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Abstract: The use of micropiles and jet grouting has been gaining strength in the context of the 

reinforcement of building’s foundations. These techniques depends on the characteristics of the foundation 
soil, the respective type of foundation and the surrounding conditions, being recurrently needed the use of in 
situ tests. Those tests should be interpreted not as an increase to the project cost, but as an investment for 
the minimization of the lack of soil information and the unexpected during the construction. 
This dissertation has the objective to conduct a study about the utilization of these two techniques, based on 
a primary case of study – Centro Escolar de Sacapeito, and based on a secondary case of study – Capela de 
Nossa Senhora da Saúde. It is important to refer that for both cases, there was an opportunity to follow those 
constructions. 
For both cases of study, were used solutions of micropiles for the reinforcement of their foundations. As to 
the Centro Escolar de Sacapeito, it was made a detailed analysis of the site, using an automatic calculation 
software for 2D finite element, to modeling the implemented solution, as also an alternative solution of jet 
grouting. As to the case of study of Capela de Nossa Senhora da Saúde, it was elaborated a general study, 
which describes the monitoring of the site. 
Finally, there were elaborated some conclusions about the use of both techniques and compared the 
utilization of micropiles on both cases of study, in order to demonstrate the versatility of this solution. 
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Introduction 
 
The reinforcement of building foundations has been 
gaining high importance on the safety of the 
building itself and the adjacent buildings, as well as 
of its users. The need of perform that type of work 
due to the fact that there are increasing the number 
of new constructions near to the existents buildings. 
Although there is many techniques of 
reinforcement of building foundations, it can be 
consider two most common types of solutions. 
Micropiles are a reinforcement solution used for 
superficial foundations, as spread footing and mat 
foundations, which not only interact with the 
existent foundation, but also with the soil that 
supports the loads. This technique began to be used 
between the decade of 70 and 80, having a large 
growth in Portugal in the decade of 90. Another 
type of solution that only works on the ground of 
the foundation consists on the jet grouting. The 
utilization of this technique allows improving the 
quality of the soil, using a mixture of soil-cement at 
elevated pressures. The use of jet grouting began in 

Japan in the decade of 70, having been used for the 
first time in Portugal in 1995. 
 
With those two types of solutions, it is possible to 
work in new and old buildings. The fact of being 
possible to reinforce the foundations of a relatively 
wide variety of buildings, means that it is needed a 
previous study of the soil parameters in order not to 
make mistakes during the application of the 
reinforcement. 
 
This paper comes from the study of the work on 
reinforcement of the foundations of the Centro 
Escolar de Sacapeito, located in Santarém. The 
building was still in construction, but due to the 
ground conditions, it started to settle, have been 
applied a solution of reinforcement of foundations 
with micropiles. However, during the realization of 
this study, emerged the possibility of follow another 
case study, also related with the reinforcement of 
building foundations. That case is the Capela de 
Nossa Senhora da Saúde, located in Martim Moniz. 
Although not being the primary case study (unlike 
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Centro Escolar de Sacapeito), it was decided that it 
would be interesting and beneficial to the 
development of this study include this case study. 
 
 

Objectives 
 
This study presents several objectives, being based 
on the study of the techniques of micropiles and jet 
grouting. The main goal of this paper involves the 
analysis of the solution used for the reinforcement 
of the foundations of Centro Escolar de Sacapeito. 
Through the knowledge acquired during the 
monitoring of the construction and all the 
information gathered, it was made a detailed study 
of the implemented solution, as well as an 
alternative solution. The fact of being able to assist 
another building site, allowed making a 
comparative analysis of solutions of the respective 
sites. 
 
 

Types of foundations 
 
Building foundations are the elements that 
connects the main structure to the soil. The choice 
of this part of the structure needs to take into 
account not only the type, but also the magnitude 
of the applied load to the ground and when there 
are some constructive limitations. In geotechnical 
terms, the most used parameter for the choice of 
the type of foundations is the depth of the ground. 
There is three types of foundations that can be 
assumed [1]: 
 

 Shallow foundations: it is considered that the 
structural element is at a small depth and the 
load from the superstructure is transmitted to 
the ground through the lower face of the 
foundation element. Thereby, the lateral friction 
force is not accounted, since the tangential 
stress between the side face of the foundation 
and the ground is disregard. As an example of 
shallow foundations, exists isolated or 
continued spread footings, spread footings 
connected by foundation beams, mat 
foundations and foundation grids. 

