Interpretation in fine grained deposits

Interpretation in fine grained deposits

Cone penetration in fine grained soils is generally
undrained and so pore pressures will be generated and
can be measured.

The pore pressures generated affect measurements of
both cone resistance and sleeve friction.

So Cone resistance and (if relevant) sleeve friction
should be corrected using the measured pore
pressures.

The measured pore pressures can also be used directly
for interpretation in terms of soil design parameters.
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Interpretation of CPTU data in clay

Parameters that we can try to estimate from CPTs in fine
grained soils are:

State characteristics ( In situ stresses and stress history)
Strength characteristics

Deformation characteristics

Flow and consolidation characteristics

In situ pore pressure




Interpretation of CPTU data in clay

Parameters that we can try to estimate from CPTs in fine
grained soils are:

Strength characteristics

Deformation characteristics

Flow and consolidation characteristics

In situ pore pressure

State characteristics

. Soil Unit weight: v,, for computation of in situ
vertical effective stress (c',)

. Stress history
o', and OCR =¢' /c'\o

In situ horizontal effective stress
G'ho = KoG'yo




State characteristics

+ Stress History
* In situ horizontal stress

Soil unit weight

Larsson and Mulabdic proposed a chart for obtaining a
rough estimate of soil density for clays. An iteration is
necessary since soil density is also needed for
computation of net cone resistance (q,- 0,,) and B,




Soil unit weight

Heavily Overconsolidated Normally Low plastic
4 (Overoon‘ or very silty clay | consolidated | and/or highly
|solidated :clays or slightly : sensitive clays
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Pore pressure ratio, B,

Iterative procedure

* Approximate soil densities in kN/m’

Soil unit weight

+ Soil unit weight can also be estimated using the soil
classification chart and using the unit weights for each soil
zone.




Soil behaviour type classification chart from Robertson et al. (1986)

Zone  Approx
unit
weight
(kN/m?3)
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Cone resistance, q, (MPa)
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Zone:  Soil Behaviour Type:

Sensitive fine grained Clayey silt to silty clay 9. Sand

1 5.

2. Organic material 6.  Sandy silt to clayey silt 10.  Gravelly sand to sand 20

3 Clay 7.  Silty sand to sandy silt 11. Very stiff fine grained* 20.5
4 Silty clay to clay 8. Sandto silty sand . Sand to clayey sand* o

19

Soil unit weight

 If no other information, such as adjacent boreholes or local
experience, is available then these charts can be used as
a preliminary ‘approximate’ estimate of soil unit weight.




Unit weights

A Clay Till
depth z (meters) O Soft Clays
”7777”3 B = @ Stiff Clays

© Boulder clay
+ Calcareous Soil
= Diatom Mudstone

O Fissured Clays

O silts

Total Unit Weight, y; (kN/m®)

© Stratified Deposits

@ Sands

Estimated y, (kN/m®) =11.46 + 0.33 log(z) + 3.10 log(f,) + 0.70 log(q,)

Robertson and Cabal (2010)

* vly, =0.27 [log R] + 0.36 [log(q/p,)] +1.236




State characteristics

+ Soil unit weight

* In situ horizontal stress

Overconsolidation Ratio

Interpretation of CPTU data for OCR can use methods either:

* Indirectly from undrained shear strength
« directly on CPTU data




Overconsolidation Ratio

« From undrained shear strength
» Estimate s, from CPT/CPTU data

’

 Estimate effective vertical stress, o,,’, from soil profile (using
laboratory density data if possible) and compute s/ 0,

+ Estimate the corresponding normally consolidated (NC) value
of s,/ 0,,” using measured or estimated plasticity index (I,).

» Estimate OCR from published correlations.
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obtained by Brooker and Ireland (1965) mp -0




List of piezocone parameters for estimating OCR
(modified from Mayne, 1991).

