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Foundations for Buildings.

The purpose of the foundation isto safely transfer the structure’ s loads into the ground. The
choice of the type of foundation is therefore dependent on,

- the structure’' s size and shape,

- the total weight, and type of loads,

- the sengitivity of the structure to settlements, and

- economical and technically possible with the resources at hand.

Foundation Loads:

- Dead loads (the weight of the permanent components of the structure)

- Live loads (the weight of furniture, people, equipment, etc, that can move around)
- Wind loads (increases as the square of the height)

- Horizontal pressures below grade (from adjacent soils and structures)

- Uplift (from the hydraulic forces due to high water tables, expansive clays)

- Earthquake (both horizontal and vertical components of forces)

- Show

- lce



Types of Settlement.

No settlement. Uniform settlement. Differential settlement.

Rare (on rocksor May only affect grade Causes great damageto
very firm soils). requirements. beams and dabs.



A simple example of differential settlement between two paved areas.



Differential settlement around a column.



The Leaning Tower of Pisaisthe most
famous example of adifferential settlement.



Types of Salls:

Granular: good foundations and well drained.
- Gravels (particle size from 4” down to %4”); above those, cobbles and boulders;
- Sands (particle size from %2” down to 0.075 mm);

Cohesive: may be problematic foundations and retain water.
- Silts (particle size from 0.075 mm to 0.002 mm = 2 microns);
- Clays (0.002 mm and smaller — high chemical activity = sticks to everything);

Organics. very weak soils and retain water; usually removed.
- Peats, muck, etc.

Granular soils.



Spread footings and columns on clay soils during good conditions.



Cohesive soilstend to retain moisture for long periods of time, and complicate construction.



This pedestal will keep a steel column out of the moist cohesive soils.






Subsurface | nvestigation (of the soils and rocks).

Who needs to know soil characteristics?
- the structural engineer, to deter mine how to support the building;
- the architect, to site the building;
- the contractor, to estimate the time and cost of the building;
- the owner, because all the above affect thefinal price of the land.

When do they need to know them?
- the engineer needsthisinformation prior to the design;
- the contractor, prior to pricing and planning;
- the owner, prior to deciding if the project isfeasible.

How isthat knowledge obtained?
- A visual exploration of the site and adjacent buildings; test pitsare dug to
visually seethe soils below; deeper studiesrequire boringsand dynamic
penetrometers, samples, laboratory testsand afinal report.

Why does a contractor care about the soil on site?

-The particle size influences the selection of equipment and their
productivity, as does the soil’ sdrainage and water retention characteristics.




An all-terrain boring rig will not only provide samples of the soilsto depths of 200 feet,
but will also provide estimates of all the soil layers unit weight, porosity, shear
strength, and the elevation of the free water surface and perched water levels.

From these data, the engineer can predict the soil’ s bearing capacity and probable
settlement under structures (temporary or permanent).



Compaction: sitesare compacted in 8" to 12" lifts, which are periodically checked
for proper designed density. Thissite hasa clay fill.



The new H4140 impact density
meter does not require aradioactive
sour ce.

A TROXLER nuclear density meter.



Common Excavation and Backfill Problems.

1) Unforeseen and differing conditions, such as a higher water table than predicted,;
unexpected large rock masses, or large boulders,; unsuitable materials (undetected garbage
pits, old foundations, abandoned utilities, etc.).

2) Weather. The site must have access at all times. Therefore, the contractor may have to
maintain all-weather roads. Borrow pits must also be used in all weather conditions.

3) Variable excavation volumes. Every site has some amount excavation.

In good soil conditions and with shallow foundations, the excavation consists of scraping and
stockpiling the organic topsoil. Thistopsoil will be valuable for all the landscaping needs of
the finished project.

The good sub-grade material is also scraped and stockpiled to create a compacted mat, or
leveling pad, upon which is built the structure’ s foundations. Excavation must provide a
natural slope so that rain or seepage will drain the water to a corner of the site, where it can be
disposed of through pumps.

In poor surface soils, deeper excavations may be required to reach a stratum which has
adeguate bearing capacity. Otherwise, deep foundations (more expensive) may be required.



Top right: stud roller (also known asa
sheep’s-foot roller, used cohesive soils)

Bottom right: smooth drum roller, use
for granular soils)

Bottom left: water truck to moisten the
compacted soil for optimum moisture
content.



Walk-behind roller

T
Trench sheep’ s foot amper



Compaction of small areas around structuresif performed with atamper.



Bulldozers from Caterpillar.



Scrapper.

Tracked and wheeled front loaders.



Dump trucks.



Motor leveler.
Hydraulic shovel.

Backhoe.



Hydraulic hoe and excavator.

Heavy and light trench protectors.



Earthwork.

- Units of Measure:
for excavation and backfill: cubic yards (cy or ydd)
for grading: square feet (sf) or square yards (sy)

- Major Productivity | ssues.
Type of operation (large sites versus confined spaces, eg. New York City)
Type of soil conditions (from the best — rock to the worst - clays)
Trangportation of fill (large distance to borrow pit, or moving within the site)
Expected Environmental Conditions (cold winters, hot summers, labor problems)

Slope Support.