 

 Semi-shallow foundations: this type of solution 
is used when the layer of soil able to support the 
load is at a certain depth and not at the surface 
of the ground. One well-known type of semi-
shallow foundation are piers. 

 

 Deep foundations: it is the solution adopted 
when the layer of soil with good parameters is 

at a great depth. This type of elements can be 
characterized by their dimensions, normally 
being the depth of the foundation greater than 
ten times the smallest dimension of the 
foundation plan. The most frequent type of 
deep foundations are piles and micropiles. 

 
 

Pathology of foundations and their 
reinforcement 
 
The pathology of foundations can be described as 
the defects of buildings, their causes, consequences 
and their treatment. This incident due mainly to two 
factors: one is the ground foundation, which is the 
support of building foundations and needs to 
provide an equal or greater resistance than the load 
imposed by the superstructure; the other is the 
entire structure, which should be accurately 
dimensioned. 
One of the fundamental components of the 
rehabilitation of structures involves the 
reinforcement of their foundations. This kind of 
intervention leads to the increase of structural 
safety and load capacity. 
The project of reinforcement becomes complex, 
once it faces some constrains as the existent soil, 
the type of foundation, the surrounding structures, 
the load level and the available workplace. Such 
constraints imply that the whole project becomes 
expensive once it is necessary to perform studies 
and test borings to collet the necessary information 
about the soil [2]. 
Depending on the pathology, there are several 
types of reinforcement: 
 

 Intervention in the ground foundation: when 
the cause of damage of the foundation is the 
ground, it is made a treatment to the soil in 
order to increase the bearing capacity. For this 
kind of processes, it is used grout injections to 
mix/densify the soil such as jet grouting and 
compaction grouting.  

 

 Enlargement of foundations: according to the 
following equation, 

 

𝜎 =  
𝐹

𝐴
 

 
for a constant force, the pressure applied on the 
ground vary with the area of the foundation. 
Therefore, when the pressure applied to the soil 
reaches a value higher than its bearing capacity, 
the enlargement of the foundation becomes an 
option of reinforcement. 
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 Transference of the load to the competent layer: 
when the load do not reach the soil layer with an 
adequate bearing capacity, it is necessary to use 
a reinforcement technique, which leads the load 
to the desired depth. It is common to use 
micropiles in this situation. 

 
 

Micropiles 

 
Micropile is a structural element similar to a small 
diameter pile, which can be crimped or molded 
against the soil. In the case of crimped micropile, it 
does not occur the extraction of soil. However, the 
soil is disturbed due to the intense vibrations. The 
molded micropile requires the extraction of soil, 
consisting of grout and steel. The load applied on 
the micropile is mainly resisted by the steel and 
transferred through the grout to the surrounding 
soil by high values of lateral resistance and lower 
values of resistance tip. 
There are two types of steel reinforcement of 
micropiles. The threaded rebar, known as the GEWI 
type, and the tubular rod (Fig. 1) 
 

 
Fig. 1 - GEWI type rebar at left and tubular rebar at right 
 
For these two types of steel reinforcement, there is 
one specific method of injection for each one: for 
the GEWI type rebar it is used the total injection – 
IGU, where it is performed only once. The injection 
tube is composed of several holes covered with 
tape, where the grout will pass with pressure, at the 
same time. For the tubular rebar, the type of 
injection is the repetitive an selective – IRS. This 
system allows defining the area where it is needed 
to inject with help of a valve inside of the tubular 
rebar, which prevents the rise of the grout to the 
top of the micropile and allows the injection. Fig. 2 
represents a scheme of both types of injections. 
 

 

 

 
Fig. 2 - IGU and IRS injections [3] 

 
One of the most important phases of the 
reinforcement of foundations is the connection 
between the micropile and the foundation, which 
provides the transition of the load of the 
superstructure to the micropile and then to the 
ground. For the GEWI type rebar, the connection to 
the foundation is made using a plate between two 
nuts tight to the rebar, getting better the load 
transmission and the adherence of the micropile 
with the grout. It is also used to scrap the walls of 
the bore of the foundation to increase the 
adherence. For the tubular rebars, helical bands are 
welded to give friction and adherence to the grout. 
 
