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Fl46 5 » 375 Cone Penetration Test (CPT)

CPT 1s a relatively rapid and reliable 1n-situ test that
can provide a (near) continuous soil profile.

Originally Developed in Netherlands 1930s
Further developments in 1950s

Static Penetration Test; Quasi-Static Penetration Test;
Dutch Sounding Test

Types of CPT cones : 1 #44(Mechanical cone )
> @ —+ 4d(Electric cone)-1948
» -k & i (Piezocone)-1974
> 7 iPl4d(Seismic cone)-1986
» ¥ AL4d (Vision cone, VisCPT)-1997
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Cone : 2 cm?, 10 cm?, 15 cm?, 40 cm?




CPT equipment and procedure

¢ Cone :apex angle=60° ,
base area=10cm? ,
friction sleeve area = 150cm?.

¢ Penetration rate 1s about 20 £5 mm/sec, readings are
taken at every SOmm (10mm-50mm).

¢ Baseline readings: Zero load readings should be
recorded at the start and end of each CPT

¢ ASTM DS778 -12 Standard Test Method for
Electronic Friction Cone and Piezocone
Penetration Testing of Soils




Checks and Recalibrations for the CPT

Start
. Startof | Endof | Endof | Oncea Every 3
Maintenance of =
: Test Tesr Day Month | months™
Project
Wear X h's X
O-ring seals X X
Push-rods X h's
Pore pressure- % x
filter
Calibration s A
Compufter X
Cone X
Lero-load X X
Cables x :

Robertson and Cabal (2015)




CPT sounding

Raw data : Cone resistance (q_.), Local friction (f,), Porewater pressure (Py)

Depth qec fs Pw Inc
(m) |[(MPa)| (kPa) | (kPa) | (deg) Soil Type SPT- N
13.8 | 1.449 | 29.87 |166.64 | 2.54 Clayey silt 7
13.85 | 1.351 | 28.58 [278.23 | 2.54 Clayey silt 7
13.9 | 1.416 | 20.81 |349.63 | 2.55 Silty sand 6
1395 | 1.66 | 26.67 | 343.59| 2.55 Silty sand 7
14 2.035 | 23.38 | 359.02| 2.55 Silty sand 8
14.05 | 4.336 | 38.68 | 125.12 | 2.55 |Sand with some Silt| 15
14.1 | 5.149 | 48.65 | 82.83 | 2.55 |Sand with some Silt| 17
14.15 | 5.568 | 59.2 | 86.41 | 2.55 |Sand with some Siltf 19
14.2 | 5.634 | 57.58 | 92.16 | 2.55 19

Sand with some Silt




CPT ADVANTAGES

¢ Fast and continuous profiling
— Reliable and fast (~180 m/day)
— Contimuous profile (reading per 2cm or Scm)
¢ Repeatable data
¢ Strong theoretical basis for interpretation
¢ More than one measurement (q., f;, u)

¢ Additional sensors (e.g. seismic Vs)
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CPTi% L 3%z > 2 (4 %7

v Seed method (1971-1997)

v Seed et al, (1983):SPT-N === CPT-q,
v Shibata and Teparaksa (1988)

v Stark and Olson (1995)

v Olsen (1997)

v Moss et al. (2006)

v Robertson method (1985-2009)

v Juang et al. method (1999-2016)

v Boulanger and Idriss (2004-2016)
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Olsen method (1997)
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If the average earthquake induced cyclic stress ratio ]
(ISR or CSR) is close or greater than CRR b
then check for liquefaction consequence T
(i.e. flow) by examing the CPT friction ratio (%) -

Friction ratio is inversely proportional A
- to flow liquefaction potential
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Moss et al. (JGGE, 2006)
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Boulanger and Idrlss(J GGE 2016)
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CRR of Clay-Like fine-grained soils

g B T E AT ARG R L R
23T 5 A R B(le)2.61 AL G SRR 4 3
Boulanger and Idriss (2007)
1. directly using cyclic laboratory testing;

2. empirically based on undrained shear
strength profile;

3. empirically based on consolidation stress
history i.e., OCR profile.



