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Engineering experience showed when the soil and
pile style is determined, the bottom condition, the di-
rection of force applied on pile, the characters of near-
by soil, the depth of soil can also influence the value of

[1=3]

utmost shaft soil resistance . For the variation rea-

son of shaft soil resistance of pile, some researches
have carried out from different aspects such as the per-

, the interact of pile and soil®! | the
[7.8]

formance of soil *’
depth of pile!®’ | the influence of bottom resistance
and so on. Because the essence influence factors are
the strength and stiffness of pile-soil system, the analy-
sis study should be carried out.

Load test is a wide used method to test the shaft
soil resistance of pile. But how to use the field data
and the testing result to analyze the determining factors
of shaft soil resistance of pile is an unsolved problem.

A procedure of such analysis is introduced using ADI-

NA software.
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1 Crucial influence factors of shaft soil re-

sistance

There are many factors influencing on the shaft
soil resistance, but only two of them are crucial. One
is the strength of the pile-soil interface, the other is the
strength of the soil. The value of the utmost shaft soil
resistance is determined by the relatively weak one.
The strength of the pile-soil interface and the strength
of the soil have something in common, but actually
deferent. Testing results show that the strength of the

pile-soil interface can expressed as'’’

Q =a+uP (1)
in which, a is the adhesive force of the pile-soil inter-
face, w is the coefficient of friction. This expression is
similar to the expression of shearing strength of soil,

but the meaning are different.
L10]

The expression of soil
shearing strength is

T =c+otan g (2)
in which, ¢ is the coherence of soil, ¢ is the angle of
internal friction of soil. In the expression of the pile-
soil strength the adhesive force is determined by the co-

herence of the soil and the microcosmic constitution of
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the pile surface. The coefficient of the friction is cor-
relative to the coarseness of the pile surface and the
material speciality. Analyzing with the theory of con-

tact mechanics and fractal, the

1]

expression can
be get'

w = f(D,G,pv,K ) (3)
in which, D is the fractal dimension of surface outline
G is the scale coefficient reflecting the range of outline,
A, is the actual contact area, v is the poisson ratio of
material, ¢ is the character parameter of material
which can be regarded as the yield strain of material ,
K is the correlation coefficient of the rigidity and yield
stress.

D, G and A, are the parameters reflecting the
coarseness of pile-soil interface, v, ¢ and K are the
parameters reflecting the characteristic of material.
From above expression it can be seen that the friction
coefficient is a value related to the coarseness of the in-
terface and the characters of the contact material. Ana-
lyzing with the above expression is very complexity.
There are differences in the pile-soil interface strength
and the soil shearing strength. The soil shearing
strength is correlative with the contact force between
soil particles, while the pile-soil interface strength is
correlative with the contact force between pile particles
and soil particles.

When the strength of the pile-soil interface is high
enough, the destroy will happen in the soil. It is not to
considered that the side soil resistant of a pile is com-
pletely determined by the soil strength. Because the
soil is not barely bear the shearing force, there are o-
riginal vertical and side direction pressures, which
made the soil under three direction forces. Soil stress
around pile is axial symmetry, a hexahedral element
(fig. 1) is chosen to be analysed. In fig. 1, shearing
stress 7 is caused by shaft soil resistance of pile, other
stresses are determined by original soil stress and the

constrict condition of nearby soil when soil being defor-

ming. Based on the strength rule of soil, the strength
condition is determined by all stresses of the hexahed-
ral element. The shearing stress 1 is not a certain value
when the element reaches its strength condition, this
means the shaft soil resistance of pile is not certain al-

SO.
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fig. 1 Hexahedral element and its stress

The influence factors can be summed up in three
aspects: (1) the original vertical and side pressures of
soil and the changes of them caused by the displace-
ment of pile; (2) the strength parameters of the pile-
soil interface (¢, u); (3) the material characteristics
of a pile and soil. The main reasons that cause the dif-
ferent of the shaft soil resistance of a pile are the origi-
nal value and changes of vertical and side pressures,
especially of side pressure, because the side pressure
can influent not only the maximum and minimum value
of principle stress, but also the value of interface fric-
tion.

