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Dynamic Cone Penetration Test

- Introduction

- Main uncertainty in Dynamic data process: Strain-Rate effect

-  How to improve conversion accuracy from Dynamic to Static measurements?

(Further predict of geotechnical design parameters (e.g. Cu, friction angle)
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Dynamic Cone Penetration Test (SW-CPTu)
Shallow water Dynamic CPTu (500m water depth)

Application:
- Marine geosciences (e.g. slope stability research);
- Engineering practice (e.g. exploration of cable tracks). Figure 1. Submarine application of Dynamic CPTu
Weights
Main advantages vs Static CPTu: -
] . ] Accelerometer, tiltmeter h;issf:’e' e
- Relative light-weight; :

- Fast test execution;
- Less sensitive to bad weather conditions (Stegmann 2006).

Extendible roads

Main drawback:
- Penetration velocity >> static test (constant velocity)
- Data process requires rate effect quantification.

Piezocone

| Sleeve friction fs

\
W
‘m’ Figure 2. Skecth of Dynamic CPTu equipment

cone resistance qc

Pore water
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Introduction: Strain-Rate effect

Key Point: Soil properties depend on the rate at which soils are deformed (strain rate).

Rate effect in fine grained soils: Dynamic CPTu range

Fully Partially Fully Viscaus
drained drained undrained Limit

Statiq Resistance

Static Cone tip resistance

Strain rate

Dynamic Cone tip resistance

Figure 3. Rate effect variation at varying strain level (Quinn and Brown, 2011, Lehane et al., 2009)
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Introduction: Strain-Rate effect

0.02 Velocity [W/s] 5 ¢ 7 >Cone tip resistance qt[kPa]> Sleeve friction fs [kPa]

Example:
Homogeneous clay samples

1stissue:

Strain-rate effect g,
£

Strain-rate effect fs

NIECENSIETS

Depth [m]

2" issue: B
Strain-rate (Impact Velocity,
depth, Soil Type)

\/

Figure 4. Example of strain-rate effect on cone tip resistance and sleeve friction

Each CPTu measurements must be converted to static ones
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Introduction: Strain-Rate Coefficient

SRF = Strain-Rate Factor

Vayn = penetration velocity of SW- CPTu; Known parameters
Vgtqr = Penetration velocity of static CPTu;

SRF = ("dy")B

Ustat B= strain-rate coefficient

Simplistic model:

Converted (¢ sratic — Yt dyn / SRF
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Introduction: Strain-Rate Coefficient

General data acquisition at a site: Dynamic CPTU + Gravity cores

General approach: B estimated from Literature: average value from experimental studies

Homogenous soil tested (e.g. clay, active clays)

Literature: empirical estimation of f:

Di Im veloci
(Steiner et al., 2012, Chow et al. 2017, Lehane et al. 2009) ifferent pact velocity

No empirical correlations available

Possible misleading conversion of in situ CPTu
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How to improve B prediction?

. Vavn\ P
Minimizing: dt—stat — Qeayn / ( Y ) =0

VUstat

Vdyn
M(qe-stat) ~ M (Arayn / (vst);t

Mean value Mean value

f (H(Qt—stat)’ B)=0

Unknown: g, _gpae)r B
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Study area:

Location: Trondheim, Norway.

Recent studies: Roskoden 2015-Phd Thesis,

L'Heureuy, J. et al., 2010).
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Lithology 0=

— CPTu SW-2 7 e e .,
—CPTu SW-8
CPTu SW-16

CPTu SW-2
——CPTu SW-8
—— CPTu SW-16

€

&

= Sand
|53 C sc S[vf f m c
(=]
0
5
0

PN N B I

Data acquired: 0.5

- Gravity cores

- 16 Dynamic CPTu [1so

Depth [m]

]
S Data 2008 e}
(Soil unit weight) |2so =

o 0 1%0 200 300 400sz00 1 2 3 4 5 6
coo sone t1p resistance qf[ a] VelOCity [m/ S]

04 May 2020




igeotest

" G SSOEMCE

GROLIP

Unknown: Kig,_sar)» B

14r] o Clays
Weg, : Empirical correlations o Clay mixtures-Silts
(flt st.at) . . ¢ Sand Mixtures-Silts
Soil unit weight- static CPTu parameters (e.g. g,) 12t o Sands
Best linear fit
=10t o
Regression introduce uncertainty pg, . TLab-dia?a R Plausible values ‘ b
rondheim = &
- mmw m—— - 3 of H(qe-star) : . e e -8
i = g 8
D T
- =10
F (Wgrear B) =0 L% EZ
- B
Probabilistic approach =
g | T
a From analyzed
core
31 2 1 1 1 1 L |
% 10 12 14 16 18 20 22 24
D Ty

04 May 2020




|geo’res’r

GECGOENCE

B(@i—star) — Y (At dyn / (vdyn) ) = 0

Vstat Set of "true" pt-stat), B

(e Set of Jt-stat), B
tondition Q Higt-stat), h
soefficient -unknown) O O such that F(HGS it

O fulaesa), =0

O
C A ®
O

Least squa
(Observatio

@

Bayesian Equivalent samples approach
(Zhang et al., 2012)
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Methodology: Bayesian approach. 141 o Clays
o Clay mixtures-Silts
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Methodology: Bayesian approach. 14 -
1%t Proposal distribution of peg, ., ..): 12 +
from Soil unit weight )
— 10 L
2
2"9: Proposal distribution of 8 7 gl
&
A Increasing
(Impact velocity): , O i loci
p (Imp y < impact velocity
Lognormal distribution whose spread depend on <
impact velocity. £ 4
2 L
0 1 I | 1
0 005 01 015 02 025 0.3
Strain-Rate Coefficient 3
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B (M(qe_ceae) B) = 0 - Hybrid Markov Chain Montecarlo simulation.

Generation of random g, _....), B samples from their respective proposal distribution

35000 Equivalent samples: 35000 Equivalent samples:

‘ 1 1 Il 1 J
0 0.5 1 1.5 2 2.5 3
Iteration %1 04

O(u(qt)) = 0.7
W(u(qe)) = 5-41

%o Koo
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SW _16: iImpact velocity 3 m/s SW8: Impact velocity 1.1 m/s SW2: Impact velocity 0.5 m/s
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Conclusion:
- Good prediction of strain-rate coefficient B at different impact velocity from soil unit weight;
- The approach seems effective for simultaneously correction of dynamic cone tip resistance and sleeve friction;

- The approach is easily extendible for more complex model (e.g. adding overburden stress, drag force);

Possible development:
- Testing different strain-rate effect equations.
- Pore water pressure conversion.

- Direct conversion of undrained shear strength
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