Sand-Like and Clay-Like soils
(Ku et al. 2010)

Been and Jefferies
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Liquefaction susceptibility criteria
(Bray and Sancio, 2006)

Plasticity Index

50
Chu et al. (2004)
40 o Wufeng Site C (Liq)
30 | ¢ Nantou Site A {No Liq)
20 . Not Susceptible
- a erately Susceptible
10+ * Susceptible
- (e) o
0 1 [ i A i i 1 1
0.4 0.6 0.8 1.0 1.2 1.4

w./LL



Cyclic Liquefaction and Softening Susceptibility of Soils
— A Unified CPT-based Approach

> Different approaches (cyclic triaxial test or
cyclic simple shear test) have been
suggested for assessing liquefaction or
cyclic softening resistance of clay-like soils.

> The approach might not be the ideal
approach for initial screening of possible
hazards of cyclic liquefaction and cyclic
softening.



NORMALIZED CONE RESISTANCE, Q

Robertson (2009a, 2009b)
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Distribution of liquefaction/no liquefaction
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Juang et al. (2008) CRR = 0.05 + exp[4 + Bx(q,,, /100) ]

1000 T T \\\\\\‘

A= ]c ' (qth /100) —10.455 CRR=0.6 | Susceﬁtiblété '

B — 0.669 . ]C3 . 5.55 . IC + 12.993 CRR=0.2 | O Moderate Susceptible |
C=0.284-0.0214-1;

CRR=0.1,/ | A Not Susceptible
/

100

Ku and Juang (2012)
A=1_-(q,,/100)—14.7
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Juang et al. (2012)



AT B = A

e fE"‘i (Confusion Matrix)(Oommen et al., 2010)

Observed
Yes No
Yes TP KFP
Predicted
No FN TN
BB 12y 14 (Overall accuracy, OA) »

4 & Z (Precision, p) ~ & 2 & (Recall, r) 2 F-score

R (0OA) oa-— N T

TP+TN+FP+FN T+F



& % 42 (Confusion Matrix)

oA TP+TN T
548 1 72 14 (Overall accuracy) " TP+TN+FP+FN T+F
TP
% & % (Precision) p=—- % N % (R __ 1P
£ % (Recall) r=—r—r
TP+ FP 8 25 ( ) "= ThrEN
Fﬁ = (1 + Bz )Iz)r " : J”eie't g EC{:.?E:TSOI'I & Wride (1998)
r+ pB 05 ;f: \:;-— Moss et al (2006)
04 '-:'--‘I i . = D 'f'. i
s o .' ‘ = . Q /' ",’ _’}.J_ ldriss & Boulanger (2004)
~ 0.3 | L :
ﬁ ®Lig
o 2 Mo Lig



Juang et al. case histories (FS=1.0)

Moss

Yes No
o ;
redi
69 34
odeted Yes 161 29
redicte No 28 07
Boulanger and Idriss Yes Dbserved No
R Yes 186 4
redicte No 77 46
Ku and Juang Yes Joserved No
odeted Yes 184 6
redicte No 46 77



L—-f >\ CPT/]Q it ’I"\:' ;Z‘ -\})%)3' =~ BT

FS=1.0
Liquefaction
Approach Dy Precision Recall F-score
Moss 0.780 0.734 1.000 0.846
Robertson 0.824 0.861 0.847 0.854
Ku and Juang 0.834 0.800 0.968 0.876
Boulanger and Idriss | ().741 0.707 0.979 0.821
Approach Avg. - Non-Liquefaction
F-score Precision Recall F-score
Moss 0.728 1.000 0.439 0.610
Robertson 0.817 0.770 0.789 0.779
Ku and Juang 0.812 0.928 0.626 0.748
Boulanger and Idriss | (.676 0.920 0.374 0.532




Juang et al. case histories (P;=0.5)

. Yes 158 32

Boulanger and Idriss Yes Dbserved No

. Yes 156 34
Observed

Ku and Juang Ve No

. Yes 177 13



W ICPTRVFFRIZZRY = 2%

PL_OoS
Liquefaction

Approach Dy Precision Recall F-score
Moss 0.783 0.744 0.979 0.845
Robertson 0.843 0.903 0.832 0.866

Ku and Juang 0.863 0.855 0.932 0.892
Boulanger and Idriss | (.681 0.703 0.821 0.757

Avg. Non-Liquefaction

Apiprafely F-score Precision Recall F-score
Moss 0.740 0.937 0.480 0.634
Robertson 0.839 0.768 0.862 0.812

Ku and Juang 0.852 0.877 0.756 0.812
Boulanger and Idriss | ().645 0.626 0.463 0.533
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Thanks for your attention
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