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With the popularized application of micropile for slope reinforcement, there are many kinds of pile section form, such as single
steel bar, multisteel bar, and tube. In order to obtain the theoretical calculation model of horizontal capacity of micropiles with
different types, numerical simulations for two common conditions, namely, soil-soil and soil-rock, were carried out to study
micropile reinforced slope’s deformation and failure regulation. -e dominated indicator for micropile horizontal capacity was
acquired. By using the equivalence principle, four kinds of micropiles’ capacity calculation model were deduced. -en, FEM
numerical analysis was used for validation. -e results show that the flexural capacity of micropile is a critical and dominated
indicator which should be considered seriously in slope reinforcement design. When the ultimate flexural capacity is reached, the
displacement of micropile reinforced slope will increase rapidly. -e primary factor affecting the flexural capacity of micropiles is
pile diameter, followed by section reinforcement ratio. -e calculation results of the calculation model of flexural capacity
proposed in this paper are close to those of numerical ones and are safer. -e calculation model can provide reference for
micropile selecting and slope reinforcement design, especially for quick design of emergency engineering.

1. Introduction

A variety of slope reinforcement measures have been used
in construction, including anchor rod frame, retaining wall,
antislip pile, and micropile. Among all kinds of rein-
forcement structures, micropile is promising in the engi-
neering field with its unique performance characteristics
considering the lightening, miniaturization, and economic
and environmental protection of landslide support struc-
ture projects [1, 2]. -e micropile is usually a tiny diameter
bored pile with a hole diameter less than 300mm and a
length diameter ratio greater than 30. High-capacity body
reinforcements are used as the principal load bearing el-
ement in micropiles [3]. -ese bodies usually contain steel
bar, steel tube, waste rail, and so forth. Because of the
benefit of strong adaptability and fast construction, it is
widely applied in reinforcement engineering, especially
emergency engineering [4].

Traditionally, researchers believed that micropiles could
only carry vertical loads in the form of tree root piles, due to
the relatively large length and slenderness of micropile. In
the last 30 years, with the development of micropile tech-
nology and its application in engineering, researchers have
gradually recognized that micropile can carry lateral loads
(see Figure 1) and its horizontal capacity is essential to its
operational performance [5–7].

At present, the horizontal capacity calculation method of
micropile can be roughly divided into three categories: the
method based on the calculation theory of ordinary antislip
piles, the equivalence method, and the numerical calculation
method. -e first method originates from the pile-soil in-
teraction theory of general passive piles, which can be ap-
plied to the case where the micropiles are arranged more
sparsely and cannot form a monolithic structure with the
soil. Multiple theories have been developed for analyzing the
mechanical behavior. In early development, the mechanical
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response of a single pile subjected to lateral loads was in-
vestigated [8]. With further research, the nonlinear behavior
of laterally loaded pile groups was analyzed based on the
semianalytical or Winkler elastic method [9, 10]. Some
works were carried out on uplift load capacity recently,
including single and group calculation method [11].

-e equivalence method considered traditional retaining
structure as a whole composite structure for the micropile
group with small pile spacing that the micropile and the
surrounding soil form a whole structure to bear the load
together. -e calculation method can be developed based on
the calculation method of this retaining structure [12–14]. It
can be further divided into the following methods according
to the different equivalence methods:

(1) Reinforced concrete beam method: this method is a
semiempirical and semitheoretical method. -e
composite structure of the micropile and the rock-
soil body around the pile is treated as a reinforced
concrete beam and analyzed according to the cal-
culation method of the reinforced concrete beam.
-e equations are given without the pile-soil adhe-
sion. Meanwhile, the empirical calculation formula is
proposed considering the partial adhesion between
pile and soil.

(2) Equivalent section method: this method considers
the micropile combined structure as a flexible
retaining wall. It carries out the design verification
based on the calculation theory of retaining walls and
the principle of equal deformation.

(3) Equivalent stiffness method: this method equates the
small combination pile to a certain thickness of
underground continuous wall according to equal
flexural stiffness.

