4/20/2015

2m Int. Conf. Deep Foundations, Field  [€]ddcle
Testing & Construction . A—

Seismic CPT (SCPT)

Peter K. Robertson

Santa Cruz, Bolvia

May.2015

Robertson
& Cabal (Raobertson)

CPT Guide
6th Edition
2015

Download FREE copy from:

www.gregadrilling.com
= WWW.cpt-robertson.com
e www.geol ogismiki.gr

GUIDE TO CONE i
PENETRATION e

— www.greggdrilling.com/webinars
www.greggdrilling.ca ’ TE S TI N G 6th Edition 2015

Robertson, 2015




History of CPT

First developed in 1930’ s as mechanical cone
Electric cones developed in 1960 s

Primary devicefor off-shore investigations since
1970's

Magjor advancements since 1970:

— Pore pressure measurements (CPTu)

— Morereliableload cells & electronics

— Addition of seismic for shear wave velocity (SCPTu)
— Additiona sensors for environmental applications

— Significant increase in documented case histories

—

Basic Cone Parameters

Sleeve Friction
fs = Ioad/21-rrh

A T ——

R L

Pore Pressure, u,

-

Tip Resistance
qC = |06d/n r 2

Robertson, 2015

4/20/2015



4/20/2015

Cone Penetration Test (CPT)

ADVANTAGES:
Fast and continuous profiling
Repeatable and reliable data
Economical and productive
Strong theoretical basis for interpretation
More than one measurement (q,, s, U)
Additional sensors (e.g. seismicV & V)

LIMITATIONS:

» Somewhat high capital investment

» Somewhat skilled operators
No soil sample (during CPT)
Penetration restricted in gravel s/cemented
layers (same as SPT)

CPT (Piston-Type) Sampler

« Single-Tube System
» 30cm (12”) long by 25mm (1) diameter

Push to
Desired Sample
Depth

Sample




Example CPT pushing equipment

CPTu Interpretation

Soil Type

— Soil behavior type (SBT)
In-situ State

— Relativedensity (D,) or State Parameter () and OCR
Strength

— Peak friction angle (¢”) and undrained strength (s,)
Stiffness/compressibility

— Shear (G,), Young’ s (E”) and 1-D constrained (M)
Consolidation/per meability

— Coeff of consolidation (c,) and permeability (k)
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CPT - Soil Behavior Type (SBT)

Non-Normalized Classification Chart CPT SBT based on in-situ
soil behavior
characteristics (i.e.
strength, stiffness &
compressibility) - not the
same as traditional
classification based on
physical characteristics
(i.e. Atterberg Limits and
grain size distribution)
carried out on disturbed
samples

Cone Resistance (bar) g,
15

Friction Ratio (%), R

After Robertson & Campanella, 1986

Example CPT Data Presentation
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Dimensionless SBT chart

g

CONE RESISTANCE, q_/p,
=

FRICTION RATIO, Ry

In 2010 Robertson
(CPT’ 10) updated the
SBT chart to use
dimensionless
parameters and to
simplify the chart to 9
Zones to be consistent
with the normalized
SBT chart (Robertson,
1990)

p, = atmospheric pressure = 100

kPa=1 tsf

Robertson, 2015

CPT- Normalized SBT Chart

Normalized Classification Chart

Normalized Cone Resistance

MIXED SOILS
5 Partially drained

Undrained

f
Normalized Friction Ratio — x 100%

After Robertson, 1990

Zone Normailzed Soil Behavior Type

[N

O oo N Ol wo

sensitive fine grained
organic material
clay to silty clay
clayey silt to silty clay
silty sand to sandy silt
clean sands to silty sands
gravelly sand to sand
very stiff sand to clayey sand
very stiff fine grained
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CPT SBT Index, I,

SBT, Index, |-

| Il,%l\llll

SANDS 20/

Soil Behavior Type
Index, |

L | I 1]

Ic=[(3.47 —log Q)? + (log F+1.22)2]°5

Il \IIIII? i\ I T T

Function primarily of
Soil Compressibility

<
LUl

oy

= Increasing compressibilit
™~

NORMALIZED CONE RESISTANCE, Q;,

Compressibility linked to
soil plasticity &

- "'Hi - 'H"m amount/type of fines

o

-

-

NORMALIZED FRICTION RATIO, Fr

Generalized CPT Soil Behaviour Type

CPT Soil Behaviour

CD: Coarse-grain-Dilative
(mostly drained)

