UNIT

DEsIGN OoF CURVED BEAMS

1.1 CURVED BEAM

Curved beams are the parts of machine members found in C - clamps, crane hooks, frames of
presses, riveters, punches, shears, boring machines, planers etc. In straight beams the neutral axis
of the section coincides with its centroidal axis and the stress distribution in the beam is linear. But
in the case of curved beams the neutral axis of the section is shifted towards the centre of curvature
of the beam causing a non-linear [hyperbolic] distribution of stress. The neutral axis lies between
the cintroidal axis and the centre of curvature and will always be present within the curved beams.

-} e N L\‘\_' :
.2 STRESSES IN CURVED BEAM

Consider a curved beam subjected to bending moment M, as shown in Fig. 1.1. The distribution
of stress in curved flexural member is determined by using the following assumptions :

i) The material of the beam is perfectly homogeneous {i.e., same material throughout] and
isotropic [i.e., equal elastic properties in all directions]

ii) The cross section has an axis of symmetry in a plane along the length of the beam.
iii) The material of the beam obeys Hoocke’s law.

iv) The transverse sections which are plane before bending remain plane after bending also.

v} Each layer of the beam is free to expand or contract, independent of the layer above or below it.
vi} The Young's modulus is same both in tension and compression.

In the Fig. 1.1 the lines 'ab’ and 'cd’ represent two such planes before bending. i.e., when
there are no stresses induced. When a bending moment "M, ' is applied to the beam the plane ¢d
rotates with respect to 'ab' through an angle 'd0’ to the position 'fg' and the outer fibres are shortened
while the inner fibres are elongated. The original length of a strip at a distance 'y' from the neutral
axis is (y +r )0. It is shortened by the amount yd6 and the stress in this fibre is, 0 = E.e where o =
stress, e = strain and E = Young's Modulus

. yd® .
ie, o =-E y+r) e )]
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Since the fibre is shortened, the stress induced in this fibre is compressive stress and hence
negative sign,
The load on the strip having thickness dy and cross sectional area dA is 'dF'
Eyd@
(y+r,)8
From the condition of equilibrium, the summation of forces over the whole cross-section is
zero and the summation of the moments due to these forces is equal to the applied bending moment,

ie., dF = odA =-

Stress distribution
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Let M, = Applied Bending Moment

Inner radius of curved beam
Outer radius of curved beam

)
I

]
1l

o

r, = Radius of centroidal axis
r o= Radius of neutral axis
= Centre line of curvature
ie., _[dF =0
Edo ¢ ydA

(y+r1,) =
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ydA
As —— is not equal to zero, .~ (y+1.) =0 weens (11}

0

The neutral axis radius 't ' can be determined from the abvoe equation
If the moments are taken about the neutral axis,

M, = - J' ydF
Substituting the value of dF, we get
Ed :
Moo S8 Y ya

b 6 J(y+r,)

Edo yr
- -—I—[dA
-8 j(y ym]

Edo ydA
_ B =0
== jydA [ vy }

Since j ydA represents the statical moment of area, it may be replaced by A.e., the product of

total area A and the distance ‘e’ from the centroidal axis to the neutral axis.

Edo
"M, = T Ae (ii1)

. B oly+r)
rom equation (i) a =" y
Substituting in equation (iii)

+
Moo SUTn) e
y
M,y
(y+r1,)Ae

o =" e (i¥)

This is the general equation for the stress in a fibre at a distance 'y’ from neutral axis.
At the outer fibre,y =c¢

s ! 1bco
. Bending stress at the outer fibreo, = -—+——"—
o Ae(r, +c,)

M
b% (orote=r) e ™)
Aer,

1.e, 6. = —
bO

where ¢_= Distance from neutral axis to outer fibre. It is compressive stress and hence negative
sign. At the inner fibre y =—¢,
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M,c,
. Bending stress at the inner fibre o, = Xe(r—b_g's
) M,c,
ie, o, = — wro-c=r) vi
vl G (vi)

1

where ¢, = Distance from neutral axis to inner fibre. It is tensile stress and hence positive sign.

Using usual notations prove that the moment of resistance M of a curved beam of
initial radius R, when bent to a radius R, by uniform bending moment is M = EAeR,

1 1

RZ R]
VTU, July/Aug. 2003
Consider a curved beam of uniform cross section as shown in Figure 1.2. Is transverse
section is symmetric with respect to the y axis and in its unstressed state, its upper and lower
surfaces intersect the vertical xy plane along the arcs of circle AB and EF centered at O {Fig.
1.2a]. Now apply two equal and opposite couples M and M' as shown in Fig. 1.2 c. The length of
neutral surface remains the same. 8 and ©' are the central angles before and after applying the

moment M. Since the length of neutral surface remains the same

RO = R0 e (i)

¥
|
|
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| @ ®) ©

Fig. 1.2

Consider the arc of circle JK located at a distance y above the neutral surface. Let r,andr,
be the radius of this arc before and after bending couples have been applied. Now, the deformation

of IK,8=rg-r6 (ii)
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FromFig. 1.2aand¢,r=R, -y:r,=R, -y . (iii)
=R, -y)O-R,-yO
= R,0'-0y-R6 + 0y
-y{®-6) [-R6=RS fromequ (i)}]
s 0 = —yAD [-6'-0 =0 +A0-0=40] ... @iv)
The normal strain € _in the element of JK is obtained by dividing the deformation 3 by the
original length r 8 of arc JK.

& yAB  yAf k
& === ®R-yp V)
The normal stress G_may be obtained from Hooke's law & = E€
AD y .
.0 = _EF(R|“Y] ..... {vi)
. A6 (R —1 ..
ie. o, = ~-E Y I ¢ot,=R -y . (vii)

Equation (vi) shows that the normal stress 6_does not vary linearly with the distance y from
the neutral surface. Plotting 6_versus y, we obtain an arc of hyperbola as shown in Fig. 1.3.

Fig. 1.3

From the condition of equilibrium the summation of forces over the entire area ts zero and the
summation of the moments due to these forces is equal to the applied bending moment.

. J8F =0
ie,lodA =0 R (viii)
and [cyodAY=M L (ix)
Substituting the value of the &_from equation (vii) into equation (viii)

EAO (R, -1,
-9 )| T Jda=0
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. EAD R -1
Since Y is not equal to zero J - dA=0

dA
ie. R, T—JdA =0
1

dA
: —-A _
Le., RIJ T

j)

A
R =T
1]
- It follows the distance R, from the centre of curvature O to the neutral surface is obtained

A
by the relation R = ~dA
B
The value of R, is not equal to the distance 7 from O to the centroid of the cross-section,
since 1 is obtained by the relation,
— 1
n = KJ[}CIA

Hence it is proved that in a curved member the neutral axis of a transverse section does not
pass through the centroid of that section.

Now substitute the value of o, from equation (vii) into equations (ix)
EAQ (R, -1
'y T ydA =M

EA® ((R,-1)’
- I

ie., . dA=M (--r, =R, -y from iii)
1

EA® ¢ (R?-2R,1, +12
B ( 1 [} l)dAZM

L

ie., %Q[Rff%— 2R|JdA+Jr]dA] =M

i.e.,

1

EAB A =
ie., o [R?(R_J —2RA+1 Aj] = M [using equations (x) and (xi)]
1
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ie., %[le\ ~2R,A+1A]=M

EAQ _
i,e‘,-e—[r,A—RIA] =M
phe M )
Le., E-m = A(E—R,) ..... (xii)
. EA8 M _ .
ie., o = Ae (--e=r, —R, from Fig. 1.2a) wene (Xi1)
.. EA8 o
Substituting _B— into equation {vi)
My .
o =-———— Xiv
= T AR, - y) ()
R G = ——-—M(rI_RI) (-.]‘ :R —y) ..... (XV)
* Aer, o

Equations (xiv) is the general expression for the rormal stress 6, in a curved beam.
To determine the change in curvature of the neutral surface caused by the bending moment M

1 10
From equation (i),R_ = ? E
2 1

_1_(8+A0)
L8 1h, M EAD M
= R_] 1+F =R_l 1+EAe {-.- From equation (Xiii)_ﬁ—zxe-}
1 M
—+
~ R, EAeR,
: 1t M
1€ Rz Rl = EAch
1.1
M = EAeR, R, R,

Hence Proved.

List out the main differences between straight and curved beam. Also sketch the stress
distribution pattern in a curved beam and compare it with a straight beam.
VTU, Feb. 2002, Jan/Feb 2003, Aug. 2001
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P
Curved Beam Straight Beam
1. Neural axis of the section does not 1. Neutral axis of the section coincide
coincide with its centroidal axis and with its centroidal axis.

it is shifted towards the centre of
curvature of the beam

2. Stresses are not proportional to the 2. Stresses are proportional to the distance
distances of the fibres from the neutral of the fibres from the neutral axis and
axis and therefore it causes non-linear hence the distribution of stress is linear.

distribution of stress i.e., hyperbolic.
3. The general expression for bending stress | 3. The general expression for bending

in a curved beam is, stress in a straight beam is
M M M
C,=- b or — Y ag, =Y
Ae(R, —y) Ae(y+r) I
4. Stress distribution in curved beam 4. Stress distribution in straight
is as shown in Fig. 1 .4a beam is as shown in Fig. 1.4b.
Compressive Compressive
( » e
M )
A M
Tasle Teasile
Fig. 14 a Fig. 1.4b
Symbols

Centre line of curvature

)
1]

M, = Bending moment at the centroid

CA = Centroidal axis

NA = Neutral axis
r_ = Radius of outer fibre or outer Fibre radius of curved beam
r, = Radius of inner fibre or Inner Fibre radius of curved beam
r, = Centroidal axis radius
r. = Neutral axis radius
e = Eccentricity = Distance from centroidal axis to neutral axis
c. = Distance from neuiral axis to inner radius of curved beam
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Symbols used in curved beam

Fig. 1.5

Distance from neutral axis to outer radius of curved beam
Distance from centroidal axis to inner radius of curved beam
Distance from centroidal axis to outer radius of curved beam
Applied load or Force

