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Summary

Load combinations for 
foundation design
Liquefaction risks and 
how to address
Basics of SSI, how it 
relates to typical design 
parameters
Mat foundation design
Deep foundation 
detailing

Load Combinations

Typically we will use both ASD and LRFD/USD load 
combinations for foundation design
ASD, used for:

LRFD / USD, used for:
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Load Combinations

Frequent Misunderstanding

Load Combinations
Strength Design / LRFD [1605.2]

Allowable Stress Design – Basic [1605.3.1]

Allowable Stress Design – Alternative Basic [1605.3.2]
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Load Combinations

LRFD and Basic ASD (ASCE 7)

Load Combinations

Alternative Basic ASD (UBC-97 and before)
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Load Combinations

Alternative Basic ASD from UBC-97 (and before)

Load Combinations

Which should you use?
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Load Combinations

Reduction in seismic overturning per ASCE 7-10 
12.13.4

Load Combinations

Vertical Seismic Load Effects
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Load Combinations

Seismic load effect considerations
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Load Combinations

Seismic load effect considerations
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Load Combinations

Seismic demand levels
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Load Combinations

Seismic demand levels
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Load Combinations

Ultimate Strength Design for Foundations – New 
Code Provisions
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What is liquefaction?

Reduction in strength and stiffness of soil from 
shaking
See video from Japan earthquake (2011)
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Liquefaction

Frequent Misunderstanding

Liquefaction – Geotechnical Report 
Requirements

Addition to IBC 2012
Seismic Design Categories C, D, E, F, simply 
evaluate site for liquefaction [1803.5.11]
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Liquefaction – Geotechnical Report 
Requirements

Seismic Design Categories D, E, F, [1803.5.12]:

Liquefaction – Geotechnical Report 
Requirements

Seismic Design Categories D, E, F, [1803.5.12]:
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Liquefaction – Geotechnical Report 
Requirements

Seismic Design Categories D, E, F, [1803.5.12]:

Liquefaction

Mitigate effects with ground improvements –
total or partial mitigation
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Liquefaction

Options to design structure for effects

New code changes to address liquefaction:

Liquefaction – Shallow Foundations

Differential Settlement
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Liquefaction – Shallow Foundations

Differential Settlement Limits

Multi-story concrete wall, Risk Category II:  30’ 
bay, 1.8” permissible differential settlement

Liquefaction – Shallow Foundations

Lateral spread limits

Foundation ties (grade beams or structural slab 
on grade) are still required
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Liquefaction – Deep Foundations

Goals

Liquefaction – Deep Foundations

Figure Reference FEMA P-1051
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Liquefaction – Deep Foundations

Break #1

5 minute break, Submit your questions
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Soil Structure Interaction

Lag between state of 
knowledge and state of 
practice, implementation 
is limited but growing
Expect development as 
the practical 
implementation continues

Soil-Structure Interaction

State of practice summary (NIST document, Chapter 6), 
key observations:  (not specific to SSI)

34
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Soil-Structure Interaction

State of practice summary (NIST document, Chapter 6), 
key observations:  (not specific to SSI)

35

Collaboration

36

Soil-Structure Interaction
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Information requests by Structural Engineer

Information provided to Geotechnical Engineer

* Sample Checklists are part of NIST Document 37

Soil-Structure Interaction

Understanding SSI

Benefits of SSI
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Soil-Structure Interaction
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Soil-Structure Interaction

Soil spring issues
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Soil-Structure Interaction

Soil spring issues
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Example of excellent 
format for soil spring 
characterization
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Soil-Structure Interaction

Modeling Guidance for Typical Foundation Situations
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Soil-Structure Interaction
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Mat Foundation Design

Frequent Misunderstanding

Mat Foundation Design

Subgrade Stiffness Parameters / SSI
Analysis Basics
Design for shear and flexure
Detailing / Constructability
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Subgrade Stiffness Parameters

Common Misunderstanding:

This approach does not provide compatibility 
between structural and geotechnical 
analysis/design

Conventional parameter:  Modulus of Subgrade Reaction

144 kcf = 12 ksf bearing pressure causes 1” vertical deformation
46

Subgrade Stiffness Parameters
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Issues with Modulus of Subgrade Reaction
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Subgrade Stiffness Parameters

