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Mohr’s circle for biaxial stresses

Graphical Method for the Stresses on an Oblique Section
of a Body

hmw'ﬁuwmmmummmmrammmma

normal, shear and resultant stresses across a section. But wo shall now discuss a graphical method for
this purpose. This is done by drawing a Mobie s Circle of Stresses. The construction of Mohr's Circle
of Stresses as well as determination of normal, shear and resultant stresses i very casier than the
analytical method, Moreover, there is a litthe chance of committing any error in this method. In the
following pages, we shall deaw the Mohr's Circle of Stresses for the following cases

P T

A body subjected 1o a direct stress in one plane.

A body subjecked 1o direct stresses in two mutually perpendscular directions.

A body subjected 1o a simple shear stross.

A body subjected (o a direct stress in one plane accompanied by a simple shear stress.

A bixly subjected o direct stresses in two mutually perpendicular directions accompanicd by
simple shear stress,

Sign Conventions for Graphical Method
Though there are different sign conventions used in different books for graphical method also, yet

we shall adopt the following sign conventions, which are widely used and internationally recognised

L

The angle is taken with reference (o the X-X axis. All the angles traced in the anticlockwise
direction 1o the X X axis are taken as negative, whereas those in the clockwise direction us
positive as shown in Fig. 7.13 (@). The value of angle 0, until and unless meationed is taken us
positive and deawn clockwise.

The measurements above X-X axis and 1o the right of ¥-¥ axis are taken us positive, whereas
those below X-X axis and to the left of ¥-Y axis as negative as shown in Fig 7.13 (b) and (c).
Sometimes there is a shight variation in the results obtaned by analytical method and graphical
method. The values oblained by graphical method are taken to be correct if they agroe upto the
first decimal point with values obtained by analytical method, e.g., .66 (Analytical) = 8.7
(Graphscal), similarty 4.32 (Analytical) = 4.3 (Geaphical)

Dr.T.Prakash, Professor of Mechanical Engineering
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Fig 7.13

Mohr’s Circle for Stresses on an Oblique Section of a
Body Subjected o a Direct Stress in One Plane
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(@) Fig 7.14 "
Coagider a rectangular body of uniform cross-sectional area and unit thickness subjected to a direct
fensile stress along X-X axis as shown in Fig 7.14 (a) and (b). Now let us consider an oblique section AR
inchned with X-X axis, on which we are required o find out the stresses as shown in the figure.

Lot o = Tensile stress, in x-x direction and
6 = Angle which the oblique section AB makes with the x-x axis
in clockwise direction.

First of all, consider the equilibrium of the wedge ABC. Now draw the Mol "s* Circle of Stresses

as shown in Fig.7.15 and as discussed below |

1. First of all, take some suitable point @ and through it draw 2 borizontal line XOX.

2. Cutoff OJ equal (o the ensile siress (o) 10 some suilable scale and lowards right (because o 15
lensile). Bisect O al C. Now the point O represents the stress system on plane BC and the point
J represents the stress system on plane AC.

A Now with € as centre and radins equal o CO and or CJ draw a circle. It 8 known as Mohr's
Circle for Stresses.

Fig 7.156

* The diagram was fing presented by Genman Scieatist Otto Mobir in 1982,

Dr.T.Prakash, Professor of Mechanical Engineering
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4. Now through C deaw a line CPF making an angle of 20 with CO i the clockwise direction
mecling the circle at P The point P represents the section AR,

5 Theough P, draw PQ perpendicular 1o QX Jown OF

6. Now OQ, QF and OF will give the normel stress, shear stress and resubtant stress respectively o
the scude. And the angle POJ is called the angle of obliguity (0).

Proof
From the geometry of the Mol s Clrclo of Stresses, we lind that,
OC w CIwCPual . (Radius of the circle)
Normal Stress.
0y = 00=0C-0C=(3)-(F) w20 (Sumewsin A7)
and Shweir KLress
T = QP CPain 20= 5 sin 20 _ASame s in Art. 7.7)
We also find that maximum shear stress will be equal 1o the rdins of the Mobr's Clrele of
Stronses Le., 52’-. It will happen when 20 is equal to 90° or 270° Le., 0 is equal to 45° or 135°,

lhawvuwmo-u"mummnmhamw%.
And when 6 = 135" then the shear stress ks equal 1o - %.

