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Free Transverse Vibrations of Euler-Bernoulli Beam
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Boundary Conditions of a Beams®

Boundary condition

At left end (x = 0)

At rightend (x =0

1. Free end (bending
moment = (), shear
force = ()

2. Fixed end
(deflection =
0, slope = 0)

3. Simply supported end
(deflection =
0, bending moment =
U]

4. Sliding end (slope =
(3, shear force = 0)

5. End spring (spring
constant = k)

6. End damper (damping

constant = ¢)

7. End mass {mass = m
with negligible
moment of inertia)

8. End mass with
moment of inertia
(mass = m, moment
of ineriia = Jyg)
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End Conditions Frequency
of Beam Equation Mode Shape (Normal Function) Value of Byl
Pinned-pinned sin B,l = 0 Wy(x) = C,[ sin B,x] Bil=m
=2
t } Bol = 2m
Bl = 37
Bal = 4w
Free-free cos Byl - cosh B, = 1 W,(x) = C,[ sin Bx + sinh B,x Bl = 4.730041
+ a,( cos B,x + cosh B,x)] B2l = 7.853205
where Bal = 10.995608
0 ( sin B,/ — sinh ,B,II) Byl = 14.137165
"\ cosh Bl — cos By (Bl = 0 for rigid-
body mode)
Fixed-fixed cos B,[- cosh B,/ =1 W,(x) = C,[ sinh B,x — sin B,x Bl = 4.730041
¢ 7 + a,( cosh Bx — cos Byx)] B2l = 7.853205
#

" Fixed-free
e
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7
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t

Pinned-free
)

cos B,[+ cosh B, = —1

tan B3,/ — tanh B,/ = 0

tan B,/ — tanh B,/ =0
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B ( sinh B, — sin ,B,IF)
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Wu(x) = C,f sin Byx — sinh By
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=\ cos Bl — cosh Bl

W,(x) = C,[ sin B,x + a, sinh B,x]

where
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Bil = 10.995608
Bl = 14.137165

Byl = 1.875104
Bal = 4.694091
Bil = 7.854757
Byl = 10.995541

Byl = 3.926602
Bl = 7.068583
Bsl = 10.210176
Byl = 13351768

Bl = 3.926602
B21 = 7.068583
Bl = 10210176
Bal = 13.351768
(Bl = 0 for rigid-
body mode)
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