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Shallow Foundations

Deep Foundations
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If you have stable soil close to the surface that can
carry the weight of the building, then you can use a
Shallow Foundation...
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Concrete having a minimum cotmpressive strength of
2900 psi (17kFa) at 28 days

Longitudinal temperature reinforcement

Tensile reinforcement is required when a spread footing projects more
than half of the foundation wall thickness and is subject to bending.
6" (150) minimum above steel reinforcement

——I Q‘/ 3" (75) minimum clearance between reinforcing bars
and concrete surface

When footings for light frame construction bear on stable, noncohesive
soil and bransmit a continuous load of less than 2000 pounds per lineal
foot (29 kNfm), they may have the following cross-sectional proportions

W = Thickness (T) of concrete or unit masonry foundation wall

™y supporting two floors: &" (209) minitmum
" Projection="1,T

T Thickness of footing = T

— Width of footing = 27

To minimize the effects of ground heaving when groundwater freezes and
expands in cold weather, building codes require that footings be placed
below the depth of frost penetration expected at the building site.

T~ Frostlineis the average depth at which soilis frozen

or frost penetrates the ground.

e 12"(305)

To minimize settlement, foatings should always rest on stable,
undisturbed soil free of organic material. When this is not
specially engineered fill, compacted in 8" to 12" (205 to 305)
controlled moisture content, can be used to make up the extra depth
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[e most common forms of spread footings are strip
fatings and isolated footings.

t Strip footings are the continuous R —

=pread footings of foundation walls. =

“eher types of spread footings include the following:

— |solated footings are the individual
spread footings supporting
freestanding columns and piers.

- A continuous footing is a
reinforced concrete faoting
extended to support a row of
columns.

~ A qgrade beam is a reinforced
concrete beam supporting a
bearing wall at or near ground level
and transferring the load to

+ Stepped footings are strip footings that change
evels in stages to accommodate a sloping grade
and maintain the required depth at all points
zround a building.

* Acantilever or strap footing consists of a column
“ooting connected by a tie beam to another footing
in order to balance an asymmetrically imposed load.

+ A combined footing is a reinforced concrete footing
for a perimeter foundation wall or column extended
to support an interior column load. —— T~

« Cantilever and combined footings are often used
when a foundation abuts a property line and it is not
possible to construct a symmetrically loaded
footing. To prevent the rotation or differential
settlement that an asymmetrical loading condition
caft produce, continuous and cantilever footings are

proportioned to generate uniform soil pressure. /\
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If the soil under the building is unsuitable for carrying the building weight, and stable soil is too far
down below the building, then you can use a mat or raft foundation...

« A mat or raft foundation is a thick, heavily
reinforced concrete slab that serves as a single
monolithic footing for a number of columns or an
entire building. Mat foundations are used when the
allowable bearing capacity of a foundation soil is low
relative to building loads and interior column
footings become so large that it becomes more
economical to merge them info a single slab. Mat
foundations may be stiffened by a grid of ribs, _
beams, or walls, h - B i

+ Afloating foundation, used in yielding soil, has for e i
its footing a mat placed deep enough that the Rl j[—ljl— ’—— 2ol
weight of the excavated soil is equal to or greater P . ‘r??‘rfﬁ?f o

than the weight of the construction supported. R
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Deep Foundation- Piles

B

+ Column load

Deep foundations extend down through unsuitable or unstable soil
%o transfer building loads to a more appropriate bearing stratum of
rock or dense sands and gravels well below the superstructure. The
twp principal types of deep foundations are pile foundations and
caisson foundations.

A pile foundation is a system of end-bearing or friction piles, pile
caps, and tie beams for transferring building loads down to a
suitable bearing stratum.

—- Loadbearing wall
" Reinforced concrete grade or tie beam with integral pile caps

+ Plles are usually driven in clusters of two or more,
spaced 2-6" to 4-0" (760 10 1220) o.c.

A reinforced concrete pile cap joins the heads of a cluster of
plles in order to distribute the load from a column or grade beam
equally among the piles.

Varies with column load; 12° (305) minimum
- (1)
6°(150)

* Examples of pile cap layouts
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+ Flace below frostline

+ Files may be of treated timber poles, but for large buildings,
steel H-sections, concrete-filled pipes, or precast reinforced
or prestressed concrete are more comman,

* Piles are driven into the earth by a pile driver, composed of a rall
framework supporting machinery for lifting the pile in position
before driving, a driving hammer, and vertical rails or leads for

End-bearing piles depend principally on the bearing resistarice
of soil or rock beneath their feet for support. The surrounding
s0il mass provides a degree of lateral stability for the long
compression member,

+ Friction piles depend principally on the frictional resistance of 2
surrounding earth mass for support. The skin friction developed
between the sides of a pile and the soil into which the pile is
driven Is limited by the adhesion of soil to the pile sides and the
shear strength of the surrounding soil mass,

The allowable pile load is the maximum axial and lateral loads
permitted on a pile, as determined by a dynamic pile formuls.
astatic load test, or a geotechnical investigation of the
foundation soll.