Parameter Basis Reference

1. u,/q, Empirical |Baligh et al., 1980

2. Aw/q, Empirical |Campanella & Robertson,
1981

3. B, =Au/(¢.-0,,) |Empirical |Senneset, Janbu & Svang,
1982

4. B, = Au/(q,-0,,) |Empirical |Wroth, 1984

5. Au/(q.-u,) Empirical |Smits, 1982

6. Av/o,, Empirical |Azzouz et al., 1983

Theory Mayne & Bachus, 1988

7.N, = Av/o,, Empirical |Tavenas &Leroueil, 1988

8. g0, Empirical |Tavenas &Leroueil, 1988

9. qruy, Theory Konrad & Law, 1987

10. Au Empirical |Mayne & Holtz, 1988

11. gru, Theory Sandven, Senneset &
Janbu, 1988

12. (46,0)/6o' Theory Wroth, 1988

13. (uj/u,)-(uy/u,)  |Empirical |Sully, et al., 1988

14. q, uy, f; Empirical |Rad & Lunne, 1988

15. (qruy)/oy, Theory Houlsby, 1988 and Mayne,
1991

16. f/(q;-0y,) Empirical |Wroth 1984

CPTU Stress History Correlations

Wroth (1984), Mayne(1991) and others proposed
theoretical basis (cavity expansion; critical state
soil mechanics) for the following potential
correlations between CPTU data and c', or OCR:

Most Common:
c', = =f(Au, or Auy,)

o ;Egt : 33) o', =k (G = 0y0)
p t

or

OCR = f(By= Au,/(q; - 6,0))

OCR = f(Q = (q - cyvo)/ le )) = — L
OCR = f((qtt _ Uz)t/ G'vo) Y OCR =k [(qt GVO)/G vO]




Correlations to OCR

Following
recommendations

by Prof. PWroth

1984 Rankine
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CPTU Stress History Correlations

o St<=15 St>15:
o St>15 2.5 + 6 log OCR
[

1

NGI Block
Sample
Database

|~
s

(u2-ug)/s'vo

OCR = f(Au,/c" )

[Karlsrud et al. 2005]
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Preconsolidation stress from CPTU parameters

From data base of block
samples and CPTU at
s Norwegian and UK

} (| reference test sites

+

400 600
An=at-ov0, kPa

Chen and Mayne(1996)

Pe’=0.305 (- G,,)
n= 1256, r2=0.82




Preconsolidation stress from CPTU parameters

From data base of block
samples and CPTU at
Norwegian and UK
reference test sites

Chen and Mayne(1996)
200 300 400 500 pcq: 053 ( U;' U\j )

Au=u2-ug, kPa
n= 811, r2=0.722

Lierstranda ~ <Bothkennar
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Direct Evaluation of 5, in Clays from CPTu

0'p' = 0.33 (qf-cvo)
O'P' = 0.47 (U1'Uo)

O'p' = 0.53 (UZ_UO)

Intact Clays:
c,' = 0.33(0r-0vo)

Preconsolidation Stress, o,' (kPa)

—
o
PRI

c, = 0.60 (q;-u;)

1000 10000

8

Net Cone Resistance, q,-c,, (kPa)

%Redundancy is a good thing in geotechnics




Measured pore pressure distributions in clay

u,

g u

Lightl 1
ot

™ uuc
sensitive
clay » Taranto clay
.,

ol aussesssdesansvannasasssspgrsntarertensunsnses
“‘_ mon__ e ‘-/.«2\

cay  above8 H below 12
belo g J 2w 1em
g J # OCR=20

)

g T

20 25
u/u,

OCR from dual CPTU data

QD
=

OCR= 0.66 + 1.43 (PPD)

@ Robertson et al. (1986)

@ Levadoux and Baligh (1980)
-+ Roy et al. (1982)

A sully (1986)

Overconsolidation ratio, OCR

3 4 56 7 8 9
Pore pressure difference, PPD= (u,-u,)/u, Sully et al.,1988
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Be careful, may
not apply to your
site

Overconsolidation Ratio

+ Directly from CPTU data

It is recommended to estimate OCR in cohesive soils from
CPT/CPTU data as follows:

— For deposits were little experience is available, estimate OCR based on the
shape of the normalised cone resistance profile (Q,). This relationship can
be expressed by the following simple formula

OCR = k (qf" va)/o-val
* Orvia g,
o-pl/o-va,: k (qf-o-vo)/o-vol

+ an average value of k = 0.3 with a range of 0.2 - 0.5. Higher values of k
are recommended in aged heavily overconsolidated clays

’

¢ Check also with correlations based on s,/0,,’, B, and Au/ 0,4’ GEOLABS)\°

15



Overconsolidation Ratio and p,’

For projects where CPTU data are available it is recommended to
also apply any correlations you can. Then estimate OCR based on a
conservative average of consistent data.

