S

éggg SNS COLLEGE OF TECHNOLOGY =

COIMBATORE-35
DEPARTMENT OF MECHANICAL ENGINEERING

Srurichil=s

Mohr’s circle for biaxial stresses

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

In the previous articles, we have boen discussing the analytical method for the determination of

normal, shear and resultant stresses across a section. But we shall now discuss a graphical method for
this purpose. This is done by drawing a Mobie's Circle of Stresses. The construction of Mohie's Circle
of Stresses as well as determination of normal, shear and resultant stresses i very easier than the
analytical method, Moreover, there is a tle 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

D R T

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

A body subjected 1o direct stresses in two mutually perpendicular directions.

A body subjected 1o a simple shear stross.

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

A by subjected (o direct stresses in two mutually perpendicular directions accompanied by a
simple shear stress,

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

we shall adopt (he following sign conventions, which are widely used and internationally recogmised

The angle is taken with reference (o the XX axis. All the angles traced in (he anticlockwise
direction o0 the X X axis are taken as nogative, whereas those in the clockwise direction us
positive as shown in Fig. 7.13 (a). The value of angle 0, until and unless meationed is taken us
positive and deawn clockwise.

The measurements above X-X axis and (o the right of ¥-¥ axis are taken us positive, whereas
those below X-X axis and to the left of ¥-¥ axis as negative as shown in Fig 7.13 (b) and (¢)
Sometimes there is a slight variation in the results obtained by analytical method and graphical
method. The values obtained by graphical method are taken to be correct if they agree upto the
first decimal poind with values obtained by analytical method, e.g., 566 (Analytical) = 8.7
(Graphucal), similarly 432 (Analytical) = 4.3 (Graphical)

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 to a Direct Stress in One Plane

| 8

i ef;,‘ ,, & 5
( 4
(@) Fg 7.14 "
Coasider a rectangular body of uniform cross-sectional area and unit thickness subjected to a direct
tensile stress along X-X axis as shown in Fig 7.14 (@) and (b). Now let us consider an obligue section AB
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 xx direction and
6 = Angle which the oblique section AB makes with the x-x axis
in clockwise direction.

First ol all, consider the equilibrium of the wedge ABC. Now draw (he Mobr's* Circle of Stresses

as shown in Fig.7.15 and as discussed befow

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

2. Cutoff OJ equal (o the iensile stress (o) 10 some suilable scale and towards right (becatse o 15
lensile). Bisect O al €. 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 s known as Mohr's
Circle for Stresses.

P

Fig 7.16

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

Dr.T.Prakash, Professor of Mechanical Engineering



SNS COLLEGE OF TECHNOLOGY
COIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING

4 Now thwough C deaw a line CPF making an angle of 20 with CO in the clockwise direction
meeting the cirele al . The point P represents (he section AR,

S5 Theough P, draw PQ perpendicular o QX Jon OF

6, Now OQ, QF and OF will give the normel stress, shear stress and resuliant stress respectively 1o
the scade. And the angle POJ is called the angle of obliquity (0).

Proof
From the geometry of the Mol s Clrclo of Stresses, we Giod (hat,
OC » ClwCPual2 ... (Radius of the circle)
S Normal Stress.
0, = 00 =0C - OC= (321) - (g) s 20 ASame ut In Art. 7.7)
and sheaur stress
t = or-crmzo-%mzo {Same as in Art. 7.7)

We also find that maximum shear stress will be egual 1o the radins of the Mohr's Clrele of
Stresses Le., % It will happen when 20 s equal to 90° or 207 Le., 0 s equal to 45 or 1357,

lhwmwtwnﬂ-u"lhmwmmhapdm%.
And when = 135" then the shear stress ks equal 10 - %

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

Subjected to Direct Stresses In Two Mutually Perpendicular
Directions

. ﬂ . o-

- (TN
: (o
o.
) FQ. 716 15
Conmider o rectangular body of uniform cross sectional area and unit thickness subjectod o
direct tensile stressos in two mutually peependicular directions along x-x and y-y axis as shown in Fig
16 (@) and (b). Now et us consider an obligue section AR inclined with x-x axis on which we are
required to find out the stresses as shown (n the figure.
Lot o, = Teasile stress in xx direction
(ilso termed g major tensile stross),
= Teaxile stresy in vy direction
(w0 termed ax minor eastle stress), and
0w Angle which the obligue section AR makes with x.x axis
in clockwise direction,
Finst of all consider the aquilibrium of the wedge ABC. Now deaw the Mobr s Circle of Stroses
s shown in Fig. 717 and s discussed below

Dr.T.Prakash, Professor of Mechanical Engineering
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Fig. 747
First of all, take some suitable point © and deaw 3 horizoatal line OX.