Mohr's Circle for Stresses on an Oblique Section of a Body

Subjected to Direct Stresses in Two Mutually Perpendicular
Directions

. ﬂ . on
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() Fig 7.16 *

Conmder o rectangular body of uniform cross sectional area and unit thickness subjectod o
direct lensile stresses in two mutually perpendicular directions along x-x and y y axis as shown in Fig
T 16 (a) and (b), Now Jet us consider an obligue section AR inclined with x-x axis on which we are
required to find oat the strosaes as shown n the ligure.

Lot o, = Tenwile stress in x-x direction

(idso termed ns maor tensile stross),
o, = Teaxile stresy in vy direction
(il bermed as minor lenstle stress). and
0 = Angle which the obligue section AR makes with x.x axis
in clockwise direction.

Finst of all consider the equilibrium of the wedge ABC, Now deaw the Mobr s Circle of Stresses

s shown b Fig. 717 and ax discussed below

Dr.T.Prakash, Professor of Mechanical Engineering
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Fig. 747
First of all, take some suitable point @ and draw a horizoatal line OX.

-
.

2. Cut off OJ and OK equal o the tensile stresses ¢, and 0, o some suitable scale Wwwards right
(because both the stresses are tensile). The point J represents the stress system on plane AC and
the point K represents (he stress system on plane BC. Bisect JK al €.

A Now with € as centre and radins equat 1o CJ or CJ draw a circle, It is known as Mohr's Circle
of Stresses.

4. Now through C, draw a line CP making an angle of 26 with CK in clockwise direction meeting
the circle at P.The point P represeats the stress systems on the section AB.

5 Through P, draw PQ perpendiculas (o the line OX. Join OF.

6 Now OQ, QP and OP will give the pormal stress, shear stress and resultant stress respectively o
the scale. Similarly CM or CN will give the maximum shear stress (o the scale. The angle POC
is called the angle of obliquity.

Proof
From the geometry of the Mohr’s Circle of Stresses, we find that

KC = CI=(’P=°‘—;01
0;~Cy 20,+0,-0y O +0,

or oC = OKQKC-oyo 3 3 3
Normal siress, o, =w-w-cg=-'%’l-cpmze
0,46, O,-0
- ‘—21—‘—21 cos 20 . ASame as Art. 7.8)
and shear stress, T = OPw=CPsin20
o, +t0
= —2X 5in20 _.(Same us Art. 7.8)

2
We also find that the maximam shear stress will be equal 1o the radius of the Mohe’s Circle of

Stresses. Le., g%”-.hwillln(mwhcnzoiscqw 10 907 or 2707 Le., when 0 is eqgual o 45° or
135",

Dr.T.Prakash, Professor of Mechanical Engineering
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m The stresses at a point of a machine component are 150 MPa and 50 MPa
both tensile. Find the intensities of normal, shear and resuliant stresses on a plane inclined at an
angle of 55" with the axis of major tensile stress.

Also find the magnitude of the maximum shear siresses in the component.

*Socumon. Given - Tensile stress along horizontal x-x axis (0,) = 150 MPa | Tensile stress along
vuucalryam(o,)-SOMPumﬂmmmmmmﬂmmeuholuwrmkm(o)
= 55"

The given stresses on the planes AC and BC in the machine component are shown in Fg. 7.18
(a). Now draw the Mohr's Cirele off Stresses as shown in Fig, 718 (0) and as discussed below

And when 0 = 135° then the shear stress will be equal

150 MPy

50 MPa k_“'_“\ 50— Z

L) 1h

Fig. 7.18

L. Frstof all, take some suitable point € and deaw a horizontal line OX.

2. Cut off OJ and OK equal 1o the tensile stresses 0, and o, respectively (Le. 150 MPa and 50
MPa) o some suitable scale towards right, The point J represents the stress system on the plane
AC and the point K represents the stress system on the plane BC. Risect K7 at C.

