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Ina beam suejected to omial Campressive laad /\/>,1 = =N, it

the small aditional disturbance vesultg in o \owge respanse andd the
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The Constoants C\,cucj ancl ¢, Can be alefermmfa( us;‘nj the bnuvxc/arj
Conditions of the heam .

We ayve interestel in JEtermiV\irj the values of >‘b for which thee
enists o nnzern  Soltion Wim) , Whep beam exper) ences e f-lection,
once such o A is Known (often there will loervwnj) ,the louckb'ﬁ\j
load is detevmined from- E} (#2.26)
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The Shallest value of /\/: which js given \0] Ehe
Smallest Valle of )y Js the criticad louckh‘i\j Joerdl.
The \oucklmj ghape Yor m@Je) is given Yoy W(m).
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W(0)=0 = C,4Cqy =0

w’/(o);o; ,Cl)\l;’:o which im,’)ll‘es C,o=a  C.z
W(n) -0 : C| S’V\O‘b“)’*c CA = o

w"(o\\:(): ¢, Sin( M, 0)=e which m\yl;eg Cy=
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and the \oucklinj |00~0[ IS qiven \raj
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w/(o):o.‘ C,\ >\\°+C3 =0

Wiy za:  C Sin( Ao + C, Sl o +C50 +C =0
w’(oq_—o; C\)\bcg()bo\\__cz_}\hS;vx( )hox\ +Q3 o



Eﬂ)’)ress}nj these €guntionS in terms of Constants C, and C, we obtan
C, (SnQuo) - M aj+ C, (IS K -1) =0

C‘(%U\bo\}--( ) - ¢, SSY\O\bo\) =0

Yor o nontrjvial olution , the determinate of the Coelficjent
matvix of the ~oove two RfUatials Prust be Zeyo Qeijemfa\lu&
Pfoblem)
Sint M) - Ay o B (M) - \

=s (™
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The Salutian of €fuatian (¥), Known as the



Chavacteristic epuation , g ites the eigenvalues enEA N
andd the bouckling laxd /s calcalated From 4. F.2-27
A Pln{' of the function F(en)—/en Sin(€n J+2 D(tn)-1 oqeninst
e, Shows that f(e,) is Zero ot

En=0,6.2832(=27), 8.9862, 12.5669 (=497 ... (A, ,-2n7)
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CV" ) (C;« IJ} (% (Cn Ij)
(2 (K

3 (18




Table 4.2.2: Values of the constants and eigenvalues for buckling of laminated

composite beams with various boundary conditions (A2

bNO /Eb I, = (en/a)?). The classical laminate theory is used.

End conditions at
z=0and z=a

Constants!

Characteristic equation
and values* of e,, = A\na

e Hinged-Hinged

>

o Fixed-Fixed
A
7

e Fixed-Free

Y —

e Free-Free

¢ Hinged-Fixed

S

1 #0, co=c3=c4=0

c1 = 1/(sinen — ey)

c3 = —vl/)\n

cg = —cq4 = 1/(cosen, — 1)
C] =<3 =0

cg=-c4 #0

C1 =¢C3 =0

cy F 07 Cq #0

c; =1/encosen, cg=-1
cg=cq4=0

sine, =0
en = nm

ensine, = 2(1 —cosen)

e, = 2m,8.987, 47, - --

cose, =0
en = (2n—1)7/2

sine, =0
en = NT

tane, = en
en, =4.493,7.725, - - -

T See Eq. (4.2.28): W(z) = ¢ sin Ay + ¢ COS \pT + €32 + ¢4

*For critical buckling load, only the first (minimum) value of e = Aa is needed.



F.2-4 Vibration

For naturd Vibration ) the solution /s aSumed to be /Oerioc//‘c
Wt
Walt) = Weje' T izf-) (F.2 -28)

T the obsence of a\WI)eJ transyerse lcw/ ;V) the jovern.'rj

equation \7.2_8&) veduces to:
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TL\C 3€Y\€WJ SOIU\thV\ O)L Ej. \7-2'30) /S : (7.2—310\)
W (n) = C Sin(An) 4+ C, > (On) + G th(/'*ﬂ)—rcq%l\(/“%)/

Vibration Solution for CLPT beana

J__(f/-+ ¢+H/9r J—( 7~+m) (F.1_32k)
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ol C,) S - 3 C., owned Co Ore Constants , which are to be o‘c‘rermivxeg/

U\Slr\j Ehe bou\\(\c!m_f] Cchlhong
K?,Z-B'ZL))_—) sz,\ 7) = —riv)y or /7)\ 7;>\ r=o

lzP/AZ""?) ;?J:—ﬁ/’f oY }')/‘*q—F 7'/&._ V=-o
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Su\,ghtm—ir\j For }°)7~0\r\ylr From Eg. (2.2-31) jn Eg . (F.2-33)

s Saluiv\J For w”) we obtain
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W= = = ) 2 = F
Iy 1- RQ Egz]yy:udz I()

when the O\/V)Iied odial loscd is Zevo , the #m}uen_c] of Ulbration

Con Yoo Calculated  frowma

w'.?, — )\4% (1 i2)\2 ) :u4EZf Yy (1 + IA’Z/—LAQ ) (7.2‘25-)

Iy B Io + Io\2 Iy Iy — Lop?

It is clegr frowm the First exnpression that rotov N tin

decreases the Fre}ueng of notural Vibration. [F the



Vo‘mrj inertje is nejlecfaj , We hav }\f/’* andd

b
w = )\Q'U\n ) 0\0 3\/;;‘ (7-2’36)
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