Numerical analysis can simulate the actual working
conditions, which is the most rigorous solution and the most
potential calculation method. Chen el al. [15] carried out
numerical simulation of the flexible micropile (l/d more than
50 in general) with finite element software ABAQUS. It is

shown that the larger the diameter and the larger the friction
angle of soil, the larger the lateral bearing capacity of
micropiles. Lee et al. [16] investigated the behaviour of piled
raft installed in soft clay using a 3D finite element analysis.
-ey demonstrated that using a limited number of strate-
gically located piles increases the raft bearing capacity and
reduces its settlement. Cho et al. [17] utilized 3D FEM to
study the settlement behaviour of pile raft foundation in clay
soils. -e soil was modeled using an elastic-perfectly plastic
material with the Mohr-Coulomb failure criterion, and the
piles were modeled as linear elastic material. -e results
indicated that the average settlement of the piled raft can be
effectively reduced by widely spaced piles, while the dif-
ferential settlement was reduced by placing the piles within
the central area of the raft. Alnuaima et al. [18] carried out
FEM calculation onmicropiles and verified it with centrifuge
tests. Some cases were analyzed taking into account a
number of factors, such as the number of micropiles, the
spacing to micropile diameter, and the raft thickness. It was
found that a micropile system can increase the tolerable
bearing pressure by 100% compared to an isolated raft
system, and an adjustment factor was introduced to account
for the raft flexibility.

All these studies above have provided guidance for
analyzing the horizontal capacity of micropile. However,
horizontal capacity indicators for micropiles include flexural
capacity, shear capacity, and uplift capacity. It is necessary to
acquire the dominated indicator in preventing slope de-
formation and failure process. Moreover, many current
calculation methods simplify micropile as steel pipe pile. In
fact, nowadays different section forms are developed for
micropile in order to meet different engineering demands.
Reports concerning theoretical calculation model for dif-
ferent micropile section forms are few. In this study, the
deformation and failure behaviour of slopes reinforced by
micropile was firstly investigated. -e dominated horizontal
capacity indicator for micropile was acquired. -en, the
corresponding capacity calculation models for four typical
micropile section forms were deduced. -en, a numerical
simulation validation work was carried out. Finally, the
ultimate capacity of commonly used pile type was listed and
compared, which facilitates quick determination of micro-
pile selecting in engineering design.

2. DominatedCapacity IndicatorofMicropile in
Reinforced Slope

2.1. FEM Introduction. In order to find out which indicator
is more critical and dominated for horizontal resistance of
deformation and failure, FEM numerical simulations are
carried out. Figure 2 shows the analytical model of the three-
dimensional system of micropile reinforced slope. -e
model consists of two stacked narrow blocks to, respectively,
simulate the soil layers which are above and below the
potential sliding surface of the slope. A contact surface is set
between the two blocks to simulate the potential sliding
surface. -e model’s thickness, heights of the upper and
lower blocks, and the length of the upper block are repre-
sented as s, ha, hb, and l, respectively. -e micropile is laid in

Figure 1: Construction process of micropiles’ reinforced slope
(Hunan Lou-Di, China).
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the middle of the model through the length. -e simple
support constraints are set at the left, right, and lower
boundaries of the lower block of the model. -e model is
equilibrated under the uniform load σ applied at the upper
boundary of the upper block, simulating the formation of
relatively uniform Earth pressure in the model. -is process
aims to simplify the calculation and facilitate the analysis.
-en, the horizontal uniform load, which is represented as
the combined force F, is applied at the left boundary of the
upper block to simulate the landslide thrust. Under the
action of the thrust force, the horizontal displacement
generated at the left boundary of the upper block is δs. -e
horizontal displacement generated at the top of the multipile
is δp. According to the principle of the in situ direct shear
test, the horizontal thrust force F is the total resistance of the
micropile reinforced slope system.

