Dynamic behavior of fracture piles of vertical oscillations
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ABSTRACT: Some damages of piles can be unavoidably caused by natural disasters and extreme construc-
tions. Usually, piles can be cut into two parts by shocks such as earthquakes, that is fracture piles. Obviously,
the dynamic behavior of a single fracture pile is different from that of normal piles. But the problems of in-
spection, appraisal, repairs and maintenance of piles will face us. By studying dynamic behavior of a single
fracture pile of vertical oscillation, the paper introduces a dynamic model of the fracture pile. The model is
not perhaps perfect, but it is a method to begin to study the vibration of the fracture pile. The individual ex-
ample does not detail the dynamic characteristics of the fracture pile, but the tendency of the curve of the dy-
namic impedance versus frequency can give a mainly rule.

1 INTRODUCTION

Piles are often used as foundations of high buildings,
bridges, railways, machines and so on, as piles in-
clude many advantages. Some damages of piles can
be unavoidably caused by natural disasters and ex-
treme constructions. Usually, piles can be cut into
two parts by shocks such as earthquakes, that is frac-
ture piles. Obviously, fracture piles have an effect on
normal work of piles and buildings. They may be
one reason to make structural damages or abnormal
work of buildings. So, the problems of inspection,
appraisal, repairs and maintenance of piles face us.
Since the study of piles is slow by contrast with one
of superstructures in these areas, static and dynamic
behavior of fracture piles must be searched now.

2 SOIL STIFFNESS IN VERTICAL VIBRATION

Fig.1shows the soil-pile model under consideration.
The soil in this model is composed of horizontal lay-
ers. These layers are resting on an elastic or rigid
half-space. The soil material is assumed to be linear
and isotropic with hysteretic type damping. The pile
group is composed of a set of vertical piles assumed
to behave according to the conventional beam the-
ory. They are also assumed to have a circular cross-
section. The piles and soil are bonded together.

Piles can be cut into two parts by shocks by
natural disasters such as earthquakes, etc. To obtain
the dynamic impedance of a single pile, the dynamic
impedance of the below part of the fracture plane

must be first gotten in the proposed method in the
paper.

Now, the soil stiffness is to be calculated by us-
ing the plane-strain method. The plane-strain method
is based on subdividing the soil media into sets of
layers, each layer with a unit thickness, and with a
single pile with radius r, at the origin. If it is as-
sumed that the vertical normal strain in each of these
soil layers is zero; the equations of motion of that
layer will become plane-strain equations. That is
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where G=shear modulus of soil, ©= mass density
of soil, and «= frequency of a harmonic excitation.
The amplitude of vertical vibration in soil, W_(r),
produced by unit harmonic force, is quoted from
other papers. It is written as
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Then, the amplitude of vertical vibration in Ith soil
can be obtained to be
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where Ko( )=modified Bessel function of zeroth or-
der and the second kind, K;()=dK,()/dr, s= @/Vs.
V, = complex shear wave velocity of soil layer.

The vertical stiffness of Ith soil layer correspond-
ing a single pile with radius r, is
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3 DYNAMIC IMPEDANCE OF A FRACTURE
PILE

3.1 Dynamic impedance of a pile below a fracture
plane

The idealized soil-pile system is shows in Fig. 1. In
the idealized system, the surrounding soil is divided
into a number of homogeneous horizontal holding
columns which are made of the piles and the soil be-
neath the pile tips. A homogeneous layer is assumed
to be composed of an infinite number of uncoupled
horizontal sublayers in which each sublayer is the
plane strain model previously described. If the pile is
not an end-bearing pile, the model of the pile is as-
sumed that the pile extends to the rigid layer with
the same cross section, but different materials are re-
inforced concrete and soil respectively. Extending
pile is viewed as a integrate pile except that the
modulars of reinforced concrete and soil are distinct.
Fig. 2 shows forces of Ith layer below the fracture
plane. A harmonic vertical excitation is exerted on
the fracture plane of the pile. The displacement of
the pile is w(z,t)=W(z)e"" , in which W(z) is
the amplitude of vertical vibrati
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Fig.2 Force illustration of pile in ith soil layer

The differential equation of motion in the vertical
direction is
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The general solution of Eq. (8) for amplitude W(Z) is
W, =Bcha,z+Csha,z (9)

According to the elastic equation of the axial force
and the displacement
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the equations of axial forces and displacements in
each soil layer can be obtained as
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Introducing Eq. (12) into Eqg. (11), then Eqg. (11) in
first and second layer below fracture plane is respec-
tively written as
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in which [TpJ is 2 X2 matrix. Let
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According to the boundary conditions, the vertical
displacement of the bottom resting on a rigid layer
is zero, W =0. Then dynamic impedance of a

single pile below a fracture plane can be expressed
as
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3.2 Dynamic impedance of a fracture pile

To obtain the dynamic impedance of a fracture pile,
the part of the pile above a fracture plane will be
analyzed. A pile and soil surrounding the pile are as-
sumed the same model above-mentioned. The frac-
ture plane is viewed as the bottom of the fracture
pile. The dynamic impedance, Ky, provided by the
fracture pile below the fracture plane, acts as the
boundary conditions of the upside above the fracture
plane (Fig.3). The differential equation of motion in
the vertical direction is the same as Eq. (6), and the
Eqg.(16) of axial forces and displacements is still
adopted in analyzing the upside of the fracture pile.
But the boundary conditions are different, so Eq.(16)
is modified as
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Where [TDVJ IS 2X2 matrix. Introducing Eq. (18)

into Eq. (11), then the dynamic impedance of a frac-
ture pile is obtained to be
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3.3 Example

A pile, length 10m, diameter 0.6m, in an elastic
homogenous half-space or stratum, is cut into two
parts of equal length. The shear wave velocity of the
soil layer is 150m/s. The modular ratio of the pile
and the soil, Ep/Es, is 1000. The soil layer from the
rigid layer to the pile tip is 2m thick.

Fig.3 shows vertical dynamic stiffness, Ky/Kp,as
a function of frequency ao In which a, =w-r,/v,,
K, is the dynamic impedance of the normal pile. Ac-
cording to the curve of Ky/Kp,~ ao, the dynamic im-
pedance of the fracture pile goes down with the di-
mensionless frequency ao It expresses that the
dynamic characteristics of the fracture pile should be
considered in high frequency.
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Fig.3 Vertical dynamic stiffness
as a function of frequency

4 CONCLUSION

A fracture pile, in an elastic homogenous half-space
or stratum, is analyzed to calculate its dynamic im-
pedance in the paper. A model of the fracture pile is
accounted for axial vibration. The model is not per-
haps perfect, but it is a method to begin the study of
the fracture pile. The individual example does not
detail the dynamic characteristics of the fracture
pile, but the tendency of the curve of K,/K, versus
ap can give a mainly rule.
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