
Elective Course in Geotechnical 

Engineering

DESIGN OF PILE FOUNDATION

Civil Engineering Department

Fourth Year 

Spring Semester

Prof. Dr. Sherif A. Akl

Soil Mechanics and Foundations Research Lab

Faculty of Engineering- Cairo University



METHODS OF PILE 
DESIGN

Lecture 2

2



Acknowledgment

 Prof Dr. Amr Elhakim

 Dr. Omar Ezzeldin

3



Lecture 1 Outline

 Small Diameter Piles Capacity

 Strain Compatability

 Large Diameter Piles Capacity

 Commentary on LRFD
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Static Methods of Pile Design
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Total stress Analysis

(a-method)

Effective stress Analysis

(b-method)



Capacity of Piles in Clay
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𝐵𝑜𝑟𝑒𝑑 𝑃𝑖𝑙𝑒𝑠



ECP 202
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𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑃𝑖𝑙𝑒𝑠



8



Capacity of Piles in Sand
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ECP 202
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What to do with Large diameter 

piles?
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Instrumented Pile

Pile Load Tests
Ground Profile



Axial load transfer
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Pile Load Transfer 

Curves



Strain Compatibility
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Reese and O’Neill (1988)



Strain Compatibility

 For the undrained loading (mainly fine-

grained soils) beneath the base of drilled 

shafts, it is reasonable to assume the full 

mobilization of end bearing resistance at 

acceptable limits of vertical displacements 

(s/B = 0.05, where s = settlement and B = 

pile/shaft width).
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Strain Compatibility

 For the drained loading (mainly coarse-

grained soils) beneath the base of drilled 

shafts, it is unreasonable to assume the 

full mobilization of end bearing resistance 

at acceptable limits of vertical 

displacements. 
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Concept of Mobilized Resistance
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Friction vs Settlement in Cohesive 

Soils
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Bearing vs Settlement in Cohesive 

Soils
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Friction vs Settlement in 

Cohesionless soils
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Bearing vs Settlement in 

Cohesionless soils
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ECP for large diameter piles
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The Egyptian code recommends the application of a graphical 

procedure in which the following graph is constructed:

OBH: end bearing-settlement relationship.

OAG: shaft resistant-settlement relationship.

OKCJ: total load-settlement relationship.



End Bearing Curve in Cohesive soils

23

Movement

(mm)

End Bearing (MPa)

0.2 SG 0.50

0.3 SG 0.70

SG 1.20

SG is the expected pile movement at the ultimate bearing 

capacity  and is equal to 5% of the pile diameter.



End bearing Curve in Cohesionless 

soils
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Movement

(cm)

End Bearing (MPa)

Enlarged 
End

Regular End

1 0.35 0.50

2 0.65 0.80

3 0.90 1.10

15 2.40 3.40



Friction Curve in cohesive soils
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Undrained Shear 

Strength (kPa)

Maximum shaft 

resistance (kPa)

0 0

25 25

100 40

200 50



Friction Curve in Cohesionless soils
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N Depth below natural ground 
surface (m)

Maximum shaft resistance 
(kPa)

<10 ---- zero

10-20 0-2

2-5

>5

0

30

50

20-30 0-2

2-7.5

>7.5

0

45

75

>30 0-2

2-10

>10

0

60

100



Important Notes

27

 According to the Egyptian Code of 

Practice, shaft resistance is neglected:

◦ 2-m below natural ground surface.

◦ One-pile diameter above pile tip.



Example
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Failed Test vs Successful Test
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30
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Homework

32



Example 
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60cm, Friction according to ECP
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60cm, Friction according to FHWA
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90cm, Combined Curve
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Zoom In
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Main Idea of LRFD
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Bases of approach
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Thank you
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