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e Major differences between soils and rocks:

» Soils are particulate media, and rocks can be seen
as a disjointed continuum.

» In rocks there is a significant scale effect, which is
not present in soils.
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—. Heavily fractured

rock mass
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» While the intact rock can show significant tensile
strength, the rock mass will have little or no tensile

strength due to the presence of discontinuities. Soils
exhibit no tensile strength.
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e Major differences between soils and rocks:

» Primary permeability (through pores) of intact rock
is extremely low while the rock mass may have high
secondary permeability (through discontinuities).

» Soils only have primary permeability.

» The strength of soils and the intact rock increases
with the confining pressure.

» Rock strength given by Hoek-Brown failure criterion
(the failure envelope is parabolic).

» Soil strength given by the Mohr-Coulomb failure
criterion (linear failure envelope).
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1In-situ stresses and strength-—————
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e Unit weight - commonly taken as 27 kN/m3.

e Vertical stress varies linearly with depth.

g
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e Horizontal stress is often larger than the vertical.

K, =0.25+7E, (GPa)x 0.001+——
z(m)
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Stress-strain relationships- . ————

Linear Elastic
oy’
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e The analy5|s of a rock mass is often carrled out

assuming a linear isotropic elastic material, following
Hooke’'s law.

0

i Exzé[o-x_v(o-y_l_o-z)] VXyZéTxy
gy:é[ﬂy—v(6x+az)] 7y2:éryz
& gZ:é[O'Z—V(O'X‘FUy)] 7/zx:érzx

Where:
o = normal stress; r = shear stress;
& = normal strain; y = shear strain;

E = modulus of elasticity; G = shear modulus;
v = Poisson’s ratio.
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Stress-strain relationships:- . ————

e In matrix form:

Gz

y X
z % (1 —v -v 0 0 0 (o]
W g, v 1 -v 0 0 0 |lo,
Txz
T, /IL &, 1|-v -v 1 0 0 0 o,
T Ox 9 F=— < ;
7Hx . Yw|[ E[ O 0 0 21+v) 0 0 |70
Z Yy 0 0 0 0 21+v) 0 ||z,
e 0 0 0 0 0= 4oLty e}
1-v v % 0 0 0 |
O l-v v 0 0 0 Ex
Oy l-v 0 0 0 &y
<Gz>: E 0 0 0 (2 0 0 <gz L
Ty | (1+v)1-2v) 2 (1-20) s
z 0 0 0 0 - Y0ty
ag 0 0 4 0 e e | VY
2 ]
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Stress-strain relationships- . ————

e Volumetric strain, ¢,

L
o =
gvol :gx +gy +gz (1) /

Substituting the strain equations in (1) we obtain :

1-2v

Eyol = = [O'X +o, + O'Z]
31-2v)| o, +o,+0,| 1|0, +0,+0,
E — =
& E 3 K 3




e Relationship between elastic parameters:
IKG 3K -2G E

3IK+G 283K +G) 2(1+v)

e Principal stresses and strains

( 2 B _

&, 1 —-v —vilo T3 ;

1 7 v
<52>=E -v 1 —vo,;
£ -v —v 1 ||o *
. S L 1\ 3)

) ag,=>0 a,
( [~ ] 3
o, l-v v v o|l& 7
Gl.

10, ¢ = v 1-v v &

(1+v)1-2v)
CE v v o 1-v]l&

Where: E = modulus of elasticity; G = shear modulus;
K = bulk modulus; v = Poisson’s ratio.
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Stress-strain relationships- .————~ =

_cdp

e Plane strain loading: when the structure is long in one
direction, the deformation or strain in this direction

can be neglected.
Z-)/Z:Z-zx:gz:7/yz:7/zx:0 and GZ:V(O-X+GY)

rgx\ | et i) - (O'X\
16 (T E —v(+v) 1-v? 0 [o,;
v 0 0 2(1+v) || 7y ]
o, E l-v v 0 &
10, 1= v l-v 0 1€y ¢
(1+v)(1-2v) (1-2v)
Ty 0 0 =,
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Example 1

In a rock mass subjected to plane strain loading, the
principal stresses o, = 2 MPa and o; = 1 MPa are acting
in the x and y-directions, respectively. Assuming a
Young’s modulus of 20 GPa and Poisson’s ratio of 0.2,

determine the principal strains and the normal stress
perpendicular to the plane of loading.
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e Plane stress loading: when the structure is small in
one direction (z) and the stresses are confined to the
x-y plane.