Two patterns are simplified for the geological layers. -e
first pattern is homogeneous soil layers both above and
below the sliding surface (referred to as “soil-soil pattern”
hereafter). -e second one is set as a homogeneous soil layer
above the sliding surface and a homogeneous rock layer
below the sliding surface (referred to as “soil-rock pattern”
hereafter). -ese two soil patterns represent soil slope and
soil-rock combination slope, respectively.-e shear strength
of the potential sliding surface is dependent on the residual
strength of the soil. -e cohesion and internal friction angle
are discounted according to the nature of the different
geological layers. -e micropiles are designed using the pile
unit model built into FLAC3D. -e average and tangential
cohesion and internal friction angles of the micropile are the
same as those of the contact soil layer. -e average and
tangential stiffness of the contact surfaces are taken as
kn� ks� 100GPa for the pile unit parameters of the different
soil layer patterns, respectively [19]. -e parameters for the
FEM are shown in Tables 1 and 2, which are mainly esti-
mated by several material tests according to “Standard for
Geological Testing Method” [20] and “Standard for Test
Method of Concrete Structures” [21].

Figure 3 shows the grid model of the resisting force
analysis (only one element thickness of the model is shown).
Micropile is arranged in the middle of the model with a
diameter of 0.2m and a pile length of 20m. -e thickness of

the model is s� 3m and ha � hb � 10m. A uniform and
horizontal load is applied to the upper and left boundaries of
the upper block. -e load is gradually increased.

2.2. Analysis of Slope Resistance Results of Soil-Soil Mode with
Multipile Antislip Reinforcement. Figure 4 shows the vari-
ation curves of the total resistance (under support condition)
and the sliding surface resistance (under unsupported
condition) with the boundary displacement. It can be seen
that the failure process of micropile supporting slope can be
divided into three steps, namely, small deformation step,
deflection step, and uplift step.

Take “soil-soil pattern,” for example, when the hori-
zontal thrust pressure is less than 32 kPa, and the horizontal
resistance of the system is mainly provided by the shear
strength of the block surface. -e horizontal resistance
generated by the micropile is negligible due to the small
horizontal displacement. When the horizontal thrust pres-
sure is between 32 kPa and 40 kPa, the deflection of
micropile enhances. -e horizontal resistance provided by
the sliding surface is constant, and the extra horizontal
resistance is mainly provided by the flexural capacity of
micropile. It can be seen that the micropile has obvious
displacement control on the slope in the deflection step. In
this step, the horizontal displacement is about 1/2 of that
without support.

As the pressure increases continually, the bending
moment is close to the limitation, namely, ultimate flexural
capacity. When the horizontal thrust pressure surpasses
40 kPa, an apparent horizontal displacement increase with
nearly 40 cm can be observed. -erefore, the horizontal
thrust pressure of 40 kPa is the maximum when the con-
trolled displacement of the slope is within 10 cm. However,
the micropile still possesses a considerable pullout resistance
due to the relatively large shear strength between the pile and
the soil. -e deformation and failure process of the soil-rock
slope with micropile support is similar.

In general, when the ultimate flexural capacity of
micropile is reached, the displacement will increase rapidly.
At the same time, the antiuplift capacity has not been fully
played. -erefore, flexural capacity is the primary and
dominated indicator that needs to be considered in rein-
forcement design.

3. Derivation of Steel Tube Pile Flexural
Capacity Formula

3.1. Typical Section Form of Micropile. -e micropile con-
sists of cement paste and reinforcing material, and the
reinforcing material generally includes steel tube and steel
bar. Four typical types of micropile cross-section forms are
commonly used. “M25” means that the compressive
strength of the cement mortal is nearly 25MPa.-is kind of
cement mortal is widely used in micropile engineering
because of advantages in cost and mechanical properties.
As shown in Figure 5, the reinforcing material of the A-1
and A-3 section is one steel bar and three steel bars, re-
spectively.-e reinforcing material of the B and C section is
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Figure 2: Analysis model of ultimate capacity of micropile.
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steel tube and the combination of a steel tube and three
steel bars, respectively. -e design parameter H is the outer
diameter of the steel tube, and s is the distance from the
shape center of the steel section to the shape center of the
pile section.

3.2. Derivation of the Flexural Capacity Formula for A-1
Section. -e reinforced body of the A-1 micropile section is a
single reinforcement, referred to as a single reinforcement
section, and the following assumptions are made to simplify
the calculation: the tensile strength of the slurry in the tensile

Table 2: Micropile parameters.

