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HISTORY OF CPT

1930s 1960s 1970s 2000s

First Mechanical Electric Cones Primary device Digital cones and
Cones Developed Offshore advanced sotftware

L Data cable

Connection with rods

Waterproof bushing

Adjustment ring

.xm*fisr}ﬁﬁ Hi'i A7

Friction sleeve

Strain gauges
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Load cell

Conical point (10 ¢em?)
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BASIC CONE PENETROMETR

Sleeve Friction
f — load /
S 2

Friction Ratio
Rf — (fs/qc) IOO

e

Pore Pressure, u,

T1p Resistance
q. = load/7t i

SYMPOSIUM COULOMB
PARIS, SEPTEMBER 25 & 26, 2023




CPT SENSORS MOST COMMON

d = 43.7 mm

—

d = 35.7 mm d = 35.7 mm d = 35.7 mm

—

* Early cones measured only g & {1,

——
. Section
* 1970°s — pore pressure sensors T e
added (u,, u,)
* 1, most common — 1deal for g, Section
. 15 cm?
correction
—CPTu now very common
— u, = shoulder
porewater
V u, = face

h =134 mm
h =164 mm

* 1980’s geophone added (V)

ressure
. q. = measured porewater P
—SCPTu becoming common cone tip resistance  pressure
Electric Friction Type 1 Type 2 Type 2
Cone Penetrometer Piezocone Piezocone Piezocone

SYMPOSIUM COULOMB
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CONES

; g
; 1 o
Equal end area sleeves and i i svctional arse
small tip net area (a > 0.8) i = . 5 A
y _
qt - qc T u2(1 -a’) / ? Friction sleeve
’ ? surface area As
N~ U
a> 0.80 g An ? Cross
Z IR T
A ) = A t T TES. A
\) \)
: : C
Required in most Standards v gaciionsl see

Campanella et al. 1982
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CPT PUSHING EQUIPMENT
Portable: Small (10kN) to Large (200kN)

SYMPOSIUM COULOMB
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CPT PUSHING EQUIPMENT

Mostly ~ 200 to 250kN

. Mﬂ
- STy
- % .

-

Truck Systems

Tracked Systems
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CPT PUSHING EQUIPMENT

SYMPOSIUM COULOMB
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CPT PUSHING EQUIPMENT

Wireline capabilities . O e R .
to allow deeper CPT 2. SW S ﬁ}lg;gg;g
Improved efficiency at depth

SYMPOSIUM COULOMB
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CPT SAMPLERS

25mm up to 75mm diameter

3/ |

PPl Sample
MOSTAP Sampler Piston Sampler PPl Sampler
Thick-walled Thick-walled Thin-walled
disturbed disturbed undisturbed
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CONTINUOUS & AUTOMATION

. _
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Gregg. Drilling ==+ -
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AP vaniden.Bergd

Single-twist Coiled Tubing
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CONTINUOUS & AUTOMATION

Remotely Operated — Coiled tubing

. b o
5cm? cone ' 10cm? cone

e G regg Brilling
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Seismic CPT PROCEDURE

Axis of SCPT
I
'! Shear
| X ’ beam
I
' [
A 4 :
|
I
i | CPTpush
| | rods
D, | |
I
| -
|
! Assumed travel paths
I of seismic waves from
4 ! shear beam to
Receiver 1 +—1¥| | L, seismometers in
! SCPT body
|
Dual D, i
array |
SCPT i
body |
I
Receiver 2—4—¥p| |
- |

TRUE-INTERVAL

Y
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Axis of SCPT

|

Shear
beam

SCPT at depth D4

SCPT at depth D,

CPT push
rods

Ly R4 LB ] LR & __R& LB __§§ __§E¥§ __EN N _E§E _E¥§ _NE _§E§ __NE _§EN§N_ _J

PSEUDO-INTERVAL

Assumed travel paths of
seismic waves from shear
beam to seismometers in
SCPT body at depths D;
and D,



