Annals of Warsaw Agricultural University — SGGW

Land Reclamation No 29, 2000: 41-49

(Ann. Warsaw Agricult. Univ. — SGGW, Land Reclam. 29, 2000)

Numerical analysis of organic soil behaviour during dilatometer test
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Abstract: Numerical analysis of organic soil
behaviour during dilatometer test. This paper
presents the results of numerical analysis of orga-
nic soil behaviour to obtain p, and p; pressure
measurements in dilatometer test. Numerical cal-
culations were carried out for mud from the Nielisz
test site where main dam embankment was
constructed by stages. The numerical analysis was
performed using Crisp program based on Modified
Cam-Clay model. Results of numerical calcula-
tions have been used to assess the behaviour of
organic soil during p, and p| pressure measure-
ments and evaluate the possibility of interpretation
of dilatometer test data based on numerical analysis.

Key words: dilatometer test, organic soils, finite
elements, stress analysis.

INTRODUCTION

Difficulties associated with the sampling
of undisturbed soil specimens have led to
the development of in situ penetration
tests. Because of the complex behaviour
of the soil when subject to the sophistica-
ted loading conditions imposed by the in
situ tests the interpretation of test data
remains largely empirical (Yuetal. 1992).
The uncertainties associated with the
determination of the soil parameters from
in situ tests increases when tests are per-
formed in organic soils.

The Marchetti dilatometer is gaining
acceptance as a routine sounding test for
site investigation and assessment of geo-
technical characteristics of soils. The
dilatometer is a flat-bladed penetrometer

14 mm thick, 95 mm wide, 220 mm long,
which has a 60 mm diameter flexible steel
membrane centred on one side of the blade
(Fig. 1) (Marchetti 1980). The dilatometer
is driven to the desired depth and the
membrane is expanded. The pressures at
0.05 and 1.1 mm membrane expansion are
recorded and denoted 4 and B readings.
A third pressure reading designed as C
may also be obtained by controlled gas
deflation after obtaining the B-reading
and denotes the pressure at which the
diaphragm recontacts the plane ofthe blade
(Lutenegger 1988, Marchetti and Crapps
1981, Briaud and Miran 1991, Marchetti
1999). The readings are corrected for
membrane stiffness and p,, p1 and p2
represent the pressures required to expand
the soil 0.05 mm, 1.1 mm and back to
0.05 mm. Based on the corrected reading
Po, p1 and p the dilatometer indexes i.e.
material index Ip, horizontal stress index
KD, dilatometer modulus Ep and pore
pressure index Up can be obtained
(Marchetti 1980, Marchetti and Crapps

" 1981, Lutenegger 1988).

For better understanding of the dilato-
meter test process and to improved the
interpretation of the test results numerical
simulations have been carried out in the
past (Baligh and Scott 1975, Whittle and
Aubeny 1992, Smith and Houlsby 1995).
A sensible interpretation of the dilatometer
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FIG. 1. Marchetti flat dilatometer

test data requires a more fundamental
understanding of the soil behaviour during
penetration as well as during membrane
expansion. However most of the analysis
were performed for evaluation of soil
behaviour during dilatometer penetration
(Yuetal. 1992, Huang 1989, Finno 1993).

This paper describes numerical analyses
of organic soil behaviour during membrane
expansion to obtain p, and p; pressures.
In analysis the results of laboratory and in
sifu tests carried out on soft organic
subsoil at the Nielisz test site were used
(Lechowicz and Rabarijoely 1997, Le-
chowicz et al. 1998).

METHOD OF ANALYSIS AND SOIL
PROPERTIES

The numerical analysis was carried out
using finite element program Crisp deve-
loped by Britto and Gunn (1987) based on
Modified Cam-Clay model (Roscoe and
Burland 1968). Numerical simulations of
the dilatometer measurements of p, and
p1 have been carried out taking into account
consolidation of the soil around dilatome-
ter blade. The expansion of the membrane
was modelled as a continued loading of
acircular area. Due to the symmetric nature
of the problem only a half of the dilato-
meter membrane was analysed.