Materials Pile diameter D
(m)

Modulus of elasticity E
(GPa)

Poisson’s ratio
v

Ultimate bending moment Mu
(kN·m)

Ultimate pulling force Nu
(kN)

Piles 0.2 50 0.2 70 1100

10m

10m

20m

Contact
surface

Micro-pile

FrontBehind

Horizontal thrust

Figure 3: FEM grid model with one element thickness.
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Figure 4: Direct shear load-displacement curve. (a) Soil-soil pattern. (b) Soil-rock pattern.

Table 1: Geotechnical parameters.

Materials Modulus of elasticity E (MPa) Poisson’s ratio V Cohesion c (kPa) Angle of internal friction φ (°)
Soil layer 50 0.35 35 25
Rock layer 1000 0.25 100 30
Sliding surface — — 15 25
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zone outside the reinforcement can be disregarded since it has
little effect on the ultimate bending moment. -e slurry
yielding occurs only in the compressive zone above the re-
inforcement. -erefore, the yielding area of the compressive
zone can be assumed as ¼ of the total slurry area. In contrast,
the stress of the slurry in other parts is relatively low and is not
considered. To simplify the calculation, the circular rein-
forcement cross section is equivalent to the upper and lower
symmetrical I-beam rectangular cross sections. -e rectan-
gular height of the web is the diameter of the reinforcement d.
-e area of both tension and compression flange is both ¼ of
the total slurry area. Besides, all the slurry in the flange is
assumed in compression yields, and the tensile and com-
pressive yield stresses of the reinforcement are assumed equal.
In addition, the yield stresses of the web reinforcement are
assumed rectangularly distributed, as shown in Figure 6.

I-beam section size is as follows:

t �
H

2
−

d

2
,

l �
A

4t

�
π/4H

2
− π/4d

2

4t

�
π
16t

H
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 ,

b �
π/4 · d

2

d

�
π d

4
,

(1)

where t is the flange thickness; l is the flange width; b is the
web width; H is the pile diameter; d is the reinforcement
diameter; and A is the total area of the slurry.

-e static equilibrium conditions are presented in the
following equation:

fc · t · l + fy · b · (x − t) � fy · b · (H − t − x). (2)

-e height of the pressure zone can be obtained from the
following equation:

x �
H

2
−

fc · t · l

2fy · b
. (3)

As a result, the formula for the flexural capacity of the
A-1 section can be acquired:

Mu � fy · b
(H − t − x)

2

2
+ fy · b

(x − t)
2

2
+ fc · b · l x −

t

2
 ,

(4)
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Figure 5: Section form of four typical piles. (a) Type A-1 section. (b) Type A-3 section. (c) Type B section. (d) Type C section.
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Figure 6: Sketch of single reinforcement section calculation.
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where fy is the yield strength of the reinforcement; fc is the
compressive yield strength of the slurry; and x is the height
of the compressed zone.

3.3. Derivation of the Flexural Capacity Formula for A-3
Section and B Section. -e reinforcement body of the A-3
micropile section contains three bars, and the position of
the bars is symmetrical about the shape center of the
section. -e flexural capacity of the micropile in this
section form against bending is influenced by the direc-
tion of the load action, which will affect the final flexural
capacity calculation. To avoid this situation, the rein-
forcement section is converted into a circular section
according to the principle of static equivalence. -e
conversion principle of the cross section is shown in the
following equation.

t �
3πd

2

8πs

�
3d

2

8s
,

(5)

where d is the diameter of the reinforcement; t is the
thickness of the equivalent steel tube; and s is the distance
from the shape center of the reinforcement section to the
shape center of the pile section.

-e circular section can be regarded as equivalent steel
tube so that the flexural capacity formula of the A-3 type
section is the formula of the B type steel tube section.

