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Abstract :

Excess pore water pressure has a significant effect on submarine slope stability and sediment
deformation, and therefore, its in situ equilibrium measurement is crucial to carry out accurate slope
stability assessments and to derive accurately design geotechnical parameters. In situ equilibrium
pore water pressure is usually obtained from pore pressure decay during piezocone tests. However,
submarine shelves and slopes are often characterized by the existence of low-permeability (fine-
grained) sediments involving long dissipation tests which are an important issue for offshore
operational costs. Consequently, short-term/partial dissipation tests are usually performed and in situ
equilibrium pore water pressures are predicted from partial measurements.

Using a modified cavity expansion approach, this paper aimed to predict for 4 different sites the in situ

equilibrium pore water pressures. Comparison between predicted and observed in situ equilibrium

pore water pressures allowed to define a guide to evaluate the minimum time required to perform

short-term dissipation tests for a given marine sediment. The main finding of this note is that the
2

second derivative of pore pressure, u, versus the logarithmic of time, t, al—(t)z must be positive in
n

order to calculate accurately from partial measurements the in situ equilibrium pore water pressures.
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Résumé:

L’excés de pression interstitielle a un effet significatif sur la stabilité des pentes sous-marines et sur la
déformation des sédiments, alors sa mesure in-situ a I'équilibre est cruciale pour réaliser des
évaluations exactes de la stabilité des pentes et pour dériver adéquatement les paramétres
géotechniques de conception. La pression interstitielle in-situ a I'équilibre est généralement obtenue a
partir de la diminution de la pression interstitielle lors d’essais en piézocéne. Cependant, les plateaux
et pentes sous-marins sont souvent caractérisés par I'existence de sédiments a faible perméabilité (a
granulométrie fine) qui engendrent des tests de dissipation de longue durée, ce qui représente une
problématique pour les colts d’'opération en mer. Ainsi, des essais de dissipation partiels ou de courte
durée sont généralement réalisés et les pressions interstitielles in-situ a I'équilibre sont prédites a
partir de mesures partielles. Grace a une approche modifiée de I'expansion d’une cavité, cet article
tente de prédire les pressions interstitielles in-situ a I'équilibre pour quatre sites différents. Des
comparaisons entre les pressions interstitielles a I'équilibre prédites et celles mesurées in-situ ont
permis de définir un guide servant a évaluer le temps minimal requis pour réaliser des essais de
dissipation de courte durée pour un sédiment marin donné. Le résultat principal de cette note est que
la dérivée double de la pression interstitielle, u, versus le logarithme du temps, t, 8°u/dIn(t)* doit étre
positive afin de calculer exactement la pression interstitielle in-situ a I'équilibre a partir de mesures
partielles.

Mots-clés : expansion d’une cavité ; essais de dissipation ; sédiment marin ; piézosonde ; pression
interstitielle



List of symbols

f: describes the change of the coefficient of consolidation with the consolidation level
Ch: consolidation coefficient of plasticised zone

Cis: consolidation coefficient of zone affected by shear

Ci: the coefficient of consolidation for isotropic drainage

AU: excess pore pressure

Au,: pore pressure component due to the normal octahedral stress

AUghear : pOre pressure component due to the shear stress

E: Young modulus

G: shear modulus

=

. soil rigidity index

v: Poisson’s ratio

=

o: radius of the piezoprobe

—_
©

: radius of plasticized zone.

-

s. radial thickness of the zone affected by shear

Su: undrained shear strength

t: time

U: degree of pore water dissipation

u: penetration-induced pore pressure

Ueq: IN Situ equilibrium pore water pressure

u;: pore-water pressure measured by pore pressure sensor at time 0°

Uin: pore-water pressure generated at the interface between zone affected by shear and

plasticized at time 0"



1. Introduction

Excess pore water pressure is considered as one of the most important external factor
controlling occurrences of submarine slope instabilities (Masson et al. 2010). Indeed,
sediments shear strength depends on the vertical effective stress, and therefore, can be
drastically reduced if pore water pressures in excess of hydrostatic occur, according to the
effective stress principle.

