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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



Background

Hazard map from the 2023 50-state update of the National Seismic
Hazard Model Project

By Communications and Publishing IAMUARY 10, 2024

" ~ Challenges:
“ 1. Quantify Design Ground Motion
2. Site response

Lowest hazard



Background

Challenges:

: : : Motion at surface
1. Quantify Design Ground Motion

- Hazard Map
- Seismic Analysis
- Motion at rock outcrop or

e f \«..'"'IIIIMJW e

reference outcrop Need Soil
Dynamic
2. Site response Properties
- Geotechnical Investigation
- Soil Dynamic Properties s e
(Strain Dependent) /
» Shear Wave Velocity Reference Outcrop/
» Shear Modulus Design ground motion

» Damping Ratio



Soil Dynamic Properties- Shear Modulus and Damping

Damping or
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Soil Dynamic Properties- Shear Modulus and Damping

Table 1.1 Typical Strain Levels Associated with Field and Laboratory Measurements

1 ‘ Strain Level (%) 10° | 10* | 107 [ 107 | 107 | 1 | 10
Seismic Reflection Test _.._..ﬁ_|
Seismic Refraction Test -t
SASW Test - ]
Field —

Meas ot Seismic Crosshole Test -—-———I
Seismic Downhole Test -
Seismic Cone Test "'__i
Resonant Column Test
Bender Element Test ]

ML::"M“EM Cyclic Triaxial Test | i
Cvelic Simple Shear Test |

Cyclic Torsional Shear Test

Ref. Sasanakul 2005



Resonant Column and Torsional Shear Test

I

Section A-A with confinement system

Frved End

RC: Soil dynamic property = f (resonance frequency)

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



What is Cooper Marl?

Bearing Strata at Charleston Area

Brevard Fault

Orangeburg Scarp
A
Piedmaont
Physiographic Coastal Plain Physiographic Province ——
B ysiog
Province
Fall
Lina Ground
Surface ?
South Carolina
Fallline—) i h Car
ﬂ — BlUE R[dge Mesozoic Basing
y contain pre-Cretaceous
B - F |Ed mont hard sedimentary and igneous rock. Top of Paleazoic
% Crystalling Rock
C - Coastal Plain (pre-Cretaceous) :
Masoznic
* 1-Upper Basin~ [l AVARSSY0[0]
+ 2-Middle
Surry Scarp
* 3-lower
South Carolina Physiographic Units Conceptual profile of South Carolina Coastal Plain sedimentary wedge.

(SCDNR (2013)) (South Carolina Emergency Preparedness Division, 2001)



What is Cooper Marl?
36.6 MY to 53 MY old Soil Deposit at coastal area of SC

Blue Ridge Mts.
P .fhi;;“f_“ | ¥ / Cooper Marl:
VA QS - * Ashley Formation (Oligocene-36.6 MYA)

e \ S : piedmont .
B\ T e O, / * Parkers Ferry Formation (Late Eocene)
o o e N N N e * Harleyville Formation (Eocene- 53 MYA)
l.‘ G0 o .‘r; > ., W ly - 5

Cooper Marl

sedimentary ancient crystalline
rocks (hard) rocks (hard)

2010 Encyciopadia Briannica, In

Conceptual Cooper Marl Profile



Cooper Marl Seismic Design Assumption and prediction curve

Seismic Design Assumption; Table 7-29, Recommended Values Y., o, and k for SC Soils
. I fiabl (Andrus, et al. (2003))
Non- IQUETIabIE Geologic Age and Soil Plasticity Index, Pl (%)
* Treated as IGM '[-;;‘;‘::t';g[ Yarana'| 5 | N s 100\ 150
. 3 c \ l
* Use Prediction curve for Dynamic ety o %) | - — [ 0.0s02 [} 0.049 [] 0.096%
properties based on a research Ashley Formation " - 1.1@// 115 \\ 128
Cooper Marl :
work performed by Andrus, et al. St ta] k — 1 — N7 0455 0\35;
2] Tentative Values — Andrus et al. (2003)
(2003)
G 1 : i Table 7-31, Recommended Value inint (%) for SC Soils
’/ Gmax e 1+(r_c)ﬁ Yre =Y r'l{‘j il / F:,] (Andrus, et al. (2003)) _
e 1+ 2K; Geologic Age and Location of Deposits Soil PlagfietyTncex, PFHki,
o' = g( B W ki : T [ 55 /30 [ % ] 10N 1%
2 ) Tertiary e | e NL1a0 | 1520 | 2ag] -
r o —0.5+k Ashley Formation (Cooper Mar) \ ; '
Om . '
Amin = Amin * (E) (1} Tentative Values — Andrus, et al. (2003) —
z
A=Ay, +12.2 = 34.2 2 +22.0
= “imin e | Tt aF|— =% :
dc g
1+(72) 1+(3)

Ref. SCDOT GDM 2022



Limitations of currently used parameters

Basis of Prediction Curve: Field Condition:

 Two samples e Plvaries from very low to very high (10 to 70)
e PI=47 and 59 * Soil type: CS, CL, CH, ML, MH, SM, SC

* Soil type: CH e Carbonate Content

Newly tested Sample:
e PI=12and 15

e Two Resonant Column Test

* Not covered whole area where

Cooper Marl encountered * Soil type: SM

Test Ref. Fugro-McClelland (1992)  Two RC Column Test with 3 confining pressure

 Two TS Test with 3 confining pressure




Sample Location

C2

X - Previously Tested Location
Tested by Fugro-McClelland (1992)
Cl1 C3

® Currently Tested Location
Tested by USC (2024-2025)

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

Surry Scarp
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Prediction Curve
(Andurs et,al 2003):

R — i }_??igii Pl= 100 (tentative
Observation: BN Ry PI=50 | )
gt Damping has frequency effect '

14 -

PI=30 (tentative)

Damping Ratio (%)

10 --RC2_HJgh- Ere.que:nc y.> Htgher Damer
TS > Low FreQUehcy > Lower Dampmc

PI=15 (tentative-extrapolated)

Test Result:

& Pl =15, Torsional Shear

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

A Pl=12, Resonant Shear

0.0001 0.001 0.01 0.1

Shear Strain (%)




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.

e 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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