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Abstract

Stress state and stress history of subsoil under the flood embankment was evalu-
ated with CPTU and DMT tests. The CPTU dissipation tests in soft soils under the
central part of the embankment and on the upstream and downstream sides were
performed. The shape of pore water dissipation curve reflects stress state and stress
history. Monotonic decay of water pore pressure was found for normally consolidated
soils. Dilatory pore pressure response is typical for overconsolidated soils. Methods
for the flow characteristics determination (coefficient of consolidation and hydraulic
conductivity) were presented.
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1. Introduction

Characterization of soft soils with modern in-situ tests is becoming a common
practice. Cone penetration test with pore pressure measurements (CPTU) to-
gether with dilatometer test (DMT) permit a reliable and comprehensive eval-
uation of soft soil parameters (Mayne 2001, Młynarek 2003, 2004). With large
strains produced during CPTU probe insertion, the soil resistance is determined.
Moderate strain level around DMT blade enables the stress state and soil deform-
ability to be evaluated. Moreover, the complementary character of both tests is
supplemented with a dissipation test. As the CPTU penetration in less permeable
soils is held in undrained conditions, the pore pressure is generated around the
probe. When the penetration is stopped at a given depth, one can monitor the
dissipation of the induced pore pressure to the hydrostatic one. Two shapes of
the dissipation curve, i.e. monotonic decay or dilatory pore pressure response are
recorded, related to the soil stress state and history. During this test the flow
characteristics of cohesive or organic soil can be estimated. Enhanced in-situ tests
with DMT and CPTU completed with dissipation tests were performed for the
flood embankments of the Vistula river in the Żuławy Lowland.
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2. Subsoil Characterization with CPTU and DMT Soundings

A series of CPTU and DMT soundings was performed at the crown and at the
upstream and downstream toe of the flood embankments in order to characterize
its corps and the parameters of soft soils in the subsoil. The embankment itself
is generally built from silty soils, like sandy silts, silty or sandy clay, clayey silts or
sands, silty sand and silts, and it can also contain some clay layers or fine sand.
The height of the embankment in the analysed section is about 7.0 m. In the
subsoil, one can distinguish a superficial clayey layer with some organic content,
covering sandy or silty mud and a local peat layer. Some sandy interbeddings can
be found in the mud. At the bottom fine and medium sands were deposited. An
example of the flood embankment is given in Fig. 1. The CPTU and DMT tests
were made with Geotech 220 rig, property of Gdańsk University of Technology.
The soundings were performed from the crown of the embankment and at the
toe from the upstream and downstream sides.

Fig. 1. Flood embankment and geotechnical cross-section

Attention was focused on the stress state in the subsoil and on the flow char-
acteristics of the soft organic layers. The compaction of the embankment itself,
its permeability, shear strength of the subsoil and safety analysis are beyond the
scope of this paper.

Classical CPTU probe with pore pressure u2 measurement was used. The
readings of cone resistance qc, sleeve friction fs and pore pressure measurements
u2 performed in the embankment subsoil from the crown and at the toe from the
upstream and downstream sides are given in Fig. 2. For comparison the measure-
ments in the core of the embankment were omitted on this figure and the results
are presented from the reference level, i.e. the elevation of the embankment toe
on the upstream side. For the test on the downstream side the measurements
were recorded from 1.7 m below this reference level.
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Fig. 2. CPTU profiles for the soundings from the crown, upstream and downstream toe of the
embankment
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Due to crust phenomena one can already observe a relatively small cone res-
istance (from 0.5 to 1.8 MPa) mobilized in clayey layers from the very beginning
of penetration. Pore pressure measurements are influenced by the local thin in-
clusions of dense sands or by recent and ancient crust layers, being structurally
overconsolidated. The recorded pore pressure drops after the passage of a such
layer. In less permeable zones, pore pressures higher than the hydrostatic one
are mobilized, especially under the central part of the embankment. According
to Marchetti et al (2004) the pore pressure measured by CPTU is recorded in
the soil annulus of the small volume surrounding the filter. Occasionally, it could
reflect unrepresentative soil behaviour, especially in highly heterogeneous, strati-
fied or even laminated alluvial soils with very contrasted soil characteristics. The
CPTU data presented in Fig. 2 are filtrated. The cone resistance qc, friction ratio
Fr together with the results of borings were used to delineate the soil strata within
the subsoil. While the data filtration can be useful for the determination of the
average soil parameters it could, however, mask some important details of the
soil structure. The laminations within alluvial soil will considerably change the
soft soil response during dissipation tests. Careful analysis of non-filtrated data
are thus essential in the proper analysis and the interpretation of CPTU dissipa-
tion curve. A series of CPTU dissipation tests was performed in the mud under
the central part of the embankment and at the upstream and downstream sides.
The analysis of dissipation of the excess water pressure mobilized during CPTU
probe insertion needs a good knowledge of general drainage conditions. However,
in very heterogeneous alluvial soils under the embankment, the presence of local
seams or inclusions of more permeable material will be even more relevant to the
analysis of dissipation tests.