The destroy mechanics can be simulated by finite
element analysis. Commonly finite element calculation
will set contact elements in the interface of a pile and
soil. The contact element has its particular strength
condition and stress-stain rules, which are independent
to the material parameters of soil. For different param-
eters of soil or the interface strength, destroying may
happen in soil or in the pile-soil interface. In the cal-
culation, parameters of soil can refer to geologic exami-
nation report, parameters of the pile-soil interface can

be obtained from test data. For more accurate calcula-
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tion, the parameter choosing is important.

2 Analysis of shaft soil resistance

Pile calculation method can be concluded as fol-
lows; (1) methods basing on mechanics, such as
load-transfer method, elastic method, shearing distor-
tion transfer method etc; (2) methods basing on expe-
rience, such as statistics methods; (3 ) numerical
methods. Finite element theory is the representative
method of numerical method. Pile testing results indi-
cates that the shaft soil resistance of pile is influenced
by pile style, pile length, side soil and their position,
bottom condition and so on. For the complex interac-
tion of pile and soil, to add up the statistic value of
shaft soil resistance of pile only according to the soil
characteristic can not get the accurate total value.
Using finite element method can take the interact of
pile and soil into account, so it is more suitable for the
study of the mechanism of shaft soil resistance of pile,

ADINA is a common finite element program, the
steps to forming a ADINA program for pile calculation
are as follows. (1) For pile-soil calculation, axial sym-
metry model can be used. The range of calculation is
shown in fig. 2(2) The surface according the position of
point and the boundary condition are defined. (3)The
material characteristic and element group are defined.
For pile elastic model can be used. For rock or soil
Mohr-Coulumnb model or Drucker-Prager model etc
can be used. (4) The original stress is calculated. A
“transfer” method can be used to apply the original
soil stress. Firstly several temporary soil elements are
set up, for convenience to apply original stress, the
position of temporary soil element can be same as the
position of pile element, their characteristics is same as
nearby soil. After applying gravitation, calculation can
be fulfilled and the soil stress from the result can be

drawn out. In this step of calculation the soil pressure

parameter need not be imported because all condition
are clear the stress of every nodes can be calculated di-
rectly. The calculated stress of this step is the original
stress. (5) The actual model of pile-soil system is es-
tablished. The temporarily soil element set in the origi-
nal stress calculation is deleted, and the element is re-
placed with pile element. (6) The contact group and
contact pair are defined. (7) The original stress in the
new model is applied and the pile load is applied. (9)

The calculation is carried out.
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fig.2 the sketch map of griding area in finite element analysis

To judge the destroying happened in soil or in the
pile-soil interface, ADINA interface order “tied” is
used to make the interface unbreakable. The calculated
result is determined by the strength of soil. Comparing
with the calculation results with the testing results, the
actual destroying position can be known. If the inter-
face is set to be unbreakable and the shaft soil resist-
ance of testing values is smaller than calculating one,
it indicates that destroying position is in the pile-soil
interface. In equation (1) the value of  is the testing
value of shaft soil resistance, the value of P is side soil
pressure, which can be calculated with the ADINA
program. One of the value ¢ and w should be deter-
mined firstly according to the different soil characters,
then the other one can be calculated. By analyzing the
destroy position and interface parameters of pile-soil

system, the influence factors of shaft soil resistance of
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pile can be clear. Because the friction force is affected
distinctly by the side soil pressure, when estimating the
shaft soil resistance which is determined by the friction
of pile-soil interface the depth of soil should be taken

into account.

3 Analysis example

An analysis example for compressive test of short
pile in middle weathered rock is given. The test was
conducted in haizhu District, Guangzhou city. The test
piles are all 0.5 meters in diameter and 0.5 meters in
length. The geologic data and the position of short piles
are shown in fig. 3.

Because the geologic situation and the depth of
each pile is almost same, it can be calculated using a
single one model. The calculated depth is 25 m. The
geologic situation and values of parameters for calcula-
tion is shown in table 1. For medium weathered rock
Mohr-Coulomb model is used, for weak weathered rock

elastic model is used.

deapth short pile 2+ 3#

deapth short pile 1# deapth short pile 4#
0.06 — 0.00 0.00
@
1146 ) 1.11‘ 42 testlrigl P41%e
sting pile E
13.21 Sh3%0—F=— 1570
3]
) @ i D [
2781 B 26.30 25.17