A Now with Cas centre and racius oqual 1o CF or CK draw the Mohe’s Circle of Stresses.

4 Now through Cdraw (two lines CM and CN at right angles (o the line OX meeting the circle ut M
and N. Also through C draw a line CP making un angle of 2 x 55% = 110" with CK in clockwise
direction meeting the circle at P, The point P represents the stress system on the plane AB.

5 Theough P, draw PO perpendicular o the Tine OX. Join OF.

By measurement, wo find that the normal stress (0,) = OQ « 1171 MPa ;. Shear stress (1) = OF
=4T0MPu ; Resultant stress (0,) = OF = 126.2 MPa and maximeam shear stress (1) = CM
=250 MPa Ans.

Dr.T.Prakash, Professor of Mechanical Engineering
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e s oo B0 Tk irengen af o poiad in o comprsent are JOX0 MPa Crennile) and 50 WP
{ compresaive ), [elermine ghe magniuds of the normal and sheor sveszes on o phane inclised oi
an asple of 25° unth wanlle sreas, Aleo dererming tee dlirecrion of the fesalis peer and th
magairmae of the maimum eenmty of shear e
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fd| [L3] K

Fig. 7.18

ST ':]i'-:-lmﬂ_m!‘lliﬂ‘it.:ﬂ-{ﬂ;* [N M e v slivss
b VoAl V- i () = — 50 MPs (Wi sgn g 1o e sl sgle insds by jilans
wilh bl stveas (B = 257,

T gt veen s o e plasss AL and B0 off i componind e shosm m e 700 (ah Bow
o i Mohr's Uil of Sireases me shovn in Fig. 7. 10 08 and as disoussed helow

L. sl ol o, inko some sutlable painl CF md Dwough o deow o Boseonial bees SO0

L Clant a0 ] (K eaquasd i e stresmes. and resspectively (Les, 100 BT and — 50 BAP) b sosme
minble mrale sk thad J ix towards right (becaes of lensike o) md 8 e owanls k= the
o of compressive sanae), The post J ropresenis the goeis svstem on the plae A sl e
point K repuesris the siress sysiems on the plane 5. [Risoct K7 s

X Movw wnth O s cvibns and resles ogpeal B0 O o OF drw the Miohr's Ciclo ol Stoossos.

4 Now through O, draw two lings C and O st righid sngles i the lise OF seseling the cincks
al M el Y. Alss theoegh O deww o bine CF maksg mn angle of 2 = 25 < 8P wilh OF im
elockuds ilreation inasting the ciiele ai P, The poani P sopresonis the siieas sy on iha
planz AN,

£ Twough &, draw 0 perpomdbailar boiho ling OF. Jon (0.

By measuremsent, we find that the nomnall stress (6= - 0.7 Ma ; Shear stres (€)= P -
A9 M Direction of the reailand streas PO = G681 and it mims shear gress (tg, ) = (3
={N =2 T5 MPs fns

Mohr's Circle for Stresses on an Oblique Section of a Body
Subjected to a Direct Stresses in One Plane Accompanied
by a Simple Shear Stress

Consider a rectangular body of uniform cross-sectiomal area and unil thickness subjected 1o
a direct tensile siress along X-X axis accompanied by a positive (e, clockwise ) shear stress
along X-X axis as shown in Fig 7.20 (a) and (&), Now let us consider an obligoe section AR
P x R R e A o in the figure

a,+H >, Ot N\ %

{at) (L]

Dr.T.Prakash, Professor of Mechanical Engineering
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Let 0, = Tensile stress in x-x direction,
Ty ™ Positive (Le., clockwise) shear stress along o-x axis, and
0 = Angle which oblique section AR makes with x-x axis in clock
wise direction,
First of all consider the equilibrium of the wedge ABC. We know that as per the principle of

simple shear the face BC of the wedge will also be subjected to an anticlock wise shear stress.
Now draw the Mohr s Circle of Stresses as shown in Fig.7.21 and as discussed below :

e

M
P !

