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Major Assemblies of a Building.

super-structure

sub-structure

foundations



Primary Factors Affecting the Choice of Foundation:

1) Subsurface soils: The building must be placed on a soil that can carry the new load. In 
other words, that soil must have adequate “bearing capacity” . Therefore, the placement of the 
foundations will be at a depth where the bearing capacity will hold the building with an 
adequate factor of safety (FS>4).

2) Ground water conditions: If the water table is high, and bearing capacity is below that 
water table, then the Engineer needs to determine if a deep foundation must be used (usually 
more expensive than a shallow foundations by a factor of 10), or if a deep basement could be 
built with an expensive retaining wall system.

3) Construction access, methods & site conditions: Working space available.

4) Environmental factors: Noise to neighbors, disposal of water and debris.

5) Building Codes & Regulations: Wind for Miami = 146 mph, seismic in SF, etc.

6) Impact on surrounding structures: Clearances, undermining, vibrations, etc.

7) Construction schedule and risks: Litigation from neighbors, risks, safety of jobsite, etc.



Types of Foundations.

Shallow foundations:
individual or  isolated footings,
continuous footing (also called a wall footing)
combined footings (combines two or  more columns on one footing)
pedestal footings (br ing the column out of moist ground)
mat (or  raft) footings (for  large buildings or  poor  soil conditions)

Deep foundations:
piles (hammered into the ground)
shafts (placed, called “ in-situ” )
augered (screwed into the ground, reinforced and then grouted)

Retaining walls:
reinforced concrete walls
mechanically stabilized ear th walls (MSE)
flexible sheet pile walls

cantilevered
anchored
braced cuts
cofferdams



Shallow Footings.

Requirements. Shallow footings are the most economical and easiest to build. They can be 
used when the upper layers of the soil have good bearing capacity. Even poor soils may be 
easily improved by compaction, grouting or other techniques to take advantage of the 
economy of shallow footings. Below are shallow footings on firm clay soils.



A line of spread footings for  per imeter  (lightly loaded) columns.



Prepar ing the reinforcing steel for  a continuous or  wall footing.



A finished continuous footing with steel dowels to reinforce theCMU walls.



A line of spread footings tied together  with a continuous footing.



A mat (or  raft) foundation is a solid plate underneath the entire building area. Because 
it is so large, and thick it is the choice foundation for  tall buildings. I t is an excellent 
choice in poor soils, where the volume of soil excavate equals the weight of the bldg.



One of the largest mat foundations cast in Flor ida is this 9,900 yd3 per formed on 
Saturday, 11 May 2002, at Sunny Isles Beach, Miami. The mat will suppor t the 51-story 
Aqualina Ocean Residences and Resor t, that belongs to the Trump Group. The pour  
took 14 hours (star ting at 0300 hours to 1700 hours, non-stop).



(Aquilina – continued).

Tarmac, the concrete supplier , used 150 trucks 
for  this job, deliver ing 990 loads of 4 ksi 
concrete. The contractor , Pavar ini 
Construction Company of For t Lauderdale 
used seven concrete pumps. 

The foundations were built by HJ Foundation 
of Miami, from a design of URS Corp. and 
CH2M Consulting Engineers. The mat is 
suppor ted on 18-in diameter  auger-cast shafts 
extending to a depth of 130 feet. A few 30-in 
diameter  shafts were placed to a depth of 80 
feet, and provided a design capacity of 1,400 
kips and are believed to be the largest auger-
cast shafts in Flor ida.

The mat was 9 feet thick, and 280 ft x 120 ft in 
plan. The reinforcement consisted of 800 tons 
of #18 bars.



Deep Foundations.

Deep foundations are needed when there is no adequate bear ing stratum close to the 
sur face of the job site. These foundations are much more expensive than shallow 
foundations, but may be the only form of transfer r ing the load into the ground.

Placed shafts Hammered piles



These 3’ foot diameter  steel casings help build deep dr illed shafts.



These cranes suppor t the dr illing bits that cut into the soil down to the optimal depth.



The r ig has a 34” auger-bit attached to its tip; some bits are 120” in diameter



Pr ior  to enter ing a collapsing soil stratum, the steel casing is lowered to follow the bit.



When the shaft reaches the chosen bear ing stratum, it is dewatered for  inspection.



Special buckets are used to clear  the shaft of solids.



An inspector  is lowered to the bottom of the shaft to check the quality of the soil.



A reinforcing steel cage is lowered into the shaft to provide tension and moment capacity.



After  the shaft is filled with concrete, the steel casing is removed.



Deep Foundations: Driven Piles.

There are two basic types of driven piles:

1) End bear ing piles, where the load is 
transferred into the soil through its bottom end, 
through the bearing capacity of the soil at that 
level; and

2) Fr iction piles, where the load is transferred 
by friction resistance between the pile and the 
soil surrounding its shaft.



