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ABSTRACT

This paper analyzes the soil plugging effect of the open pipe
pile during the pile sinking process. The soil in the pipe pile is
regarded as a continuous and uninterrupted multiple units, and
the force analysis is carried out in the vertical direction, and the
vertical balance equation of the soil in the pile is obtained. By
establishing an equation, the expression of the plug height of the
pipe pile during the pile sinking process is obtained. Comparing
the theoretical calculation results with the actual project, it is
concluded that the theoretical calculation results can reflect
the overall change in the height of the soil plug. Therefore, the
pile plug height obtained by calculation has certain guiding
significance for the project.
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1. Introduction

Prestressed high-strength concrete pipe piles
have been widely used in engineering in recent
years because of their high single pile bearing
capacity, low cost, strong pile quality controllabil-
ity, good adaptability, fast construction speed
and good seismic performance. During the pile
sinking of the open pipe pile,, the pile end portion
of the soil is pushed to the peripheral portion of
the inner tube forms the influx of "soil plug.
"Many experts and scholars at home and abroad
have conducted in-depth studies on the soil
plugging effect of pipe piles. PAIKOWSKY ]
studied the influence of soil plug on the bearing
capacity and dynamic characteristics of pipe
piles. Liu Yu-hua @ applied the theory of circular
hole column expansion to analyze the force of
the soil in the precast pipe piles. The horizontal
squeezing effect of the soil was considered. The
change in the horizontal direction caused the soil
to change in the vertical direction. Through nu-
merical simulation, Wang Teng B! analyzed the
evolution of soil plug and the formation mecha-
nism of soil plug, and simulated the formation
process of soil plug during the entire pile sinking

VA
AR AR AR

Pipe Pile

L~ N

TN
soil
plug

process. Yan Shuwang  proposed a method for
judging soil blockage by studying the offshore oil
production platform. Judge the degree of occlu-
sion of the soil in the pile by the size of the bear-
ing capacity and friction resistance of the foun-
dation; Through experiments, Xie Yongjian [
compared the influence of different soil layer
structures on the effect of soil plugging, and
summarized the changes in the soil plugging in-
cremental filling rate of a specific soil layer. Zhu
Hehua [® considers that the open pipe pile is af-
fected by the confined water during the pres-
sure-bearing process. When the pipe piles are
driven into the water layer, the water will gener-
ate greater water pressure on the soil plug. The
water pressure is not good for the soil plug and
will cause the height of the soil plug to increase.
In summary, most of the research on the effect
of soil plugging is based on field test data, and
there is still a lack of calculation methods for de-
termining the height of soil plugging. This article
will establish an equation to analyze the force of
the soil plug and determine the calculation for-
mula for the height of the pipe pile plug.

2. Soil plug model
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Simplified model

of soil plug
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As the pile sinks, the steady state of the soil in-
side the pipe pile is continuously broken, forming
a new steady state. The friction force on the pipe
wall and the ultimate bearing capacity of the pile
end continue to change, which causes the influx
of soil to change continuously. The soil in the
pipe wall is switched between a fully occluded
state and an incompletely occluded state. The
degree of occlusion directly affects the end re-
sistance performance and failure behavior and
the bearing capacity of the pile. The physical and
mechanical properties of soil plug directly affect
the transfer of force between it and the pipe wall,
but there are relatively few studies on the soil
plug part, so there is a good prospect to study
the soil plug effect of pipe piles.

3.Theoretical calculation of soil plug height
For simple calculation, a one-dimensional bal-
ance equation is established. It is considered
that the soil in the force-bearing part is only af-
fected by the force in the vertical direction, while

the horizontal direction is considered to be sym-
metrical. Because of the symmetry, all horizontal
forces are canceled. That is, the force analysis is
performed on the part of the soil plug, and only
the vertical coordinate axis is established for the
force analysis, and the vertical downward direc-
tion is taken as the positive direction. At the
same time, the internal soil core is regarded as
a continuous and uninterrupted multiple units,
and there is no void in the soil during the entire
pile driving process. The force analysis of the in-
flux of soil in the pipe piles is performed and the
one-dimensional static balance equation is listed
as follows:

G+F=Q, (1)

G------ the gravity on the part of the soil plug;

F------ the effective height of the side friction
resistance of the soil to provide;

Qu ------- the ultimate bearing capacity pro-
vided by the foundation soil under the soil plug;

i a

The force of the soil plug

Obviously, the expression of easy-to-get gravity
is as follows:

G =mA @)

h------ soil plug height;

A------ Cross-sectional area of pipe pile;
Where vy is the natural weight of the soil in the
pipe pile, Since the soil poured into the pipe pile
is usually the first layer of soil, the soil under the
stratum structure may have been blocked during

the process of driving the pile, and it is difficult
for the lower layer of soil to enter the open pipe
pile again. Or because itis in an unplugged state,
but the influence of the soil on the pipe pile is
relatively slight, in most cases, the value of y only
needs to take the natural weight of the first layer
of soil. After calculating the height of the soil plug
in the pipe pile, the value of y needs to be
checked. If the height of the soil plug poured into
the pipe pile is less than or equal to the thickness
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of the first layer of soil, the natural weight of the
first layer of soil is directly selected as the natural
weight of the soil in the pipe pile. If the height of
the soil plug poured into the pipe pile is greater
than the thickness of the first layer of soil, the av-
erage natural weight should be used as the nat-
ural weight of the soil.

7=
X+ Xy +X, (3)

Use the weight of the first layer

from top to bottom, m;

y2----the density of the second layer of soil
from top to bottom, m;

Yn=-====- the density of the nth layer of soil
from top to bottom, m;

Xqmmmmmaas the thickness of the first layer of soil
from top to bottom, m;

Xo2----the thickness of the second layer of
soil from top to bottom, m;

Xn ==--- the thickness of the nth layer of soil
from top to bottom, m;

of soil for calculation
Calculation of the average
Calculate using the 1 weight of n layers of scil before
- average weight of the use
first and second layers of
Calculate the soil
corresponding pile plug
height
YES

Determine whether the
Calculation result is higher than
he height of the first layer of,

NO

Get the calculation <

Determine whether the calculation
esult is higher than the sum of the height
of the first and second layers of soi

YES

etermine whether the calculation

result

END

result is higher than the sum of the
eight of the first n layers of sai

Choose y calculation flow chart

F-----—the side friction resistance provided by the
effective height of the soil is determined by the

following formula:

F=L[ rd
@

Tz==m====n- the unit friction force of the pipe wall at
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the depth z of the soil plug inside the open pipe
pile.
z-z = 770\/ (5)

n-----the depth of the soil plug in the open pipe
pile is the ratio of the unit friction force of the pipe

wall to the vertical stress at z, Its magnitude de-
pends on the ratio of the stress value in the ver-
tical direction to the horizontal direction

It is assumed that the ratio of the height of the
soil plug to the effective height of the soil plug is€.

ho :fn (6)

Soil

plug |h
height

Effective
height ho
of soil plug

/\/

Pile H
sinking
depth

Combining all the previous equations, we can
get the equation about h.

Ly (@5 -EDh +/Ah-Q,A=0
7)

Transform the formula to get a new formula:

AP A 2Ly (26 - E)Q,A
Ly (25 -&%) (8)
For the effective height ratio &, the ratio of pipe

piles in sandy soil is between 0.69 and 0.78. The
value of n is between 0.15 and 0.23.Qu can be

h

calculated according to Terzaghi bearing

capacity formula or other empirical formulas.
Measure the inner diameter of the pipe pile in ad-
vance, and sample the soil on site in advance to
obtain relevant data about the soil below. There-
fore, we calculated the approximate value of the
plug height of the soil in the pipe pile at different
pile driving depths to guide the construction of
the project.

4. Standard

Internationally, the degree of soil occlusion is
usually measured by IFR and PLR values. Both
can reflect the degree of occlusion of open pipe
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piles. Under normal circumstances, the IFR
value and PLR value are between 1.0 and 0 .The
IFR value can see the change trend of the soil
plug part, and the PLR value can be more intui-
tive to see the height change of the soil plug part.
When the IFR value is equal to 0, it means that

the soil in the pile was completely occluded state.