Fig. 7.0
First of all, take some suitable point @ and through it draw a horizontal line XOX.
Cut off OJ equal 1o the tensile stross 0, to some suitable scale and towards nght (hecuuse 0 is
tensile).
Now erect a perpendicular at J above the line X-X (because T, is positive along x-x axis) and cut
off JD) equal to the shear stress T to the scale. The point D) represents the stress system on planc
AC. Similarly, erect a perpendicular below the line x-x (because T_ is negative along y-y axis)
and cut off OF cqual to the shear stress T, to the scale. The point £ represents the stress system
on plane BC, Join DE and biscet it ot C.
Now with € as centre und radius equal o CD or CE draw a circle, It is known as Mohe's Circle
of Stresses,
Now through C, draw a line CP making an angle 20 with CE in clockwise direction mecting the
circle at P, The point P represents the stress system on the section AB.
Through P, draw PO perpendicular 1o the line OX. Join OF.
Now 0Q, OP and OP will give the normal, shear and resultant stresses (o the scale. And the
angle POC is called the angle of obliquity.

Proof

From the geometry of the Mohr's Circle of Stresses, we find that
oc = 3

Dr.T.Prakash, Professor of Mechanical Engineering
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and radius of the circle,

PRY
R =FKC=CD=CP= -21] 01”.'
Now in the right angled trangle DCJ,

e D% 01 0
sn@ = =5>%R and  cos@= GRS XE=TR

and similrly in right angled triangle CPQ,
ZPCQ = (20-w)
CQ w CPcos (20 - o) = R |oos (20 - )]
R |cos ot cos 20 4 sin oL sin 20]
R cos ot cos 20 + R sin 0 sin 20

T
Rx-g#cmZth—R'znhm

= %Lcnu 20 4+ T sin 20

We know that normal stress across the section AR,

O, = 00w OC-CQw %l (%‘-cmzeot,,sinm)

= %t %Lcmzo t,, sin 20 .{Same as in Art. 7.10)

und shear stress, T w QP w CPsin (20 - o) = R 5in (20- 1)
w R (cos o 20 - win ot cos 20)
= R cos ot sin 20 - R sin o cos 20

O T
—r Re. 4
- szklmm R x 2umm

= S kin20 - 1, cox 20 ASame us in Art. 7.10)

We also know thit maximum stress,

4
O g -(X:-(KW(,‘(.'--Z"* %") 't,n
wnd minimum stress
b ]
WP o o
O = OH = (X (.n-—zl —21) +o

We also find that the maximum shear stress will be equal o the radius of the Mobe's cirele of

2
stresses Le., (—,2-'-) | t{, e will happen when (20 -~ o) is equal o 90" or 270",

2
a
However when (20 - o) is equal to 90 then the shear stress ix equal o + —"') ‘11" .

2
And when (20 - o) » 270" then the shear stross is equal 1o \,(22") ' fz, .

Dr.T.Prakash, Professor of Mechanical Engineering

oy

o

Tl



AV

T
énﬁg SNS COLLEGE OF TECHNOLOGY E’ﬁ

- i Ei COIMBATORE-35
77" DEPARTMENT OF MECHANICAL ENGINEERING

g

II: A plane element fn o body i subjected to o tensile sirecs of 100 MPa
wccompanied by a clockwize shear siress of 25 MPa. Find (i) the normal and shear stress on
a plane inclined af an angle of 20% with the tenxile stress ; and (i) the masimum shear dress
on the plane.

"Sovumow. Given ; Tensile stress along horizontal x-x axis (6,) = 10 MPa ; Shear stress (T,)
= 25 MPa and anghe made by plane with ensile stress (8) = 2007,

The given niresses on the element and o complimeniary shear stress on the BC plane are shown in
Fig. .22 (a), Now deaw the Mobre's Circle of Stresses as shown in Fig 722 (b) ad s discossed
heloe :

A
15 Pelita
[0 b P
207 ,
gy )

3 ™38 MPa

(i) iy N

Fig. 722

I First of all, vake some suitable point O, and torough it deaw a horizomal line XOX,

L, Cut off @F equal to the tensile stress on the plane AC (Le, 100 MPa) o some suitable scale
ievwwnards. righil,

3. Now ecrect o perpendicular ad S above the hoe XX and cut off S equal o the posiive shear
slress on the plane BC (Le, 25 MPa) b the seabe. The poiinl 1Y represenis the stress sysieim on
e plamwe AC, Similurly erect o perpendicular ot O below the Dine X-X and cut off OF equal o the
negative shear siress on the plune BC (Le., 25 MPa) o ithe scale, The point F represenis the
siress syweimn on e plane BC, Join DF and bisect il ol C.