Some dilatometer tests were realized in the vicinity of CPTU soundings. The
DMT blade was pushed into the soil with Geotech 220 rig and the measurements
were taken each 20 cm. A and B gas pressures were registered, corrected p0 and
p1 pressures were calculated and three intermediate parameters were obtained
(Marchetti 1980):

– material index

ID D
p1 � p0

p0 � u0
; (1)

– lateral stress index
KD D

p0 � u0

¦ 0
v0

; (2)

– dilatometer modulus



Soft Soil Overconsolidation and CPTU Dissipation Test 159

ED D 34:7.p1 � p0/; (3)

where:

u0 – hydrostatic pressure,

¦ 0
v0 – effective overburden stress.

The material index ID is used to estimate soil type, the lateral stress index KD

reflects stress history of the soil and can be regarded as earth pressure coefficient
K0 amplified by the penetration (Marchetti et al 2001). Profile of KD resembles
OCR profile, with KD value equal to 2 corresponding to normally consolidated
cohesive soils. One should remember that material index ID is not related to soil
granulometry but reflects the soil behavior and can be considered as some kind
of rigidity index (Marchetti et al 2001). The dilatometer modulus ED is obtained
from p0 and p1 by the theory of elasticity.

One of the major advantages of DMT test is the possibility to evaluate vertical
drained constrained modulus (Marchetti 1980):

MDMT D RM ED; (4)

where:

RM – empirical coefficient dependent on ID and KD.

Two diagrams with interpreted DMT soundings, performed in the same section
of the embankment as CPTU tests, at the crown and at the upstream toe are given
in Fig. 3. The data from the embankment body are omitted on this diagram and the
profiles begin from the same reference level – at the upstream embankment toe –
as for CPTU tests. The first profile to be analyzed by an engineer is KD (Marchetti
et al 2001). KD values close to 2 are observed in the subsoil under the embankment
as the weight of the embankment exceeded the existing preconsolidation pressure
in the soft soil under the central part of the embankment. Higher KD values are
found in the subsoil at the embankment toe. Soft soil under the central part of
the embankment is thus normally consolidated, while the soil at the embankment
toe is overconsolidated. This overconsolidation can be related to ground water
fluctuations, complex stress history during embankment construction and to lateral
stress increase in the subsoil, due to embankment load. Apart from mechanical
overconsolidation a structural overconsolidation can be observed in organic soils
(Wolski 1988).
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Fig. 3. DMT results for the soundings under the central part (upper diagram) and in the upstream
toe of the embankment (lower diagram)
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3. Evaluation of Stress State and History in the Subsoil

3.1. Soft Soil Consolidation

The soft subsoil under the flood embankment was already subjected to long term
consolidation in good drainage conditions and is characterized by the inclusions
of sandy layers and seams, so the consolidation process seems to be completed. In
order to verify this hypothesis, the criterion established by Tanaka and Sakagami
(1989) was checked (Fig. 4) using the pore pressure measurements in CPTU tests.
In normally consolidated clays the pore pressure difference 1u is equal (Tanaka
and Sakagami 1989):

1u D umax � u0 D 0:75.qt � ¦v0/; (5)

where:

umax – the maximum registered pore pressure,
u0 – hydrostatic pore pressure at given depth,
qt – corrected cone resistance,
¦v0 – total overburden stress.