 

Jet grouting 

 
Jet grouting is a process of ground treatment in 
order to disaggregate a given volume of soil, which 
can or cannot be cohesive, and mix it with very high 
pressure jets of grout (from 20 MPa to 50 MPa). This 
mixture of soil-cement gives better resistance, 
impermeability and deformability compared to the 
original soil [4]. 
 
This technique has the particularity of being used in 
every type of soil. In this way, it was created three 
types of injections with different capacities of 
erosion to facilitate the applicability, as shown in 

Fig. 3 [4]: 

 

 Jet 1: it is only injected grout and is used for 
cohesive soils with NSPT between 5 to 10 and for 
non-cohesive soils with NSPT under 20. The 
diameter of columns stays between 0,4 m and 
0,8 m. 
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 Jet 2: the equipment used in this jet requires the 
injection of grout and air. For cohesive soils, it 
can be applicable for NSPT under 10 and for non-
cohesive soils under 50. This jet can make 
columns with 0,8 m to 1,8 m of diameter. 

 

 Jet 3: this is the most versatile system of 
injection in jet grouting, since it can be used in 
any type of soil. Grout, air and water are the 
three elements injected in this system, creating 
columns up to 3 m. 

     

 
Fig. 3 - Types of jet [3] 

 
Despite jet grouting be a versatile technique, it has 
some limitations. It cannot be applied in organic 
soils with pH < 5; in very compacted soils; in soils 
with an open granulometry and a lack of fines and 
in soils with high heterogeneity, which may have 
discontinuities and voids that prevent the 
stabilization of the grout [5]. 
 
 

Case study 1: Centro Escolar de Sacapeito 

 
The Centro Escolar de Sacapeito is located in an 
residential urban area of the Santarém city, next to 
the Celestino Graça Bullring, as the Fig. 4 shows. 
 

 
Fig. 4 - Intervention site. Adapted of [6] 

 
 

Due to the weak characteristics of ground surface, 
it was adopted a solution of a mat foundation with 
40 cm of thickness. However, this solution was not 
the appropriate one, once occurs a settlement 
between 5 cm and 10 cm, leading to the cracking of 
the superstructure and non-structural elements, as 
well as their rupture. In this way, the solution 
adopted for this case study consists on the 
reinforcement of the foundation with micropiles 
with the IGU injection system. 
 
 

Vicinity constrains 

 
The fact that the building was inserted in a 
residential urban area, it is necessary not only to 
minimize the vibrations imposed to the ground to 
do not disturb the surrounding structures, but also 
to make the lowest possible noise for the welfare of 
their residents. 
 
 

Geologic and geotechnical scenario 

 
For the geologic and geotechnical characterization, 
where made six mechanical rotation surveys with 
continuous sampling and SPT tests performed in the 
respective holes. The location of the SPT test is 
represented in the Fig. 5. 
 

 
Fig. 5 - Location of SPT tests 

 
With the results of SPT tests, it was created a 
geologic and geotechnical model consisting of two 
parts [7]: 
 

 Geotechnical Unit 1 (UG1): refers to materials of 
the surface layers as waste, sandy-clay landfill 
and residual soils, with a thickness between 2m 
and 12,3 m. 
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 Geotechnical Unit 2 (UG2): refers to the 
substrate overlaid by UG1. This layer consists 
about carbonate and sandy-clay Pliocene 
materials with a thickness between 1,7 m and 
12,5m. 

 
With these parameters, it was established a 
geotechnical zoning to define the terrain layers with 
intervals NSPT as the Table 1 shows. 
 

Table 1 - Geotechnical zoning 

Geotechnical zone NSPT 

ZG3 < 30 

ZG2 30 - 50 

ZG1 > 50 

 
 

State of the structure 

 
Due to the settlements occurred, the structure was 
damaged in several areas, particularly on non-
structural elements. The Fig. 6 shows some 
examples of the state of the structure before the 
reinforcement of their foundations. 
 

 
Fig. 6 - State of the structure 

 
 

Implemented Solution 
 
With the soil parameters defined and knowing the 
load transmitted to the foundation, it was chosen a 
solution of micropiles with 150 mm of diameter, 
using GEWI type rebars. These elements will be 
headed to the mat foundation. This solution allows 
the axial load transmitted to the mat foundation 
being transported to the most competent 
geotechnical zone, ZG1. 
 
This technique is very versatile since it is possible to 
transport the boring machine inside the building, 
being capable to work at relatively low ceiling 
heights by twisting several sections of augers. 
 
