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Introduction (Essentials of a good Foundation)

The foundation is the supporting part of a structure. The term is usually restricted to the
member that transmits the superstructure load to the earth, but in its complete sense it
includes the soil and rock below. It isatransition or structural connection whose design
depends on the characteristics of both the structure and the soil and rock. A satisfactory
foundation must meet these requirements:

1. It must be placed at an adequate depth to prevent frost damage, heave,

undermining by scour, or damage from future construction nearby.
2. It must be safe against breaking into the ground.

3. It must not settle enough to disfigure or damage the structure.

These requirements should be considered in the order named. The last two are capable of
reasonably accurate determination through methods of soil and rock mechanics, but the
first involves consideration of many possibilities, some far beyond the realm of

engineering.

During the long period of time that the ground must support a structure, it may be
changed by many man made and natural forces. These should be carefully evaluated in
choosing the location for a structure and particularly in selecting the type of foundation

and the minimum depth to which it must be extend.



Continuous pad and beam foundations

It may often be more economical to construct the foundations of arow of columns as a

row of pad foundations with only ajoint between each pad, rather than to provide

individual excavations at a close spacing. Foundations of this type with individual but

touching pads are more economical in reinforcing steel than continuous beam

foundations, since the latter require agood deal of reinforcement to provide for the

stresses due to differential settlement between adjacent columns.

However, continuous beam foundations may be required to bridge over weak pocketsin

the soil or to prevent excessive differentia settlement between adjacent columns. The

advantages of the continuous pad or beam foundation are:

1.

Ease of excavation by back-acter or other machines.

2. Any formwork required can be fabricated and assembled in longer lengths.
3.
4. These foundations provide strip foundations for panel walls of the ground floor of

There isimproved continuity and ease of access for concreting the foundations.

amulti story framed building.



Structural design of Continuous Beam Foundations

Continuous beam foundations may take the form of simple rectangular slab beams or for

wider foundations with heavy loads, inverted T beams.

(b)
Continuous beam foundations. (a) Rectangular slab. (b) Inverted T beam

Structural design problems are complicated by factors such as varying column loads,
varying live loads on columns, and variations in the compressibility of the soil. In most
cases it isimpossible to design the beams on a satisfactory theoretical basis. In practise,
soil conditions are rarely sufficiently uniform to assume uniform settlement of the

foundations, even though the column loads are equal .

Inevitably there will be atendency to greater settlement under oneindividual column,
which will then transfer a proportion of the load to the soil beneath adjacent columns
until the whole foundation eventually reaches equilibrium. The amount of load transfer
and of yielding of individual parts of the foundation beam is determined by the flexural

rigidity of the beam and the compressibility of the soil considered as one unit.



For reasonably uniform soil conditions and where maximum settlement will, in any case,
be of asmall order, areasonably safe design method isto allow the maximum combined
dead and live load on all columns, to assume uniform pressure distribution on the soil,
and design the foundation as an inverted beam on unyielding columns. However if the
compressibility of the soil isvariable, and if the live load distribution on the columns can

vary, this procedure could lead to an unsafe design.

The structural engineer must then obtain from the geotechnical engineer estimates of
maximum and differential settlements for the most severe conditions of load distribution
in relation to soil characteristics. The geotechnical engineer must necessarily base his
estimates on compl ete flexibility in the foundation, and the structural engineer then

designs the foundation beam on the assumption of a beam on yielding supports.

The degree of rigidity which must be given to the foundation beam is governed by the
limiting differential movements which can be tolerated by the superstructure and by
economies in the size and amount of reinforcement in the beams. Too great arigidity
should be avoided since it will in high bending moments and shearing forces, and the
possibility of awide crack forming if moments and shears are underestimated (thisis
always apossibility since close estimate of settlements cannot be relied on from the
geotechnical engineer and it may be uneconomical to design on the worst conceivable
conditions). The general aim should be a reasonabl e flexibility within the limits tol erated
by the superstructure, and in cases of high bending moments the junctions of beams,
slabs, and columns should be provided with generous splays and haunches to avoid

concentrations of stress at sharp angles.



