Distance from force to centroidal axis at critical section
Area of cross section

Direct stress

Bending stress at the inner fibre

Bending stress at the outer fibre

Combined stress at the inner fibre

Combined stress at the outer fibre

Maximum shear stress = 0.5 o,

1%
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~Example : 1.1

Determine the maximum tensile, compressive and shear stress induced in a 'C' frame of a hydraulic
portable riveter shown in Fig, 1.6 a

A
Q000N
L

TS mmy ——

Fig. 1.6a
Solution :

Redraw the critical section as shown in Fig, 1.6b

F
h = &0mm ' A
el |
| ‘ |
| |
: . i
S | .
I |
Critical = | i
Section : |
c, L . r=H00mm| 175mm
A ;
<| ;l "y |
“i S v

¢ F

Fig. 1.6b
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lnner radius of curved beam r, = 100mm

Quter radius of curved beam r = 100+80=180mm

20
100 +— =140 mm

Radius of centroidal axis T = 5
. . h 80
Radius of neutral axis ro= = =136.1038 mm ...
n I 180
In| & In) —
r; 100

Distance of neutral axis to centroidal axis e = r —r =140- 136 1038 = 3.8962 mm

Distance of neutral axis to inner radius ¢, = r —r = 136.1038-100 = 36.1038 mm
Distance of neutral axis to outer radius ¢, = r,—r =180-136.1038 = 43.8962 mm
Distance from centroidal axis to force [= 175 +r =175+ 140 = 315 mm
Applied force F = 9000 N
Area of cross section A = 50 x 80 = 4000 mm’
Bending moment about centroidal axis M, = Fl=9000x 315 = 2835000 N-mm
Direct stress a, = E = 2000 = 2.25 N/mm® (tensile)

A 4000
Bending stress at the inner fibre o, = Mots _ 2835000x36.1038

WS Aer; T 4000% 38962 % 100
= 65.676 N/mm? (tensile)

. ~Mye 2835000 x 43.8962
Bending stress at the outer fibre o, = :_D = 1000 % 38962 x 180
er, X

= - 44.362 N/mm? (Compressive)
Combined stress at the inner fibre 6. = 0,+0,=225+65676
= 67.926 N/mm? (tensile)

Combined stress at the outer fibre o, = 0,+0, = 225 -44.362
= —42.112 N/mm? (Compressive)
Maximum shear stress 1 . =050, =05x67926

= 33,963 N/mm?, At the inner fibre
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The stress distribution on the critical section is as shown in Fig. 1.6c.

2

7,=67.926 Nmm®
>

Combined stress g=-42.312 Nfmm-

EY
£2

Bending stress o, =-44.362 N/mm’

Diceusuess (o) | $ AR T AL 44 44444 ivq:z.:vi Nimm

> -

a.=65.676 N/imw’

k=350 mm

b =80t mm
Fig. 1.6¢

\ ExErcise : 1.2

The frame of a punch press is shown in Fig. 1.7a. Find the stress in inner and outer surfaces at section
A — B of the frame if F = 5000 N

—— ) mm —=—

Fig. I.7a
Solution :

Redraw the critical section as shown in Fig, }.7b.
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i h = 40mm : | b

' < —> ¢ e ¢ T

| — L : - | |

; |
' |
- : |

11 —_

L‘* It i
|

‘; r = ESma_:_E [h0mm
|

i Y

¢ F

Fig. 1.7b
Inner radius = 25 mm
25+40 =65 mm

Quter radius r

a

. . . ) . , h{b;+2b,
Distance of centroidal axis from inner fibre ¢, = BT
~ i 0

@[18+2x6) 16,667
30 18+6 /7 oormm
- Radius of centroidal axis r =1 + ¢, =25 + 16.667 = 41.667 mm
I
Eh(bl + bn)
Radius of neutral axis ro= “Hoey r T 25.62
" g_)_i_rs)_,._b_qr_llm ) _ (b, —b,)
h :
1
—x 40(18 + 6)
2 ~38.8175 mm

"(18x65—6><25)m(65)

—{(18-6
40 25 ( )

Distance of neutral axis to centroidal axise =r—r,
= 41.667-38.8175=2.8495 mm

Distance of neutral axis to inner radius ¢,= r -,
= 38.8175-25=13.8175mm

Distance of neutral axis to outer radius ¢ =T, ~I= 65 - 38.8175 =26.1825 mm
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=296.649 N/mm

.

Combined stress @, = 198189 N/mm”

s =286.232 N/mm

«

Bending stress ex, =-208.606 N/mm*

¥

Direet stress () A A AMUU».!ALT!A AdA AUL? f‘“zm'“? N/mm’
" Ly
[
‘_C 1 __C 1
o | P |
i
/
b =06 mm b =18mm
=40 mm
Fig. 1.7¢
. 1 1
Area of cross section A = 3 (b,+b)h= 5 (18 + 6) 40 = 480 mm?
Applied force F = 5000N

Distance from centroidal axis to force ! = 100 +r =100+41.667 = 141.667 mm
Bending moment about centroidal axis M= Fl = 5000 x 141.667 = 708335 N.mm

F 5000

Direct stress g, = AT g0 - 10.417 N/mm? (tensile)
. . M,¢
Bending stress at the inner fibre o, = ;
Aeri
708335%13.8175 , .
= W =286.232 N/mm ([EnSlle)

M,c, 708335x26.1825
Bending stress at the outer tibre O,, = — Aebro = B0x28495%Es =~ 208.606 N/mm?

(Compressive)
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Combined stress at the inner fibre ©

ri

o,+ 0, = 10417 + 286.232
296.649 N/mm? (tensile)

Combined stress at the outer fibre ¢ = ¢, + 0, = 10417 - 208.600

— 198.189 N/mm? (Compressive)
050, =0.5x296.649

148.3245 N/mm?, At the inner fibre,

The stress distribution on the critical section is as shown in Fig. 1.7¢

Maximum shear stress

nax

1l

s Example : 1.3

Figure 1.8a shows a frame of a punching machine and its various dimensions. Determine the maximum
stress in the frame, if it has to resist a force of 85 kN.

750 mm h
----- — 83 kN
A 4
Fig. 1.8a
Solution :
Redraw the critical section as shown in Fig. 1.8b
Inner radius of curved beam 1, = 250mm
Outer radius of curved beam 1, = 550mm
A
Radius of neutral axis T, = - +a Ca N 25.63
biln( A ]+ bqln[--g———ij + bnin( —-9~—]
T, ol ka, r,—a,

a, =75 mm; b =300 mm; b,=75 mm
a=0b =0 A=a +a,=75x300+75x225=39375 mm?

39375 '
.ro= 30{)[“(35_0_”2)+751n[3§0—_9]+0 =333.217 mm
250 250+75
Let AB be the ref. line
_ aX, +ask; (75x30())gz‘5—)+(75x225)(75+2§—5J
TS oava, T 39375

101.785 mm
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b=75mm

|
|
|
|
|
1
|
|
|
|
|

r=250mm
%
1 T‘A ' 75()

I r.=550 mm I

{I < ,—I
o= | \4
¢ F

Fig, 1.8b

. Radius of centroidal axis r=i,+% =250+ 101.785=351.785 mm
Distance of neutral axis to centroidal axis, e = r—r =351785~333.2{7= 18.568 mm
c r —r=333.217-250=83.217 mm

Distance of neutral axis to inner radius

Distance of neutral axis to outer radius ¢, = r -1 =550-333217=216.783mm
Distance from centroidal axis to force { = 75041 =750+351.785=1101.785 mm
Applied force F =85kN=85000N
Bending moment about centroidal axis M, = FI=85000x1101.785=93651725 Nmm
Direct stress c,. = Lil = §§Q_UQ = 2.16 N/mm* (tensile)
¢ A 39375
M,¢; 03651725x83.217
Bending stress at the inner fibre o, = Acr = 39375 % 18.568 X 250
= 42.64 N/mnv® (tensile)

M,C, 93651725x216.783

Bending stress at the outer fibre o, = - Aer = 39375 % 18,568 x 550

O

~ 50.49 N/mm? (Compressive)
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2

0=44.8 N/mm’

e
|<—

Combined stress ¢,=-48.33 N/mm’ W

*

5,=42.64 Nimm'

v

-

: ]

Bending stress ¢, =-50.49 N/mm

AAAAAAME

’

Direct stress (

Q

)

—_ N .
.
»
-
E
L.

YyYy ¢ 6,=2.16 N/mm’

1=75mm

b, =300 mm

225

Fig. 1.18¢c
Combined stress at the inner fibre c = 0,+0,=2.16+42.64
' = 443 N/mm? (tensile)
Combined stress at the outer fibre G = 0,+0, =2.16-50.49
= ~48.33 N/mm’ (compressive)
Maximum shear stress T = 030 =05x4833=24.165 N'mm?
At the outer fibre

The stress distribution on the critical section is as shown in Fig. 1.18c
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.
i M

4

_Extmple : 1.4

Determine the stresses at point A and B of the split ring shown in Fig. 1.9a

Fig. 1.9a
Solution :

Redraw the critical section as shown in Fig. 1.9b

.=50.942 l l
Nimm’ l

i WU,:-I (20736 N/mm’

G, =38.016 N/mm’

F irwq':-l()ﬁ N/mm’

B
/ , G, , 1| L =-7.0736 N/fmm’

CA

60

I¥

80 mm

.

= ==

3

Fig. 1.9b
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Radius of centroidal axis r, = 80mm
0
Inner radius r, = 80— %— =50 mm
60
Quter radius r, = 80+ ? = 110 mm
Jro )
Radius of neutral axis To= M eer. 25,60
4
2
JI10 +/50)
= Q =77.08]1 mm
4
Applied force F = 20 kN = 20,000 N (Compressive)
n i
Area of cross - section A= Zdz =7 x 607 =2827.433 mm?
Distance from centroidal axis to force I = r=30mm

Bending moment about centroidal axis M. = FI=20000%80=16x 10;) Nmm

L]

Distance of neutral axis to centroidal axis € =r-r1= 80-77.081 =2.919mm

Distance of neutral axis to inner radius c, = r—r=77.081-50=27.081 mm
Distance of neutral axis to outer radius ¢, = r—r=110-77.081 =32.919mm
F 20000
1 = = ————— = _T (0736 N/ ? C .
Direct Stress o, Y 2827433 736 N/mm? (Comp.)
Bending stress at the inner fibre o M ~16x10° x27.081
namng s al m . = - = -
& b Aer, ~ 2827.433x2.919%50
= — 105 N/mm’ (compressive) -
, Mc, 16x10° x32.919
Bending stress at the outer fibre O, = A er, = 28274332019 % 110

= 58.016 N/mm?(tensile)
Combined stress at the inner fibre (at B) 6, = 0,+0,=-7.0736-105.00
— 1120736 N/mm’ (Compressive)
o,+0, =-7.0736+58.016
50.9424 N/mm? (tensile)

= 050, =0.5%112.0736=56.0368 N/mm*at B
The stress distribution on the critical section is as shown in Fig. 1.9¢c.

