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A Brief History of the CPTs - starting in the 1940s
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CPT Developments

1935:  First cone in a form O
recognisable today - measured
cone resistance only

1970:  First commercial electrical
friction cone leading to
improved soll type interpretation
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1984:.  First commercial piezocone
leading to further improvements
in soil type interpretation
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CPT Equipment
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Why Use CPT?
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CPT Immediately Adjacent to Previous Borehole 2 i
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Interpreted s, and D, Profiles S, (kPa) __
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Why Use CPT for Profiling?

Undrained Shear Strength [kPa]
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Why Use CPT for Profiling?

Cone Resistance [MPa]
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Soil Behaviour Type (SBT) Chart — Robertson (1990)

Soil Behaviour Type (SBT) Profiles

Soil Behaviour Type (SBT) profiles presented on report figures are automatically generated from the CPT data

using the chart below (Robertson, 1990).
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Soil Behaviour Type Profiles Inferred from CPT
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Depth (m)

Example Site in Christchurch
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Example Site in Christchurch i
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Example Site in Christchurch

Cone resistance Friction Ratio Pore pressure Soil Behaviour Type
1 c =87 " 05
I - 1 I . i
1.5 = LS 1.5 P HodsEysd
L5 ,..-'l'(-. 25 25 SitysTds srvsit
: 7 bl =l Catstysy
15 s wﬂ slyciay
# 4 EL I!
1‘i "I.: 1¥ 1‘€_J‘I‘ m
= = P
EYS 5E EE |I
[ £ < &
e e - o
7.5 7.5 1.5 I'. -
& B = i
s 8.5 B | CyssRa
o — P - 5 !
E i Sl E 5¢ E 4e At
- N 1
i F - |
105 10.5 I'il 0.5 i
1 11 1 =
L5 5 1.5 '?
s l}? 12 1 1 :I
115 £ 115 12.5 —
- . N v |
¥ 13 F ¥ Lo |.
115 135 13 Y | S & EyETd
1% 14 1% EI.II
14.5 ~— 145 14.5 .l.
%5 " 15 15 S |
15.5 = 1551} 15.5 =
1% 16 ) 18
165 185 16.5 ¥
1 1 1 3
r & ' f I
17.5 — 175 17.5 i
1" 18 18 Z 1 Stysad & sToksit
1 —— 18,51 18.5 1
pL 19 1% t At i
155 -_? 15.5 : 185 ﬁﬂ
E 0 15 WM 28 0 a 2 4 [ B pila} o 50 IMIISJEEIIL'EIIBM o 2 4 E -é llﬂ .III 1!I 1IE- 18
aqt (MPa) Rf (%) u (ki) SET (Robertson et &l 1585)

CPeT-IT software

www.fugro.com



Example Site in Christchurch i
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CPT SOIL TYPE INTERPRETATION GRAPH
(FRICTION RATIO versus NORMALIZED CONE RESISTANCE)
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Zone

Interpreted Soil Type

Extra Sensitive CLAY
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“clean” to slightly silty
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Beware of Cavitation

Cavitation Pressure (MPa)
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Pre- and Post-Earthquake Assessments
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Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake Post 2011 Feb earthquake
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Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake
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Post 2011 Feb earthquake
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Pre- and Post-Earthquake Assessments

Pre 2011 Feb earthquake

—_— e - Sleave Resistznce (MPa) Friction Ratin (%) ~ Pare Pressure [kPa]
2 4 - o1 4 5 100
== 1 o ?
2 S
: 219
-."i = .I
: R
: 1 | {
a
(_‘——-..
=
[
= s
- ( %
=1 ‘.
< ]
=T | |
r—( Iu
= |
L—1] '
=1 j
- |
< "
40 &0 a0 zE0 32 el A0 100
eve Fi [kPa)

Separation
distance:

E: 4.58m
N :24.65m
Total:25m

ORBIT database

—l-'unnn

Post 2011 Feb earthquake

Resistzn

— Core ce | MPa) Friction Ratio [%) == [ )]
4 - o 1 et o0
]

\7} f
| |
e e T : \L :
=1 | E\
<] | ?
— . 1
=] lI
Expl
=
41 } ~ [
] :
] 1
i } i
14 +
L |
] .
| z >
= i
- e i i
| S\
=l G0 240 280 0 400 o1 2 3 20 300
eeve an [kPa)

& 100

www.fugro.com



Summary

The CPT is an excellent interpretive tool for assessing soil layers and soll
variability.

The pore-pressure sensor, in particular, provides valuable information on
thin layers of more, or less, permeable material, within a soil matrix.

The choice of soil classification model has a significant bearing on the
Interpreted soils — over-reliance on a single model should be avoided.

Approaches that take into account both friction and PWP information are
likely to be more reliable (if reliable PWP is available).

Granular inclusions, within a generally fine-grained soil matrix, can cause
unreliable pore-pressure sensor readings

Complementary laboratory testing significantly enhances the benefits of CPT.

