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Role of CPT

CPT has three main applications:

« Determine sub-surface dtratigraphy and identify
materials present (Soil Type— SBT)

e Estimate soil parameters

* Provide results for direct geotechnical design

Primary role is soil profiling and can be supplemented
by samples, other In-situ tests and laboratory testing

Robertson, 2014




CPTu Interpretation

Soil Type
— Soil behavior type (SBT) & stratigraphy
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)

Robertson, 2014




First CPT ‘soil classification” chart

Percentage of
fines < 16u

Increasing friction ratiQ Silty sand
Rf - fs/qc
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CPT-based “ classification”

« CPT measurements are influenced by In-situ behavioral

characteristics, such as strength, stiffness and compressibility.
These characteristics are controlled primarily by soil state, in-situ
effective stresses, stress history, age, and cementation, as well as

mineralogy.

Traditional soil classification systems are based on physical

characteristics obtained on remolded samples, such as
grain size, fines content and plasticity. These characteristics are
controlled primarily by depositional environment and geology.




Soil Behaviour Type (SBT) Chart

Soil behaviour type
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9 Sand
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Sand to dayey sand*

!

10

* Overconsolidated or cemented

SBT

Robertson & Campanella, 1986

Cone resistance

Friction ratio (%) = 100 (f4q,)

Note: 1tsf ~ 0.1 MPa Robertson, 2014
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CPT - Soil Behavior Type (SBT)

Non-Normalized Classification Chart

Friction Ratio (%), R;

Note: 1 bar ~ 1 tsf ~ 0.1 MPa

CPT SBT based on in-
Situ soil behavior
(strength, stiffness,
compressibility) - not
the same as
classification based
Atterberg Limits and
grain size carried out
on disturbed samples

Robertson & Campanella, 1986

Robertson, 2014




CPT Data Presentation
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Normalized SBTn Charts

Increasing
OCRH

3

Increasin
smsﬁnsty "
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F (%) Normalized CPT Parameters B,

U, - U, f
=t 100%
4= Oy By q,- x ¥
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Robertson, 1990

Zone Soil behaviour type Z_Lﬂ Soil behavigur type Zone Soil behaviour type
1. Sensitive, fine grained; Silt mixtures clayey silt to silty clay 7. Gravelly sand to sand;
2. Organic soils-peats; Sand mixtures; silty sand to sand silty 8. Very stiff sand to clayey sand
3. Clays-clay to silty clay; Sands: clean sands to silty sands 8. Very stiff fine grained




a®
T
L]
=3
wi
L
=z
n
L
e
e
LL
5
I

3

=

Dimensionless SBT chart

i

its of CPT/_

FRICTION RATIO, Ry

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

p, = atmospheric pressure = 100
kPa= 1 tsf

Robertson, 2014




Proposed common SBT zones

Robertson et al (1986) Robertson (1990) SBT description
1 Sensitive fine-grained
Clay: organic solil
Clays: clay to silty clay
Silt mixtures: clayey silt & silty clay
Sand mixtures: siity sand to sandy silt
Sands: clean sand to silty sand
Dense sand to gravelly sand

Stiff sand to clayey sand*
Stiff fine-grained*

2
3
4
)
6
4
8
9

Robertson, 2010

Robertson, 2014




Why Friction Ratio (f/q,)?

Qt — (Qt'cvo)/ G’ /o)

Qt = (qt'Gvo)/G’ VO
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NORMALIZED FRICTION RATIO, F,

I:r = 100[fs/ (qt'Gvo)]
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Tumay Fuzzy-logic SBT

Fuzzy Classification Plot

Morm. Soil Behaviour Type Fuzzy Classification Fuzzy Class. Legend

Highly probable davyey soil .
Highly probable mixed soil |:|

Highly probable sandy soil |:| Appl I %

fuzzy
logic to

Sl zand & sanch s 1t
Sty sand & sanch s 1t

bl R TH LTI ]

Clay & s Iclay

Clay s sikeky =

Claydsikchky
Sy zand S sank s It

Claya iyl
Clay
Clay

W -1 ™ s W K= O
m -1 ™ N k& W k= O

Depth {m)
Cepth {m)

Claya siychy

SiHyzancl & sanck s It

Sy sanc & sanch st
AN & 3 Iy s and
Zand & 5 Iy sand

por o Probability of Soil Type
(not % grain size)

Sty sancl & sanch s
Zand & 5 Ity sand

AN E Iy sandl

4 & & 10 12 14 16 18 20 40 &0 a0 100
SBTn (Robertson 1990) Probability of Soil Types (%)

