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Abstract 
The solutions for foundations can be distinguished between three main groups: shallow, semi-

deep and deep. What determines this distinction is the relationship between the foundation’s 

depth and its diameter. Objectively, one says the foundation is: in the first group if the relation is 

inferior to 4; in the second group if between 4 and 10; and in the third if greater than 10. 

The main goal behind deep foundations is to assure the transmission of the structural weights 

and loadings to a firm platform at a given depth. This type of foundation must be used only 

when the soil underneath the structure: does not reveal enough resistive capacity to 

accommodate superficial foundations; is very compressible (settlement); and if the 

compressibility and/or the weight distribution is variable (differential settlement).  

As main examples of the types of foundations previously announced, one has, for the shallow, 

the spread footings or the mat foundations, for the semi-deep the piers and for the deep the 

piles. This thesis is mainly focused, however, on the last two of the three abovementioned 

foundation types: the deep and the semi-deep, being the main study objects 4 types of 

implementations: piers, barrette, micro-piles and piles. 

 

Introduction 
The main goal behind this study is to make the distinction of the technical and economical 

differences between several deep foundation types, considering various types of soils and 

constructions, through the comparative analysis of the possible solutions. 

In order to reach a solid conclusion, one has to bring into account many aspects concerning the 

economical status of the country and its civil construction market. 

In this study, the various different foundation types (be it shallow or deep) are presented in a 

general and theoretical sense. The most common geometrical forms and dimensions, alongside 



some usages of the previously mentioned foundations are small examples on what this chapter 

focuses on. 

A relationship between the presented foundations and various types of soils and construction is 

established, based on technical and economical aspects, whereas application fields of each 

type of foundation solution undergo a comparative analysis for each situation. 

Finally the study concentrates itself on the most commonly used foundation solutions in 

Portugal, while shedding some light on what could be the future on this area taking into 

consideration the different soil types, the available technology and the Portuguese market 

dynamics.  

 

1) Types of Deep Foundations 
 

1.1) Piers 
These foundation elements are composed by a high transversal section, usually over 1 square 

meter and with reduced slenderness ratio, normally between 5 and 8. In most cases the section 

is either circular or oval shaped, but it can also take a rectangular form, especially in larger piers 

in which the base can be wider. Piers can be made of wood, simple concrete or metal. They are 

used whenever the resistant soil is at an average depth between 4 and 8 meters measured from 

the ground floor, which corresponds to a pier height that usually varies from 3 to 5 meters. 

 
                                                    Common sections in piers 

 

The pier section is preferentially circular, because it’s the most resistant form, considering 

external pressures both in land and in the water. It is also the easiest way to avoid unbalanced 

excavation, clinching deviations and cracks in the pier, because the land pushes the foundation 

uniformly and in all directions.  Whenever we are dealing with very big sections, it is best to use 

a rectangular form, because this allows both to execute a cell division, defined by septae that 

enhance the stiffness of the section, and to work separately in each cell during the excavation 

process which represents an advantage from the construction perspective. The piers build this 

way are normally referred as caissons, and their application is only justified in the presence of 

running water, like rivers. In fact, these solutions are hardly ever used because they are less 

competitive than a pile grouping due to their higher costs, although they have been used in 

Portugal for major constructions like Ponte 25 de Abril in Lisboa or Ponte São João in Porto. 

 



1.2) Barrette 
Barrette are composed by one or more panels of diaphragm walls, which should be placed in a 

convenient position so that the weight of a certain load is transferred to the soil. The main 

characteristics of these elements are: high transversal section; medium to high slenderness 

ratio; and capacity to resist vertical and horizontal loads. These elements are normally used as 

a foundation solution regarding big-sized structures such as bridges, ports and industrial 

facilities or areas with very soft soils where the bedrock is located at relatively big depths 

(usually up to the tens of meters). 

