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AR

General Example 2
=814 MPa 20, =425

: ax(r+ plang
! 20+ 35
: A s O | O
tan®g, = £ —0917 6, =213 0, =1113
TOPIC
Mohr’s Circle-Plane ERABIFEINE
Stress '
KEYPOINT
FAEEHEREREE
- EHEMNRAEESE
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TOPIC

Catalog
of
Chap.7

KEYPOINT
BRI EGE
BEEHIZTRRAE
B > REAE > BE
DOAE fthisk K p2 -

PAGE 0

Plane stress transformation
TR B

Principle stress and Maximum shear stress in
plane
TEXENERTERAEEND

Mohr’s Circle-Plane Stress
TEEHNEER

Plane strain transformation
TR FE R AR (45

Mohr’s Circle-Plane Strain

FHEZENEERE
MaterialMechanics 12014 SUMMER @

"4
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Ty &t
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AN __ 4

From plane strain to general 3D strain

€ £ £
o Z
g Deformation i

Shearing Strain A % o /! +
B fES: 75Z
- BEgE s IZ, .

W toric €X% % 18 gy<—— Ve y
- Plane strain A
/| gL

E

transformation y
51« A Normal Strain
1E [m) FE 4

KEYPOINT Ey

2D FiE.L > BREAEE

TEFIFER: « —BIfES o in:Si 73JH, 5 Eyy €
IR N General strain : Six components 7318y, £ys €25 Yays Xyzr Y

B8 =(EHANTRES - Vol o Yae =Y zy’v zx Y xz

AR
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. Uil A D777\ £ KN\

Plane strain application

Plane stress : deformations of the material in AY
£ parallel planes are the same in each of those Ty
KEYPOINT

ERMRE—SRNFRE

o A e Restrained laterally by smooth, rigid and

T fixed supports. SRS MEER » HEMEHE
PAGE 1

- I TN

‘1 ToPIC

Plane stress
transformation
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TOPIC

Plane strain
transformation

KEYPOINT

FENREEaEIR SRR
AL BERHESE o

PAGE 3

Plane strain transformation

| 5 es 0 SEENSE :

S 4= XL 5 cos2g- t,, sin2qg
7 WS HEST !

i 5 sin2g+ t,,cos2q

A o MRS SIG

N = = + 5 £ cos2g+ t,,Sin2g
* EREANEE S T 0 Yo gingg
IEFfEE € 2 2 2
*ifgﬂég% %éy Y | b el sin26’+y2xycos26’
£, :SXJ;Y- gx_zgycosz(?- yzxysinZQ

NMational Toiws A URIVeraily
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LAl 77NN\ 8\ KN\

Principle strain
‘ ey
- 2t 2R
2 tan2g,= —* 7 2t,,
— xmhE X Ds,- s,
TOPIC EENA g g
S S O]
Plane strain 515 = X2 yi\/ggxz YE+ £, (5> 5,)
transformation 2
v
* 1ERIFEF X 2Rk Y
= tanZiil=es
3 K::J:;:;m;;amﬁ i ey
TR * BIFES] T PR :
1/2 S9FE%E: /2 _ExTE, \/ Y Yry
2 7 + % Y

N Natiofial Tai
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TOPIC

Plane strain
transformation

KEYPOINT

FENREEaEIR SRR
AL BERHESE o

PAGE 5

Max shear strain in plane

* 1IERFES X eahk
IEFIFESE: €

* BIFES T BRk
1/2 EIfEE: v/2

1] GG
A tan2gq=- =2 M s
ZtW
¢ +¢ ~A2G 2L,
’S'::'saW?: -
2
2
ymaxQ’n— plang = Ex” gy &/
2 2 2
4 E +¢€
tan26’5 g 2 g)/ gaVe: X2 Y
yxy
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TOPIC

