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20 kN/m?

~ Fig. ’E8,6-l_. 4 |

Onp

1. Shear stress and Normal stress at horizontal plane
2. Two principal stresses and their orientations
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Three dimensional stress

W Stress Is a tensor
=z Defined by three surface tractions (vector) at

three orthogonal plane O 77
- i} Ty: =73
Oxx Txy Txz Txz = Txx % g g
L O
yx. Oyy  Tyz p Y
Tx  Ttzy Oz | Oyx  Exy = Tyx
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Normal stress and shear stress
at an incline plane?

z Oy =7sZ
_n ‘ Gn_’)
Th = | /
%: oh =Ko ¥s-2
/
oh =Ky ys-2

A EEEGEEE L IE A T BT ?
KA /8 [N 2 K A KB LT ?&%‘%‘ﬁ‘/‘%@} ?
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. Two dimensional stress

<)

100kPa

—

ZFXZO
>F, =0

100kPa

200kPa T

200x1=othE/J§—rnx 2 /2
100x1:an\/§/\/§+rnx\/§/\/§

200kPa

o, =150kPa 7, =-50kPa

How about three dimensional stress ?
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° 2.3 Stress transformation

Surface traction

— =

PP
Fs T ="
i AA
F, 1
\>
-P.
P
F, )

F,

Surface traction varied with the normal vector of concerned surface
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o Three dimensional stress analysis

N -1 -2 -3
T-A+T-A+T-A+T-A, =0

N -1 —2 -3
T-A :—(T-A1+T-A2+T-A3)
f
T-A= T A1+T A2+T Aq
A1 2
T=T-n+T- n2+T N,
N N
3 T —
1 - EEgnEs P2 PEE

~ surface traction

— et

2010/8/12 33



Three dimensional stress analysis

-1

T3 = T3
T13 =131 ‘JT

/ —
011 T12=7T21

i
N =T1€6+T2:6,+T3-6
Ty =011-M+09p1-Ny +031-N3
i
To =019 M +099 Ny +035 N3 f
: .
T3=013-M + 093Ny +033-N3
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o Three dimensional stress analysis
3

T13 =131

011

A
- T
’/
’/
’/
//

T1p =

FE—FE 2 surface traction

KN RE R % FIEL AR E &

RIS

2010/8/12
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A
T;i

In matrix form

gji-Nj = 0jj N,

2 3

Eq.(2.8)
O13 | | M
O3 || Ny
O33 | | N3
35

‘Ng+T-n, +T-ng

Eq.(2.7)



Three dimensional stress analysis

J)
|
q

|
Qq
>
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Three dimensional stress analysis

D)

2010/8/12

N

31 2 Lo
oi=|1 1 1|jfi=(—=—"—=,—)
2 11 V34343
A 5 3 A
TiZUu nJ:(\/g;\/g,\/g)
Gn=-Fi-ﬁ|:1_3
3
i |2 P
TnzzTi —O'nzzTi.Ti (%)2 631_129:194
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° O-3| 3
T3 = T3

T13 = 1731

Stress transformation

How to find the stress tensor in different coordinate system

. R R . ¢3 t
e;'=0.071-¢; +0.816-e, +0.574-¢5 %
8,'=—0.584-8, — 0.440-8, +0.682-&; |
63'2 0808é1—0377é2 +O454é3 \‘\\ 0 ’
\\ v 2
> eZ
&, =10MPa

o, =15MPa ©1 s
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@Zéﬁﬁ%}@ X{'= X -éos&’+ X5 glgn 0

_ X.I: ﬁ .X.
X,'=—X,-sin@+x,cos¢ = 1
) . (i=1,2)
X X, = X,-C0SH—X,'SIn@ _ -
© : 1= A 2 Xi = Bji - X

>
N
|

X, SIn @+ X,'cosd
B = cosd sind
Y1 _sin@ cose

B = cosd -sind
" 1sing cose

39

b
2010/8/12



VLR IR

P :{cose sinﬁ} 5, :{cose —sin@} — B, =,3ijT

—sin@ cosd sin@ cos@

Xi':ﬁij X Xi ::Bji 'XjI —> P ::Bij_l
,Bij_l ::BijT —> [EACIENE

——> IR I K EE R
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@;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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