 

Instrumentation and monitoring plan 
 
The primary purpose of the instrumentation and 
observation plane for this work consisted on 
reading the vertical displacements that the pressed 
structure could suffer. In this way, it was used 
twenty topographical strips of 30 cm, made of 
stainless steel and fixed vertically with 6 mm bolts 
with plug, directly into the structure of 
concrete/masonry. Due to existing conditions on 
site, was also used a hybrid polymer glue with silane 
finish for a better grip of the rulers. These rulers 
were placed approximately 1,5 m in height, with a 
reading error of +0,5 mm. [8] The f represent a 
scheme of the location of the topographic rulers. 
 

 
Fig. 7 - Location of topographic rulers 

 

According to the project, it was decided that the 

reading of installed equipment should be taken 

during the execution of operations, with a 

frequency of at least two times per month. 

In order to create a norm to evaluate the 

performance of the reinforcement, it was created a 

warning and alert criteria, corresponding to vertical 

displacements greater than 20 mm and 40 mm 

respectively. 

   

After the reinforcement of foundations and reading 

the devices, it was possible to analysis the 

settlement occur over the operations time. Was 

verified that the maximum absolute value did not 

exceed 5 mm. This value dues to the fact that 

micropiles began to be loaded and dues to the 

intense rainfall occurred during the operations. The 

5 mm settlement does not exceed the criteria of 

warning and alarm, showing a good result. Fig. 8 

represents an example of one reading. 

 

 
Fig. 8 - Reading of one topographic ruler [9] 
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Solution’s modelling 
 
In order to verify the settlements of the reinforced 
structure, it was made two models with different 
solutions in an automatic calculation software for 
2D finite element: one with the real solution of 
micropiles, and other one with an alternative 
solution of jet ground columns. In this way, it was 
possible to compare both solutions and choose 
which one is more efficient. 
Once the building is very extensive, it was needed 
to choose where the better section to represent the 
model is. The criteria of this selection was to define 
the one which combines a high load on a ground 
with weak characteristics (Section AA’) and the 
section where is applied the higher loads (Section 
BB’). These sections are represented in the Fig. 9. 
 

 
Fig. 9 - Defined sections for modeling 

  
 

Micropile model 
 
Once the solution model is based on a section, it 
was chosen to define a Plain Strain model for a 
better approximation to the true situation, since 
with state, stresses and strains do not change 
longitudinally. To create the base of the model, it 
was needed to define some parameters: 
 

 Geometry of the model: where represented the 
three geotechnical zones (ZG1, ZG2 and ZG3) 
with the respective thickness and then the 
micropile elements, using the command Plate to 
define the column and the command Geogrid to 
represent the sealing length. 

 

 Soil characterization: once the soil parameters 
came only from the SPT tests results, was 
decided to use a model that did not require too 
much parameters. In this way, for the three 
geotechnical zones where used the Mohr-
Coulomb model in undrained conditions, since 

the ground is mostly clay. The Mohr-Coulomb 
model relates tensions with the linear-elastic 
and perfectly-plastic deformations, considering 
a Mohr-Coulomb rupture criteria as an elastic 
deformation limit, where irreversible 
deformations associated with the soil 
plasticisation are generated. In Table 2 is 
represented the soil parameters used for all 
models. 

 
Table 2 - Soil parameters 

 

 Structure characterization: Since the elements 
Plate and Geogrid can only set the parameters 
of one material, it was needed to homogenise 
the micropiles section, transforming the 
properties of steel to grout properties. 
Importantly, the axial stiffness (EA) and bending 
stiffness (EI) are defined by metro, so it was 
necessary to divide these parameters by the 
distance of influence of each micropile. Due to 
the fact of certain pillars have more than one 
micropile in the section made up, it was decided 
to carry out the model with one micropile with 
the equivalent properties of the number of 
existing micropiles. In  are represented the 
parameters of the mat foundation and 
micropiles. Once the section BB’ was the one 
that had the most significant results, in this 
paper will be only shown the results of this 
section.  

 

 Phasing of the model: in order to replicate the 

reality of the construction, it was possible to 

represent three stages in the model. The first 

one represents the installation of the mat 

foundation on the ground. The second one, was 

applied the load on the mat foundation. After 

these two stages, was made a Reset 

Displacements to Zero to bring the structure to 

the point after the reinforcement. Then, it was 

installed the micropiles and finally were 

obtained the final results. 