Plane strain
transformation

KEYPOINT

YIRS SR R S R IR
E&-

PAGE 6

Axial Force Deformation

Mate 3l Mechanics 1120148 OMMER | ESSC

eeeeeeeeeeeeee

E}:lmﬁiﬂ
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Example 1

¥y
1 2
_ AN £,= 500 (10°)
edy— [I-- ; £,= -300 (10
dy| |/ Ry v,,=200(10%)
| =" 4V —=¥ Determine strains clockwise 30°
TOPIC 22 A from the original position.
e 1|
Plane strain ax &dx
transformation
+ ull =
e exzey+ é’Xzeycoszq+ %sin2q= 500+ (2 300},10-6
KEvPOINT 500- £300) - 356 - cos(ar- 30°))+ 222 10 sin(2(- 30°)) = 213(10°)
ENIELE - Yol ? I/ /) 500- (- 300) . . - - !
= . n2g+ =2 cos2g= 10° " sin(2(- 30
: ; ? qr = g= 5 (2(- 30°))
= 793(10 °)

200 s
v 10 °“ cos(2(- 30°)) iy
MaterialMechanics 12014 SUMMER @ E%ﬁﬁi;
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N S S
WEe Example 1l
e,dy—T = W v ¢,=500 (10
il ay| | VAW (/=300 (109
o . T 7)9/ ¥,,=200(10)

1 Topic —dx e dx
Plane strain

' 5
transformat L : >
ransformation €, = &6 & eycoszq gW5|n2q
2 2 2
KEYPOINT T 500+ (_ 300}, 10 ¥,

VIRBRE ] R AR
IR AR - 500- (- 300) .

10 ® “ cos(2(- 30°))

] &l 10 ® " sin(2(- 30°)) = - 13.4(10°)
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Example 2

Yy
AL
J-2--7 \} _
edy T : £,=-350(10°)
= ol ¥ 1 &)= 200(10%)
dy ‘ } A ¥,,~80(10)
g o AT ' Y R Determine the principal
TOPIC | N E strain and associated
Plane strain dx ¢ dx orientation.
transformation
oY (TS, 80(10°°) 20,=-8.28 and 171.72
’ ¢,-e, (-350-200(10°) =- 414 and 85.9°
KEYPOINT
%ﬂ%ﬁg@ﬂﬁﬁﬁﬁﬁ?iﬁ & & i &
MUTRARNESE. 61 €, n ? ey£+ ?ﬁ}: (- 350+ 200)(10 ) geBSO 200 ?E 10°¢
€)=
A 2 7 827 2 —\&
PAGEo = - 75.0(10 ®) £277.9(10 °) e=20310° g=- 353(10' °)
MaterialtMechanics (12014SUMMER g%ﬁ%ﬁ:ﬁ
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Example 2

B __ -l
1= - - -6
edy 7 H | £,=-350(10%)
<l 72l | ,' £,=200(10°)
dy .' ; ¥,,=80(10-)
g o WA : Y R Determine the principal
TOPIC I o 2 strain and associated
Plane strain dx ¢dx orientatior)1(.
: 8 -
transformation g ete, 66 LA, L % g, ax
— 47 4 -
3 2 2 p gy’dy\'/ ’\\7/\
KEYPOINT Sl 350+ 200 . 10°¢ +
P HES
) =EOU 0/ | P cos(2(- 4.14°))
2 2 414
Principle strain

Fﬁ-ajﬂE&

PAGE 820 10°¢” sin(2(- 4.14°)) = - 353(10°)
Material Mechanics 12014SUMMER P e IR
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Example 2

L%
S £,=-350(10%)
gdy 1 : ,= 200(10%)
/ : =80(10°
iz ‘ LAl V,y=80(10°
e s ! ) 2% Determine the maximum in-plane
TOPIC . "y 2 shear strain and associated
Plane strain dx ¢ dx pAUS L OM
transformation
MLors T e s (-350- 200/(10°) 260,=81L72 and 261.72
T RO I g=409° and 130.9°
KEYPOINT
B ] AR AT o o
BRI, Emeen 0% Bl 0 AL B 10e- msno
2 § 2 5 625 \B

gmax(/nL plane) 3 556(10 )

PAGE
1
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Example 2

Yy
AN -2 £,=-350(10°%)
gdy 1 : ,= 200(10%)
: ; ¥,,~80(10%)
I |
[\ " Y Determine maximum in-plane
TOPIC Wy KT 2 shear strain and associated
| | Yong O3, 4 5 :
BT ctrain X orientation.
transformation
g)('y'_ €~ ey . gAy
—==- ——25|n2g+ —=C0S2g-=
2 2 L, W
KEYPOINT - 350- 200. 10°° sin(2(40.9%))
YIRB R E] AR AT 2
BRTRAERNEEE - 80, /
+ —"10 ° " cos(2(40.9°))
_&TE _