The transversal section can be designed in several forms: 

 

 

 

 

 

 

Examples of transversal sections of barrette (left) and a barrette as the prolongation of a pillar 

(right) 

 

1.3) Micro-piles 
Micro-piles are bored piles of small diameter - mainly between 80 and 250 millimeters - while 

conventional bored piles are normally up to 400 millimeters wide in diameter. Another major 

difference between these kinds of piles is that micro-piles are shorter and normally concreted in-

situ. They present some advantages compared to “normal” bored piles (which makes them 

nowadays an on-growing solution) such as: high load capacity with very reduced settlements 

(around 10 MPa while the conventional ones never get above 5-6 MPa); adaptability: since they 

work both in compression and in traction they can be used in very reduced areas with little 

disturbance of the surrounding environment, in every type of land and in any spatial direction.   

The load capacity is raised essentially through resistance by lateral friction, coming from its 

construction method, which includes concrete injections at high pressures. These allow an 

excellent control of the settlements because since they work essentially by lateral friction, as 

mentioned before, at the slightest movements of the superstructure they react. 

 
 
 
 
 
 
 
 
Example of micro-piles utilization over the foundation cap (left); micro-piles as a big dimension 
element  of foundation (Funchal  airportl) (right). 
 
1.4) Piles 



Piles are usually elements with a circular section that convey the loads that the superstructure 

imposes through lateral friction or through its tip. They can be bored or driven depending on its 

execution method. Bored piles are made of concrete and executed in-situ, while the driven are 

prefabricated, being afterwards carried to the construction site and then inserted in the soil. 

Nowadays bored piles are the most used given its advantages on the construction approach 

with less vibrations and noise. However, recently, the use of driven piles has been growing, as 

there has been development on execution techniques. Due to the application of layers of 

absorbent foams and external barriers of metal and/or rubber it is possible to reduce 

disadvantages such as noise and vibration. Furthermore, driven piles also present advantages 

such as fast execution, high standards on quality control and easy positioning.  

On a side note, it is important to mention that nowadays piles execution is a widespread use 

technique that no longer demands for specialized firms, unless we are dealing with very specific 

situations. 

 

2) Building processes 
 

2.1) Piers 
First of all, it is important to reinforce that in these processes the geotechnical cares are of great 

relevance since it’s necessary to make a complete analysis of the land that is to be worked on 

and over which the piers will settle. Hence it is important to pay attention to the following 

aspects: resistance and lateral continuity; water existence; bed-rock resistance and depth and 

in the case of boulders, to foresee eventual drilling difficulties by verifying the quality of these;  

 

2.1.1) Rotation drilling piers 
Summarily, this method can be described in the following way: to excavate until the height of 

the head of the piers, generally roughly the same as the height of the ground floor; to position 

and equip the tube with the bit and to begin to drill; reinforcement placement; to concrete, by 

introducing it at the bottom of the pier recurring to a hopper; to cover it with bentonite, in the 

case of a granular soil. 
 

2.2) Barrette 
The construction process is very similar to that of the diaphragm walls and can be divided into 

two cases: barrette construction with no connection to diaphragm walls and barrette execution 

connected to diaphragm walls. 

 

2.2.1) Barrette construction no integrated into diaphragm walls 
This method can summarize step by step in: 

 - work platform preparation, by execution of the guide-walls; 

- excavation of the panel; 



 - cleaning of the excavated area; 

- drilling stabilization with bentonite; 

- insertion of the reinforcement cage; 

- concreting of the wall, with bentonite extraction; 

- demolition of the guide-walls; 

- cleaning of the head and connection to the superstructure. 

 
Barrettes execution process: 1)  guide-walls execution; 2) excavation; 3) puncture-bottom 
cleaning; 4) mud  bentonitically stabilized puncture; 5) placing of the reinforcement; 6) 
underwater concreting of the puncture, with simultaneous mud extraction. Note: whenever the 
barrette is a sole panel, it’s necessary to use jointing tubes. 
  

2.2.2) Barrettes construction as the prolongation of diaphragm walls 
In this case, barrettes are simply the prolongation of diaphragm walls and its construction 

process adds nothing to the current panel of the diaphragm wall, being that, in this case, the 

barrette is no more than the inferior portion of a higher panel. It’s important to point out that 

most of the barrettes built nowadays are precisely prolongations of diaphragm walls. 

