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1. Introduction

A micropile is an in-situ or precast small-diameter pile that
was first utilized in the restoration and repair of historical
buildings damaged during World War Il. This
improvement involves excavating holes beneath the
structure and filling them with a mixture of cement grout
and steel reinforcement. Micropiles typically have a
diameter of less than 250 millimeters. Following their
deployment in some projects in Boston and New York in
1973, the use of micropiles expanded. The availability of
lightweight and small drilling equipment facilitated the
application of this method, allowing micropile drilling to
be performed in any condition and at any angle with
minimal noise and environmental impact. Additionally,
due to the small diameter of micropiles, it became possible
to reinforce foundations even in challenging access
situations.

Applying pressure during injection causes the
surrounding soil of the micropile to compact due to the
applied pressure. Moreover, as the grout infiltrates the soil
voids and interstices, the shear resistance of the soil
increases. Pressure injection causes the fluid portion of the
grout to permeate into soil voids and interstices, creating a
composite block that exhibits resistance against applied
loads. This process results in a strong bond between the
grout and the ground, leading to increased friction between
the micropile and the soil. Additionally, grout injection
into the soil contributes to soil improvement around the
micropile. Therefore, despite the small diameter of
micropiles, the use of this method significantly enhances
the load-bearing capacity.

In recent construction projects, micropiles have been
used for the construction of primary piles or the
reinforcement of existing piles in various projects, such as
high-rise construction. The advantages of using these
elements include enhancing the resistance and load-
bearing capacity of the pile, reinforcing the dynamic load-
bearing capacity of the pile, and compacting the soil
beneath it. These elements exhibit effective performance
in structures exposed to cyclic and dynamic loads, such as
wind loads, impacts from ship collisions, wave loads, etc.
(FHWA). Concerning coastal structures, the lateral load
imposed on the structure is typically between 10% and
15% of the vertical load, which can increase up to 30%.

In all previous research, the behavior of micropile-
reinforced piles has been studied under vertical or
horizontal loads independently, and the combined effect of
these loads under various micropile installation conditions
has not been addressed. The aim of this study was to
investigate the behavior of micropile-reinforced piles
under the simultaneous effect of vertical and horizontal
loads. Additionally, previous research have not discussed
the role of micropiles in the group behavior and the extent
of this role under various deformation conditions.
Therefore, this study examined the role of each micropile
in group behavior and evaluates its role under different
loading conditions and deformation scenarios.

2. Experimental program

To conduct research on a square pile reinforced with
micropiles, it is necessary to construct a device through
which horizontal and vertical forces can be applied to the
pile. Therefore, a specific laboratory setup was designed
for these experiments, consisting of various components,
including a horizontal loading frame, soil retaining
container, sand pouring system, water reservoir, and
displacement measurement system.

A steel box was employed to contain soil from as
reservoir with dimensions of 2 meters in length, 1 meter in
width, and 1 meter in height. The reservoir walls on three
sides were constructed from 10-millimeter thick steel,
while on one side, it was made of 5-millimeter thick glass.
To achieve uniform compaction of the soil (sand), it is
necessary to uniformly distribute compaction in the sand
reservoir. For this purpose, a system constructed in the soil
mechanics laboratory of Ferdowsi University of Mashhad
was utilized. This system consists of a triangular-shaped
base reservoir mounted on a movable steel frame. The
reservoir and frame have holes in which rods can be
inserted, allowing the adjustment of the reservoir height
and, consequently, the height of the applied load. The
bottom gate of the reservoir also has various patterns,
which are used to regulate the rainfall speed and the sand
discharge rate. By adjusting the height of the rainfall
surface to 80 centimeters, a compaction of 70% was
achieved for conducting the experiments.

The aim of this study was investigating the impacts of
micropiles on the geotechnical behavior of micropile-
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reinforced piles. Therefore, it is necessary for the pile to
have sufficient rigidity and exhibit no deformation under
applied loads. This process ensures that the measured
deformation occurs only under the settlement of soil
layers, and the deformation of the pile structure itself is not
affected. For this purpose, a square steel pile with
dimensions of 20 centimeters and a thickness of 10
millimeters was used. Moreover, for the connection of
micropiles to the pile, couplers with the desired angle were
utilized as Figure 1 shows.