CC: Coarse-grain-Contractive
(mostly drained)

FD: Fine-grain-Dilative
(mostly undrained)

FC: Fine-grain-Contractive

(mostly undrained)

NORMALIZED CONE RESISTANCE, Q,,,
=

L L1 |
1

NORMALIZED FRICTION RATIO, F,

Modified from Robertson, 2012
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Example CPT - UBC Fraser River

£SE Fraser River Delta, Vancouver, BC (UBC)
SRR Campanella & Robertson, 1983

Project:  UBC McDonalds Farm ‘CPT: UBC McD Farm, Canada
Location: Vancouver, Canada Total depth: 29.35m

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type

3 Clay
A 4 Clay & sity slay
Sity sand & sandy sit

Sand &siny sand
Sity sand & sandy <t

Sand &siy saiid

R R, i

ity sand & Saiidy sit
Sand &sity sand
Sity zand & sandy st
Clay & sty clay

Clay & sity. clay

20 i & 8 500 L000 1,500 1 2 3 + 00z 4 & 12 14 16 18
RF (%) Pressure (kPa) 1(SBT) SBT (Robertson et al, 1985)

SBT legend
. . 1. Sersitive firegrained [l + Clavey shtosiycly [l 7. Gavely sand 1o sand
Holocene-age deltaic deposit [ o

3.Caywsiychy [ 6 Censendtostysand [ 9. very soff fn gramed

L]
Tip resistance (MPa)

CPET-ITv. 1.7.5.8 - CPTU data presentation &interpretation software - Report created on: 12/11/2012, 2:21:15 PM
Project i et & soi stesMied =0 stesicpt

EGG e Fraser River Delta, Vancouver, BC (UBC)
www.gregadriling. com
— e Campanella & Robertson, 1983
Project:  UBCMcDonalds Farm ‘CPT: UBC McD Farm, Canada
Location: Vancouver, Canada Total depth: 29.35m, Date: 12/4/2012

Norm. cone resistance Norm. friction ratio Norm. pore pressure ratio SBTn Index Norm. Soil Behaviour Type

OrganicSILT Sty 20 & Faney
AN Sy Ea sy
e g S v sy 2
e

Sand & sity sand
Sity sand & sandy sik

Sand & sity sand

Siky sand & sandy sit

Sand & sity sand
Clay & sity olay

Depth {m)

SBTn plot

50 100 150 200 2 4 6
QHN Fr (%)

Normalized gfne Resistance, atn

10 0 0z 04 0.6 08
EBq

I
SBTn legend

Normalized CPT Parameters W S e ot

[ 2 Orgeric material
Il 3 Coyrosiycy

CPET-Tv. 1.7.5.8 - CPTU data presentation &interpretation softnare - Report areated on: 12/11/2012, 2:21:18 PM
hect it TITICPT soil stesivoed soll stes.cot

Normalized Fricion Ratio, Fr (%)
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Seismic CPT

>30 years experience (1983)

Simple, reliable, and inexpensive
Direct measure of soil stiffness

— Small strainvalue, G, = p- V2

Typically 1 meter intervals

Combines g, and V profile in same soil

CONVENTIONAL DRILLING T DIRECT-PUSH
& SAMPLING ; TECHNOLOGY

Oscilloscope

Drop
. Hammer

el ieaE] B 6 4 SCPTU
- Boreholes 3 1 L ; : .
fed ¥ =30 4% 3 £y t
B i fivig
- CHT: FIRM i J
"TV y \Y A L ; ; 2
do & oo | SAND Lol
| et i i d Vs
i e Fast 2cnvs
s dj SQF: Continuous
VST. s, S, CLAY Repeatable
A ’ Cost effective
iPMT: E
Packer: Kk, " —old —>new
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Main saelsmic waves

Compression  Cornpression  Compression
Undisturbed

Expansion Expansion ‘ material

P-waves
(compression)

(shear)

[¢) Secondany wave

Rayleigh
_ surface-waves
{d) Rayleigh wave ET : (mostly Shear)

Why are seismic velocities hel pful ?