As the pile driving progresses, the surrounding
soil will no longer flow into the pipe pile, and the
soil plug will not continue to grow. When the IFR
value is equal to 1, it means that the soil in the
pile is completely inoccluded state, the soil pours
into the pipe pile freely to form a soil plug of cor-
responding height. The depth of the pile driving
is equal to the height of the pipe pile soil plug
formed by the soil in the pile, and the soil plug
part no longer grows. When the value of IFR is
between 0 and 1.0, it means that the soil in the
pile is in a partially occluded state. The soil can
be poured into the pile, but the soil will be re-
stricted during this process, and the degree of
occlusion is between the completely occluded
state and the incompletely occluded state. When
the PLR value is equal to 0, it means that there
is no soil plugging in the pipe pile. When the
value of PLR is equal to 1, it means that the pipe

pile is filled with soil. In special cases, the value
of IFR and PLR may be less than 0. When the
value of IFR or PLR is less than 0, the height of
the soil plug in the pipe pile is negative at this
time. The soil in the pipe pile does not have a
plugging effect, but a soil squeezing effect. The
soil around the pipe pile did not enter the pipe
pile to form an occlusion, but the pile driving
caused the soil to gush out. This phenomenon is
just the opposite of the soil plugging effect. The
soil squeezing phenomenon often exists in
closed pipe piles, but generally does not happen
to open pipe piles.
IFR = A—h><100%
AH

PLR = h x100%
H

H------ the driving depth of the pipe pile at
a certain moment.

h------ the height of the soil plug in the pile
at a certain time.

AH--—--- the increment of the pile driving
depth of the pipe pile at a certain time.

Ah------ the increment of the height of the
soil plug of the pipe pile at a certain time.

{F 1k 4 T

IFR<0
Squeezing effect

IFR=0
plugged mode

0<IFR<1
partiy plugged mode

IFR=1 IFR>
unplugged mode

Different IFR values

5. Calculation Result Analysis open pipe pile during the pile driving process.
To verify the accuracy of the calculation method  And draw the result into a line graph with IFR
in this article, the experiments in the literature value and PLR value. There are two test sites in

are cited ["l. Calculate the soil plug height of the  Xijasha and Xiaoshan for PHC pipe pile driving
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tests. The main purpose is to study the experi- study the dynamic relationship between the
mental study of soil plug pile height. In this test, growth rate of soil plug and the pile driving depth.
the soil plug height in the pipe pile is measured 9.1 Xiasha test sites

every time the pile sinks about 1.8m, so as to

Physical and mechanical indexes of Xiasha test site

. Internal )
Water . Void o . Compression
) o Density/(kN/m3 . friction Cohesion
Soil layer Soil thickness/m content ratio modulus
) angle c/kPa
w/% e Es/MPa
@/ ()
1 3.2 29.1 18.50 0.882 29.5 16.0 16.0
2 15.8 26.9 18.81 0.820 30.2 12.2 12.0
3 6.0 29.6 18.60 0.887 29.3 11.5 9.4
4 125 31.7 18.10 0.977 16.9 16.9 8.7

The soil layer distribution of Xiasha site is mainly  The pipe pile adopts PHC-500 (110) prestressed

composed of silt soil. The soil layer distribution concrete pipe pile.

The pile length is 22m, and

and physical indicators are shown in the table. the pile is driven by static pressure construction.

Calculation results of soil plug height in Xiasha test site

. . Measured value of Measured Theoretical
Pile driving  Measured value of . .
) . ] the second pipe average value of calculation
depth the first pipe pile . . .
pile two pipe piles results
1.802 1.283 1.530 1.406 1.574
3.695 2.390 2.945 2.668 2.606
5.424 2.869 3.541 3.205 3.373
7.261 3.531 4.405 3.968 4.080
9.048 3.797 4.749 4273 4373
10.825 3.993 5.035 4.514 4514
12.518 3.994 5.037 4515 4653
14.476 4.031 5.121 4576 4788
16.219 4.039 5.163 4.601 4.920
18.097 4.045 5.180 4613 5.051
19.655 4.048 5.183 4615 5.178
21.562 4.061 5.185 4623 5253
IFR
0.0 0.2 0.4 0.6 0.8 1.0

Pile sinking depth (m)

24

—w— Theoretical calculation results

—a— )Measured value of the first pipe pile
—o— Measured value of the second pipe pile
—4A— Measured average value of two pipe piles

28
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The IFR value of PHC-500 test results and calculated results at Xiasha site

PLR

Pile sinking depth (m)

28 =

—a— )Measured value of the first pipe pile
—o— Measured value of the second pipe pile
—&— Measured average value of two pipe piles
—w— Theoretical calculation results