SCPT PROCEDURE

Penetration
Machine
Top "
Sensor
TRUE
INTERVAL
. r
Electronics ~ (5,°S,))
At
Bottom
Sensor

EXAMPLE TRUE-INTERVAL

SYMPOSIUM COULOMB
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Recorded Sagnals

Vs Acquisition

[ms]
Cl. 20 40 ﬁ-ﬂ ﬂ-ﬂ 100 120 140
SDMT Tip | Blade - Vs m/s s real time
Z tip 30.00 m Var Coeff 033 (%  zs1] 2025 | m
Vs Repeat C 216,217,217 Om/s Vs repeatability
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SCPT METHODS

True-interval Method Pseudo-interval Method
Advantages: Advantages:
e Only requires single shear wave source e Probe can be shorter and easier to push to
e Independent of seismic source trigger required depths

characteristics

e Obtains V_ directly 1n the field

Limitations: Limitations:

e Probe longer and harder to push to required e Requires two seismic waves for depth D, & D,
depths e Requires fast and repeatable trigger

e Seismometers must have identical response o Challenging to determine V_ in the field and
characteristics requires post-processing

e [f signals are stacked, trigger must be repeatable

SYMPOSIUM COULOMB ’ 15
PARIS, SEPTEMBER 25 & 26, 2023 @ Cfms




S EI S M I C C P T u cone e Seismic Cone Penetration Test (SCPT)

ASTM D 5778 and ASTM STP 1213

SCPTu Advantage

irfa.cée. Séisnfiic Source (parallel wlth .geﬁphéne iaxisi} ............

f Héﬂz&ntaily- ! Efectrnﬁic Fen&tn:ﬁmeier

/ polarized

1 4 and vertically- .é“
propagating =

shear waves = .-
: ; g e e

. f N SRR |
: ‘ff"' : :
e : . 3 ’

U
. s e
VS ( & V ,U) . i : | enfargement

7 measurements!

q;
Shear Wave
]fs Arrivals taken
at 1-m rod
intervals

..hnﬁznﬁm. Wi’h“he' . .............. 2

inclinometer

s = sleeve friction resistance

A

Dissipation — " e . = . £ .
U Penetrometer Readings = "~.( i SR e |
— %0 takenevery 1 or2seconds "~ M4t 9 = total cone tip resistance

L i - Mayne, 2014
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SEISMIC CPTu : X . o

Cone resistance qt Sleeve friction Pore pressure u Shear Wave velocity Mod. Norm. SBTn

u _i‘——i——"_—'——‘_—"— i i |

SCPTu Advantage
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SCPTu INTERPRTATION

™
fn/
=
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CPT NORMALIZED PARAMETERS

* Early normalization (Wroth, 1984)
Qt — (qt o GV) / G’V

* Normalization based on soil type, density and stress level (Robertson, 2009)

Qtn — [(qt - GV)/ pa] (pa/ Cy’V)n

Where:
(q, — o,)/p, = dimensionless net cone resistance,

(p,/o', )" = stress normalization factor
n = stress exponent that varies with soil type, density & stress level
p, = atmospheric reference pressure in same units as g, and o,

n=0.381(.)+0.05 (", /p,)—0.15 wheren<1.0

SYMPOSIUM COULOMB
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CPT NORMALIZED PARAMETERS

Difference normalized CPT parameters:

Qum = [(q¢ — 6,)/p,] (p,/07))"

F=1/c",
F =I[f,/(q,— o,,)]100 %
U=(,-uy)/o’, 6 =Au/c’

B, = Au/(q, - o,

SYMPOSIUM COULOMB
PARIS, SEPTEMBER 25 & 26, 2023




CPT NORMALIZED PARAMETERS

Difference normalized CPT parameters:

Q= (9 — 0,)/p,] (p,/5°)"

F=1/o"

F.=[f./(q,—G,,)]100 %

Main parameters

U=(,-uy)/o’, 6 =Au/c’

Z

B, = Au/(q, - o,

SYMPOSIUM COULOMB
PARIS, SEPTEMBER 25 & 26, 2023




CPT SOIL BEHAVIOR TYPE (SBT)

O
-

NORMALIZED CONE RESISTANCE, Qy,

1000

100

—
L

0.1

ncreasing OCH

‘f" . cementation

Sanci;llke _, /

Drained ‘:“% %...