Several sources can be at the origin of these excess pore pressures: prevention of fluid
drainage during rapid sedimentation periods (Dugan and Flemings 2000; Long et al. 2007;
Leynaud et al. 2007; Flemings et al. 2008; Schneider et al. 2009), fluid seepage (Dugan and
Germaine 2008; Stegmann et al. 2011; Sultan et al. 2011), gas hydrate
dissociation/dissolution (Nixon and Grozic 2007; Sultan et al. 2010), earthquake shaking
(Biscontin and Pestana 2006; Lee et al. 2007; Haeussler et al. 2008; Sultan et al. 2008) and
gas exsolution during low sea-level stands (Lafuerza et al. 2009; Riboulot et al. in press).
Several examples of submarine slope instabilities associated to excess pore water pressures
have been reported in literature: for instance the slope failures in the Norwegian continental
slope (Kvalstad et al. 2005), the New Jersey continental slope (Dugan and Flemings 2002),
the Mississippi Canyon (northern Gulf of Mexico, Dugan and Germaine 2008), or the large
slope failures related to volcanic islands (Urgeles et al. 1999).

Measurements of in situ equilibrium pore water pressures (usq) are usually obtained from
pore pressure decay during piezoprobe measurements. In this paper, the generic term
piezoprobe is used to include free-fall piezometers (Urgeles et al. 2000; Stegmann et al.
2007; Sultan et al. 2010; Stegmann et al. 2011), piezocones (Burns and Mayne 1998;
Arulrajah et al. 2005), or other devices operated in boreholes. On the other hand, laboratory
measurements of the preconsolidation pressures can provide approximate estimations of ueq
(Schneider et al. 2009) when sediment samples are not affected by disturbance (Lunne et al.
2006; Lafuerza et al. 2009). Geophysical methods may be also used for pore water pressure
estimation, but correlations can be limited since their accuracy can be insufficient for
geotechnical purposes (Strout and Tjelta 2005).

In low-permeability normally consolidated clayey-sediments, piezoprobe penetration
compresses and shears the surrounding sediments under undrained conditions thus
generating excess pore water pressures. Once piezoprobe insertion stops, penetration-
induced pressures (u) dissipate monotonically with time, (similar to the curve observed
during one-dimensional consolidation tests) and eventually ueq is reached (Figure 1). In
contrast, dissipation tests performed in overconsolidated sediments usually show dilatory
behaviour, with u increasing from the initial measured value to a maximum and then
decreasing to ueq (Figure 1). The decay of u, which can be very slow in low-permeability
marine clays (e.g. 5.3-15.2 x 107 m?%s in Norwegian clays, Lacasse and Lunne 1982), is
generally used to infer usq and the coefficient of consolidation. Piezoprobe radius (ro) also
affects dissipation times, since the deformed/compressed region around the piezoprobe
increases with the radius, generating higher u and longer dissipation paths, and therefore,
longer dissipation times. Offshore dissipation tests usually involve short term measurements
since the needed time to reach in situ equilibrium pore water pressure values can be a
significant issue for offshore operational costs. Resulting partial dissipation data require
extrapolation to obtain ueq, Which can be addressed by means of empirical and/or theoretical
models.

The empirical extrapolation frequently used to interpret partial dissipation data is the one

based on the inverse dissipation time % (Davis et al. 1991). Flemings et al. (2008) show that
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the inverse of square root of time W requires much less time to achieve accurate

extrapolated values compared to the inverse time method proposed by Davis et al. (1991),
which tends to overestimate u., for low-permeability sediments (Long et al. 2007). However,
there are no theoretical foundations to these empirical approaches and theoretical methods
are considered more appropriate to determine usq. The most common theoretical approaches
are: (i) the cavity expansion theory and (ii) the Strain Path Method (SPM, Baligh, 1986). As
discussed in Burns and Mayne (2002), simplified theoretical approaches using cavity
expansion and critical-state soil mechanics (Burns and Mayne, 1998) provide less complex
solutions to interpret dissipation data than other methods based on the SPM (Sully et al.
1999).