Types of Driven Piles:

1. Steel H- piles, or steel pipes. Used only for  end-bear ing; because of its small area at 
the end, has low capacity, 30 to 120 tons. Can be spliced but cor rodes. Can not be 
inspected after  dr iving, and tends to twist dur ing dr iving. Pipepiles are used mostly 
for  end bear ing when filled with concrete, for  50 to 150 ton capacity.
2. Concrete, cast in-situ or pre-cast. Does not cor rode, very economical and provides 
load capacities of 60 to 120 tons.
3. Wood (timber). Not economical in the US anymore. Has a low capacity of only 10 to 
35 tons. Has the draw backs of not being able to be spliced, rots and splits easily while 
being dr iven (called “ brooming” ).



Pile Drivers.

They require massive r igs, which consist of heavy cranes with a set of ver tical rails 
where the dr iving hammer and the pile are placed (leads). The crane is sensitive to 
unleveled sites. The operation is noisy and produces unacceptable vibrations around 
residential, hospitals and commercial areas. Modern hammers are usually diesel, or  
hydraulic.



A stock of re-usable steel H-piles. Note the reinforcing plates for  the tips.



A diesel hammer is dr iving an H-steel pile.



A new steel H-pile has been spliced un top of the dr iven pile, to go deeper .



When the structure must resist hor izontal loads, some of the piles are battered, as shown.



When the piles reach the bear ing stratum, they are cut-off, as seen here.



A closer  view of a finished pile cluster , ready to cast the pilecap for  one column.



Each cluster  of steel piles is a pile group, and suppor ts one column.



The pile cap ties all the piles together  with this mesh of steel. I t is ready for  concrete.



Precast Concrete Piles.



In-situ Cast Concrete Piles.



Augercast Shafts.

These are among the best types of 
deep foundations available.

Whereas a dr iven pile can be 
likened to dr iving a nail, auger-cast 
shafts are like placing a screw. A 
screw has a much higher  capacity 
than a nail.

A proper  size hole is dr illed with a 
long auger . As the auger  is being 
removed from the hole, the hollow 
stem injects a concrete grout into 
the soil. The soil is thereby 
improved. Finally, a reinforcing 
Steel cage is installed inside the 
liquid grout column. When the 
grout hardens, a 30” diameter  shaft 
may have a design capacity of 600 
tons.



Monotubes.

These steel shells 
are dr iven with a 
mandrel. Then the 
empty shell is filled 
with concrete.



Seismic Base Isolators.
Footing or  base isolators allow the ground to move laterally but dampen a large 
por tion of the movement into the structure. The isolators deflect as parallelograms to 
keep the building



Underpinning.

Underpinning is a process of strengthening or stabilizing failing or weak foundations of an 
existing building. There could be a number of reasons why it may be required:

1) Imminent failure of the existing foundations, or
2) A change in the building’s use (eg., install new heavy machinery), or
3) The new construction adjacent to the existing structure.



Retaining Walls

Retaining walls hold back soils to create an abrupt change in elevation. Their design depend 
on their:

- Height
- Types of soil and their characteristics (behind and under the wall footing)
- Location of the ground water
- Loading behind the wall (buildings, heavy cranes, etc.)
- Their appearance
- Types of expected wall failures:

a) Overturning
b) Sliding
c) Undermining



Design Elements to Prevent Failure:

- Relieve the water pressure through 
geotextiles or crushed stone with weep holes.

- Prevent overturning by increasing the 
length of the toe and the heel.

- Prevent sliding by providing a 
reinforced sliding key at the bottom 
(invert).



Architectural blocks are ideal for  small heights.



The blocks are placed on a gravel foundation.



The soil is self suppor ted through the use of geotextiles (black str ips on the r ight).



The wall here is made of precast concrete panels to hide the br idge abutment piles.



Waterproofing.

Structures below the ground level are always exposed to the penetration of ground water. 
In general, these structures will be waterproofed. The waterproofing can be accomplished 
in two ways: 

(1) through the use of waterproof membranes, or
(2) through positive drainageaway from the structure, or both. 

Waterproofing Materials:
- Sheets (plastic, asphaltic, synthetic rubber). May leak and hard to inspect.
- Coatings (asphaltic). Sprayed, brushed or rolled; hard to inspect thickness.
- Cementitious plasters and admixtures. Brittle and easily cracks.
- Bentonite clay (usually in the form of 4’ x 8’ panels). Usually provides the 

best protection, but also requires careful

Accessories:
- Protection Boards (applied to the structure prior to applying the above coating)
- Water stops (placed at joints where movement is possible; made from 

synthetic rubber, expansive clay or asphaltic compounds)
Unit of Measure: The thickness is in mils, and areas in square feet.



Drain pipe to sump and pump Drain pipe to sump and pump

Many basements are “ damp-proofed” but not water -proofed



Wall has waterproofing membrane plus stone facing.



This is an example of “ damp-proofing” and it is clear  why it does not usually work.



A roll of geotextile drainage mat to be used against the outsidewall of a basement.



This continuous footing is cast in to days; the water  stop insures that the joint does not leak.


