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THE TRANSVERSE VIBRATION OF A PILE IN
VISCO-ELASTIC MEDIUM

Abstract

The given paper is devoted to the investigation of transverse vibration
of a pile in visco-elastic medium. The pile is modeled as a rectilinear rod. The
dependence of a deflection of a pile from vibration frequency is obtained. It
is shown, that with increasing of frequency of amplitude, the deflection of pile
decreases.

The given paper is devoted to the investigation of transverse vibration of a pile
in visco-elastic medium. The pile is modeled as a rectilinear rod of length L and
with transverse section F. It is supposed, that the surface of a pile has a full linking
with ground, i.e. at deformation of a pile detachment of a pile doesn’t occur. In
this case the ground action on a pile we substitute by a force constant in the line of
cross-section of a pile and acting against its motion.

The equation of motion of points of a pile we’ll take in the following form:

4 2 2
where FE-is a n elasticity modulus of a material of a rod, p- is a density, w-is a
displacement, F-is a area of a cross-section of rod, J-is a moment of inertia of cross-
section relative to neutral rod axis, ¢-is a loading intensity which operates on a pile
from the side of soil, p-is an intensity of the loading uniformly distributed on butt
end. Supposing that the lower butt end of a pile is hard-mounted and the upper butt
end of a pile is under the influence of uniformly distributed on butt end, variable on
time ¢, moments of intensity M, the boundary conditions we’ll represent as follows:
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Note, that for clay soils the elasticity appears in the first moments of loading,
then characteristic properties appear.

Suppose, that the intensity of loading, acting on a pile from the side of a soil we
can write in the following form:
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where I'-is a kernel of relaxation [1], and k.-is a modulus of subgrade reaction. Then
motion equation (1) of a pile points will take the form:
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The solution (4) we'll find in the form:
w = wy (x) et (5)

Substituting (5) in (4) we’ll get:

d*wy () d?wy (z)
t
—wy (z) e ol / T (t—7)e ™7dr 4+ pFwiwg (z) =0, (6)
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Introduce the substitution

o0 o0
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where @, and @ are Fourier images of the function I' (¢) [1,2]. Then, we’ll get [1]:
o.¢]
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Allowing for (7) in (6) for determination of amplitude of moving at large values
of t we’ll get:

d*wy () d?wy ()
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The roots of characteristic equation have the form:

1279 EFF EF EJ

EJ + wp () (ke — ®c + iP5 — pFuwy) (8)

atr =0 wy = 0; =M = M,




Transactions of NAS Azerbaijan 255
[The transverse vibration of a pile]

The solution of the equation (8) we’ll write in the following form:

wo (m) = C1shfix + CochBrz + C3shfBsx + CychfBox

where )
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Based on form of the boundary conditions (2) we have:

75

The obtained expression can have a feature, if 81 = (2. For fulfilment of this
condition it is necessary, that ®; = 0, i.e. £ and (2 were real numbers.

In the given formulation it is impossible, i.e. the natural frequency misses, the
resonance is impossible.

Consider the example. Suppose, that the kernel of relaxation is an exponent of
the form:

wo () (shpy LshBix + shfaLshfBax) . (9)

L (t) = Ae P,

where A- is a dimensional parameter, 5-is a parameter of an exponent. Then

o0
d, = A/e_/jlt cos wotdt = AL
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P, = A/e—ﬂt sinwptdt = A—"——, (10)
B2+ wi
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It should be noted that the expression (8) for moving of a pile is complex. For
determination its real and imaginary part let’s accept the notation: 5y = fi1 +
if12; B2 = Po1 + 1P22. As a result for Rewy and Im wy we’ll get:

M
Re woy = ﬁ% (a1T1 + GQTQ)

ay T a3
M,
Imwo = 2702 (ang - aQTl) ) (11)
ay T a3

where
a1 = Pu1Pa — Pr2faz; a2 = Pu1Pa2 + Pa1br2,
Ty = shf11 L cos BroLshfB11x cos Brox — chfB11 L sin 1oL %
X chB1z sin Biox + shPBs1 L cos Pog Lshfa1 x cos Boor—
—chfs1 L sin Boo Leh B x sin Boox,
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T2 == Ch,BHL COS BIQLSh,BHZE COS 512517 + Sh,BHL sin 512LX
XCh,BHZE sin ,612I + ChﬁglL sin BgQLSh,BQll" Ccos ,622(17—
—shfB21 L cos Bag LehPor x sin Bosg .

The value wg = \/ Re? wg + Im? wy was found numerically. For initial data were
accepted [3,4].

A=0,1615; 8=0,05 E=2-10%g/cm? p="7,8g/cm?;
k, = 24000n/m*; L =5m; M, =0,1.

In figure lare shown the dependence wy from the frequency wq/wo. (wo. = me/L).
From the figure it is seen, that with increase of wy the amplitude of moving of a pile
decreases.
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Fig. 1. Dependence of moving of a pile from frequency.
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