During the last decade the Institut Frangais de Recherche pour I'Exploitation de la Mer
(Ifremer) performed an important number of short- and long-term dissipation tests on several
continental margins. In order to better constrain predictions of u., for available data sets and
future acquisitions, this work aims to propose a guide to determine the minimum needed time
for offshore pore water decay tests to ensure accurate predictions of ue. The proposed
analyses are based on complete pore water pressure dissipation data gathered with the
Ifremer piezometer in fine-grained marine sediments from three distinct continental slopes.
According to the current state of the art in dissipation pore water decay modelling, the model
based on the cavity expansion approach of Burns and Mayne (1998) is used.

2. Tools and Data set

Pore water pressures dissipation data used in the present work were acquired using the
Ifremer piezometer from four different sites (Table 1). The Ifremer piezometer is a free-fall
piezoprobe ballasted with lead weights to penetrate a range of sediment types. Pore fluid
pressures are measured relative to hydrostatic pressure at maximum twelve pressure ports
on a 0.06 m diameter lance (cone radius ry = 0.03 m) consisting on single rods of 0.75 m, 1.5
m and 3 m in length. The deepest pore water sensor is at 0.5 m from the piezometer tip. The
pressure ports are connected to the open seawater with differential pore pressure
transducers that provide measurements with a resolution of + 0.2 kPa.

The 4 set of data, used in the present note, were acquired from: (i) Site A: the Nice slope
(NW Mediterranean); (ii) Sites B and C: Niger delta and (iii) Site D: the Algerian margin (SW
Mediterranean). Pore water pressure measurements from the Nice slope (site A) correspond
to the piezometer site PZ2Y03-P7 deployed at 49 m of water depth with 7 pressure sensors
(P1 to P7) at depths 0.8, 2.35, 3.9, 545, 7.0, 8.55 and 8.58 m below seafloor (mbsf),
respectively. For this work, only pore water pressure data at sensor P7 are used. For the
Niger delta sites (sites B and C), the piezometer tests correspond to sites ER-PZS12-P5 and
GM-PZ05-P4 deployed respectively at 746 m and 1147 m water depth and equipped with
pressure sensors P1 to P5 at depths 0.83, 3.88, 6.93, 9.98 and 11.48 mbsf for B and with
pressure sensors P1 to P7 at depths 0.83, 3.88, 6.93, 8.48, 10.03, 10.83 and 10.86 for C.
Pore water pressures dissipation data selected for this study correspond to data recorded at
the sensor P5 for site B and P4 for site C. Finally, dissipation pore water data from the
Algerian margin (Site D) comprise measurements at site PZ1-15-P3 deployed at 2280 m of
water depth and equipped with pressure sensors P1 to P4. For this work, only pore water
pressure data at sensor P3 (5.5 mbsf) are used.



3. Pore water pressure build-up and dissipation: theoretical analysis and
modeling

3.1. Pore pressure build-up during piezoprobe penetration

The pore fluid pressure (u) recorded by a pressure sensor corresponds to an excess pore
pressure (Au) generated by the piezoprobe insertion and ue, which is assumed to be
constant during the dissipation process (U =Au + U, ). The generated Au is caused by: (i) a

mean normal octahedral stress resulting from the displacement of the soil and fluid by the
penetrating piezoprobe and (ii) a shear stress at the sediment-piezoprobe interface (Burns
and Mayne, 1998). As a result, the measured pore pressure during dissipation tests is
expressed as the sum of three components:

U=AU+Uy, =AU, + AU, + Uy (1)

where Au, and Augneor are the pore pressure components due to the normal octahedral stress
and the shear stress, respectively. Under the piezoprobe tip, the largest effect on the
magnitude of u is due to the Au, component and the relative changes in Augnesr are small. In
contrast, along the piezoprobe shaft, limited to a thin annulus next to the body of the
piezoprobe, Augnesr becomes a significant portion of the induced u (Burns and Mayne, 1998).

