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Abstract—The main objective of seismic rehabilitation in the 

foundations is decreasing the range of horizontal and vertical 
vibrations and omitting high frequencies contents under the seismic 
loading. In this regard, the advantages of micropiles network is 
utilized. Reduction in vibration range of foundation can be achieved 
by using high dynamic rigidness module such as deep foundations. In 
addition, natural frequency of pile and soil system increases in regard 
to rising of system rigidness. Accordingly, the main strategy is 
decreasing of horizontal and vertical seismic vibrations of the 
structure. In this case, considering the impact of foundation, pile and 
improved soil foundation is a primary concern. Therefore, in this 
paper, effective factors are studied on the seismic rehabilitation of 
foundations applying network micropiles in sandy soils with 
nonlinear reaction. 
 

Keywords—Micropile network, rehabilitation, vibration, seismic 
load. 

I. INTRODUCTION 
VALUATION of site response is one of the most 
important issues in geotechnical earthquake. Every 

earthquake may cause some irregular damages and these 
irregularities indicate the features of earthquake source, 
seismic wave dissemination, type of structure and situations 
and site response. Site’s seismic response is remarkably 
affected by conditions and features of the site itself. Therefore 
designing the foundation is dependent on axial loads, critical 
stiffness and lateral stresses and it is mostly dependent on the 
soil.   

Generally in order to control seismic vibrations in site 
especially for problematic soils, we get use of soil 
reinforcement methods. By having micropile injected in the 
site, natural frequency of micropile system and the soil will be 
increased due to increase of their stiffness. As a result, we can 
decrease vibration amplitude in foundation, through type of 
foundation or dynamic hardness modulus enlargement such as 
foundation depth or improved soil block [10]. Shahrour et al 
indicated that structure’s frequency is the result of inertial 
interaction between the soil system and the structure. When 
frequency is increased or is close to frequency loads of the 
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soil, lateral shift, bending moment and shear force will be 
increased topside of the micropile [2]. These results show the 
importance of structure’s frequency in designing the micropile 
foundation system.  

In soft soils, if the construction is located on foundation 
with low-dynamical hardness modulus, we may witness high 
inertial interaction. And if the structure is located on deep 
foundations, due to high dynamic stiffness, we may not have 
any inertial interaction [5]. Deep foundations have low inertial 
interaction in horizontal direction compared to the vertical 
direction in which the reason is petrifaction changes around 
the micropile. 

Construction on instable, heterogeneous, or soft grounds 
has got many risks; for this reason, most of the time the 
utilized models are complicated and there are no easy ways of 
calculation for them. Static studies cannot be applied in 
solving such problems; as a result, it is necessary to get use of 
parametric studies in order to identify unfavorable conditions. 
Wong 2004 indicated that structure’s response to seismic 
loads is dependent on features of the site, external loads, 
mechanical features of surrounding soil and the structure itself 
[17].  

Generally, in order to identify structure’s vibrations, we 
need to consider and compare three different models: 
1. Free field effect 
2. Inertial interaction between the soil and foundation 
3. Inertial interaction 

Decrease of vibration amplitude in the foundation can be 
gained through high stiffness dynamic moduli for example in 
deep foundations such as pile and micropile foundations, and 
improved soil block. It is suitable to get use of vertical 
micropiles in order to decrease vibration amplitudes caused by 
vertical excitations and also it is suitable to use inclined 
micropiles for decreasing vibration amplitudes caused by 
horizontal excitations. In short, the purpose of this article has 
been identifying an angle to which inclined micropile causes 
decrease of vertical and horizontal vibrations in the structure.  

The purpose of this research has been identifying a strategy 
for decreasing vertical and horizontal vibrations in the 
structures. For this purpose Flac 3D finite-difference software 
has been used to simulate dynamic behavior of the soil system 
and the structure. Through studying effective parameters in 
decreasing seismic vibrations of structures located on surface 
foundations, micropiles and micropile foundations, this article 
has attempted to identify positive and negative points in these 
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micropile diameter and the thickness of steel sheath. 
Increasing micropile diameter will increase the contact surface 
of the micropile with soil, and because damping in soil is of 
radiation damping type, damping ratio will be increased. This 
kind of damping is dependent on excitation frequency as well, 
and will be increased by increasing frequency. 

