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ABSTRACT

This paper deals with the coupled flexural-torsional vibrations of Timoshenko beams with
monosymmetric cross-section. The governing differential equations for free vibration of such
beams are derived and solved numerically to obtain frequencies and mode shapes. Numerical
results are calculated for three specific examples of beams with free-free, clamped-free,
hinged-hinged, clamped-hinged and clamped-clamped end constraints. The effect of warping
stiffess on the natural frequencies and mode shapes is discussed and it is concluded that
substantial error can be incurred if the effect is ignored.
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S : Shear center, C : Centroid

Fig. 1 Example of beam cross-sections with
non-coincident centroid and shear center
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Fig. 2 Geometry of beams with monosymmetric
cross-section
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0083 Model 1* Model 2
SN, o1 WS Hoos SN ode ode
l l 0.004 Edn? With warp With warp Without warp
0.00125 0.005 : conditon x| This | Ref. | This
5 —— ; : i{Ref. [A] study (B] study Ref.
(a) example 1 (b) example 2 (c) example 3 Free' 1 22.04 21.947 - 19.823 -
21 15208 151.71 - 30.691 -
Fig. 3 Cross-section and dimension (in meters) of h 3] 41223 408.72 - 46.273 -
the beams considered in the examples free | 4 - 578.78 - 61.422 -
Clamped 1 25.37 25.344 2493 7.6635 -
Table 1 Properties of the three beams considered in - 2 9857 96.623 | 9581 | 22.992 )
the examples free 31 14940 147.76 1453 38.379 -
4 - 405.62 3974 53.735 -
Properties2 Example 41 Example 2 | Example 3 Hin_ged ; 26(;/:;.1637 22102; : :13233; :
EI (N-m") | 9.74%x10° | 1436x10° 6380 hinged | 3| 27580 | 26463 - 46.071 -
GJ (N-mb) | 1121 346.71 4346 need 1 4 - 58174 | - | 61431 | -
kGA (N) 793%x10° | 2081x10° | 4.081x10° Clamped| 1|~ 10304 | - | 15352 | -
EM(N - m" 354 536,51 0.10473 -y 328631 - om0 -
: ’ : - hinged 3 - 391.54 - 46,071 -
I, (kg-m) | 725x10" | 317x10% | 0501%10 need |4 - 676.57 - 61431 | -
I, (kg-m) | 353x10" | 5.65%10° | 0251%10° Clamped| 1| 14939 | 148.08 - 15356 | -
4256 0835 PeCl 2| 41056 | 40260 | - | 30714 | -
m (kg/m) 2.095 . - -
3| 624.60 534.12 - 46.071 -
! (m) 1.28 27 082 camped| 4| - lmsm| - |eaw| -
e (m) 0.03771 0.0735 0.0155 t Rigid-body mode in free-free ends is discounted
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Fig. 5 The mode shapes of the channel section bearﬁ
with clamped-free ends

Table 3 Natural Frequencies (in Hz) of beams
considered in example 2

Model 1* Model 2
End With warp With warp Without warp
condition i Ref ** This Ref. This Ref.
: study study

Freat | L - 40208 | - | 35888 | -

A ) - 60383 | - 58.304 -

B 3 - 153.02 - 76.136 -

free | 4 - 21303 | - | 96313 | -
Clamoeg| 1| 1103 | 11006 | 1101 | 83076 | 830
AMPeCl 21 3002 | 38934 | 3893 | 23837 | 2379
] 3| 5819 | 57824 | 57.82 | 36625 | 36.63
T | 4| 15239 | 15052 |15051 | 47.265 | 47.21

Hinged | 1 - 26754 | - | 17785 | -

NEEC | 2 - 95417 | - | 37876 | -

hineed | 3 - 97669 | - | 57498 | -

need | 4 - 21368 | - | 76987 | -

1 - 39380 | - | 18704 | -

Clamped| - 12160 | - | 37998 | -

pied | 3 - 14298 | - | 57524 | -

neec | 4 - 24811 | - | 769%0 | -

1 - 55219 | - | 19037 | -

Clamped) - 14816 | - | 38369 | -

mned | 3 - 20259 | - | 57530 | -

camped | 4 - 28480 | - | 77049 | -

t : See Table 2.
** . Bercin and Tanaka(1997)
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Fig. 6 Percentage errors of frequencies of the thin-
walled box beams due to omission of the
warping effect
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Fig. 7 The mode shapes of the thin-walled box beam
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Table 4 Natural Frequencies (in Hz) of beams considered

in example 3

Model 1* Model 2
End y;tg With warp Without warp
conditi : :
o1 et s | Rt | e | Ret
reat | Y 23355 - 230.28 -
e lel - 320,67 - 31038 -
e | 3] - 572.12 - 519.67 -
4 - 669.48 - 638.10 -
Clamped| 1| 879 | 3507 | @51 | 623 | 6339
RS ol 1377 | 13739 | 13730 | 12088 | 129.34
oo | 3| 2784 | 2ziss2 | 2582 | 25922 | 25922
4| 4848 | 48109 | 48110 | 41889 | 41572
Hinged | 1| 149.66 - 14815 -
sl 1 B 317.26 - 314.96 -
hinged | 3| " 364,02 - 34311 -
4 - 601.03 - 527.23 -
1 - 177.80 - 166.86 -
Clamped| o} . 386.55 - 341.66 -
binged | 3| 441,99 - 43651 -
4 - 640,89 - 530.19 -
c 1 - 197.73 - 173.39 -
famped| 1 - 422,22 - 352.00 -
camped| 3| - 589.20 - 517.76 -
4 - 687.16 - 599,54 -

*+ : See Table 2.
** : Bercin and Tanaka(1997)
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