c,=7,=7,=7,=7,=0 and g, :L(gx +5y):—%(ax +0y)

rgx\ | (1 —v 0 | rax\
N & >:E -v 1 0 Ko,y
y

D 0 0 2(+v)]|7y] / 7,
(GX > 1 v 0 Ex\

10y = —lv 1 Ot

(1-v7) (1-v)
[P ) 00 5 |Ux)




e Axisymmetric loading: when the loading is symmetrical
about an axis (e.g., under a uniformly loaded circular
footing or during triaxial testing).

o=t SN = =l = =\
gl 1|1 =-2vijo

&, CE|-v 1-v o

o E l1-v 2v||ég
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Strength of a material is the limit state of stress the
material can sustain.

Strength is often considered in terms of compressive
strength, tensile strength, and shear strength.

Strain at the limit state of stress is often defined as
strain at failure.

Yield point defines the onset of plastic deformation.

Brittle behaviour indicates a substantial reduction of
stress-carrying capacity, reflecting fracturing of the
material under stress.

Ductility is the physical property of being capable of
sustaining large plastic deformations without fracture.
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e The shear strength of a rock mass can be defined in
terms of peak or residual stresses.

e Peak shear strength is the maximum shear stress that

can be carried by the element; residual shear strength,
is the shear stress at large strains.

A
& Peak Strength "

Yield Point Ductile

Residual Strength
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e The Mohr-Coulomb failure criterion for intact rock

= 2Ccos g - 2Ccos¢
t = : S i
1+sin¢g 1-sing
T=C+otang
A
A | /(A
U;I = 'Uh Gh
ccot ¢ - - ccot ¢

Mohr circles at failure for a) uniaxial tensile strength test; and
b) uniaxial compressive strength test.

Note: As the intact rock is relatively impervious, the Mohr-Coulomb
failure criterion is applied in terms of total strength parameters.
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e The Mohr-Coulomb failure criterion for intact rock

O_vt = C CO.S ¢ l,P Eg_aring strip
2—sing
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Strength and failure criteria.————

e The Mohr-Coulomb failure criterion for intact rock

T A : e :
Mohr—Coulomb failure criterion with
adjustment for tensile normal stresses.
Actual Uniaxial compression

Simplified test

Indirect tensile
test

Uniaxial tensile
test

GC=2Ctan(45+gj:2C cos ¢ :2C\/1+Sm¢

At failure:

o,[F2C tan[45 I ﬁj + 0, tan2(45 + éj =0, +|o,
2 2
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rength and failure criteria_————

Example 2

A series of six triaxial tests were carried out on 50 mm-
diameter limestone cores and the following data were
obtained for the principal stresses at failure:

Specimen 1 2 3 4 5 6
G (MPa) 78.0 124.5 145.5 196.0 230.5 262.5

Gy (MPa) 0 5.0 10.0  20.0 30.0 40.0

Plot 0, Vvs. 03 and determine the uniaxial compressive
strength, o, and friction angle, ¢ of the limestone.
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Example 2 - Solution

o :tan2(45+— o,|+ 0o

300 T /l
250 +

200 +

./—-'

= .
S 150 & /51f=4.4337c3f+95.244
= - R%2=0.9735
) -
100 4=
®
50 T
0 B | I 1 1 1 1 I 1L 1 1 1
0 10 20 30 40 50

63¢(MPa)
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Example 3

It is proposed to excavate a horseshoe-shaped tunnel at
a depth of 100 m below ground level into a sound,
unjointed fresh granite with ¢ = 0.5 MPa and ¢ = 40".
The average unit weight of the overburden is 27 kN/m3.
Once the tunnel is excavated, it is expected that the
lateral normal stress near the tunnel walls will be close
to zero. Will the rock fail ("burst’) into the excavated
tunnel? What level of prestressing (i.e., g3) in the form
of struts, rock bolting and so on is required to ensure
that the tunnel can just resist the failure?
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e The Mohr-Coulomb failure criterion for rock mass

» The discontinuities present within the rock mass
allow easy access to water and pore water pressures
develop within the joints:

oc'=o0-U

> At failure:

o'\ = 2C'tan(45 i %j +0, taI12(45 + %j =0y, t0, tan2(45 + %j

Where o, is the uniaxial compressive strength of the rock mass.
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e The Hoek-Brown failure criterion for intact rock

» Introduced to provide input data for the analyses
required for the design of underground excavations
in hard rock.

