
This document downloaded from 
vulcanhammer.net			   vulcanhammer.info 

Chet Aero Marine

Don’t forget to visit our companion site 
http://www.vulcanhammer.org

Use subject to the terms and conditions of the respective websites.

http://www.vulcanhammer.net
http://www.chet-aero.com
http://www.vulcanhammer.org
http://www.vulcanhammer.info


ENCE 4610
Foundation Analysis and Design

Lecture 14
Axial Load Capacity of Deep Foundations

Driven Pile Static Analytic Methods



Failure Methods of Deep 
Foundations

• Bearing Capacity
o Catastrophic, limit-state failure 

of deep foundations (such as 
with slope stability and shallow 
foundations) is rare due to the 
difficulties of generating a 
“clean” failure surface

o Nevertheless, we have an 
extensive collection of 
methods to estimate the 
“bearing capacity” of the pile

o These can be used (with 
caution and generous 
safety/resistance factors) to 
estimate the point at which 
settlement is unacceptable

Settlement
Excessive settlement is the 

normal way we expect failure 
in deep foundations

Best way to anticipate excessive 
settlement is to model the 
load-deflection characteristics 
of the pile head

We can use information from 
“bearing capacity”
methods to help this 
analysis

We can also model the soil 
mass around the pile as 
well

Must be verified in the field, 
either with static or dynamic 
load testing



Soil Deflection and Static 
Load Test Results

From Finno (1989) and Warrington (2016)



Changes in Soil During 
Pile Installation

• Driven Piles
– Interact with the soils differently 

than drilled piles (drilled shafts, 
auger cast piles, etc.)

– This leads to different load 
transfer characteristics; the effect 
of driving must be understood

– Methods are somewhat different, 
and will be considered separately

• Sands
– Sands do not experiences the 

kinds of changes that clays do 
with driven piles

– Sands (especially loose ones) 
experience localised compaction 
during driving; this increases the 
capacity

• Clays
– Distortion – the movement of soil 

out of the way during driving 
remoulds the clay and reduces its 
strength

– Compression and Excess Pore 
Water Pressures – these are raised 
temporarily during driving and 
thus decrease the driving 
resistance and the load bearing 
capacity immediately after driving

– Loss of contact between pile and 
soils – also weaken the soil-pile 
bond along the shaft



Overview of Static 
Method of Pile Design

The general equation for the ultimate axial capacity 
of driven piles is

Where
• Qu = ultimate axial capacity of the pile, kN
• Rs = ultimate shaft capacity of the pile, kN
• Rt = ultimate toe capacity of the pile, kN
• Wp = weight of the pile, kN
This is valid for piles loaded in compression; for 

tension piles, the toe capacity is not included 
and (in some cases) the weight of the pile is 
added.

The shaft capacity is in turn estimated by the 
equation

Where
• f(z)s = unit shaft friction along the pile shaft as 

a function of depth, kPa
• As = shaft area of the pile which interfaces with 

the soil, m2

• fsn = average shaft friction along a portion n of 
the pile, kPa

• Asn = shaft area of portion n of the pile, m2

This equation is only solved in the integral form in 
theoretical considerations.  For practical 
considerations, it is solved in the summation 
form.  Piles are customarily divided up into 
regions with a reasonably uniform soil type and 
unit shaft resistance.

The capacity of the pile toe is computed by the 
equation

Where
• qt = unit pile toe capacity, kPa
• Ap = area of pile toe, m2
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Driven Pile Factors of 
Safety (ASD)



Driven Pile Capacity using Static Method



Example of Pile Capacity 
Using Static Method



Fellenius Method



Fellenius Method



Fellenius
Method



Profiles and Contact 
Areas

Contact Areas
Closed-section foundations

where foundation-soil contact takes place along a well defined border between 
pile and soil
Most deep foundations come under this designation

Open Section Foundations
Where foundation-soil contact is poorly defined and the soil will move as the pile 
penetrates
This includes open-ended pipe piles and (to some degree) H-beams
This phenomenon is referred to as plugging

Displacement Characteristics



Plugging in Open-Section 
Foundations

Plugging difficult to 
accurately predict
For open-ended 
pipe pile piles 
where plugging is 
expected

Ignore plug for capacity 
calculations (esp. for toe 
area)
Assume closed ended 
condition for drivability 
purposes



Methods Based on SPT 
and CPT Data

• Most soil borings have 
stratigraphic profiles with 
either SPT data, CPT data, 
or both

• This eliminates the need 
for undisturbed samples 
deep in the earth

• Traditionally in the US 
SPT data have been 
standard, but CPT is 
becoming the standard 
method

• SPT Methods
– Meyerhof’s Method, very 

crude, for preliminary 
analysis only

• CPT Methods
– Schmertmann’s Method
– The methods presented 

earlier can be adapted for 
CPT data and in fact this is 
the way they are normally 
used



Meyerhof’s SPT Method



Schmertmann’s CPT 
Method



Schmertmann’s CPT 
Method



SPT/CPT Driven Pile 
Example



SPT/CPT Driven Pile Example 
(Meyerhof and Schmertmann)



Questions
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