Wave | Propagation Shape Wave Small-strain
type mode change velocity. modulus

l. Compress,_on

Wave propagation
Particle motion

After Jamiolkowski, 2012
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4 R V is direct measure of
’ small strain shear
é
o modulus, G, (or G,,,)
- >
= Go = Pt (Vs)
pe=7v/g
0 I 0.15 0.10 0. IS' “{tﬁ = linear threshold ; 'Ylv— volumetric threshold
Shear strainy , % 1.0 i
Yyd NP
Small strain (elastic) shear [ EEEEEERAE eSS pOre pressirg
; ! . N=1000 cycles
modulus, G, (0r Gy, ) iIsa  EamEr= i U
fundamental soil 04 - —— \m il
arameter (y < 104 % NN T N
g ¥ ) B o s =N
0.0 - ! ZT ! 20
0.0001 0.001 0.01 0.1 1
After Jamiolkowski, 2012 Shear strain y , %

‘é 1800 | \1’p c.cmml.lcd by p’ i V;: coml.ollcd .bySr Vp ContO”ed by degree
B g 150 |l mmnrwaaEmEmyal Of saturation in most
%:itznn r et u ik @ ° soils
e R R ;- V,, ~ 1500 m/s (so0oftis)
25 | i o g .
§2 0 A in saturated soil
§ ! < V, can be used to
%0 01 0z 03 04 Io.su 06 07 08 09 L0 detect Sr < 100%
B-coefficient 1700 mf&,
I N 2
0 - Loose i
VS i ndepmdmt Of 1500 |- — Densa } Theoretical trend A:

. A
saturation and GWL °
Vscontrolled by in-situ Fa ' A
effective stresses, density, [ i
age & cementation ‘ | .

= )
0o
After Jamiolkowski, 2012 ® Dc?cc of satur?lfion S;, %I "
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Basic Seismic CPT Configuration

TRIGGER CIRCUIT

CONE DATA DIGITAL STORAGE
ACQUISITION SYSTEM OSCILLOSCOPE

NORMAL FORCE Shear Wave

HAMMER WITH ¢ ¢ ¢ ¢ S‘V

CONTACT TRIGGER STEEL |- BEAM

SEISMIC CONE
PENETROMETER

Seismic CPT using a Drill-rig

1990 U of Alberta
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Modern CPT Trucks

Truckswith build-in

Seismic beam

Polarized shear wave traces

Vs - .(LZ__L;)_

; 23.7m Depth (T2 _Tl)
L = calculated straight path

Right-hit distance from source to receiver

T,-T, =5 53ms (use horizontal offset X & vertical
depth D)

Output (V)

1 24.7m Depth (T,—T,) = time difference

0.14 0.16
Time (sec)

After Butcher et al 2005 (ISSMGE TC 10)

4/20/2015
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True & Pseudo-time interval

DEPTH {meaters)

Axis of SCPT
1
‘! Shear
i X beam
7
A
CPT push

rods

Assumed travel paths
of seismic waves from
shear beam to

T /Lz seismometers in

SCPT body

True-time

Axis of SCPT

Shear
f— X
.
3
CPT push
rods
Dy
L
Assumed travel paths of
L1 seismic waves from shear
beam to seismometers in
SCPT at depth D1 + L2 SCPT body at depths Dy
L 3| and Dy
Dz
s e Pseudo-time

After Butcher et al 2005 (ISSMGE TC 10)

True & Pseudo-time interval

MEAN INTERVAL TRAVEL TIME

msac.

13

STANDARD DEVIATION

-

T

PSEUDO INTERVAL
TOP GEOPHONE

—=== PSEUDO INTERVAL
BOTTOM GEOPHONE

£
bl
1
o

s
"/  PSEUDO INTERVAL
-

TRUE INTERVAL!

8
T 1 I

TRUE INTERVAL =

00l 02 03 04
T

| <2% error

In generd, little
difference between
true- and pseudo-time
interval methods
Pseudo-time interval
requires only 1 seismic
sensor

True-time allows real -
time automatic velocity
calculation

After Robertson et al, 1986
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SCPT polarized wave traces

Waveforms for Sounding
Time (ms)

150.0 200.0 250.0 300.0 350.0 400.0

Compilation of 2 hitsin each direction

R ——— oo

Example Seismic CPT

Engineer
sounding: Date:

qu (tsf) " fs (tsf) i : Rr (%) Vs(ft/sec) o @ S1 T

A T L R S O rmrT b

PP =

a
%

PRI DRILL

ol

TR

.