. T :

: % Mixed soil
<)

R ""@(

Increasing denilty' t., Increasing
OCR

q III .'llu T
LYY

Clay-like

Increasing Undrained
sensitivity vt 2

]

NORMALIZED FRICTION RATIO, F; FI’

SYMPOSIUM COULOMB

PARIS, SEPTEMBER 25 & 26, 2023

CPT SBT based on in-situ soil
behavior - not the same as
traditional classification based
on physical characteristics
using Atterberg Limits and
grain size carried out on
disturbed samples

10 Robertson (2009)



CPT SOIL BEHAVIOR TYPE (SBT)

1000

CPeT-IT software

O
-

CPT SBT based on in-situ soil
behavior - not the same as
traditional classification based
on physical characteristics
using Atterberg Limits and
grain size carried out on
disturbed samples

3

NORMALIZED CONE RESISTANCE, Q,
o

0.1 I 10 Robertson (2009)
NORMALIZED FRICTION RATIO, F, Fr
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1000

SOIL MICROSTRUCTURE

* [dentification of soil microstructure

Soils with microstructure ’ Qtﬂ (at large StI’ﬂlIlS)
(e.g. cementation/bonding _ o Go = Vsz (at very small strains)

* [, =G,/q, (stiffness to strength ratio)

* Kg=1g (Qtn)0'75

* Soils with microstructure (K;>200) have higher
resistance at small strains

K*6 = (G/q.)(Quw)"

1 10 100 1000

I =GJ/q, Robertson (2016)

SYMPOSIUM COULOMB
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SOIL MICROSTRUCTURE

1000 | | -
* [dentification of soi1l microstructure
Soils with microstructure o .
| (e.g. cementation/bonding Qtn (at large stralns)
100 * G,=p V. (at very small strains)

* [, =G,/q, (stiffness to strength ratio)

* Kg=1g (Qtn)0'75

* Soils with microstructure (K;>200) have higher
resistance at small strains

K" = (Gy/q)(Qyp)" "

1 10 100 1000
I. =G, /q, Robertson (2016)
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UPDATED CPT SOIL BEHAVIOR TYPE (SBT)

1000
Behavior Descriptions : .
Behavior descriptions

Soil Behaviour T .

O PERIOET TP * Sand- and Clay-like
1: CCS Clay-l.ike - Contract.ive - Sensitive . . .
R e Dilative-Contractive
5. TD Tramsitional . Dilaive boundary
6: SC Sand-like - Contractive o e .
7: SD  Sandlike - Dilative * Transition materials

CD = (Q,.- 11)(1 + 0.06F,)!7

L= 1000, + 10/(70 + O.F) Based on soils with little or

no microstructure

Robertson, 2016
F, (%)

SYMPOSIUM COULOMB
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UPDATED CPT SOIL BEHAVIOR TYPE (SBT)

1000
Behavior Descriptions : .
Behavior descriptions
Soil Behavi T .
or P  Sand- and Clay-like
1: CCS Clay-like - Contractive - Sensitive . . .
100 2 CC Clay-ike- Conuetiv * Dilative-Contractive
% ID Taset-Disten boundary
Q 6: SC Sand—li'ke - Ca?ntl:active . . .
tn 7. SD  Sandlike - Dilative  Transition materials
10
CD = (Q,, - 11)(1 + 0.06F,)!7 : . .
100G+ 1070+ OLF) Based on §01ls with little or
no microstructure
1
0.1 1 10

Robertson, 2016
F, (%)
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UPDATED CPT SOIL BEHAVIOR TYPE (SBT)

1 000

SD

Updated Schneider et al (2008) chart
based on Q,, — U, with proposed new
so1l behavior type boundaries
(B, lines 1n red)