1) An unredtricted site (site is sufficiently larger that the building footprint)
Create a bench and/or and angle of repose for the excavation, with a perimeter clearance.
Prevent bank erosion, divert rain water, preserve safety and store backfill. Thisis the most
common site condition and the least expensive.

2) A redtricted site (the siteis very limited and access is constricted)




A dloped excavation with a safe angle of repose



/ abenched excavation



Excavations in cohesive soils.



Protection for Restricted Site

1) Driven Stedl, Plastic, Wood or Concrete Sheeting.

a) Soldier pilesand wood lagging
b) Steel sheet piling

c) Wood sheet piling

d) Pre-cast concrete sheet piling

2) Placed (in-situ) Walls.

a) Slurry trench walls

b) Tangent pilewalls

c) Soil-cement (soil-mix) walls
d) Sail nailing with steel mesh



Steel H-beam “soldier piles” with wooden lagging, and straw backfill.






Other sheet pile options:

Sheets can be of steel, plastic, wood or pre-cast concrete. They aredriven into the ground
by adiesel or vibratory hammer. Usually, they areremoved after the project is
completed. For those reasons, they may cause major damage to surrounding buildings.



A temporary steel sheet piling wall.



Steel sheet piling are inter-locked through these greased groves to provide a water-tight job.



Slurry Trench Walls

Excavate, whilst filling with slurry, and then reinfor ce, and replace slurry with concrete and anchor.



Slope stabilized with geo-textile



Braced Cuts (for restricted sites).

Horizontal struts or cross-
lot braces for short lateral
dimensions.

Rakers for intermediate
site dimensions.

For large site dimensions, or
for maximum safety, use anchors
or tiebacks.



Horizontal struts or cross-lot braces.



Tieback | nstallation.

1) Drill holewitha 6" diameter rotary hole.

2) Clean hole and insert steel tendon. Grout.

3) Stress the tendon and anchor in the load.






Anchored steel soldier pile and lagging wall. Thisis an excellent temporary wall.



Soil Nailing.

Soil nailing isamodern way of stabilizing vertical soil faces without the cost associated
with temporary or permanent walls. The face below needed to be stabilized.






Anchor holedrilling machine.



Geotextiledrainage fabrics

|




Thishole hasbeen drilled, cleaned and the tendon grouted.



Steel mesh and shotcrete.



Thetendon has been stressed and locked-off against a bearing plate.



Retention System Depends On:

- Proximity to adjacent buildings. Retaining walls next to existing buildings must be
placed without any vibration or soil disturbance, in order to prevent damage or even
collapse. Tendons usually go below adjacent buildings, which requires written approval
from these property owners.

- Type of Soil. Anchors work well in granular soils, although they are also used in cohesive
soils. Walls may be cheaper in cohesive soils because soil nailing is usually much cheaper
than retaining walls.

- Water Table Level. If the water table is above the bottom of the excavation, then adurry
wall or an equally impermeable method needs to be used. The presence of water increases
the cost and raises safety issues.

- Temporary or Permanent. Temporary walls are cheaper than permanent, however, if the
permanent wall can be incorporated into the final design as a useful member of the structure
then its cost can be justified.

- The Contractor’s preference. Every contractor has different experiences and equipment.
These will determine what type of retention system he will use.




Dewatering.

- Dewatering isthe process of removing water from a construction site. Usually thisis
dueto the presence of a high water table, above the lowest level of the construction
site. The book of Specificationsand local Codes may requirethat workerswork in a

dry area.

- The volume of water to beremove (in gallons per minute, or gpm) depends on:
a) the elevation of the water tablerelativeto the depth of the excavation,
commonly referred to asthe hydraulic head, or smply the“head”.
b) the type of soils present (the porosity, which isa measure of the ability to
per mit water to flow through its mass; typically gravels have the greatest
porosity and claysthe least, by six orders of magnitude).

Types of Dewatering Systems:

1) Sump pumps (letsthe water flow into the excavation and then removesit);

2) Well points (removesthe water from the soil beforeit reachesthe site);

3) Watertight barrier wall (attemptsto create a barrier against the intrusion
of water into the excavation).



1) Sump Pumps.

Sump pumps are placed at the site'slowest point. A collecting well is prepared and
when the water reaches a certain level it ispumped out of the siteto alake, river or to
a treatment plant for disposal. It isthe cheapest, and most common method of
dewatering. However, if the soil isvery porous, such as gravels and coar se sands, the
inflow is so large that the pumps can not provide sufficient outflow.

2) Well Points.

Well points keep the water from reaching the area of construction. In essence, the wells
remove enough water from the soil to appreciably depressthe water table, ther eby
lowering the head at the construction site.










If the ground water is contaminated, storage must be provided.



Site of old gasoline underground storage tank

/

Dewatering caused the gasolineto migrate
throughout the site.






3) Watertight barrier walls.

In order for the barrier wall to keep the water out of the excavation, the barrier must be
driven down to a soil layer that isimpervious. There are many types, some discussed
above under the heading of retaining walls, such asdurry trench walls, etc.



