Mohvy’'s Circle
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Ch = O+ 02z &+ R cos (2¢-20)
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T, = R sin(2g-36)

Pased on these formulas, lek ty to ebkain the locus c%
0, ond Ta —Pcr all values O?- 8.

«Lelr s taink O(L o 0 -T P\Ome and P\ot‘ 0. and 'Cn -Fcrr

eoch value & O in this plane. The Flome has @ on %x-axis

and T on tae 7—cx><|‘s-

T
Trom the abvove velahons | ome
) (57 ©)
cawn %‘Suve out Htat bthe centre £ St 1
R [STY
of the circdle on the g-oaxs will '\ayf
e @ °
Q.
be at <6-i‘l + 632- , O> . we can 22 Q 20—2?_ G_{‘
2

place o3 and 63, on the O-owis

ond T on Ythe T-axis. Tfr\en) we P\ot the Foin’t (o, Ca)
which corresponds to € -plane. I vou join this point  with
the center, the line obtained will give us the vodius of the

circle, which tuyns out to be R .

Once we oblain the vadive and center

(c]\: .t[?.)

of the circle, we can draw the complete  Tio

civele —> s called the Mohr's circle



The AD Mohv's circle can be vsed t?

o fnd the aD state c?— glress on any
P\ome

G—f\ — 0‘("\'0\2?_ .\.- R CQS(Q¢"Q@>
a

T, = R sin (24 -28)

While we can uvse the above eclucz’r\‘ons

foc -e-'mc;l‘ma ¢ and T on any orbihrar\/
P\cme at an ana\e S. Fr usiha Fre Mohrs

circle, we note the ona\e in Hhe cosine and gine terms is 3F-2a8

So the vadial line ?rom e center ‘o the ‘:oin'l' cowesPcmding o the

O-plane on the Mohr's circle should be at an ang\e aF (Qg-28) Hom
the g-plane. In other words, we can ablain the point corespanding o
the O-plane on Mohr's circle by going in the clockwise direetton. by angle

28 from the ¢ -plane Poinl'. So the radial line fom te center to the
point A covrespond: Yo the O-plane with point A stresses oy, Tl?i'

Ske‘;g @mr c\«-aw?na, Mohvy’s cirde oand {for '@\'nd\'ng the point
Cow-reg‘:onc“na o @—F'lome

1. Dyow the center G’% the cirde at (0—\1 * 022 | O>
Y
2. Draw (7 7) 4%vr € -plane, {.e., the peint (a7, Tz )

3. Draw o line joim‘na the center and the point (0_;\; Ti2)
to get the wrodius of the circle

4. With e center and wvodive knowon, dyaw the Mohr’s cirdle

5. o %ncﬁ (65 ) for @—Plane, rotate the vodial line O{Z g,—Flane
b}r 28 clockwise



Notice that the wormal o the O-plane is ot ongle & with €,

n coonterclockunse Airechion. ™ut on the Mohr's circle) we Araw

hat Fomk by *rol-ah”n% A0 in clockwise direchon from the Poin’c
cowrres?cnamg to §|—P\ane- This is because we have 2AG with o

winus siga in the argument of ‘trigonemekbric Lunetions

Si%n Conventionn while usin@ Mohr's circle

Once we have determined Mhe P@inb on Mohv's civele carreg[;@mlm%

to g-plane , we con obtain the @‘—'C) corres?anol\‘na, o the g,_—-‘o]a'ﬂe

by ro{ui’ing_ QAx80° in the clockwise direchon, —@ram g‘_P\ome. Thus
Wwe %Q’C the gz—P‘ane at He o\\'amel*rfca\\y oFPosil-e Poin%— w-v-}F-
the g("’P\C‘me- T

(c]\) -C(Z)