Suitable for fine-grained soil with
excess CPT pore pressures

20 2 4 6 8 10 12 14 16 18 20
U, = Au/o",,

SYMPOSIUM COULOMB
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EXAMPLE: McDONALD FARM, VANCOUVER

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

0 0 ; : 0 0 0 ; :
CChy o
1 qs_‘ ...... I"I"I ............ R 1 1 [ }IE-EEITE';EE} ...... . ..........
2 e e e e e e e e 2 2 ............... - e e e
3 e e A 3 3 £ .
4 .............................................................. 4 4
5 R FI F R 5 5
B4 i B A R T R R 5 5
740 e b R T R R 7 7
E .............................. E E : : : : :
ad & o] g d)i RIVCI’ ............... g g 'Eilﬂiﬁ:gslhrﬁlrl ..........
1 |:| ................................ 1 |:| 1 |:| __ ......... _ ......... ..........
11 . Sand ... 11 a4 ST T N N A
124 e gz db R . ............ FR R 12 124 R T R ]
— 13 PR R © R . ............ R R — — 13 — 124 o TR S -
E 14 E gl R — E E 14 E 14 ?;.ﬁ;::u}amm .....
-l_E 1 5 4-5 e ............. -l_E -l_E 1 5 4-5 1 5 ..... '5’|&'F53|?:1'&$’|‘:t-'ﬁ'|lt‘
oo, =S . = T R — o oo, = U T T A RS N
& 17 - R . ............ R R & & 17 - 174 ER— .,. ......... . .,. ......... v
18 S S S ] 1o te4 - % ......... S % ......... ]
19 i Sensitive ....... 19 1940 FR. .,. ......... F .,. ......... R
2|:| R PR L 2|:| 2|:| ___ ....................
2] b b 2] e Yed Marlne ....... 21 71 ___ ....................
2 A Clay .. - - . o Chylsieky
24 S R I R =4 a4 FRTROS SRR I SR
25 R R R R a5 25 R R . R v
25 .............................................................. 25 EE. .....................................................................
2? .............................................................. 2? 2? .....................................................................
EE R A EE 28 .....................................................................
29 R R R R g 20 S R R . R v
3|:| | | ! | | 3|:| 3|:| | | | | | | | | |

o2 4 & 2 10 12 14 16 18
SBT (Robertzon, 2010)

D _ = _ 10 15 20 Z G & a3 10 [l = o
Tip resistance [(MPa) Rf (%) Pressure [(kPa)
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Mormalized Cone Resistance, Qtn

EXAMPLE: McDONALD FARM, VANCOUVER

Modified Robertson {(Z009) SBTn Modified Schneider et al {(Z008) SBTn Normalized Rigidity Index
L PR T 1 " 1 1 | 1;':”:”:' I: 1 I: 1 |:| | 1 | 1 | L | L | |:I |:I 1 :I M IJDDD " 1 1 1 1 1 1 I 1 1 1 | 1 | 1 I 1 | 1 | 1 | 1

1,000 -

100 -

oo LR T tood o\ v Sand S i

—
L
—
o
gl
[—y
o
g 3l

Sensitive
Marine

Clay

Mormalized Cone Resistance, Qtn
Mormalized Cone Resistance, Qtn

1 T R e T T T T R S LE ey - SR
0.1 1 10 -2 0 2 4 & 2 10 12 14 16 12 20 1 10 100 1,000
Marmalized Friction Ratio, Fr (%) Duz/sig'y Go/qt

Holocene-age alluvial Fraser River deposit
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EXAMPLE: MADDINGLY, UK

Cone resjstance gt
resigtan:

Fricﬁqp, ratio Pore pressure u SBT Index Soil Behaviour Type

2:5_- ............................... ........................... 2:5 : : : : : : :
' c _ ........ ......... ..... - h;glill't}'f:h;- .........

b R CRTRE FR R ER—

3.5 Qb . ........................... 3.5 : ] ] ] ] : :
5 SO0 VU SO O - TR IO SO T O

b R I R - R ER—

4.5_'....|.;. ......................... S—— 4.5 . ————
5 c e Cly B ity cly.