Beware cavitation — and if it occurs, then take it into account.
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Relative Density

Voids Ratio, e, is the ratio of the volume of voids to the volume of
solids

D, (%) = (emax —-e)/ (emax — emin) x 100

D, (%) = (Pd(max)/ Pa) X (Pg — pd(min))/ (pd(max) - pd(min)) x 100

= 0
D = 0% D, = 100%
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Relative Density Video Clip Bl

- Video clip —
Increasing the Relative Density of a sand by moderate vibration
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Final Condition
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Cyclic Strength and Degradation
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Development of Cyclic Strains and Pore-water Pressure
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Robertson — Liquefaction Assessment Using CPT Results

CSR, : = Cyclic Stress Ratio for Magnitude 7.5 earthquake
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Robertson & Wride (1998)
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Quncs = dc, normalised wrt effective overburden pressure and fines content
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Liguefaction Assessment Using CPT Results

- Robertson (2009)
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Liguefaction Assessment Using CPT Results
- Robertson (2009)

— q: _ O-w R: ’
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Liguefaction Assessment Using CPT Results
- Robertson (2009)
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Example — Liquefaction Assessment Elrrm
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Example - Liguefaction Assessment

Q, Normalized CPT tip resistance

1000

100

Cyclic Resistance Ratio-Using CPT9

Zone C

Zone A: Cyclic liquefaction Possible, depending on size

and duration of cyclic loading

Zone B: Liquefaction unl kely, check other criteria
Zone C: Flow liquefaction and (or) eyclic liquefalion
possible, depending on sail plasticity and sensitivily as
well as size and duration of cyclic loading

s e

0.1

F %, CPT friction ratio
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1

NORMALIZED CONE RESISTANCE, Q,
T
[ ]

1 [ L L L1l
01 1 10

NORMALIZED FRICTION RATIO, F,

Cohesionless soils (4; & 4 - Evaluate potential behavior using CPT-based case-history
liquefaction correlations.

A;  Cyclic hiquefaction possible depending on level and duration of cyclic loading.

A, Cyclic hiquefaction and post earthquake strength loss possible depending on loading
and ground geometry.

Cohesive soils (B & C) — Evaluate potential behavior based on in-situ or laboratory test
measurenments or estimates of monotonic and cyclic undrained shear strengths.

B Cyeclic softening possible depending on level and duration of cyclic loading.

C  Cyclic softening and post earthquake strength loss possible depending on soil
sensitivity, loading and ground geometry.
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Example — Liquefaction Assessment

Depth (m)

-]

Liquefaction Assessments for Ic < 2.60
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Effect of Water Table in Liguefaction Assessment 22

UNLIMITED

CRR plot Liquefaction potential Vertical settlements Lateral displaceameants
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CRR & CSR Factor of safety LPL Setthement (om) Displacement: {cm)

Water Table at 1.0m below ground level CLiq software
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Effect of Water Table in Liquefaction Assessment Ermw

CRR plot FS Plot Liquefaction potential Lateral displacements
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Water Table at 0.5m below ground level CLiq software
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Effect of Water Table in Liguefaction Assessment 22

UNLIMITED

lot F5 Plot Liquefaction potential Lateral displacements
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Water Table at 0.1m below ground level

CLiq software
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Interpreting Low Strain Shear Modulus

i

——

I

-
;

GO: Gmax: p - V52

where:

Gy = G, = Low strain shear modulus (MPa)
p = mass density (Mg/m3)

Vv, = shear (S-wave) velocity (m/s)

Travel Time (ms) S-wave vel (m/s)

travel time [ms] shear wave velocity [m/s]
0 30 60 80 120 150 180 210 240 270 300 O 100 200 300 400
h s Sellerg :

Depth(m)
S\
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Interpreting Low Strain Shear Modulus — Example m Ll

G __ (MPa)
0 20 40 60 80 100 120 140
1
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Z o \ . I
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g N
< \
% 3
m Gmax from CPT without foundation loading
E ssssss  max from Seismic Cone
H 4 - Gmax from CPT with effect of foundation loading
] Resonant Column [est Result
A Bender Element Test Result
5

www.fugro.com



Some References

Lunne T, Robertson P K and Powell JJM (1997) “Cone Penetration Testing in
Geotechnical Practice”, Blackie Academic & Professional, ISBN 0 751 40393 8.

Meigh P. W (2001), Technical Note, “Monotonic & Dilatory Piezocone Dissipation
in NC and OC Geomaterials”

Ramsey, N (2010), “Some issues related to applications of the CPT”, CPT’10,
International Conference on Cone Penetration Testing, Huntington Beach,
California, May 2010

Using the Cone Penetration Test”,

Co
JO.

Robertso P. K. (1990) “Soil Classificatio
i |
|

n
TAarirnal 27/1\ 1E£1_1
Juldllial, <r\4i1), 1941°1

Robertson, P. K. (2012) “Guide to Cone Penetration Testing for Geotechnical
Engineering, 5" Edition”. Can be downloaded from www.greggdrilling.com.

www.fugro.com



Thank You

Fugro’s WorldTeam —
Meeting the challenge every day, worldwide.

www.fugro.com





