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Changing the profession?

With apologies to Scott Adams and Dilbert.
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Traditional Geotechnical Practice

Wide-spread use of empirical formulae 
and values
Correlation of Index values to poorly 
controlled field tests
Use of poorly understood and not 
consistently applied factors of safety
Uncertainty in degrees of conservatism
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Traditional Geotechnical Practice

Based on Allowable Stresses, not LRFD
Governed by Settlement
Compounding of factors of safety
F.S. = (1.1)4 = 1.5
- H. Bolton Seed, circa 1972

Lack of precision in making 
guesstimates
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Need for reduction in uncertainties
Forget the concept of factor of safety
Reliance on better testing methods and less 
reliance on empirical correlations
Need to define dispersion or uncertainty
Close interaction and iterative communication 
between Structural and Geotechnical 
Engineers
Need to guesstimate with precision

Performance Based Geotechnical 
Engineering
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Why do we need to do this?
To predict the actual behavior (or range of 
possible behaviors) of the structure
To understand the potential failure 
mechanism(s)
To have consistency with design of 
superstructure
To have increased confidence in design
To have potential cost savings

Performance Based Geotechnical 
Engineering
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Define behavior by use of foundation 
stiffnesses
Example of bi-linear (elasto-plastic) 
foundation stiffnesses for a retrofit of an 
existing hospital building

Shallow Foundation Analysis
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Modeling of Foundation Stiffness 
(FEMA 356/ASCE 41)

Considering

Inertial 
Effects Only
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Modeling of Foundation Stiffness 
(FEMA 356/ASCE 41)

Considering 
Inertial Effects 
Only

We need to estimate:

1. Initial Stiffness

2.Ultimate Load 
Capacity
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1. Initial Foundation Stiffness
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1. Initial Foundation Stiffness



15

EERI Technical
Seminar Series

Impact of Soil-Structure Interaction on Response of Structures
Seminar 1: Practical Applications to Shallow Foundations

2. Ultimate Bearing Capacities
Presumptive Foundation Capacities
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Example – “East-West” Wing of 
Existing Hospital

N
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East-West Wing Building 
Background
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Soil and Geologic Conditions
Natural soils consist of medium dense to very 
dense silty sand, stiff to hard sandy silt, dense 
to very dense sand, very stiff silty clay
Ground water encountered at depth of 43 feet 
below the ground surface
Site Class “D”
Not in a State of California Liquefaction or 
Landslide Hazard Zone
Not within an Alquist-Priolo Earthquake Fault 
Zone
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Building Description
Reinforced concrete
4-stories (with partial penthouse) with 1 level 
basement
Supported on spread (isolated and wall) 
footings
Basement is about 12 feet deep
Wall footings vary from 2 feet to 7 foot-6 
inches wide
Wall footings are established about 4-1/2 feet 
below the basement floor.
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East-West Wing Building 
Background

Existing SPC-1 Structural System
Constructed in 1962
5 Stories + Basement
Lateral System

• Perforated Reinforced Concrete Wall System 
(Bearing and Shear) - 8”, 9”, and 10” walls

• 3” Concrete Floor Slab with Pan Joists
• Continuous and Isolated Spread Concrete 

Footings
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East-West Wing Building Background
- North Wall Elevation

Roof
5th
4th
3rd
2nd
1st
B
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East-West Wing Building Background
- East Wall Elevation

Roof
5th
4th

3rd

2nd

1st

Bsmt
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East-West Wing Building Background
- Foundation Plan
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Foundation Plan
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Typical Wall Foundation Detail

5’- 0”

1’
-4

”

Wall Above

3 # 5 Long. Reinf

#5 @ 8”
Tran. 
Reinf

Typical 
Wall 
Reinf.

3,200 psi
Concrete



26

EERI Technical
Seminar Series

Impact of Soil-Structure Interaction on Response of Structures
Seminar 1: Practical Applications to Shallow Foundations

East-West Direction of Shaking

Note change in direction 
of North arrow.