Figure 1. A view of the couplers connected to the pile

The micropiles used in this study were formed from
deformed rebars with a diameter of 12 millimeters, without
ribs, and have lengths of 40 and 60 centimeters. The elastic
modulus and moment of inertia for these micropiles were
200 GPa and 0.102 cm? respectively. Considering
dimensional similarity, these values were equivalent to
concrete micropiles with an elastic modulus of 48 MPa and
a diameter of 30 centimeters. To consider the friction
between the micropile and the surrounding soil, the
surfaces of the rebars were coated with the sand.

The horizontal loading frame used in these studies
must possess sufficient rigidity to avoid deformation or
displacement during experiments. To achieve this, a
hollow section was used to construct the horizontal loading
frame. The frame consisted of two rebars with a diameter
of 2 centimeters, spaced 1.5 meters apart and connected to
each other at the top by a beam with a hollow section
measuring 10x10 centimeters. Additionally, at the bottom
of the columns, diagonal struts and plates were employed
to control the sway of the frame. Figure 2 illustrates the
loading grame.

Figure 2. The sand container along with the frame and
water tank
To investigate the lateral behavior of micropile-reinforced
piles, horizontal loading experiments were planned under
various conditions. These experiments were conducted in
two series, each involving two types of micropiles with
lengths of 40 and 60 centimeters. Moreover, to assess the
effect of the number of micropiles, arrangements of 2, 4,
and 8 micropiles were considered. Before applying
horizontal loads to each of the micropile-pile systems, a
vertical load was applied to the pile. This vertical load was
a percentage of the vertical load-bearing capacity of the
system, with percentages of 0, 15, and 30 examined in this

study.

3. Test results
To examine the collective behavior of micropiles, it is
necessary to investigate the behavior of each individual
micropile in a group and the role it plays in load-bearing.
For this purpose, the parameter LI is defined using the
Equation 1:

F ()
LI _fs
In this equation, Fq represents the force applied to each
individual micropile in a group under a specific
displacement and Fs is the force applied to a single
micropile under the same displacement.

As Figure 3 illustrates, an increase in the vertical load
leads to the emergence of two different behaviors under
different conditions. In the case of near failure, due to the
expansion of the plastic zone around the micropiles and the
interaction of their zones, an increase in the vertical load
has little effect on LI. In other words, this increase does
not have a significant impact on the efficiency of each
micropile in a group. This is in contrast to the increase in
the wvertical load, which enhances the efficiency of
micropiles in the 2-pile configuration (one on each side of
the pile). This is due to the absence of an interfering zone
in the vicinity of the micropiles. As evident, this behavior
is observable for both micropile lengths.
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Figure 3. The results of the tests in different conditions

4. Conclusion

The most important findings of this study are as follows:
1) In conditions where the foundation is reinforced with a
small number of micropiles (2 units), these micropiles,
when the foundation is subjected to lateral loads, are
unable to prevent the separation of the foundation from the
soil;

2) One of the crucial parameters in the collective behavior
of micropiles is the plastic zone around them. With an
increase in the number of micropiles and their proximity
to each other, the plastic zone expands. Due to the
interference between micropiles and the reduction in the
frictional force between micropiles and soil, the load-
bearing role of each micropile diminishes with an increase
in their number.
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Investigation of Lateral Behavior Micropiled Foundation under Combined Lateral and Vertical
Loading

Shadan Abedini Jafar Bolouri Bazaz

Abstract Micropiles are one of the most widely used components in civil engineering to strengthen foundations or
improve the soil. These elements are also used in wind turbines. In addition to the vertical force resulting from the
weight of the turbine, these tall structures are also affected by significant lateral force. This paper aims to investigate
the behavior of a square micropiled foundation with the dimension of 20 cm under lateral loading. For this purpose,
the reinforced foundation with 2, 4, and 8 micropiles with lengths of 40 and 60 cm in the sandy soil has been modeled
experimentally and subjected to static lateral load. Also, the effect of vertical surcharge load on lateral bearing
capacity has been investigated in different conditions. The results of the tests revealed that this type of reinforcement
has improved the bearing capacity up to 6 times in some cases. Studying micropile collective behavior unveiled that,
distant from collapse, micropile length minimally affected individual lateral capacity. In the extreme scenario (8
micropiles, 15% overload), this discrepancy was 30%. Varying micropile numbers near collapse produced two
contrasting behaviors: amplification in one and reduction in another case. The determining factor in both instances
was the micropile quantity, leading to a remarkable 200% role increase in the most extreme conditions.

Key Words Lateral bearing capacity, Shallow foundation, Micropile, Vertical load, Sandy soil.
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