 

2.3) Micro-piles 
A fundamental aspect in the building process is the coesion of the soil. Considering this, one 

can summarize the different processes for each land typology: 

- for granular soils 

1) roto-percussion drilling and casing tube introduction; 

2) pole and bit extraction; 

3) reinforcement-tube introduction; 

4) sealing of the spaces between tubes; 

5) drilling tube extraction; 

6) phase injection of the sealing length; 

7) filling of the reinforcement tube with cement grout; 

8) eventual introduction of a complementary reinforcement inside the reinforcement tube. 

  



- for coesion soils 

1) drilling; 

2) tube-reinforcement placing; 

3) filling of the ring-like space between the puncture and the tube.  

4) manchetes injection and filling of the tube. 

 

As the picture shows, the major difference lies within the fact 

that the reinforcement tubes are used solely when we are in 

the presence of granular soils. The reason for that is the need 

to contain the soil before the concreting is begun. 

 
 
                                                                                     Transversal section of a micro-pile on an 

granular soil. 
 
 

 

2.4) Piles  
Currently, the main execution processes for piles are: 

- pré-fabricated concrete piles – type 1 

- continuous flight auger piles – type 6 

- piles drilled with recoverable tubes  – type 2 

- piles drilled with betonite– type 6 

- short jumper piles with no shaping tube – type 6 

- piles drilled with unrecoverable tubes  – type 4 

- piles executed with no soil extraction – type 3 and 5 

 
 

2.4.1) continuous flight auger piles 
 

1 – drilling with continuous flight auger 

2 – concreting of the pile with simultaneous lifting of the flight auger; self compaction of the 

concrete due to its own height; 

 3 – removal of the flight auger and insertion of the reinforcement cage; piles sometimes 

executed with a marginally wider diameter than projected; introduction of the reinforcement 

is a difficult process, particularly for regions with depths of more than 8 meters; 

4 – cleaning of the head of the pile, with pneumatic hammers. 

 

 

 



5 – execution of the foundation cap. 

 

 

 
Right: drilling equipment; Left: schematic representation of the execution of continuous flight 
augerpiles. 
 

3) Dimensioning considerations 
3.1) Piers 
Piers can work through the tip, through lateral friction or through a combination of both. 

Obviously, the surrounding soil of the foundation plays a fundamental role in this action, causing 

major behavior differences between the case in which the piers reach a rigid formation and are 

surrounded by different soils in terms of deformability and the situation in which the pier is 

immersed in soils with identical mechanical characteristics to those disposed laterally and below 

the pier base.  

When piers work through the tip, the contribution to the adjacent soils coming from lateral shaft 

resistance should be disregarded in computation since its value is too small or unreliable. 

Therefore, the total resistance should be obtained only from the mobilization of reactions in the 

rigid soils in which the base of the pier is settled. 

 

 

 

 

 

 

 

 Pier behavior in different types of soil. 

 

If there are horizontal forces in action, the reinforcement 

computations should account for the reaction force against the 

foundation cap. The passive impulse should balance the horizontal 

force imposed by the superstructure as should the bending 

momentum created by it. 

 

 



3.2) Barrettes 
 

A very common dimensioning method, because it is relatively simple, and leads to conservative 

results (as observed experimentally), is the Ferrandi method. 

 
                          Resistant capacity to barrette compression (Ferrandi method) 
 
 
The general formula for the resistant capacity to the barrette compression is given by: 

T1 =T p +T l  

In which:  

                T1 – resistant capacity to barrette compression 

Tp – tip resistance 

Tl – lateral friction resistance 

 

Therefore: 

 
In which: 

                σ1 – admissible tension on the barrettes base 

A – barrettes transversal section area 

f – atrittion coefficient  

U – barrettes perimeter 

h – barrettes embedded portion length 

a,b – soil’s internal friction angle coefficient 

γ   – volumetric weight of the soil on the barrettes base 

c – cohesion of the soil on the barret’s base 

 

There are some difficulties when determining the value of the internal friction angle of the soil in 

laboratory, so one should apply a safety factor of between 0,7 and 1,0 to the admissible 

resistance capacity of barrettes  

 

