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1. Isolated Footings (spread footings).

2. Combined Footings.

3. Strap Footings.

4. Mat “Raft” Foundations.

 Shallow Foundations

foundations are considered to be shallow if [Df ≤ (3 → 4)B]

Shallow foundations have several advantages:

• minimum cost of materials and construction

•easy in construction 

the main disadvantage that if the bearing capacity of the 

soil supporting the foundation is small, the amount of 

settlement will be large.

Types of Shallow Foundations
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Geometric Design of Isolated Footings
The most economical type of foundations, and usually used when 

the loads on the columns are relatively small and the bearing 

capacity of the soil supporting the foundations is large.

In practice, we usually use isolated square footing because is the 

most economical type if the following condition is satisfied when

The distance between each footing should be more than 30 cm 

from all direction, if not; we use isolated rectangular footing (if 

possible) to make the distance more than 30 cm. The following 

figure explains this condition: 
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1. Calculate the net allowable bearing capacity:

2. Calculate the required area of the footing:

Assume B or L then find the other dimension.

If the footing is square:

Design:
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Geometric Design of Combined Footings types:

1. Rectangular Combined Footing (two columns).

2. Trapezoidal Combined Footing (two columns).

3. Strip Footing (more than two columns and may be rectangular or

trapezoidal).

Usage:

1. Used when the loads on the columns are heavy and the distance 

between these columns is relatively small (i.e. when the distance 

between isolated footings is less than 30 cm).

2. Used as an alternative to neighbor footing which is an eccentrically 

loaded footing and it’s danger if used when the load on the column is 

heavy. 
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To keep the pressure under the foundation uniform, the resultant force of all 

columns loads (R) must be at the center of the footing, and since the footing 

is rectangular, R must be at the middle of the footing (at distance L/2) from 

each edge to keep uniform pressure.

1. Extension is permitted from both side of the footing:

Design of Rectangular Combined Footings:
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we can find L by taking summation moments 

(Wfooting + Wsoil) are located at the center of the footing If we are not 

given any information about (Wfooting + Wsoil) →

to keep uniform pressure under the foundation:
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2. Extension is permitted from one side and prevented from 

other side:

Q1<Q2

The only difference between this case and the previous case that 

the extension exists from one side and when we find Xr we can 

easily find L:

To keep the pressure uniform 



9E.zainab asaad

3. Extension is not permitted from both sides of the footing:

In this case the resultant force R doesn’t in the center of rectangular footing 

because Q1 and Q2 are not equals and no extensions from both sides. So 

the pressure under the foundation is not uniform and we design the footing in 

this case as following:
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Design of Trapezoidal Combined Footings:

1. More economical than rectangular combined footing if the 

extension is not permitted from both sides especially if there is a 

large difference between columns loads.

2. We can keep uniform contact pressure in case of “extension is not permitted from 

both sides” if we use trapezoidal footing because the resultant force “R” can be located 

at the centroid of trapezoidal footing.
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Design:
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Geometric Design of Strap Footing (Cantilever Footing)

1. Used when there is a property line which prevents the footing to be extended 

beyond the face of the edge column. In addition to that the edge column is 

relatively far from the interior column so that the rectangular and trapezoidal 

combined footings will be too narrow and long which increases the cost. 

2. used to connect between two interior foundations one of them have a large load 

require a large area but this area not available, and the other foundation have a 

small load and there is available area to enlarge this footing, so we use strap 

beam to connect between these two foundations to transfer the load from largest 

to the smallest foundation.

3. There is a “strap beam” which connects two separated footings. The edge 

Footing is usually eccentrically loaded and the interior footing is centrically 

loaded. The purpose of the beam is to prevent overturning of the eccentrically 

loaded footing and to keep uniform pressure under this foundation as shown in 

figure below.

Usage:
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Design:
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Mat Foundation

We use mate foundation in the following cases:

1.If the area of isolated and combined footing > 50% of the structure area, because this means

the loads are very large and the bearing capacity of the soil is relatively small.
2.If the bearing capacity of the soil is small (usually < 15 t/m2).

3.If the soil supporting the structure classified as (bad soils) such as:

Usage:

 Expansive Soil: Expansive soils are characterized by clayey material that shrinks 

and swells as it dries or becomes wet respectively. It is recognized from high values of 

Plasticity Index, Plastic Limit and Shrinkage Limit.

 Compressible soil: It contains a high content of organic material and not exposed to 

great pressure during its geological history, so it will be exposed to a significant 

settlement, so mat foundation is used to avoid differential settlement.

 Collapsible soil: Collapsible soils are those that appear to be strong and stable in 

their natural (dry) state, but which rapidly consolidate under wetting, generating large 

and often unexpected settlements. This can yield disastrous consequences for 

structures unwittingly built on such deposits
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Types:

 Flat Plate (uniform thickness). (a)

 Flat plate thickened under columns.(b)

 Beams and slabs. (c)

 Slabs with basement walls as a part of the mat. (d) .the walls act as 

stiffeners for the mat
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Compensated Footing
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Geometric Design of Mat Foundation (Working Loads)

Y

X
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Design:
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 pile Foundations

Piles are structural members that are made of steel, concrete, or

timber.

They are used to build pile foundations (classified as deep

foundations) which cost more than shallow foundations.

Despite the cost, the use of piles often is necessary to ensure structural safety.

The most case in which pile foundations are required, is when the soil 

supporting the structure is weak soil (expansive soil, or collapsible soil, etc...) 

we use piles to transmit the foundation load to the nearest bed rock layer, and if 

bed rock is not encountered, we use piles to transmit the load to the nearest 

stronger soil layer to ensure the safety for the structure.

Capacity of Piles
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QP = Load carried at the pile end point

Qs = Load carried by the skin friction developed at the sides of the pile 
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Types of Pile

1. Point Bearing Piles:

If the soil supporting the structure is weak soil, pile foundation 

will used to transmit the load to the strong soil layer or to the 

bed rock 
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2. Friction Piles:

When no strong layer or rock is present at reasonable depth at a site, 

point bearing piles becomes very long (to reach strong layer) and 

uneconomical. In these type of soil profiles, piles are driven through 

the softer (weaker) soil to specified depth
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Problems 

1.

Solution

To keep uniform contact pressure under the base, the resultant force R must be at the 

center of the foundation.

Since the extension is permitted from right side, we can use rectangular combined footing.

Q1 = 500 + 250 = 750 KN

Q2 = 700 + 350 = 1050 kN

R = Q1 + Q2 = 750 + 1050

R = 1800 kN

The weight of the foundation and the soil is not given, so we neglect it.
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2.
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Solution
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3.

Solution
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4.

Solution
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5.

Solution
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5.
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Solution
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6.

Solution
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Solution

7.
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