3.2. Cavity expansion and pore pressure decay

In order to model pore water dissipation data, Burns and Mayne (1998) use the cavity
expansion theory to represent the normal pore pressure component Au, and the Modified
Cam Clay theory to quantify the shear pore pressure component AUgheo. The cavity
expansion theory considers that during piezoprobe insertion (under undrained conditions) a
plasticized zone is generated at the piezoprobe tip due to a cavity expansion as function of
the soil rigidity index I,. The cavity can be cylindrical or spherical (see Figure 2). Accordingly,
the radius of the plasticized zone (r,) is expressed as:
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where s, and ., denote the cavity type (spherical or cylindrical), ry is the radius of the
piezoprobe, E is the Young modulus, v is the Poisson’s ratio, S, is the undrained shear
strength and G is the shear modulus.

Typical records of pore fluid pressure (u) dissipation show magnitudes of u either
monotonically decreasing with time from the initial reading or temporary increasing followed
by a monotonically decreasing with time (Figure 1). The dissipation of u can be modelled
using the following consolidation equations for spherical (equation 4) and cylindrical
(equation 5) cases (Burns and Mayne, 1998):
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where C; is the coefficient of consolidation for isotropic drainage that acts in the spherical
cavity and r the radius of the sheared and plasticized zones (Figure 2). The coefficient of
consolidation for isotropic drainage C; is equal to the horizontal coefficient of consolidation C,
when considering the cylindrical cavity (equation 5). In the following only the cylindrical
consolidation equation is considered since as it was mentioned previously the deepest
sensor of the Ifremer piezometer is at 0.5 m from the piezometer tip which is more than 16
times the radius of the piezoprobe. However, a comparison between the cylindrical and
spherical solutions will be presented in the discussion paragraph.

In the present work, two main changes were made to the Burns and Mayne (1998) theory by
including two distinct zones characterized by two different consolidation coefficients: the
zone affected by shear is characterized by a consolidation coefficient of Cys and a radial
thickness r; (Figure 2) and the plasticized zone by a consolidation coefficient C;. Also, the
initial excess pore pressure generated by the probe penetration at the interface between the
zone affected by shear and the plasticized zone (called u;, in Figure 2) is considered as an
unknown of the problem. The second main change is that the coefficient of consolidation C,
is considered to change linearly during the dissipation process (from Cy; to (1-B)xCy;) and it
may decrease with time according to the following equation (Abuel-Naga and Pender, 2012):

e J (6)
U; _ueq

C, = Chi'[l_ﬂ'u]: Chi'i‘l_ﬂ'

Where u is pore water pressure, U is the degree of pore water dissipation and 3 corresponds
to the Abuel-Naga and Pender (2012) i, dimensionless parameter. 3 (=i.,) describes the
change of the coefficient of consolidation with the consolidation stress increment.

3.3. Numerical scheme and optimization method

The aim of the present work is to predict accurately usq based on partial dissipation tests. In
order to fulfil this main goal, equations 5 and 6 were numerically solved by approximating all
the derivatives by finite differences and by using an explicit numerical method. A numerical
scheme similar to the one proposed by Kim and Lee (200) was implemented (Figure 3) and
solved using the fortran programming language.

The calculation of the pore pressure evolution with time at a given sensor leads to consider
numerically the change in pore pressure in space r (with ro < r < r,) and time t (with t > 0). In
addition, solution to equations 5 and 6 requires specification of boundary conditions at r = ro,
r=rs and r = r,, and initial conditions at time t = 0. The limit conditions are: impermeable wall
at r=ry, pore pressure equal u, at r=r0+rs and t=0 and u=u.q at r=r,. At t=0, the pore pressure
u; at r=ro is measured by the piezoprobe and considered as an input in the developed
software.