 

 



3.3) Micro-piles 
 
3.3.1) Penetrometic-experimental Method 
This is a method adapted from the regular piles, as consistent results in micro-pile 

implementations where corroborated. Like in other methods, it consists in separating the tip 

resistance from the lateral friction resistance. In this case they come as: 

 

 - Tip resistance 

 
- Lateral friction 

 
In which : 

Rpa – tip resistance equivalent to the tip level; 

 β   – penetrometric capacity coefficient; 

Ab – section area; 

Rpi – tip resistance on layer i; 

               α i – relation between the tip resistance and the lateral friction in the layer; 

              Qfi – load of lateral friction of layer i; 

li – thickness of layer i; 

B – micro-pile diameter 

 

The capacity of the admissible nominal load, Qn, is given by: 

 
 

3.4) Piles 
 

A pile project normally follows five steps: 

1) determination of the acting loads in each pile 

2) pré-dimensioning (geometry) 

3) computation of the load capacity 

4) dimensioning of the pile, cap and foundation beams (balancing) 

5) safety checks (several stages) 

 
Next, the pre-dimensioning is demonstrated through several steps: 

 

a)  First, one should choose the pile execution technology, based on preavailable information 

and on the prospection report. This report should inform on the layer’s mechanical 



characteristics, and should answer questions like: what type of pile to use; what tip resistance 

should we have and at what depth; and how much lateral friction.    

 

b) Next the length of the pile should be determined. Its length should be enough to assure that 

the tip length is at least equal to three times the diameter of the pile in soils and one time the 

diameter of the pile in rocks. 

  

 c) A location in the plant should be chosen and defined. One has to take into account that the 

piles absorb mainly the axial forces and that the foundation beams absorb the bending 

moment. The minimal spacing between piles should be 2,5 to 3,0 times the diameter of the 

piles and the minimal distance to obstacles, like neighbour constructions, should be 0,70 m, 

being that this distance is conditioned by the equipment. 

 

 d) The most usual diameters for piles are(mm): 400, 500, 600, 1000 e 1200. 

This diameter should be based on: 

- settlement control, which is assured through:: < 5,0MPa 

 

- the slenderness ratio      < 40 , which depends on the construction process and the 

soil type. 

  

 

4) Technical and economical relationship between deep foundations and 
the several types of construction and soils 

In most cases, the soil constitutes the major factor of decision towards deep foundations, albeit 

the specificity of the work is sometimes enough to lean over this kind of solution. High vertical or 

horizontal loads or even great excentricities - causing significant bending moments - are 

examples of the particularities of some superstructures that alone might lead to the use of deep 

foundations in a given construction, even if one is before a soil with good mechanic 

characteristics. 

 
4.1) Fields of application 
 
4.1.1) Piers 
Taking an option for piers is justified mainly when we are dealing with big demands on a load 

perspective and in relatively small depths of resistant layer (usually between 4 and 10 meters) 

since this easily allows the adoption of foundation elements with slenderness ratios between 5 

and 6. If the resistant layer occurs at higher depths and if the solicitations to be absorbed are 

moderate, one should consider a solution of skin friction piles, in which a substantial load is 

absorbed by lateral friction alongside the shaft. 

Piers can be good solutions in cases where by some reason there is not enough space in the 

plant to execute shallow foundations, since they occupy a much lesser area than the latter, 



however offering equal conditions of resistance if one is working in soils with good mechanic 

characteristics. They are as well very commonly used elements regarding the reinforcement of 

old foundations, in this case they are linked to the existent cap in its inferior part. 

 
4.1.2) Barrettes 
The specific cases constituting the most adequate solutions are: 

 - weak superficial soil, notwithstanding good deeper layer quality; 

- when the peripheral containment are made in diaphragm walls; 

- big-sized structures susceptible to settlements; 

- heavy structures with small bases, like towers; 

- construction in urban areas where low vibration and noise is demanded; 

- subway tunnels, large diameter sewers and other tunnels of public utility; 

- hydraulic structures, like hydroelectric stations and dams, in which are solutions of peripheral 

containment must be executed, like diaphragm walls, being that the barrettes can be easily 

associated to these as elements of foundation. 

