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Angle of Dip (=22°) Top of Rock Layer.
| |

AN
757\

Anther ok Ly

Horizontal Line

Left-Hand Rule:
If left thumb points down dip,
then left index finger points in strike direction.

In this example: dip = 22°, strike 105°

This is written as: 22/105
(other conventions exist)

o, Dip direction Azimuth

ﬂ Maximum Dip Dip

strike = o —90 % (180)

Trend is the direction in which the line is going "down"
AN In this case, trend = 360 - 75 - 40 = 245°
75

lertical Plane that
Lontains the line

Plunge Angle = 19°

40 / /

/

Line lying in the plane that defines the
top of the green layer

In this example: plunge = 19°, trend = 245°

This is written as: 19/245

a : Trend =Dipdirection
p : Plunge =Dip

Strike=dip direction-90 (+180 or -180)
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Figure 45 Definition of dip angle and dip direction

greal circle

and passing through the centre of
the sphere intersects the sphere at
two diametrically opposite points
called the poles of the plane.

In rock mechanics, the
lower-hemisphere projection is
almost always used.

The upper-hemisphere projection is
often used in structural geology
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contours

contours
7

the numbers of poles lying within
2

successive areas which each
constitute 1% of the area of the
hemisphere are counted.

The maximum percentage pole

232/81

347/22

dispersion

DIPS - software
Fisher
Concentrations
% oftotal per 1.0 % area

0.00~ 250 %
250~ 5.00%
5.00~ 7.50 %
150 - 1000 %
1000 ~ 1250 %
1250 ~ 1500 %
15.00 ~17.50 %
17.50 ~ 20.00 %
20,00 ~ 22.50 %
2250 ~ 2500 %

Mo Blas Comrection
Max Conc.=23.2611%

Equal Angle
Lower Hemisphere
61 Poles
40 Entries

g

The higher the value of K, the less is the dispersion of values about the mean.
For a random distribution of poles, K = 0.
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proportion. This makes it fair to all countries.
Jother ways of seeing the world include:
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stercographic
projection of
greal circle

great circle

stereographic projection
f pole

Inclined plane
passing through
origin of
sphere

Lower
Circular arc hemisphere
leplts:lling

projection of plane, called a great circle

Inclined plane

Trace of P on surface of
hemisphere, as inclination of
plane varies

Small circle results on
projection

Rock Mechanics
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EXAMPLE

dip direction, o =135°
dipangle, f=350°
denotedas  135/50

Plot also 000/90 and 090/00

Dr. Hasan Ghasemzadeh
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Dr. Hasan Ghasenz
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Tracing
paper with
central
drawing pin

Dr. Hasan Ghasemzadeh 22
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Dr. Hasan

the plane as shown

© Measure (90 - B) or 40° from the outer circle,
but this time from the LHS to locate the POLE

of the great circle or plane

Dr. Hasan Ghasemzadeh
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Rotate back
to the North
position
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These planes intersect on the stereonet at
the point A:B

- this point represents the line of intersection of

the discontinuities represented by the planes

Dr. Hasan Ghasemzadeh
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perimeter to the intersection point

= the plunge of the intersection line

Dr. Hasan Ghasemzadeh

29

line of intersection

Dr. Hasan Ghasemzadeh
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* Read off the number of degrees from the
perimeter to the intersection point

= the plunge of the intersection line

Dr. Hasan Ghasemzadeh
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* The intersection point can be designated as
060/035

Dr. Hasan Ghasemzadeh
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BH : the direction of the
borehole vector,

D maximum dip of the
discontinuity plane,

N for the normal to the
discontinuity plane.

1-Rotate : borehole on the E-W line

2- move BH to the centre of the net-in
90-65=25

3-. Move the normal N through the
same angle, but along the small circle.

In effect, the net has been inclined to
be perpendicular to the borehole.

Rock Mechanics
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¢ Contours to indicate high concentrations in areas of the
net

e prevailing discontinuities

¢ Position of discontinuities with respect to the Great
Circle for the Slope?

Dr. Hasan Ghasemzadeh 39

Dr. Hasan Ghasemzadeh 40
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Typical Slope Instability

(@) no particular concentration of poles

- circular failure (e.g. waste rock/ fractured slate)

- similar to soil (use Bishop’s method)

Dr. Hasan Ghasemzadeh ke I

M

Slope Instability

(b) single concentration of poles above cut slope
- plane failure

slope

Discontinuity — strike parallel to that for the slope

Dr. Hasan Ghasemzadeh

42
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Conditions for planar failure

© The plunge of the slope > dip of the discontinuity
(Discontinuity daylights on the slope face)

¢ Discontinuity has a dip angle > ¢ for the joint
» mechanically possible

° Dip direction of the discontinuity and slope lie
within + 20°

Dr. Hasan Ghasemzadeh

43

The last condition

Strike of
+20° discontinuit

e :

Dr. Hasan Ghasemzadeh
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Slope Instability

¢) double concentration of poles = intersecting joints
wedge failure most common

slope

-

discontinuities

Dr. Hasan Ghasemzadeh 45
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Conditions for wedge failure

© The plunge of the slope > dip of the
Intersection line

(Intersection line daylights on the slope face)
¢ Intersection line has a dip angle > ¢ for the
joints

* mechanically possible

Dr. Hasan Ghasemzadeh 46
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Slope Great
Circle

UNSAFE slope!

