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Structural Design
• Structural Design of Deep 

Foundations is a very broad 
topic, we can only cover certain 
cases
– Overview of LRFD philosophy as 

applied to deep foundations
– Design of H-Beams
– Design of Prestressed Concrete 

Piles
• Drilled shaft design is based on 

concrete columns, which in fact 
is what they are, so we will not 
cover them here



Design PhilosophyDesign Philosophy
Buckling

Traditionally, most driven 
piles have not been 
designed to resist buckling
However, newer design 
codes (AASHTO 2014) 
virtually mandate the 
inclusion of buckling 
calculations
This will be discussed in the 
slides below

Comparison with 
Superstructure Design

Conservative design is used 
with deep foundations 
because:

Construction tolerances are 
wider and quality control is 
more difficult
Piles can be damaged during 
driving, reducing their 
capacity
Drilled shafts of all kinds can 
be formed with voids, 
aggregate separation, soil 
contamination, and other 
problems
Residual stresses can be 
present in driven piles

Some specs for driven piles are 
conservative to limit the driving 
stresses more than to take into 
consideration foundation 
conditions in service



Design PhilosophyDesign Philosophy
ASD vs. LRFD

Traditionally, deep foundations 
have been designed using ASD
LRFD becoming more common 
due to impetus by FHWA and 
AASHTO
Concrete elements are 
structurally designed almost 
exclusively by LRFD using ACI 
codes

Spread Footings (seen 
earlier)
Precast and Prestressed
Concrete Piles
Drilled Shafts and CFA 
(auger cast) piles
Pile Caps and Grade Beams

With LRFD, basic design methods 
(structural and geotechnical) 
are the same, but application of 
factors are different



Structural Analysis 
of Driven Steel Piles

• Driven piles can be loaded 
either axially or laterally

• Buckling is checked
– When buckling is not considered, 

the pile is treated as a 
compression (or tension) member 
for axial loading

• Lateral loads are treated like 
beam loads (which in fact they 
are) 

• We will present an LRFD based 
design procedure for structural 
analysis of driven piles, 
specifically steel piles

• The load factors are the same as 
those for geotechnical loads

• Generally, geotechnical 
configuration is done first, then 
structural

• The reference for this is 
FHWA-NHI-16-009, Vol. 1, 
pp. 445-453



Resistance 
Factors for 

Driven Piles



Resistance Factors 
for Driven Piles



Steel Pile Design



Steel Pile Design



Steel Pile Design



Steel Pile Design



Steel Pile Design



Steel Pile Design



Steel Pile Design



Allowable Allowable 
Axial Axial 

Stresses in Stresses in 
Driven PilesDriven Piles

Neglect concrete in 
tension or flexure



Handling Handling 
StressesStresses
Concrete Concrete 

PilesPiles



TwoTwo--Point Pickup of Point Pickup of 
Concrete PileConcrete Pile



OneOne--Point Pile PickupPoint Pile Pickup



Concrete Pile PickConcrete Pile Pick--up up 
Configurations (FL DOT)Configurations (FL DOT)
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PrestressedPrestressed Concrete Concrete 
PilesPiles



PrestressedPrestressed
Concrete Concrete 

PilesPiles



PrestressedPrestressed Concrete PilesConcrete Piles
Code references ACI 
543-74, PCI and 
"general building 
code"

Surprisingly vague from code 
point of view

Design Procedure
Use code requirements for 
normal prestressed methods
Check against AASHTO 
equations
Use PCI influence diagrams

AASHTO allowable 
compressive stress on 
concrete piles

Fa = allowable compressive stress 
in concrete due to axial load
f'c = 28-day compressive strength 
of concrete
fpc = effective prestress on the 
gross section

Prestressed concrete 
piles specifically 
excluded from ACI 318-
99 code

pcca ff'=F 0.270.33 −



Influence Influence 
Diagram Diagram 

for Squarefor Square
PrestressedPrestressed

Concrete Concrete 
PilesPiles



PrestressedPrestressed Concrete Pile Concrete Pile 
ExampleExample

Step 1: Compute 
unfactored
compressive load 
acting on pile

As was the case with shallow 
foundations, we will restrict 
ourselves to foundations with 
dead and live loads only, 
thus U = D + L for ASD 
unfactored loads
U = 100 + 120 = 220 kips

Given
Square Prestressed Concrete 
Pile

Axial Compression
Dead Load = 100 kips
Live Load = 120 kips

Moment
Dead Load = 50 ft-kips
Live Load = 20 ft-kips

Find
Pile size that will satisfy these 
loads



PrestressedPrestressed Concrete Pile Concrete Pile 
ExampleExample

Step 3: Compute ACI 
factored compressive, 
tensile and moment 
loads

U = 1.2D + 1.6L
Pu = (1.2)(100) + (1.6)(120) = 
312 kips
Mu = (1.2)(50) + (1.6)(20) = 92 
ft-kips

Step 2: Using concrete 
pile tables, select 
minimum pile size for 
axial compression

f'c = 7000 psi
fpc = 700 psi

Since smallest pile with this 
area is 12" square (144 in2), we 
select 12" square prestressed
concrete pile

2 103.7
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220000
 2121

7000.2770000.33
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PrestressedPrestressed
Concrete Concrete 

Pile Pile 
ExampleExample

• Step 4: Use interaction 
diagram to determine 
pile size

Pu = (1.2)(100) + (1.6)(120) = 
312 kips
Mu = (1.2)(50) + (1.6)(20) = 92 
ft-kips

Use 14" Pile



Influence Diagram for 54Influence Diagram for 54””
Cylinder PilesCylinder Piles

• Previous influence 
diagram only covers 
square concrete piles 
which are fully 
embedded into the soil

• Diagram at the right is 
for 54” OD 5” wall 
cylinder piles

o Only difference in use is the 
h’/r ratio

• h’ = length of pile 
protruding above 
groundline

• r’ = radius of gyration of 
pile (given in pile table)



Pile Pile 
CapsCaps



Pile CapsPile Caps
Driven piles are almost 
inevitably placed in groups

Drilled shafts can be placed 
this way, but usually are not

The reinforced concrete 
element that connects the 
column with its multiple 
deep foundations is called 
a cap or a pile cap
Design process is similar for 
spread footings

Loads acting on caps are 
larger than spread footing 
loads
Loads on cap are distributed 
over a small portion of the 
bottom of the footing

Requirements for Pile 
Caps

Same as spread footings 
with the following additions

Design must satisfy the 
punching shear in the 
vicinity of the individual 
piles or shafts
The effective depth d must 
be at least 300 mm (12").  
This implies a minimum 
thickness T of 400 mm (18").
The bearing force 
between the individual 
piles or shafts and the 
caps must not exceed the 
capacity of either element



Grade BeamsGrade Beams
Deep foundations are sometimes connected 
with grade beams
Grade beams are required for all deep 
foundations subject to seismic loads

For seismic design, they must resist a horizontal load equal to 10% of 
the column vertical load

Grade beams must be designed without the 
support of the underlying soil



Questions?Questions?
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