ear of closed section thin-walled beams - Example
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ear of closed section thin-walled beams - Example

¥ oS B B 28, flﬂaz > f”ﬂ 42 2002 4
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Thin-walled beams — torsion

open section vs closed section



orsion of closed section thin-walled bea

* Assumptions:
' CSRD

dI=qds .p o) T = fﬁpqda‘

- X T = 2Aq
Bredt-Batho formula
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Torsion of single-cell closed TW section.
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Middle plane
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Thin-walled beams — constrained torsion

St. Venant vs Wagner torsion-bending
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onstrained torsion of t

—

T

in-walle

eams

* I-beam with constant torque
* Positive moment, but negative top
flange displacement u

angle of twist =36
rate of twist =pelOMz = @7
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(b)  Uniform torque gives rise to only Ts
shear stresses. Warping stresses ) (o) T
" & (] [1}]
are zero and every cross-section g’:'r:f:'ﬁgggf;:‘g‘” stresses (c) Prevention of warping leads
warps by the same amount. : .
This is Saint Venant torsion. fo warping stresses Warping stresses on left

hand end.
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onstrained torsion of thin-walled beams

Flange BENDING u=u(z)

twist is nonlinear

Rate of twist @z = 87

VL

Is NOT constant

72



Constrained torsion of thin-walled beams
FREE S-V torsion stiffness

dz dz
1
J =2 st
| E"’" S BZSH

GJ, =C, = S -V torsional stiffness
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Constrained torsion of thin-walled beams
Stiffness of bending of flanges

TOONNNNNNNN

% Flange BENDING Vlasov theory (Wagner effect)

Transverse bending (shear force S;exists),
bending moment is variable (is a function)

M

-
|

—Elyyu” d2u
M E — —EI E F
/
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TOONNNNNNNN

Constrained torsion of thin-walled beams
Stiffness of bending of flanges

Transverse bending (shear force S, exists),
bending moment is variable (is a function of z)
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TOONNNNNNNN

h

U=—6 S0
2

Constrained torsion of thin-walled beams

Stiffness of bending of flanges

Transverse bending (shear force S, exists),
bending moment is variable (is a function of z)

d’u hd®6
dz® 2 dz®

3 t.b’
T =s.h=-gl 290, 1 =

"2 dZ°f
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Total torque is transmitted thru sum of both:

TOONONNNNNNN

—

Constrained torsion of thin-walled beams

Combining two mechanisms ...

161,90 ¢, 9
dz dz

h® d&’

T. =—-El_. > 47

T=T +T-
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Constrained torsion of thin-walled beams
Combining two mechanisms ...

dé h® d&’
T=T,+T.=GJ. ——EI
2ot > dz "2 dZf
i do _ do®
T :TJ +TF :CT E_Cwﬁ
N Y
b°h*t, 6
C,=El, where I,==" m° ]

or: C =Ely where T, = I4A§tds torsion —bending constant
C
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Constrained torsion of thin-walled beams

3
T=T,+T,=c, %% ¢, 9%

dz dz’

ODE to be solved + necessary BC
In general, T=T(z) may vary along TWB

For T=const the solution is:

de T
— - A cosh B sinh 2 _GJ/ET
dz G/ Uz + L2 L GJ/ET'r
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Constrained torsion of thin-walled beams

The BC are:
 atbuilt-inend (z=0) d6/dz=0
* at freeend (z=L) d?6/dz> =0

[ T , cosh pu(L — z)]

dz GJ cosh uL

n? =GJ/ETR
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Cor;strained torsion of thin-walled beams
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Constrained torsion of thin-walled beams

au'z — GJ/EFR ‘o

! 6=12
Constraint / GJ (St. Venant)

effect

for uL<0.5  short TWB
for uL>>5 long TWB
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Constrained torsion of thin-walled beams

1.0 0

,DLZ = GJ/EFR

~<

for uL< 0.5 short TWB
for uL>5 long TWB
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Constrained torsion of thin-walled beams

w? = GJ/ETg 4 T

T I=1L 0

for uL< 0.5 short TWB
for uL>5 long TWB
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onstrained torsion of fhin-walledﬁ _béams

N]| Profile Shear centre] || Stress values and location Stiffness
o zzlf:;z.n,) ¥, - _4_1_'*'_1'_'1__ |
5 (1+p+n) C, = 2EH8,
1 B PR e s 3
% BT Y () X [ (14 39) + 1 %2+ (14+39)]
""'6'53:' Xy = —X3, ®e = —%;, F, = bh
SP = SC AR A
¥ S G 2B,
2 b, M\ e s 3
hé 4(1+vy+3n) X [%3 (1439) + %y %2+ %3 (1+97)]
e 6b6, %y = X3, %4 = %y, Fy = bh
1
h i e NP
€y =
s 1:-" 2(1+y) S T %,_:’,fi
w=(37) (35) Bisa T T e
4 4 F.=bh
3

TR

Przy dowolnych wymiarach, grubosci, liczbie i ustawieniu $cianck plaskich zawsze

a.=0, C,=0
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