  

 
 𝜸 

[kN/m3] 
 𝒌 

[m/s] 
E 

[kN/m2]  
ν  

 c’ 
[kN/m2] 

Φ 
[º]  

 Ψ 
[º] 

ZG3 19 1E-08 9000 0,3 95 0 0 

ZG2 21 1E-10 40000 0,3 200 0 0 

ZG1 21 1E-12 70000 0,3 300 0 0 
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Table 3 – Micropiles and mat foundation parameters 

Section BB’ Pillars 
Mat foundation 

Pillar number P3 P24 P45 P67 P88 P94a P94b P103 

N [kN] 308,48 729,93 547,17 571,67 333,53 629,56 629,56 517,32 - 

𝛷 [mm] 32 32 32 32 32 32 32 32 - 

Number of 
micropiles 

1 2 2 2 1 2 2 2 - 

w [kN/m/m]  3,70 5,18 5,18 5,18 3,70 5,18 5,18 5,18 10,00 

 ν  0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 

EA [kN/m] 1,35E+05 2,70E+05 3,37E+05 3,37E+05 1,69E+05 3,37E+05 3,37E+05 2,70E+05 1,24E+07 

EI [kNm2/m] 2,46E+02 9,67E+02 1,21E+03 1,21E+03 3,07E+02 1,21E+03 1,21E+03 9,67E+02 1,65E+05 

EAgeogrid[kN/m] 1,55E+05 3,10E+05 3,88E+05 3,88E+05 1,94E+05 3,88E+05 3,88E+05 3,10E+05 - 

With the model ready to compute, was possible to 
analyse the results. Fig. 10 represents the base 
model with the indication of each pillar, Fig. 11 the 
final deformed mesh obtain with the software and 
Fig. 12 shows the vertical displacements of the 
reinforced structure of section BB’. 
 

 
Fig. 10 – Micropiles base model of section BB' 

 
 

 
Fig. 11 – Micropiles deformed mesh of section BB' 

 

 
Fig. 12 – Micropiles vertical displacements of section BB' 

 
It was expected a higher displacement where is a 
greater loading intensity, corresponding to the P88, 
P94a, P94b and P103 pillars. However, a bulking 
occurs in the non-reinforced zone after the P103 
pillar. It dues to the fact that are not accounted the 
load applied on pillars that are perpendicular to the 
section BB’. To analyse the results, it was used as a 
reference the displacement point that is nearest to 
one topographical ruler. In this way, it was verified 
that the P3 pillar was near to the R14 topographic 
ruler, recording 0,7 mm and 2,6 mm of vertical 
displacement, respectively. The difference of 1,9 
mm shows that the results are satisfactory, since 
presents values near to the real ones and  below of 
the warning and alarm criteria. 
 
 

Alternative solution: jet grouting model 
 
Since the model of jet grouting is an alternative 
solution, it was decided to perform only the case of 
the BB 'section, where the highest load occur in the 
structure. The choice of jet grouting as a 
comparison to the constructive method of 
micropiles, was made only for academic purposes in 
the present study. In real situation, this solution 
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should not be recommended. The reason for this, 
relates to the fact that there is a risk associated with 
high pressures that could be installed on the 
ground, face the weak parameters of this, once it is 
too much porous. However, the jet grouting is a 
recurring solution with many advantages, being 
considered as a plausible alternative. 

The difference between this model and the 
micropile model is the geometry of the 
reinforcement structure and their parameters. 
Table 4 shows the parameters used to define the jet 
grouting columns and Fig. 13 represents the base 
model of jet grouting on section BB'. 
 

 
Table 4 - Jet grouting columns and mat foundation parameters 

Sectiom BB’ Pillars 
Mat foundation 

Pillar number P3 P24 P45 P67 P88 P94a P94b P103 

N [kN] 308,48 729,93 547,17 571,67 333,53 629,56 629,56 517,32 - 

Column diameter 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 - 

Number of columns 1 2 2 2 1 2 2 2 - 

w [kN/m/m]   11,5 11,5 11,5 11,5 11,5 11,5 11,5 11,5 10,00 

  ν  0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 

EA [kN/m] 14137 14137 17671 17671 17671 17671 17671 14137 1,24E+07 

EI [kNm2/m] 318 318 398 398 398 398 398 318 1,65E+05 

 

 
Fig. 13 - Jet grouting base model 

 
With the same phases used in the micropile model, 
it was possible to analyze the results of jet grouting 
solution. F and f represents the deformed mesh and 
the vertical displacements of this alternative 
solution. 
 