Fig. 4. Verification of Tanaka and Sakagami criterion for soft soil under the embankment

In underconsolidated clays 1u values from CPTU are located above the
0:75.qt � ¦v0/ line (Tanaka and Sakagami 1989). Eq. 5 was elaborated for quite
homogeneous clay deposits with the thickness exceeding several meters. The pres-
ence of sandy or peat inclusions within the mud under the flood embankment can
reduce the maximum registered pore pressure – umax. The maximum pore pressure
registered in mud will be smaller than in typical clays.
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The majority of the data registered in the soft soil under the flood embankment
is located under the criterion proposed by Tanaka and Sakagami (1989). The
higher the corrected cone resistance, the greater the distance to the criterion
line. The data concerning the dissipation tests in the subsoil confirms that the
consolidation is completed in the soft soil under the embankment.

3.2. Stress State and History

Stress state and history in the soft subsoil under the embankment were evaluated
with CPTU and DMT data. Soil overconsolidation can be determined from CPTU
data according to formula (Lunne et al 1997):

OCR D
a.qt � ¦v0/

¦ 0
v0

; (6)

where:

a – coefficient from 0.2 to 0.5 related to plasticity index. According to
Mayne et al (1998) this coefficient decreases with plasticity index
and void ratio of a given clay. Lunne et al (1997) suggest that the
average value of a coefficient is 0.3. Larsson and Mulabdic (1991)
propose a D 0:305 for intact clays. This correlation can also be
refined including the plasticity index of the soil considered. In the
present calculation a coefficient equal to 0.3 was assumed,

qt – corrected cone resistance,
¦v0 – total overburden stress.

For the soft soils under the embankment OCR values (Fig. 5) slightly exceed-
ing 1 were found from CPTU. At the embankment toe OCR values from 3 to
4 were obtained. At small depths even higher OCR values are obtained, which
could be related either to crust phenomena or to some problems with CPTU test
interpretation at small overburden stress, where the probe penetration can not be
considered as a loading of deep foundation (Puech and Foray 2002).

Overconsolidation ratio can also be estimated with pore pressure ratio Bq

(Lunne et al 1997):

Bq D
u2 � u0

qt � ¦v0
(7)

and some empirical correlations. Parameter Bq calculated with CPTU data under
the central part of the embankment (Fig. 6), i.e. for normally consolidated soil, is
smaller than typically observed in soft clays (Lunne et al 1997). Less pore pressure
is mobilized during cone penetration tests in heterogeneous alluvial soils with the
inclusions of a better permeability than in a thick deposit of soft clays.
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The analyses are focused on the stress history and state of stress in soft cohes-
ive and organic soils. The following formulae – valid for the soils with material
index ID less than 1.2 – are applied (Marchetti 1980):

– overconsolidation ratio

OCR D .0:5KD/1:56; (8)

Fig. 5. OCR profiles from the CPTU under the central part and at the embankment toe

Fig. 6. Bq profile from CPTU soundings under the central part of the embankment
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– lateral earth pressure coefficient

K0 D .KD=1:5/0:47 � 0:6: (9)

Some other local correlations also exist (Powell and Uglow 1988, Lechowicz,
Rabarijoely 1997). The relations for organic soils proposed by Lechowicz, Rabar-
ijoely (1997) are used in this paper:

– overconsolidation ratio

OCR D .0:45KD/1:40; (10)

– lateral earth pressure coefficient

K0 D 0:32.KD/0:45: (11)

Fig. 7. OCR profiles from the DMT at the crown and at the embankment toe

Values of OCR and K0 in the soft soil under the central part and at the
upstream embankment toe are compared (Fig. 7 and Fig. 8). While overcon-
solidation ratio close to one is found in the soil under the central part of the
embankment, OCR value from 1.5 to 3 is obtained on the upstream side. Earth
pressure coefficient K0 is close to 0.45 in the subsoil under the central part of the
embankment and approaches 0.6 for the soft soil at the toe of the embankment
(Fig. 8). Profiles of lateral stress index KD for the soundings at the crown and at
the embankment toe are given in Fig. 9. KD values close to 2 – corresponding to
normally consolidated soil – are recorded under the central part of the embank-
ment. At the embankment toe, KD values are considerably higher than 2 and can
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reach 4 or even 5 at greater depths. High KD at an upstream site are related to
crust phenomena and overconsolidation.