—
.

2 Cut off O and OK equal to the tensile stresses o, and 6, o some suitable scale owards right
(because both the stresses are teasile). The poind J represents the stress system on plane AC and
the point K represents the stress system on plane BC. Bisect JK al €.

X Now with C as centre and radins equad 1o CJ or CJF 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 CX in clockwise direction meeting
the circle at . The point P represents the stress systems on the section A8,
5 Through P, draw PQ pespendicular 1o the line OX. Join OP,

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 = U:(’P:o—';—ol
0;-0y 20,+0,-0, O +0,

or OC = OK+KC=ay+ — 3 3
Normial stress, 0y = 00=0C- (=221 P29
g, +o g, o
- ‘_21-‘—21- o8 20 _.ASame as Art. 7.8)
and shear stress, T = OP=CPsin20
o, +t0
= =T ¢in20 _.{Same us At 7.8)

2
We also find that the maximum shear stress will be equal (o the radius of the Mohr’s Circle of

o -
Stresses. ie., '—2"1.nwmmmwhenmaoquooﬂmmu.,mosqmmwa
1350,

Dr.T.Prakash, Professor of Mechanical Engineering
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However Mmo-““mnwm“whapalmo'—;ol

~(0;-0,y)  0,-0;
. S

m The stresses ai a point of a machine component are 150 MPa and 50 MPa
both tensile. Find the intensities of normal, shear and resuliant strexses on a plane inclined at an

angle of 55" with the axis of major leasile stress.

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

*Socumon, Given : Teasile stress along horizontal x-x axis (0,) = 150 MPa | Tensile stress along
vuucalytya:u'n(o,)-SOManlmgleuulcbyuwplmcwilhlhcuhornwr tensile stress (0)
= 55°.

The given stresses on the planes AC and BC in the machine component are shown in Fg. 7.18
(@). Now draw the Mohr's Circle of Stresses as shown in Fig. 7.18 (0) and as discussed below

And when 0 = 135° then the shear stress will be equal 1o

1 50 MPy

50 MPa

L) 1"

Fig. 7.18

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

2 Cul off OJ and OK equal 10 the leasile stresses 0, and o, respectively (Le. 150 MPa and 50
MPa) 1o some suitable scale towards right. The point J represents the stress system on the plane
AC and the point X represents the stress system on the plane BC. Risect K7 at C.

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

4 Now through Cdraw two lines CM and CN o right angles 1o the fine OX meeting the circle st M
and N. Also through C draw a line CP making an angle of 2 x 55° = 110" with CK in clockwise
direction meeting the circle at . The point P represents the stress system on the plane AB.

5 Theough P, draw PQ perpendicular to the Tine OX. Join OF.

By measurement, wo find that the normal stress (0,) = OQ « 1171 MPa ;. Shear stress (1) « OF
=470 MPa; Resultant stress (0,) = OF = 126.2 MPa and maximam shear stress (1) = CM
=2 50 MPa Ans

Dr.T.Prakash, Professor of Mechanical Engineering
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e e 22 Wy e reaRcs o d poiel iR o compronent are 10 MPa fieanile) dnd 30 MPs
{ cumpregnive |, [ebermine the magniucde of the normal and sheur dreszes on o plane inclised i
an dmple of 25 st wade streas, Also darerming the direcrion of the iesulee oves and the
muapairmde of the saimum jaleasity of shear e,

td) ik &

Fig. 7.18

TSOLIMOR. Clivon : isnmbe stros aling honoestal 5o sl fog) < 0 M Comperoisine siros
i vl - s () = — S0 MPs (Midis sgn e 1o g sl sl inede iy jilane
willly bensile sivss (5) = 75,

T g alvasa o e plassss A aid B0 off e compons e e m g 000 (el Mo
i ihee Mohi's Circle of Sireases s shivsm in Fig, 7.1 05) and as disoused below ;

L. st o sll, 1ako some suitabile point O md theough 1 draw o boesaontal e 000

L Ot ol (8 il (0K ospuod g e streses anal resspectively (e, DK TS ned — 50 BPa) 1o mosne
miable male such that J s owards dght (becasss: of lensile gess) mnd 8 i owaeds el (be
e of comprossive saoss), The poast J opresenis e sss syeiem on the plane AC sl e
poani. K pequeseais ihe siress sysicms on the plane 5, Risecd K8 s

A Mo with O s cenbed and redeus ogqueal g0 CF of O drmw e Maobr's Uircle af Stosses.

