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CHAPTER THREE 

Design of Shallow Foundations 



General Principles of Foundation Design 

• The usual approach to a normal foundation engineering problem is: 

1. To prepare a plan of the base of the structure showing the various columns, load-bearing 

walls with estimated loads, including dead load, live load, moments and torques coming 

into the foundation units. 

2. To study the tentative allowable bearing pressures allocated for the various strata below 

the ground level, as given by the soil investigation report. 

3. To determine the required foundation depth. This may be the minimum depth based on 

soil strength or structural requirement considerations. 

4. To compute the dimensions of the foundation based on the given loading and allowable 

bearing pressure. 

5. To estimate the total and differential settlements of the structure. 

•  If these are excessive the bearing pressure will have to be reduced or the foundation taken to a 

deeper and less compressible stratum or the structure will have to be founded on piles or other 

special measures taken 

 



Loads on Foundation 
• A foundation may be subjected to two or more of the following loads: 

 

 

a. Dead load:     

•  Weight of structure 

•   All material permanently attached to structure 

•   Static earth pressure acting permanently against the structure below ground surface. 

•  Water pressure acting laterally against basement walls and vertically against slab. 

b. Live load: temporary loads expected to be superimposed on the structure during its useful life. 

c. Wind load:-  lateral load coming from the action of wind and  depends on the size, shape and dynamic properties of the        

 structure.  

       Local building codes provide magnitude of design wind pressure. 

d. Earth-quake load:-  lateral load coming from earth- quake motion.  

                        -The total lateral force (base shear) at the base of a structure is evaluated in accordance with local 

     building code. 

e. Dynamic load:- load coming from a vibrating object (machinery). 

•  In such case, separate foundation should be provided. The impact effect of such loads should be considered in 

design. 



Pressure Distribution Beneath Foundation 

• The stability of a structure is majorly dependent on soil-foundation interaction.  

• Even though they are of different physical nature, they both must be act together to get required 

stability. So, It is important to know about the contact pressure developed between soil and 

foundation and its distribution in different conditions. 

• The pattern of the distribution varies according to the stiffness of the foundation and rigidity of the 

soil.  
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Pressure Distribution Beneath Foundation 

• For design purpose, the contact pressure is assumed to be uniform 

for all types of footings and all types of soils under symmetric loading.  



Pressure Distribution Beneath Foundation 

• Approximate contact pressure under a given symmetrical foundation 

can be determined by flexural formula. 

• The considered load lies within the kern of the footing 



Pressure Distribution Beneath Foundation 

• One-way eccentricity 



Pressure Distribution Beneath Foundation 

• Two-way eccentricity 
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• Two-way eccentricity 

 



 

Pressure Distribution Beneath Foundation 
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Settlement of Foundations 

1. Recommendation by Skempton and MacDonald 

i. Settlements on sand 

    a) Isolated footings:    /l = max/600, max  5.08cm 

     b) Raft foundations:    /l = max/750, max  6.35cm 

ii. Settlements on clay  

    a) Isolated footings:     /l = max/1000, max  8.38 cm  

    b) Raft foundation:       /l = max/1250, max  10.8cm 

 



Settlement of Foundations 

2. Recommendation by Bowles 

 

   Types of soil        Type of foundations 

   Isolated             Rafts  

Sand 3.8cm 3.8-6.4cm 

clay 6.4cm 6.4cm-10.2cm 



Settlement of Foundations 

2. Recommendation by Euro code 7 (ES EN 1997-1:2015) 

 



2. Recommendation of Euro code 7 (ES EN 1997-1:2015) 

 

Settlement of Foundations 



Spread Foundation (ES EN 1997-1:2015) 

• General 

• Provisions apply to spread foundations including pads, strips and rafts. 

• One criteria for a safe design is that the structure should not become unfit for use. 

• The structure should not reach a limit state during its design life. 

• Achieved by designing the structure to ensure that it does not reach two important limit 

states. 

 

1. Ultimate Limit State (ULS): concerned with the safety of the people and 

of the structure. This requires the whole structure or its elements should 

not collapse, overturn or buckle when subjected to the design loads. 

2. Serviceability Limit State (SLS): concerned with comfort of occupants 

and appearance of the structure.  

 



Spread Foundation (ES EN 1997-1:2015) 

• Limit States 

 



Spread Foundation (ES EN 1997-1:2015) 

• Design situation and actions 





Spread Foundation (ES EN 1997-1:2015) 

• Actions, characteristic and design value of actions 
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Spread Foundation (ES EN 1997-1:2015) 

• Design and construction considerations 



 



Spread Foundation (ES EN 1997-1:2015) 

• In addition to fulfilling the performance requirements, the design foundation width shall 

take account of practical considerations such as economic excavation, setting out 

tolerances, working space requirements and dimensions of the wall or column 

supported by the foundation.  



Spread Foundation (ES EN 1997-1:2015) 



Spread Foundation (ES EN 1997-1:2015) 



Spread Foundation (ES EN 1997-1:2015) 



Spread Foundation (ES EN 1997-1:2015) 

• Ultimate limit state 
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Spread Foundation (ES EN 1997-1:2015) 



• Serviceability limit state 

 

Spread Foundation (ES EN 1997-1:2015) 



WORKED EXAMPLES 
Verification of Strength and Serviceability(Limit State) 
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Continue……. 