5.5 _ ......................... ........................... 5.5 5.5 _ ........ ......... ..... . h!'; ...... __ .........

L o Cwgsibohy
- Chyasitychy
S T
g
o . ......... ..... c IEI'I ...... __ .........
.5 ceeeen ......... {: ...... __ .........
g FTE R ;....Eé-,-.&_ftirn,-..-;a;...; .........

: : Ea : : :
TR [RRLLLRIED Premsinmmnmnnnianns Jrmmminnn [ - AR

- Chyfsity chy
E .C.@I;- ..... E ........ .g. ........ .g. .........

EHS -] | ........................ | ........................... EHS

_I"|5 _- | ........................ | ........................... _I"|5

=g

Depth (m)
00
n
Cepth (m)
Cepth (m)
20
n
Depth (m)
Cepth (m)

9-5 _-| .......................... | ........................... 9.5
1|:|_-| .......................... | ........................... 1|:|
1':'-5 _-| .......................... | ........................... 1':'-5
11 _- .......................... ........................... 11
11-5 _- ......................... ........................... 11-5

12_ .......................... ........................... {2
12.5 _. ........................... . ........................... 12.5
13_. ........................... . ........................... 13
13.5 _. .......................... . ........................... 13.5
14 _ .......................... ........................... 14
14,5 _-II. ........................... ........................... 14.5

15_ ........................... ........................... 15
15.5 _. .......................... . ........................... 15.5

14 ol SEEEEYCRY

e i

I o e e I B m e e e

Q =00 1,000 1 Z C 4 n 2 4 & 8 1012 14 16 182
Pressure [kPa) I[SBT) SBT (Robertson, 2010)

o 5 10 15 20
Tip resistance (MPa)
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Mormalized Cone Resistance, Qtn

EXAMPLE: MADDINGLY, UK

Modified Robertson (2009) SBTn Modified Schneider et al {Z008) SBTn Mormalized Rigidity Index
1 1 1 PR T T 1 1 1 L1 | 1 | 1 |

1,000 1,000 Ifll:llfllillflllillflli .EI.EI.- LDDD_.l.l.l.l.l.l.l

[ Y
i
i

e, tn

[y
-
-

AT T N S W et T R W— e — !

[y
-
[y
-

Mormalized Cone Resistance, Qtn
=
o
%

Mormalized Cone Resistan

- — — T —T——T— 7T T 7T T T T — — Y -
0.1 1 10 -2 I 2 4 = o 10 12 14 16 182 20 1 10 100 1,000
Morrnalized Friction Ratio, Fr (%) Cuzdsig'y iZo,/qt

Very stiff overconsolidated fissured Gault clay of Cretaceous period
(~110 million years ago) with OCR > 10
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EXAMPLE: COOPER MARL, USA

Cone resistance qt Fricon ratio Pore pressure u SBT Index Soil Eehaumur Type

1o : - Sl sancl & sanch sik
1 . Sittysandl & sand it
: Sl&‘ salrl-S-:Elrl' am
: : : Ch; |
1 .-_'l_ EEE-!E-E}I:E ...................
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16 : Si&;'ﬁa'iﬁtl'&%‘iﬁ%‘irt """
12 _53_I'l'.‘|-5!5||1:‘ ?”ﬂ .............
- S T
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26 .mm%m&md&MMEHﬁf ............
: © Sy sarl & osaeh sik
e — 5"&5' EE'mEI"El! E.W_rﬁ.ﬁ."t .....
— — — —_ — Slg';salgnrl-ﬁ-:f:alrl' | silt
204 e 5.| EElﬁl'E!ﬁlEtr'ﬁllt .....
E E E E E - Samd@sit sand
-I-E -I-E -I-E -I-E 4_5 32 ..... _S.IEI._.EH.IH&HIEFEIW
L L L CL L : : : : :
e e e L e 244 - .5. ......... i ......... T i ..........
= = = = = 53I'l1‘|-5!5||1:‘ El'r:l
264 ........ .,. ......... . ......... .,. ......... i ..........
Sl&‘ salrl-S-: Elrl' am
38 __ ......... _ ......... ..........
40
42 ......... : i : i
-0 SilysamlLosanch sikt
e 0
42
=0
- - ......... ......... ..........
54

a2 4 & 8 10 12 14 16 18
SBT (Robertson, 2010)