Robertson, 2014
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Schneider et al (2008) chart

Schneider et al (2008) Soil Class.
1 1 1 L L

Schneider et al (2008) Soil Class.
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Combines normalized cone resistance (Q) and excess pore pressure (Au/c’,)

Good offshore — less effective on-shore, where saturation can not be assured

Robertson, 2014



Compare pore pressure charts

EEssentially
- Drained

Schneider et al, 2008 Modified Robertson (1990)
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Generalized CPT Soil Behaviour Type

CPT Soil Behaviour
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CPT SBT Index, |,

SBT, Index, I,

Soil Behavior Type
Index, |

lc=[(3.47 —log Q)2 + (log F+1.22)7]°5

3
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Soil Compressibility
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NORMALIZED FRICTION RATIO, Fr
Robertson, 2014




SBT from CPT

Plasticity Index as
function of SBT |,

- Y
N;M Boundary between

Y Vel sand-like and clay-like
AX *u’ soilsis Pl ~ 10

When |, < 2.60
95% samples NP
84% with Pl < 12%

A NP

- 0%<Pi<12% o N

@ 12%<PI<20% .
25

® 20%<Pi<35% 3 _PI?‘S“C

® 35%<P% 50

Data from Cetin & Ozan, 2009
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CPT Normalization

 Early normalization based on theory for clays
Qt — (qt 4 GV) / cSlv

* Recently normalization based on soil type,
density and stress level

Qn = [(0,—5,)/pJ] (P/S',)"

(g; — o,)/p, = dimensionless net cone resistance,
(p/c' )" = stress normalization factor
n = stress exponent that varies with soil type, density & stresslevel

p, = amospheric pressure in same units as g, and c,,
Robertson, 2014




CPT Normalization

Stress Exponent, n

% Qtn — [(qt R cjv)/pa] (pa/GIvo)n

% _ n=0.381 () + 0.05 (c",/p,) — 0.15
H 100 |—
= [
.-_‘c L
E 3 n where n < 1.0
(Fa
ex =
= |
S If stress normalization correct - no need
r..\’:"..;‘J 10 = for additional stress level corrections
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= |

0.1 1 10

NORMALIZED FRICTION RATIO, F,

Robertson, 2014



Compar e stress normalization

Stress Exponent, n

after Cetin & Ozan, 2009

Robertson {2008)
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Example CPT - UBC Fraser River

RGG s Fraser River Delta, Vancouver, BC (UBC)

www .greggdrilling. com
—_— —— Campanella & Robertson, 1983
Project: UBC McDonakds 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

Clay
Clay & silty &law

— — — — — V
Sitty =and & sandy sitt

Sand & sitty sand
Sitty sand & sandy sitt

Clean Sar

Sand & zitty zand

Sanid & it sand
Sitty-=and & zandy =it
Clay & silty claw

STIty_Sgnd- . - | Sitty =and & sandy sitt

Depth {m)

Clay & =ity clay

T T L T
5 10 15 20 6 S00 1,000 1,500 3 P

2 4 Elu EII IID 1I2 1I4 1I6 12
Tip resistance (MPa) RE (%) Pressure (kPa) I{SBT) SBT {Robertson et al, 1986)
SBT legend

Hol ocene-age deltaic deposit [ 1 Serstve fragined [l 4 Covey skiosiychy ] 7. Gavely sad 0 o

[l 2 Organic material [l 5 Sty sand tosandy sit  [ll] 8. Veny stiff sand © dayey =nd
Il 3 Clayto shry chy 6. Clesnzand o siby sand [[] g, Weny stiff fine grainad

CPeT-ITv.1.7.5.8 - CPTU data presentation &interpretation software - Report created on: 12/11/2012, 2:21:18 PM
Project file Z:\Doouments|Peter\Software{CPeT-ITWCPT DatabaseiMived soil sites\Mived soil stes.cpt




Example CPT - UBC Fraser River

EGG o i Fraser River Delta, Vancouver, BC (UBC)

wvww, greggdriling. com
— Campanella & Robertson, 1983
Project: UBC McDonakls Farm CPT: UBC McD Farm, Canada
Location: Vancouver, Canada Total depth: 29,35 m, Date: 12/4/2012

MNorm. cone resistance Norm. friction ratio MNorm. pore pressure ratio SBTn Index Norm. Soil Behaviour Type
2 9 u}

Organic9ILT:

Silty sand & sandy silt

4 Siltw zand & andy il

p— m— o — - - 2} Silty sand & sandy silt

i e Sitty zand & sandy =ikt

Silty-=and- & sandy - =ilt
Sand-& =ity =and

Sitty sand & sandy =il

Cl ean %r - Sanid & sity sand

t— "Tt_ — (T . ' i Silty =and & zandy =it
S y san - | Sand & sitty sand
i — — - Clay-& sifty clay
=3

Depth (m)

SBTn plot
.

