@;fgﬁ%}@ X;'= X;-C0S@+X,SInd Xi'=,3ij°xj

Xo'=—X; -SINE+ X, COSH

X,'= X,-cos(e,',e)+X,cos(e',e,)
X,'= X -cos(e,’,e)+X,cos(e,’,e,)

= cosd sing
¢ M _sing cos@

B {cos(él' &) cos(é’, éz)}

| cos(&,',&,) cos(é,',é,)

. €

b
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y
¢3

r
\

X,'= X, -cos(e,',e)+X,cos(e',e,)

@é%ﬁ%j@ X,'= X.-C0s(e,’, € )+ X,Cos(e,,€,)
€3

A

X . ﬂ X COS(él|’él) Cos(éll’éz)
I 7 I lcos(é,',6) cos(é,'6,)

> ez
V,'=V, -C0oS(€,',&,)+V, -Cos(&',&,)+V,-cos(&,, &)

y V,'=V,-cos(&,',&)+V,-cos(&,',&,)+V,-cos(&,',&,)

V,'=V, -C0S(&,',€,)+V, -COS(E;',8,) +V, - COS(E,;", &)
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,'=V,-cos(&,',&)+V,-Ccos(&',6,)+V,-C0S(E ', &)

/_\_‘fﬂ?ﬁﬁjﬁ V,'=V, -c0s(&,",8)+V, -cos(e,",&,) +V,-Cos(e,’", &)

Vy'=V, -C0S(&,',€,) +V, -COS(E;',€) +V, - COS(E;', €5)

. €,

2010/8/12

cos(é,',€))

V; T

_611

gij =11y

_831
cos(e,',e,)

632 633_
cos(é,",é;) |

cos(e,',e,) cos(e,',e,) cos(e,',e,)

cos(€;',€,) cos(€;',€,) cos(e;',€;) |
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JEPERER V= v
€3

9

es A
»\\ Z A A
i =66,
V%
\\, > ez
cos(é,',6,) cos(é',é,) cosé' &)
€ /

=| cos(é,',6,) cos(&,'.6,) cos(é,',é,)
| |cos(&',6) cos(é',€,) cos(é;'&,)]
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HW?2

H— B8 P JAREIELLES P=u-8 +V-& +W-&(U=3m;V=3mw=3m)

B e EAGI — VB E P AT ?
8'=0.071-8,+0.816-8, + 0.574-8,
6,'=-0584.6-0.440-6,+0.682-6, ¢.
8,'=0.808-8, —0.377-8, +0.454 €, *

9

O

2010/8/12
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0 Construct a Mohr circle

400kPa T,

\ (200,100) R=141.4kPa
zogkpa (300-141,4/0) (300,0) ( oo+14:1,%, ?])
100kPa «—t (400,-100)
Ly 7
100kPa R 9
RANTFIES?
FET ZEZ 17 BN ERES] 2

THETIT51R 2 .
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Three dimensional stress analysis GERERIREWStTess and
y stress invariants

Principal stress and

principal direction N 2 3

_ | ji T Ot
T3 = T3
T13 =731 ‘JT

011 t12=7Tn

BIET) 7% 0 Z -FELA E/ETT B
] LAEHZ IEIE T 75T T
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o Three dimensional stress analysis

Principal stress and

principal direction A
n 1 2 3
o n R
> T|:C7n:G'ni z-n:O
I Tog =T
T13 =73 .
/vT**— 022 =

Principal stress
011 T12=7T21

principal direction N
BIfET) % 0. ZFiE 5 E
ZIELEH.Z IETIE T 3% T
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Three dimensional stress analysis

Principal stress and

principal direction ;

7, =0
O33
o3 =13 n n

T13 =73 ‘:L* Ti=o-n Ti:aij'nj

/vT** Py,

g Tio =T
O11 ‘127 °'2 oij*Nj=0-N,

BIET) /% 0 23T T E

] LAEHZ IEIE T 75T T
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o Three dimensional stress analysis