» Derived from the research into the brittle failure of
intact rock by Hoek (1968) and on model studies of
jointed rock mass behaviour by Brown (1970).

» The criterion uses the properties of intact rock as
input parameters, and then introduces factors to
reduce these properties on the basis of the
characteristics of joints in a rock mass.

» The generalized form of the criterion can account for
the disturbance in the rock mass due to blasting and
stress relief. =

F] . - l 551 = 3
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e The Hoek-Brown failure criterion for intact rock

» In rock mechanics, the common practice is to
present the failure criteria in terms of the principal
stresses o5 (on the x-axis) and o; (on the y-axis).

» Hoek and Brown (1980) proposed that the effective
major, g’; and minor, o’; principal stresses at failure
can be related by:

0.5
' =o'+ m—o-'3+s
O =0 ;70| I

O-ci

Where:
o,; is the uniaxial compressive strength of the intact rock;
m; and s are material constants, where s = 0 for poor rock; and s =1 for intact rock.

' v 2 (3% ' 2
(01_03) =M0,0 510

[
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Strength-and raure-critera ——

e Parameter m; for

Texture
t h e H O e k— B ro W n Coarse Medium Fine Very fine
. . . Sedimentary ~ Conglomerates Sandstones, Siltstones, 7 +2  Claystones, 4 + 2
failure criterion @=y 7
Breccias (19 Greywackes Shales (6 + 2)
A +5) (18 £3) Marls (7 + 2)
( I n ta Ct ro C k) Crystalline Sparitic Micritic Dolomite (9 + 3)
limestone limestone limestone
(12+3) (10+2) 9+2)
Gypsom, 8 + 2 Anhydrite, Chall,7 +2
12+2
Metamorphic Marble,9 + 3 Hornfels Quartzite,
(19 +4) 20+ 3
Metasandstone
(19 +£3)
Migamatite Amphibiolites, Gneiss, 28 + 5
(29 £3) 26+6
Schists, 12 + 3 Phyllites (7 + 3) Slates,7 + 4
Igneous Granite Diorite
(32 +3) (25 +5)
Granodiorit
(29 = 3)
Gabro,27 +3  Dolerite
(16 £5)
Norite,20 + 5
Porphyries Diabase (15 + 5) Peridotite (25 + 5)
(20 £ 5)
Rhyolite Dacite (25 = 3) Obsidian (19 + 3)
(25 +5) Basalt (25 + 5)
Andesite,
25+5
Agglomerate Breccia Tuff (13 +5)
(19 £3) (19 £5)

Source: Hoek, E.,and Brown, E.T., Int. | Rock Mech. Min. Sci. Geomech. Abstr., 34, | 165, 1997.
Note: The values in parenthesis are estimates. The others are measured.
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e Comparison between the Hoek-Brown and the Mohr-
Coulomb failure criteria

! !
Gl Gl

Triaxial compression
= Uniaxial compression

ci
/ Cci
¢ ol s

f Oti o} Oti o

8]

Uniaxial tension

(a) (b)
Comparison between (a) Hoek—Brown failure criterion; and (b) Mohr—Coulomb
failure criterion.
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Example 4

A series of six triaxial tests were carried out on 50 mm-
diameter limestone cores and the following data were
obtained for the principal stresses at failure:

Specimen 1 2 3 4 5 6
G (MPa) 78.0 124.5 145.5 196.0 230.5 262.5

Gy (MPa) 0 5.0 10.0  20.0 30.0 40.0

a. Neglect the pore water pressures and determine m,,
o, and o, for the limestone.

b. Using the values of m; and o, from (a), plot the
theoretical Hoek-Brown failure envelope.

c. Show the test data along with the theoretical failure
envelope and comment on how well they match.