C Clay

T T T T T T T T
S0 100 150 200 10 o 0.2 04 06 02
QM Fr (%) Bg

Mormalized gfne Resistance, Qtn

SBTn legend

Normalized CPT Parameters [ 1 Sertive fregrained

[ 2 Organt material

I 3 Clayto shoy cy

CPeT-ITv.1.7.5.8 - CFTU data presentation &interpretation software - Report created on: 12112012, 2:21: 18 PM
Project file Z:\Doosments\Peter\Software\CPeT-ITYCPT DatzbaseiMined soil sites\Mied soil stes.cpt

1
MNormalized Friction Ratio, Fr (%)




Example CPT — Venice Lagoon

P.K Robertson . . .
EGG L Venice Lagoon, Treporti Test Ste

www. greggdriling. com
— Smonini €t al, 2003 _
Project:  Venice Lagoon, Ialy CPT: Venice lagoon, Italy
Location: Venice, Rtaly Total depth: 45.67m

Cone resistance qt Fricon ratio Pore pressure u SBT Index Soil Behaviour Tvoe

adl 11DI1 €S

Sand

Sandy S

Depth {m)
Depth {rn)
i L M

Ll
P

I IDepth {rn}
I IDepth (rn}

— — —
~Silt
20=}- - —
21- o
22- o Sand
23_ — —
241 3 24
= nterbedded|Silt?::
27 : 27-
284 8-
294 za-
20 T T T 30 T T T T T T T T T T T
0 5 10 15 ) [ Soo 1,000 2 3 4 & 8 10 12 14 16 18

Tip resistance {MPa) Rf (%5 Pressure (kPa) I{SBT) SBT (Robertson et al, 1986)

SHT legend
H - 1. Sersitive fine grained  [Ji] 4. Clayey shtoshy cby [l 7. Gevehy sand to =nd

Hol ocene/Plei stocene-age lagoon deposit B st W W i
Il 3 Clav o shy cay & Clsnzzrd sty s2rd [ 2, Veny st fine grained

CPeT-ITv.1.7.5.8 - CPTU data presentation &interpretation software - Report created on: 12/11/2012, 3:09:40 PM
Project file Zi\Doouments!PeterSoftwane i CPeT-ITICPT DetzbassiMmed soil sites\Mxed soil stes,cot




Example CPT — Venice Lagoon

EGG P.K Robertson

Gregg Driling & Testing Inc Ver“ Ce Lagoon’ Treportl Tea Ste

www.greggdrilling. com

I Smonini et al, 2003

Projed: Venice Lagoon, Italy
Location: Venice, Raly

CPT: Venice lagoon, Ttaly
Total depth: 45.67 m, Date: 11272012

1_ E .
g
3_

Sand Al

7-

Sandy ¢

Ciepth {m)
Depth (m)

L

it

Sand

SHterbedded

5IEI 160 léD 200 4 &
QLN Fr (%)

Normalized CPT Parameters

Norm. cone resistance Morm. friction ratio Norm. pore pressure ratio
a u]

I loepth imo

SBTn Index Norm. Soil Behaviour Type

adl 11DI1 €S

0
1
|
2
4
=1
-3
7
g
E

Depth (m)

L

4 & 82 10 12 14 16 12
SBTn (Robertson 19907
[l L Sersitive fine grained B 4 Clayeysittodhy chy [ 7. Gevely sand to =nd
[l 2 Organt material [ & Siby sand tosandysit  [l] 8, Very stiff sand © davey =nd
[l 3 Clayto shy chy [ & Clen sand tosiby sand ] 9, Veny stiff fine grained

CPeT-ITv.1.7.5.8 - CPTU data presentation &interpretation software - Report created on: 12/11/2012, 3:09:490 PM
Project file Zi\Doouments! Peter\Software\CPeT-ITICPT DatzbassiMed soil sites\Mxed soil stes.cpt




Example CPT

fitopstantecd s Mixed soil profile
I .
s San Francisco Bay area, USA CPT-CPT 1

Location: California Total depth: 30.50 m

Cone resistance qt Fricion ratio Pore pressure u SBT Index Soil Behaviour Type
a :