I:I = 10 15 20
Tip resistance (MPa)

I:I 2,000 4,000
Pressure (kPa)
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, 2tn

stance

Res|

Mormalized Cone

EXAMPLE: COOPER MARL, USA

Modified Robertson {(Z009) SBTn

1,000 4 | —t ——

] | E

_ 7 | _ | [

_ L dg=32. | _

] 0 !
lg=22

sSD
)

100 -

CD=70 #;ﬁbffr <
_ | ’ ' [
R . , |
- 8C a5 - ' en
¥ e e =
] | /
' CCS h cc /
]

Mormalized Friction Ratio, Fr (%)

RSy

stance

Fes)|

Mormalized Cone

Modified Schneider et al {(Z008) SBTn

1,000 4

tond X T

11—
-2 Q 2 G & o 10 12 14 1& 12 20
Cuzfsig'y

Normalized Rigidity Index

1,000 PR IS Y S NS S N S S S I R —

1|:||:|__ ...................

10+

1

1

10 100 1,000
Gofqt

SCPTu data from 20 to 50m 1in Cooper Marl (calcareous cemented clay/silt),
Eocene to Oligocene-age (~30 to 40 million years ago)
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EXAMPLE: SILTSTONE, LOS ANGELES, USA

Cone resistance qt Fricon ratio Pore pressure u SBT Index Soil Behaviour Type
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EXAMPLE: SILTSTONE LOS ANGELES, USA

Modified Robertson (Z2009) SBTn Modified Schneide tI{El]l]H}EBT Mormaliz ngdt‘-_.rId

kN
kN

too4- L

100 4

100 4

10 10 10+

Morrnalized Cone Resistance,
Morrnalized Cone Resistance,

Morrnalized Cone Flesisutn
b=

1 t t L B B B B t T 1 7t +r r r r 1t rrr rr r°r 1 1 17 1 ' T T T T T T rrrr] T T T 1 rrT
a1 1 10 -2 I:I Z 4 & o 10 12 14 16 12 20 1 10 100 1,000
Morrnalized Friction Ratio, Fr (%) CuzSsig'y Go/qt

SCPTu data from 3 to 10m 1n siltstone Fernando formation of
Pliocene age (~3 to 5 million years ago).
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Seismic methods measure soil stiffness at small strains

V. 1s direct measure of small

| G, = p, VY,
strain shear modulus, G, 0o — PV
— 2 e =
GO — Py (Vs) s @.ﬂf Gy e
i $ ﬁ,ﬁﬂﬂlﬂb
— 0 F QU
P =V/8 gl 3 Y.
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Y/
Small strain (elastic) shear modulus, g’

G, is a fundamental soil parameter
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Shear strainy , %o



SCPT Method to Estimate Soil Modulus

Modulus Reduction Scheme (Fahey & Carter 1993)

1
|E/Em ~1 —f(q/qm)g|
| | |

Note: f =1 ‘
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Mobilized Strength, T/Tax or A/UAmax = 1/FS Mobilized Stress Level, q/qax
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SCPT for Foundation Load-Settlement

Equivalent Modulus for Foundation Response

Initial stiffness from small-strain shear modulus
- Gmax =P V32
- Emax = 2Gmax (1 +V)

Modulus reduction factor (Fahey & Carter 1993):
- E/E o =1-7(a/qu)? =1- (FS)9
=  where FS = q,,/9
= QOperational E = (E/E1ax) - Emax

= for "well-behaved"” solls: f=7 and g~ 0.3

Likely that “g” varies with K*
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Nonlinear Foundation Displacement Analyses
Cqd-I. 1, 1,(1-07)
E,1-(q/q, )03]

\)

ceniter

where

0 q = applied surface stress;

0 q,, = ultimate bearing stress; from CPT

2 d = equivalent footing diameter

2 g, I, I = elastic factors for modulus variation, rigidity,
and embedment, respectively.