Dr. Hasan Ghasemzadeh 47

* The slope is safe if the intersection
point, |, is outside the friction circle (¢)
for the joint

- mechanically impossible to fail

- assumes c = 0 kPa for the joint

Dr. Hasan Ghasemzadeh 48
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Wedges intersecting slopes

intersection lines of planar
discontinuities with the slope

Great circle of
slope surface
’ I

Dr. Hasan Ghasemzadeh 49

| Slope Instability

(d) single concentration of poles below slope

- toppling failure in hard rock

slope

discontinuit

Dr. Hasan Ghasemzadeh 50

12/30/2025

25



K.N. Toosi University of Technology 12/30/2025

{a) Finite and {b}) Infinite block () Fintte, tapered
non-tapered block black
Unstable Stable Stable

Rock Mechanics 26
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Roof fall

Sidewall wedge

Joint set dip® dip direction®
J1 T0£5 036=12
J2 85 +8 144 =10
J3 556 262=15

18015 |

E Left wall wedge

Roof wedge
Weight 44.4 t
FS=0

Weight 3.3 t
FS=040

Floor wedge
Weight 181 t
Stable

12/30/2025
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the line of intersection of two discontinuities)

Horizontal roof:
Vertical wall

Friction
circle

Hokizontallioof

Rock Mechanics 28
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Spherical wiangle
representing a
flling block

Perimeter of projection
represents plane of
herizontal roof

Vertical direction

Vertical ling representing
direction .
mavement due Lo gravity

N~ refcm pay e r—~ 8
Holkizontallioof

the line of maximum dip is not
included within the block.

Herizontallioofi

12/30/2025
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In practice, the inclination as /,_,

shown here should be conducted /4

such that the point representing Ny _/ Inclination
4

S
N

SN

the outward-divected normal from
the rock face moves o become
the centre of the projection.

N

\
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angle ™ -

D, = 185/54
D; = 120/50

GREAT CIRCLE
REPRESENTING
HORIZONTAL

3- the normal to the
horizontal plane (N;)

A Ny, is used to distipguish 4- rotate such that Nf lies
/ \‘~Nﬂ between ‘up” and ‘down’ - g the E-W line.
5- The inclination is then
applied

any line which appears on
the Ny, -side of the inclined
horizontal plane is
directed downwards

12/30/2025
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great circle, H, representing the horizontal plane and the associated pole, N,

downwards

friction circle represents a cone of semi-angle
(90 - ¢) around N,, for overhanging surfaces

12/30/2025
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OVeE cl U U
surfaces, N, is
directed upwards.

friction circle represents a cone of semi-angle (90 -+¢)
around N,, for non-overhanging surfaces

12/30/2025
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Horizontal

sl lpw S — o) 0 Cpr
o = trend Dip direction
p = plunge | pip
OB = sinacosf =m_
OC = cosacosf
AD = sinf

R=[Em) «Enf+ @]

Rock Mechanics
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By = Sin '(ny)

a, = Cos "(l, /Cos &)

a,=-Cos (I, /Cos &)

N
tV TR
Cos v =1+ I
F
7= 1
VKF

sle oy Lwgo sb)y;

A 0 G S sy SUiST

op Ke s Susl,

Ln (1= P) LS ;allSesL o a5k dhy Sl b
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51kl 3l il

is the specific discharge,
is the pressure gradient causing flow,
is the fluid viscosity and

are the components of the permeability tensor

k,,. water out

k”. waler out
kyx kxy Ky,
k)'?‘ k_‘l Y k)' Z
kn kzy kzz

General permeability matrix
with respect 10 x,y,z axes

Mohr’s circle
for permeability

flow
A

k;

l‘I
Normal flow

ki 0 0
0 k 0
0 0 K

Principal permeabilities,
no cross flow

Rock Mechanics
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OA=Rtan %

0B~ R cot %

Given:io =301, f =90y
Choose £ = 5, then:
5

= 5ios 30 = 5.7
O, =5 tan 30 =289
(Lower focal point)

Reference

circle

Friciion
Dconiny D direcion ange
e () nrn @
UBeling W we 2
Lt
2 Shewsd W o )
arfiioes
3 Main i )
ain W 1w
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Seen from below
)

Rock Mechanics 38
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Dr. Hasan Ghasemzadeh
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Dr. Hasan Ghasemzadeh
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Figure 4.5 Definition of dip angle and dip direction

a3 = ay — Declination

Dr. Hasan Ghasemzadeh

84
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z

a; =43° oy =0 Declination = 0°

—cos @ Sin &
-sing,

COos @, COs O

ay = 45° a;=90°  Declination = 0°

Dr. Hasan Ghasemzadeh 85

Discrete Element Method (DEM) * I3 sl 0Ll Sy,

Discrete Fracture Network Method ° S5 <3 2,
(DFN) o

s 55 J- FEM/BEM

Dr. Hasan Ghasemzadeh 86
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Dr. Hasan Ghasemzadeh
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Datum
mark

Drawing

219/68

219/68

Strikeline

Discontinuity
surface

Onormal = Odip = 180°
ﬁnucrmal =90° - ﬁdip*

Line of
maximum

dip

Rock Mechanics
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dip

%ole/‘

ormal

Line of
maximum

Plane

149/37

149/37

(a) 4

Block 0100

Boundary

(b)

Lxeavation
pyramd (F1)

L 0 2
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Jaint
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