27

EERI Technical
Seminar Series

Impact of Soil-Structure Interaction on Response of Structures
Seminar 1: Practical Applications to Shallow Foundations

North-South Direction of Shaking



28

EERI Technical
Seminar Series

Impact of Soil-Structure Interaction on Response of Structures
Seminar 1: Practical Applications to Shallow Foundations

1. Estimate Initial Stiffness

Estimate the Initial Stiffness by 
use of published data for general 
soil types (NOT RECOMMENDED)
Perform laboratory testing (NOT 
RECOMMENDED)
Perform in situ testing
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1. Estimate Initial Stiffness

Estimate the 
Initial 
Stiffness by 
use of 
Suspension 
Logging of P-
and S-waves
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1. Estimate Initial Stiffness
Use in situ 
testing to 
estimate the 
Initial Stiffness 
by use of 
Suspension 
Logging of S-
waves
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1. Estimate Initial Stiffness
Estimate the 
shear 
modulus, Go, 
at low strains
Go = ρvs

2
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1. Estimate Initial Stiffness
Use vs directly 
under the bottom 
of footing
Consider vs to 
“depth” of ½ to 1 
footing width 
below bottom of 
footing
Do not use vs30!!!
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1. Estimate Initial Stiffness –
Variability of the initial stiffness
One method to account for spatial variability of 
the shear wave velocity is based on studies 
reported in G.R. Toro (1997), “Probabilistic 
Models of Shear Wave Velocity Profiles at the 
Savannah River Site, South Carolina,” Report to 
Pacific Engineering and Analysis.

Toro’s methodology is reported in:
Stewart et al., Documentation and Analysis of 
Field Case Histories of Seismic Compression 
during the 1994 Northridge, California, 
Earthquake.  PEER Report 2002/09, October 
2002.  (Chapter 7)

http://cee.ea.ucla.edu/faculty/jstewart/Northridge%20Earthquake%20Paper.htm
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1. Estimate Initial Stiffness –
Variability of the initial stiffness

Toro (1997) found 
that shear wave 
velocities, for a 
given depth range, 
were lognormally
distributed with a 
standard deviation 
that is a function of 
depth.



35

EERI Technical
Seminar Series

Impact of Soil-Structure Interaction on Response of Structures
Seminar 1: Practical Applications to Shallow Foundations

1. Estimate Initial Stiffness –
Variability of the initial stiffness

Toro (1997) found that shear wave 
velocities, for a given depth range, were 
lognormally distributed with a standard 
deviation that is a function of depth.

Expected range of vs =  vs-mean (e
-σ to e+σ) 

Where σ = 0.15 to 0.20 for shallow depths 
in natural log units
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2. Ultimate Bearing Capacities
Estimate the Ultimate Bearing Capacities 
of the individual footings using the actual 
foundation dimensions and depth of 
embedment.
The continuous foundations were 
segmented based on expected behavior 
during a DBE event.  (This is iterative 
effort and requires interaction between 
the Geotechnical and Structural 
Engineers)
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2. Ultimate Bearing Capacities
Ultimate Bearing Capacity for continuous 
footings by the Terzaghi Equation:

qult = cNc + γDNq + 0.5 γBNγ

where c = cohesion of soil, γ = wet unit weight of 
soil, and Nc, Nq and Nγ are Terzaghi bearing 
capacity factors; and D is the depth of footing 
embedment and B is the width of the continuous 
footing.
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2. Ultimate Bearing Capacities
Determine upper and lower bounds of shear 
shear strength for analysis of ultimate 
bearing capacity
Consider the state of the soil to determine 
the appropriate testing methods for 
determining shear strength
For example, soils were unsaturated and not 
near saturation, so it was considered 
appropriate to use drained direct shear tests
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2. Ultimate Bearing Capacities
Determine 
upper and 
lower bounds 
of shear 
strength for 
analysis of 
ultimate 
bearing 
capacity
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2. Ultimate Bearing Capacities
For Continuous Footings:
Upper Bound Bearing Capacity in units of 
psf:

27,900 + 743 D + 242 B

Lower Bound Bearing Capacity in units of 
psf:

13,175 + 743 D + 242 B

Where D and B are in units of feet
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2. Ultimate Bearing Capacities
Note:  the allowable bearing capacity for 
original design of building was 4 ksf.  
If the Factor of Safety is 3, then the 
ultimate bearing capacity was 12 ksf.
If presumptive FEMA 356 allowable 
bearing capacity of 3 ksf is assumed, then 
presumptive ultimate bearing capacity 
would be about 9 ksf (assuming FS = 3).
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Example – North-South Direction of 
Shaking

Vertical springs were developed for those portions of footings whose dominant 
vibration mode was in translation; rotational springs were developed for those 
portions of footings whose dominant vibration mode was rotational.
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Example – Vertical Spring Stiffnesses
– East-West
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Example – Vertical Spring Stiffnesses
– North-South
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Lessons Learned

We have to get out of our comfort zone 
and venture into new uncharted waters 
We really don’t know what the 
consequences are of being 
“conservative”
We really need to work together
This is an iterative process requiring 
close coordination between structural 
and geotechnical engineers
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Impact of Foundation Response on 
the Retrofit of an Existing Hospital
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Impact of Foundation Response on 
the Retrofit of an Existing Hospital
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