Example Design of a strip footing with column loading

1. Location of Resultant.

x = (L5 QL) = 2.5Qx

1.50QL
X = X =0.6L,
2.50

2. Design of Base

Take base to be of weight = EQ

-
=

Load = 0.5Q + 1.5Q + Q = 2Q KN

Bearing Capacity = KN/m?
2

Area Required = 20
p

Area Provided = 2L x h=2Lh m?



3. Ultimate Pressure

25Q  1.25Q
2Lh ~ Lh

Pressure under the base of the foundation =

4. Design Reinfor cement

1.25Q
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UDL =



SFD

Zero shear at point X,

Max hogging moment at point of zero shear:
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5. Design for Shear

Column width = 0.05L
Haf column width = 0.025L

@x b x 05751

b x 0.95d

Direct shear at face of column =

0.757Q )
= r must be < 5.0N/mm
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Direct shear at d from face of Column
0.6L —0.95d —0.025L = (0.575L —0.95d)m

(0.575L—0.95d) x b x 1.25Q/L

b x 0.95d
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6. Punching Shear

1.5Q 7.9Q
= < 5.0N/mm?
4 x 0.05 x 0.95d d

< 0.8V Feu



Conclusion

At the outset of this project, we didn’t fully understand the workings of a strip footings
and its interaction with the soil below. We didn’t understand the relationship between the
stiffness of the footing against the subgrade reaction of the soil and the variation of stress
below the footing due to the column loads. However, after the completion of this
assignment we now know that the stress below the footing depends on such factors as;;
the spacing of the columns if two or more columns are on the footing, the depth and
width of the footing, the distance from the point load to the point of stress and the
stiffness of the footing. We found that the best equation to describe the stresses beneath
the footing was Boussinesq' s formula. After determining that the stiffness would need to
beinfinite for the soil pressure to act as a uniform load across the bottom of the footing,
we then analysed the problem as an upside-down continuous beam. For this criteriawe
derived an example of afooting using parameters to describe the various criteria required

for the footing



Excel Calculation

Stress distribution for a footing subjected to a column load, B= 6m & P= 100kN

r yA riz Ip S,
31 9 0.0015 0.1511
P 100kN 28 1 7.84 0.0021 0.2056
z = depth of soil im 26 1 6.76 0.0028 0.2848
r = distance from the
load varies 24 1 5.76 0.004 0.4021
s, = PIZ® %1, 22 1 4.84 0.0058 0.5796
2 1 4 0.0085 0.8545
-1.8 1 3.24 0.0129 1.2905
-16 1 2.56 0.02 1.9977
-14 1 1.96 0.0317 3.1691
-1.2 1 1.44 0.0514 5.1367
101 1 0.0844 8.4447
-08 1 0.64 0.1387 13.869
-06 1 0.36 0.2215 22.147
-04 1 0.16 0.3296 32.962
-0.2 1 0.04 0.4331 43.309
0 1 0 0.4777 47.771
02 1 0.04 0.4331 43.309
04 1 0.16 0.3296 32.962
06 1 0.36 0.2215 22.147
08 1 0.64 0.1387 13.869
1 1 1 0.0844 8.4447
1.2 1 1.44 0.0514 5.1367
14 1 1.96 0.0317 3.1691
16 1 2.56 0.02 1.9977
18 1 3.24 0.0129 1.2905
2 1 4 0.0085 0.8545
22 1 4.84 0.0058 0.5796
24 1 5.76 0.004 0.4021
26 1 6.76 0.0028 0.2848
28 1 7.84 0.0021 0.2056
3 1 9 0.0015 0.1511



Stress, oy

Variation of stresses

-1 0
Distance from load, r
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