Best practice method:  
Foundation Deflection and 
Subgrade Response 
Compatibility (“FDSRC”)
More simply put:  Iterate 
subgrade stiffness with 
geotechnical input
Target is an acceptable and 
compatible bearing pressure 
distribution and settlement
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Subgrade Stiffness Parameters
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FDSRC Procedure
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Subgrade Stiffness Parameters

Summary of Foundation Deflection Subgrade Response

Clear communication with your geotechnical engineer is key 
for success of this method!
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Subgrade Stiffness Parameters
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Analysis

Shear Deformations / Thick 
Plate formulation for span 
to depth less than 10

Foundation / 
Superstructure Stiffness to 
be included
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Sensitivity Analysis

Sensitivity analysis

Break #2

5 minute break, Submit your Questions
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Mat Foundation Design

Capacity considerations

Per ACI 318-11 9.3.4, for SDC D, E, F, special 
moment frame or structural wall that resists 
earthquake effects, shall be modified if 
nominal shear strength is less than shear 
corresponding to development of nominal 
flexural strength.

Capacity Considerations
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Shear reinforcement

Mat Foundation Shear Reinforcement 
Detailing
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Mat Foundation Constructability

Massive Concrete

Constructability

#1 Solution:  Mix Design
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Deep Foundation Detailing

Frequent Misunderstanding

Deep Foundation Detailing

Cast-in-place provisions per 1810.3.9
Provisions are organized by Seismic Design 
Category and Site Class
Compliance with ACI 318 Equation 10-5 is not 
required [1810.3.2.1.2]

SDC A, B – no requirements in IBC
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Deep Foundation Detailing
SDC C SDC D, E, F

Site Class A, B, C, D
SDC D, E, F
Site Class E, F

Minimum
Longitudinal
Reinforcement
Ratio

0.0025
(4) Bars Min

0.005
(4) Bars Min

0.005
(4) Bars Min

Minimum
Reinforcement
Length

Greatest of:
-1/3 Length
-10 feet
-3 times least 
element dimension
-Distance from top of 
pile to ‘cracking 
moment’

Greatest of:
-1/2 Length
-10 feet
-3 times least element 
dimension
-Distance from top of 
pile to ‘cracking 
moment’

Greatest of:
-1/2 Length
-10 feet
-3 times least 
element dimension
-Distance from top of 
pile to ‘cracking 
moment’

Deep Foundation Detailing
SDC C SDC D, E, F

Site Class A, B, C, D
SDC D, E, F
Site Class E, F

“Hinge Zone” 
Length

3 times least element 
dimension

3 times least element 
dimension

7 times least 
element dimension

Minimum
Transverse 
Reinforcement in 
“Hinge Zone”

Closed ties or spirals
with 3/8” minimum 
diameter

Spacing shall not 
exceed 6 inches or 8 
longitudinal bar 
diameters

Confinement per ACI 
318-11 21.6.4.2, 
21.6.4.3, 21.6.4.4

Minimum spiral ratio 
not less than half of 
21.6.4.4(a)

Confinement per ACI 
318-11 21.6.4.2, 
21.6.4.3, 21.6.4.4

Minimum spiral ratio 
not less than 
21.6.4.4(a)
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Deep Foundation Detailing
SDC C SDC D, E, F

Site Class A, B, C, D
SDC D, E, F
Site Class E, F

Minimum
Transverse 
Reinforcement  in 
Remainder of 
Reinforced Length

Closed ties or spirals 
with 3/8” minimum
diameter

Closed ties or spirals, 
minimum #3 for least 
dimension up to 20 
inches, #4 for larger 
elements

Closed ties or spirals, 
minimum #3 for least 
dimension up to 20 
inches, #4 for larger 
elements

Transverse 
Reinforcement
Spacing Outside of 
Hinge Zone

Maximum spacing of 
16 longitudinal bar 
diameters

Maximum spacing not 
to exceed least of:
12 longitudinal bar 
diameters, ½ least 
dimension of element, 
or 12 inches

Maximum spacing
not to exceed least 
of:
12 longitudinal bar 
diameters, ½ least 
dimension of 
element, or 12 inches

Deep Foundation Detailing

SDC D, E, F and Site Class E or F [1810.2.4.1]
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Deep Foundation Detailing

Inertial:  Due to 
loads imparted by 
structure

Kinematic:  Due to free-
field soil strains 
modified for soil-
foundation-structure
interaction

vs

Deep Foundation Detailing

OR follow the deemed to comply detailing:
Cast in place deep foundations
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Final Q&A
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