If previous experience is available in the same deposit, then the
values suggested above should be adjusted to reflect this experience
and to provide a more reliable profile of OCR.

For larger projects, where additional high quality field and laboratory
data may be available, site specific correlations should be developed
based on consistent and relevant values of OCR.

Consider the use of the new correlations for p,’ and convert to OCR

OCR assessment

Porewater Pressure, u (MPa) Overconsolidation Ratio, OCR
0.2 0.4 0.6 . 2 3 4

G
<

——Excess ul
| =—Effective qtuz |
< CRS
O IL Oed
1 ©O RF

Depth (meters)
Depth (meters)




Stress (kPa)
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State characteristics

+ Soil unit weight
+ Stress History

In situ horizontal stress

Currently no truly reliable methods of determining in situ
horizontal stress or coefficient of lateral earth pressure
from CPTU data.

However to arrive at a rough estimate we can use
methods based on:

— OCR

— measured pore pressure difference PPSV

— measurement of lateral stress or sleeve friction

18
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Chart for estimating OCR and K, from s /o, and |,
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Interpretation of CPTU data in clay

Parameters that we can try to estimate from CPTs in fine
grained soils are:

State characteristics ( In situ stresses and stress history)

Deformation characteristics

Flow and consolidation characteristics

In situ pore pressure

Strength characteristics

—undrained shear strength
— sensitivity
— effective stress strength parameters

21



Strength characteristics

— sensitivity
— effective stress strength parameters

Shear Strength of Clays

For most design problems in clays (especially
loading) the critical failure condition is
undrained.

1. Undrained Shear strength s, (= c,)

2. Remoulded undrained shear strength (s,,)
or Sensitivity, S, = S,/S,,

22
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Notes Regarding Undrained Shear Strength

1. The undrained shear strength is not unique.

2. The in situ undrained shear strength depends on many
factors with the most important being: mode of shear
failure, soil anisotropy, strain rate and stress history.

Therefore s, required for analysis depends on the
design problem.

Measured CPTU data are also influenced by such
factors as anisotropy and rate effects.

The CPTU cannot directly measure s, and therefore
CPTU interpretation of s, relies on a combination of
theory and empirical correlations

GEOLAFS)|”

Undrained Shear Strength

Classical interpretation from CPT in clays: undrained
shear strength =c, = s,

Whichs, ?

HC CIUC PSC CK,uC DSC DSss Ds PSE CK,UuC CIUE UU UC
wh b e d < TIT
i \ 2R/

23



CPTU s, Cone Factors — Karlsrud et al. (2005)

Update of CPTU s, cone factors using NGI high quality
block sample database. Derived cone factors as
function: OCR, Sensitivity (S;) and Plasticity Index (1)

Block and tube samples
of Onsgy, Norway clay

30&% Pl =30 to 40 i

Shear Stress (kPa)
N
o
I
T
I

10 |- | —— Block n CAUC Recompression tests n
—— 76 mm Tube
—— 54 mm Tube
0 T T I | | | | | | |
0 2 4 6 8 10 10 20 30 40 50 60 70 80
Axial Strain (%) p' (kPa)

Undrained shear strength

 Itis very important that any interpretation of CPT/CPTU in
terms of undrained shear strength should state which
undrained shear strength it refers to; e.g. s, corresponding
to that measured in an anisotropically consolidated
undrained triaxial test sheared in compression - CAUC.

« There are two main approaches of interpretation,
— one based on theoretical solutions
— one based on empirical correlations.




Undrained shear strength

Classical bearing capacity theory.
Cavity expansion theory.

Conservation of energy combined with cavity expansion
theory

Analytical and numerical approaches using linear and non-
linear stress - strain relationships.