The PLR value of PHC-500 test results and calculated results at Xiasha site

For the entire test, the height of the soil plug in
the first pipe pile and the second pipe pile is the
actual measured value on site. It can be seen
from the figure that although the stratum struc-
ture is the same, the pipe piles are the same, and
other conditional variables such as loading con-
ditions are the same, the height of the soil plug
generated in the two pipe piles is different, indi-
cating that soil plugging is a very complicated
process. There are many factors that affect the
soil plug. However, the IFR value of the two pipe
piles is not much different from the PLR value.
Through the comparison of the two pipe piles,
the law of the change of the height of the soil
plug can be found. The average value of the ac-
tual measured soil plug height of the two pipe
piles is taken as the actual measured value of
the field test. Compared with the theoretical cal-
culation results, it is found that the PLR value fits
well. The trend and interval of the theoretical cal-
culation curve are between the actual measured
values on site, indicating that the calculated total
soil plug height is not much different from the
measured soil plug height on site. The IFR value

is basically between the actual measured values
on site. It shows that the calculation method of
the height of the soil plug has certain feasibility,
and the method of theoretical calculation can be
used for reference. It has certain guiding signifi-
cance when it is necessary to determine the
height of the soil plug during the pile driving pro-
cess. Judging from the test results of the Xiasha
site, the calculation process still has room for im-
provement. First of all, it can be seen from the
IFR value that there is a sudden change in the
IFR value at about 5.424m.According to the
above normal pile driving trend, the IFR value of
pipe piles will gradually decrease and will not in-
crease suddenly. In the process of pile driving,
as the pile driving depth increases, the soil in the
pipe pile tends to become completely blocked,
and the soil entering the pipe pile gradually de-
creases. The theoretical calculation result con-
forms to this rule, but in actual engineering, the
IFR value becomes slightly larger. As the pile
driving depth increases, the IFR value of the pipe
pile tested in the field at the pile driving depth of
12.518m is 0.The soil in the pile becomes
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completely occluded in the pipe pile. At this time,
the gravity of the soil, the bearing capacity of the
foundation and the frictional resistance of the
pile side begin to form a stable state, and the soil
basically no longer flows into the pipe pile. Sec-
ondly, the calculation of the bearing capacity of
the foundation tends to be conservative, which
makes the calculated height of the pipe pile soil
plug higher. After the pile driving depth of
14.476m, the pipe piles on site have been driven

to a completely occluded state, but the calcula-
tion result has not reached a completely oc-
cluded state, and is still in a partially occluded
state. According to the calculation of the equa-
tion, although it is small, the soil will still enter the
pipe pile. This mainly involves the calculation of
the pile side friction side, by a simple multiplica-
tion coefficient flawed, further improvement is re-

quired.
5.2 Xiaoshan test sites

Physical and mechanical indexes of xiaoshan test site

Soil thick-  Water con- . Internal . com

. Density . friction . pression

Soil layer ness tent 3 ratio sion

m Wi% [(KN/m?3) R angle o/kPa modulus

®/(°) Es/MPa
1 1.3 32.2 18.29 0.965 15.4 18.9 4.8
2 1.2 32.4 18.47 0.943 26.1 10.7 9.0
3 0.5 47.3 17.25 1.341 12.1 16.2 2.1
4 0.7 32.0 18.48 0.937 27.4 10.3 8.6
5 15.0 46.4 17.29 1.327 11.8 15.7 2.0
6 4.8 38.2 17.71 1.134 13.6 16.9 25
7 0.9 30.5 18.51 0.918 15.9 21.8 5.4

The soil layer distribution of Xiaoshan site is the interactive soil formed by silty soft soil. The soil
layer distribution and physical indicators are shown in the table.The pipe piles adopt PHC-400 (60)
and PHC-500 (65) two types of prestressed concrete pipe piles, 3 each, the pile length is 26m, and
the static pressure construction method is adopted for pile driving.

