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LECTURE SIX & SEVEN

COMBINE STRESSES, MOHR'S CIRCLE & DESIGN FOR DIFFERENT TYPE OF
LOADING

1. Maximum normal stresses: Principle stresses, [Ref.1]:

The combination of the applied normal and shear stresses that produce the
maximum normal stresses is called the max. & min. principle stresses o; & o,

are:

o, + o, Oy — Oy\>
O12= ——5 + \/(T) + 1%

The angle of inclination of planes is:
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2. Maximum shear stress, [Ref.1]:

On different orientation of stress element, the maximum shear stress will
occur. [t magnitude can be computed from:

2

0,— O
_ y 2
Tmax = (T) + Txy
ox+ 0y 1 -1 Ox— 0y
o = ; = - tan -
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Note: the angle between principle stress element and the max. shear stress
element is always 45 degree.

Example Problem 4-1, (page 141), [Ref.1]:

The shaft shown in Figure 4-7 is supported by two bearings and carries
two V-belt sheaves. The tensions in the belts exert horizontal forces on the shaft,

tending to bend it in the X-Z plane. Sheave B exerts a clockwise torque on the
shaft when viewed toward the origin of the coordinate system along the X-axis.
Sheave C exerts an equal but opposite torque on the shaft. For the loading
condition shown, determine the principal stresses and the maximum shear
stress on element K on the front surface of the shaft (on the positive Z-side) just
to the right of sheave B, Follow the general procedure for analyzing combined
stresses given in this section.
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(¢) Normal view of forces on shaft in x-z
plane with reactions at bearings
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(b) Forces acting on shaft at B and C caused
by belt drives
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(d) Enlarged view of element K on front of shaft

FIGURE 4-7 Shaft supported by two bearings and carrying two V-belt sheaves

FIGURE 4-8 1710N 2440N 1220N 1960 N
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btendmg moment 4 B C D
diagrams for the shaft
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FIGURE 4-9 Y Note: 0, = 0
Stresses on element X ¥
"xy‘
o, g, = 55.4 MPa
< + T X
|7,y =19.79 MPa
T;X = -19.79 MPa
M o nD®  m(31.75)° _ 3146.3 5
Ux_ S ) - 32 - 32 - o mm
_ 174N.m _cc 4 MP
%= 31463 mm3 0T
T N nD?  m(31.75)° _ 6276.2 5
Txy—Zp ’ p — 16 = 16 = . mm
_ 120 N.m — 1979 MP
' = 62762mm3 ¢
_ Oxty = oy\? 5 _ (554 554 2 =
oy = 22 +\/( ) 4 13, = (2)+\/(2) +(19.79)2 = 61.7 MPa
_ oxtoy  [(omoy\? 5 (554) _ [(554)? 2 — _
o, = 22 \/( )+ 1, = (22 \/(2)+(19.79) = — 6.3 MPa
1 27, 1 2%19.79
= —tan ! —2 = —tgn 1 ——"""=178°
% 2 tan Oy — 0y 2 an 55.4
FIGURE 4-10 4y y
Principal stress element Tw o, =0 oy =-Satkta

T 4!
Oy Oy =55366.8 kPa

) | }7 8°
Tyy =19788.6 kPa {L'
2

(a) Original stress element (b) Principal stress element
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2
_ Ox — Oy\? + 72 = w + (19788.6)2 = +34026.8 kP
T > T, . o . a

2
1 Oy — O 1 55366.8
= —tan - 22} = =t —1<——)=—27.2°
P = 7 tan < 275, ) 2 " \7 2% 197886
o+ 0, 553668

Oqvg = 5 = > = 27683.4 kPa

+y 1+y

o, =0 oy =-6343.4 kPa

S s
Txy 0, =55366.8 kPa 9
"*.‘J_ i |

! X ¢, = 17.8° L\ V> (N}
7yy =19788.6 kPa
—-7
‘< 0y = 61710.2 kPa o

0 = 0Oy =27683.4kPa on all faces
T = Tmax = 34026.8kPa on all faces

(@) Original stress element, K (&) Principal stress element (c) Maximum shear stress element

FIGURE 4-11 Relation of maximum shear stress element to the original stress element and the
principal stress element

3. Mohr's circle for different stress conditions:

Use the Mohr's circle module from M-design to complete the following cases:

Example: A hypothetical machine member 50mm diameter by 250mm long and
supported at one end as a cantilever will be used to demonstrate how numerical
tensile, compressive, and shear stresses are determined for various types of
uniaxial loading. In this example not that (o), = 0 for all arrangements, at the

critical points. Compute the following cases:

FIGURE 4-33
Circular bar in bending
and torsion
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a)Axial load only
7 50 mm dia.
% -
iy =15 kN
P_15000N j i
o, = —= ——— =/, a ’
X A %(50)2 2_____250 mm_____ | _%

o,+ o O, — Oy\2 7.65+ 0 7.65 — 0\ 2
0'1’2= % i\/(%) +T)%y: Ti\/<T) +0

Ox— Oy
2

2
0, =765MPa ; 0, =0 ; Ty =0 ; Tpax= J( ) + 12, = 3.83 MPa

b)Bending only

» 3.0 kN
oy = +—-  ForpointA A /,/50 ik : i

c :
Oy = — MT For point B

B 250 mm .| Mc

OOONRNRNRK

Tyy = 0 at points A & B

3%103%250%1073%25%10 364 .
Oy = + (50:10-3)7 = 61.1 MPa (For pointA)

o, = —61.1 MPa (For point B)

o,+ o O, — O 2
0'1’2: u i‘/(u) +T32ry

2 2
o0, =61.1MPa & o0,=0 at point A
o, =0 & o0, =-61.1MPa at point B

Oy — Oy\? 61.1
Tmax = \/(%) + 14, = — = 30.6 MPa at point A& B

c) Torsion only
Oy = 0 50 mm dia. T =1um
B 1%103%25%1073 %32 e
B S T (50 % 1075) . _—
/|
Ty, = 40.7 MPa
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2 2
__ Oxtoy Ox— Oy 2 N Ox— Oy 2
012 = —, + \/ (—2 ) + T%y & Toae= — + T%y

. 0, = 40.7 MPa (Tension) & o, = —40.7 MPa (Compression) & T,,4,, = 40.7 MPa

d) Bending and torsion
M % C 3.0 kN
Oy = = +61.1 MPa (at A) 4 .
g il
o, = —61.1 MPa (atB)
T*xr / B
Ty = = 40.7 MPa (at A& B) s N .
J e '
__ Oxtoy Ox— Oy 2 2 _ gx— 0y 2 2
012=—— % (T) + T%y & Tmax = (T) + T4y

&0y =81l4MPa & o0,=-203MPa & tTp4 =+50.9MPa (atpoint A)

0, =203 MPa & o0, =-81l4MPa & Tpee =—509 MPa (atpointB)

e) Bending and axial load

3.0 kN

At point A
_+P+M*c
O = YT

250 mm - !

= 68.8 MPa (Tension) 2 B
g

0.
w0, =0,=688MPa & 0,=0 & Tmax = 7" =344 MPa (atpoint A)

At point B
P M=xc
Oy = +Z_ = —53.5 MPa (Compression)
o
v0o;=0 & 0,=-535MPa & Tp =— =—26.7MPa (atpoint B)

2
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f) Torsion and axial load

P
Ox = 7= 7.65 MPa

Txr
Tyy = i = 40.7 MPa

e 250mm -

/1

2 2
__ 0xtoy Ox— Oy 2 . 0x— 0y 2
012 = —, + \/ (—2 ) + T%y & Tmax = — + 1%y

- 0y = 44.7 MPa (tension) & o0, =—37.1 MPa (comp.) & Tpex =40.9 MPa

g) Bending, axial load and torsion
3 kN
At point A ﬁ
50 mm dia 1 kN.m
Mxc P A ~ N p
— — ' =15kN
= 61.1+ 7.65 = 68.8 MPa 1B
T*r 7] 250 mm -
Tay =~ = 40.7 MPa /

2 2
__ 0xt oy Ox— Oy 2 _ Ox— Oy 2
012=—— % \/ (—2 ) + 1% & Tmax = (75 ) T Tay

~ 0y = 87.7 MPa (tension) & o0, =—19 MPa (comp.) & Tyu = 53.3 MPa

At point B
M=xc P
Oy = — 7 + il 61.1 + 7.65 = —53.5 MPa
Txr
Tyy = i = 40.7 MPa
Oyt 0y

Ox— 0O 2 Ox— 0 2
2 J(_Z Vbl & Ty J(_Z ) 4 2,

~ 0y = 21.9 MPa (tension) & o0, =—75.5MPa (comp.) & Tpmer =48.7 MPa

-+
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