Strain Path theory

(GeoLaBs)’

Undrained shear strength

The empirical approaches available for interpretation of s,
from CPT/CPTU results can be grouped under 3 main
categories as follows:

S, estimation using "total" cone resistance

S, estimation using "effective" cone resistance
S, estimation using excess pore pressure

25



Undrained Shear Strength from CPTU Data

S qnet/th = (qt — GVO)/th

Sy = qe/Nke = (qt = uz)/Nke

Need empirical correlation factors N, N,,, or N,
factors to be correlated to a specific measure of
undrained shear strength, e.g., s,(CAUC) or s (ave)

Hamza et al

(data quality!!)

rrr1yrrryrrryrrTrryTTd

Proposed

Aasetdl. (1986)

T T O T T I O O

Nile Delta Clay ]
SiteA ®
SiteB
SiteC
Norwegian Clays (Aas et al. 1986)

Canadian Clays (LaRochelleet . 1988)
FYNNN T AT T N T T T O N

Nyr(Corrected FV) = (9,-0,,0)/(1.5,(FV))

LN U I U N N L N N L N N O B B

T T I

o

Plasticity Index, I %

20 40 60 80 10
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>—-I—' Onshore Norwegian clays
~—}— North Sea clays

OCR=2.4 OCR=2.5-8" OCR=4|

Sy - = o
I e

E. T&

0 10 20 30 40 50
Plasticity index I, (%)

'—1—* Onshore Norwegian clays
""I—' North Sea clays

Plasticity index |, (%)

Undrained shear strengths:
s, ( triaxial compression
s, ¢ ftriaxial extension
s, (o direct simple shear

4

' Buiding Research Station (Hertfordshire
b) ® Cowden (Humberside) )}3.‘,.“"
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Effect of scale z

(s, from 865mm plate tests)
3

I: Closely spaced discontinuities < cone
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maco [1A: No macro discontiuities

f201C 1B Intermediately spaced discontinuities
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Cone factors from Norwegian and UK soft
clay test bed sites

N =(0¢ -6y0)/Sucauc

N e =(0; -U2)/Sycauc

\\\\:\ oo

0 I I I I 0 I I I I
0 03 06 09 v 06 09 14
Pore pressure ratio, B, Pore pressure ratio, B,

Undrained shear
strength from
CAUC triaxial
tests on

1 Sherbrooke block
W Nau =(Uz -Uo)/sycauc samples

L I I L
03 06 08 1.4

Pore pressure ratio, B, ®
° GEOLABS

CPTU s, Cone Factors — Karlsrud et al. (2005)

S (U2 = uO)/NAu
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CPTU s, Cone Factors — Karlsrud et al. (2005)

OCR 1-2
OCR 2-4
OCR >4, St<=15

)

OCR 1-2 Si<=15
OCR 1-2 St>15
OCR 2-4 St<=15
OCR 2-4 St>15
OCR > 4 Si<=15
OCR>4 St>15

[Karlsrud et al. 2005]

CPTU s, Cone Factors — Karlsrud et al. (2005)

Best fit regression lines to plotted data for s ,(CAUC)

Cone Sensitivity Regression Equation  Standard
Factor Deviation

<15 7.8 + 2.5logOCR +
0.082l, 0.197

> 15 8.5 + 2.5logOCR

<15  6.9-4.0l0gOCR +
0.071,

>15 9.8 — 4.5l0gOCR
<15 11.5-9.05B,
>15 12.5-11.0B,

Best relationship (statistically) = N,,. Note: N,, correlation uses direct
measurement (u,) and does not require use of g, which must be

corrected for overburden stress in other correlations. GEOLABS
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Shear strength -
Bothkennar

correlation to match source

Depth (m)

Shear Strength (kPa)
20 40 60 80
: \

——H— CPT nk156 average

—H8— CPT average Nk 10
DMT

= = = Labpiston

s Lab block
Py — full CPT Nkt =10

: — full GPT Nu

full CPT Nkt = 15

full CPT Nke

Undrained shear strength from CPTU data in clays

In deposits where little experience is available: use N,
equal to 15-20. Use upper limit for conservative value. In
soft clays N, can be as low as 10. In stiff fissured clay can
be as high as 30. In soft clays s, can also be estimated
from excess pore pressure(u,) with N, from 7-10.

2. If previous experience is available in same deposit, the
values suggested above should be adjusted to reflect this
experience.