-e reinforced body of the B type micropile section is
steel tube. And its cross-sectional form is the same as that of
the steel tube pile. -erefore, the derivation of the calcu-
lation formula of flexural capacity of the B type section is
based on the formula derivation of steel tube pile. More-
over, through the numerical test, the thickness of the
protective layer on the outside of the steel tube of the B type
micropile is relatively large so that its provision of flexural
capacity is nonnegligible. -erefore, the contribution of the
thickness of the protective layer to the flexural capacity
needs to be considered into the capacity calculation of B
type section. In order to simplify the calculation, the fol-
lowing assumptions are made. (1) -e derivation process is
based on the steel tube pile flexural equation. (2) -e
contribution of the steel tube outer pressure zone pro-
tective layer slurry to the flexural capacity is considered. (3)
-e steel tube inner pressure zone height x is unrelated to
the pressure zone protective layer slurry. (4) -e slurry in
pressure zone protective layer is in the state of pressure
yielding with the bowed shape. -e angle of the bow span is
the same as that in the steel tube inner pressure zone,
shown in Figure 7.

(a) Calculation of bow section characteristics.
Calculation angle:

α1 �
π
2

− α0. (6)

Bow center position:

e �
2H sin3α1

3 2α1 − sin 2α1( 
. (7)

Bow area:

Ae �
(H/2)

2
· 2α1 − sin 2α1( 

2
, (8)

where α1 is the angle between the horizontal line and
the line connecting circle center with lower edge of
compression zone; H is the pile diameter; e is the
distance from the center of the bow to the center of
the pile; Ae is the area of the bow.

(b) Calculation of flexural capacity.
Based on the above assumptions which are biased
towards insecurity, the flexural capacity is mainly
based on the bearing capacity provided by the steel
tube, the core slurry body considered, and the
bending moment of the bowed-to-neutral axis in the
compressed zone of the protective layer. -erefore,
the final expression of flexural capacity is calculated
as follows:

Mu � Ms + Mc

� fyt(R + r)
2 cos α0 +

2
3
fcr

3cos3α0

+ fc · Ae · e − r sin α0( .

(9)

3.4. Derivation of Flexural Capacity Formula for C Section.
-e reinforced body of the C type micropile section is the
combination of a steel tube and three reinforcement bars.
Compared to B type section form, the three reinforcement
bars in the C type section are set inside the steel tube so that
they can be designed according to the designmethod of the B

α0 α0
α1

x

Y

Xr R

Bow compression
zone

Figure 7: Distribution of pressure zones in B section.
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type section. Regarding safety design, the contribution of the
three reinforcement bars to the flexural capacity can be
calculated according to the most unfavorable flexural form,
as shown in Figure 8. -erefore, the flexural capacity of the
reinforcement bars can be assumed as follows. (1) -e ul-
timate bending moment of the section is calculated by the
most unfavorable flexural capacity form of the reinforce-
ment. (2) -e height x of the compressive zone is unrelated
to the stress on the reinforcement. (3) -e stress on the
reinforcement is calculated per the assumption of the flat
section.

(a) Calculation of the stress in the shape of the center of
the steel bar
Stress in tensile reinforcement:

σ �
s + r sin α0
R + r sin α0

fy. (10)

Stress in compressed reinforcement:

σ �
s/2 − r sin α0
R + r sin α0

fy, (11)

where s is the distance from the cross-sectional
center of the reinforcement to the cross-sectional
center of the pile; r and R are the inner and outer
diameter of the steel tube, respectively; and fy is the
yield strength of the reinforcement.

(b) Calculation of flexural capacity of C section.
Based on the above assumptions which are on the
unsafe side, the flexural bearing capacity in equation
(9) is based on flexural capacity provided by the steel
tube and core slurry, the bow of the protective layer
pressure zone, and the bending moment of the re-
inforcement stress on the neutral axis. -erefore, the
final expression of the flexural capacity is presented
in the following equation.
Mu � Ms + Mc

� fytt(R + r)
2 cos α0 +

2
3
fcr

3cos3α0 + fc · A

· a − r sin α0(  + fyAs

s + r sin α0( 
2

R + r sin α0
+ 2 ·

s/2 − r sin α0( 
2

R + r sin α0
 ,

(12)

where As is the cross-sectional area of a single bar.

4. Numerical Validation

As for the flexural capacity of micropile, in order to simplify
the expression of the formula, there are certain assumptions
in the derivation process, so it is necessary to use numerical
method to verify the applicability and accuracy of the
proposed formula.