] J . o= L < s = - .
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Strength and failure criteria.———

Example 4 - Solution

| 0.5
(¢',—0', ) |=mo o'\ o o' =o' +o,  mZ+s
1 3 — il 3 Ci 1 3 ci i
O-ci
60,000 300
i ’ C _-9®
50,000 250 1
(64¢— 0302 =1070.4 o4 + 7835 [ /
[ R?=0.9937 200 +
40,000 _ C
S _ - E-lso -
% 30,000 9 3 [
3 P
L ’/b ® Labdata

20,000 / B i
i 7- 501 Theoretical 6,;=88.5 MPa —]
/ -
i I} N = = = Theoretical mj=12.1
10,000 VY NP N R PP T

7 0
-10 0 10 20 30 40 50
T o5 (MPa)
0 T L 1 1 1 1 1 1 1 1 i 1 L 1 1 1 1 1
0 10 20 30 40 50
o35 (MPa)
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rength and failure criteria_————

e The generalized Hoek-Brown failure criterion
» Applicable to rock mass as well as intact rock.

a
' =o'+ m —G'3+s
61_0-3 O-ci m
Uci

» The parameter m,, for the rock mass is related to m;
for intact rock by:

GSlI —100)

b eXp( 28—14D

Where:

o,; IS the uniaxial compressive strength of the intact rock;

m_, (rock mass), m; (intact rock), a and s are material constants;

D is a factor to account for the disturbance in the rock mass due to blasting and
stress relief, where D = 0 for undisturbed, and D = 1 for highly disturbed rock mass;
GSl is the Geological strength index.

[* —

! , = _— l ——s
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e Disturbance factor, D for the Hoek-Brown failure
criterion

Appearance of rock mass Description of rock mass Suggested Appearance of rock mass Description of rock mass Suggested
value of D value of D
Small scale blasting in civil engineering slopes results D=0.7
Excellent quality controlled blasting or excavation by in modest rock mass damage, particularly if controlled | Good blasting
Tunnel Boring Machine results in minimal disturbance D=0 blasting is used as shown on the left hand side of the
to the confined rock mass surrounding a tunnel. photograph. However, stress relief results in some D=1.0
disturbance. Poor blasting
) o ) Very large open pit mine slopes suffer significant D=1.0
Mechanical or hand excavation in poor quality rock disturbance due to heavy production blasting and also |  Production
masses (no blasting) results in minimal disturbance to D=0 due to stress relief from overburden removal. blasting
the surrounding rock mass.
Where squeezing problems result in significant floor =05 l_“ some softer rpcks excavation can h‘e carried out by D= (]-_7
heave, disturbance can be severe unless a temporary D_— -~ ripping and dozing and the degree of damage to the | Mechanical
invert, as shown in the photograph, is placed. No invert slopes is less. excavation
Very poor quality blasting in a hard rock tunnel results
in severe local damage, extending 2 or 3 m, in the D=038

surrounding rock mass.

: C\/G4181/6305 Rock Mechanics




e Material constants for the generalized Hoek-Brown
failure criterion

S = exp( Gj I—_31Dooj q = l + l(e—GS' e - 9‘20/3) Hoek et al. (2002)

Where:

s = 0 for poor quality rock, and s =1 for intact rock;
a = 0.50 for intact rock, and a = 0.65 for poor quality rock.
GSl is the Geological strength index.

e Uniaxial compressive strength of the rock mass, o,

a

Jcm — Gci S

O = 0 x0.0034m" x(1.029+0.025¢ ™ ' Marinos and Hoek (2001)

As GS/ approaches 100 (intact rock) the ratio o,/ o, approaches 1.

-
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Strength and failure critedia_————

_cdp

e Uniaxial tensile strength of the rock mass, o,,,

2
e \/mm e Hoek and Brown (1997)
tm Cl 2
SO
O =— Hoek et al. (2002)
mm

Where:

oy, IS the uniaxial tensile strength of the rock mass;

o,; is the uniaxial compressive strength of the intact rock;

m_ and s are material constants, where s = 0 for poor rock; and s =1 for intact rock.
a = 0.50 for intact rock is assumed.