 
4.1.3) Micro-piles 
Micro-piles are considered solutions for deep foundations, since they are adequate for use 

when the loads to be transmitted to the soil are not very elevated and the mechanical 

characteristics of the soil do not assure safety in shallow regions. In this scenario there is the 

need to obtain big depths in order to find acceptable resistance values and limit the settlements 

to adequate values. This kind of foundation first appeared to reinforce the foundations of old 

buildings (Pisa Tower for example) and also new construction and comes as a result of 

difficulties that the soil presented in some cases, such as excessive settlements with the 

tendency to accentuate. Sometimes, these situations occur because the loads grow in already 

built constructions, either from the construction of new floors or by a building purpose change. 

Micro-piles are adequate solutions for this problem because they prolong the foundations into 

bigger depths where more resistant soils exist while not affecting the neighbor constructions. 

 

4.1.4) Piles 
Piles are the most common choice when one wants to construct a building situated in a soil with 

bad resistance characteristics on the soil’s top layers. These are elements capable of 

transferring the loads of the superstructure to deeper soils, where one can find better resistance 

characteristics. 

 

The choice of the type of piles must be thought taking the following vital factores into 

consideration:  

- the localization and the type of the superstructure, and the loads to absorb 

 - cohesion conditions for the soil and positioning on phreatic terms. 

- depth of the platform capable of supporting the loads transmitted to the piles. 

- Accessibilities to the construction site 



- long-term durability, given that concrete piles are sensible to chemical attacks from minerals 

and soil acids. 

- type and state of conservation of the adjacent structures to the project 

- type of equipment available on the market and on the region around the construction site 

- costs to endure by the the builder 

 

4.2) Influence of the soil in foundations 
 

Currently, at least on developed countries, where the employment costs are higher, it is not 

usual to execute piers manually. It is a demanding technique which requires qualified workers 

and presents significant risks to workers. Given these facts, nowadays, this type of foundations 

is executed, in general, through equipments identical to those used in piles. For this reason, the 

soil range in which one can use piers is mainly the same as with piles, that is, piers are 

inadequate for rough soils or soils with layers with boulders or when there are large quantities of 

water, making it necessary to recourse to containment structures, slowing down and raising the 

costs of the construction.  

The barrettes are normally constructed as prolongations of the diaphragm walls, inclusively 

sharing the same construction equipment with these. Dues to that fact, they are a good solution 

for soft soils with high water table.  

The micro-pile is the most versatile foundation type, since it’s usability as a deep foundation 

regarding soils is broader. This comes from its ability to function essentially through lateral 

friction as a result of its constructive process (small diameter drilling and high pressure 

injections), allowing therefore it’s utilization on soft soils. On the other hand, it can also be used 

in rocky soil, because it’s diameter is small thus permitting its perforation to be relatively 

effortless. Piles are the most broadly used deep foundation type and that is symptomatic of it’s 

greater versatilty concerning constructive processes and capacity to transmit high loads to the 

soil. As with micro-piles, they also work by lateral friction, making it’s utilization in soils with bad 

mechanical characteristics viable. It is not recommendable, however, its use soils with boulders.  

 

 

 

 

 

 

 Relationship between the type of soil / type of foundation and depth of the resistant layer/type 

of foundation relationship. 

 

 



4.3) Influence of the value and distribution of the acting charges 
 

The following table indicates the capacity of the charges of the various types of foundations 

mentioned throughout this study. The commonly considered minimums and maximums for each 

foundation type have been used as reference values. 

