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MECHANICS

Mohammed B. AKHUNDOV, Rahim S. GULIYEV

LASTING DESTRUCTION OF A PILE INTO SOIL,

BEING EXPOSED TO IMPACT

Abstract

In the problem it has been investigated the scattering (microscopic) lasting
destruction process originating in an unbroken, homogeneous, isotrop, non –
linear damaged hereditary – elastic pile with a finite length and a circumferential
cross section, being situated into soil, in the vertical direction, as a result of being
exposed to an impact on its top – end. At this time the dynamic loading in the
case of a small impact velosity has been looked through and existence of rubbing
forces between the side surface of the pile and soil has been taken into account
( here, it is taken into account that along the side surface of the pile it occur a
stable distribution for the rubbing forces), it has been accepted the density of the
pile and the bed coefficients of soil are stable, the influences of weight forces and
temperature have not been taken into account. In special case the dependence of
the first destruction moment of the pile upon its non – linearity parameter and
the time dependence of the percentage function of destruction have been found
out and analysed. Here, as general case the equilibrium equation for the pile
which fulfils the conditions of the problem and its cross section is a convex and
one – connected domain with any profile has been found. In the problem, for
the first time, it has been taken into account, in complex form, the processes
of viscosity, formation and accumulation of damages, restoration of defects,
hereditary deformability of material, as the factors of lasting of destruction,
changing of mechanical quality (the instantaneous Young’s modulus) of material
of the destructed domain, pliancy of an obstacle (soil), existence of rubbing
forces between the side surface of the pile and soil, that this create the more real
solution of the problem too.

Firmness and endurance characterizations of constructions and structures are
theirs basic quality proofs. Nowadays research of a firmness problem in a dynamic
loading case (in the other words, a dynamic firmness problem) is one of the most
necessary and important problems. It is known that it wide make use of piles in
industry, for instance, at the building of the sea trestles and at the other buildings
over the water. At this time majority of piles are thrust into soil by means of
to strike the certain impacts on them and it is necessary so doing that, be fewer
quantitative proof of damages in a pile, as a result of impacts and thus, be possible
remaining steadfast of a pile during more long time too. Because of this, studying
of the destruction and firmness problem in the piles being exposed to the impulsive
loadings is of great importance.

The pile being looked through in the present work has the following peculiarities
(Fig.1):

- it is with a finite length;
- its cross section is a convex and one – connected domain with any profile;
- it is unbroken, its material is homogeneous, isotrop, non – linear damaged

hereditary – elastic;
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- it was situated into soil, in the vertical direction (it associate with soil, along
its whole surface excepting the surface of its top – end);

- on its top – end it is exposed to an one – stage small velocity dynamic loading
which has been directed to another end, in the direction of the pile.

In the present work it has been investigated the scattering (microscopic) destruc-
tion process (that is to say the covert stage of destruction) originating in the pile
being looked through, as a result of the dynamic loading of it. At this time it has
been taken into account existence of rubbing forces between the side surface of the
pile and soil. Here, it is taken into account that along the side surface of the pile it
occur a stable distribution for the rubbing forces. It has been accepted the bed coef-
ficients of soil are stable, it has not been taken into account the influences of weight
forces and temperature, it has been accepted the density of material is stationary, in
connection with being small of deformation, because of being the dynamic loading
in the case of small impact velosity. Thus, the problem is geometrical – linear and
isothermal. In the problem, for the first time, it has been taken into account, in
complex form, the processes of viscosity, formation and accumulation of damages,
restoration of defects, hereditary deformability of material, as the factors of lasting
of destruction, changing of mechanical quality (the instantaneous Young’s modulus)
of material of the destructed domain, pliancy of an obstacle (soil), existence of rub-
bing forces between the side surface of the pile and soil, that this create the more
real solution of the problem too.

The processes of deformation and damage of the pile has been described (inves-
tigated) under the Yu.V.Suvorova’s one – dimensional model of the damaging solid
body [2, 4]. Under this model: the scattering (microscopic) destruction criterion is
in the following form:

|σ + M∗σ| = σ∗;

the general determinant relation between the deformation and stress is as follows

ϕ (ε) = σ + P ∗σ; (1)
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here, ε is deformation, σ is stress, σ∗ is lengthwise firmness limit of the pile material
in defectless state, ϕ (ε) is the non - linear instantaneous deformability (deformation)
function, P ∗ = L∗+M∗, L∗ and M∗ are the hereditary type operators characterizing
accordingly the processes of viscosity and damage [7]. It is necessary to note that in
the problem being looked through it has been made use of the weak – singular Abel
cores as the cores of the operators L∗ and M∗, because this type cores describe the
processes of viscosity and damage more fully than the regular cores [7].