4.1. Numerical Model Used for Validation. -e model is a
supported beam subjected to symmetrical loading which can
be seen in Figure 9. -e cross section in the span is in a pure
bending state, and the bending moment is maximum be-
cause the mechanical model is symmetrical. After simpli-
fication, half of the mechanical model is taken for
simulation.-erefore, by stepwise increasing the load F until
the pile bends and breaks, the maximum bending moment is
obtained, which is the flexural capacity of the pile. -e
numerical simulation uses four typical sections to verify the
proposed formula, including 100-A, 100-B, and 200-C. -e
yield strength of the reinforcement material is taken as
235MPa. -e compressive and tensile yield strengths of the
cement mortar body are 40MPa and 4MPa, respectively.

4.2. Numerical Validation of 100-A Section Flexural
Resistance. -e form of the 100-A section and the loading
method are shown in Figure 10. -e mechanical states of the
pile body and the stress distributions in the left end section
corresponding to the situations of F� 8 kN and 28 kN are
shown in Figure 11. When the load is small, the cement
mortar slurry is pulled apart, and then the cement mortar
slurry in the tension zone starts to yield under pressure,
followed by the yielding of cement mortar in the com-
pression zone and reinforcement in the tension zone. As the
load increases, the yielding range of the cement mortar
slurry and the reinforcement gradually expands toward the
pile core until it is damaged. -roughout the process, the
displacement of the left end section gradually increases with
the load increase.

-e load-deflection curve of the whole process of nu-
merical test is shown in Figure 12. -e crack load is about
4.2 kN because the stress on cement mortar surpasses its
tensile yield strength. -e ultimate load can be roughly
derived as 24 kN, and the corresponding ultimate flexural
capacity (bending moment) is 9.6 kN·m. Beyond this load,
the deflection increases quickly. In contrast, the ultimate
bending moment calculated by equation (4) is 9 kN·m,

fy

x

Y

Xs

σAs

σ'As

α0 α0
α1

Figure 8: -e most unfavourable bending section form.
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indicating that the flexural capacity calculated by the cal-
culation model formula is on the safe side and is close to the
numerical validation result.

4.3. Numerical Validation of 100-B Section Flexural
Resistance. -e form of the 100-B section and the loading
method are shown in Figure 13. -e mechanical states of the
pile body and the stress distributions in the left end section
corresponding to the situations of the taken load F� 4 kN

and 18 kN are shown in Figure 14, respectively. In the case of
the small load, the cement mortar slurry is pulled apart,
followed by the yielding of the cement mortar slurry in the
compression zone under pressure. -en, the steel tube in the
tension zone starts to yield. As the load increases, the
yielding range of the cement mortar slurry and steel tube
gradually expands toward the pile core until the structural
damage.

-e load-deflection curve of the whole process of nu-
merical test is shown in Figure 15. -e ultimate load can be
roughly derived as 18 kN, and the corresponding ultimate
bending moment is 7.2 kN·m. In contrast, the ultimate
bending moment calculated by the calculation model for-
mula (9) is 7 kN·m, which indicates that the flexural capacity
calculated by the calculation model formula is on the safe
side and is close to the numerical validation result.

4.4. Numerical Validation of 200-C Section Flexural
Resistance. -e form of the 200-C section and the loading
method are shown in Figure 16. -e mechanical states of the
pile body and the stress distributions in the left end section
corresponding to the situations of the taken load F� 40 kN
and 115 kN are shown in Figure 17, respectively. When the
load is small, the cement mortar slurry is pulled apart, and
then the cement mortar slurry in the compression zone
starts to yield under pressure, followed by the yielding of the
steel tube in the tension zone. As the load increases, the
yielding range of the cement mortar slurry and steel tube
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F
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boundary
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Figure 10: 100-A section form and loading method.
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Figure 11: Mechanical states of 100-A micropile. (a) F� 8 kN. (b) F� 28 kN.
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gradually expands toward the pile core until the damage. In
the damage state, the stress of the steel in the tensile zone is
close to the yield stress, and part of it has yielded.-e steel in
the compressive zone has not yielded, whereas the stress at
its edge is close to the yield stress.

