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DESIGN BASED ON STRAIN

What we can do but usually don’t.

Let’s catch up to the Civil World.

Easy to measure moduli insitu.



1st to do it:  Bill Swiger
1974 - - Nuclear Power
• Stone and Webster heavily into 

nuclear power development.

• Used G/E from seismic waves to 
design for settlement.

• TAMU Settlement Conference, 
several settlement methods 
used In prediction challenge 
including seismic modulus.



TAMU SETTLEMENT
CHALLENGE, 1994



Predicting Foundation 
Settlements



T-Rex:  Loading with Shear (SV) Waves
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Solutions - Static Conditions
1.  Static Loading

• foundation settlements
• retaining wall movements

2.  Site Characterization
• layering, ground water table, etc.
• underground cavity detection
• tunnel investigations
• pavement studies

3.  Process Monitoring
• grouting evaluations
• ground improvement studies
• areas of deterioration



Field Measurements
with Compression (P) 
and Shear (S) Waves
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WIND FARMS

CURRENT APPLICATION OF 
FOUNDATION DESIGN
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WIND POWER FACTS
• WORLDWIDE:  74,000 MW, 2006
• ALTAMONT PASS: USA FAMOUS 

SITE, 6000 TURBINES @ 20 kW ea
• NEW MODELS 100 kW ea minimum
• COST $1600 per kW installed
• COST COMPETETIVE:  GAS $52.50, 

COAL $53.10, and WIND 
$55.80/MWh

• POWER AVAILABLE % TIME: 
Nuclear 90%, Coal 70%, Wind 35%





WIND-ALTAMONT
Altamont Pass, CA

6000 @ 20kW = 125 MW & Annual bird kill



ECONOMIES

• Groups of footings could be 
designed individually based on 
ground profile

• Each footing could be 
customized to minimize cost



EXAMPLE



MAGRATH WIND FARM, ALBERTA
REVISED SPACING
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1. Soil Profile 2. Field: Linear 
Vs (and Vp)

3. Lab: Linear and 
Nonlinear G and D
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Role of Stress Wave
Measurements





2. P-S Suspension Logger

1. Surface Wave (SASW) Test

*

*

Recent Field Methods
(1990s)

Direct P 
and S Waves

Measure
Rayleigh

(R) Waves



Source Point 1 Point 2

*

Stress Wave (Seismic)
Measurements in the Field

Objective:  measure time, t, for a given stress 
wave to propagate a given
distance, d ... then velocity = d/t

d

Key characteristic:  small-strain (linear) 
measurements







VARIABLE SCALE



Tunnel Investigation
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Conducting SASW Tests
Small Hammer

Accelerometers
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Results:
1. high-quality 

concrete
2. thickness ~ 

0.3 m
3. no voids
4. rock stiffer 

than liner



Some Questions

1 .Quality of concrete liner?
2.  Thickness of concrete liner?
3. Quality of grout in crown?
4.  Thickness of grout in crown?
5.  Any voids behind liner?
6. Stiffness of rock behind liner?

(Answered all Questions)

1.
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CRAWLER VEHICLE 
AS SOURCE



VIBROSEIS



Site response, soil-structure 
interaction, liquefaction, etc.

Solutions -
Dynamic Conditions



POWER PLANT SITING

-EATHQUAKE HAZARD-
SEISMOMETER SITES ARE

USUALLY NOT WELL CHARACTERIZED



Predict Ground Motions
During Earthquake Shaking
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POWER PLANT SITING

HIDDEN GROUND CAVITIES
Davis Besey, Ohio
San Onofre, Cal
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SOLUTION MINING



CANADIAN
SINKHOLES





















Geophysics is Playing an
Increasing Role in Solving General 

Geotechnical Engineering Problems

Case Histories and Applications

• static conditions

• dynamic conditions



Conclusions and
Future Developments

Stress wave (seismic) measurements play an 
important role in geotechnical engineering. 

This role will continue to grow. 

The growth will involve four areas: 
1. education, 2. integration, 3. automation, and
4. innovation.



USES OF GEOPHYSICS IN 
POWER DEVELOPMENT

• SMALL SCALE GEOTECHNICAL 
ACTIVITES – FOOTINGS FOR 
WIND FARMS

TO
• LARGE SCALE GEOTECHNICAL 

ACTIVITES – SITING FOR LARGE 
POWER PLANTS



MANY THANKS 
FROM ME TO:

• PURDUE GEOTECHNICAL 
SOCIETY FOR INCLUDING THIS 
“IRISH WOLVERINE”

• PROF. VINCENT DRNEVICH

• ALL IN ATTENDENCE
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