(G;AJ_Zm)/
gz-P\ome
The Poin’(‘ gor gz—P\ane has coordinates (672, -Tiz) - However | we

know the shear stress on the gz—P\ane is Ty <o u:hy avre we 8@\'&1’103

- (o ?va the Mohr’s Q\'rcle? This is because o?— oux convenbon %;r
the sign o T, is tken as 4ve if

1\0—27. On
—Cn is OCHntg 90° ccw direchen I_—t: /
Cpa

'?\"om its ?\ane vermal n. NIY




IF we 80 900 ia the CCW directhon ’P’errﬁ the plQne normal €

T, would be \Doinl'\'na bowavds - e

e, on the gZ—F]ane. So, Mohy’s

civcle s %ivma vs T on gz—‘:lane a\cmg - o\{rech‘d\'\, whereas
Tz, by déefimbion, is the cshear cmmfaoneni’ a\ong + e, -divechon -

Therefore, Mohnr's circle gives us — Ciz. for shear trachon on

€. —p\ome.

Othexr conclusioneg that con e drawn ugin8 Mohv's civele

We can 8e{' Pre moximum and T

minimom values o?—- § and T
(G"“’ 112)

— The woximum /minimom values
of 6 ave ploHed on C—ows

el The vaaximum value

o?— g o\h Qcmres‘:cmd s the
prindpal skress X ond the

win value c%— T +to )\{ gz-p\ome

S =N

This gllowg ve }o 8e-\- Ye valuea of— Fﬁnc\‘ﬁa\ ekresc cmnFanenls
c\(vecﬁy eorn Yre Mohr’s circle. One can also wrike the centor
ond vodivs of the cirele in Yevms o(l— Fﬂncf’aa\ skvesses N and K,

Center = ()ﬂ*‘ X:»_) O> 5 Rodive = N, — X2
<L 2



— The Max/w\in values c;g— glhear are ea[uq\ to Yhe ~rodius cfl

he Mohr's circle and occur gn Yfhe T- oxis

T

Twox = R = N—X2 (top)
XL

may CT=R

(G'lu -C(?..)

Tmin = —R = — Ay~ N2 (boHom>

I

wminC=-R

Mlso, mote tal He normal stress on the p'lane,s \-\auing Ynoximum

Shear glress ('l-ormork' and boHom mast points of the circ\&) was the

o QU\‘T‘GSPO"(\J\'Y\% s tHhe center of the civde te. 01+ 022 o XN+A.
2 2

o the coordinates o the topmost pbt of- the circle s (>\|+>\z >\‘_>\2_>
2 2

fow do you ‘?{nc\ the Planes of P'r\‘nm‘Pq\ shesses fom Moaln's circle’

e We need o g ag clockwice

from  the g,—")\ane to veach the

principal Plane) where N, s

ED\?‘
octing , on Phe Mohr's circle o\
A
* That means in the original st principol
coord\'r\a&e SYS%@M, we need o P\ane
ge by an ongle of & in the 7 Y
cewW direchion &om the g,—P\cme e '\¢

o %e’(‘ Yo the ‘@frs’c Frincf‘oa\ Plaﬂe



- gim(lowl:j, foe the and Fw‘ncf‘:a\
\D\omeJ we have }o ke (2¢+1%Oo)

clockwize in the Mohr's circle from

e - pl -
e - plane e
Aa
— In actual coordinate gysl-emJ we ,
an
- Princi al
need to go by an omg\e 0?‘ (¢+90) Planz sz P
in the Ccw direchion from e, -plane _\\:_,_(z'
9N

