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Dynamic Soil Testing of Cooper Marl: 
Bridging the Gap in Seismic Design Data

3 - Sections:

1. Background of the Problem and What is Cooper Marl

2.   Currently used prediction curve and assumptions

3.    Rooms for improvement and test results



Challenges:
1. Quantify Design Ground Motion
2. Site response

Background



Background

Challenges:

1. Quantify Design Ground Motion
- Hazard Map
- Seismic Analysis
- Motion at rock outcrop or 
reference outcrop

Reference Outcrop/ 
Design ground motion

Motion at surface

Need Soil 
Dynamic 

Properties2.  Site response
- Geotechnical Investigation
- Soil Dynamic Properties 

(Strain Dependent)
 Shear Wave Velocity
 Shear Modulus
 Damping Ratio 



Soil Dynamic Properties- Shear Modulus and Damping

Ref. Jeanjaquet and Sasanakul, 2023

Gmax
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Ref. Sasanakul 2005

Soil Dynamic Properties- Shear Modulus and Damping



Resonant Column and Torsional Shear Test

RC:  Soil dynamic property = f (resonance frequency)

TS: Soil dynamic property = f (fast cyclic stress strain behavior)



What is Cooper Marl?

ELV. -500

(South Carolina Emergency Preparedness Division, 2001)

Bearing Strata at Charleston Area



What is Cooper Marl?

Cooper Marl

Conceptual Cooper Marl Profile

36.6 MY to 53 MY old Soil Deposit at coastal area of SC

Cooper Marl:
• Ashley Formation (Oligocene-36.6 MYA)
• Parkers Ferry Formation (Late Eocene)
• Harleyville Formation (Eocene- 53 MYA)



Cooper Marl Seismic Design Assumption and prediction curve

Seismic Design Assumption:
• Non-liquefiable
• Treated as IGM
• Use Prediction curve for Dynamic 

properties based on a research 
work performed by Andrus, et al. 
(2003)

Ref. SCDOT GDM 2022



Limitations of currently used parameters

• Two samples

• PI =47 and 59

• Soil type: CH

• Two Resonant Column Test

• Not covered whole area where 
Cooper Marl encountered

Test Ref. Fugro-McClelland (1992)

Basis of Prediction Curve: Field Condition:
• PI varies from very low to very high (10 to 70)

• Soil type: CS, CL, CH, ML, MH, SM, SC

• Carbonate Content

• PI = 12 and 15

• Soil type: SM

• Two RC Column Test with 3 confining pressure

• Two TS Test with 3 confining pressure

Newly tested Sample:



Currently Tested Location
Tested by USC (2024-2025)

Sample Location

XX

X - Previously Tested Location
Tested by Fugro-McClelland (1992)

Sample 1: Collected by USC research team
Sample 2: Courtesy by Terracon



Results

PI=100

Prediction Curve
(Andurs et,al 2003):

PI= 100 (tentative)

PI=50

Confining Pressure = 200 kPa
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Test Result:

PI = 15, Torsional Shear
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New Test Result exhibits higher 
linearity than predicted
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Not following the prediction curve

Prediction Curve
(Andurs et,al 2003):
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Results

PI=100
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Test Result:

PI = 15, Torsional Shear

PI = 15, Resonant Column
PI = 12, Torsional Shear

PI = 12, Resonant Shear

PI=50

PI=30

Confining Pressure = 50 kPa

Observation: 
Damping has frequency effect. 

RC> High Frequency > Higher Damping
TS > Low Frequency > Lower Damping

TS

RC 

Prediction Curve
(Andurs et,al 2003):



Conclusion

• New set of data doesn’t match the currently used prediction curve

• Previous two test samples were CH but Cooper Marl can be CH, CL, 
ML, SC, SM. 

• Carbonate Content might have an influence in dynamic properties

• This research is currently ongoing effort to understand the dynamic 
properties of Cooper Marl and supplement the currently used 
parameter to be more efficient

• More small strain dynamic tests are needed to improve the seismic 
design parameters for Cooper Marl
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