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Introduction.

A thorough geotechnical investigation will usually suggest the ideal type of foundation 
to be used at a site. This implies functionality, safety and cost effectiveness. Usually, the 
final repor t will suggest the best two alternatives.

Typically, a structure is pr imar ily designed for function. Ar tistic works are, for example, 
the opposite to that cr iter ion. After the cr iter ion of functionality is satisfied, then the 
two subsequent cr iter ions considered by the designer are its aestheticsand its structural 
requirements. Finally, after all these are satisfied, foundations are accommodated 
around the above constraints. Rarely are foundations considered at the outset. 
Exceptions are in seismic severe areas, and in predominantly civil works, such as ear th Exceptions are in seismic severe areas, and in predominantly civil works, such as ear th 
dams, deep excavations, tunnels, br idges, etc.

The influence of foundations has existed since prehistor ic times, and become notable in 
Chaldean and Egyptian public works. In contrast, most Greek monuments, so 
influential to modern architecture, ignored the fine foundation exper ience developed by 
older builders, pr imar ily because the Greeks benefited from their peninsula's excellent 
sur face rocks. Even with an excellent rock subgrade, most Greek structures have 
collapsed compared to the still existing Roman br idges, aqueducts and buildings.



The structural solution of a structure must consider the behavior of the soil over long 
per iods of time.  For example, a tall reinforced concrete building behaves poor ly in 
consolidating clay, when compared to a more flexible steel structure.  

Foundations must therefore be visualized as a natural connection between the structure 
and the soil, minimizing poor connectivity.

For example, the use of basements should be viewed both from a geotechnical and a 
space requirement points of view. The designer should answer these questions:

1. Is the rock shallow? Does it require blasting?

2.  Is the bear ing stratum within 4 meters from the sur face? These 4 meters are easily 
reachable if you had planned for a basement, but expensive otherwise.  Also, a basement 
may wipe out a good sur ficial stratum, forcing the use of deep foundations.

3.  In very soft ground, use a floating or compensated mat foundation. The economics of 
a compensated mat suggests the use of one basement per each six stor ies of building 
height.  However, two or three levels below the water table may require the use of 
expensive cut-off walls.



The Type of Building.

The average cost of a foundation for a multistory building ranges from 3 to 8% of the 
construction cost. Special structures, however, or difficult soils may raise the cost to 
20% or higher.  L ight structures, such as 2 or 3 story buildings can be suppor ted on 
inexpensive shallow foundations. Taller buildings might require more expensive 
solutions, such as mats or deep shafts to minimize differential settlements between 
columns. Very tall buildings exper ience large hor izontal forces from wind and 
seismic activity, and require greater constraints, such as:
a) Reduce soil deformations to minimal magnitudes, if necessary via extensive soil 
improvement (for example, consolidation and grouting);
b) Take the building load to much deeper levels in order to reduce settlement;b) Take the building load to much deeper levels in order to reduce settlement;
c) Use a thick mat foundations in order to keep the tall structure centered. For 
example, for a skyscraper of load P, on an equivalent circular mat of radius a, the 
critical height hc to avoid over turning is,

I f the building's height h > hc, it will require either an increase of the mat radius a, 
or improvement the soil's elastic modulus Es. 
d) When large wind and/or seismic forces are present, a deeper embedment is 
necessary to resist hor izontal loads H and moments M.
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The prefabr ication of foundations has been attempted in large repetitive projects, such
as in housing, large warehouse complexes, shopping mall projects, etc. For example,
the figure below shows a prefabr icated footing placed in the excavation. A concrete or
steel column is placed and grouted; the latter may bewelded or bolted beforegrouting.

The structure is assumed to be subjected to hor izontal loads H (from wind, and/or 
seismic loads), moments M and the ver tical (normal) loads N.  These are resisted by the 
footing reactions.



Economic Factors.

The foundation designer should always balance possible savings against the 
r isk of loosing a superstructure wor th 50 times more the foundation cost!

I t does not make economic sense to try to save mater ials (for example, volume 
of concrete) versus paying for a higher labor or taking more time. 

For example, a design may require the contractor to place reinforcing steel in a 
deep pit in order to form and cast a column.  Instead, the contractor could use 
a cyclopean concrete pour to br ing the sur face to within easy reach of small a cyclopean concrete pour to br ing the sur face to within easy reach of small 
ladders (also less dangerous).  Alternatively, the contractor could use shor t 
dr illed shafts (<10 m long) in lieu of forming the deep shallow footings.  

A heuristic is that the cost of deep shallow foundations rises as a cubic power of 
depth.

When analyzing cost, the designer should also consider the ease of inspection 
and the monitor ing of the long-term per formance of the structure, etc.



Considering the Proximity of Adjacent 
Structures.

In dense downtown environments, the engineer 
may not have the liber ty of using some types of 
foundations due to their  negative influence upon 
adjacent buildings, such as:

a) Old buildings with weak foundations: In cases 
like these, the engineer may want to use slur ry 
trench walls or underpin the older building, etc.trench walls or underpin the older building, etc.

b)  Tall building on piles: The new structure's loads 
would impose a negative shaft fr iction upon the old 
piles and possibly fail them. The loads from both 
structures, the old and the new must be taken to 
different strata.



