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Foundation design isone of therequired parametersin designing a structure. Part of
the foundation design isthe design of footings. Footings and other foundation units
transfer the loads from the structureto the soil or rock supporting the structure.
Becausethe soil is generally weaker than the concrete columns and wallsthat must be
supported, the contact area between the soil and the footing is much larger than that of
the supported member. Concreteisthe material most commonly used for footings
because of its compressive strength, durability and economy. They arethe lowest cost
foundation solution, arethe most widely used, and usually require no special
equipment to build.

Shallow foundation types can be classified asto their (1) function, or their (2) shape.

Footingsaredesigned to resist the full dead load delivered by the column. A footing
carrying a single column iscalled a spread footing, sinceitsfunction isto “ spread” the
column load laterally to the soil. Thisaction will reducethe stressintensity to a value
that the soil can safely carry. Spread footings are sometimes called single or isolated
footings. They are square or rectangular padswhich spread a column load over an
area of soil that islarge enough to support the column load. The soil pressure causes
footingsto deflect upward causing tension in two directions at the bottom. Asaresult,
reinforcement is placed in both horizontal directions at the bottom.



Spread footings with tension reinforcing may be called a two-way or one-way depending
on whether the steel used for bending runs both waysor in one direction (asfor
example, in wall footings). Single footings may be of constant thickness, or stepped or
tapered (doped). Stepped or dopped footings are most commonly used to reducethe
guantity of concrete away from the column where the bending moments are small and
when thefooting isnot reinforced. However, it isusually more economical to use
constant-thicknessreinforced footings when labor cost are high relativeto material
(such asherein the US).

The pressure distribution beneath most footingsisindeter minate, because of the
interaction of the footing rigidity with the soil type and the time response to stress.
Because of the complication of the distribution, a linear pressuredistribution is
assumed beneath spread footings. Therefore, the resultant vertical soil reaction is
collinear with the resultant downward structural load. The few field measurements
reported indicate that this assumption is adequate.

When designing the foundations, the soil’s bearing capacity and settlement should be
taken into consider ation. The allowable soil pressure for footing design isobtained as
thewor st case of bearing capacity and settlement. The bearing capacity istheload per
unit area that the soil can withstand without shear failure. In order to have stable
foundations, the bearing capacity provided by the soil cannot be exceeded by the load
application from the foundation. The settlement of the foundation is caused by soil
compression (vertical squeezing together of soil particles) and lateral yielding of the
soilslocated under the loaded area.



The allowable soil pressure controlsthe plan (B x L) dimensions of a spread footing.

Structural and environmental factorslocate the footing vertically in the soil. For
centrally loaded square footings, the two-way action always controlsthe depth. Wide-
beam shear may control the depth for rectangular footingswhen theL/B ratiois
greater than about 1 and may control for other L/B ratios when there are overturning
or eccentric loading.

The geotechnical engineer providesthe structural designer with the allowable bearing
capacity. Thisvalue will have a suitable factor of safety already applied. The safety
factor rangesfrom 2 to 5 for granular materials depending on its density, past failures
and the consultant’s caution. For cohesive materials, thisvalue may range from 3 to 6.
The smaller values are used where consolidation settlements might occur over along
period of time.

The column applies a concentrated load upon the footing. Thisload istransmitted by
bearing stressesin the concrete and by stressesin the dowels barsthat crossthe column
to footing joint. Metal column membersrequire a steel base plateto spread the very
high metal stressesinto the small column (pedestal) contact area at the footing
interface, to a value that the footing concrete can safely carry. A pedestal isused to
keep the steel columns away from a moist (corrosive) environment. Anchor boltsare
required to attach the steel base plate firmly to the footing or the pedestal.



The design of afooting must also consider shear, and thetransfer of theload from the
column or thewall into the footing.

Thislecture concentrates on the design of square and rectangular spread footings.
TheACI Codeisused asa guide for thedesign. All notations pertaining to concrete
design in this project will conform to ACI Code.

The design procedureinvolves different steps,

(i) Determiningthefooting dimensions (B and L);

(i1) Finding the net soil pressure everywhere beneath the footing;

(i1 ) Calculating thethickness D for one-way and two-way shear ;

(iv) Designing the reinforcement in both directions (negative and positive); and
(v ) Checking the development length, required hooks, dowels, base plates, etc.