Combined stress at the outer fibre (at A} o

Maximum shear stress T

mux
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R

Exaiiple : 1.5

Compute the combined stresses at the inner and outer fibres in the critical cross section of a
crane hook which is required to lift loads up to 25 kN. The hook has trapezoidal cross-section with
parallel sides 60 mm and 30 mm, the distance between them being 90 mm The inner radius of the hook
is 100 mm. The load line is nearer to the inner surface of the hook by 25 mm than the centre of
curvature at the critical section. What will be the stresses at the inner and outer fibre, if the beam is
treated as straight beam for the given load. (VTU, Dec'06/Jan'07)

Solution :

The given crane hook is as shown in Fig. 1.10a

{a) Beam is treated as curved beam

| [/(((ﬁ 0.=61.073 Nimm'
Fig. 1.10a 5238351 Nimm’ W
F = 25 kN b
i i =549 N/lmm’

o,=-44.524 N/mm’

e

)
8>

a >

|
. S|§| | l AAA AL “1“"[‘“““"““"‘i—qze.m Nimm?
h=90mm | ' . Y
RN o ||
L SIZ]
| | ] |
cn: :ci_ rll[ :
lela A
!-‘! | {b,=30mm b =60mm
[ r“: r
L1 L]
v Yy
F g ,
h=90 mm

Fig. 1.10b Fig. 1.10c
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Inner radius r

Quter radius T

[+l

Distance of centroidal axis from the inner fibre

. Radius of centroidal axis T

Radius of neutral axis r

Distance of neutral axis from centroidal axis e

Area of cross section A
Distance of neutral axis to inner radius c
Distance of neutral axis to outer radius c,
Applied force F
Distance from centroidal axis to force !

Bending moment about centroidal axis M

Direct stress o,
Bending stress at the inner fibre o,
Bending stress at the outer fibre g,

21
100 mm
160 + 90 = 190 mm
_h_ b, +2b,
310 b, +b,
90 [60+2x30)
3 \ 60430 ) =40 mm
r+c = 100 + 40 = 140 mm
%h(biq’bo)
----25.62

(Beg 00

%x90><(60+30)
[60Xl90—30x100)‘n(190

B, 0]

135.42 mm
r,—r, =140 - 135.42 = 4.58 mm

1 I
5 (b, +b)h = = (60 +30) 90 = 4050 mn’

r -1 = 13542 - 100 = 35.42 mm
r,—r, =190 - 13542 = 54.58 mm
25 kN = 25,000N
r.~25=140-25=115mm

Fi = 25,000 x 115 = 2875000 Nmm

BN 6 173 Nimee (ensile)
A = 4050 = 0. mm- {Iensiie
Myc, 28750003542

Aer,  4050x4.58x100
54.9 N/mm? (tensile)

Myc, _ 2875000 54.58
Aer,  4050x4.58x 190

— 44,524 N/mm? {compressive)
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Combined stress at the inner fibre

Combined stress at the outer fibre

Maximum shear stress

0, +0, =6.173+54.9=61.073 N/mm? (tensile)

g,+0, =6.173-44.524
-38.351 N/fmm? (compressive)
050, =05x%61.072

30.5365 N/mm? at the inner fibre

The stress distribution on the curved beam is as shown in Fig. 1.10c.
{(h} Beam is treated as straight beam

\/((((ﬂ io; J9ES8 N/mm® b = 30mm:

’

Gg,=-48.433 N/mm I

v

|
|

G, =-54.606 N/mm’

T

o,

h A AAAA

ﬂju

¢, =40mm

h=30mm

h =% r|1m

¢q= 6.173 Nlmm'

/ﬂ{(ﬂ ¢oﬁ!= 43.685 N/mm* &

b = 60-30=30mm
h = 90mm
= 40mm

, = 90-40=50mm
A = 4050mm*
M, = 28750000 Nmm

c

1l

Also

b/2=15 1=

b/2 =15

(3b+2b, )h
3(2b+ by)

-—-Table 2.6(0ld DDHB Vol. J)
—Table 2.7{New DDHB Vol.I)

(3x30+2x30)90
% 3(2x30+30)

=50mm

C

60 mm

Fig. 1.10d

From Table 2.6 (vol.I Old DDHB) or Table 2.7 (Vol.I New DDHB)

Moment of Inertia

Direct stress

¢, =90-50=40mm

(65 +6bb,, + b2 )n?
36[2b+b, ]

(6x30% +6x30x30 +302)90°

36[2 30+ 30]

F 25000
T 4050

o

= 2632500 mm4

= 2632500 mm*

=6.173 N/mm? (tensile)
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M,c, _ 2875000 x40

Bending st t the i fib = = =43, 2 i
ending stress at the inner fibre g, I 2632500 43,685 N/fmm’ (tensile)
M,c, 2875000x50

Bending stress at the outer fib = —-22 -

ng stress at the outer fibre a,, 1 2632500

= —54.606 N/mm? (Compressive)

.. Combined stress at the inner fibre o, = 0,+0,=6.173+43.685=49.358 N/mm?
Combined stress at the outer fibre c, = 0, +crbu=6.173 - 54.606

= —48.433 N/mm’(compressive)

The stress distribution on the straight beam is as shown in Fig. 1.10d.

., Example : 1.6

The section of a crane hook is rectangular in shape whose width is 30 mm and depth is 60 mm. The

centre of curvature of the section is at a distance of 125 mm from the inside section and the load line is 100 .

mm from the same point, Find the capacity of the hook if the allowable stress in tension is 75 N/mm’.
Solution :

The given crane hook is as shown in Figure 1.11a

h=60mm 1
¢ —> e |<— c |
. | . !
. =
: 7 |
2 ' S|
I i
= ' w00 | |
- c, 2 ¢, r=12 mmi
= :
] ll Tn |
! ! r, ;
| ! !
Si7 v é‘
F=1 E
Fig. L.11a
Fig. 1.11h

Redraw the critical section as shown in Fig. 1.11b

125mm
125 + 60 = 185 mm.

Inner radius I,
Quter radius

..,
i n

H

60
Radius of centroidal axis. r 125 + 5 = 155 mm.
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h

Radius of neutral axis r =
.’n(

- |c'1

-—-25.61

= In[%ﬁj =153.045 mm
Distance of centroidal axis from neutral axis e = r ~r =155-153.045=1.955mm
Distance of neutral axis to inner radius ¢, = r—r=153045-125=28.045mm
Distance of neutral axis to outer radius ¢, = F—r=18-153.045=31.955mm
Area of cross section A = bh=30x60=1800 mm?
Distance from centroidal axis to force =1 -25=155-25=130mm

Bending moment about centroidal axis M = F/=130F

Maximum tensile stress is at the inner fibre.
F

.. Combined stress at the inner fibre g = —+ _

n A
F

130F x 28.045

le., 75

1800 * 1800x 1955 x 125

. F = 8480.4N = Capacity of the hook.

Design a steel crane hook to have a capacity of 100 kN, Assume factor of safety (FS) = 2 and trapezoidal

Example : 1.7
section. .
Data:
Load capacityF =
Solution :
Approximately ikgf = 10N
s 1PN = 10,000 kgf= 10t

10O KN = 10°N; Trapezoidal section; FS=2

Select the standard crane hook dimensions from table 25.3 when safe load = 10t and steel (MS)

. ¢ =
. b = M=7lmm
b, = 2Z2=2x14=28mm
r o= E=£=59.5mm
i 2 2
H = illmm=h

119mm;Z=14mm;M=7Immand H=111 mm

Fig. 1.12a



Design of Curved Beams

25

Assume the load linc passes through the centre of hook. Draw the critical section as shown in

Fig, 1.12b.
=l |
=g me |
!
:
h=71 (ll_
1 r=395 mm |
1" 1
A
! X
v
Fig. 1.12b
Inner radius r = 595mm

Outer radius r

a

Radius of neutral axis r, =

Distance of centroidal axis from inner fibre C,

-. Radius of centroidal axisr,

59.5+ 11 =170.5 mm.

(
(

98.095 mm

b, +2b,
b, +b,
H

5

r+c, =47.465+59.5= 106.965 nun

r —r,=106.965-98.095=8.87 mm

r -1 =98.095-59.5=38.595 mm

r —r =170.5-98.095=72.405 mm

r — 106.965 mm

FI=1(F x 106,965 = 106.965 x [ Nmm

1
~h(b, +b
2 ( |+ 0)

-0, -v)

-—---25.62
r

)1 n[ -2

L

b, —bin
h

%xlllx(7]+28)

Jzn( ';;Jj )_ (71-28)

TIx1705-28x505
111

)

T1+2x28
T1+28

h

3

) =47.465 mm
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Direct stress a,
Bending stress at the inner fibre o,
Bending stress at the outer fibre o,

- Combined stress at the inner fibre

Combined stress at the outer fibre

.

! |
Fhb+b) =2 x 111 (71+28)

5494.5 mnv

F 10° . ,
— = - = 8.2 N/mm? (tensile)
A 54945

=

b<i

Aer,

S
. S %38,
106.965 107 % 38.595 _ | 42 365 Nimne: (tensile)

5494 5x8.87x59.5

_Mies 106,965 x 10° x 72,405
Aer, 5494.5% 887 x 170.5

-93.2 N/mm” (Compressive)

o, +0, = 18.2+142.365=160.565 N/mn* {tensile)
G,+0,

18.2 -93.2 = - 75 N/mm® (Compressive)

rFy

T aG= 160565 Nfmm’

Hy.