The geotechnical parameters required for the numerical calculation are: the coefficient of
consolidations C;, and C,, the B dimensionless parameter and the rigidity index Ir which can
be calculated from the undrained shear strength Su and the shear modulus G.

From above, it is obvious that a partial dissipation curve can be used to determine the main
unknown which is ueq. However, very often, pore pressure measurements are carried out in
areas where the geotechnical properties of the sediment are not completely characterized
and therefore the recorded partial dissipation curve must be used to determine 6 unknowns:
Ch, Chs, B, Ir, Ui, and ueq. In this work, the application of the Least Square Method in back
analysis is used in order to derive the six unknowns.

An iterative procedure is necessary to determine the more appropriate values for the 6
unknowns by means of an optimization algorithm. This becomes a numerical problem of
finding a set of variables that gives the minimum error between measured and predicted pore
pressure at a given sensor.

The uniqueness of the solution and therefore the correctness of the prediction of the six
unknowns depend on the time length of the dissipation test. The developed numerical
scheme is used in order to define the minimum pore water pressure dissipation data needed
for a given site to define the 6 unknowns with acceptable uncertainties.

4. Calculations of in situ equilibrium pore water pressure

For the four sites (A, B, C and D), different series of calculations with different time series
between 1 and 36 h of pore water pressure decay are considered to calculate ue,. For each
series, 4x10” back calculations were carried out in order to define, by the application of the
Least Square Method, the different unknowns of the problem and mainly ueq. The ranges of
used parameters are presented in Table 1.

4.1. Site A - Nice slope

Eleven series of calculations with 11 different time series of data were considered. Because
of the monotonically decrease of pressure with time at site A, the thickness of the zone
affected by shear is considered equal to 0. The first three series of calculations, presented in
Figure 4-a (1h, 2h and 3h of pore water pressure decay) show a clear discrepancy between
the predicted and measured ueq. In contrast, Figure 4-b shows that for longer times series
(4h, 6h, 8h and 10 h), the predicted curves of u fit very well with the observed data.

and

In Figure 5-a are shown the measured pore pressure u, the first derivative 8Iau(t
n

equal to 0 at

N—"

2 2
second derivative 8_[12 of u versus the logarithmic of time. The _u2
an(t) aln(t)

11919 s (Table 2) corresponds to an inflection in the curve u-In(t). This inflection point is the
limit between the concave down and concave up sections of the u-In(t) curve. Figure 5-b
compares the measured ueq (dashed line) to predicted ueq for the eleven different series of
calculations. For each series of calculations, the predicted u, values where the error is less
than 1.5 times the minimum error obtained using the 4x10” back calculations are plotted. It is
clear that an important discrepancy exists in the ueq prediction for the first 3 series while a
good repeatability in the ueq predictions can be observed for the last 8 series of calculations.
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The results of modelling calculations using the time series of data until >=0 are

_ou
aln(t)
presented in Table 3 and the |Ueq-Ueq-cal|l Was found equal to 3.5 kPa. The extrapolated Ueq-ext
from the same time series of data using the Davis et al. (1991) method gave a greater error:
|Ueq-Ueq-ext| Was found equal to 6.4 kPa. These results confirmed what was observed by Long
et al. (2007) about the overestimation of ueq using the Davis et al. (1991) method.

4.2. Site B - Niger delta

For site B, 14 series of calculations with different time series of data were considered. The
shape of the dissipation curve shows a temporary increase followed by a decrease of the
pore water pressure (Figure 6), suggesting that the zone affected by shear is non-negligible.
In Figure 6-a are plotted 6 different series (2h, 4h, 6h, 8h, 12h and 15h of pore water
pressure decay) illustrating an important discrepancy between the predicted and the
observed ueq. On the other hand, a very good agreement is shown in Figure 6-b, where four
different series of calculations using longer time series (24h, 28h, 30h and 36h of pore water
pressure decay) are compared to the measured pore water dissipation data.