Footings can be classified according to their function or shape. The function is how afooting
serves. a spread or isolated footing (distributes the column load to an area of soil around the
column), a combined footing (combines the loads from two or more columns to the soil), a
continuous footing (one dimensional action, cantilevering out on each side of the wall), apile
cap (transmits the column load to a series of pileswhich in turn, transmit the load to a stronger
soil layer at some depth below the surface), and a strap footing (transmits the loads from all the
columnsto agrid of footings, thereby bridging weak spots on the surface of the soil).




| solated F ootings.

A spread footing transfers the load from a concrete or steel column to the soil supporting the
structure. Its main function is to spread out the intensity of the load upon the soil, because the
area of contact between the soil and the bottom of the footing is larger than the contact area
between the concrete column and the top of the footing. Consider the load N acting on the 1'x
2’ column versus the 5’ x10’ rectangular footing. The N exerted on top of soil by the columnis
reduced to 50 k /(1)(2) = 25 ksf, whereas at the footing it is50 k /(5)(10) = 1 ksf.

N = 50 kips BN L

25 kf 1 ksf



Shapes.

Spread footings can be of uniform thickness (a straight footing) or of different thickness
(stepped or nerved footing). Stepped or nerved footings are used without steel
reinforcement, sincethe shear stressisreduced not through steel reinforcement,

but through the thickness of the concrete.

Spread Stepped Nerved









This photo shows a steel
column resting upon a steel
plate.

The steel plateison top of a
pedestal, that keepsthe
metal structure away from a
moist environment.

The pedestal sitsupon a
rectangular spread footing.












Square and Rectanqular Spread Footings.

Spread footing are square or rectangular, and their function isto spread a column’s
load over an area of soil that islarge enough to support theload. The soil pressure
causesthefooting to deflect upward as shown previoudly, causing tension in two
directions at the bottom. Asaresult, reinforcement bars are placed in two directions
at the bottom.

Rectangular footings may be used when thereisnot enough clearance for a square
footing. In thistype of footing, the reinforcement barsin the short direction are
placed in the three bands, with closer bar spacing in the band under the column than
in thetwo ends. The band under the column has a width equal to the length of the
short side of the footing, but not less than the width of the column if that is greater,
and is centered on the column. Under long narrow columnsit should not be lessthan
thewidth of the column. Thereinforcement in the band shall be 2/(b+1) timesthe
total reinforcement in the short direction, whereb istheratio of thelong side of the
footing to the short side. Thereinforcement within each band isdistributed evenly, as
isthe reinforcement in the long direction.



Analysis of Footings:

Thetypical loads on footings include:

- Vertical column loads N;

- Horizontal loads Hx and Hy from wind, seismic, machinery vibrations, etc.;
- Moments about the x and y axis;

- The weight of the footing itself Ws; and

- Weights of a soil backfill or floor slabs placed above the footing Ws, €tc.




L oads are either superstructure loads or foundation |oads.

The superstructure loads are;

1.- the vertical (or normal) load N from the column or wall,
2.- the horizontal loads Hx and Hy, and
3.- the moments Mx and My.

The foundation loads are:

4.- the footing’s weight W,
5.- the weight of the soil placed above the footing (backfill) Ws.

Therefore, the total load V, and moments M on the footing are: V = N + W + Ws
Mx1=Mx + Hy xD
Myl - My + Hx XD

Most of the horizontal loads Hx and Hy are absorbed by the friction between the soil and the
footing invert. In dimensioning afooting, and in determining the bearing pressure
distribution, the worst combination of loads is assumed to be the working load. This
includes the footing® own weight, the superposed earth (without safety factors), etc.




The effect of the Footing's Size.

Massive footing

Rigid footings



General case for Rectangular Footings:

Consider the case shown in the figure below, where the footing L © B is subjected to aload N,
and moments Mx and My. The stress  at any point intheinvertareaof L~ B is,

=N/LB £ MyX/Ily £ Mxy/Ix (1)
or =N/LB £+ 6exN/L?B £ 6e/N/LB? (2)

The expression (2) can be further smplifiedto =N/LB[1+ 6e&/L = 6¢e/B] (3
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Stress distribution below arectangular spread footing.



Stability.

Thelast step of analysisisto check the overall stability of the footing and the soil
system.

Checks should be carried out for overturning and sliding, which is especially important
for retaining wall footings.



Strap Footings.

STRAP

SIDE VIEW

PLAN VIEW




Grade Beams and Strap Footings are used to re-distribute excesses stresses and possible
differential settlements between adjacent spread footings.