-e load-deflection curve of the whole process of nu-
merical test is shown in Figure 18. -e ultimate load is
115 kN, and the corresponding ultimate bending moment is
92 kN·m. In contrast, the ultimate bending moment cal-
culated by the calculation model formula (12) is 88.4 kN·m.
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Figure 14: Mechanical states of 100-B micropile. (a) F� 4 kN. (b) F� 18 kN.
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-ereby, the theoretical flexural capacity is close to the
numerical validation result and is safer.

5. Summary

According to calculation model formula, ultimate flexural
capacity for different commonly used micropiles in engi-
neering is listed in Tables 3 and 4 and Figure 19. In Figure 19,

for example, “75mmA-1φ32mm” represents the A section
form with 75mm pile diameter and one bar with 32mm bar
diameter.

-e ultimate flexural capacity calculated by calculation
model formulas can be used as a reference for slope rein-
forcement design, especially for slope emergency engi-
neering. It can be seen that the first important factor of
ultimate flexural capacity for micropile is pile diameter,

Table 3: Flexural capacity for types A-1 and A-2.

-e interface morphology Type (A) Pile diameter D
(mm)

Bar number
n

Bar diameter d
(mm)

Ultimate flexural capacity Mu
(kN·m)

Bars

M25 Cement
mortal 75-1 75 1

32 2.57
36 3.44
40 4.50

100-1 100 1

36 4.07
40 5.21

50 9.04

Bars

M25 Cement
mortal 200-3 200 3

36 47.79
40 53.79
50 73.55

300-3 300 3

36 88.14
40 105.41

50 150.57
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Figure 17: Mechanical states of 200-C micropile. (a) F� 40 kN. (b) F� 115 kN.
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Figure 18: Relationship between load and deflection for 200-C.
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followed by the reinforcement ratio. For example, compared
with 100mmA-1φ36mm, 200mmA-3φ36mm′’s Mu in-
creases by nearly 1000%. Compared with 200mmA-
3φ36mm, 200mmA-3φ50mm′’s Mu increases by nearly
54%. -at is why type C has the highest ultimate flexural
capacity.

6. Conclusion

-e dominated indicator of micropile in slope reinforce-
ment was acquired by numerical simulation in this paper.
Various calculation model formulas to calculate the flexural
capacity of different types of micropiles were proposed and

validated by numerical simulation. -e conclusions drawn
in this study can be classified as follows:

(1) When the ultimate flexural capacity is reached, the
displacement of slope reinforced by micropile will
increase rapidly. At the same time, the antiuplift
capacity has not been fully played. Flexural capacity
is the primary and dominated indicator that needs to
be considered in reinforcement design.

(2) -e crack load for micropile is easy to be reached
because of low tensile strength of cement mortar.-e
whole micropile tends to reach ultimate flexural
capacity when rebar or tube reaches yield limit.
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Figure 19: Ultimate flexural capacity of different micropiles calculated by calculation model formula. (a) A-1 and A-3. (b) B and C.

Table 4: Capacity for types B and C.

-e interface morphology Type Pile diameter D (mm) Tube outer diameter h
(mm)

Bar diameter d
(mm)

Ultimate flexural capacity
Mu (kN.m)

Steel tube

M25 Cement
mortal 100-B 100

45 — 5.21
57 — 6.61
60 — 7.03

200-B 200

140 — 69.22
159 — 84.02

168 — 91.90

Steel tube

Bars

M25 Cement
mortal 200-

C 200
140 25 64.15
159 32 79.42
168 36 88.41

300-
C 300

235 40 238.63
245 45 246.50

273 50 295.88
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(3) According to the summary of ultimate flexural ca-
pacity, it can be seen that Mu for A-1 is very small
and it is not suitable for using in reinforcement
engineering with large horizontal force.

(4) -e first important factor of ultimate flexural ca-
pacity for micropile is pile diameter, followed by
reinforcement ratio. -at is why type C has the
highest ultimate flexural capacity.

(5) -e calculation results from calculation model for-
mula are close to numerical ones and tends to be
safer, so it has application values in micropile
selecting and slope reinforcement design, especially
for slope emergency engineering.
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