IX.  CONSIDERING THE EFFECT OF MICROPILE ON THE 
INTERFACE PROPERTIES OF SOIL AND FOUNDATION 

In micropile foundations, by increasing subsidence, the 
friction between soil and the lower surface of the foundation 
will be increased, and subsequently, the transportation 
capacity is increased [22]. The more the angle of inclination of 
micropile is increased, the more the horizontal transportation 
capacity will increase. By increasing the inclination angle of 
micropile group, modulus of horizontal response of the lower 
soil of the foundation is increased, but the modulus of its 
vertical response is decreased. In micropile foundations, since 
micropiles tolerate the major load of the structure, it will not 
allow more loads and subsidence to the foundation [6]. As a 
result, the friction between foundation’s bottom and sand will 
not be expanded fully, and the modulus of the soil horizontal 
response is less than the modulus of the vertical response in 
surface foundation. Therefore, in designing micropile 
foundation, by appropriate distribution of load between 
foundation and micropile we can allow the foundation to have 
sufficient subsidence so that the friction between foundation 
and soil which covers a large area is expanded along the 
foundation. 

X.  THE EFFECT OF MICROPILE’S ANGLE OF INCLINATION ON 
HORIZONTAL SHIFT OF THE FOUNDATION 

When the angle of inclination of micropile is increased, 
lateral stiffness, bending moment and axial force are 
increased, but shear force and lateral acceleration in 
micropile’s topside are decreased [7]. In this case, lateral 
pressure coefficient changes from K0 to Kp, which prevents 
micropile’s topside shift. Generally, network micropiles 
increase the horizontal component of soil resistivity [17]. Fig. 
6 shows the distribution of soil lateral pressure on network 
micropile resulting from applying bending moment into pile 
cap. 
 

 
Fig. 6 Distribution of soil lateral pressure on network micropile 

resulting from applying bending moment 

XI. THE EFFECT OF LOADING ANGLE ON TRANSPORTATION 
CAPACITY OF MICROPILE FOUNDATION 

Vertical loading will have more transportation capacity in 
vertical micropile group than network micropile group. But in 
horizontal loading, network micropile group will have more 

transportation capacity than the vertical group [24]. 
Furthermore, when the inclination angle of applied loads’ 
consequence to foundation is increased, horizontal 
transportation capacity of the foundation is increased as well, 
and the horizontal shift of the foundation is decreased, but this 
increase in the angle of inclination will lead to decrease of the 
modulus of horizontal and vertical responses in micropile 
foundation [25]. 

XII.  CONSIDERING HORIZONTAL SHIFT AND THE ANGLE OF 
ROTATION OF TALL AND SHORT STRUCTURES BY APPLYING 

MICROPILE 
In tall structures, due to the increase of their height, 

overturning moment is dominant over all other forces, while in 
short structures, shear inertial force and pile cap rotation will 
be dominant over shift [25]. Due to the rotation in pile cap, 
bending moment will have no significance. Fig. 7 shows the 
effect of structure’s height and lowness on shift and pile cap 
rotation of micropile in two modes of network micropile and 
vertical micropile. 

 

 
Fig. 7 Shift and rotation of pile cap in tall and short structures 

 
By increasing the angle of inclination, bending moment in 

micropile will be very high due to the increase of soil 
stiffness. Created transformations and inclination angle in 
micropile depend on loading type. In tall structures, by 
increasing the inclination angle of micropile, bending moment 
and axial force in micropile will increase and decrease 
respectively, while in short structures, bending moment will 
have insignificant decrease and axial force will be increased. 
Generally, by increasing the angle of inclination of inclined 
micropiles, horizontal shift of pile cap resulting from 
earthquake will be decreased, but an amount of rotation will 
be created in pile cap. Fig. 8 shows the effect of axial force 
and bending moment resulting from tall and short structures 
on the shift and the angle of rotation of pile cap. 
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Fig. 10 Normalized seismic parameters of the site in different angles 

of inclination of the micropile 

XIV. CONCLUSION 
The purpose of applying network micropile is to obtain an 

inclination angle of the micropile which through putting the 
foundation under pressure and creating dilation state we can 
provide enough friction for lower layers of the foundation, so 
that the lateral shift of the foundation become decreased and 
the response modulus of the soil get increased, and finally the 
maximum loading capacity of the foundation is increased and 
PGA of the site on which the structure is placed becomes 
decreased. 