2 v =Poisson’s ratio

0 E_. =initial elastic modulus = 2G__ (1+v) from SCPT

1 See Mayne & Poulos (ASCE J. Geot. Engrg. - Jan 2001)

After Mayne, 2018
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SCPT for Foundation Load-Settlement

o . European Foundation Prediction Symposium
Class “A” Prediction — Texas A&M GT Class “A” Prediction (July, 2001)

ASCE and FHWA Symposium (1994)
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Links to Pre-bored Pressuremeter Test (PMT)

Pre-bored pressuremeter Test (Menard) - stiffness:

Initial Modulus, E,,— Stiftness at large strains
Unload-reload Modulus, E; - Stiftness at intermediate strains

Briaud (2013) v, ~ 0.3 Ypnr

Ey aty,, ~3t0o5% and E aty,, ~0.1 to 0.5%
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MODULUS VARIES WITH STRAIN
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Deformation analyses Stability analyses
1.2
G, (V,) from SCPT
1.0
Clays

0.8

Sands to clays (PI < 50%)
// 0.6
0.4

Initial loading
PMT 0.2
0
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Shear Strain, y (%)

Generalized variation of
Shear (G) and Youngs (E)
modulus as a
function of shear strain

Normalized Young’s Modulus, E/E,

E=2(1+0v)G
v ~0.33
E~2.66G
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APPLICATION TO DESIGN

Deformation analyses Stability analyses
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Normalized Young’s Modulus, E/E,

Measure V_ (small strain) to
get G, (E,) and
unload-reload
Modulus (E )

from PMT
to evaluate modulus
degradation curve with
strain




Links to Pre-bored Pressuremeter Test (PMT)

Limit Pressure, P*;,,— Shear strength at large strains
Net Limit Pressure, P*;,, = P;, — G, .
Normalized Net Limit Pressure = P*;, /o’

Experience 1in France (Bustamante & Gianeselli, 1993)

%k
q/P 1 v
0 1.0 2.0 3.0 4.0 5.0 pii* [MPa]

Clayeyand | 0 3 6 9 12 15 qc [MPa] 3
silty soils 0 15 30 45 60 N/0.3 m

Sandsand | 0 8 16 24 32 qc [MPa] R
gravels | 0 20 40 60 30 N/0.3 m
0 4 3 12 16 qe [MPa]

Chalk 5 6-12 12-24 18-36 24-48 N/0.3 m 4
0 3.5 7 10.5 15 qe [MPa]

Marl T 20 40 60 80 N/03m 3.3
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Links to Pre-bored Pressuremeter Test (PMT)

In clay-like soils (Gibson & Anderson, 1961):

P* /0’ ~5.5s /0" ~5.5Q/N,, (for N, ~ 14)

Q,~25FP  v/0’,,) (France Exp. ~ 3)
In sand-like soils (Yu et al, 1996):

P* /0, =0.1t00.2 Q,

Q~5t010 (P, ,\/0",,) (France Exp. ~ 8)
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PROPOSED LINK BETWEEN
CPT AND PMT

For soils with little to no microstructure

Contractive - Dilative boundary

P*LM/G’VO ~ 5

K. (%)
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SUMMARY

Significant developments made 1n use and application of SCPTu since first
developed 40 years ago

SCPTu can provide 7 measurements 1n one, cost effective in-situ test to
produce near continuous profiles

Role of so1l microstructure 1s increasingly becoming recognized and
SCPTu can 1dentify soi1l microstructure

Importance of non-linearity in soil stifftness recognized and SCPTu
provides measure of the fundamental small strain stiftness G,
Combination of surface geophysics, such as the MASW (2D), with SCPTu
and PMT has potential to provide insights into soil microstructure and non-
linear soil stifiness for geotechnical design
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Thank You
Questions?

probertson2005@me.com
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