A Now with C ag centre ad madivg equal i O or CF draw the Mohe s Circle of Stressea

5. Now through C, drow tevo lines CM and CN ot night angle to the line £ mecting ihe circle st
M and N. Also through C, draw a line CF making an angle of 2 x 207 = 40° with CF in
clockwise direction meeiing the circle ai P The poini P represenis the siress sysiem on the
section AR,

. Throdgh P, driw PO perpendicular to the line 00X,

By measurement, we find thot the normal stress (0,) = O = 4.4 MPa (compression) ; Shear
stress (1) = QP = 1 3.0 MPa and maximam shear stress (T, ) = CM = 55,9 MPa Ans,

18. An clement in a sirained body is subjecied 1o a lensile siress of
1560 MPa and a shear stress af 30 MPa tending to rotaie the slement in an anticlockwie
direction. Find (i) the magninade of the normal and shear stressex on a section inclined a
di1 with the tensile siress ! and (i) the magnitude and direction of maximan shear siress
ihai can exivi on the element,

Dr.T.Prakash, Professor of Mechanical Engineering
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50 MPa

{a} ]

“Sowwumon, Given : Tensile stress along horizontal x-x axis () = 150 MPa ; Shear stress (1) =

— 500 WP (M sign due o anbiclockwse) and angle made by section with the lensilke siress (0) =$]“.

The: given siresses on the plane AR of the clement and a complimentary shiar siress on the plane

BC are shown in Fig 7.23 (a). Now draw the Mohr's Circle of Stresses as shown i Fig. 7.23 (b)) and
as discussed below

1.
.8

First of all, take some suitable point 0, and throwgh it draw a horondal line X0X.

Cut off @ equal o the ensile stress on the plane AC (Le., 150 MPa) 10 some smtable scale
towwnrds righi.

Mow erect o perpeidicilar al J below (he Tie X-X and cul off S egiial 1o (he negative shear
yiress on the plane AC (e, 50 MPa) to the scale. The point £) represenis the stress system on the
plaie AC, Similicly, ercct a perpendicular at € above the ine X-X and cul off OF equal o the
positive shear siress on the plane BC (Le, 50 MPa) 1 the scale. The point F represents the
siress sysiem on the plane BC, Jom D and bisect i af ©,

Now wilh C as centre and radius equal o 5 or CF draw the Mohr's Circle of  Stresses mecting
the line X-X at € and J

Through €, draw two lines M and OV ol nght angles i the line X=X mecung the circle a1 M
ind V. Also theough C, draw a line CF making an angle of 2 2 407 = 80" with CE in clockwise
direction meeting ihe circle ab P, The point P represents the stress sysiem on the section AR,
Through P, draw PO} perpendicular o the Tine ©2X

By measurement, we [ind thai the Normal stress (@, ) = (0 = 112.2 MPa ; Shear siress (T) = (P
= 815 MPa and maximum shcar stress, that can exist on element (T ) = + CM =

CN =90.14 MPu A,

19. An element in a strained Body is subjected to a compressive stress of 200
MPa and a clockwise shear stress of 50 MPa on the same plane, Calculate the values of normal
and shear stresses on a plane inclined at 25° with the compressive siress, Also calewlate the value

of maximum shear stress in the element,
*SoLumon. Given : Compressive stress along horizontal x-x axis (@7,) = - 200 MI"a (Minus sign
due tocompressive siress) ; Shear stress (T,,) =50 MPa; and angle made by plane with the compressive
stress (8) = 357,

Dr.T.Prakash, Professor of Mechanical Engineering
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Fig. 7.24
The given siresses on the plane AC of the element and a complimentary shear stress on the plane
BC are shown in Fig. 7.24 (g). Now draw the Mohr's Circle of Stresses as shown in Fig.7.24 (b) and
as discussed below :