\

]

,—'_‘_L J_.—'_l_l_'_\_

W

;

#

fir I ‘ w ‘

i)

\\\\II\\\\\\\II\\\\\\\IIII\%\III

[
¢}
3
3
—
S8
(%]

III\\\\\\II\\\\\\\\II\\\\\\\IIII\%

"

o

i i
|_\é|'_ |I\\L‘\\\ |\\\\‘\H\\Ii\\\||\|\|\\

Max Depth 178216 [fi) 0 600
Avg. Intorval: 0.328 (f1) m/s SBT: Soil Behavior Type (Rebertson 1290)

f\
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Depth {rn}
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Example Seismic CPT

Cone resistance gt Sleeve friction Pore pressure u Shear Wave velocity

HAND AUGER HAND AUGER HAND AUGER HAND MIGER

(10ft) 3mintervals

22
24|
26|
28]
30

Good
agreement
with other

seismic
methods

Depth {rn}
Depth {rn}
Depth {m)

Sd44
S&
EER
&0+
62
o Aa

Example - downtown San Francisco

70t

|
7

T T T T

10 20 30 40 50 &0 0 100200300 400 500 &00 0 1,000 2000 3000 200 400 800 &00

Tip resistance (MPa) Friction (kPa) Pressure (kPa) ws (m/s)

Automatic hammer source

“AutoSals’ — Georgia Tech
(Mayne & McGillivray, 2005)

o e e ]

- . —— N D
E Imintervals ——~/ o] A
N N S i

25 B T —.

e : A e e o]
Er e et P s o

0 0.1 02 03 04
. "
Simple repeatable source ime {sec)
Figure 2. AutoSeis traces.  Single hammer

30
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Continuous V; profiling
to 45 meters

10 5 0 Depth(m)

45 40 35 30 25 20 15

Cone Truck

= Seismic Cone Penetration Test (SCPT)

ASTM D 5778 and ASTM STP 1213

,7 SN Surface Seismic Source (parallel with geophone axis) : SCPTu
o L 5 5 7 measurements!
Hmiz@ntaﬂy. s | Electronic Penetrome:ter
polarized e o ! R
and vertically= & = horizontal geophone:
propagating ' S :
Shear Wave shear waves e inclinometer
Arrivals taken SE T S

at 1-m rod e T i
intervals / G SEe fs = sleeve friction resistance

Penetrometer Readings
taken every 1 or 2 seconds

After Mayne, 2014

17



Seismic CPT - Advantages

30 years experience (~1983)

Simple, reliable, and inexpensive

Direct measure of small strain soil stiffness
Typically 1 meter intervals

Combines CPT measurements (g, f., u) and
seismic V (V) profile in same soil (very cost
effective)

SCPT Applications

Direct measure of soil stiffness
— Settlement calculations
— Input for numerical modeling (stress-strain)

Estimation of soil parameters based on V
Evaluation of soil liquefaction based on V
Determination of saturation based onV,,

|dentification of ‘unusual’ soils
—I.e. soilswith microstructure

Link to lab testing (V. in-situ and lab)

4/20/2015
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Direct measure of soil stiffness

« Small strain shear modulus, G, = p (VJ)?
— key parameter in soil dynamics (G, = G,5)

 Link to small strain Y oung’s modulus, E,

E,=2G, (1+v) ~24 G,
v = poisson’sratio ~ 0.2 (drained small strains)

« Softento strain level of interest P ———"
— for y ~ 0.1%, soften by ~ 0.4 XI: I
—E01%~ G g

5 2
==
T

0.
0.0001 0.001

Mobilized stiffness for design
Modified hyperbola based on mobilized stress

level (Fahey, 1998)
G/IG, =1—f (t/t,5,)? = 1-f (UFS)¢

ANC SLB.Sand

15 - o ! /0C SLB.Sand
';1‘?‘ . Open = Drained ©Hamaoka Sand
pde = ‘Closed = Undrained | AHamaoka Sana
A N 0 Toyoura Sand e = 0.67
2484 '.\. © Toyoura Sand e =0.83

where FS (factor of safety)
FS= T/Tmax = q/qult

0.5 )
For uncemented, unstructured soils K EREL O,
9, c} _\‘?
f~10andg~0.3 EEB,.N o .