G.=-75 N mn’

o= 2305 Ninm

ly

A =182 Nimm-
Y

h, = 28 mm

bo=T1 mm

Fig. 1.12¢
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050 =5 x 160.565

max nax

80.2825 N/mm’. At the inncr [ibre

Maximum shear stress

The stress distribution at the critical section of beam is as shown in Fig. 1.12.c.

 Example : 1.8

4

Determine the force F such that the maximum tensile stress in the clamp is not to exceed 140 N/mm?

[ St
3 ol I | v J
22 mm r-—l’ ml:n . _39
3. i !- ! 4, = ’;"]rir
. |
b
\ |

[9mm

b,=3mm

Fig. 1.13a

b=

Solution ;

Redraw the critical section as
shown in Fig, 1.13b

c, 3 A
: X r=23mm
o
‘ r 50
| !
i - !
: L= : Y
F
Fig. 1.13b
Inner radius r, = 25mm
Outerradiusr, = 25+3+22=50mm.
. . A
Radius of neutral axis r =
.4 Q. —
bitn("—‘f'—J + bzln(r“ %o J+ buln[ fo J
rj l-i + ai ro —-a,
-—25.63

a=3mm:b=19mm:b, = 3mm:a =0mm:b =0
A= +a,=19x3+22x3=123 mm’
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123

r =
191n(252; 3)+3lu[ >0 WOJ+0

25+3

Let AB be the reference line

31.3976 mm.

(3xl9){%)+(22x3)(3+—2§)

. Radius of centroidal axis T,
e=T1 T

C |l

C=r-T

1 n 1

c=r-—r

[i] v n

I=r +30

M, =F!

Maximum tensile stress is at the inner tibre

.. Combined maximum stress at the inner fibre

(23 =8.2 mm

L+X=25+82=332mm
33.2-31.5976 = 1.6024 mm
31.5976 - 25 = 6.5976 mm
50-31.5976 = 18.4024 mm
33.2+50=83.2mm

832F

Mye;

Aer,

F
—+
A

F 832Fx65976
123 T 123% 1.6024 x 25

1171.2N

\/Eft';nple ;19

Determine the maximum tensile stress and maximum shear stress of the component shown in

Fig. 1.14a and indicate the location.

B

400 mm

Fig. 1.14a

F =1000N

- slzi

_\ '/

Fig. 1.14b
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Solution :

Re draw the critical section as shown in Fig, 1.14b

Inner radius r. = 100mm
Outer radius r. = 100+50=150mm.
. | (Vi +yi)  (VI50+Viw)
Radius of neutral axis T, = 2 = 2 ---- 25.62
= 123.737 mm
e=r—-r = 125-123.737 = 1.263 mm
¢ =r~r1 = 123.737 - 100 = 23.737 mm
c,=r~r = 150-123.737 = 26.263 mm
A= Ed2 T x 50 = 1963.495 mm’
4 4
[=r+125 = 125+ 125 =250 mm
M, =Fl = 1000 x 250 =25 x 10 Nmm
Direct stress G, = Ll = 1000 _ = 0.5093 N/mm? (1ensile)
A 1963495
Bending stress at the inner fibre o, = %Z% = I922:91_’(5):< T;;;j:oo
= 23.9294 N/fmm? (tensile)
Bending stress at the auter fibre 6, =" “hg‘iz—:) =- T9§2:91:?:< T22232x6:50
= 17.6506 N/mm? (Compressive)
. Combined stress at the inner fibre o, = 0,+0,, =0.5093 +23.9294
= 24.4387 N/mm? (tensile)}
Combined stress at the outer fibre g, = o,+0, =05093 - 17.6506
= —17.1413 N/mm?* (Compressive)
. Maximum tensile stress = 24.4387 N/mm‘ at B
Maximum shear stress T = 057 =0.5x244387=12.2193 N/mm’ at B

The stress distribution at the critical section of the machine member is as shown in Fig. 1.14c.
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T

! q|:24.4387N/mm"

[

Combined siress ¢ =-17.1413 N/mm’ W

a >«

|
i : =23.9294 N/mm’

<
|<—

Bending stress g =-17.6306 N/mm®

A
|

Direct stress (q,) o,=0.5093 N/mm-

|<—>|

|
IYYYY Jllllﬁl
|
]
I

|
1‘1\ AAAAAA
|
I

O30

Fig. 1.14¢

o -,/qi\Example ;110
; ¢

~~Determine the maximum tensile stress of the machine 50
component shown in Fig. 1.15a and indicate the location.

r=100

—=F =1500N

F
7
l

|

I

|
0
1

|
g,

Fig. 1.15a Fig. 1.15b
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Solution :

Re draw the critical section as shown in Fig. 1.15b

Inner radius r.o= [00mm
Outer radius ro= [00+30=150mm.
. . ) i 50
Radius of centroidal axis r,o= 100+ 7 =125 mm
I'(, + /T )
Radius of neutral axis £o= M - 25.60)
(JIS(HJH)())'
= —4—— =123.737 mm

e=r -1 = [25-123737=1263mm
¢, =r -1, = 123737 100=23.737 mm
¢ =r~r = 150-123.737=26.263mm

T T .
A = —d=— x50 =1963.495 mm*
4 4 -
I=r = [25mm
M =Fl = 1500x 187500 Nmm

Maximum tensile stress is at the inner fibre.
»~. Combined maximum stress at the inner fibre
o, = Directstress + Bending stress =6, + 6,

FoMae 1500 187500 23,737

AT Aer, T1963495 T 1963495 % 1263 % 100
= 18.7 N/mm* (Iensile). AtB.

. Example : 1.11
The supporting structure of a movable crane is shown in Fig, 1.16a. Determine the bending moment
at section A-B, direct compressive load at A-B, maximuim compressive stress and maxinmum shear stress.
Solution :

Re draw the criticai section as shown in Fig, 1.16b
380mm

380+ 125=505mm.

125
380+ - = 442.5 mm

P

Inner radius r

Outer radius r

Radius of centroidal axis

_|
1]
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1330 mm @

Fig, 1.16a
b= 123mnm F ‘ F
e

; R i’, R E i |
% A ‘ ,‘I ‘ X ;o7 [,” K B | L
I 1 L L L F C‘:. |
i X ¢ 1= 380nm T
i T | L, 460
| ] g o
v . 1 :

o " }

4[14‘. ]

ol e |

. §,

Fig. 1.16b
. - h
Radius of neutral axis ro= ----25.61
in fo
r;
= 12 =439.5416
= ’n(ms)_ 395416 mm
380

e=71—r = 4425-439.5416=2.9584 mm
c.=r—r = d4395416-380=59.5416 mm
¢, =r~r1 = 505-439.5416=65.4584 mm
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I=1+460 = 4425 +360=902.5mm
A = bh=100x125= 12500 mm?
Direct compressive load F = 9X0ON
Bending moment at section A-B M, = 1 =9000x902.5=8122500 Nmm
Direct ive st F_ o0 00.72 N/mnr’
irectco SsIve Stress = — = ={}72 2
ecl compressive stiess a, ~ = 3500 mm
) ] . 1% 8122500 % 59.5416
Bending steess at the inner fibre O = — et D o e e e
" Acr, 1250} x 2.9584 x 380
= - 34.416 N/mm* (compressive)
) _ L Me, 8122500 x 65.4584
Bending stress at the outer fibre 6, = =4 — — -
" Aer, 12500 x 2.9584 x 503

= 2847 N/mm- (tensile)

.~ Combined maximum stress at the inner fibre o =0, +0, =- 0.72-34416

H

35.136 N/mm* (compressive)

Combined maximum stress at the outer fibre 6 = o, +0, =-0.72+28.47

27.75 N/mm- (tensile)

35136 N/mm*at B

050, =05%35136=17.568 N/mnv at B

il

. Maximum compressive stress

I

Maximum shear stress

[T

The stress distribution at the critical section A - B is as shown in Fig. 1.16¢c.

G.=27.75N/mm’ M

%q:-%.l}ﬁ Nimm’

|
G.=28.47 N/mm’ \‘)\ﬁ\l |
1 u

o,=-0.72 Nimm*

y Y \

h=11

vel 2CA T 1
e .

b=160 mm
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v Example : 1.12

Anoffset bar is loaded as shown in Fig. 1.17a. What is the maximuwin offset distance 'x' if the allowable
stress in tension is limited to 50 N/mm?

AF = 3 kN < | -t
: T 100 slz

N/

—»
T

j .
/ r 5|
B ———) _‘ 1
T.= |} an |
e | T ! [
e " o
1] ¢ | I
T I ! '
lr— X | I
f 1 |
G
Fig. I.I7a Fig. 1.17b
Solution :
Re draw the critical section as shown in Fig. 1,17b
Radius of centroidal axis r. = 100mm
Inner radius = 10— %O- =50 mm
) 00
Quter radius r, = 100+ Y =150 mm
2 2
(Vi +k) (Ji%0+450)
Radius of neutral axis ro= 1 = " =93.3mm

e=r-1 = [00-933=67mm
¢ =1 ~r = 933-50=433mm
c, =t -t = 150-933=56.7mm

n n

A = —d'=— x |0(*=7853.98 mm*
477"

M, = Fr=5000x

Combined maximum tensile stress at the inner fibre

(i.e.,at B) G_ = Direct stress + bending stress
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F Mg,
= A + Aer,
5000 (5000x)(43.3)
ic., 0 = +=2 -
785398  T853.98x%6.7 x50
. x = 599.9=Maximum offset distance.

.. Example : 1.13

The effect of two applied forces on the offset bar shown in Fig. 1.18a is pure couple which causes the
same bending moment at every section of the beam. Determine maximum tension, compression and shear
stress and state where each occurs.

