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Solution Methods of Inherent Characteristics of Plane Beam
with Arbitrary Boundary Conditions
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Abgtract : A s=mi-analytica method and a two-direction expanson method , have been presented and used to find the
natura vibration characterigtics of two-dimengon beam with arbitrary boundary conditions. In these two methods
there are no any assumptions on the transverse and the longitudind digplacements dong x -axis and z-axis direc
tions, i. e. ,the beam isconddered to bein a sate of plane stress, and the dementsof structure giff ness and mass
matrices can be given explicitly. The geometrica propertiesof mode shgpes are investigated , and the S mply support-
ed beam istaken asan example to discuss the accuracy and efficiency of semi-anaytica method and two-direction ex-
panson method of comparing the resultsof the two methods and that of the andyticd method.

Key words: beam; plane problem; semi-analyticd method ; inherent characterigtics; two-direction expanson method

Euler-Bernoulli ( -
) Timoshenko ( ) Pagaro!®!  Srinivas''®!

Cowper!*l 1968 :
:Sephen  Levinon!?! 1979

Red- '
dy ,.Levinon
(37l 81 1901
w z X
w
i) u 1
1 W ’
: 2003-06-24; :2003-08-19 1
: (19932030)

. http:// www. hkxb. net. cn/ hkxb/ 2003/ 06/ 0507/



24

508
Ox = CiEx + Ci £, AX = DBX (6)
z = C1§X+C3§z (1) :XT=<uTvavWTvq1}a A
T, = C55y2>( B Aij,Bij,(i,j = 1,2,3,4)
i Ch = EF(1-V%;C = B/(1-V?; Aij+ Bij _
Cs3 = Cpy Css= G, E,G V A1 = Kss Hilljl/ (2h) - ('\)HSCL)l
A = - Kz Hol + Kss Hig
h 1 A22 = Epp’ A44 = qu
' Az = Kz Hif - Kss Hof
) ww PR
I Asz = KazHir I/ (2h) - WHg
h By = 2H88h/ |, By = P
0 lrx Bas = 2 Kes Hoo WV |, Bag = E™
1 tKij = Gj/ Ci1;@ = W2hp/ (2Cp) ;@
Fig-1 The beam and its coordinate axis p CE
u wo oz c , H,E “ab’ a
1 b
u€ n) =f'u 2 @ ='ud. H N M
wE n) = g'w H
n = ) F - . o 1
N = @2z- Wink o= @x- DI, (i) = 4 @) 4 @) (72
f,g,u w fi),g0),u€) -1
wi€)(i=1,2, ,N;j=1,2, ,M) ug) Hoo (i , ) Z_JZLI ld),(E)qu(E)d’; (7b)
Wj(E) J 1
fin) = ¢, gM) = 40) (3 Hos (i ,]) =I_141(E)¢1,2(E)CE (7¢)
s L egendre c ,Hot= Hio [11] H
[11]
“) =30 - D, B0 =20 +D (4
m2 . (6) u,w
_ _(_l)_' "_(,2_m-_2_n-_3)__ m-2n
) = le 2"n! (m-2n1 | (@)
6
(4b)
c-1<n<1,m!l=m(m-2 (2 1) X o
' oo T ’ u€) = G€)c,w€) = G,€)C
or=1,(-1!'r=1,m/2 (8
I pf) = G€)C,q€) = G€)C
Mn :C = {C]_ Cc2 Cg(N+M)}
max
To G
_Ae'er o 2
M = ZIJO{U,xC11+ W2 Cas + (53) Gik,u€) = X keog, Guw€) = Xk,2n+1€pg
2u W ,Ciz+ (U, + w )% Css dzdx Gk, p€) = Xi,N+1€DE , Gk, q€) = Xy 2N+ M+ 1EDE
I_h
To = JZ:[J p{ u? + w% dzdx (5b) LXK D Xk
90 s | k=1, 2(N+M) G, Gy,
(2) Rayldgh Ol = wd Ty, =1, N: Gy Ggl=1, .M 1
u,w
p=Du,q=Dw(D = 4/ & ), ®) 1
ulwlplq C

GC =0 9



509

1

Table 1 Boundary conditions of beam for the
£mi-analytical method
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Table 2 Displace boundary conditionsfor the two
direction expansion method
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Fig.2 Mode sketches of beam
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