Fig. 8. K0 profiles from the DMT at the crown and at the embankment toe

Fig. 9. Lateral stress index KD for the soundings at the crown and at the embankment toe

Analysis of CPTU and DMT data confirms that the soft soil under the cent-
ral part of the embankment is normally consolidated, while the soil under the
embankment toe is in an overconsolidated state. This overconsolidation is a com-
plex phenomena including mechanical overloading, lateral stress increase due to
embankment construction and structural overconsolidation.
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4. Dissipation Curve in Normally Consolidated and Overconsolidated

Soils

During the cone penetration the nearby soil is subjected to complex loading de-
pending on its position. The measurements of pore water pressure with different
filter locations (u1; u2; u3/ reflect this complex loading (Sully et al 1999). For the
filter located on the tip (u1 position), the soil is subjected to compressive load
and the water pore pressure is mobilized. Generated stress state can be described
with spherical cavity expansion. At u2 position the soil is partially unloaded and
is subjected not only to compressive stress but also to shear stress as well. For the
filter located behind friction sleeve (u3 position) the soil is considerably unloaded,
the shear deformations within the interface will produce an extra water pressure
according to dilatant or contractant soil behaviour. Generated stress state can be
modelled here with cylindrical cavity expansion.

In the present tests, a typical CPTU probe with u2 filter location was used.
Pore water pressure u2 at given depth can be presented (Burns and Mayne 1998):

u2 D u0 C 1uoct C 1ushear ; (12)

where:

u0 – equilibrium pore pressure in-situ,
1uoct – octahedral component of excess pore pressure corresponding

to the zone of plastic soil around the cone tip (see Fig. 10),
1ushear – shear-induced component of excess pore pressure generated in

the interface.

Octahedric component of excess pore pressure is always positive and decreases
during dissipation tests (Mayne 2001). Shear-induced component depends on
dilative/contractive behaviour of the soil within interface. It can be negative in
overconsolidated or fissured soils or positive in soft normally consolidated soils.
Initial pore pressure at the beginning of dissipation can be lower or higher than
a hydrostatic one (Fig. 11). When the penetration is stopped a local redistribution
of water pore pressure occurs between the zone of predominant compressive stress
and the shear stress zone within the interface and the dissipation of the excess
water pore pressure begins. As a result of the redistribution, the pore pressure
u2 is initially increasing in overconsolidated soils (dilatory response) and a mono-
tonic decay of pore pressure is observed in normally consolidated soils. According
to Kurup and Tumay (1995) an excess pore pressure drop due to normal stress
release is observed, when the penetration rate changes abruptly from 2 cm/s to
0 cm/s at the beginning of CPTU dissipation test. This effect should be included
in the interpretation of the initial pore pressure at the beginning of dissipation
test (see Fig. 13).
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Fig. 10. Soil zones around CPTU probe (Mayne 2001)

Fig. 11. Typical dissipation curves in normally consolidated and overconsolidated soils
(Sully et al 1999)



168 L. Bałachowski

5. Interpretation of Dissipation Test in Normally Consolidated Soils

Interpretation is based on the cavity expansion theory with critical state soil mod-
els, with coupled or uncoupled consolidation analysis. Initial distribution of the
pore pressure around the probe is obtained by strain path method (Baligh and
Levadoux 1986), large strain finite element analysis (Houlsby and Teh 1988) or
cavity expansion (Burns and Mayne 1998, Chang et al 2001). Finite element or
finite difference method are used for radial flow and consolidation analysis.