ANV

F = 1000N
T
- \F z
250 mm F = 1000N

Fig. 1.18a
Solution :

The bending moment at every section is 150 x 1000 = [50000 Nmm = M,

As the couple for equilibrium is as shown in Fig. 1.18a, tension occurs in the upper fibre CDE and
compression occurs in the lower fibre ABF. Since the offset bar is subjected to pure couple. there is no direct
stress,

(i) Consider the section A - C
Re draw the critical section at A - C as shown in Fig. 1.18b

b=30mm

&= o
*ﬁ%:f':/ 11, ::aiL:C::
n |
o = /Q‘ E o

Fig. 1.18b
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Radius of centroidal axis

Inner radius

Outer radius

Radius of neutral axis

Distance of neutral axis fromcentroidal axis
Distance of neutral axis to inner fibre
Pistance of neutral axis to outer fibre

Arca of cross-section

Stress at the inner fibre is compressive (at A)

Stress at the outer {ibre s tensije (at C)

(i) Consider the section E - F

1}

90 mm
25
90 — 5= 77.5 mm
25
9() + P 102.5 mm
h
L ----25.61
(e
[I'l ..9_.}
L i

i

———[ TG ] 89.418 mm
mn

775
r—r =90-89.418=0.582 mm
r-r=89.418-77.5=11918 mm
r-r =102.5-89418=13.082 nim
bh =50 %25 = 1250 mm?

Mpci  150000% 11918 .

e = 23] 707 N’
Aer; T 1250x 0582 %775

Mye, 150000 x 13.082

e =26.315 Nfmny’

Aer, ~ 1250% 0.582x102.5

Re draw the critical section at E - F as shown in Fig. 1.18¢

T g
= o
£ -
Wy =
. I e L A ST A ™
= A i / / .f"f I f" ,f
X N L e = [ NA
N U T e
TSI S
Tu »"~/"//'//” g
A / I ,” L &
IS AN AN a Ft i
b=30mm __<
Fig. 1.18¢
Radius of centroidal axis r. = llamm
25
Inner radivs r, = LI5~ 5 = [02.5 mm
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Cuter radius

Radius of neutrad axis

Distance of ncutral axis from centroidat axis
Distance of neutral axis 1o inner fibre
Distance of neutral axis to ouler {ibre

Area of cross-section

Stress at the inner fibre is tensile

Stress at the outer fibre is compressive

s Maximum tensile stress

ta )

{at )

Maximum compressive stress

Maximum shear stress T

IHas

=50

min

= 114.5457 mm

r -1 =115-1145457=0.4543 mm
r—r =1145457-102.5=12.0457 mm
ro-t = 12751145457 = 129543 mim

bh=50x25= 1250 mm’

Moc,  150000x12.0457

o= e e = 31042 N/mim®
Acr. 1250x 04543 %1025 mm
)

M,c, 150000 3 12,9543 N
— s = 20,837 NAmiy-

Aer, T 1250 0.4543x127.5
L2 N/t at B
31707 Nfmm? al A

0.3%31.707=158535 N/mm” at A

- Example : 1.14

Anopen 'S’ link is made from 25 mm diameter rod as shown in Fig. 1.19a. Determine the maximum

tensile, compressive and shear siress
Solution :

(i) Consider the section P -

Redraw the critical section at P - Q us shown in Fig. 1.19b

Radius of centroidal axis

Inner radius

Outer rudius

Radius of neutral axis

Distance of neutral axis from centroidal axis

Distance of neutrak axis o mner fibre

R

100mm

100 - E =875 mm

[

2

5
2~ =112.5 mm

(oo +4n)

4

(VTT25 +J¥75)°

R

i

HI0 +

=99.6 mm

r—r =100-99.6=04mm

r—r =99.6-87.5=12.1 mm
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Fo= 1N

Fig, 1.I9a ¥ = |000 N

Distance of neutral axis to outer fibre €,
Area of cross-section A
Distance from centroidal axis to foice i

Bending moment about centroidal axis M

b

Combined stress at the outer fibre (i.e., at Q)

Combined stress at the inner fibre

(i.e,, atP)

r=i=100 n!m
;

. d
,____._i ¢ I . ! !
P l‘_‘ ,

‘ N i

Fig. 1.19b

-1 =1125-996=129mm
Edz LN 257 = 490.87 mn¥
1 ¢=7 5 =490.87 m

r = 100 mm

Fl = 1000 x 100 = 100000 Nmm

Direct stress + bending stress

F Mo 1000 100000x129

A Aer, T 30087 T 49087x04x1125

—56.36 N/mm? (compressive)

Direct stress + bending stress
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_F oM 1000 100000x121
A Aer; 49087 49087x0.4x875
= 72.466 N'mm’ (lensile)
(ii) Consider the section R -8
Redraw the critical section at R - S as shown in Fig. 1.19¢ ] Al
r, = 75mm P> el
25 ’ :
(o= 75— =625 mm !
5 =
r, =75+ ? =87.5 mm :
. % '
A= —d=— x25=49087 mm* | ]
3073 | [
2 | e iElERiam
(Jro +7 | -~ e
= —I_-') ~-r- 25,60 i A ; |
s . L f [N ‘
(V875 +625) O ‘
= ——— =744755 mm |
4 {1‘
e = r -1 =75-744755=05245 mm Fig. 1.19¢c
¢, = r~r= 744755 -62.5 =11.9755 mm
¢, = r—1 =875-744755 = 13.0245 mm
[=r= 75 mm
M, = Fl=1000x 75 = 75000 Nmm
Combined stress at the outer fibre (at R} = Direct stress + Bending stress
CF My 100 75000%13.0245
A Acr, T 49087  490.87x0.5245%87.5

Combined stress at the inner fibre

I

— 41.324 N/mm* (compressive)

F 75000 x11.9755

My, 1000

(at S} = Direct stress + Bending stress

A

55.816 N/mm° (tensile)

s Maximum tensile stress = 72.466 N/mm? at P

Maximum compressive stress = 56,36 N/mm® at Q

Maximum shear stress T =050, =0.5x 72466 =36.233 N/mm*at P

T her. T 49087 ' 29087x0.5245%62.5
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- Example : 1,15

Find the stresses ot the inner and outer fibre of the machine frame of 1 section as shown in

Fig. 1.20.

Solution :

Let AB be the reference line

M,

Combined maximum stress at the

a

SOmm:r =80+ 120=200 mm

U)Xy F il X, HiyX,

ik + ily + ds

ay / )
(10 x 100) 19 0x |00)[1()+ Y0 6010y 10 = 1004+ 1Y ‘,
2 ) 2 \ 2
(10X 100)+ (10X 100) +{60 x 10)
SE338mm
r+x =30+51L538=131.538 mm
a +a,+a = 10x H0+ 10X 100 + 60 x 10= 2600 mm*
A
- 25.63

bihr[-r’—j-?—i ] + h',.’n( R )-F b“b{ r"J
SR ) r+a; T, —a,

100mmia =10mm:b,=10mm:b =60mm:a =10mm

2600

“ ¥ - 0.
l()()ln[ ity !@1] w10/ 200 }QJ + 6()!:{ ------“9-(-)--—]
80 L R0 +10 20010

r-r =131.538~ 116455 = 15093 mm
r—r =16455-80=36.445 mm
Tl = 200~ 116,455 =83.555 mm

=116.445mm

r= 131338 mm
Fi=20,000x 131.538 = 2630760 Nmim
inner fibre
Dircet stress -+ Bending stress
FooMye; 20,000 2630760 X 36.445

+ = + o -
A Acr 2000 2600 x 1509380

3823 N/ (tensiley

Combined maximunm stress at the owter fibre

8]

pirect stress + Bending stress
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100mm

b=

1= 80 mm

!

|

|

|

|

|

|
|

|
-
*“1:
h
v F=20kN

Fig. 1.20

F My, 20000 2630760 83.555
A Aer, 2600  2600x15.093%200

= -20.31 N/mm? (compressive)

Maximum shear stress T = 050 =0.5x3823=19.115 N/mm?* at the inner fibre.

- Example : 1.16

Determine the capacity of a frame of a punch press shown in Fig, 1,21a. The material from which the
frame is made has an allowable stress of 80 N/mm? along the section A - B.

Solution :

Redraw the critical section as shown in Fig. 1.21b

60 mm
60 + 20+ 40 = 120 mm

Inner radius T

Outer radius
Let AB be the reference line

i

(50 % 20)(—229) +(40x 20)(20 + 470)

.= aixl‘i'azx?_ _
X T a+a, (50 x 20) + (40 x 20)
= 2333 mm
Radius of centroidal axis r = r+X=60+2333=38333 mm
Area of cross section A = a +a,=50x 20+ 40 x 20 = 1800 mm?
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( |
20 50 | =
- 4() 100 mm E | S
i (=]
rcosds * ! —
1 |
E X
. NS = |
W ' ]
- g 1= 60 mm I
B '
f
v 100
!
| \
3 F
Fig. 1.21a Fig. 1.21b
) . A
»  Radius of neutral axis o= ----25.63
bilr{r‘ 3, }+ bzln[r“ Ll )+botn( fo ]
i l’i + ai r(‘ - ao

b=50mm:a =20mm;b, = 20mm;b =0;a =0

1800 000
. o= - . mm
sozn(ﬁoﬁzzo)uom(lzo_ojm

60 +20

Distance of neutral axis from centroidal axis e = r~r =83.33-80.02 =331 mm
Distance of inner radius from neutral axis ¢, = 1 -t = 80.02 - 60 =20.02 mm
Distance of outer radius from neutral axis ¢, = r—r =120-80.02 = 39.98 mm
r_cos 45+ )0

83.33 cos 45 + 100 = 158.923 mm
Fi=158923F

Distance from centroidal axis to force i

]

Bending moment about centroidal axis M,
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Directload F; = Fcos45

Combined stress at the inner fibre o, = Direct stress + Bending stress

F_d My,

A * Aer,

Fcos45  158923Fx20.02

. 80 =
he 1800 ' 1800x331x60
. F = 8608.6N
Combined stress at the outer fibre o, = Direct stress + Bending stress
F _ Ed_ Mbcn
A A Aer,
F 45°
! e 80 = Fcos45  (158.923F) x(39.98)
LS TIR00 T 1800%331x120
. F = 94184N
8 - Capacity of the frame F = 8608.6N [Select the smatler value].