@ \:\%Ao.ﬁ;tl 5

Modulus Reduction, G/G max or E/Emax

Da % N
-5%3.}.- .u“’P a @ \\
" [Mayne, 2014 < Temr oy, |

0 01 02 03 04 05 06 07 08 09 1
Mobilized Strength, /T 0 or Qlmax = 1/FS

19
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Mobilized stiffness for design

Mobilized modulus for footing design
E'=24G,[1- (d/q,)°]

Modulus can be N — e

—OC Loose

varied as afunction C\A " e
Of degree Of I OaCh ng ‘ ‘ \ Increasing OCR
to produce fUI I Iom_ ' ] N v Increasing number

settlement curve , =T N
>\“‘1?~‘-:¢

onotonic (N=1) “::—“:'_;_ =

02| 04 06 0.8 1
FS=4 gl

(Briaud & Gibbens, 1994)
South Footing

a1
o

I Load Test Data

CHT: V=210

CPT: ¢’ =39.8°
Based on 1-D M from CPT
Modified Hyperbola:

Vertical Displacement, & (mm)

TN I RSO VRVOVITS ATINI B SAUS IAT AN R Lo e

4 6 8
Applied Axial Load, Q (MN)
= Q ) Im
BE|1-(0/0,)"™]

Nonlinear Footing Settl
After Mayne, 2000

20



L oad-settlement — el astic solution

» Poulos and Davis, 1990 (see Mayne, 2000)

» Soil modulus either constant or linearly
Increasing with depth

Axia pile settlement, s (both shaft and base)
s=Ql,/E4 D,

where: Esl = Eo (1 4 Q/Qult)o'?))

and E,=25G,andG,=p V2

Case History - Drilled Shaft

Opelika NGES, Alabama
(Brown, ASCE JGGE, Dec. 2002)

Eight Drilled Shafts:
d = 3 feet
L = 36 feet

Construction Methods
0 Dry (Cased) i
0 Bentonite

0 Dry Polymer Slurry

0 Liquid Polymer Slurry

After Mayne, 2000

4/20/2015
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SCPT at Opelika NGES, Alabama

Piedmont Residual fine sandy silts

fs (kPa)
100 200 300

u, (kPa)

-100 0 100 200

Depth BGS (m)

After Mayne, 2000

¢ SCPTu

A SDMT

® Crosshole
SASW

Axial Drilled Shaft Load Test opsika, aL

Axial Load, Q (MN)

e Qtotal = Qs + Qb
e Pred. Qs
= Pred. Qb

© Meas. Total

Top Deflection (mm)

& Meas. Shaft

m Meas. Base

Drilled
Shaft 01
(cased)

d=091 m
L=110m

After Mayne, 2000

4/20/2015
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Estimating stress-strain curves

w
&

w
=3

N
a

n
S

a

=)

Shear Stress, t,, (kPa)

SCPTu with Modulus Reduction EabiOAY Tests SOft CI ay
Undrained simple shear CcAUssiazzm Burswood, Perth,

° CAUSS:14.9m Australia (Chung, 2005)
© CAUSS: 10.5 m | [P S

© CAUSS:9.4m

T=G-y,
G/Gray = 1 - (T/T5,)°%

Trmax = Sy = Y2 sin¢' OCRA 0"
OCR = 0.33(q,-0,,,)/0,'

Grax = P Vi

4 CAUSS:4.8m

450

M ayne, 2014 1 2 3 4 5 6 7 8

2 4 6 8 10 12 14 16

Shear Strain, v (%)

400
350
300
250
200
150 § f

Drained triaxial test

o Frozen Specimen (8.2 m)

Natori river sand
(young, uncemented)

Japan (Mimura, 2003)
_—

=== Modified Hyperbola (g = 0.4)
== Modified Hyperbola (g = 0.3)

Deviatoric stress, q (kPa)

100 $,
50 £3

Strain (%)

Estimating soil parameters

Summary by Mayne (2014) — www.cpt14.com
I ndependent estimate based on V¢

Young, uncemented soils
—Soil unit weight,

Cy, (KN/m?) =8.321og (V) 1.61z V(m/s) & z (m)
—Peak friction angle (sands)

g =39 (V) Vg = V4 (0 o/Py)%% m/s
—Undrained shear strength, s, (clays)

e 5, (kPa) = (VJ/7.93)159 V., (m/s)