Increase of pressure of cement slurry injection can cause the 
slurry to be absorbed into the dry grains and strains to become 
decreased in the soil. This decrease leads to changing the state 
of the soil from isotropic to non-isotropic which finally can 
lead to hardening of the soil and increasing shear modulus and 
also leads to increasing the average of seismic acceleration in 
the soil and at last to decreasing PGA of the structure. The 
pressure resulting from cement injection increases the stresses 
in the soil and causes decrease in porosity ratio which can 
increase shear wave velocity in the site. The amount of input 
seismic frequency and the number of loading cycles in 
decrease or increase of amount of shear modulus are very 
effective. This is so much that small frequencies create big 
shifts and big frequencies create small shifts in the soil.  

In flexible micropiles with small diameter, the relative 
motion between the soil and the micropile enlarges enough the 
lateral pressure of the ground; in this status according to the 
angle that micropile is located in the soil, the position of the 
sand, the distance between micropiles, etc. would have a 
significant effect on decreasing horizontal shift of the 
foundation. By increasing the angle of inclination, the 
micropile will be increased in a determined amount of 
horizontal stiffness of the soil. This determined amount is 
dependent on different parameters such as the amount of 
bending moment, axial force and shift of the topside of the 
micropile. In fact this amount is dependent on the elasticity 
ratio Ep/Es. Decrease of horizontal shift in the foundation is 
dependent on largeness of dynamic hardness modulus of the 
soil. Therefore horizontal shift of the foundation is not 
dependent on the type of the micropile but the micropile 
would be considered as a means of changing the features of 
the soil. As a result the horizontal hardness of the foundation 

is dependent on elasticity modulus, Poisson’s ratio and the 
size or shape of the foundation such as lower layer of the 
foundation and the depth of foundation installation in the soil.  

In general, it is totally essential to pay attention to elasticity 
modulus of the soil to determine elasticity modulus of the 
micropile, in a way that micropile foundation shift is 
dependent on Ep/Es ratio and by increasing elasticity modulus, 
rigidity of the system would be decreased in the site and shift 
would become increased. Having elasticity in the site can lead 
to increase of shift in the topside of the micropile. As a result, 
by having a decrease in the distance between micropiles, the 
effect of elasticity will be dominant in the soil and micropile 
shift will be increased, but by having the distance between the 
micropiles increased, we will witness that rigidity of the 
system will be increased, the effect of plasticity is decreased 
and finally PGA of the site will be decreased.  

Increasing horizontal shift can lead to decrease of horizontal 
loading capacity and increasing vertical shift can cause 
decrease of loading capacity vertically. By increasing 
inclination angle of micropile due to the increase of horizontal 
hardness of the soil, the horizontal response modulus of the 
soil will be increased, but the vertical response modulus will 
become decreased. Therefore increasing the inclination angle 
in micropile can only be used for increasing horizontal loading 
capacity and decreasing horizontal shift of the foundation. 
Also increase of inclination angle can lead to increase of 
subsidence and decrease of vertical loading capacity of the 
foundation. In this case we need to get use of vertical 
micropile to increase it.  

Loading angle has got a deep effect on the shifts of the 
foundation. Hence vertical loading can cause decrease of 
vertical shift and horizontal loading may also cause decrease 
of horizontal shift. Yet horizontal loading can increase vertical 
shift of the foundation. By increasing loading angle to vertical 
axis of the modulus, the vertical and horizontal responses of 
the soil will be decreased, but this amount for the vertical 
response modulus is more than the horizontal one.  

In tall structures, overturning moment will be dominant due 
to high altitude; therefore the horizontal shift of the foundation 
will be increased. Yet in small structures the dominant shear 
inertial force and revolving rotation of the foundation will be 
increased. Due to increase of rotational angle, bending 
moment of small structures is not very important. In general 
by increasing inclination angle in micropile, the horizontal 
shift due to earthquake will be decreased because of the 
increase of soil stiffness, but a little rotation will be remained 
in the foundation. The increase in micropile’s inclination angle 
will confine the shift of topside of the tall structures more than 
the short ones. In fact PGA of the site in tall structures will be 
decreased more than the short ones. Therefore seismic 
upgrading of the foundation by getting use of network 
micropile through applying horizontal accelerations is 
suitable. And in case vertical seismic accelerations are 
dominant, using vertical micropiles is better. If both vertical 
and horizontal accelerations are applying force to the site, 
getting use of a combination of network and vertical micropile 
is suggested. 
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