3. For larger projects, where high quality field and laboratory
data may be available, site specific correlations should be

E¥developed based on appropriate and reliable values_o
s > PRIoP GEOLABS |

INGI
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Shear strength from CPTU in clays

 Historical scatter in correlations for clays may have been
due to mixing of g, and q,???
+ Also quality of base data, source of c,
« Correlate to what you have confidence in
Block samples
Piston samples
Type of test

Do you have confidence to use peak strength

What are your design procedures based on e.g. use a ¢, what was the
previous alpha derived from

Strength characteristics

—undrained shear strength

— effective stress strength parameters

31



Remoulded shear strength or Sensitivity

It has been suggested that it may be possible to
estimate remoulded shear strength from measured
CPT sleeve friction, be very careful!! Friction
measurements are least reliable

Strength characteristics

—undrained shear strength
— sensitivity

32



Effective stress strength parameters

* An effective stress interpretation method has been
developed by Senneset et al. (1982, 1988), Senneset and
Janbu (1985), and Sandven et al. (1988)
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NTH Effective Penetration Theory
Ref: Senneset and Janbu (1982, ESOPT)

* Cone Resistance Number (N, )
N‘] —1 — qt —o-vu

m= fi
1+N,-B, o,'+a

® Intercept = attraction a’ = ¢’ cot¢’

* Porewater Bearing Factor, N,

N,= 6-tang"(1+tang")

* End Bearing Factor, N
N,= tan’(45°+1¢")exp[(z -28)tang']

Drained Penetration: g+ a' = N, (o, + a')

NTH Effective Penetration Theory

* Cone Resistance Number (N ) = measured
slope of (qi-G,,) vs. ©,,’

* Intercept = attraction a’ = ¢’ cotd’

* Ifa’ = 0 assumed: N, = Q = (q,- 6,,)/0,,

* Porewater Parameter: B, = Au,/(q-G,,

» Use solution for = 0 (angle of plastification)

* Qand B, same as in Robertson (1990) soil
behavioral classification charts.
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Approximate NTH CPTU - ¢’ Method (0.1 < B, < 1.0)

Senneset, Sandven, & Janbu (1989, Transportation Research Record 1235)

NM ~ A(qt'ﬁvo)l Acvo'
Bq = (uz-Uo)/(qr-oy,)

-
o
o

Fora’ =0:
Then: N, = Q
=(qt'°-vo)l O-vo'

For all soil types

Resistance Number, N,

-

¢' (degrees)

¢'~29.5-B,""™ .[0.256 +0.336 B, + log(N,)]
where 20° < ¢'< 45° and 0.1< B, <1.0

Gloucester Test Site, Ontario
(Konrad & Law, Canadian Geot. J., August 198L

Piezocone Readings (kPa)
800 1000 1200

Depth (meters)
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Gloucester Ontario

Canadian National Test Site, Gloucester, Ontario

1

Gloucester CPTu, Ontario Gloucester CPTu, Ontario
I 1 1 I 1 1 } |

[ i | | (Konrad and Law, 1986,

|

-
g

|
| |
- T -

i

g

S
4
g

Excess Porewater, u;-u, (kPa)
8 8
8 3

Net Cone Stress, g,-0,, (kPa)

20 40 B0 80 100 120 140 160 100 200 300 400 500 600 700 800
Effective Overburden, G,,' (kPa) Net Cone Stress, g, -G, (kPa)

|

Gloucester Ontario

Gloucester, Ontario

Senneset & Janbu (1985)
Effective Stress Penetration Bq=0.1

Bgq = (u2-uo)/(qt-C vo)

Konrad
& Law
(Canadian
Geot. J.
1987):

Resistance Number, N,

{ ¢' = 350

¢' (degrees)




Comparison of effective stress strength
parameters from CPTU and laboratory tests

Tan ¢'
02 04 06 08 10
: T

& 1
20° W0 ¢

/

laboratory
values

Depth (m)

'a'= 130 kPa Range of
[ laboratory
values

=0
I a-"a"=10kPa
o-'a'= 5kPa

(a) Brent (b) Bothkennar

Interpretation of CPTU data in clay

Parameters that we can try to estimate from CPTs in fine
grained soils are:

State characteristics ( In situ stresses and stress history)

Strength characteristics

Flow and consolidation characteristics

In situ pore pressure




Deformation characteristics

» Constrained modulus
* undrained Young’s modulus
* small strain shear modulus

* There are basically two approaches for estimating moduli
from CPT/CPTU data:
— Indirect methods that require an estimate of another parameter such as

undrained shear strength s,,.
— Direct methods that relate cone resistance directly to modulus.