For practical purposes the normalized excess pore pressure is defined (Lunne
et al 1997):

U D
ut � u0

ui � u0
; (13)

where:

ut – water pore pressure measured in time t ,
u0 – equilibrium pore pressure in-situ,
ui – initial water pore pressure at the beginning of dissipation t D 0.

Fig. 12. Typical dissipation curve in NC soils under the embankment

Value of water pressure ui can be determined by linear extrapolation of the
initial portion of dissipation curve plotted in square root time. This procedure
should be applied in case of dynamic redistribution of water pressure around the
CPTU probe immediately after it stops. An example of the dissipation curve under
the central part of the embankment is given in Fig. 12. Extrapolated initial pressure
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(see Fig. 13) ui is equal to 513 kPa. The hydrostatic pore pressure u0 at the test
depth is 52 kPa. The normalized excess water pressure is given in Fig. 14. A set
of CPTU dissipation tests performed under the central part of the embankment
is given in Fig. 15. Monotonic decrease of excess water pressure observed in
dissipation tests under the the central part of the embankment confirms normal
consolidation of this subsoil found in CPTU and DMT tests.

Fig. 13. Determination of the initial pore pressure at the beginning of dissipation test (t D 0/

Fig. 14. Normalized excess water pressure
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Fig. 15. Set of normalized excess water pressure for the subsoil under embankment

Flow parameters (i.e. coefficient of consolidation and hydraulic conductivity)
can be derived from dissipation curves. As the dissipation undergoes predomin-
antly in a horizontal direction, these parameters correspond to the radial flow. The
solutions for coefficient of consolidation are generally based on t50 – dissipation
time for the half of the excess pore pressure. According to Torstensson (Lunne et
al 1997):

ch D
T50

t50
r 2; (14)

where:

T50 – time factor,
t50 – dissipation time for the half of the excess pore pressure,
r – penetrometer radius.

Another solution is proposed for square root time plot of dissipation curve
(Teh 1987):

ch D .m=M1/2
p

Ir r
2; (15)

where:

m – initial slope of the linear part for square root time plot of dissipa-
tion curve,

M1 – coefficient equal to 1.15 for the typical (u2/ pore pressure element
location,
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Ir – rigidity index,

Ir D
G

su
; (16)

G – shear modulus at the strain level induced in the soil by penetration
of the probe,

su – undrained shear stress.

Evaluation of rigidity index directly from CPTU tests was proposed (Mayne
2001):

Ir D exp
��

1:5
M

C 2:925
� �

qt � ¦v0

qt � u2

�

� 2:925
½

; (17)

where:

qt – corrected cone resistance,
¦v0 – total overburden stress,

M coefficient is determined with triaxial CIU tests (Mayne 2001):

M D
6 sin �0

3 � sin �0 ; (18)

where:

�0 – effective angle of internal friction.

This method demands high quality CPTU tests with high 3rd class of precision.
The calculation of M coefficient needs high quality triaxial test on undisturbed
samples, which could be problematic and troublesome, especially for organic soils.
Alternatively, the rigidity index can be calculated using plasticity index Ip and
estimated OCR (Keaveny and Mitchell 1986):

Ir ³
exp

�

137�Ip

23

�

1 C ln
�

1 C .OCRC1/3:2

26

�0:8 : (19)

Houlsby and Teh (1988) elaborated another method for evaluation of the
consolidation coefficient in a horizontal direction depending on the rigidity index:

T0 D
cht

r 2
p

Ir

: (20)



172 L. Bałachowski

Modified time factor T0 depends on porous element location and the nor-
malized excess pore pressure U taken into consideration (Houlsby and Teh 1988).
This method gives the most reasonable results, especially when U D 0:5 is applied.

In normally consolidated soils the time t50 can be used to determine the value
of hydraulic conductivity in a horizontal direction (Parez and Fauriel 1988). An
empirical correlation is given – Eq. 21 and presented in Fig. 16 together with the
soil classification (Parez and Fauriel 1988, Mayne 2001):

kh D .251 ð t50/�1:25; (21)

where:

t50 – is introduced in seconds, and kh is obtained in cm/s.