1. Firstof all, take some suitable point O, and through it draw a horizontal line XOX.

2. Cul off OJ equal 1o the compressive stress on the plane AC (Le., 200 MPa) to some suitable
scale towards left .

3. Now erect a perpendicular at f above the line X-X and cut off JD equal to the positive shear
stress on the plane AC (e, 50 MPa) io the scale. The point [ represents the stress sysiem on the
plane AC. Similarly, erect a perpendicular at @ below the line X-X and cut off OF equal 1o the
negative shear siress on the plane BC (fe, 50 MPa) to the scale. The point E represents the
stress system on the plane BC, Join DE and biscet it at €.

4. Now with Cas centre and radius equal to CD or CE draw the Mohr's Circle of Stresses. Meeting
the line X-X at G and A,

5. Through C, draw two lines OM and CN at right angles to the line X-X meeting the circle at M
and N. Also through C draw a line CF making an angle of 2 x 357 = 70" with CF in clockwise
direction meeting the circle at P. The point P represents the stress syslem on the plane AB.

6. Through P, draw PQ perpendicular to the line OX.,

By measurement, we find that the Normal stress (G,) = OQ =— 112.8 MPa ; Shear siress (T)
= OF =~ 111.1 MPa and maximum shear stress in the element (1) =+ CM = CN = 112.1
MPa Ans.

Mohr's Circle for Stresses on an Oblique Section of a Body
Subjected to Direct Stresses in Two Mutually Perpendicular
Directions Accompanied by a Simple Shear Stress

Dr.T.Prakash, Professor of Mechanical Engineering
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Consider a rectangular body of uniform cross-sectional arca and unit thickness subjected o
| direct tensile stresses in two mutually perpendicular directions along X-X and Y-¥ axes accompaniod
by a positive (Le., clockwise) shear stress along X-X axis as shown in Fig. 7.25 (a) and (b). Now let us
| consider an oblique section AB inclined with X-X axis on which we are required to find out the
| stresses as shown in the figure.
Let

Tensile stress in X-X direction,
‘Tenstle stress in ¥-Y direction,
Positive (Le., clockwise) shear stress along X-X axis, and
Angle which the obligue section AB makes with X-X axis in
clockwise direction.
First of all, consider the equilibrium of the wedge ABC. We know that as per the principle of
simple shear, the face BC of the wedge will be subjected to an anticlockwise shear stress equal to
| Ty U8 shown in Fig. 7.25 (b). Now draw the Mohr's Circle of Stresses as shown in Fig. 7.26 and as
discussed below ¢

(-3 Qd ~¢° _Q

,)
D
/ >
t
0 K 20 o 4}4
e ¥l e V[ Tio X
o i E
- — S
N
Fig. 7.26

L. First of all, take some suitable point @ and through it draw & horizontal line OX.

2. Cut off OJ and OK equal (o the tensile stresses @, and o, respectively (o some suitable scale and
Lowards right (because both the stresses are tensile).

3. Now erect a perpendicular at J above the line X-X (because T is positive along X-X axis) and
cut off JD equal to the shear stress ©, (o the scale. The point 7) represents the stress system on
plane AC. Similarly, erect perpendicular below the line X-X (because T Is negative along Y-¥
axis) and cut off KE equal 1o the shear stress © 1o the scale. The point E represents the plane
BC. Join DE and bisect it ot C.

4. Now with € as centre and radius equal to CD or CE draw a circle. It is known as Mohr's Clrcle
of Stresses,

5. Now through C, draw a line CP making an angle 20 with CE in clockwise direction meeting the
circle at P. The point P represents the stress system on section AB.

6. 'Through P, draw PQ perpendicular to the line OX. Join OP.

7. Now OQ, OF and OP will give the normal stress, shear stress and resultant stress respectively o
the scale. Similarly OG and OH will give the maximum and minimum principal shear stresses (o
the scale. The angle POC is called the angle of obliquity.