Deformation characteristics

* undrained Young’s modulus
* small strain shear modulus

* There are basically two approaches for estimating moduli
from CPT/CPTU data:

— Indirect methods that require an estimate of another parameter such as
undrained shear strength s,,.
— Direct methods that relate cone resistance directly to modulus.

4]
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Constrained modulus

M= 1/m,
many examples exist of trying to link M to q,

M= 1/m, = a,. . (o Ararefs
values of o, from table

Estimation of Constrained Modulus, M, for clays (Adapted from Sanglerat, 1972) (after
Mitchell and Gardner, 1975)
M= 1m, = a,. q,
q. <0.7 MPa 3<a,<8 Clay of low plasticity (CL)
0.7<q, <2.0MPa 2<0y <5
q.>2.0MPa 1<a,<25
q.> 2 MPa 3<a, <6 Silts of low plasticity (ML)
q. <2 MPa 1<a,<3
q. <2 MPa 2<0,<6 Highly plastic silts and clays (MH, CH)
q.<1.2MPa 2<0a,<8 Organic silts (OL)
q.<0.7 MPa Peat and organic clay (P, OH)
50 <w <100 1.5<a,<4
100 < w <200 I <a,<L5
w > 200 | O0d4<o,<I

Jones and Rust for South African Alluvial clays suggest 2.75+/-0.55 for o,
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Estimation of Constrained Modulus, M, for clays (Adapted from Sanglerat, 1972) (after
Mitchell and Gardner, 1975)

M=1m,=q,.q,
q. <0.7 MPa 3<a,<8 Clay of low plasticity (CL)
0.7<q, <2.0MPa 2<0y <5
q.>2.0 MPa 1<, <25
¢.>2 MPa 3<a, <6 Silts of low plasticity (ML)
q{<2 MPa 1<q,<3
q. <2 MPa 2<0,<6 Highly plastic silts and clays (MH, CH)
q.< 1.2 MPa 2<0a,<8 Organic silts (OL)
q.<0.7 MPa Peat and organic clay (P, OH)
50 <w <100 1.5<a,<4
100 <w <200 I <a,<L5
w > 200 04<a, <1

Jones and Rust for South African Alluvial clays suggest 2.75+/-0.55 for a,

Constrained ( oedometer) modulus

Kulhawy and Mayne (1990) suggested a more general relationship of:

M'=8.25(q, - 6)
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From Kulhawy and Mayne (1990) GEOLABS

Constrained (oedometer) modulus (Mayne 2006)

Organic
Plastic
CLAYS

0.1 1 10 100
Net Cone Tip Stress, ¢, - 6., (MPa)

Constrained Modulus, D' (MPa)




Constrained (oedometer) modulus (Mayne 2006)

6-"5
£
o
Take care! E
3
o
Do not rely on =
correlations at face value [ Intact
£ xc%
o o .
i 1+ . Mayne.earlier
: .
3 }  — correlation
Plastic better!!
CLAYS
1 10 100

Net Cone Tip Stress, g, - 6., (MPa)

Constrained (oedometer) modulus

The estimation of drained consolidation or deformation
parameters, such as M, from an undrained penetration
test may be liable for serious error, especially when
based on general empirical correlations.

Conceptually, total stress undrained measurements
from a CPT are difficult to correlate to drained
parameters without the addition of pore pressure
measurements.

&
INGI
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Deformation characteristics

» Constrained modulus

* small strain shear modulus

* There are basically two approaches for estimating moduli
from CPT/CPTU data:

— Indirect methods that require an estimate of another parameter such as
undrained shear strength s,,.

— Direct methods that relate cone resistance directly to modulus.

Undrained Young’'s modulus

+ The estimation of undrained Young's modulus, E,,, is
usually made using empirical correlations with the
undrained shear strength, s, in the form:

n.s

where n is a constant that depends on shear stress level,
overconsolidation ratio, clay sensitivity and other factors
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Undrained Young’'s modulus

* The recommended procedure for estimation of the
undrained Young's modulus, E, is to

first estimate the undrained shear strength, s, from CPT/CPTU profiles
then estimate the stress history (OCR).