+ Pile eccentricity, the deviation of a pile from its plan location e~
from the vertical, can result in a reduction of its allowable load.
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+ Bearing stratum of soil or rock

Deep Foundation- Caissons

Caissons are cast-n-place, plain or reinforced concrete piers
formed by boring with a large auger or excavating by hand a
shaft in the earth to a suitable bearing stratum and filling the
shaft with concrete. For this reason, they are also referred to
as drilled piles or piers.

: \_‘» Caisson
- I
Reinforcement in upper part of shaft provides additional

‘ resistance to bending caused by lateral forces or eccentric
column loading.

- 7 The boring is often 26" (760) or larger in diameter to permis
inspection of the bottom.

cﬁ‘"“_—-———‘-r"""""‘ Atemporary casing may be required to seal out water, sand.
| or loose fill from the shaft during excavation.

The base of a caisson may be enlarged into a bell

shape to increase its bearing area and resist uplift from
soil expansion. The bell may be excavated by hand or be
formed by a bucket attachment to an earth auger that
has a set of retractable blades.

Suitable bearing stratum of soil or rock

e = Socketed calssons are drilled into a stratuth of solid rock =
: = order to gain additional frictional support.

@- . Rock caissons are socketed caissons that have a stesl

= H-section core within a concrete-filled pipe casing.
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Foundation Walls

Concrete Walls

Concrete walls may be precast, either on site or off site;
more often, they are cast in place. The advantage of
precast walls is in the high quality of concrete finishes
n‘sat can be achieved and that they can be prestressed.

will pm'wde the finish wall surfaces Precast wall panels
are particularly appropriate for low-rise buildings that are
not subject to high lateral loads.

* Site-cast concrete walls may be used as the primary
vertical lnadbearing elements of a structure of in
conjunction with steel or concrete frames.

* The high fire-resistance of concrete makes it an ideal
material for enclosing building cores and shafts, and for
serving as shear walls.

= [oor and window openings require reinforcement along
their edges and comers.

-+ Concrete walls may be cast integrally with concrete
floor systems and serve effectively as shear walls.

R 4

_—= Wiallis tied to its footing with dowels bent in altemas

| L

"~ Anchor reinforced concrete walls to floor slabs,
columns, and intersecting walls.
* Bend horizontal reinforcement at comers and wall
intersections for structural continuity.

two layers placed parallel with the faces of the wall. wall
= |tis generally preferable to vary the amount and

placement of steel reinforcement required for special

load conditions than it is to vary the wall thickness.

— 34" (19) minimum cover when concrete is not exposea
to ground ar weather. |
—= 1 142" {38) minimum cover when concrete is exposed &
earth or weather; 2* [51llrmn|mum for No Bbars and
larger. % - o , "

Ll

* Concrete walls usually rest on a continuous strip
foating.

directions

~——a 3"(75) minimuim cover when concrete is cast agamss

—= B" (150) minimum above reinforcement

and permanently exposed to the earth

Unsupported height or length

* (ne-foot (305) wide
load strip -

With the possible exception of multistory buildings, the
_bearing capacity of reinforced concrete walls typically will
not be the critical factor in determining the thickness of the
wall. Concrete walls must be supported laterally at reqular
intervals, both vertically and along their length. Intersecting
floors or roofs stabilize the height of concrete walls while
perpendicular walls or pilasters stabilize their length.

Minimum Wall Thicknesses:
| * 6" (150) minimum for bearing walls or 1/75 of the
unsupparted height or length between stiffening
elements

~ | 4"(100) minimum for nonbearing walls or 1/36 of

unsupported height or length
| * 8°(205) minimum for basement. foundation, fire, or
party walls

For multistory buildings and ing a maxi height
of 12' (3.6 m) between floors:

* 67 (150 thick reinforced concrete wall can support up to

| 400 sf (37 m?) of tributary floor or roof area per lineal

foot of wall.

| & 8 (20 thick reinforced concrete wall can support up

to 550 sf (51 m?) of tributary floor or roof area per lineal
foot of wall.