Fig. 16. Parez and Fauriel relation to determine hydraulic conductivity (Mayne 2001)

Robertson et al (1992) proposed a rough estimation of hydraulic conductivity
in the horizontal direction as a function of t50. It can also be evaluated from
the soil classification chart. The proper evaluation of hydraulic conductivity and
consolidation coefficient should also include knowledge of soil anisotropy. Eq. 22
can be used to estimate the consolidation coefficient in a horizontal direction,
especially when the in-situ measurements of the constrained modulus from DMT
are available:

ch D kh
M

w

: (22)
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From the seismic piezocone test the small strain shear modulus (Hegazy and
Mayne 1995) and the constrained modulus and hydraulic conductivity (Burns and
Mayne 2002) can be derived and consolidation coefficient in horizontal direc-
tion can be estimated using Eq. 22. An example of the interpretation of CPTU
dissipation test in normally consolidated clays is given by Bałachowski (2006).

6. Interpretation of Dissipation Test in Overconsolidated Soils

A set of dissipation curves registered in the overconsolidated plastic mud at the
toe of the embankment is shown on Fig. 17. While in soft plastic mud a monotonic
water pressure decay is observed, in plastic mud a dilatory response is found. Dir-
ect interpretation of these curves cannot be done, as the classical methods (Lunne
et al 1997) concern monotonic dissipation only. The dilatory curves presented in
Fig. 17 can be classified as a Type III dissipation curve according to Sully et al
(1999) – see Fig. 11.

Fig. 17. Set of dissipation curves at the toe of the embankment

There are two different approaches to the interpretation of non-monotonic
dissipation curves. The first consists on transferring a dilatory response to the
monotonic dissipation case. In the second one the overall dissipation curve with
ascending and descending phases is described in one analytical model.

Two correction methods for the transfer of dilatory to monotonic dissipation
curve are proposed (Sully et al 1999):

– logarithm of time plot correction (Fig. 18) and
– square root of time plot correction (Fig. 19).
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Fig. 18. Logarithm of time plot correction for dilatory dissipation (Sully et al 1999)

Fig. 19. Square root of time plot correction for dilatory dissipation (Sully et al 1999)

In the first correction method it is assumed (Fig. 18) that the beginning of the
test corresponds to the maximal registered value of water pressure umax, where
time is equal zero and the dissipation data are normalized to this maximum. In
the square root of time plot correction (Fig. 19), the dissipation after the peak is
back-extrapolated to time t D 0 in order to obtain the modified maximum initial
value of pore pressure .ui /m. This value is then used to calculate the normalized
dissipation curve. The corrected dissipation curves according to the logarithm of
time plot correction, are presented in Fig. 20 and the corresponding normalized
excess water pressure in Fig. 21. A set of normalized excess water pressure curves
with square root of time plot correction is given in Fig. 22.

One should notice that the initial part of the dissipation curve is lost however,
when these two correction methods are applied. A new analytical method (Burns
and Mayne 1998) describing the overall form of dilatory response dissipation curve
was proposed. Both ascending and descending phases of dissipation curve are
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Fig. 20. Dissipation curves with logarithm of time plot correction

Fig. 21. Normalized excess water pressure curves with logarithm of time plot correction
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Fig. 22. Normalized excess water pressure curves with square root of time plot correction

analytically obtained with cavity expansion analysis. As an important redistribution
of the pore pressure around the probe exists after it is stopped, the initial pore
pressure ui is back-calculated from the initial linear part of the dissipation curve.
In normally consolidated soil the model (Fig. 23) gives a monotonic decay of
the dissipation curve. In case of dilatory dissipation the normalized excess water
pressure U can exceed 1, especially for highly overconsolidated soils. The modified
time factor is proposed as a function of overconsolidation ratio, rigidity index and
the angle of internal friction. The calculated normalized excess pore pressure
increases with overconsolidation but decreases with angle of internal friction and
rigidity index.