Then estimate E,, for the relevant shear stress level appropriate to the
particular problem.

A knowledge of the plasticity index (Ip) would significantly improve the
estimate.

I.<30

30<1,<50

44



Small strain shear modulus

* The shear modulus is largest at very low strains. This
initial, small strain modulus is often denoted G,

Small strain shear modulus

Mayne and Rix (1993) showed that the small strain shear modulus
varied with void ratio (€) and cone penetration resistance (q,) for a
wide range of clays and can be expressed as:

)0.695

Go =095 (pa)0.305 W

(9,

where:
p, = amospheric reference stress in the same unitsas G, and g;.
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Small strain shear modulus from CPTU data

In-Situ G,y (kPa)

.
Lo}

Intact (e < 3)
Intact (e > 3)
Fissured

£
Multiple Regression Line
(n=418; *=0.901)

10°

10° 10* 10°

10°

Gmu = 406 qc0.6959-1.1?0 (kPa)

From Mayne and
Rix (1993)

What G??

CPTU - G,,,, correlations for Venetian soils -

Grax (MPa)
8

‘ "Gy (MPa)
100 200

Grax(1+Bgf™ (M)

Depth below MWL (m)

S
&)

——— G flod

Sleroscenn

Comparison with Gmax

measured with seismic cone

Correlations form Simonini and

Cola,2000
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G,,, in UK soils

— Cowden
E . Bothkennar

/ Pentre

Madingley
Chattenden

Canons Park

Brent Cross -
= =  Mayne & Rix (1993)

vV e * »

1 1 Lol 1 [
0.1 1 10

G (MPa)

Gy, In UK soils

.
C + Cowden m
B ¢ Bothkennar N
Pentre

B A Madingley
* Chattenden —
Mayne & Rix (1993)
1 Ll 1 Lo
0.1 1 1d

4, (MPa)
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Small strain shear modulus

+ Is there in fact a strong dependence of G, upon void ratio

« This will be discussed further later

Interpretation of CPTU data in clay

Parameters that we can try to estimate from CPTs in fine
grained soils are:

State characteristics ( In situ stresses and stress history)
Strength characteristics

Deformation characteristics

In situ pore pressure
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Flow and consolidation characteristics

 coefficient of consolidation
» coefficient of permeability

Piezocone Dissipation test

A test when the decay of the pore pressure is monitored

during a pause in penetration (ideally the other cone parameters
should also be recorded)

The measured pore pressure comprises two parts, an
element due to the penetration process and the
equilibrium pore pressure

With time the measured pore pressure would decay to the
equilibrium value.

The results will vary with filter position.
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Example of effect of pore
pressure location on measured
pore pressure

Depth m

Bothkennar, UK clay

PIEZOCONE DISSIPATION TEST

Stop penetration and measure pore pressure decay with time
Interpret results to get:

* In situ pore pressure - check if different from hydrostatic
 Derive coefficient of consolidation

* guide to permeability
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Example CPTU dissipation test nearshore Indonesia

&
INGI

Pore Pressure kPa

N

10000

20000 30000 40000 50000}

Pore Pressure versus Tim

Time ) Hydrostatic

to mudline

Pore Pressure kPa

10000 100000

Theory/Interpretation

Filter at 53.9 m

pressure (539
kPa) is relative

For interpretation it is best to normalise the pore pressure relative
to the initial pore pressure at the beginning of dissipation, u;, and
the equilibrium in situ pore pressure u,. The normalised excess

pore pressure, U,, at time t, is thus expressed as:

Give curves

the pore pressure at time t.
initial pore pressure att =0
in-situ pore pressure before penetration
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Bothkennar Dissipation Tests
Family Plots of 15m Tests

Results of
dissipation
tests in soft
_ clay with

Filter Position .

Tip CPTU with
Shoulder Several fllter
End of Friction Sleeve .