Strength and failure criteria,————
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e Typical values of Hoek-Brown parameters

Intact Rock Rock Mass

Epn
Description G, (MPa) m; GSI m,, s a (GPa)

Massive (almost 51 16.3 75 6.68 0.062 0.501 15.0
intact) but
weak cemented
breccias — similar
to weal< concrete

Massive strong rock 110 28 75 1146 0.062 0.501 45.0
gneiss, with very few
joints

Average quality rock 30 I5 65 4.3 0.02 0.5 10.0

mass: jointed quartz
mica schist

Poor quality rock 5-10 9.6 20 0.55 0.0001 0544 0.60
mass at shallow
depth: Athenian
schist

Poor quality rock 50 10 25 0.48 0.0002 0.53 1.0
mass under high
stress: 25-km-long
water supply tunnel
1200 m below
surface; graphitic
phyllite, squeezing
ground

Source: Hoelg, E., Practical Rock Engineering, http://www.rocscience.com/hoek/corner/practical_rock
engineering.pdf, 2007.
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Example 5

An intact sample of massive strong rock gneiss, with
very few joints, was tested in a laboratory and the
following results were obtained: GSI=75, m;=28,
o,,=110MPa. Estimate:

a. the rock mass parameters m,,, s and a.

b. the uniaxial compressive strength of the rock mass,
Ucm

c. How do the estimated values compare with the
reported experimental data?

‘ : ! -
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e Many geotechnical problems (e.qg., slope stability) are
more conveniently dealt with in terms of shear and
normal stresses rather than the principal stresses.

e The main difficulty is to derive the Mohr-Coulomb
shear strength parameters ¢’ and ¢’ for the rock mass.

501

e Hoek and Brown (1997) simulated a
series of triaxial test data for rock
masses of different GSI, m; and o
and plotted the Mohr-Coulomb failure
envelopes, from which the ¢’ and ¢’
for the rock mass were determined.

oy
(=]
T

. ! o3 ‘
0| =03 +0| My ——+S8
Oci

20+

Major principal stress o'

' 2c'cos ' 1+sin e
Il ¢.+ : ¢'C‘3
1-sing 1-sing

| ‘ : g T <2 S
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Mohr-Cotlomb-parametetrs:forrockimass.

e Values of ¢’ and ¢’ for rock mass

0.2
55 T 1,
! 35
50 + 4 50
E ,/,f/ 25
i - 20
45 16
0.1 [ / /"
S 0+ /// é/ "
0.08 oh : "
— 35 747¢
= s ” —
0.06 < ' / ////
2 30 ;;4’1:’i””"ﬁ#f‘,;#""’,i#‘ — 5
(]
© o 25 N 7‘7
o ’ /
20 / -
'
15 ,/
lo ’llll - A A i i - i i - A et d
10 20 30 40 50 60 70 80 20
Geological strength index, GSI
¢'—m—GSI relationship for the rock mass. (Hoek, E. and E.T. Brown,
Int. |. Rock Mech. Min. Sci., 34, 1165—1186, 1997.)
0.01

30 40 50 60 70 80 90
Geological strength index (GSI)

¢/o4—m—GSl relationship for the rock mass. (Hoek, E. and E.T. Brown, - ' s
Int. J. Rock Mech. Min. Sci., 34, 11651186, 1997.) L_
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e Values of ¢’ and ¢’ for rock mass (Hoek et al., 2002)
e Applicable if 0< ¢'5 <0.250;

6am_(s+m_ o', )~
2(1+a)2+a)+6am_(s+m o' )"

Sin @' =

C'= O [(1+2a)8+(1—a)mmo-'3n](3+ mmG'3n)a_1
(1 -4 a)(2 -+ a)\/l == [6amm (S + mm6'3n )a—1 ]/[(1 i a)(2 . a)]
O-'3n = 0-'3,max /O-ci
Where:

o,; is the uniaxial compressive strength of the intact rock;

0 '3 max 1S the upper limit of o’; and depends on the project and stress level,
m_, s and a are material constants;

c'and ¢’ are the effective shear strength parameters for the rock mass.
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Vioh kibéﬁ’i"o’ﬁﬁ'”'ib‘a‘r‘ém eters=for it
e Determining o’; ,.x (Hoek et al., 2002)

'
3,max

!