4 Now through T, dovw two Bines CM and O ai righs soples o the D (0 seetng ihe ool
al A ] A AL s theoaagh O dvaw o ine CF makmg an angle of 2 = 25"« 8P with X in
ehackadse dirscten insating e circle st P, The posil P iepessns ih s Sk on il
plans= AH.

& Thwough 1%, draw PO perpombaiilar b tha line T Jown (0%

By mensuremsent, we fisd that the normnal stress (oh = - 70T MPa ] Shewr stress (1) = A =
S45 Mt [rection of the resulian stress PO = 68,17 and manimims shear sress (1) = U3
=iN=-xTiMPs A

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 unifvrm cross-sectional area and unit thickness subjecied 10
o direct tensile siress olong X-X axis accompanied by a positive (Le. clockwise ) shear stress
along X-X axis as shown in Fig 7.20 (a) and (8. Now let us consider an oblique section AR
8oy ek i - A ' o in the figure

o, 4 w0, [ v "

il ]

Dr.T.Prakash, Professor of Mechanical Engineering
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Let 0, = Tensile stress in x-x direction,
T,y = Positive (Le., clockwise) shear stress along x-x axis, and
0 = Angle which oblique section AR makes with x-x axis in clock
wise diroction,

First of all consider the equilibrium of the wedge ARC. We know that as per the principle of
simple shear the face BC of the wedge will nlso be subjected to an anticlock wise shear stress.
Now draw the Mohe s Circle of Stresses as shown in Fig.7.21 and ax discussed below :

M
I !

1
i

N
Fig. 7.1
L. First of all, take some suitable point € and through it deaw & horizontal line XOX.
2. Cut off OJ equal (o the tensile stress 0, to some suitable scale and towards nght (hecause 0, is
tensile).
Now ercct a porpendicular at J above the line X-X (because T, is positive along x-x axis) and cut
off JD equal to the dtcursma't,, to the scale. The point I represents the stress system on planc
AC. Similarly, erect a perpendicular below the line x-x (because € is negative along y-y axis)
und cut off OF equal u)ﬁnslmsmr,,mll\cnmlc.mpoim . represents the stress system
on plane BC. Join DE and biscet it ot C.
4. Now with € as centre und radius equal to CD or CE draw a circle. It is known as Mobe s Circle
of Stresses,
5. 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.
6. Through P, deaw PQ perpendicular 1o the line OX. Join OP.
7. Now 0Q, QP and OP will give the normal, shear and resultant stresses (o the scale. And the
angle POC is called the angle of obliguity.

e
-

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

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

2
R =FKC=CD=CP= -0-21) oti,
Now in the right angled triangle DCJ,

i DI I 01 0
g = 570 md  com@= R XE=IR

and similarly in right angled triangle CPQ,
ZPCQ = (20-)
CQ w CPcos (20 - o) = R [eos (20 - )]
R |cos 0 cos 20 4 sin oL sin 20]
R cos ot cos 20 + R san € sin 20

T
Rxfz’-kcmmokx-k'lmzo

9-21 con 20 4 T sin 20

We know that normal stress across the section AR,

0, = OQw=0OC-COw %l (%-l-cmzeor,,sinm)

= 9{ %Lm.. 20 - T, sin 20 .(Same as in Art. 7.10)

und shear stress, T w QP w CP sin (20 - ) = R sin (20- o0)
w R (cos o sn 20 - xin (¢ cos 20)
= R cos o sin 20 - R sin o cos 20

[« S T
. -t -
szunmm R x 3 oo 20

= S xin20 - 1, cox 20 (Same us in Art. 7.10)

We also know that maximum stress,

a
Cun -(X:-()('+(.‘C--i“ 221) 't!n

wnd minimurm stress

Oa

2
= OH = OC ('M-%* 9‘) F Ty

We also find that the maximum shear stress will be equal 1o the radius of the Mobe's circle of

2
stresses Le., (—,21) | tf, . It will happen when (20 — o) is equal o 907 or 270"

2
o .
However when (20 - o) is equal to 907 then the shear stress i oqual 1o+ —2‘-) ‘tl., .