1 Example : 1.17

‘The frame of a punch press has a shape as shown in Fig. 1.22a. The dimensions are marked in
mm. Analysis along the section A - B and determine the maximum stress developed at points A and B
taking curvature into effect.

Load line

L F=45kN

Fig. 1.22b
Solution ;

Re draw the critical section as shown in Fig. 1.22b
Inner radius r = 50mm

Quter radius r S50+30+60+15= 155 mm
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Let AB be the reference line
4)%; +8sX, T 4%,

X =
a; +a, +a,

(75% 30)[32—0J+ (60x 20)(30 + %QJ +(60x 15)(30 +60+ ]2—5)

(75%30)+(60x20)+(60x15)

= 44482 Nmm
Radius of centroidal axis r = r+x =50444:482=94.482 mm
Area of cross section A = a+a+a=(75x 30) +(60 % 20) + (60 x 15)=4350 mm?

A
Radius of neutral axis o= F+a - ----25.63
: biln( i "J+ bgm(r" % ]+ bub{ fo }
I'-l ri +a]- l‘n _ao
bi = 75 mm; a,= 30 mm; b, = 20 mmy; b, =60 mm; a =15 mm
4350
R =82.78 mm
75!n[m30+50J+20[n(155_15J+601n( 33 )
50 155-15

50+30

Distance of neutral axis from centroidaI éxis e r.- r'; = 94.48 -8278=11.7mm

Distance of inner radius from neutral axis ¢ = r—1,=8278-50=3278 mm
Distance of outer radius from neutral axis ¢, = r—r1 =155-82.78 =72.22 mm
Distance from centroidal axis to force [ = recos 30+ 100

= 94.482 cos 30 + 100 = 181.82 mm
Direct load F, = Fcos30 = 45,000 cos30 = 38971.IN

Bending moment about centroidal axis M, = F/=45,000x 181.82 = 8181500 Nmm

b
Combined maximum stress at the inner fibres = Direct stress + Bending stress

Fg o Meci 389711 , 8181500x32.78
A T oAer, 4350 Y 4350x117%50
= 114.25 Nfmm? (tensile)

Combined maximum stress at the outer fibre 6 = Direct stress + Bending stress
F, Mgyc, 389711 8I181500x72.22
A Aer, 4350  4350x117x155

[+}

= —65.9 N/mm? (compressive)

Maximum shear stress T .. =05x114.25=57.125 N/mm? at the inner fibre.
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Example : 1,18

For the section A - B shown in Fig, 1.23 a find bending moment, direct tensile force, maximum tensile
stress, maximum compressive stress, maximum shear stress, and their locations.

(B.U. Aug/Sep. 2001)

Load line

— TO kN

b=75mm
Fig, 1.23a Fig. 1.23b
Selution :
Re draw the critical section as shown in Fig. 1.23b
Inner radius r. = H0mm
Outer radius T, o= 100+125=225mm
. . ) 125
Radius of centroidal axis r. = 100 +T =162.5mm
h 125
= — == = 154.14 mm

Radius of neutral axis r = N = (225)
In| 2 Inj —=
I 100

r = 162.5-154.14 = 8.36 mm
¢, = rr =154.14 - [00 = 54.14 mm

o
1
-
i

¢, = r—r =225-154.14 =70.86 mm
! = rcos 45+ 150 = 162.5 cos 45 + 150 = 264.9 mm
M, = F=70,000x264.9=18543000 Nmm A
A = bh=75x125=9375 mm?
Direct tensile force F, = Feos45=70,000c0s45=49497 47N

d F
Maximum tensile stress at the inner fibre 45°

o, = Direct stress + Bending stress
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F, My, 4949747 18543000 54.14
A T Aer T 9375 T 9375x836x 100

= 133.37 N/mm? at A

Maximum compressive stress at the outer fibre

o, = Direct stress + Bending stress
F;  Myc, 4949747 18543000 < 70.86

A Aer 9375  9375x836x225
= -69.2 N/mm?at B

Maximum shear stresst = 050, =0.5x133.37=66.685 N/mm? at A,

. Example : 1.19
B \\

i, T

s

1

Determine the dimensions of 'I' section shown in
Fig. 1.24 in which both extreme fibre stresses are numerically
equal in pure bending. Also find the maximum stress if the
load is 20 kN and b, + b_ = 125 mm

Solution :
Redraw the critical section as shown in Fig. 1.24 b,
Ianer radius r = 75mm
Outer radius r = 754+254504+25=175mm

Since it is subjected to pure bending and the bending
stresses at the extreme fibres are numerically equal.

Mpci _ Myeq
Aer; T~ Aer,
, t 75
ie, ¢ = ¢, E =c, (m)
¢, = 04285 ¢,
From Fig. 1.24,
c,+c, = 25+50+25=100 - (i)

Substituting (i) in equation (ii)

04285¢_ +c = 100

30mm.
25b +50%25425b =25(b, +b )+ 1250
25% 125+ 1250=4375 mm?

it

“ ¢, =70mmandc,

Area of cross-section A

Distance of inner radius from neutral axis¢ =r _—r,
ie, 30 = r - 75

. 1, =105 mm = Radius of neutral axis
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A
- rn = r +a. I —a r —-25.63
bim[—lﬁ'}rbztn[ o8 ]+b0m(—°——]

T ri+3i l‘o—ao

s 4375

1.€ =

s P —

: bj:n(75+ 5]+25[n(M§)+ bom( 175 )

75 75+25 {7525

4375
(0.2876b, +10.136 + 0.154b

i.c., 30.198b + 1064.28 + 16.17b, =4375

i.e, 30.198b + 16.17(125-b)=3310.72 (- b+b =123)
b = 91.92 mm
*~ b = 33.08mm

Let AB be the reference line

alx[ +22X2 +H3X3

|

al +a-2 “1'33

91.92%x25 xz—; +(50x% 25)(25 + %QJ +(33.08x 25)(25 +50+ gzéj

4375

37.391 mm
r= L+ x=75+4373% = 112391l mm =/

. Bending moment about centroidal axis M, = F/=20,000 x 112.391 = 2247820 Nmm
Distance of neutral axis from centroidal axise = r —r, = 112.39] - 105 =7.391 mm

. . M,c;
Maximum stress at the inner fibre o = E'—

1

- M—T!SOGN/ ? (tensil
= A38x7391x75 mm* (tensile)

Maximum stress at the outer fibre 27.806 N/mm? (compressive).

(=]
1l

™

+ Example : 1.20

A curved beam with a circular centre line has trapezoidal cross-section and is subjected to pure
bending in its plane of symmetry. The concave side face is 100 mm and 100 mm from the centre line of
curvature. The depth is 100 mm. Find the proper value of other parallei face, if the maximum extreme fibre
stresses in tension and compression are numerically equal. Determine the magnitude of couple if it is
subjected to a maximum fibre stress of 50 N/mm’.

Solution :

Inner radius r = 100mm
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Outer radius r = 1004 100+200mm ql«: I
ulz
Since it is subjected to pure bending and the bending h= 100 mn J
stresses at the extreme fibres are numerically equal. ¢ | !L‘. Concave side
Mye;  Mycy l
Aer, T Aer, b= b=100 G?
T 1_02) _ e €9 =00 mm
ie., ¢ -c“[ru}- 0(200 -O.Sc:0 ﬁ_JL’L T }
Y I L
From Fig. 1.25 L r !
I vE
c+c, = 100
ie, 0.5¢ +¢ = 100 Fig. 1.25
Soc, = 66667 mmandc =33.333mm
Distance of inner radius from neutral axis ¢,=r —T,
ie, 33333 = r - 100
w1, = 133333mm
1
—h{b; +b,)
Alsor, = — b2 2562
2ifo ZDofi Yt fo |
(Bl -5 -)
%x 100(100+ b, )
ie, 133333 = —
(I()Ox 200-b, x Im)ln(@)—(l%— b,)
100 100
_ 5000+ 50b,
7 138629-0.693b, —100+ b,
* b, = 1654 mn

h (b;+2b
Distance of centroidal axis from inner fibre ¢, 3 [ t; +b 0]
i o
100 (100+2x 16.54
3\ 100+16.54

J = 38.064 mm

. Radius of centroidal axis T r+¢ =100+ 38.064 = 138.064 mm

Distance of neutral axis from centroidal axise = r, ~-r = 138064 -133.333=4.731 mm

"

‘ i
Area of cross-section A= Zh+b)= 3 100 [100 + 16,547 = 5827 mm?

b | —

|\

1

Maximum stress -
Aer,
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[Since it is subjected to pure bending, there is no direct stress]

o M, x33.333
L 2V SR0Tx 4731 % 100
. M. = 4135171.9Nmm.

b

Example : 1.21

Determine the safe load F that the frame of a punch press shown in Fig. 1.26a can carry considering
the cross section along A - A for an allowable tensile stress of 100 MPa. What is the stress at the outer
fibre for the above load? What will be the stress at the inner fibre, if the beam is treated as straight
heam for the above load.

(V.T.U. July/Aug. 2004)

Seolution :
A A (a) Beam is treated as curved beam
|
A 31;}
N — - — - —— - F h=40mm
e 10 mm —= c3| !c,

feme— ) MM ——

Section A - A

@ I
oo
ENay
|
ne 1= _Loadline

U N IS S

Fig. 1.26a Fig. 1.26b
Redraw the critical section as shown in Fig. 1.26b
Inner radius r = 25mm
Outer radius r, = 25+40=65mm

Distance of centroidal axis from the inner fibre ¢,

h [bi +3b_oJ 40[18+2x§

= 3 bi+b0 T 18+b ):16.667mm

- Radius of centroidal axis r =r +¢ =25+ 16.667 =41.667 mm

;_ h(bl + bn)
Radius of neutral axis r

(e
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%x40(18+6)

[18x65-6x25)m[§§J_(]8_6)
40 25

=38.818 mm

e = r—r =41.667-38.818 =2.849 mm
c, = r1,—1 =38818-25=13.818 mm
¢, =r—r =65-38818=26.182 mm
A= %h(b;}—bﬁ):%><40[18+6]=480mm2
[ = 110+r =110 +41.667 = 151.667 mm
M = Fi=151667F

b

Combined maximum tensile stress at the inner fibre

o, = Direct stress + Bending stress
F My
= Fd+6hi=x+ Aer,
) F  (151667F)(13.818)
ie, 100 = —+
480  (480)(2.849)(25)
~. F = 1577.7N = safe load.