Principal stress and

principal direction A
A 1 2 3
O'33
I Ty =1Tay 011N +0pp Ny +013-N3=0-N
T13 =731
A oy Op1 My +05; Ny +053-N3 =01,

o T12 =7Tx 031Ny +03 Ny, +033:-N3 =015

BIET) 7% 0 Z -FELA E/ETT B
] LAEHZ IEIE T 75T T
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Three dimensional stress analysis

Principal stress and

n 1 2 3
principal direction - T=T-n+T-n,+T-ng
o N
33
t23 = 32 011Ny +0,°N,+03-Ny=0-N
Ti3 = Tay JT 11° M +055 "Ny + 043 - Ny 1

011~ 0O O 013 N 0
B S5 0.2 BT E T .
FE LEHZ IEAfE T 7T O 02=0 O |'|M|=

| O3 O3 o3—0||Nz| [0
- ial solut f 011-0 012 013
or non-trivial solution of n B
091 Oo —O oy |=0
o o Oan — O
2010/8/12 = =2 =
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Principal stress and
principal direction

O33

Three dimensional stress analysis

T3 = T3
T13 =131 ‘JT

A

b

O

011 T12=Tn

BIET) 7% 0 Z-FELR E/ETTE
B LEHZ IEIEfET] 75T T

N

n 1
T =T°n1

2 3
o |[n] [O]
O3 n, =0
O33—0 | | N3 | _O_
013
033 O

3 solutions of stress represent 3 principal stresses
Correspond orthogonal directions are principal directions

2010/8/12
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Three dimensional stress analysis

Principal stress and

n 1 2 3
principal direction - T=T-n.+T-n.-+T-n
N 1 2 3
O
33
T3 =132
113 =73 AJT 011 -0 Oy O13
o1 T12=7Tn 031 O3 O33 0O
ZE FEHZ IE L) T 1 2 3~
3 solutions of stress represent 3 principal stresses 01,057,073
Correspond orthogonal directions 15 5 4, o |[n] [0
are principal directions
P Oy — 0 Oy ||N |=|0
_ n(l) n(l) n(l)
O =0, 1 12 113 | O3 O3 O33—01 | | Ng| |0

2010/8/12 53



Three dimensional stress analysis

T13 =131 |

=0

A

Ty3 =Tz =0

b

/

022 :O

T10 =791 = \/§

2010/8/12

01:

1
Gij: \/§

0

V3

0
0

HOO

Principal stresses =?
Principal directions =?

l-o \/§ 0
J3 -0 0 |=0
0 0 1l1-o

(c-1(c?-0-3)=0

3 solutions of stress represent 3 principal stresses

1+\/E

2

,02 :1,03 —

1-4/13
2
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o Three dimensional stress analysis

O33 = _ \F _
_ _ _ 1 3 0
t13 = a1 AJT Tp3 =73 =0 _1/3 0 o Principal stresses =?
= s 4 5,=0 i~ Principal directions =?
J 0O 0 1
011:1 2-12:721_\/5 __ - o _ L
011 —0) O 013 n 0
O Oy — 0, O3 n, (=10
oc-1(c?-0-3)=0
( )( ) | 0-31 0-32 0-33_02_ _n3_ _O_
0121+F’52:1’03:# _1—1 \/§ 0 ] _niz)_ 0|
V3 0-1 0 ||n{|=|0
. (2)
o =0, _O 0 1 1_ ng” 0|

Correspond orthogonal directions  (n? n{? n{?)=(0,0,1)
are principal directions
n°+n,”+n;° =1 (n®,nP ni) =(0.8,0.6,0); (n{¥,n{¥ n{¥) = (0.6,-0.8,0)
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HW3

1 0 -
Given a stress tensor o; :[ 0 -1 0 J (GPa) -
-1 0 1

Please find : (1) three principal stresses ; (2) three principal directions -

Given a fault plane N-S strike - dip angle 90" (vertical plane)
Please find : (1) Surface traction-lrl_ ; (2)normal stress ; (3)shear stress o
|

If the stress state of the fault was measured just before the fault slip
(shear stress=shear strength), please determine the friction coefficient
of the fault ?