A& -6 €.
PAGE, Yoy = 556(10°) 2
MaterialMechanics 12014 SUMMER @ E;QCIOE;E!EE
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TOPIC

Catalog
of
Chap.7

KEYPOINT
BRI EGE
BEEHIZTRRAE
B > REAE > BE
DOAE fthisk K p2 -

PAGE3

Plane stress transformation
TR B

Principle stress and Maximum shear stress in
plane
TEXENERTERAEEND

Mohr’s Circle-Plane Stress
TEEHNEER

Plane strain transformation
R AL (45

Mohr’s Circle-Plane Strain

FHEZENEERE
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AN 4

EHERE

| Topic R:\/
'~ Mohr’s Circle-Plane

Strain EHEEBL
Cl(e,,0)

avg?

EFRANRME

€x

KEYPOINT

EHEMNES - S5
IEMIFEE: - HiEh#3BIFE

4 > [ L 5—BRE e+ e Nl
WEERENENNS g, —— i\/g@" z §+

ho
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§ TOPIC

Mohr’s Circle-Plane
Strain

| KEYPOINT

FEEETRE R

Strain Rosettes

Strain gauge FEEEET indicate normal strain on the plane ¥ |

1]
L IFAFEE: through electrical-resistance & .

Strain rosette — three electrical-resistance gauges.
A
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TOPIC

Mohr’s Circle-Plane
Strain

KEYPOINT
FEEEtRER

PAGEG

General Strain Rosettes

A 2 a2 -

e,= .05 g+ esin’ g+ g, singcosgq,
ik 2 L ) s

6= 6,C0s° g+ e,sin” g+ g, sing,cosg,

e= gcos’ g+ esin’ g+ g, sinqcosq
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A

Uil s Nel77 N\ £\ KN\

{4 TOPIC

Mohr’s Circle-Plane

Strain

Special Angle Strain Rosettes

ea — e 3% 1 ,E,In
o e sind
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LAl 77NN\ 8\ KN\

4 KEYPOINT

j TOPIC

Mohr’s Circle-Plane
Strain

FESSEHAOIEES - 3% 60
B o

Special Angle Strain Rosettes

€ = € Co%

1 J3
€= €.1C00, 25U ey 0.75 + g)a/ 212

[ J3
E’C Al eX 0.25 |+ ey 0.75 g)g/ T
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e Strain Rosettes Example
€, ¢,=60(10-)
e,= 135(10°)
60° £,=246(10°)
60° = Determine in-plane
TOPIC mm—— principal strains and the
Mohr’s Circle-Plane 6,=0°, 6,=60°, 6.=120° actions
Strain -
60(10 °)= g cos’0°+ g,sin*0°+ g, sin0°cos0°= ¢
fi#$135(10 °) = g,cos’60°+ g,sin’60°+ g, sin60° cos60°
KEYPOINT 7'7—
J AUZ50 i [Se SHUESSD -
FESEEHAIER - 3% 60 2
A Tt §246(10 °) = e,cos’120°+ e,sin*120°+ g, sin120° cos120°
0206880 5c - (a8 0y
"Bo = 6010°), g =246(10°), v, =- 149(10°)

oral Toiwan Univarsily
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€. Strain Rosettes Example
€, ¢,=60(10-)
£,= 135(10°)
60° £,=246(10°)
60° = Determine in-plane
TOPIC mm—— principal strains and the
Mohr’s Circle-Plane 6 6 dirgctions
s g=60(10°), &=246(10°), y,=- 149(10°)
A(60(10 °), - 74.5(10 °)
KEYPOINT e, =153(10 °)

6(10— 6) ave
B R= (153- 60)%+ (74.5) " 10°®

= 119.2(10 °)

FEEStRYER > X 60
Ef -

PAGE 0
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Strain Rosettes Example

e, =15310°°) +1192(10° %) =27210°)
e, =15310°)- 1192(10°¢) =33.8(10°°)

74.5

20, =tan' "~ _
TOPIC D (153- 60)

