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Bredth Betho Theory
Torsion of thin walled section
Assumption:-
Wapping displacement are freely permitted
T,sIS presents and every other stress component is zero

T,sdoesn’t vary along thickness direction

_;g -

-

Gt
) D
Tt

G

Force equilibrium along Z-axis
—T16dz + 1,t,dz =0
Tty = Tty =q
Shear flow per unit length
g in terms of torque
Diagram

dT = qds.s
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1
T=de=quds=2fq§sds

T=2fqu

T=2qfdA

T = 2Aq

T

q=ﬁ

Angle of Twist

Shear strain energy stored in the structure

1
= ETH, - angle of twist
1
= jz.‘rv.volume
112
= fzﬁ(tdsX 1)

1T0’—fT2td
27 T 26"

Torsional Rigidity
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T 44?
GT = — : J=—

44° o
GT = T torstonal Rigidity
Gt

J = Ip = for circular crossection

Problems:-

(2). In a thin walled rectangular subjected to equal and opposite forces as'shown in fig, the shar
stress along lay is.

A
T
£ BN
) A
P>
(a). Zero (b). constant non-zero (c). yasles linearly  (d). yaslesparabolitally
Sol:-
From breathbetha theory
T = 24q
P, P
T=—=+—
2 + 2
T
1= 24
T
T = PZ Tt = a

(2). A thin walled tube of circles cross section with mean radius R has a central way which
divide it into two symmetrical cell a torque on is acting on the section. The shear flow g in
central web is
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M

2mr2

(@.9 = (b).q=0

Sol:-

(3). An Euler Bernoulli’s Beam has rectangular cross section Beam shear in fig and subjected to
non-uniform BM along its length v, = :—1‘:/, the shear stress distribution t,.,, across the cross
2

section

(©.q =

qa=491 — Q2
T = 2A1q1 + 2A2q2

0; = 0, (from compatability equation)

, j q.ds
0, =
244Gty
ds
0, =j q:
2A,Gt,
0; =0,

f q.ds _f q,ds
24,Gt, ) 24,Gt,
d1 =4z
q=0
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(a) Txx Zly(g) (b) Txx 21, (1 _? (C) Txx T’ <§) (d) Txx
(3
21y

(4). Find the torsional constant for a ring of radius is

4A%
RS
t

_ 4(mr)?

2nr

t

412rt

27T

] = 2nr3t
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Unsymmetrical Bending:-

If the cross section of the beam is not symmetrical about any axis or applied load is not acting
through plane of symmetry than bending will be unsymmetrical

Consider a beam obituary cross section as shown in fig,

k/—

A A

1]

<
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f
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B
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External looding system

™ Sx
\:
M,

internal force system

Internal Force System
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vy

ﬁ/)“

(a) 8 < 90° (b) 8 > 90°

Resolution of bending moments
Sign depending on the size of 6.In both cases, for the sense of M shown
M, = Msin®
M, = Mcos@
Which give,

For @ < % M, and M,, positive (fig (a)) and for 6 > % M, positive and M,, negative (fig
(b)).

If the neutral axis made angle a with x-axis

T g

M ﬂi,«"\u‘!z

y' = xsina + ycosa



I ITi ans G AT E :;'I::résAGLgT:ECLASSES
C L A S S E S Visit us: wwwi.iitiansgateclasses.com

Mail us: info@iitiansgateclasses.com

EXcLUSIVE GATE CoAcHING BY lIT/IISc GRADUATES

A division of PhIE Learning Center

Strain
!
&= z
R
__ xsina+ycosa
- R
o, = E¢

Oy = g (xsina + ycosa)

Strain relations

[o0,dA=10

(zero.about Neutral axis)
Moment resultant

M, = [a,ydA

M, = [ o,xdA

M, = %[sinafxydA + cosa [ y?dA]

= g [sinaly, + cosal,]
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Similarly
M, = %[cosal + sinal,, |

This is matrix form

[Mx] _E [Ixx Ixy {COSCZ}
My| Rl L, |\sina

xy

cosa [ H ]

Slna M

{cosa} _ R Ly _Ixy] {Mx}

sina E(lxclyy=ly®) | =Ley, 1, | (My,
R

COS@ = Zi i) (Lyy My = Ly M)

sina = (—LeyMy + 1 0M)

E(lxxlyy_lxyz)

0, = %(xsina + ycosa)

— (IxxMy_IxxMx) (Iyny_IxyMy)

z (Ixxlyy_lxyz) (Ixxlyy_lxyz)

AtM,, =0

Ixx
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Problems:-

1). An idealized thin walled cross-section of the beam and perspective areas of boom are as
shown in a bending moment M, is acting on the cross-section the ratio of magnitude of normal
stress in the top boom that of bottom boom.

~

O

~
|

(d).
Sol:-

Since it is symmetric

ﬂy+ﬁx

o' =
Y L i},

Since, M,,'= 0('No bending stress at x-axis )

M
— Y
g, = 7
yy
_ My . _ My
0z top — Lyy xtop1 Oz bottom = Iyy Xbottom
M
—=X
9ztop  _ _lyy top

Oz bottom ﬁxbottom
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oztop _ Xtop

Oz bottom Xbottom

Xtop =2 — X

Xpottom = 2 + X

YAX _ 2X2X02+0.1X2+0-02X2 _ 0.84+0.2-0.4

YA 3X0.2+2 X0.1 0.6+0.2

I
Il

0.75 =

I
Il

Xeop =2 —> =122
top 4 4

5
Oztop  _ _Xtop  _ 4 =5/11
= ==
0z bottom Xbottom

4



