisturbed-rock-d-0
https://www.rocscience.com/help/rsdata/tutorials/rock-strength-tutorials/hoek-brown-strength-envelope-for-a-tunnel-in-undisturbed-rock-d-0

Comparison of RocData Vs GDs Design Sheet

Y Pick MR Value £¥ GSI Picker x
Inputs

Using a modulus ratio (MR), it is possi

g || Rock Type: | Basic Observational 2000

This relationship is useful when no dit i — [ H —
e eetatww || Gsi: ‘ 5 5' Oy Uniaxial Compressive Strength 75 Mpa
i — G5l = Geologuical Strength Index = 55
z::::;‘::/:leuzmc'( Ape ,Eg’, STRUCTURE mi = Constant for Intact Rock = 17
Marble 8504150 ' INTACT OR MASSIVE - intact - Disturbance Factor = °
Marls 175225 rock specimens or massive in MR = Modular Ratio = 275
Metasandstone 250+50 situ rock with few widely spaced H = Depth of Tunnel/Slope Height = 100 m
Micritic_Limestones 900100 discontinuilies v = Unit wieght of Rock = 0.027 KN/m3
Migmatite 375225 E 7 ) 4 1
Norite 375+25 BLOCKY - well interlocked un- 5 / / / /
oo .| disturbed rock mass consisting 70
b e 77| of cubical blocks formed by three
Fhyises DA /| intersecting discontinuity sets w
Porhyries 4000 — o) 60 / EY Pick Mi Val
| { 37575 (V) ick Mi Value
s g [[757] VERY BLOCKY- interlocked, z / /
il = 7 7\| partially disturbed mass with S 50 List of Mi Values: Selected Mi Value: 17
Sandstones  27£75 ‘ /7| multi-faceted angular blocks (o) Marble 9+3 )
| Schists 675428 [ /.7 4| formed by 4 or more joint sets e / / Marls 742 - Filter By
BLOCKY/DISTURBED/SEAMY E / 40y 7 Metasandstone  19:3 | Rock Type:
- folded with angular blocks ® Micritic_Limestones 92 .
:?rmedﬁby.:y‘an {;n:': ch:ing ‘% / Migmatite 29+3 i
iscontinuity sets. Persistence 30 Norite 2045
of bedding planes or schistos| :I / e
ing ity 5 - A Peridotite 255
DISINTEGR{\TED - poorly inter- 3 / Phyllites 7%3
g me"c:{x mvuolfy broktlan ro:; mass 20 Porhyries 20+5
AL N Quartzites 203
rounded rock pieces ﬂ g
v, / / / Rhyolite 25+5
4 7
Sandstones 17+4
LAMINATED/SHEARED - Lack / 10 *[scmsts 1243 N
of blockiness due to close spacing N/A N/A ‘
1t of weak schistosity or shear planes oK Cancel
: /

OK Cancel




Rock

Hoek Brown Classification

UCS of intact rock (MPa) 75
GSI 55

mi 17
disturbance factor 0
Intact Modulus (MPa) 20625

Hoek Brown Criterion

mb 3.408
s 0.00674
a 0.504

Rock Mass Parameters

tensile strength (MPa) -0.148
uniaxial compressive strength

(MPa) 6.033
global strength (MPa) 18.73
modulus of deformation (MPa) 8420.787

Failure Range Envelope

application Tunnels
sig3max {MPa) 1.425
Mohr Coulomb Fit
cohesion (MPa) 1.008
friction angle (°) 56.621

Result from RocData Vs GDs Design Sheet

Results

Rock Mass Properties
Hoek's Constant
Hoek's Constant
Hoek's Constant

mb
5

a

Ei
Ed

<@

)
A,
\fs(i Both F

have F
mass |

Modulus of elasticity of intact rock

Modulus of Deformation

UCS of Rockmass

Tensile strength of the rock mass
Global Rock Mass Strength
Maximum horizontal Stress

Friction Angle of Rockmass

Results

Rock Mass Properties

mb

Hoek's Constant
Hoek's Constant
Hoek's Constant

3.408
0.00674
0.504
20625
8420.8
6.023
-0.1483

18.73

1.425
56.62

MPa
Mpa
MPa
MPa
MPa
MPa

3.408

0.00674

Modulus of elasticity of intact rock

Modulus of Deformation
UCS of Rockmass

Tensile strength of the rock mass

Global Rock Mass Strength
Maximum horizontal Stress

Friction Angle of Rockmass
Cohesion of Rockmass

0.504

20625 MPa

8420.79 Mpa

6.033 MPa

-0.1483 MPa

18.73 MPa

1.425 MPa
56.62 °
1.008 Mpa

) hot
ck
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