@ ——middle weathered (partly little weathered) calc mudstone
@ — little weathered calc mudstone

fig. 3 The geologic situation and the location of the test piles

Firstly, set the contact pair as tied, which make
the interface unbreakable. The calculated ultimate
shaft soil resistance is 5 661 kPa, which is much big-

ger than the testing value. So it can be presumed that

the destroy happened in the pile-rock interface. After
determining the destroying happened in the interface,
the interface parameters can be calculated using testing
data. From equation (1) it can be known that the in-
terface condition is determined by the parameters a and
u and side soil pressure P. Side soil pressure P is dif-
ficult to be test, but can be easily calculated with ADI-
NA software. From tests it was known that the g value
of medium weathered rock and concrete changes be-
tween 0. 80 and 1.30'"'. When side pressure value is
low, the error of u value would not influent the result
distinctly, so the y value can take as 1.05. The adher-
ence value can be gotten using testing value minus cal-
culated friction value. The calculation value is shown

in Table 2.

Table 1 The geologic situation and values of parameters

for calculation

Depth of  Elastic Internal
Soil density Coherence Friction
soil horizon modulus friction
horizon /kg+m~® /kPa coefficient
/m /MPa angle/ (°)
Middle
weathered ~ 15.7 4.0 2.0 1 046.0 48.0 1.05
rock
Little
weathered ~ 25.2 18 2.2 / / /
rock

Table 2 The comparing between the testing values and
calculating values of side rock resistance of piles in

compression testing

Pile Test value Calculated value of Interface
number/ (#) /kPa interface friction/kPa  adherence/kPa
1 2 866 2 097
2 2 548 1779
769
3 2229 1 460
4 2229 1 460

From the analysis it can be presumed that for the

testing short piles, the ultimate shaft rock resistance
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will range from 1 460 kPa (when the original rock
stress is zero) to 5 661 kPa (when the original rock
stress is big enough and the shaft resistance is deter-
mined by rock strength) and the value between them is

determined by the original rock stress.

5 Conclusions

(1) The influence factors to the shaft soil resist-
ance of pile can be summed up in three aspects: First,
the original vertical and side pressures of soil and the
changes of them caused by the displacement of pile.
Second, the strength parameters of the pile-soil inter-
face (¢, w). Third, the material characteristics of a
pile and soil.

(2) An analysis procedure of shaft soil resistance
of pile using ADINA software should include three
steps: First, judging the destroy position and using the
testing value to calculate the interface parameters if the
destroy happened in the interface. Second, determi-
ning the interface parameters a and p consulting to the
parameters ¢ and tg ¢ of soil. Third, adjusting the pa-
rameters to make the result to be agree with the testing
results and distinguish the friction force from the adher-
ence force in pile-soil interface strength. Because the
friction force is affected distinctly by the side soil
pressure, when estimating the shaft soil resistance
which is determined by the friction of pile-soil interface
the depth of soil (or the original stress of soil) should

be taken into account.
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[ Abstract]| The competition among the container transport companies grows more and more vehement, however,
the management levels and methods of those companies have not been increased accordingly. Based on analyzing a
lot of restrictions elements in the multimodal transport system, from the view of realizing profit-maximizing of the
transport operators, a cargo container transport schedule optimization model is constructed, according to this kind of
Integer programming model, a corresponding example to is also give verify the validity of the model.

Integer programming model

[ Key words] multimodal transport freight scheduling
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Characteristic and Analysis Method of Friction and Adherence of Pile and Soil
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[ Abstract] The shaft soil resistance of pile may change in different situation. It is important to analyze the influ-
ence factors of it. The friction and adherence mechanics of shaft soil resistance of pile are analyzed. It is indicated
that the main influence factors are the strength of pile-soil interface and the strength of soil. The strength of pile-soil
interface include interface friction and interface adherence. Accordingly, finite element analysis of testing piles
should include following content. First, to judge the destroy position in the pile-soil interface or in the soil by trial
calculation. Second, if the destroy is judged to be in the pile-soil interface, a further calculate is needed to make
clear the proportion of friction and adherence by presuming the friction coefficient. The ADINA program for pile
analysis is introduced. A set of side friction testing results of a group of concrete short pile in middle weathered rock
is analyzed using ADINA program to illuminate the analysis procedure.

finite element analysis friction

[ Key words] pile shaft soil resistance of pile ADINA