Maximum stress at the outer fibre o= Direct stress + Bending stress

F My, 15777 (151667x1577.7)(26.182)
A Aer, 480 480x2849x65

— 67.194 N/mm? (compressive)

(b) Beam is treated as straight beam

¢,=23.333mm | ¢,=16.667mm b = 6mm
| b = 18-6=12mm
b/2=6 ¢, = 16.667 mm
¢, = 40-16.667 =23.333 mm
| / e M, = 151.667 x 1577.7
= 239285 Nmm
b/2=6
h =40 mm

Fig. 1.26¢



Design of Curved Beams

51

From Table 2.6 (Old DDHB Vol. I); Table 2.7 (New DDHB Vol. I)
(667 +6bb,, +b )
3
36(2b+ b, )

Moment of Inertia I =

(6><62+6><6><12+123)403

= = 58666.667 mm*

32 x6+12]

F  M,c,

Combined stress at the inner fibre 6, = 0, +0, = ~ + 0

1]

15777 239285 x16.667

= + = 71.267 N/fmm? (tensile)

480 58666.667

. Example : 1.22

The horizontal cross section of a crane hook is an isosceles

triangle of 120 mm deep, the inner width being 90 mm. The hook h =

carries a load of 50 kN, Inner radius of curvature is 100 mm. The

foad line passes through the centre line of curvature. Determine the
stresses at the extreme fibres. VTU, June/July 2009

Solution : b= 0

Draw the critical section as shown in Fig, 1.27

b=90mm

r=100mm

Inner radius r, = 00 mm

Quter radius r, = 100+ 120 + 220 mm.

d o

Distance of centroidal axis from inner fibre

. Radius of centroidal axis r, = r, + ¢ =100 + 40 = 140 mm

Area of cross-section

Radius neutral axist = -
n [biro—buriJ (r“]
—o i o
0

b, = %0mm;b =
_ 5400
n (90x229jin(_239)_90
120 100
r—r =140~ [34.68 = 5.32 mm
r—r =134.68- 100=34.68 mm

=134.68 mm

T

L1
1]

(9]
H

-:1.4_[_._

---25.62
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[¢]
I}

r,—r, =220~ 134,68 =85.32 mm

= r€=l40mm

M, = FI=50000x140=7x 10 Nmm
. ) . ) F Mg
.. Combined maximum stress at the inner fibre o, = Direct stress + Bending stress = X + wAer
i
50000 7x10° x34.68 93.762 N/mm? (tensilc)
— = . mm S
5400 © 5400 532 x100 enstie
F My,

Combined maximum stress at the outer fibre ¢_= Direct stress + Bending stress = A Aer
a

_ 50,000 _7x10°x8532 £5.938 N/ .
= 75400 T3400x532x220 ~ 00238 N/mm* {compressive)

050, =0.5x93.762 = 46881 N/fmm? at the inner fibre.

Maximum shear stress T

mis

Stress in Closed Ring

A closed ring is an example of a curved beam with restrained ends. Section A - A is the
section at which the load is acting. Section B - B is 90° away from the point of application of load.
Let the ring be subjected to a central load F as shown is Fig. 1.28. The bending moment at any

, L Fr 2
cross section of the ring is given by Y cosf——

n
. m
Atsection A- A, 0 = 5 = 0Q°
. Bending moment at A - A, MbA =-0318Fr ----25.68
negative sign refers to tensile load
AtsectionB-B,0 =0
= +0.182 Fr -—--25.69

. Bending moment at B - B, MbB
positive sign refers to tensile load.
Direct stress at any cross-section DD at an angle 8 with horizontal

FcosB
o, = A 2572

The general expression for bending moment at any cross-section DD at an angle 0 with the

1
horizontal M = Mba - E Fr (1 — cos0) ----25.71

Atsection A - A

Bending moment Mb,\ = ¥ 0318 Fr ---25.68
Where r =r, negative sign refers to tensile load and positive sign refers to compressive load
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Fig. 1.28 [25.13 DDHB]

M, c;
Maximum stress at the inner fibre 6, = £ — A
i, Aer,
s Mbnco
Maximum stress at the fibre 6, =+ — —
o, Aer,
At section B - B
Bending moment MbB = +0.182 Fr ----25.69
Where r = r_, positive sign refers tensile load and

negative sign refers to compressive load

Maxi he inner fib Rl
aximum stress at the inner fibre G,. = T
T,  2A Aer,
F MbBCO

Maximum stress at the outer fibre oy | = A L
B o
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Example : 1.23

i Determine the stresses induced in a circular ring of circular cross-section of 25 mm diameter
subjected to a tensile load of 6500N. The inner diameter of the ring is 60 mm.

Solution :

The circular ring and its critical section are as shown in Fig. 1.29a and 1.29b respectively.

F=6500N
I\

A

NA

¢,

¥ F=6500N

Fig. 1.29 Fig. 1.295

. 60
Inner radius t, = ~2~ =30mm

Quter radius 30+4+25=55mm

o
It

25
Radius of centroidal axis r.=30+ ? =425 mm

o+ i)

Radius neutral axis r= 2" "'
4

)

= 7 =41.56 mm
4

Distance from neutral axis to centroidal axis e = r -1 =425-41.56 =0.94 mm
Distance of inner radius from neutral axis c=r -r=41.56-30=11.56 mm

Distance of outer radius from neutral axis c=r,~r =55-41.56=13.44 mm
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o7 TLNE ) [ PO e
Direct stress at any cross section'at an angle & with horizontal
5 = Fcos6
4 2A
Consider the section A - A
At section A - A, 8 = 90° with respect to horizontal
- Direct stress G, = Foos90 =0
¢ 2A _
Bending moment MhA = -0318Fr ---- 25.68
Where r = 1, negative sign refers to tensile load
MbA = —-0.318 x 6500 x 42.5 = - §7847.5 Nmm
This couple produces compressive stress at the inner fibre and tensile stress at the outer fibre
. Mbl«ci
. Maximum stress at the inner fibre O, = Direct stress + Bending stress = 0 — Aer,
- 49%7:23 ;.19:'1630 =—73.36 N/mm? (Compressive)
Maximum stress at the outer fibre G, = Direct stress + Bending stress =0 + ]\f:;co
o
87847.5x13.44 .
=+ 400874 x 0,94 55 =+ 46.52 N/mm? (tensile)
Consider the section B - B
At section B - B, 8 = 0° with respect to horizontal
. Direct stress o, = F;‘fe = 2633(;;?;;4 = 6.621 N/mm? (tensile)
Bending moment MbB = +0.182Fr ----25.69

Where positive sign refers to tensile load and r =T,
s M. = +0.182 x 6500 x 42.5 = + 50277.5 Nmm

by
This couple produces tensile stress at the inner fibre and compressive stress at the outer fibre
Mb,\ci'
.. Maximum stress at the inner fibre G"'a =0,+ Acr
50277.5x11.56
= . 21 = 48. l 2 t .l
6621+ 490.874x0.94 %30 6 N/mm? (tensile)
My ¢ 50277.5x 1344

. e -
Maximum stress at the outer fibre O'mB o, Acr 905742 054%55

= —20N/mm’ {(compressive)
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Example : 1.24

" Determine the maximum stress induced in a ring cross section of 50 mm diameter rod subjected
to a compressive load of 20kN. The mean diameter of the ring is 100 mm. (V.T.U. Dec.0%/Jan.10)

Solution :

The circular ring and its critical section are as shown in Fig. 1.30a and b respectively.

Fig. 1.30a Fig. 1,30b
. 100 50
Inner radius P = — ~—— =25mm
i 2 2
. 106 50
Quter radius r = —+-—=75mm
e 2 2
. . ) 100
Radius of centroidal axis r, = T =50 mm
2 2
Jroo+.4Je V75 +425
Radius of neutral axis r, = ( fo r') = ( ) =46.65 mm
4 4

€ =1 ~r1 =50-46.65=335mm
¢, = r —r=46.65-25=21-65mm
¢, =r —t =75-46.65=28.35 mm

a

Area of cross section = — x50%= 1963.5 mm?

KA -

Fcos9
2A

Direct stress at any cross section at an angle 8 with horizontal 6, =
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Consider the section A - A

At section A - A, B = 90° with respect to horizontal

Direct stress o Fcos90
1 _ _
¢ 2A
Bending moment M, = +03I8Fr 25,68

A
Where r = r_, positive sign refers 1o compressive load
M + 0.318 x 20,000 x 50 = + 318000 Nmm

b

This couple produces tensile stress at the inner fibre and compressive stress at the outer fibre

. Maximum stress at the inner fibre

Direct stress + Bending stress

M, ¢ 318000 X 2165

riA

B =04 o5 =41.86 N/mm’ (tensi
O+ “aer, ="+ Tog35x335%25 ~ +1 86 N/mm (tensile)
Mh,\co
Maximum stress at the outer fibre 6 = Direct stress + Bending stress = 0 — yo
A (&)
318000x 2835
=~ Totasx335x 75 ~ 1827 N/imm (compressive)

Consider the section B-B

At section B - B, 6 = 0° with respect to horizontal
Fcos®  20,000x1

. Direct stress o, = o T 1% 19635 - 5.093 N/mm? (compressive)
Bending moment & Mbn = —-(.182 Fr ----25.69
Where negative sign refers compressive load and r =r_

© M, = -0.182x 20000 x 50 = - 182000 Nmm

This couple produces compressive stress at the inner fibre and tensile stress at the outer fibre
. Maximum stress at the inner fibre

) M, c, o c00s 182000 % 21.65
0, = 6,;- Aer, T 77T 1963.5%3.35%25

— 29.05 N/mm? {compressive)

Maximum stress at the outer fibre

_ +MbBCo 50034 182000 x 2835
O = %t Aer, TV 0635x335% 75

=+ 5.366 N/mm? (tensile).
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Stress Chain Links

A link consists of two semicircles and
two straight portions as shown in Fig. 1.31.