Careful with units- not commonly used

23
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Estimating void ratio (e) from V,

m Ottawa sand data present study
e Ottawa sand daia previous study
¢ Alaska sand data
A Syncrude sand data
Average of all data
= = » Upper bound of data
— = |ower bound of data
1 — 1

Lab Testing

|
Vg =(A-Be) KL (A& B soil specific)
I A A A AR S B

L Appliesto very young, uncemented silica-based sands

D IIHIIII.IJI_IHLIIIIIIII!I ||||| I!klll;lllllllil\\Iil|IJI!I|||r||‘||||l||i|||r||||rﬂIIIII|||l|l||II|I|KIII|

050 0.60 0.70 0.80 090 1.00 1.10 1.20 1.30 1.40 1.80
After Cunning et al 1995 \oid ratio, e

Normalized shear wave velocity,

Estimating porosity (n) from V& V,

Void ratio, e
0.4 0.8 1.2 16 2.0

= soil particles mass density
= pore fluid mass density

bulk modulus of pore fluid
= Poisson ratio of soil skeleton

Very sensitive to accuracy of V&V, 2

*["e Foti etal (2002)
After Jamiolkowski (2014) & Foti et al (2002) a G-P specimens

24



MILINGS PONE

R T4

=
=

\ZNY MOST COPP

-y
ZELA

Evaluation of cyclic liquefaction

P —05% 50% 5%
" Y 85%15% . . .
M, =75 _ Cyclic Liquefaction:
a'\ =100kPa *

-
400 cases 3 © 100 < V4 < 230 m's

No liguefaction:

Liguefaction

Vg4 > 250 m/'s

Young, uncemented
soils
No Liquefaction :
© _ No effect of ‘fines
300

V., (M/s) Kayenetal, 2013

Estimating saturation from V, measurements

CH-XIX-7E CH-XIX-1E CH-XIX-4E
CH-XIX-8E CH-XIX-2E CH-XIX-5E
17m| 225m 96m |
o
D =242m D = 338m 5
~Dam™ Elev.=170.2 ¢ Elev.= 1698 Q.
crest LErn T o~ sk,
4 VEJ i
{
- ]
7 n t
H ,. Y
Tailings H i
N
coll
881
g
R ey Py = Perched water table » mis i
Horizontal Scale H i

Zelazny-Most Copper tailings pond — After Jamiolkowski, 2014 (CPT14)

G-266

LVE-11

4/20/2015
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Non-textbook — ‘unusual’ solil

* Most existing published experience/research
based on typical “ideal” ground

— Young, uncemented: soft clay and clean silica sand

 Limited published experience/research on non-
textbook “unusual” ground

— stiff fissured clays, soft rock, intermediate soils
(silts), calcareous soils, man-made ground, tailings,
older and/or cemented soils

» Microstructure often used to describe soils with
‘unusual’ characteristics

| dentification of ‘unusual ” soils

» CPT penetration resistance, g, — mostly large
strain response — mostly controlled by peak
strength

 Shear wave velocity, V,—small strain
response — controlled by small strain stiffness

* Potential to identify ‘Unusual’ soilsfrom
SCPT by measuring both small and large strain
response

4/20/2015
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V,and CPT

 V controlled mainly by: state (relative density &
OCR), effective stresses, age and cementation

 CPT tip resistance, g;, controlled mainly by:
state (relative density & OCR), effective stresses,
and to lesser degree by age and cementation

« Strong relationship between g, and V, but
depends mainly on age and cementation
(i.e. microstructure)

Estimating age and/or cementation

0% A.C. Monteray
1% A.C. Monteray
2% A.C. Monteray
Alabama residual soil
Utah tailings

Quiou

iiad young & uncemented

X +OO#00

Low compressibility

AT = Artificially cemented
(% by waight)

1

|
10
After ESlaamizaad and Robertson, 1996 Q tn and Schnaid, 2005

L
1000

27
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Estimating age and/or cementation

~

- High compressibility
* N

L]
Cementation/Bonding

BVQFX+0D400

0% A.C. Monteray
1% A.C. Monteray
2% A.C. Monteray
Alabama residual soil
Utah tailings
Criiou

Kidd

Massey

Alaska

Ticino

Toyoura

I | L i n
4

young & uncemented Low D bimy

AC, = Artificially cementag
(% by weaight)

N

Young uncemented @ Holocene O ltalian
-1 liquefaction @ Washed mortar

o o® © Holocene no A Heber Rd.