The Lagrange coordinates system has been placed so, that the coordinates be-
ginning of the system falls under one on top of the other with the top – end of the
pile, being exposed to the impact and the space axis x, in parallel the pile, has been
directed from this end to another one (Fig. 1).

The combinatorial equation of the deformation and speed is so [6]:

∂ε

∂t
− ∂υ

∂x
= 0, (2)

Here, υ is speed, x and t are the variables of space and time respectively. It
has been made use of the following (linear) relation between the displacement and
speed, as the problem is geometrical – linear:

∂u

∂t
= υ, (3)

here, u is displacement. The reaction of soil has been computed according the linear
Vinkler model [5], such that

τ (x, t) = k1u (x, t) , σ (l0t) = k2u (l0t) ,

here, τ is rubbing stress being created along the side surface of the pile, k1 and k2

are the bed coefficients appropriate to the soil masses agreeable to the down – end
and the side surfaces of the pile respectively, l0 is initial length of the pile.
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Along the border line (contour) of the cross section of the pile the total sum of
the rubbing forces is aτ (a is length of the border line of the cross section of the pile).
The force belonging to the unit part (field) of the cross section of the pile is

aτ

S
(S

is the field of the cross section of the pile). Then the force corresponding to a small
element with the dx height, appropriate to the unit field, will be

aτ

S
Sdx = aτdx

(Fig. 2). The equilibrium equation of the element will be as follows:

−σS +
(

σ +
∂σ

∂x
dx

)
S − aτdx − Q + (Q + γcSdx) = ρ

∂υ

∂t
Sdx,

Here, Q is the weight force, γc and ρ are the specific weight and the density of
the pile material respectively (γc = ρg, g is the acceleration of gravity). Finally we
obtain:

ρ
∂υ

∂t
− ∂σ

∂x
= γc −

a

S
k1u. (4)

Here, in special case it has been looked through the pile with a circumferential
cross section, in this case it shall be: a = 2πR, S = πR2 (R - the radius of the cross
section of the pile). Then Relation (4) shall fall under the following form:

ρ
∂υ

∂t
− ∂σ

∂x
= γc − 2

k1

R
u. (5)

The initial conditions are nought, such that

υ (x, 0) = σ (x, 0) = 0.

The boundary conditions are so:
- on the top – end of the pile the dynamic loading condition is allowed in the

following form:

υ (0, t) =
{

υ∗, when 0 < t ≤ t∗,
0, when t > t∗,

here, υ∗ is the stable velocity characterizing (representing) the impact;
- on the down – end of the pile the contact condition according to the linear

Winckler model is allowed:
σ (l0, t) = k2u (l0t) .

The non-linear instantaneous deformability (deformation) function has been ac-
cepted as follows [1]:

ϕ (ε) =

⎧⎨
⎩

Eε, if ε ≤ ε0,

E

[
γε + (1 − γ)

(
2ε0 − ε2

0

ε

)]
, if ε > ε0;

(6)

here, E is the instantaneous Young’s modulus of the pile, such that[8]

E =
{

E0, |σ + M∗σ| < σ∗
E∗, |σ + M∗σ| ≥ σ∗

E0 and E∗ are accordingly the instantaneous Young’s moduli appropriate to the
nondestructed and the destructed parts of the pile, ε0 is the elastic deformation
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limit of the pile, γ is the non – linearity parameter (without unit of measurements)
of the pile, such that 0 ≤ γ ≤ 1, if γ = 1 then relation (6) take a form of Hooke’s
law, if γ = 0 then this relation allows Malvern’s diagram.

Here, direct the quantities without the units of measurements are these [7]: ε, ε0,
ε∗, α∗, β∗, η∗, γ. In the following form quantities without the units of measurements
instead of some quantities with the units of measurements (with the exception of the
deformation, such that that is direct the quantity without the unit of measurements;
therefore, no replacement or pass operation has been done for the different quantities
without the units of measurements excepting the deformation too), taking part in
the problem[7]:

R

l0
→ R,

x

l0
→ x,

tc0

l0
→ t,

∆x

l0
→ ∆x,

∆tc0

l0
→ ∆t,

t0c0

l0
→ t0,

u

l0
→ u,

υ

c0ε0
→ υ,

σ

E0ε0
→ σ,

ε

ε0
→ ε,

υ∗
c0ε0

→ υ∗,
σ∗

E0ε0
→ σ∗,

ε∗
ε0

→ ε∗,
ϕ (ε)
E0ε0

→ ϕ (ε) ,

k1l0
E0ε0

→ ki, i = 1, 2,
gl0
c2
0ε0

→ g,
λ∗l1−σ∗

0

c1−β∗
0

→ χ∗,

here, λ∗, α∗ and χ∗, β∗ are the contants belonging to (entering) the cores of the
operators L∗ and M∗, respectively, η∗ = E∗/E0, t0 are the first destruction moment
of the pile, ε∗ and c0 are the deformation limit determining the restoration of the
defects and the spread speed of the elastic wave, in the pile, such that c0 =