2
And when (20 - o) = 270" then the shear stross is equal (0 (2.;’-) ! tz, .

Dr.T.Prakash, Professor of Mechanical Engineering
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1:: A plane element in a body e subfected to a tensile siress of 100 MPa
accompanied by a clockwise shear strexs of 15 MPa. Find (i) the normal and shear stress on
a plane ticlined af an angle of 20% with the tenxile xiress o and (i) the matimum shear dress
on the plane.
"Sovumon. Given : Tensile stress along horizontal x-r axis (G,) = 100 MPa ; Shear stress (1)
= 25 MPa and anghe made by plane with engile stress (8) = N
The given streases on the element and a complimentary shear stress on the BC plase are showmn in
Fig. 7.22 (e}, Now draw the Mobre's Circle of Siresses as shown in Fig 7.22 (8) and a8 discussed
helow ;

A
15 MPa
[ ()} M P
20 .
S gy \

- "8 My

il a1} N

Fig. 722

I First of all, take some sutable pomnt €, ad trough it deaw a horizontal line XYOX,

. Cut off @ equal w the emsile stress on the plane AC (Le., 100 MPa) o some suitable scale
iovwards righit.

3. Now crect a pempendicular at S above the e X-X and cut off S cqual o the positive shear
giress on the plune BC (L., 25 MPa) o the scale. The pomt £ represenis the stress sysiem o
e i AC, Sitoalarly erect o perpendicular al O bebow the lime X-X ad cun of T OF eqguial o the
negative dhear stress on the plane BC (Le, 25 MPu) o the scale, The poimt & represents the
trens sywtermn on the plane BC, Join P and Bisect oo ©

A, Now with € ax cenire amd rsding equal o OO or OF draw the Mohe s Circle off Stressea

5. Now through C, dre teeo lines CM and ON o right angle to the Line O mecting the circle sl
M and N. Also through C, draw a lime CF making an angle of 2 x 207 = 40 with CF
clockwise direction meeing the circle ol P, The point P represenis the siress sysiem on the
dewtm AR

B Throaigh P, drow PQ perpendicular to the line (X

By measurement, we find that the normal stress (0,) = (0 = 4.4 MPa (compression) © Shear
atress (1) = OF = 13.0 MPa and maximum shear stress (T,,,) = CM = 55.9 MPa Ans,

18, An element in a strained body is subjecied 1o a tensile siress of
156 MPa and a shear strees of 30 MPa tending fo revale the element in an anficlockwice
direction. Find (i) the magnitade of the normal and shear sireszes on a section inclined a
A" with the tensile siress | and (if) the magnitude and direction of maximum shear sress
that can exisi on the ¢ fement,

Dr.T.Prakash, Professor of Mechanical Engineering
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150 MPa E 3 F- |
50 MPa " jf a8 K‘“m_' . -
A T H|© e :
50 MPa '\ : £
:
~o
{ur} ]

*Sovumod. Given : Tensile stress along honzonial x-x axis (@)= 150 MPa ; Shear siress (T_) =

— 50 M1 (Minaes sign doe o asticlockwse) and wgle msde by section with the lensike m[ﬂ):i]“.

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

BC are shown im Fig 7.23 (). Mow draw the Mohre's Circle of Stresses as shown i Fig. 7.23 (B) and
e discussed below ;

I
2.

First of all, take some suitable point €7, and through it draw a horzontal line XOX.

Can a0 cjiral b the witsile stress on the plac AC (e, 150 MPai) 1o some sitable scale
tovwwircds might.

. Now ereel a perpeidicular ol J below (he Tive X-X and cul off A2 egiial 1o (he negitive shear

siress on the plane AC (e, 50 MPa) to the scale. The point £ represents the stress system on the
plimne AC, Stmilarly, erect a perpendicular al @ above the Tine X-X and cut off OF cqual 1o the
positive shear siress on the plane BC (e, 50 MPa) o the scale. The point F represents the
siress system on the plane BC. Join DE and bisect it at C.

Mow with C as centre and radius equal o CF) or CF draw the Mohr s Circle of Stresses mectng
the Bine X-X ot €5 and H,

Through C, draw iwe lines OM and OV ol right angles o the line X-X mecung the circle a0 M
ard M. Also through C, drow a line CF making an angle of 2 x 40° = 807 with CF in clockwise
direction meeting the circle at P. The point P represents the stress system on the section AR
Through P, drow PO perpendicular to the bme €0

By measurcment, we find that the Normal stress (0,0 = () = 112.2 MPa ; Shear stress (1) = QP
= B2.5 MPa and maximum shear stress, that can exist on element (T,.) =+ CM =

CN =90.14 MPa A

E 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, Calenlate the values of normal
and shear stresses on a plane inclined at 25° with the compressive stress, Also calcwlate the value

of meximumn shear stress in the element,

*Sorumon. Given : Compressive stress along horizontal x-x axis (05,) = — 200 MPa (Minus sign
due tocompressive siress) ; Shear stress (T,,) =50 MPa; and angle made by plane with the compressive

stress (8) = 35°.