Figure 7 illustrates, as observed for the site A, that an important discrepancy exists in the ueq

prediction for the series of calculations series where the time series of data used correspond
o°u

to (B‘I—(t)z <0. These divergences between predicted and observed ue, decrease
n

o°u
oln(ty
o . .
data until Py (t)2 =0 and corresponding to t= 46304 s (Table 2) are presented in Table 3
n
and the |Ueg-Ueqcal Was found equal to 1.9 kPa. The use of the Davis et al. (1991)
extrapolation method based on the same time series gave |Ueq-Ueq-ext| €qual to 9 kPa.

significantly for >0. The results of modelling calculations using the time series of

4.3. Site C - Niger delta

Figure 8 and Figure 9 show the calculation results for site C. Because of the shape of the u-
In(t) curve, the thickness of the zone affected by shear is considered equal to 0. As for the
previous two sites, the important discrepancy between predicted and observed u., decreases
significantly when the time series of data used in the calculation exceeds the time at which

o’u
Y (t)2 =0 (t = 31350 s — Table 2). The results of modelling calculations and extrapolation
n

2

(Davis et al. 1991 method) using the time series of data until > =0 are presented in

0
ain(ef

Table 3. The |Ueq-Ueq-cal Was found equal to 0.4 kPa while the |ueq-Ueq-ext| Was found equal to
2.7 kPa.

4.4, Site D - Algerian margin

Figure 10 and Figure 11 show the calculation results for the site D. The zone affected by
shear is considered equal to zero due to the shape of the u-In(t) curve. The important

8



discrepancy between predicted and observed u., decreases significantly when the time
2

u
series of data used in the calculation exceeds the time at which al—(t)z =0 (t=31377 s —
n
Table 2). The results of modelling calculations and extrapolation (Davis et al. 1991 method)
2
u
> =0 are presented in Table 3.

0
oy

using the time series of data until

5. Discussion

The assessment of time series pore water pressure dissipation data required to calculate
accurately the in situ equilibrium pore pressure is based on the identification of the minimum
error resulting from the proposed numerical solution of the modified cavity expansion model.
Prediction errors have been calculated from the difference between the measured u., and
the predicted one, ueqca. The decrease of error with time has been evaluated for different
sets of partial dissipation curves for the four sites A, B, C and D. From Figure 7, Figure 9 and

Figure 11 and Table 3 it is clear that the minimum time series of pore water pressure

o%u

o°u
For time series data lower than the critical time where 8I—(t)2 =0 and although the fitting
n
between modelling results and observed data could be accurate for the considered time
series, the prediction of the u.,, may diverge significantly from the measured in situ
equilibrium pore pressure (Figure 4-a, Figure 6-a, Figure 8-a and Figure 10-a). Figure 12
2

oy

the time series data used for the site A calculations. It is clear that the residual value
2

0
ain(ef

observed for the three other sites (B, C and D).