The Selection of the Foundation Type.

Most structures are suppor ted on simple shallow foundations.  However, for some 
structures, the selection process may be complex, especially if the ideal choice of 
foundations is unavailable in the area.  

In a recent major project in Miami, for example, the FHA (Federal Highway 
Administration) prohibited the use of auger-cast piles for a mass-transit parking 
garage at Dadeland Nor th Station " because they are still experimental" .  Auger-cast 
piles however, have been in use since the ear ly 1960's.  This decision forced the designer 
to choose a much more expensive solution, that ironically lead to a major structural 
failure.failure.

Each designer has favor ite foundations based on local exper ience and per formance. 
Many designers however, simply use the same foundations year after year without 
exper imenting with newer techniques. Each project should have an optimum type of 
foundation, selected on the basis of a rational flow of questions. 

One possible flow of questions is shown in the next slide.





Main TypesMain Types

Shallow Foundations

Deep Foundations

Retaining Structures

Tunnels



Shallow Foundations

o Spread footings

o Mat Foundationso Mat Foundations

o Semi-Deep footings



Spread Footings.

Spread footings are usually the first choice of foundation, due to their  low cost and 
simplicity. Huge buildings such as the Wor ld Trade Center in Manhattan were 
founded on " shallow"  footings with an allowable bear ing of qall =  4 MN/m2 (80 ksf) 
upon the Manhattan schist bedrock. In Miami, the Biscayne One office tower is 
founded on shallow foundations with excellent per formance. In contrast, the Inter-
Continental Hotel across the street is founded on dr illed shafts that have settled more 
than 17 inches!

Spread footings for small buildings typically have these common parameters:Spread footings for small buildings typically have these common parameters:

a) Each of the building's columns transfer the load of 25 m2 of building area;
b) Typical loads are 10 kN/m2 (0.20 ksf per floor );
c)  Footings cover less than 50% of the building’s base area; 
d) The contact pressure qo of the footing ranges from 100-300 kN/m2 (2-6 ksf).

With these common parameters, the maximum building heights S (where S = number 
of stor ies) can be found for this range. For example, a small building bear ing on a 
relatively weak soil with qall = 2 ksf will have a maximum height S of  qall = 2 ksf = S
(0.20 ksf per floor )(50%), and therefore S = 5 stor ies.



Another limitation of spread footings is that they are not used in loose sands or in soft 
clays (that is, where qo <  2 ksf). 

Spread footings can only transfer medium loads when there are no weak layers within 
its pressure envelope, or adjacent foundations.  In areas where the soil bear ing is 
adequate but var ies considerably reinforced grade beamsmay be required to diminish 
the r isk of differential settlements.   The use of grade beams between footings creates a 
r igid gr id that enhances stability in heterogeneous soils.



Examples of spread footings for residences and buildings.Examples of spread footings for residences and buildings.



Mat Foundations.

Mat foundations are chosen in lieu of a spread footing when,

a) The spread footings cover over 50% of the building's ground area;
b) The building requires several basement levels below the water table; and
c) There are pockets of very weak soils which need to use a " compensated foundation"  

in order to reduce the net load upon the soil.

Mats are typically used for buildings eight stor ies or higher, and when the bear ings 
capacities of the soil are qall < 3 ksf. 

In loose sands, where qall is approximately 1.5 ksf, a mat may fail from either general 
rupture or from excessively large settlements. 

When using mats with different building sizes, check for compatibility of their  
deformations.  A solution may be to use mats of different thickness, and a system of 
joints between buildings to minimize differential settlement.  However, most mats 
built today use a constant thickness in order to minimize labor costs. Mats are 
complex structures, and require controlled steel, attempt large single pours, handle 
complex joints, etc.)  Mats are rarely used for buildings lower than 7 stor ies, since 
they are typically expensive as a deep foundation.



A mat is poured under water in Coconut Grove.







Semi-Deep Foundations.

Semi-deep foundations are used when,

a) Bear ing is found just beyond a typical shallow footing (for example, when the depth 
of the foundation Df = 1.5 m) but is not deep enough to justify a deep foundation 
(when Df > 3 to 6 m);

b) The structure is too small to justify the cost of a deep foundation;

c) The structure has large hor izontal loads that must rely on the soil mass to resist c) The structure has large hor izontal loads that must rely on the soil mass to resist 
movement via its passive pressure.

Typical problems with semi-deep foundation pits include its dewater ing and the 
required shor ing for the safety of the construction crews.



Deep Foundations

o Drilled Shafts
o Auger-cast shafts
o Pressure-injected piles (pifs)
o Precast-prestressed concrete piles (pcps)o Precast-prestressed concrete piles (pcps)
o Timber piles
o Steel piles
o Composite piles
o Micro-piles



Deep Foundations.

