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Geotechnical Earthquake
Engineering

» Ground shaking '- Retaining structure‘

. Structural hazards : failures :

- Liquefaction ' Lifeline hazards
* Tsunamis & seiches




Ground Shaking & Site Response
. Code based K Seismic CPT

— Vs profile
» Site-specific
— Soil profile

— Small strain
shear modulus




Liquefaction

Level ground (cyclic liquefaction)
Liquefaction-induced settlement
Flotation of buried structures
Lateral spreading

Sloping ground / flow failure




Level Ground Liquefaction

High plasticily fines

t s - S Proposed relalionship .,
FC235% 12%:5FC20%
20%=FC-35%  FC<12%

TIT

T Fecommended oy
Fobartson and
Viride {1998)

20
FC (%)

Seismic Stress Ratio

o
o
-
—
o
o
-
o
o
o
o
o
o
o
-
3
3
-
o
o
o
3
=

Clean sand
base curve

Ad A L i a1l

qcl,cs — CFC A

Al e il

rTrrryrTrTrryreaT

L]

10 15 20 25 & Newman, Stark, & Olson
Normalized CPT Tip Resistance ¢4 (MPa) (in review)

AT T Y ITR F N

UNIVERSITY OF TLLINOIS AT URBANA-CHAMPAIGN




Level Ground Liquefaction

Resistance
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Liguefaction-induced Settlement
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Sloping Ground / Flow Failure

Corrected CPT Tip Resistance, q, (MPa)
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Sloping Ground / Flow Failure

* Triggering

Olson & Stark (2003)
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Sloping Ground / Flow Failure

* Triggering
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Sloping Ground / Flow Failure

Limiting boundaries based on &', (kPa)
/Approximate limiting boundary based on contractive/dilative boundary
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Sloping Ground / Flow Failure

Liquefied Shear Strength, s, (LIQ) (kPa)
20 30 40 50

(kPa)

Baziar and Dobry (1995)
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® Back-Calculated Liquefiad Strength Ratio and Measured CPT

@ Back-Calculated Liquefied Strength Ratio and Cenverted CPT
from Measured SPT

O Back-Calculated Liquefied Strength Ratio and Estimated CPT

A Estimated Liquefied Strength Ratio and Measured, Converted
or Estimated CPT

{Number beside symbol indicates average fines content)
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Great River Bridge

22,550 ft of bridge

1400 ft cable stay
main span

Elevated crossings

over levees
Foundations

— piles

— drilled shafts

— hydraulic caissons




GRB Seismicity
* 2% PE in 50 years [ S A
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Uses of sCPTu at GRB

» Detailed stratigraphy
» Soil properties

— static

— dynamic (Vs)

 Liquefaction analysis
— level ground / settlement
— |ateral spreading

— sloping ground / flow
failure
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RB Subsurface Profile
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GRB Dynamic Soil Properties




Liquefaction

General Information Soil Information Earthquake Information Analysis Information
Location: Arkansas City, AR Average v 120 pcf Myy: 8.1 FC relation: FC calculated from Ic (Robertson & Wride 1997)
Project No. 23-20010054.00 GWT depth: 10 ft Amax: 0.18 MSF: 0.85 Idriss (1999) TRB presentation
Date: 08/10/01 rq relation: Idriss (1999) TRB presentation

Sounding A-CPT-1

Jcin Apparent FC (%) (Aeandes CRR75 & CSR
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GRB Level Ground Liquefaction

LRI

(PR SC

L T

.
i
t
.
#
:
-]
1)
—-
i
run __
|
s |
I
¢ |
: _
PR _ [}
.,
: .
u _ _
"
_ |
-.- —-

T ey

v ULOC NS @ eV e el U T D

. <

u .

v

2O v P X Lu

Qe ¢
-

wed

"

-




C
O
)

O
B

O

>
)
—
©

C

>

®

S
O
[0

>

O,
—
0
Y
O

<3
Taenr

e

DT W4 Mmoo

124 %

L]

“

W




~
®

-
.
-

LTS

"




GRB Liquefaction Settlement
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GRB Lateral Spreading

* Arkansas pointbar — 3 to 13 ft
* Mississippi cutbank — negligible




GRB Sloping Ground / FI

Great River Bridge - Arkansas Ter
Flow F allure Stabiity Analyses

File Name: terrace-flow fallure-01 siz
Last Saved Date &/3/2002

Analysis Method Spencer
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AR approach, 30 it, 2H 1V slopes, ique sand ', composite surface
ARappe-015 stz

973072002
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Conclusions

 sSCPTu is an excellent site investigation
tool when conditions are appropriate
— quality & quantity of data
— rapid & versatile
— cost-effective
— repeatable




Conclusions

« sCPTu is a versatile design tool well-suited
to geotechnical earthquake engineering
— site response (ground shaking)
— liquefaction engineering

— site characterization & soil properties for:
* landslides (seismic slope stability)
 seismic foundation & retaining structure design
+ lifeline engineering




Conclusions

« sCPTu works particularly well for
liguefaction engineering

— loose & soft materials

— thin layer identification

— level ground liquefaction, settlement, flotation
— lateral spreading




Thank You!

Questions???