S liquefaction O Mississippi

1nin

Normalized coneresistance, Q,,

Young uncemented sands

100 1000

et = (AP D)

+ Shenton Park
© Ledge Point
A Quiou

T

10

100

et = (Pl Pl

100

Goipy = (G Pregl (6 D)™

K*

1000

SCPT data
in sands

6= (G/a)(Qy)°™

Scheider & Moss, 2011

28
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Estimating age and/or cementation

Schneider & Moss, 2011
K’ = (G (Q)°”
—f K'5>330 potentially aged and/or cemented
—f K*'5 <200 potentially very young & uncemented

Difference between ‘ geologic-age’ and
‘behaviour-age
—e.g. past soil liquefaction events can re-set age clock?
(also - Andruset al, 2007)

Estimated V_ based on CPT

Ver = Vs (Po/0'y0) >

Soilswith same
V4 have similar
(small strain)
behavior

I?III\I\}F \I \\I\III

300 Increasing stiffness

L1 (LI

8

Young (Holocene to
Pleistocene-age)
uncemented soils

o

Based on large SCPT
database (>1,000 data
points)

NORMALIZED CONE RESISTANCE, Q;,,

L | [ [ B (O IO
1

NORMALIZED FRICTION RATIO, Fy

-

o
=

Robertson, 2009
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NORMALIZED CONE RESISTANCE, Qy,,
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Estimated V based on CPT

Vi =¥ (R0 )™

I?III\I\y \I \\[\III

Increasing stiffness

L L

1
NORMALIZED FRICTION RATIO, Fy

Soilswith same
V4 have similar
(small strain)
behavior

Young (Holocene to
Pleistocene-age)
uncemented soils

Based on case histories of

flow liquefaction
& lab results

Robertson, 2010

Estimating age and/or cementation

iz o
gh compraessibility

Cementation
o <

T T TTT1

0% A.C. Monteray
1% A.C. Monteray
2% A.C. Monteray
Alabama residual soil

T

Utah tailings
Quiou

Kidd
Massey
Alaska
Ticino
Toyoura

T

BVQFX+0D0#00

AT = Artificially cemented

Low compressibility

(% by weight)

1

10
Data from Eslaamizaad and Robertson, 1996
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Example V, measured vs estimated

Cone resistance gt Norm. friction ratio o Pore pressure u Shear Wave velocity
09 - -

A R GER | D S A AR | D UG

1IEI ; 2'0 : 3‘0 / lID : !ID : &0 o 2 L] l,h‘na Z.ﬂ‘Da 3,000
Tip resismnce (MPa) Pressure (kPa)

Example - young, uncemented soils— downtown San Francisco

VS estimated

Cone resistance qt Sleeve friction Pore pressure u Shear Wave velocity SBTn Index

5 B 54
10 10 104
154 154 154
204 20 204
25+ 254 254
30+ 30 304
354 35 354
40 404

= = a5 = o as o a5

£ £ £ £ £

& & 504 £ £ 50 & 50

a a a a a

& & 5 g &

a o ss a o ss o ss
60 60 60+
65 65-] 654
70 70 704
75 75-] 754
80 80| B0
85 85| 854
90 0] 904
95 954 959

1 T T T 1 T T T 1 T T T T 1 T T 1004
o 100 200 300 400 R T TR o S0 100 150 200 o 500 1,000 1,500 1 z 3 ]
Tip resistance (tsf) Friction (tsf) Pressure [psi) Vs (ft/s) Ic

Example — Nevada, USA

4/20/2015
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Summary

o SCPT isavery powerful in-situ test

— Cost effectiveway to add V¢ (V) to CPT

— Up to 7 measurementsin 1 test (q;, fg, U, Vg, ts, Ug, 1)
» V isadirect measure of soil stiffness

» Helpful for:
— Settlement calculations & stress-strain relationship
— Liquefaction evaluation
— ldentification of ‘unsual’ soil (age & cementation)
— Saturationusing V,,

Summary

Should al CPT’ s at asite be SCPTu?
— Common to make ~20 to 30% of CPT’s using SCPT
— ldentify site specific relationship between g, and V
— ldentify if soilsare either ‘well-behaved’ or
“unusual’
* e,0, will traditional correlations (based on ‘well-behaved’
soils) apply?

Continued growth in use and application of
SCPTu

4/20/2015
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Questions?
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