S

To
To
To

Stress and infinitesimal strain

nic 1 Stress
nic 2 Strain
nic 3 Elastic constants
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‘ 2.2 Force and stress

What Is stress

¥ Normal stress and shear stress
== Normal force and shear force per unit area

Gn:_ ’Z'n:— N
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What IS stress

N
¥ Normal stress o, =—
A
N
Tension stress
Compression stress
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What IS stress

@ Shear stress 7, =

> | —

2010/8/12



What Is stress

& Force IS a vector
¥ Stress ?
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Stress ?

. \
FZ

2010/8/12 9



2010/8/12 10



Stress 7?7

Surface traction :
Varied with the normal vector
of concerned surface, tx,ty,tz

Fy

F3

2010/8/12 11



What Is stress

% Force Is a vector
+ Stress will varied with concerned plane

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

three orthogonal plane O 5,
Oxx Txy Txz B %Tyz =Tyy
Txz = Tzx
fyx Oy Ty g oy
/
‘zx Tzy Oz | Oyx  ‘xy = Tyx

2010/8/12 12



Stress 7?7

Oh =Yw" ¢

Shear stress at vertical and horizontal plane = ?
Normal stress at any incline plane = ?

Hydrostatic pressure!
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Stress 7?7

oh =Ko 752

Shear stress at vertical and horizontal plane = ?
2010/8/12 14



Stress 7?7

Normal stress and shear stress at a incline plane?
2010/8/12 15



Two dimensional stress

oy = -Z=200kPa

O'h=k0°]/s°z > < 5h:ko'75'2=100kpa
y
Oy =7V)sZ
O Ty | [100 0
X Ty Oy | | O 200
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Two dimensional stress

" 100kPa
T, =" . —
o, ="7
100kPa ‘ 200kPa I
2F=0 100><1=Gn><\/§/\/§—|—z'nx\/§/\/§
ZFYZO ZOOX].:O'nX\/E/\/E—Tnx 2/\/5

200kPa

o, =150kPa 7, =-50kPa
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o Two dimensional stress

i =1

A 4

ZFXZO

S F, =0

Oq

2010/8/12

on="7

O3 XCOSa = 0, x1xCOSx + 7, x1xSin &

oy xSina = o, x1xsina —7, x1xCcosa

o =%(01+03)—%(0'1—03)x0052a

T, = —%(01—0'3)><Sin 200

18



Two dimensional stress

2010/8/12

01

(Tn _ ?
1 1
On 25(01+03)—§(01—03)><0052a
1 .
Th = —5(01—03)><sm2a

{ X=X, —RxC0s2cx
y =—RxSIn 2

2

19

(x—XO)2+y2 =R



o Mohr’s circle

Oq

2010/8/12

(x—x0)2 + y2 — R?

op :%(61+G3)—%(01—03)><0082a

T, = _%(Ul_US)XSin 20




—>

Mohr’s circle

(X—X,)° +y° =R?

/ o _1(01+G3)_£(01_03)X00520[

=7 =
100kPa on = { T3 >
Th = _%(61—0-3)X3in 2
n ‘ 200kPa  200kPa
a =0°,(150-50x1, 50><O)\/»
a =30°,(150 - 50x = —50><_)
03 Ul 2
\ "9 4 =45° (150 -50%0,-50x1)
(175,-43.3)

% a:600,(150+50x%,—50x§)

100kPa [~ a =90°,(150+50x1,-50x0)

2010/8/12

(125,-43.3) (150,-50) N



o Construct a Mohr circle

400kPa T,
\ (200,100) R=141.4kPa
ZOOkPa (300-141,4/0) (300,0) ( oo+14;1,%, ?])
100kPa +— (400,-100)
Bl ?
100kPa 7
N TIEST 2
a/NTEIEST 9

2010/8/12 FRES T ? 99



. Pole method

1

i #53% pole gY3EEE Mohr circle
H3EZ BB R %A L2
IE G/ 7 EEETfE T

o3 —» —
03 Gl
| U | Gn

pole

100kPa | E4—FELU R ZE L2
LE /[ EAETfE T
Bz EEI Mohr circle
WAHREEI A pole
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. Pole method

01

pole

100kPa  EA—FEL R ZE L2
LE /[ EAETfE T
Bz EEI Mohr circle
WAHREEI A pole

2010/8/12 24



441.4

Pole method \

158.6

400kPa ) T, o

on = “ £, =100
% (200,100) 5 — 400 |

158.6
)/

2345 pole B EE# Mohr circle
& Z BB B %R L2
LE /=& 77 BT T

200kPa

:Gn

1

441.4

100kPa «~—+— (400,-100)

THETIT5 R ?
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. Locate points with co-ordinates (40, 0) and (20, 0).
. Draw circle, usmg these points to define diameter.

1

2

3. Draw line 4’4’ through point (20, 0) and parallel to plane on which stress (20 0) acts.
4. Intersection of 4’4’ with Mohr circle at point (40, 0) is the ongm of planes
5 )
6.
A

. Draw line B'B’ through Op parallel to BB,

v . 6. Read coordinates of point X where BB’ intersects Mahr clrcle
» Example 8.4 - Answer, Sec Fig. E8.4-3.

‘ L o ) o =25kN/m?
Given. FigureE84-1. . . . - . .. . .
e TR | S onBB N\, o _87 kN/m?

\5 kN/m?

20 kN/m?

20 kN/m'

40 kN/m?
"".-_—

20 kN/m? v
o N it Fig. E8.41 - Ty R -

A
Find. Stresses on plane B-B.

Solution, 'Use Fig, E8.4-2. . / \

“ SolutionUsngqs 8.6and8.7.. - \\F\ /

=4OKN/m? oy = 2om/m= 6 =120

pole

40+20 40 - 20 '
. gy T + —5 - cos 240° =30 — 1000360°=25kN/m-"

'ra'=

(Questions for student Why is 8 = 120°? Would mult be dxﬂ‘erent 1f 6 = 300° ?)
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Given. Figure E8.5-1,

N .
fowmm ol
Fig. B85-1. - T
Find, Stresses on horizontal plane DD, - /./
C

\_V

BN
p
\
S/

o =35 kN)mz '

on DD {
R 7 = 87kN/m?
R On
R 2. Draw Mohr circle. . R e PR ,
' 33 3. Draw line 4’4’ through (20, 0) parallel to piane upon whxch strws (20 0) aéts: { '
-l o 4. Intersection of 4’4’ with Mohr circle gives Op. - 4 :
87 —— . 5. Draw line D’D’ parallel to plane DD. T

6. Intersection X gives desired stresses
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