Wall or Continuous Footings.

SIDE VIEW
PLAN VIEW



A continuous footing for a warehouse wall.






A precast reinforced concrete wall footing.



An example of a continuous
or wall footing.









Combined Footings.

1. Provides alarger footing to support two or more columns, and
2. Transfers an eccentric outer column’sload to a inner footing and column.

Elevation View Trapezoidal
Footing
Plan view

Elevation View Strap or Cantilever
Footing
Plan view



Property line ~,







Stepped strap between footings.



Combined Footings.

Construction practice may dictate using only one footing for two or more columns due
to:

a) closeness of column (for example around elevator shafts and escalators); and

b) dueto property line constraint, which may limit the size of footings at boundary. The
eccentricity of a column placed on an edge of a footing may be compensated by tieing the
footing to theinterior column.



Mat Foundations.

N1 N2

N3

N4




Mat foundation for a building in a congested urban site.



Pile Caps.

AL




Pile cap for abridge
pier. The deep
foundationsare
drilled shafts (seen
in the foreground).






The Effect of the Distribution of the Soil Pressure,

Granular soil N hesive soi

assumed




Shallow Foundations Upon the Miami Oolitic Limestone.

Conventional shallow foundations bearing on Miami Limestone are recommended at
locations where anchored foundations are not appropriate. Generally, lower bearing
elevations can be used with these foundations than with anchored foundations,

because of the reduced rock quality and thickness requirements beneath the footing.

There aretwo typesof conventional footings: single and combined.

Combined footings are used at locations where the distance between single footings
would be 3 feet or less. Combined footings, bearing in the Miami Limestone, are
recommended with eight ksf maximum, and 6 ksf aver age bearing pressures. These
foundations are generally used wherethe Miami Limestone is moder ately well
cemented and has atotal thickness of at least 10 feet, and isunderlain by alooseto
dense sand.

Singlefootings founded on good to average strength Miami Limestone are also
recommended with 8 ksf maximum and 6 ksf aver age bearing pressures. These
foundations aretypically recommended wherethe Miami Limestone is moder ately
well cemented, and has a total thickness of at least 15 feet, but does not meet all the
requirementsfor anchored footings.



Beam Tension Failure.

Thefactor of safety against thisfailurein the Miami Limestone are determined by
calculating thetension stressin the bottom of the limestone layer using the average
foundation pressure from the maximum axial load condition for each foundation. The
factor of safety isgenerally found to be greater to 2.0.

Settlement and Tilt.

The settlement of foundations due to axial loading and tilt from applied momentsare
usually within tolerable limitsfor footings.

Punching Shear.

The punching shear stresses should be calculated using the same loading conditions
used for the peak corner pressure calculations. The factor of safety should maintained
as 2.0 for all spread footing sizes and bearing levels.

Compression Failure.

Computethefactor of safety against the compression failure from comparison with
the unconfined compressive strength and the peak corner pressure. The Miami
Limestone has an in-situ crushing strength twice the unconfined compressive strength.



Full Scale Spread Footing Load Testsin Miami.

L aw Engineering between January and April 1979, constructed and load tested a full-
scalefooting (6 ft. by 10 ft.). Thelocation was near the Rapid Transit System
University Station site. Theresults of thetest provided significant importanceto the
performance of shallow foundations bearing on the Miami Limestone. This Summary
will briefly describe the test and notesthe conclusions drawn from it.

Thetop 2 feet of the footing were plywood formed whilethe lower 1-%%feet were cast
against the adjacent limestone. The bottom of the footing were placed at elevation +5.5
feet (M SL) with a 12-inch-diameter concrete anchor extending downward 8 feet below
each footing cor ner.

A dial gauge placed on each footing corner allowed footing deflectionsto be measured
to the nearest .001 inch. Stresses applied to the shallow footing anchor s wer e detected
by strain gages welded to a central reinforcing steel bar in each anchor.

Thefooting wasloaded using five 400-kip capacity hydraulic jacks which reacted
against ten 60 foot deep anchor rods. The hydraulic loading system allowed cyclic
loading as well asincremental dead loadsto be applied to the footing. Over 900 cycles
of various combinations of cyclic axial and cyclic eccentric loads were applied.

After approximately one-half of the load cycleswere applied, a narrow trench was
excavated around the sides of the footing to the bearing level of +5.5(M SLO. This
trench had the effect of removing the 1-% foot-high rock/concrete interlock along the
bottom perimeter of the footing.