Hint: direction 1 in Eastern-ward, direction 2 in Northern-ward, direction
3 in up-ward, friction coefficient .
,U _ Z-n /Gn
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The Invariants of stress tensor

Oa3 0110 012 013
091 0p—0 0x3 |=0 g3 _|..6241,-c0—-1,=0
1 2 3
Tog =T

Tin =T %23 32 031 O3 033~ 0
13 31 *

- O9o

S Tn

O1;, T12=7Tn 4

|, =014 + 0, + 033

O9o Op3| |011
O3, O33| |O31

0117 Oy O13
|, =0y 09 O

O31 O3 O33
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The invariants of stress tensor

O'33
T3 = T3 _ - i .
T13 =73 % 1 J3 0 1+v13
/vT**— 022 2
oi=|v3 0 0| 5 | o
> R ij ]
11 12 21 O O 1
i . 0
O O O O O O
|, = 22 23, P11 a3 |On 12 _
O3y Ogz| |031 O3z3] [Op1 Oy

I3 =10, O Og3)=-3

2010/8/12 O3 932 93

0
1
0

0
0
1-4/13

2
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° The deviator stress

T13 =131

011

033
%723 = 732
/4» g Oy
T12=Tn

2010/8/12




o Stress transformation
3

A

T13 =731

O T12=7x
n = /)j - Nj
Cic -1 =Ly - Ly - N
= e -e| -6 +€j+Nj

2010812 = L7 Okj - Nj =Nk

D)

In matrix form
A
A A

{

2 3

i =0ji "Ny =05 -N;

011 Oy
071 Op

031 O3

Ti'=l; Tj=ly-o4 N =L;-0y-Ly-n

A

n
Ti': O-II "nll

Loy =Ly o by
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T3 = T3
T13 = 1731 ‘J“*

/vT-> 022
HWA4 A
O11 T12 =Ty
Please find the stress tensor in coordinate system e,’-e,’-e,
’ e3
R ~ es A
e,'=0.071-¢,+0.816-€, +0.574-¢, %
e,'=—0.584-¢ -0.440-¢,+0.682-¢,
e,'=0.808-¢ 1—0.377-é2+0.454-é3 N o
\ 2
:? €2
Please read section 2.3 &, =30MPa €1 V. o, = 20MPa
¢1
61
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ABEESET o, =7 |

0y =68,
Ji|':€ij'5j|<‘f|k
366 0 O ol 0y g =Ll O Ly g =65 O B =0
oy '=| 0 16 0 |(MPa) :
0 0 12.3 O = Lip O-ill'glq or oy =1L O-jkl'gkl
03 lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll L |
’ A
3
A
’ | . ~ ~ ~
€1, || §'=0035¢-00958¢,-0284-§
N V| 8,'=-0668-8 -0.246-8, +0.702-6,
“ 1| &'=0.741.6 —0.154.8, +0.653-&,
’ \\“. .
01 P > €
.-
€
2010/8/12
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o Stress transformation

n
Ti=c..-n. =0..-N. n|=€|j°nj

n N :
Ti'=0;-Tj=Ly-0;-N, Cik =Ny =L+ Ly - Nj
=e|'°ell°ek .eJ .nJ

Oyl =L o In matrix form =1-04-nj =N
oy O O |ly il by Lty lig| |0y O Opg
Oy Oy Oxnl||ly Ly Ln|=ly Ly ly||0y On Oy
Oy O3 O |ly lpn Ll Uy lyp lg| |0y Oz Og
.
0y O Oy ly Ly bz |0 O Ol |ly ly
_ , |Ta 0y Oy 2 Lo Lu||0u On Onl|lu fn fxn U”l:gij "O ik ‘€|k
O3 O3 Oy Uy Uy la3| |03 O3 O |[ly Ll g
T
017 012 Oy3 ly Ll g oy O On||ly ln

Oj| :gjiogjk ogkl OR Oy Op Op|=| Ly Ly ly| "|0n Oy Op||ly Ly iy
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Strength

& A stress state that the materials
cannot sustain

+ Fallure

f”

T i
b =29°

2+ .
o $ I |
\ £ ' \
T/ 2 0 A\ + ' +
gl |
S
aft & _
2 ]
2 | ] 1 1 ] |
70 1 2 3 4 5 6 7
I Normal stress in kilobars
2010/8/12
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