 

 

Foundation type 
Reference 

stress values
(in service) 

Vertical load support 
capacity            

(axials in service) Non-vertical considerable 
forces absorption 

diâmetro 
mínimo 

diâmetro 
máximo 

Pier                
from               

400mm to 1200mm    
(circular section) 

2,4 MPa 300 kN 2800 kN 

small capacity, even though 
the flexion module is great, 
since they are stiff, the flexion 
forces to the soil are not 
transmitted adequatedly 

Barretes            
from               

400mm to 1000mm    
thick                      (by 
development meter) 

5,0 MPa 2000 
kN/m 

5000 
kN/m 

great capacity, coming from 
the facts that the flexion 
modules are high and they can 
reach bigger depths 

Micro-piles          
from               

150mm to 250mm     
(circular section) 

11,0 MPa 200 kN 600 kN 

great capacity, since these can 
be inclined in a way that the 
absorb axially the non-vertical 
forces 

Piles               
from               

400mm to 1200mm    
(circular section) 

4,8 MPa 600 kN 5600 kN 

great capacity, given the fact 
that they present a good 
flexion module while not 
having length limitations 

 
Table – Charge capacities for different foundation types 
 

Notes on table: 

 - The presented diameters correspond to the minimums and maximums that are 

commonly used. For example, there are micro-piles with diameters up to 400mm, but in 

general terms, they are not longer than 250mm.  



- The micro-piles transmit the charges’ weight essentially through lateral friction, being 

that 11MPa is a reference stress value. As a result of multiplying this stress value by the 

area in plant of a micro-pile, one takes the equivalent axial force. This method enables 

the comparison between the charge capacity of micro-piles with other types of 

foundations.  

 

4.4) Cost Analysis 
 

One can say that - in general – barrettes and piles executed through Kelly telescopic piles are 

more expensive and of more difficult implementation. This is due to the fact that their efficiency 

is lower (but significantly more controlled) than continuous flight auger piles, which in place 

support lighter loads while adapting to lesser depths (about 12 meters - resulting from the 

limitations of the reinforcement cage), hence permitting a simple and very efficient construction 

process and enabling a more cost-effective approach to the problem. 

On the other hand the most costly of the foundation types on general terms – considering the 

cost/weight relationship - are the micro-piles, which have sensibly the same cost as some other 

types of piles but require the use of a small diameter drilling process and a filling and sealing 

injection (the latter at a high pressure), once that the loads are transmitted to the soil 

predominantly by lateral friction.  

It is possible to execute between 120 and 180 lm/day of continuous flight auger piles, while 

regarding micro-piles and drilling by Kelly telescopic piles one cannot expect, in general, more 

than 50-60 lm/day. 

  

The associated costs considering the execution of piles and barrettes can be divided between 

the following groups: equipment mobilization, drilling, reinforcement and concrete. 

Barrettes are usually executed following the construction of bored walls, which is convenient 

since the equipment used is roughly the same hence considerably lowering the equipment 

mobilization costs to the construction site. 

In relation to the micro-piles one should consider, on one hand, the equipment mobilization 

costs as well and on the other hand the drilling + reinforcement + cementing costs, being the 

latter related to the filling and high pressure sealing injections. 

 

 

Final considerations 
The primordial reasoning behind deep foundations is to transmit the loads imposed by a 

structure to a platform of resistant soil, at a given depth. 

The resort to this type of foundations should be made whenever the upper layers of the soil do 

not present enough resistance capacity to support shallow foundations and the necessary 

excavation to reach resistant layers is not economically viable. The piers are the deep 

foundations with a smaller slenderness ratio thus only being adequate for resistant layers at 



smaller depths (10 meters at most), while piles and barrettes can be executed at much greater 

depths, up to several tens of meters (as in the case of the Petronas Towers in Kuala Lumpur). 

Considering micro-piles, the depth of the resistant layer is not very relevant since these can 

acquire practically all of its load capacity through lateral friction, being the contribution given by 

through the tip insignificant. 

On a market level, there has been a notable growth in Portugal, mainly through the introduction 

of new national geotechnical companies, which in turn challenge the multinational companies 

with Portuguese interests. 

This happens as a consequence of the formation of Portuguese technicians - supported by 

those foreign companies - allowing the Portuguese workforce to develop a strong know-how on 

the business and therefore creating their own companies. This has happened in particular in the 

last four years, with some cases of extreme success and growth within this group of new 

companies, allowing some of them even achieving international status, like for example 

Tecnasol, which in 2006 had more workload in Spain that in Portugal itself. 
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