=387 ¢,=193,1093

Mohr’s Circle-Plane

Strain
KEYPOINT
1
FEEETAYIER > X 60 X
Ef o \
") 6,, =193
X

PAGE | g
2
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TOPIC

Mohr’s Circle-Plane
Strain

KEYPOINT

IEREEMENR > 7/
fE s IS BAIAFALL
i - BIEHMBIEE
RUERBI IR BEHH -

PAGE 2

Material-Property Relationships
Hooke’s Law

| 0 P ad
o=E¢ Omp § M Fo 9
1 Lm | (Nm) gn) Anjm?) L
. Poisson’s Ratio
|
_. ﬁ
| |
L
(4#&m ) 4 Longitudinal strain (4t ) 7275 Lateral strain
o WL . Ad _d-d
El == = ==
N 2 d d

eeeeeeeeeee

MaterialMechanics 12014 SUMMER @ T
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AN __ 4

Material-Property Relationships

Using principle of superposition:
1 n m O U O
v — SN V.3 z

3 E, =&, te te, = Vv Y

E E /s
=R RN x FREENEE

Generalized Hooke’s law

1 ToPIC

Mohr’s Circle-Plane

Strain e, =—lo,- V(gy+ o,)]

KEYPOINT 29 :E[Oy- vio, +0,)]
ERRERTRA » &
fE R ECIEBAIMAIALE 1
8% o BIRETAIBIAE e,=—lo,-v(io,+0))]
RUE S TSR0 o E

yxy :77:)()/3 yyz ¥ 29 Yz = R~T

G
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Material-Property Example

m M SOODIE a=300 mm

<. soompa  H=50mm

] 3 T .
B 1 — t=20 mm
TOPIC b |
Mohr’s Circle-Plane a1 o o | o |
Strain 500 MPa E.~120 Gpa
Determine its new length after application ofthelo¥d.
KEYPOINT O, :800MPa, Uy —= 5OOMPa, Txy :O, o, =0
N i e = Z'[SX- ns,+s,)]= 12010° [800- 0.34(- 500+ 0)]= 0.00808
AIEIBT SR o
orck, 6, %[ ;7 s+ 5,)1= prorials S00- 0.34(800+ 0)]= - 0.00643

NMational Toiws A URIVeraily
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Material-Property Example

a=300 mm
5,=800MPa, s, =-500MPa
5 s = 0 b=50 mm
TOPIC & 0.00808 ey: - 0.00643 £=20 mm
Mohr’s Circle-Pl
(0] rSStIrI’aCir? ane E ~120 Gpa
SN 34
&= Zls,- s+ s )= — (103) [0~ 0.34(800- %00j7=% 0.000850
KEYPOINT
EREAEN » o] ad=a+e,a=300+0.00808300 =3024 mm
15 BRI B=b+¢ b=50+(-0.00643(50) =49.68mm

RUERBI IR BEHH -

Pac {=t+e,t=20+(-0.000850(20) =19.98mm
5
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TOPIC

Mohr’s Circle-Plane
Strain

KEYPOINT

IEREEMENR > 7/
fE s IS BAIAFALL
i - BIEHMBIEE
RUERBI IR BEHH -

PAGE 6

Triaxial stress

A

Maximum /n-plane

shear stress

R
(Tra) =
(77max)y A iax'20z

Eiﬁi’ﬁﬁ X sy~ z =8 BENAE
+ C5 Elﬂi#ﬁﬁgﬁ*ﬁﬂﬁlﬁw
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4 ToriC

hRTEE PR

| KEYPOINT

=11

55

RRTEE T

KR | {5&

FEZ 2014.7. SEHER R 0 LLEK
EEEETHERIEN -

TMFEF A AR > FRITEEFARG
RiE -

R.C. Hibbeler, “Mechanics of Materials”,
7th Ed. Pearson Prentice-Hall 2008

EIERIKIBE(EREES 46 ~ 52 ~ 65
RS o
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=113
64
TOPIC
R EH
KEYPOINT
PAGE o

RRTEE T

KR | {FE

R.C. Hibbeler, “Mechanics of Materials”,
7th Ed. Pearson Prentice-Hall 2008

EIERKRIFEERELSE 46 ~ 52 ~ 65
REIEMER o
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