Bending moment at the point of
application of load

Fr(2r+1) —
b~ 2mr+l) T 25.76
Bending moment at the section 90° away
from the point of application load
Fr(2r—nr) 5577
o 2Amr+l) 7T
Where r=r
The analysis of the link is similar to the L
analysis of closed ring.

FY

Fig. 1.31 [25.14 DDHB]
Example : 1.25

A chain link made of 40 mm diameter rod is semi circular at each end, the mean diameter of
which is 80 mm. The straight sides of the link length are also equal to 80 mm. If the link carries a load
of 90 kN, estimate the tensile and compressive stresses in the link zlong the section of load line. Also
find the stresses at a section 90° away from the load line | |

(VTU. July/Aug. 2003) '

Solution :
Refer Fig. 1.31.

NA

/=80 mm;d =80 mm .. r.=40 mm
F =90 kN = 90,000 N

Draw the critical section as shown in Fig, 1.32

/

=10

o — -
_0“
L]
1
]
o
-

Fig. 1.32
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. 40
Inner radius ro= 40— *2-— =20 mm
. 40
Outer radius r, = 40+ > = 60 mm
Radius of centroidal axis r. = 40 mm
2 2
(i +¥5) (V60 +420)

Radius of neutral axis r= 1 = 2 =37.32 mm

e =T -r =40-3732=2.68 mm

¢, = r-r=3732-20=1732mm

¢, = r—r =60-3732=22.68 mm
Direct stress at any cross section at an angle 8 with horizontal

_ Fcost

% = oA
Consider the section A - A [i.e., Along load line]
At section A - A, 8 = 90° with respect to horizontal
- _ Fcos90 ~0
. Direct stress .= A

' Fr(2r + 1}
Bending moment MbA ‘i“( nr+1) Wherer=r, -—--25.76
90,000 x 40{2 x 40 + 80
M= [ ]=1.4x106Nmm
b 2[m x 40 +80]

This couple produces compressive stress at the inner fibre and tensile stress at the outer fibre

- Maximum stress at the inner fibre

g

fi
A

Maximum stress at the outer fibre

g

r
A

I

M, ¢
47 Aer

s

1.4x10°x17.32
G‘_ x 402 )(2.68)(20)

= — 360 N/mm? (Compressive)

Mbcu

Aer,

o+

1.4%10° x22.68
+
GE x 402 )(2.68)(60)

= 157.14 N/mm? (tensile)
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Consider the section B - B [i.e., 90° away from the load line]

At section B - B, 6 = 0 with respect to horizontal
Fcos20 _ 90,000c0s0

. Direct stress o, = =35.81 N/mm? (tensile)

T2 Rt
4
. Fr(2—m) ,
Bending moment M"n = 2+ Where r=r, ----25,
90000 x 40{2 x 40 - 7 x 40]
"M, = =-399635.7 Nmm
i 2[n % 40+ 80]

This couple produces tensile stress at the inner fibre and compressive stress at the outer fibre

.. Maximum stress at the inner fibre

M, ¢

o = Direct stress + Bending stress =6+

i £ 47 Aer

399655.7x17.32
= 3581+ X = 138,578 N/mm? (tensile)
(Z x 407 )(2.68)(20)
Maximum stress at the outer fibre
Mb Co .

o, = O,- Az:r =35.81- 399635.7x 22.68 =-9.047 Nfmm? (compressive).

‘* ° (?:E x 407 )(2.68)(60)

. -~ Maximum tensile stress occurs at the outer fibre of section A - A and maximum compressive stress
. occurs at the inner fibre of section A - A.

. Example : 1.26

Determine the value of 't’ in the cross section of a curved beam shown in Fig. 1.33 such that the rormal
stresses due to bending at the extreme fibres are numerically equal. (VTU. Jan/Feb. 2005)

| 100 |a';;40|

Inner radius r= 150mm
Outer radius r = 150 +40+ [00=290mm

b=160

by=t =7

Fig. 1.33

=150

!

|

T
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Selution :

From Fig. 1.33, ¢, +¢_ =40+ 100 = 140mm

Since the normal stresses due to bending at the extreme fibre are numerically equal

M,
Aer,

I

ie., ¢

Substituting (ii) in (i)
0.51724¢ +c,
. C

Area of cross-section A

Distance of inner radius from neutral axis ¢, =t —r,

ie., 47.727
" Radius of neutral axisr_

Also, Radius of neutral axisr,

b

{1}
Mbcu
Aer,
i 150 )
r, c,= 2 Co =0.51724¢ — (]1)
140
= 92273 mmand ¢ =47.727 mm
100 x40+ 100 xt=4000+ 100t
r—150
197727 mm
A
22563
+ 3. —
b,in 678 |4 byin o "% |y b, in Lo
r; ToAnta r,—a,

L 197727 =

ie. 4674.069 +83.61t
ot

100mm; a,=40mm; b,=t; ao=0; bu=0; r,= 150mm; ro=290mm;

4000+ 100¢

290 -

1001n -150+40]+zm(
150

4000 + 100z

= 23639+ 0423

1

4000 + 100t;
41,126 mm

150+40]

0

NOTE : For trapezoidal section, From Table 2.6 (Old DDHB), Table 2.7 (New DDHB)

b\

{3b+2b )

© T3 4n,)

i

' NA
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REVIEW QUESTIONS

. What are the assumptions made in finding stress distribution for a curved flexural member.

Also give two differences between a straight and curved beam
VTU, Aug. 2001, Feb. 2003

. Discuss the stress distribution pattern in curved beams when compared to straight beam

with sketches
VTU, Feb. 2002, July/Aug. 2004

. Derive an expression for stress distribution due to bending moment in a curved beam

BU Sep/Oct 2000, Jan/Feb. 2004

EXERCISES

. A crane hook has a section of trapezoidal. The area at the critical section is 115 (

. Determine the force F that will produce a maximum tensile stress of 60N/mm? in section

A - B and the corresponding stress at the section C - D (Fig. 1.34)

75+25)

2
mm? The hook carries a load of 10kN and the inner radius of curvature is 60 mm. Calculate
the maximum tensile, compressive and shear stress.

Hint : b, =75 mm; b0=25 mm; h =115 mm

. A closed ring is made of 40 mm diameter rod bent to a mean radius of 85 mm. If the pull

along the diameter is 10,000 N, determine the stresses induced in the section of the ring
along which it is divided into two parts by the direction of pull.

| N7 |
| =
i 30° 7
|

AR IERTAS r

50| | 150
| |

g L]
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4. Determine of value of ¢ in the cross section of a curved beam shown in Fig.1.35 such that
the normai stresses due to bending at the extreme fibers are numerically equal.

VTU, Jan/Feb. 2005

lp7722)|
7

40 | 150
AY
N Fig.135
- “m‘“ - [y ¥t
1

5. Determine a safe value for load P for a machine element loaded as shown in Fig. 1.36
limiting the maximum normal stress induced on the cross section XX to 120 MPa.

VTU, Jan/Feb. 2006
240

T—)

480

Cross section XX

Fig. 1.36

6. a. Explain why curved beams have to be analysed for stresses specially when we already
have straight beam equations for determining the stresses?

b. The beam shown in Fig. 1.37 is subjected to a load of 50 kN. Determine the stresses at
the inner and outer fibers. Plot the stress distribution. VTU, July 2006
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Fig. 1.37

7. Compute the combined stresses at the inner and outer fibres in the critical cross section of
a crane hook which is required to lift loads up to 25 kN. The hook has trapezoidal cross
section with parallel sides 60 mm and 30 mm, the distance between them being 90 mm.
The inner radius of the hook is 100 mm. The load line is nearer to the inner surface of the
hook by 25 mm than the centre of curvature at the critical section. What will be the

stresses at the inner and outer fibre, if the beam is treated as straight beam for the given
load. VTU, Dec 2006 Jan. 2007

8. Calculate the stresses at points A and B for a circular beam as shown in Fig.1.38. The
circular beam is subjected to a compressive load of 6 kN, VTU, July 2007

6kN
')

Fig.1.38

All dimensions in mm
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9.

10.

The section of a crane hook is trapezoidal, whose inner and outer sides are 90 mm and
25 mm respectively and has a depth of 116 mm. The center of curvature of the section is
at a distance of 65 mm from the inner side of the section and load line passes through the
center of curvature. Find the maximum load the hook can carry, if the maximum stress is
not to exceed 70 MPa. VTU, Dec. 07/Jan. 08

a) Differentiate between a straight beam and a curved beam with stress distribution in
each of the beam.
b) Fig. 1.39 shows a 100 kN crane hook with a trapezoidal section. Determine stress in

the outer, tnner, Cg and also at the neutral fibre and draw the stress distribution across
the section AB. VTU, Jun/July. 08

25
27.5

112.56

s\ F = [00kN

N Ty Fig.1.39

wtl.

A closed ring is made up of 50 mm diameter steel bar having allowable tensile siress of
200 MPa. The inner diameter of the ring is 100 mm. For load of 30 kN find the maximum |,
stress in the bar and specify the location. If the ring is cut as shown in part -B of

Fig. 1.40, check whether it is safe to support the applied load.  VTU, Dec. 08/Jan. 09
F F

Fig.1.40



UNIT

CYLINDERS AND CYLINDER HEADS

2.1 INTRODUCTION

Cylindrical pressure vessels are classified into two groups. (i) Thin cylinders and (ii) Thick
cylinders. A cylinder is considered to be thin when the ratio of its wall thickness to the internal

radius is less than %0. In thin cylinder the stress distribution is assumed to be uniform over the
thickness of wall.

2.2 STRESSES IN A THIN CYLINDER

When a thin cylinder is subjected to internal pressure, its walls are subjected to two types of
tensile stresses.

(1) Circumferential stress or Hoop stress or Tangential stress
(ii) Longitudinal stress

The stress acting along the circumference of the cylinder is called circumferential stress and
the stress acting along the length of the cylinder is called longitudinal stress. Circumferential
stress is also called as hoop stress. The stress set up in two troughs is circumferential stress and the

P,

N

N

2
0 €
Q €

(b) '