Deep foundations are more expensive foundations, and are used when,

a) Bear ing is not attainable with a shallow footings or pits within Df < 3 m.

b) The building’s settlement must be limited to a very low value.

c) The presence of a high water table, and high soil permeabilities rule out the use of 
shallow footings.

d) Whenever there are very high and concentrated loads (for example, a tower building d) Whenever there are very high and concentrated loads (for example, a tower building 
on a very small lot), and

e) Severe constraints to avoid any effect upon adjacent foundations from new loads or 
vibrations.

Very large covered structures such as warehouses, factor ies, convention centers or 
churches typically do not use deep foundation since their cost would be uneconomical. 
Instead, the soil is improved through surcharging, vibro-flotation, dynamic 
consolidation, grouting, etc,  in order to use shallow foundations.



The selection of piles and shafts are made by,

a) The nature of the soil strata and their respective shear strengths;

b)  The required length of the piles and shafts;

c)  The type and size of the loads;

d) The number required of these piles and shafts;

e)  Their special constraints (for example, minimize the urban-noise, the vibrations, the 
hor izontal loads, dynamic loads, negative shaft loads, the chemical aggressivity of hor izontal loads, dynamic loads, negative shaft loads, the chemical aggressivity of 
the soil, etc.).



Dr iving a pre-cast pre-stressed 24”  square concrete pile for the Palmetto expansion.



Dr iving steel piles.



These cor rugated and tapered steel tubes (called Monotubes) are being dr iven.



14”  diam. auger-cast piles (AC) used to suppor t Miami’s MetroRail along NW 12th Avenue.



Installing a 36”  diameter dr illed shaft for MetroRail at Government Station.



Based on exper ience:
1. Do not use fr iction piles in clays. I f a pile that is suitable for its end bear ing is too 

deep (> 30 m), use in-situ piles such as auger-cast or dr illed shafts.
2. Use precast prestressed concrete piles (PCPS) in loose sands, since they will compact 

the soil.  Another alternative is the Franki or PIF-type bulb shaft.
3. Use dr illed shafts through garbage sanitary fills and construction debr is fills, 

boulders, cemented layers of coarse gravels, etc., that would resist pile dr iving.
4. Use in-situ (cast-in-place) piles in cohesive soils when the water table is below their 

tip.
5. Shafts can not be effectively advanced in hard or cemented soils, since the torque 

placed on the dr illing auger would exceed most machinery specifications.
6. Don't use extractable pile through ar tisan strata. Piles may uplift by the head.6. Don't use extractable pile through ar tisan strata. Piles may uplift by the head.
7. Don't use in-situ shafts in highly permeable ground flow (because the fresh grout will 

be washed away). 
8. Visualize end bear ing piles or shafts as columns. Dr ive PSPC > 20 m to avoid splicing, 

out-of-plumbness, deflections, etc.
9. Avoid use of patented systems that require large volumes of piles or shafts in order to 

recover savings.
10. Deep foundations become cheaper when their number are reduced and their 

capacity is increased.  Economies ensue if their  capacities are at least: for PSPC 200 
tons/each, in-situ piles 200-700 tons/each and large diameter shafts 700 tons/each.

11. Avoid dr iven piles (such as PIFs, PSPC) in urban areas, due to the noise and 
vibrations which cause structural cracking, settlements, etc.



Alternative Foundations.

- Footpilesare shor t stubby piles with expanded end or " footing“ .

- Underreaming along shaft.

- Soil nailing with 1"  to 2"  galvanized pipes.

- Mats on fr iction piles.

- Grade beam gr id with pit footings.

- Spread footing upon gravel columns.

- Deep vibratory compaction with gravel.

- Grouting (cement, silicates, resins, silica gels).

- Super ficial dynamic compaction.



Retaining Structures

o Gravity walls
o Precast concrete segmental walls
o Flexible walls

- steel (and plastic) sheet-piling- steel (and plastic) sheet-piling
o Mechanically stabilized earth walls

- Retained Earth
- Reinforced Earth

o Dams
o Cofferdams



Shield walls are used for temporary support.





A braced excavation.

This method of 
accessing the 
underground is used 
for both temporary and 
permanent structures.





European cities are running 
out of space for parking at the 
sur face.

This sketch shows a new type 
of automatic parking system in 
I taly, that automatically places 
your car into a pre-assigned 
slot without human slot without human 
intervention.

The site is prepared with deep 
slur ry wall construction, that 
places these six parking levels 
well below the phreatic 
sur face.



An old steel sheet-pile wall is being 
re-anchored to increase its 
capacity.

Notice the auger-dr ill r ig 
cantilevered over the water, and 
the workmen operating off a 
suspended platform.





Cofferdams are placed into a r iver channel to temporar ily cut off par t of flow, while a low-head 
hydroelectr ic plant is built.



Boulder Dam.



Tunnels

Dewatering



Heavy rail tunnel for Vancouver ’s new Millennium L ine.



The new link between Copenhagen, 
(Denmark) and Malmo (Sweden) 
includes the causeway and its tunnel 
seen in this photograph, plus one of the 
wor ld’s longest cable-stayed br idges 
(not seen here).



Dewater ing an excavation by the Inter-Coastal at Miami Beach for a 30-story condominium.



A three-staged dewater ing system to place the foundations of a large building.
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