Calculation Results of PHC-400 Soil Plug Height in Xiaoshan Test Site

Measured av-

. . Measured Measured value  Measured value Theoretical
Pile driv- . erage value of .
. value of the of the second of the third pipe . calculation
ing depth ) . . . . . three pipe
first pipe pile pipe pile pile . results
piles
1.792 0.507 0.664 0.724 0.653 0.801
3.536 0.971 1.117 1.227 1.105 1.030
5.448 1.148 1.356 1.479 1.328 1.259
7.153 1.179 1.387 1.504 1.357 1.448
9.005 1.181 1.393 1.507 1.360 1.640
10.805 1.181 1.393 1.507 1.360 1.674
12.605 1.181 1.393 1.507 1.360 1.708
14.405 1.181 1.393 1.507 1.360 1.741
16.605 1.181 1.393 1.507 1.360 1.774
18.005 1.181 1.393 1.507 1.360 1.806
19.805 1.181 1.393 1.507 1.360 1.838
21.605 1.181 1.393 1.507 1.360 1.870
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IFR
0.2 0.4 0.6 0.8 1.0

—®— Measured value of the first pipe pile
—o— Measured value of the second pipe pile
—#A— Measured value of the third pipe pile
—v— Measured average value of three pipe piles
Theoretical calculation results

PLR
0.0 0.2 0.4 0.6 0.8 1.0
0 T T T T 1
5[ |
/g / ,,/’//
z -
= wg
%’4 10 “
"° KA
0 ///
S
o 1/
@ e
() Ly
—2op T
A [ 9
o5 —®— Measured value of the first pipe pile
—®— Measured value of the second pipe pile
—4&— Measured value of the third pipe pile

—v— Measured average value of three pipe piles
Theoretical calculation results

The PLR value of PHC-400 test results and calculated results at Xiaoshan site

Judging from the test results of Xiaoshan PHC-
400, the IFR values and PLR values of the three
field test pipe piles are different, which further il-
lustrates that soil plugging is a complicated pro-
cess.From the analysis of the PLR value, the
theoretical calculation result is greater than the
actual measurement result, and the calculated
PLR value is relatively close to the actual PLR
value measured on site, and the fit is better.How-
ever, the FLR value obtained from the calcula-
tion result did not become 0 at the pile driving

depth of 9.005m, but continued to increase at a
rate of almost 0.1.The main reason is that the
soil structure of the Xiaoshan production area is
silty soil and the geology is relatively soft. The
theoretically calculated foundation bearing ca-
pacity is greater than the on-site foundation
bearing capacity.The soil in the pipe pile be-
comes completely occluded at the pile driving
depth of 9.005m, and the height of the soil plug
will not change during the subsequent pile driv-
ing process.Compared with the IFR value of
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PHC-500 on the same site, the fitting degree of
PHC-400 is a little lower, indicating that the cal-
culation of the height of soil plug of PHC-400 is
not ideal for the calculation of soil plug height of
PHC-500.If the pipe diameter is too small, it will
affect the convergence of the IFR value and the
PLR value. It may be because the pipe piles with
small diameters have greater radial pressure in
the soil after they are squeezed into the soil,

making the ratio of horizontal and vertical
stresses P should be bigger. The increase of p
will make the height of the soil plug smaller and
it will be more convergence. Therefore, the IFR
value of the Xiasha site is more convergent than
the IFR value of the Xiaoshan site. From the re-
sults of the PLR value, the theoretical calculation
results basically fit the field test results.

Calculation Results of PHC-500 Soil Plug Height in Xiaoshan Test Site

Measured av-

. . Measured Measured value  Measured value Theoretical
Pile driv- . erage value of .
. value of the of the second of the third pipe . calculation
ing depth . . . . . . three pipe

first pipe pile pipe pile pile piles results

1.792 1.254 1.320 1.486 1.353 1.408

3.536 2.060 2.038 2.112 2.070 2.201

5.448 2.759 2.501 2.674 2.645 2.811

7.153 2.962 2.687 2.864 2.838 3.117

9.005 3.025 2.754 2.927 2.902 3.230

10.805 3.025 2.754 2.927 2.902 3.340

12.605 3.025 2.754 2.927 2.902 3.467

14.405 3.025 2.754 2.927 2.902 3.590

16.605 3.025 2.754 2.927 2.902 3.711

18.005 3.025 2.754 2.927 2.902 3.830

19.805 3.025 2.754 2.927 2.902 3.946

21.605 3.025 2.754 2.927 2.902 4.059

IFR
0.0 0.2 0.4 0.6 0.8 1.0
0 T T 1
A

— —
ol [}

Pile sinking depth (m)
[\
[e)

—&— Measured
—0— Measured
—A— Measured
—v— Measured

25

Theoretical calculation results

value of the first pipe pile
value of the second pipe pile
value of the third pipe pile
average value of three pipe piles

The IFR value of PHC-500 test results and calculated results at Xiaoshan site
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PLR
0.0 0.2 0.4 0.6 o -
0 | | I I I
1 o /
//*