Above the Shoulder pOStlonS

Fugro Tip Position
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Coefficient of consolidation ,c, from CPTU
dissipation tests

Several methods, theoretical and semi-empirical, have
been published to find c,, from dissipation test. Several
factors influence the relevance of the various methods:

(i) Estimation of pore pressure at start of dissipation

(i) Remoulding of clay around cone during penetration
and smearing

(iif) Importance of both vertical and horizontal
dissipation of pore pressure

(iv) Anisotropy of soil

Coefficient of consolidation ,c, from CPTU
dissipation tests

Based on a study by Robertson et al.(1992)

() The method published by Houlsby and Teh (1988) gives
reasonable values of ¢

(i) 1t is mainly the coefficient of consolidation in horizontal
direction,cy, that can be found from a dissipation test

(i) A practical and reasonable parameter for the
interpretation is the time for 50 % consolidation, ts,

&
INGI
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Theory and Practice, modelling

Calibration of Piezo-Dissipations
Strain Path Solution (Houlsby & Teh, 1991)

1.0 - || 5 T L ! VT L L L P UL
[ R LI —0.

08t | 1N LD, *~ (0.85+107#)°* —0.08 |

08F — 1t T e ol el ol

0.7 | RTINS AT
Ll [ ! F (T

0.6 - -

0.5

0.4

0.3

0.2

O Strain Path
== Approximation

U,* = Normalized Au,/Auy,

0.1
Modified Time Factor, T

Chart for finding c,, from t;, using Teh’s method

1—(x 1.5 for a 15 cm? cone)

35.6 mm|
(10 cm?)

—U,

)

Ly

Rigidity Index |4
A |_ )

Vo N
e
+TDE |, mivees

10 100 1000 10000
tgo (Min)

2 40

m?2 (min“")
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I___(x1.5 for a 15 cm? cone)
102 T rrm

A}
AN
AN

A
N\

10!

C, interpreted 10°
from CPTU
results

T T 7T

= Bothkennar

I
==  Cowden

% —  Pentre

itranul ¢ ||nul\ iorsaunl 4o gy Lorirul

-4
10701 1 10 100 1000 10000
t,, (min)

Interpretation

The recommended procedure to estimate the coefficient of
consolidation is to use dissipation data from the filter location
behind the cone (u,); however, other filter locations may be
used even though the data can be somewhat less consistent.

The recommended procedure is as follows:

a) Plot the early part of the dissipation (less than 10% dissipation)
at an enlarged scale, either log or square root time, and
evaluate the initial pore pressure, u;.

b) Define u, from available data on ground water level, piezometric
readings or data from piezocone tests in adjacent sand layers.
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Interpretation

c) plot normalised excess pore pressure

vs time (t) on log and/or < t scale.
d) Define time for 50% dissipation (tsp).

e) Use t5o and curves in earlier figure to predict ¢,. If no other data are
available use an average |, between the ranges

f) If dissipation has not proceeded sufficiently long to define t, the slope
of the straight line from the first part of u vs V't plot (m) may be used to
predict c, using values suggested by Teh. But this may be a problem

when data are poor.
[4]

S

Interpretation

+ Based on available experience, this recommended
procedure should provide estimates of c,, to within + half
an order of magnitude. However, the technique is
repeatable and provides an accurate measure of the
changes in the consolidation characteristics within a given
soil profile.

~ GEOLABS )’
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Conclusions dissipation testing

The piezocone enhances the ability of the CPT to profile -
detection of variability, potential variation in drainage
characteristic etc.,

Good repeatability in dissipation tests can be obtained with
good testing practice

Different filter positions give different decay curves in a similar
way to theoretical models

Square root time plots can be used to better define u;

Values of ¢, and c, can be assessed to within an order of
magnitude

Relative changes in c, can be clearly detected within a profile
Size effects seem to be accounted for

Permeability




Permeability

Direct Permeability Evaluation from CPTu
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Conclusions on interpretation of CPTU in fine grained soils

Check that all results are reliable and that undrained

conditions prevail

Good interpretation methods exist for :

— Soil Unit weight

— Overconsolidation ratio

— Undrained shear strength

— Small strain shear modulus
— Coefficient of consolidation
Rough estimates can be made of :
— In situ horizontal stress

— Remoulded shear strength

— Permeability

Update correlations locally whenever possible
Do not eliminate sampling and laboratory testing

GEOLABS |’
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Thank you for your attention

jpowell@geolabs.co.uk
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