dissipation data needed to accurately predict usq corresponds to the time where

shows the residual between measured and calculated u., versus corresponding to

decreases drastically when is approaching and exceeding zero. This was also

One of the main aims of this work is also to verify the uniqueness of the numerical solution in
terms of equilibrium pore water pressure (ueq) and in terms of geotechnical unknowns such
as Cy, Cys, Ir and B. The uniqueness of the u,, seems evident whenever the available time
series data show a concave-up curve in the u-In(t) diagram. However, the uniqueness of the
geotechnical parameters is not really established. This can be seen clearly from Figure 2
where |, and Cy, form a 2 two conjugate unknowns. One may expect to obtain the same
numerical solution for infinite couples of Cy, and |.: longer dissipation paths (higher Ir) will
match with higher permeability coefficients (higher C;). Figure 13 illustrates the non-
uniqueness of such parameters where two runs with two different set of parameters give
almost the same pore-water dissipation curves (run 1 and run 2 in Figure 13). This non-
uniqueness of C, and |, for a given dissipation curve was already demonstrated by Teh
(1987) and Teh and Houlsby (1988) where the time factor T* was shown to depend on the
coefficient of consolidation and the rigidity index. For a given T*, it is possible to have an
infinite couples of C, and I. However, these back-calculations of the geotechnical
parameters depend strongly on the type of expansion (spherical or cylindrical) generated by
the piezoprobe penetration. Figure 13 illustrates that whatever the geometry of expansion is,
it is possible to find a set of parameters where the numerical dissipation curve fits perfectly

9



with the observed dissipation curve (run 3 in Figure 13). Therefore, the same dissipation
curve may match with infinite couples of Ir and C,, for cylindrical or spherical expansions
surrounding the piezoprobe and therefore it seems impossible to derive I, and C, for
unknown sediments and unknown expansion geometry from a dissipation pore water
pressure curve alone.

6. Conclusion

In the present note, a modified cavity expansion approach was developed to simulate the
pore water dissipation process by including two distinct zones surrounding a piezoprobe: the
zone affected by shear and the plasticized zone. The coefficient of consolidation was
considered to change linearly during the dissipation process as suggested by Abuel-Naga
and Pender (2012).

The two main conclusions from this note are the following:
2

u
- The second derivative of pore pressure, u, versus the logarithmic of time, t, al—(t)z must
n
be positive in order to calculate accurately from partial measurements the in situ equilibrium
pore water pressures Ueg.

- A dissipation pore water pressure curve may match, for both cylindrical and spherical
expansion cavities, with infinite couples of “rigidity index” and “coefficient of consolidation”.
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Tables

Table 1. Main characteristics of the four studied sites and input parameters used for model
predictions. For sites A, C and D, the zone affected by shear is considered as negligible and
therefore Cys and u;, were not used in the calculation (grey areas in the table).

Site A B C D
Nice slope Niger Delta Niger Delta Algerian margin
Site name PZ2Y03-P7 ER-PZS12-P5 GM-PZ05-P4 PZ1-15-P3
depth [mbsf] 8.58 11.48 8.48 5.5
ro [M] 0.03 0.03 0.03 0.03
Range C, [m%s] 10> 2x10° 10° > 10° 10" > 10° 10° > 10°
Range B [-] 0.1 > 0.999 0.1 > 0.999 0.1 > 0.999 0.1 > 0.999
Range Cps [M?/s] 107 > 10°
Range |, [-] 45 - 250 40 > 400 45 > 450 40 > 400
Range u; [kPa] 90 -> 300 10 > 150 60 > 600 60 > 350
Range u;, [kPa] 130 - 300
Range ueq [kPa] -50 > 50 -70> 70 -40 > 50 -45 > 45
# of calculations 4x10’ 4x10’ 4x10’ 4x10’
u
Table 2. usq and time needed for W to reach O for the four studied sites.
Site A B C D
Ueq [KPa] 0.7 24 0.0 0.1
Time where
ou 11919 46304 31350 31377
T
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2

_ou_
oIn(t)?
oxt based on the Davis et al. (1991) method. For sites A, C and D, the zone affected by shear
is considered as negligible and therefore C;s and u;, were not used in the calculation (grey
areas in the table).