~0.94
o' .
— 0_47( Sl j - For tunnels and underground excavations
O

cm

&' - ~0.91
omax 0,72( cm j - For slopes

!

o cm
= 2C'cos @'
cm . .
1 —sing
Where:

o ., is the global rock mass strength determined from the Mohr-Coulomb envelope;
c'and ¢’ are the effective shear strength parameters for the rock mass;
v is the unit weight of the rock mass;

H is the depth of the tunnel (excavation) below surface or height of the slope.
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Example 6

Five intact samples of massive strong rock gneiss, with
very few joints, were tested in a laboratory and the
following results were obtained: GSI=/5, m;=28 and
o,=110 MPa and:

O3 (MPa) 0 10 20 40 60
o (MPa) 27.3 125.6 181.3 266.5 336.9

a. Draw the Mohr-Coulomb failure envelope in ¢'4-0'5
space;

b. Estimate the effective strength parameters ¢’ and ¢’
and compare them with the experimental data.

c. Calculate the global rock mass strength, o’.,, and
compare it with the uniaxial compressive strength of
the rock mass o, determined in Example 5.
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Mohr-Coulomb parameters-fortrock:mass.__

Example 6 - Solution

G‘lf (MPEI)

O

400 +

2

= tan’ (45 + ﬂjag #+2C' tan(45 + %j

350 +

300 +

250

- 0} = 4.90450% +60.003 /
: R*=0.9606 /

200 +

150 +

100 -~
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e The Young’s modulus of the intact rock (E) IS derlved
from uniaxial compression tests on the intact cores.

e The rock mass Young’'s modulus (E,,) is determined
from empirical correlations.

» Determining E,, from the Q-value:

E.=25logQ (forQ>1) Grimstad and Barton (1993)

» Determining E,, from the RMR:

E (GPa)=2RMR-100 (for RMR >355)  Bieniawski (1978)

RMR-10
E.(GPa)=10 “ Serafim and Pereira (1983)
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Deformation modulus of reck-r
» Determining E,, from the GSI:

4 D \ o GSI-10
E (GPa)=|1- IOC(I) x10 40 (for o, <100 MPa) Hoek at al. (2002)

4 D\ GSI-10
E _(GPa)=|1-—|x10 % (foro, >100MPa) Hoek atal. (2002)

1-D/2

14 e(75+25 D-GSI )/11

E (GPa)= 100( j Hoek and Diederichs (2006)

1-D/2
14 e(60+15D—GSI )11

E =E (0.02 + j Hoek and Diederichs (2006)
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Rock mass with a S|ngl-eﬁ+ame—@fvg§akne.s_s
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e The discontinuity planes are often weaker than the
intact rock with a lower cohesion and friction angle.
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Rock maSs-with-a Single-plane-ofweakiess

e For failure to take place along a joint, the shear stress

should reach the shear strength given by:
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o) Normal stress, o =
2(C- +0 tan¢.)
T.=C. +o0 tang o, — 0, = o ‘
T j J 1 3

ol tan ¢,
sin2 3 _tan,B

=
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Rock ma'§s with a single plane-of-

Example 7

A large extent of rock mass has a single plane of
discontinuity, where the aperture is filled. The shear
strength parameters for the fill material are ¢ = 4.0 MPa
and ¢ = 34°. For g; = 3 MPa, calculate g, for different

values of S and plot the variation of o, versus .
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Example 7 - Solution
Minor principal Major principal Maijor principal stress, o,vs
stress, 63 B B stress, o1 B=¢ 200 7
(MPa) (degrees) | (rad) (MPa) (degrees) 180 | t f
3.00 0.000 34.0 ]
3.00 36 0.628 179.868 34.0 160 -
3.00 37 0.646 122.475 34.0 ]
3.00 38 0.663 93.847 34.0 140 -
3.00 39 0.681 76.727 34.0 ]
3.00 40 0.698 65.364 34.0 120 -
3.00 42 0.733 51.283 34.0 = .
3.00 47 0.820 35.550 34.0 2 100 -
3.00 52 0.908 29.248 34.0 ) ]
3.00 57 0.995 26.466 34.0 80 1
3.00 62 1.082 25.657 34.0 ]
3.00 67 1.169 26.466 34.0 60 1
3.00 70 1.222 27.840 34.0 20
3.00 75 1.309 32.409 34.0 ] e //
3.00 80 1.396 42.978 34.0 20 1 ]
3.00 83 1.449 57.294 34.0 1 B=34°
3.00 85 1.484 76.727 34.0 ol L 411 | | | | |
3.00 86 1.501 93.847 34.0 o 10 20 30 40 <o e 70 80 90 100
3.00 87 1.518 122.475 34.0 )
3.00 88 1.536 179.868 34.0 Bl
c= 4.00 MPa 2(Cj + o, tan ¢j)
= 34.00 degrees 1 93~ tang.
= 0.5934 rad sin 2 ,8(1 -1
tan |
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