Theresults of thisfooting test show that theinterpretations and thecriteria to select
and size shallow footings are conservative. These resultsindicate that:

Peak corner pressures actually experienced during loading are substantially less than
those calculated using therigid footing analysis. Thereduction in peak cor ner pressure
Is caused by A- bending of the footing, which resultsin a more even distribution of
pressures beneath the footing.

B-interlock between the footing concrete and the limestone along the bottom perimeter
of the footing.

C- adlight, but neglected, compression in the shallow footing anchor.

Thefooting settlement at the maximum load of 2,00 kips (33 ksf) was only about .030
inches. This settlement observed after the trench was excavated around the footing, is
about one-tenth the settlement predicted using the results of laboratory unconfined
compression tests and elastic settlement analysis methods.

Embedding the footing in competent Miami Limestone reduced settlement by about 1/3
and resulted in an apparent bearing area considerably larger than the footing that was
actually cast.

From the beam tension analysis, the modulus of rupture of the Miami Limestone
bearing layer was at least twice the average splitting tensile strength of rock core
samplestaken from the same layer.

The effects of cyclic loading on the foundation support capacity were undetectable,
using very sensitive settlement measurement equipment.



Recommendations.

Theload bearing ability for the Miami limestone depends on its continuity and ability to
spread the foundation loads over alarge area. In order to preservethe continuity of the
limestone mat, it isrecommended that the following restrictionsregarding cutting into
the limestone adjacent to foundations be followed:

Continuous excavations for conduitsor utilities should berestricted to a maximum
depth which isdefined by a line which extends 5 feet horizontally from the top edge of
the footing and then projects downwards.

Trenches excavated below thetop of the foundation and within 25 feet of the centerline
of a column should be back filled with lean concreteto at least the top of the original
limestone surface.

Excavationsfor seepage trenches should not be positioned closer than 25 feet from the
centerline of the column.

Any isolated small excavations or pitsthat will be positioned closer than 25 feet from the
centerline of the pier and deeper than two feet below the top of the footing may require
depth limitations depending on the size of the excavations, thickness of limestone, and
density of the underlying sands.

Continuous excavations around the perimeter of individual foundations should not be
per mitted.



Conclusions.

The choice of the foundation typeis selected in consultation with the geotechnical
engineer. Thefactorsto be considered arethe soil strength, the soil type, the variability of
the soil over the area and with increasing depth, and the susceptibility of the soil and
the building to deflection. A spread footing is basically a foundation typethat carriesa
single column. Spread footings are pads that distribute the column load to an area of
soil around the column. These distribute the load into two directions. Sometimes spread
footings have pedestals, are stepped, or aretapered to save materials. Nevertheless, the
constant thickness spread footings are most commonly used because they are more
economical.

When an exterior column is so closeto a property linethat a spread footing cannot be
used, a combined footing is often used to support an edge column and an interior
column. Combined footing are used when it is necessary to support two columns on one
footing; they transmit two or more columnsto the soil. A spread footing might be
squareor rectangular in shape. Rectangular footings maybe used when thereis
inadequate clearance for a square footing. They are very often used because of space
limitations. Also, where an overturned moment is present, they may be used to produce
a more economical footing. The design of arectangular footing issimilar to that of a
squarefooting. The shear will control the depth, except that in rectangular footing the
wide-beam action will probably control if the L/B ismuch greater then 1 or when an
overturning moment is present.



Footing may fail in shear aswide beam or due to punching shear. One-way shear or
beam-action shear involves an inclined crack extending acrossthe entire width of the
structure. Two-way shear or punching shear involvestruncated cone or pyramid-
shaped surface around the column. Generally, the punching shear capacity of a slab
or footing will be considerably lessthen the one-way shear capacity. Nevertheless, in
design it isnecessary to consider both failure mechanisms.

For nearly any masonry project (such a single-family-residence, a footing isrequired
to prevent shifting caused by minimal ground movement. The footing should be cast
of quality concrete on firm ground. For masonry, the footing should be at a minimum
8" - 10” in depth and twice aswide asthe width of the wall.



Repairing Spread F ootings.

Footings may fail dueto loss of bearing or excessive settlements. However, they are
easier torepair than deep foundations. Consider for example, the failure of the
Hillsboro Expressway:



| nstalling dowel rebarsand drilling on top of the footing.



Extension of the main rebars and the grouting of the shear rebars.



Headed flexural and shear reinforcing bars.
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