Table 3. Calculated Ueq.cal from data recorded until =0 compared to extrapolated Ueg-

Site A B C D
|Ueq-Ueq-cal [KPA] 35 1.9 0.4 2.1
|Ueq-Ueq-ext] [KPa] 6.4 9 2.7 1.0

Ch [m%s] 4.5x107 5.9x10°® 6.5x107 3.0x107

B[] 0.15 0.33 0.76 0.45

Chs [M?/S] 910°
I, [-] 49.8 187 97 68
u; [kPa] 153 95.8 86.6 93.2
uin [kPa] 149.8
Figures

Figure 1. Conceptual dissipation curves of normally consolidated soils (diamonds) and of
overconsolidated soils (crosses) (modified from Burns and Mayne, 1999).
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Figure 2. Zones affected by piezometer penetration. r,, cone radius; r,, radius of plasticized
zone; C;, consolidation coefficient of plasticised zone; C;, consolidation coefficient of zone
affected by shear; u;, pore-water pressure measured by pore pressure sensor at time 0" and
Ui, pore-water pressure generated at the interface between zone affected by shear and
plasticized at time 0" (notation follows Burns and Mayne 1998).
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Figure 3. Schematic procedure similar to the one proposed by Kim and Lee (2000) for
predicting long-term pore pressure dissipation behaviour.
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Figure 4. Site A — Nice slope: model predictions in marine clay based on pore-water pressure
dissipation recorded during (a) 1 hour, 2 and 3 hours and (b) 4, 6, 8 and 10 hours. The full
range of pore-water pressure dissipation data are also plotted (dashed lines) in (a) and (b).
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Figure 5. Site A — Nice slope: a) pore pressure, u, first derivative, and second

ou
aln(t
_a . . . . .
6In(t)2 of u versus the logarithmic of time and (b) predicted ueq as a function of
the time series data used for calculation. Each ueq plotted values (open circles) correspond to

a set of parameters where the error between predicted and observed ueq is less than 1.5
times the minimum error obtained using the least-squares minimization.
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Figure 6. Site B — Niger delta: model predictions in marine plastic clay based on pore-water
pressure dissipation recorded during (a) 2, 4, 6, 8, 12 and 15 hours and (b) 24, 28, 30 and 36
hours. The full range of pore-water pressure dissipation data are also plotted (dashed lines)

in (a) and (b).
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2

o and
aln(t) on(t)
predicted u.y as a function of the time series data used for calculation. Each u., plotted
values (open circles) correspond to a set of parameters where the error between predicted

and observed ugq is less than 1.5 times the minimum error obtained using the least-squares
minimization.

Figure 7. Site b — Niger delta: a) u, versus the logarithmic of time and (b)
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Figure 8. Site C — Niger delta: model predictions in marine plastic clay based on pore-water
pressure dissipation recorded during (a) 2, 3 and 5 hours and (b) 8, 10, 15 and 20 hours. The
full range of pore-water pressure dissipation data are also plotted (dashed lines) in (a) and

(b).
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2
. . . u u . . .
Figure 9. Site C — Niger delta: a) u, _u and ——— versus the logarithmic of time and
aln(t) aln(t)
(b) predicted ueq as a function of the time series data used for calculation. Each ueq plotted
values (open circles) correspond to a set of parameters where the error between predicted
and observed ugq is less than 1.5 times the minimum error obtained using the least-squares

minimization.
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Figure 10. Site D — Algerian margin: model predictions in marine silty-clay based on pore-
water pressure dissipation recorded during (a) 2, 4, 6 and 8 hours and (b) 10, 12 and 15
hours. The full range of pore-water pressure dissipation data are also plotted (dashed lines)
in (a) and (b).
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2

Figure 11. Site D — Algerian margin: a) u, i and 8_[12 versus the logarithmic of time
aln(t) aln(t)

and (b) predicted ueq as a function of the time series data used for calculation. Each ueq

plotted values (open circles) correspond to a set of parameters where the error between

predicted and observed ug, is less than 1.5 times the minimum error obtained using the least-

squares minimization.
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Figure 12. Site A — Nice slope: The residual between measured and calculated ue, versus

2

oIn(t)

decreases drastically when
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Figure 13. Site A — Nice slope: three runs with three different set of parameters giving similar
pore-water dissipation curves. The full range of pore-water pressure dissipation data are also

plotted (dashed line).
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