N

Limitabon c{?- AD Mohr’s civcle

Mehr’s  cirele 1s only aFP\(ca\o\e to -{zw'nov\'na normal ond shear
edecmenB on plones that are perpendicular to one of— e
principal  direchions.  As suah, we must consider o coordinate
syStem s-t- the third coordinate axis (s along one o the
principal  directions. The shtress wmakix in this coordinate system

will have zero chear components in the tHird vow and columnm

] = X X O
o O X
V
4 4 5
You can draw 2D Mohr’s You can dvaw 2D Mohr’s You can dyvaw R[D Mohr’s
civcle for e-e, plane circle for e,-e, plane circle for e -e, plane

n L e, n L e nlb e



Exmmf\e : Consider the Qollow'ma abress  walrix
472 X
[£] -
= ala &{a o
o () 10

e Find F-rir\ciPa\ Flaﬂes)

q‘so H\e{r 'Va\ue/.'s

Aol

* Firsk plot CO‘“,T‘Z> on G6-T P\ol'

planes o? maximum shear shkess ;| and

* Next ‘;\ok‘ e center @z, =)
(Bme, o) = (e, <)
=Y
) = = \
. Rad\\)s R = \\CQR) +Q{J‘_L) =4 o P
Pﬂncipo\ st Fﬁhc"l’:a\
Plome i) Plane
* Nflter drauoing e Mohr's cirele,
e F‘ﬂ'nc{Pq\ skresc Cam-Panenk and
Tmax avre: )\‘)2 - @— ot Cen:l-@'r) + R = G‘I-i T+ 4
Tmax = R =4
. E’Jane divechon Mohy’s circle Tn oacltual coordinateA
?rom QI—E\ane
- lst Princ\'\oa\ P\ome 135° Cw \3S° Cccw
=Y
- and ‘orfncipo«l P\one 45° ccw QARVS T CwW
A4S°® Cw [y cew

— Mox shear F\ane



3D Mohr’s Circle and Stress PlaneJ

Auﬂpose Hhat we exvpress Hhe shtrese tensar usin% the principal
direchions. [hen the sgtress wmalkrix will be o\\'Oﬁc/nal

1 A © o Assvme N > X, > X,

S —

= 2m\" o 2 o
rineipal ,“1"- o © Xz
Pmc\Pq '_\_J

sts
Wik Hhic shress malrix, we will now think o'?- ar\oih‘a'\'y planes

and P\o’c O-T on %hose F\anes. We will NOT confine ourselves to

?\anes whose rormal ¢ F@Y‘\oeno\\‘culo«Y' o one of- the Princ\‘Pa\ axes.

However, let us {)-(rs\-‘ consider the P\ane; whose noymal s b to M, axis.
If we shkart plotting (6-T) on such planes, we will get the

Mohv's  civele Fassihg Hwough ®, and A,

XQQ%‘ ‘ >‘

gim'\\arla) we can draw +the Mohv’s circle cmes\panolina ‘o F\ane& whose

normals are Parpeno\\'cu\a«r bo ab ‘:Tfhu'pa\ aX\'s)Y_}iz Hie civele passes
'Hmrouag’\ N> and Aa- Then we take the P\omes with mneymals

/
?@Yfev\d(c_u\ov o the and F"iT‘CiPa\ direchon. and we %e": Mahy's
N

civele through X, and %s



T™is will be
e \)\‘33@31‘ circle

o?— the Yree caircles
CooNSx > >‘3)

These Hiree civrcles corresr;gnol o very gFeQ\.F\'c normal direchons

i-e, they have one of their compenents zeva. If we now plot (5;7)

for all Planes waibth arbilrm—y normal directions, we will 8e-t- the

Thie O-7T ?1o¥' s called the Mohr's shtress Flanes

shaded reg(m-
or 3D Mohr’s circle

Absolute Maximomm £Lhear Stroess can be oblined *om the 23D

Mohr's cirele:
T = 21722 (o> 2> %)
=20

fSEea‘al case L+ Tlo reFeaked e/&aeﬂva\ue/.s Csoy N P A= >\3>

Then Hte circle cawes‘ocync\\'r\a 4o Q\,_,'X3> shrinks o a T:@in{'

-&recra\ cose I Thyec TPFea{'eo\ e\'geﬂva\ueé ( >\)=>\z='>\3>
Whole Tegion shrinks
o o Fo(n’\'

)\lz >‘2.= )‘3