Dr.T.Prakash, Professor of Mechanical Engineering
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E_._ A point is subjected to a tensile stress of 250 MPa in the horizontal
direction and another tensile stress of 100 MPa in the vertical direction. The point is also
subjected to a simple shear stress of 25 MPa, such that when it is associated with the
major tensile stress, it tends to rotate the element in the clockwise direction. What is the
magnitude of the normal and shear stresses inclined on a section at an angle of 20° with
the major tensile stress ?

*SoLumon. Given : Tensile stress in horizontal direction (G,) = 250 MPa ; Tensile stress in
vertical direction (o) = 100 MPa ; Shear stress (1) = 25 MPa and angle made by section with major
tensile stress (0) = 20°.

4
25 MPa
250 MPao%\(\ 0,
20°
B

C g,
v 25 MPa

100 MPa

(a) by

The given stresses on the face AC of the point alongwith a tensile stress on the plane BC and a
complimentary shear stress on the plane BC are shown in Fig 7.27 (a). Now draw the Mohr's Circle
of Stresses as shown in Fig. 7.27 (b) and as discussed below :

L. First of all, take some suitable point O, and through it draw a horizontal line OX.

2. Cut off OJ and OK equal to the lensile stresses ¢, and o, respectively (Le., 250 MPa and 100
MPa) to some suitable scale towards right.

3. Now erect a perpendicular at J above the line OX and cut off JD equal (o the positive shear
stress on the plane AC (i.e., 25 MPa) to the scale. The point D represents the stress system on
the plane AC. Similarly, erect a perpendicular at K below the OX and cut off KE equal to the
negative shear stress on the plane BC (Le., 25 MPa) to the scale. The point E represents the
stress system on the plane BC. Join DE and bisect it at C.

4. Now with C as centre and radius equal to CD or CE draw the Mohr’s Circle of Stresses.

5. Now through C draw a line CP making an angle of 2 x 207 = 440" with CE in clockwise
direction meeting the circle at P. The point P represents the stress system on the section 1o AB.

6. Through P, draw PQ perpendicular to the line OX.

By measurement, we find that the normal stress, (0,) = OQ = 101.5 MPa and shear stress © = OF

=29.0 MPa Ans,

Dr.T.Prakash, Professor of Mechanical Engineering
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21. A point in a strained material is subjected 1o the stresses as shown in Fig.
7.29. Find graphically, or otherwise, the normal and shear stresses on the section AB.

0N
2smpa SONIPe
1
25 MP A
75 MPa«+—{— s 75 MPa
55 25 MPa
I -,
v 25 MPa
150 MPa
Fig. 7.29

*SoLumon. Given : Tensile stress along horizontal x-x axis (6,) = 75 MPa ; Tensile stress along
vertical y-y axis (o)) = 150 MPa | Shear stress (t,z) = 25 MPa and angle made by section with
horizontal tensile stress in clockwise direction (0) = 55°.

The given stresses on the planes AC and BC are shown in Fig.7.30 (a). Now draw the Mohr's
Circle of Stresses as shown in Fig. 7.30 () and as discussed below :

1. First of all, take some suitable point O, and draw a horizontal line OX.
2. Cut off OJ and OK equal (o the tensile stresses o, and o respectively (£e.,75 MPa and 150
MPa) to some suitable scale towards right.

25 MPa
75 MPa

150 MPa

(ar)

Fig. 7.30

3. Now erect a perpendicular at J above the line OX and cut off JD equal 1o the positive shear
stress on the plane AC (Le., 25 MPa) to the scale. The point D represents the stress system on the
plane AC. Similarly, erect a perpendicular at K below the line OX and cut off KE equal to the
negative shear stress on the plane BC (ie., 25 MPa) (o the scale. The point E represents the
stress system on the plane BC. Join DE and bisect it at C,

4. Now with € as centre and radius equal to CD or CE draw the Mohr's Circle of Stresses,

5. Now through C draw a line CP making an angle of 2 x 55 = 1107 with CD in an anticlockwise
direction meeting the circle at P. The point P represents the stress system on the section AB.
By measurement, we find that the normal stress (6,) = OQ = 76.1 MPa and shear stress (1) =
PQ =267 MPa. Ans.

Dr.T.Prakash, Professor of Mechanical Engineering
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