√
E0/ρ0,

ρ0 the first (initial) density of the pile.
Thus, all the following quantities are without the units of measurements.
After the expressing relation (1) with the quantities without the units of mea-

surements and the doing some corresponding mathematical operations into it, that
falls under the following form [7]:

∂σ

∂t
− c2 (ε)

∂ε

∂t
= −P ∗

(
∂σ

∂t

)
, (7)

here, c (ε) is the spread speed (state without units of measurements) of the non –
linear hereditary – elastic wave in the pile [3], such that c (ε) =

√
dϕ (ε) /dε.

After passing to the quantities without the units of measurements, in relations
(2), (3), and (5), these relations take the following forms:

∂ε

∂t
=

∂υ

∂x
= 0,

∂u

∂t
= υ,

∂υ

∂t
− ∂σ

∂x
= g − 2

k1

R
u. (8)

Relations (7) and (8) found a covered system of the equations, consisting of
the four unknowns (σ, ε, υ, u) and the four equations, together. It is possible to
create this system in the following simple form by means of the doing certain simple
mathematical operations into it:⎧⎪⎪⎨

⎪⎪⎩

∂υ

∂t
− ∂σ

∂x
= g − 2

k1

R

t∫
0

υdt,

∂σ

∂t
− c2 (ε)

∂υ

∂x
= −P ∗

(
∂σ

∂t

)
.
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The last relations found a covered system of the quasilinear hyperbolic type par-
tial integro – differential equations of first-order, consisting of the two unknowns
(υ, σ) and the two equations. And this system and the corresponding initial and
boundary conditions make up the mathematical statement (formulation) of the prob-
lem together.

Analytical solution of the mathematical problem which has been stated is very
difficult. Therefore, the problem has been solved numerically by the straight char-
acteristic method with the first-order evident finite differences scheme in the rectan-
gular Lagrange netting fulfilling the Courant – Rees – Isacson’s stability condition
for the evident scheme [9] too.

It is known that here, a dynamic loading is in the case of the small impact
velocity, therefore, for the numerical solution it is created a base to make use of
the rectangular Lagrange netting. The description and its the condition of system is
same with [1; 7; 8]. The approximate relations have been programmed into “Paskal”
programming language (“Boorland Paskal 7.0 for Windows” version) and they have
been computed by a personal IBM.

When the computation has been done, the values of a number of the quantities
has been accepted, in general case, in the following form:

Fig.3. A dependence of the first destruction moment upon the
non-linearity parameter of instantaneous deformability (deforming):

υ∗ = 0.5; k1 = k2 = 4.
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Fig.4. Changing of the per cent of the destruction zone of the pile in
comparison with the complete volume of the pile dependently on time:

υ∗ = 1.5; k1 = k2 = 1.

∆x = ∆t = 0.05, g = 0, λ∗ = 0.001, χ∗ = 0.002, a∗ = β∗ = 0.8,
γ = 0.5, σ∗ = 3, t∗ = 0, ε∗ = 1, k1 = k2 = 1, η∗ = 0.01.

here, ∆x and ∆t are accordingly the steps of the characteristic netting, appropriate
to the variables (numerical axes) x and t. The results of the computation have
been represented (illustrated) in the form of the graphics. In Fig. 3 the non-
linearity parameter dependence of the first destruction moment (t0 ∼ γ) has been
given (υ∗ = 0.5, k1 = k2 = 4) . It seems that when the value of γ changes on interval
(0, 1], the value of t0 changes on a narrow interval as [0.5, 0.6], such that when the
value of γ changes on the intervals: 1). (0, 0.2], [0.4, 0.8], and [0.9, 1], the values of
t0 are identical, such that on the first two of these intervals everywhere t0 is equal
to its biggest value (t0 = 0.6), into the last of these intervals everywhere t0 is equal
to its smallist value (t0 = 0.5); 2). [0.2, 0.3], [0.3, 0.4] , and [0.8, 0.9], the values of
t0 change too, such that into the first and the third of these intervals the occuring
moment of the first destruction is sped up, and into the second of these intervals the
occuring moment of the first destruction is delayed. In Fig. 4 the time dependence
of the percentage function of destruction (this function points to what per cent the
destructed part of the body makes up in comparison with its complete part) has
been given (υ∗ = 1.7). It seems that with passing time the volume of the destructed
domain in the pile increase periodically in the right – lined (linear) direction.
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