HARD ALGER HAND ALUGER HAND BIGER EARD ALGES
; ; Clay
Claw

Orrganic! siil

Clay

Lo R B ) B R N S =

Clay & =ity clay

Sitty sand & zandy =it
Sitty sand & sandy skt
Sty sand & sandy =it
Clay & ity &lay

Sand & silty. sand
Clay & sitty elay

Sty sand & sandy =it
Clay & =ity clay...
Sty sand & zandy =it
Silty- =and- & sandy-=ilt
Clay & sitty clay

Sand & =ilty sand

Silty sand & sandy sit

Depth {m)
Depth {m)

224
23
24 -
254
26+
27 : :
25 3 : E - . == Sitty sand & sandy sitt
za : : ‘ i . " 7 Sand

20 — Iﬁ'-'sl'-‘ , ' : 3 o £ _ Salnt:l-Eelsilt\.r:sant:lI
0 5 1015 20 25 230 35 40 S00 1,000 1,500 2 10 12 14 16 18

2 2
Tip resistance (MPa) Rf (%) Pressure (kPa) I{SET) SBT (Robertson et al, 19863
SET legend

. . 1. Sersitive fine grsined [l 4 Clayey sittoshy cby ] 7. Gmwvely sand to =nd
Hol ocene/Plei stocene-age deposit B et oy T4 v ok mait ey

[l 3. Clay to sty ciy [ ¢. Cleansand o siby sand  [] 5, Veny stff fine grained

Sand &'silt\,r =and

CPeT-IT v.1.7.5.8 - CPTU data presentation &interpretation software - Report created on: 12122012, 3:07: 24 PM
Project file: Z:\Documents\Peter|SoftwarsTPeT-IT\Example S units.cpt




Example CPT

ko i Mixed soil profile
o — San Francisco Bay area, USA S

Project: BExample CPT
Location: California Total depth: 30.50 m, Date: 12/12/2012

NMorm. cone resistance Morm. friction ratio MNorm. pore pressure ratio SBTn Index MNorm. Soil Behaviour Type
i} o} 0 :

s

FUND GLAGER D GLGER 1- HAND SIGER D AUGER

Clay
Tlay & =ity ¢lay
Clay

Clay

L R e . o B == |

Clay & zilty ¢lay

Si&\,r =and & sandy silt
Sitty sand & sandy sift
Sittw zand & zandy sitt
Clay ! !

Sittw. zand & zandy. =it

-
N
|

SBTn plot
)

Depth {m)
Depth {md
Depth {m)

18-

20-

|

1
[N I N}
ekl
L

22—
234
244
254
264
274
284
294 : ; ; 29+
=0 T T T T a0 T T T T
0 S0 100 1S0 200 250 02 0 0.2 0.4 0.6 08
Q1N Bq

o
(o)
[
[l I
n

b
&
1

KRR R
w o=l T
I S |

Marmalized Cone Resistance,
(=]

CPeT-IT v.1.7.5.8 - CFTU data presentation &interpretation software - Report created on: 12/12/2012, 3:07: 24 PM

Praject file: Zi\Doouments|PeterSoftwareCPeT-IT Example SI units.cpt 1
% Mormnalized Friction Ratio, Fr (%)




PUSH FORCE

How deep can you push the CPT?
J}; 10cm? push rods

L = a00mm

&0 80

SPT (N)eo

Depends on:
1 - amount of reaction
push force
2 - amount of rod
friction

With 15 cm? cone
(10cm? push rods) and
200 kN (20 tons)
reaction — can
penetrate soil with
SPT (N)g, > 100




Example CPT —Mine Tailings

EGG g;:;ggmﬁqresting Inc 1 HH
ot e o Deep Mine Tailings

e
Project: Mine Tailings Example &DUt hweS‘t, U SA‘ CPT: Mine Tailings

Location: USA Total depth; 101.05m

Cone resistance qt Friction ratio Pore pressure u SBT Index Soil Behaviour Type
a u] L .