Dr.T.Prakash, Professor of Mechanical Engineering
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A
50 MPa
200 MPa R“‘xx
35°
. ?“‘a 5 X i X
50 MPa i

fe)

Fig. 7.24
The given stresses on the plane AC of the element and a complimentary shear stress on the plane
BC are shown in Fig. 7.24 (a). Now draw the Mohr's Circle of Stresses as shown in Fig.7.24 (5) and
a5 discussed below :

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

2. Cul off OF equal to the compressive siress on the plane AC (Le., 200 MPa) o some suilable
scale lowards lefl .

3. Now erect a perpendicular at J above the line X-X and cut off JI? equal to the positive shear
stress on the plane AC (Le., 50 MPa) to the scale, The point D represents the stress system on the
plane AC, Similarly, erect a perpendicular at @ below the line X-X and cut off OF equal to the
negative shear stress on the plane BC (e, 50 MPa) o the scale. The point £ represents the
stress system on the plane BC. Join DE and bisect it at €,

4. Now with Cas centre and radius equal 1o CD or CF draw the Mohr's Circle of Stresses. Meeting
the line X-X at G and H.

5. Through C, draw two lines CM and CN at right angles to the line X-X meeting the circle at M
and N. Also through © draw a line OF making an angle of 2 % 35" = 70" with CE in clockwise
direction meeting the circle at P. The point P represents the stress system on the plane AB.

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

By measurement, we find that the Normal stress (0,) = 00 =~ 112.8 MPa ; Shear stress (1)
= 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 1o
| direct tensile stresses in two mutually perpendicular directions along X-X and Y-¥ axes accompanicd
by a positive (Le., clockwise) shear stress along X-X axis as shown in Fig. 7.25 (a) and (2). 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 fgure.

Let Tensile stress in X-X direction,

‘Tensile 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 1o
| T,y 48 shown in Fig. 7.25 (b). Now draw the Mohr’s Circle of Stresses as shown in Fig. 7.26 and as

discussed below ©

@aﬂ ~¢° -°

p d
D
/ ¥
e
0 K 20, o XL P
e ¥al| e Ve Tic X
[ i E |
’[; a' I~ \_/'
N
Fig. 7.26

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

2. Cutoll OJ and OK equal 1o the tensile stresses ¢, and o respectively (o some suitable scale and
Lowards right (because both the stresses are tensile).

3. Now erect a perpendicular ot J above the line X-X (because T is positive along X-X axis) and
cut off JD equal to the shear stress 10 the scale. The point 7) represents the stress system on
planc AC. Similarly, erect perpendicular below the line X-X (because T, Is negative along Y-¥
axis) und cut off KE equal to the shear stress T to the scale. The point £ represents the plane
BC. Join DE and bisect it ot C.

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

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

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

7. Now OQ, OF and OP will give the normal stress, shear stress and resultant stress respectively Lo
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 1o 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 (G,) = 100 MPa ; Shear stress (1) = 25 MPa and angle made by section wilh major
tensile stress (0) = 20°.

4
25 MPa
250 MP«+\ 0,
20°

: 8
R R LR Y| N
100 MPa

(a) (b)

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 tensile stresses G, and G, 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 (ie., 25 MPa) (o the scale. The point D represents the stress system on
the plane AC. Similarly, erect a perpendicular al 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.

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

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 (o AB.
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 © = QP
=290 MPa Ans.

w s

/o

Dr.T.Prakash, Professor of Mechanical Engineering
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21. A point in a stralned material Is subjected o the stresses as shown in Fig.
7.29. Find graphically, or otherwise, the normal and shear stresses on the section AB.
25 MPa 150 ;ll’u
- T
25 MP A
75 MPa 75 MPa
55 25 MPa
I _—
v 25 MPa
150 MPa
Fig. 7.29

*SoLumon. Given : Tensile stress along horizontal x-x axis (0,) = 75 MPa ; ‘Tensile stress along
vertical y-y axis (o,) = 150 MPa | Shear stress “'{) = 25 MPa and angle made by section with
horizontal tensile stress in clockwise direction (0) = 557,

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) 1o some suitable scale towards right.

25 MPa

75 MPa

¢ 8
25 MPa

)

73

le

*

150 MPa

(er)

Fig. 7.30

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 (Le., 25 MPa) to the scale. The point ) 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 (Le., 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 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 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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