The coefficient of consolidation in a horizontal direction is determined from
the modified time factor TŁ (Mayne 2001):

TŁ D
cht

r 2.Ir /
0:75 : (23)

The pore water dissipation curve at any time t is fitted in Eq. 23 for a given
rigidity index. The best fit value of ch is obtained with trial and error procedure.
A closed-form approximate expression for excess water pressure at any time t was
proposed (Mayne 2001):

1u D
.1uoct /i

1 C 50TŁ C
.1ushear /i

1 C 5000TŁ ; (24)

where:

.1uoct /i – initial octahedral component of excess pore water pressure,
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Fig. 23. Normalized excess pore pressure for different OCR ratios (Burns and Mayne 1998)

Fig. 24. Set of normalized excess water pressures at the toe of the embankment
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.1ushear /i – shear-induced component of the excess pore water pressure
at the beginning of dissipation test, determined as follows
(Mayne 2001):

.1uoct /i D
2
3

M¦ 0
v0 .OCR=2/1 ln Ir ; (25)

.1ushear /i D ¦ 0
v0

ð

1 � .OCR=2/1
Ł

; (26)

where:

1 – plastic volumetric strain ratio.

The evolution of the normalized excess water pressure in plastic mud for
soundings at the toe of the embankment is given in Fig. 24. The shape of the
curves reflects the stress history and confirms the overconsolidation of the soft
subsoil at the toe of the embankment found in CPTU and DMT tests.

7. Conclusions

The stress history in the soft soil under the flood embankment was evaluated from
enhanced in-situ tests including CPTU and DMT. While the normally consolidated
soil was found under the central part of the embankment the overconsolidated
subsoil was detected at the embankment toe. The estimated subsoil overconsol-
idation is the complex phenomena involving both mechanical overloading and
structural effect. Similar OCR profiles were obtained using these two penetration
tests. DMT test permitted to evaluate the earth pressure coefficient at rest for
a given stress history.

The interpretation of CPTU dissipation test is related to stress state and stress
history in the soil. Monotonic pore pressure response was found in the dissipa-
tion tests performed under the central part of the embankment, where the soil
is normally consolidated. Dilatory pore pressure response was observed in over-
consolidated subsoil at the embankment toe. The shape of registered dissipation
curves is conformed with the stress state and history determined with CPTU and
DMT. Dissipation test with a sound knowledge of soil stress history and anisotropy
can provide a simple and relatively fast method for in-situ evaluation of the con-
solidation coefficient and hydraulic conductivity in a horizontal direction. While
the interpretation of monotonic dissipation curve is already well established, dif-
ferent interpretation approaches exist for dilatory response. The interpretation of
CPTU dissipation test is more difficult in heterogeneous, highly stratified or lam-
inated alluvial soils than in quite uniform clay deposits. Due to soil heterogeneities
a larger number of dissipation tests will be necessary to provide a reliable estima-
tion of the hydraulic conductivity and the consolidation coefficient in alluvial soils.
The estimation of the flow characteristics in vertical direction will demand some
assumptions on the soil anisotropy.



Soft Soil Overconsolidation and CPTU Dissipation Test 179

Acknowledgements

The data from CPTU tests performed in the group of professor Zbigniew Sikora
was used in this paper. The author would like to thank professor Silvano Marchetti
for supplying DMT equipment used in these tests.

References

Andersen A., Berre T., Kleven A., Lunne T. (1979), Procedures used to obtain soil parameters for
foundation engineering in the North Sea, Marine Geotechnology, 3(3), 201–266.

Baligh M. M., Levadoux J. N. (1986), Consolidation after undrained piezocone penetration, Part
II: Interpretation, Journal of Geotechnical Engineering, ASCE, 112, 727–745.

Bałachowski L. (2006), Interpretation of CPTU dissipation test in normally consolidated soils,
Inżynieria Morska i Geotechnika, 1, 32–38 (in Polish).

Burns S. E., Mayne P. W. (1995), Coefficient of consolidation from type 2 piezocone dissipation
in overconsolidated clays, Proceedings of the Int. Symposium on Cone Penetration Testing,
Vol. 2, Swedish Geotechnical Society, Linköping, Sweden, 137–142.
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