Sand & silty sand

Silty =and & =andy silt
Siltty =and & =andy =it
ity =and & =andy- sift
Silty =and & =andy silt
Sitty =and & sandy silt
Clay & zifty clay

Sitty =and & =andy =it

Clay =ity clay
Siltty =and & =andy silt
25 : : . 25 i Clay. =ity clay
Siltty =and & sandy siit
Siltty sand & =sandy silt
30 i : 30 Clay & ity lay
Siltty =and & =andy silt
25 : 25 f . Clay 2 =ity clay

7 Silty =and & =andy =il
Silty =and & =sandy =il
Clay &=ilty clay
Siltty sand & =andy silt
Clay. & silty. clay
Clay &=ilty clay
Siltty =and & =andy silt
Clay &sifty clay
Sand & =ity =and

20+ + H = 20+

40- § 40-

45- 45-

S50+ 50+

Depth {m)
Depth {m)
Depth {m)
Depth {m)
Cepth {m)

55 357 Silty zand & sandy =it
Clay & =ilty clay
&0- &0- Silty zand & zandy sitt

e i » nd/SI I t 119! : 4 L ity sand & sandy silt
€3 ! 5 | Clay & =ity clay
70- : ! —— 70- -= — . Sand & sitty =and

i Silty =and & sandy silt
7o+ 3 7o+ e Clay & sitty clay

= Silty =and & =andy =it
20 g i 2 30 .- b Siltty =and & =andy ikt

) Sitty sand & =andy silt

a5 : i : 234 ity sand 8 zandy sitt
. Sand & =ity =and
ag 4. i a0 - — Sand-& sittyzand

954 4 a5 Silty sand & sandy silt

E - =5 sand &isitty ‘sand
g E ﬁ it : ; Sitty sand & sandy silt
T T T T T . T n L R P § T T T T T T T T
0 5 10 15 20 4 B 1,000 2000 3,000 1 2 3 0 2 4 & & 10 12 14 16 18
Tip resistance (MPa) RE i5h) Pressure (kPa) I{SET) SBT (Robertson et al, 1986)
SET legend
[ i Sestivefinegrained [l 4 Claveystwshycey [ 7. Gmvely sand o =nd

Very young, hydraulically placed tailings B 2 O el [ 5 Sty sndosandyst [ 6 vy st sand ey s

B 3 Ceywoshycky [0 & Clensandtosity sand [ 8, Very 2off fine grained

CPeT-ITv.1.7.5.8 - CPFTU data presentation &interpretation software - Report created on: 12/12/2012, 8:30:08 AM
Project fie: Z:\Documens|\Peter\Software \CPET-ITVCPT Detzhass\Mine tailings.cot




Example CPT —Mine Tailings

EGG g;:gggl:i‘liru_:jﬁ;qresting Inc - =
www.greggdrilling. com Deep MI ne Ta.l I I ngs

=
Project: Mine Tailings Example &DUt hweg-y U SA\ CPT: Mine Tailings

Location: USA Total depth: 101.05 m, Date: 8/9/2012

Morm. cone resistance Morm. frction ratio Morm. pore pressure ratio SBTn Index Morm. Soil Behaviour Type
a a u] . : E

Sand & sitty =and

Sitty sand & 'sandy sitt
- ks Sitty sand & sandy sift

10- s i Sitty- zand & zandy- it

Clay &zilty clay

15 Sitty sand & zandy sitt

5-

Clay

Clay & =ilty clay
20- Clay ;
Clay & sitty clay
25- i i i i i 25-

Clay - i
Clay &=ilty clay
Cl

30— i i i i 20- E H i
Clay & =ilty clay
35- i Clay

Clay & =ilty clay
Clay

35-

oL
(4]
1

40- 40-

Y
[}
]

45- 45-

-
(L}
|

Clay

Clay & silty clay
Clay &=ilty clay
Clay & silty clay

: Clay & sitty claw
50 £ . 4 2 : Clay : :
Clay & s=ilty clay
Clay

S0

Depth {m)
Depth {m)
o
(]

1
Diepth {m)
Depth {m)

55—

o
o
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Example CPT — Soft Rock

EGG P.K. Robertson

Gregg Driling & Testing Inc

Very stiff soil —soft rock
Project:  Stiff soil - soft rock Ne\Nport Beach, CA, USA CPT: Newport Beach, CA

Location: Newport Beach, CA, USA Total depth: 15.85m
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IE(; P.K. Robertson
Gregg Drilling & Testing Inc

Very tiff soil — soft rock
Project:  SHff sail - soft rock NaNport Beach’ CA’ USA CPT: Newport Beach, CA

Location: Newport Beach, CA, USA Total depth: 15.85m, Date: 12/12/2012

Example CPT — Soft Rock
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Summary

e CPT isafadt, reliable method to determine soil
stratigraphy and soil type in a cost effective
manner.

CPT-based Soil Behaviour Type (SBT) charts

avallable to estimate soil type, based on either
tip-friction and/or tip-pore pressure
measurements

CPT equipment can be used to take small
diameter push-in soil samplesto verify soil
type