10

201

Pile sinking depth (m)

—m— }easured
—@— Measured
—A— Measured
—v— Measured

Theoretical calculation results

25

value of the first pipe pile
value of the second pipe pile
value of the third pipe pile
average value of three pipe piles

The PLR value of PHC-500 test results and calculated results at Xiaoshan site

Compared with the PHC-400 pipe pile under the
same geological conditions, the calculated IFR
value of PHC-500 is more in line with the test re-
sults. The test pipe pile becomes completely oc-
cluded at the the pile driving depth of 10.805m.
As the pile driving progresses, soil no longer
flows into the pipe pile. The final IFR value of the
calculated result converges to less than 0.1.The
IFR value of the Xiaoshan site does not con-
verge to the IFR value of the Xiasha site. The
main reason is that the distribution of the soil lay-
ers of the Xiasha site is dominated by silt soil,
and the physical properties of the soil layers,
such as natural moisture content, internal friction
angle, cohesion, and void ratio, are relatively
close. However, the Xiaoshan site has obvious
stratification, and the soil structure alternates

with several layers of silty soil.
6. Conclusion

1. To study the soil plugging effect of pipe
piles is basically to study the degree of occlusion
of the soil in the pile. A lot of research data show
that after the pipe pile is driven to a certain height,

it is basically in a completely closed state, and
the soil in the pile basically no longer enters the
pipe pile.1. Exploring the state where the IFR
value is 0 is to study when the soil in the pile will
be in a completely occluded state.

2. Theoretical calculation of the height of
soil plug has a certain bias against the smaller
diameter opening pile. The main reason is the
side friction resistance of the small diameter pipe
pile. It may be because after the small-diameter
pipe pile enters the soil, the radial pressure of the
soil inside the pipe pile is greater, so that the ratio
of horizontal to vertical stress u should be
greater. The increase of p will make the height of
the soil plug smaller, and it will be more conver-
gent.

3. Theoretical calculations and field test re-
sults further illustrate the influx pile of soil is not
flat cylinder, but a soil arch structure is similar.
There is no sudden change in the size of IFR
where the physical properties of the formation
change.

4. There is still a lot of room to improve the
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experimental and theoretical calculation results.
For the test, the pile driving test should be car-
ried out at a small interval, and the height of the
soil plug should be measured more carefully.
The height of the pipe pile soil plug calculated by
the theoretical calculation results can only be
used as a reference now, and the calculation re-
sults are only instructive for the project. Regard-
ing the determination of the coefficients, a better
functional relationship needs to be established,
and more experiments and more accumulation
are required to obtain the func- tional relation-
ship.
Reference
[1] PAIKOWSKY S G, WHITMAN R V, BALIGH M

M.A new look at the phenomenon of offshore pile

plugging[J]. Marine Georesources and Geote-

chnology, 1989, 8(3):213-230.

[2] LIU Yu-hua, CHEN Zheng-zhou, PENG Zhi-jun,
GAO Yi-shan, GAO Peng. Analysis of pile driving

effect of precast tubular pile using cylindrical cav-
ity expansion theory. Rock and Soil Mecha-
nics, 2007, 28(10):2167-2172.

[3] WANG Teng, XUE Hao, WU Rui. Mechanism of
soil plug for jacked pipe pile in clay[J]. Rock and
Soil Mechanics, 2018, 39(12):4335-4341

[4] YAN Shuwang, DONG Wei, LIU Hanjun, FAN
Zhixia. STUDY of influence of soikl plug on driv-
ing piles offshore oil drilling platform.

[5] XIE Yong-jian, WANG Huai-zhong, ZHU He-hua.
Soil plugging effect of PHC pipe pile during driv-
ing into soft clay[J]. Rock and Soil Mecha- nics,
2009, 30(6).

[6] ZHU He-huan, ZHANG Zhong-miao, WANG
Huai-zhong. Behavior of long PHC piles driven in
Shanghai soft clay. Chinese Journal of Geote-
chnical Engineering, 2004, 26(6):745-749.

[71 ZHANG Zhong-miao, LIU Jun-wei, et al. Re-
search on plugging effect of jacked prestressed
concrete pipe plie[J]. Rock and Soil Mechanics,
2011,32(8):2274-2280.

SRR: http://escipub.com/scientific-research-and-reviews/