 
Fig. 14 - Jet grouting deformed mesh of section BB' 

 
Fig. 15 - Jet grouting vertical displacements of section 

BB' 

 
Observing the results of vertical displacements, it 
was found that the maximum displacement has a 
value of 3.62 mm, being close to the values 
obtained from monitoring and fulfilling the warning 
and alarm criteria. 
 
 

Case study 2: Capela de Nossa Senhora da 
Saúde 
 
Capela de Nossa Senhora da Saúde is located in a 
residential urban area of Lisbon, in Martim Moniz, 
as the Fig. 16 shows. The building was built in the 
early of sixteenth century, and its structure is 
composed of rock and stone masonry. 
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Fig. 16 - Intervention site. Adapted of [6] 

 
After the construction of Martim Moniz shopping 
along the rear of the chapel, a lowering of the water 
table over time has been occurring since the site is 
located near the river. This led to the ground stress 
relief of the chapel, leading to the settlement of the 
foundation. In this way, was chosen a solution of 
reinforcement of tubular micropiles with IRS 
injection system, represented in Fig. 17. 
 

 
Fig. 17 - Micropile solution 

 
The constructive process of this type of micropiles is 
very similar with the GEWI type rebar micropiles, 
being only different the grout injection mode. It is 
very important to refer that the machine which 
drills the soil is capable to work inside tight spaces 

as Fig. 18 and Fig. 19 show. 

 

 
Fig. 18 - Drilling machine inside the building 

 
Fig. 19 - Drilling machine leaving the building 

 
As an alternative solution, was proposed a 
reinforcement of foundations with jet grouting 
columns as Fig. 20 represents. 
 

 
Fig. 20 - Jet grouting solution 

 
The fact the building was very debilitated, resisting 
the earthquake of 1755, prevented the use of this 
technique due to eventual bulkings created by high 
pressures of the grout injection. 
 
 

Conclusions 
 
Finishing the study developed in this paper, it is 
known that the reinforcement of building 
foundations is a subject with a relative importance, 
once exists many buildings needing to be 
rehabilitated to ensure the safety of the structure 
and its users. 
 
In all type of techniques to reinforce the 
foundations, the most current and versatile are 
micropiles and jet grouting. 
With micropiles, can be made in any type of soil, 
elements with small diameter and high length and 
with a high load capacity. It is a technique easy and 
fast to execute, being able to work in small spaces, 
inside or outside the buildings. 
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Jet grouting presents another philosophy of 
reinforcement, by working with the soil. With the 
mixture of soil-cement, are created impermeable 
elements with a good behavior to compression. This 
technique is also very versatile because it works in 
many type of soils and in small spaces like micropile 
technique. 
 
The possibility to follow the works of both case 
studies, brings the opportunity to understand 
better the micropile technique with IGU and IRS 
injection system as also another details that only 
occur in site. 
 
For the case study of Centro Escolar de Sacapeito, 
the micropile modeling solution showed a 
maximum vertical settlement of 1.68 mm in section 
AA' and 1.98 mm in section BB’. These values not 
only are below the warning and alarm criteria, but 
also within the values obtained in the topographical 
rulers. In this way, the modeling performed 
demonstrates a good approximation to the 
solution, which was actually implemented. 
In the modeling of jet grouting columns were 
obtained substantially higher values. For the 
maximum vertical settlement, the result obtained 
was 3.62 mm. It is found that this solution 
guarantees the safety, since the value of settlement 
was also below the warning and alarm criteria and 
the values of topographical rulers. However, it 
would be expected that this value would be greater 
than the micropile model, since the jet grouting acts 
only on the ground from the 3 m depth down to the 
most competent layer. 
 
In this way, for the success of a work, and in this 
case, to the reinforcement of building foundations, 
it is needed to know the characteristics of the 
foundation and the ground. Once performed the 
geologic and geotechnical study of the soil, 
choosing the best solution to implement becomes 
easier and the guarantee of success becomes 
higher. Thereby, all the investment made to study 
the soil parameters should not be taken as an 
increased cost, but as an investment. 
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