The soil parameters needed to define
response with model are the isotropic
compression index A, the isotropic
recompression index x, the slope M of
critical state line, I'— 1 value which is void
ratio on the critical state line in e — In p’
plane for a value of p’= 1, Poisson’s ratio
v. The initial state of stress of the soil must
also be specified, including initial effecti-
ve stress, overconsolidation ratio OCR
and initial void ratio e,.

The numerical analysis was performed
for mud from the Nielisz test site which
has an organic content 20%, water content
120% and bulk density of soil 1.3 t/m3.
The soil parameters values used in nume-
rical analysis obtained for mud are shown
in Table 1 (Rabarijoely 2000). These
parameter values were previously verified
by comparison of measured and calculated
displacements of organic subsoil loaded
by embankment (Rabarijoely 2000).

TABLE 1. Cam-Clay parameters for mud from the
Nielisz site

K A M
0.06 0.35 1.20

r-1 v
2.83 0.31

ANALYSIS OF NUMERICAL
RESULTS

Numerical calculations presented in this
paper were carried out for p, and p1 pressure
measurements for mud with overconsoi-
dation ratio OCR = 1 and 4 with coeffi-
cient of permeability &y = &y, = 108 and
10~2 m/s. Figure 2 shows computed total
and effective horizontal stresses around
dilatometer at p, pressure measurement
for coefficient of permeability &, = 108
and for overconsolidation ratio OCR = 1
and 4. As can be seen, the initial stress
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FIG. 2. Computed total and effective horizontal stresses around dilatometer at p, pressure measurement
for coefficient of permeability &, = 10-8 m/s, for overconsolidation ratio: a— OCR=1,b— OCR=4
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state (G = 50 and 100 kPa) was not chan-
ged too much during measurement of p,
pressure.

In case of p1 pressure measurement the
initial total stress state was significantly
changed (Fig. 3). Values of total horizontal
stresses obtained at the centre of the mem-
brane during p| measurement were about
30-40% higher than values calculated
during p, measurement. With increase in
overconsolidation ratio from 1 to 4 the
total horizontal stresses were increased
around membrane by about 30-60%.

Calculated values of the pore pressure
parameter B defined as a ratio of excess
pore pressure Au to increase in total hori-
zontal stress AG) around dilatometer blade
at po and p1 pressure measurements for
coefficient of permeability k, = 108 and
10~ m/s and for overconsolidation ratio
OCR =1 and 4 are shown in Figures 4 and
5. Results of numerical analysis indicate
higher values of parameter B during
measurement of pressure p, than p1. De-
crease in permeability by one order causes
not significant changes in parameter B
values because time of measurement is
relatively short. For the soil with the same
permeability lower values of parameter
B were obtained for higher value of over-
consolidation OCR.

Results of numerical calculations indicate
that pressures p, and p; represent two
different stress-strain states during hori-
zontal loading. They can be treated as two
different indication of the behaviour
during dilatometer test.

Numerical calculations were also carried
out in order to make comparison with
measured values obtained from dilatome-
ter test performed in organic soils at the
Nielisz test site. An example of comparison
between calculated and measured values
of Ap pressures and dilatometer modulus
Ep obtained in the virgin subsoil and at
the end of first loading stage are shown in
Table 2. It can be pointed out that in
general the calculated values of dilatome-
ter modulus Ep are higher than values
obtained from dilatometer test. It indicates
that sensible interpretation of dilatometer
test data requires not only appropriate
modelling of soil behaviour during mem-
brane expansion but also during penetra-
tion.

CONCLUSIONS

This paper has presented a numerical ana-
lysis of the behaviour of organic soil during
membrane expansion to obtain p, and p1
pressures in dilatometer test. Results of
numerical calculations carried out for

TABLE 2. Calculated and measured values of Ap pressures and dilatometer modulus £ p for mud from

the Nielisz site

Stage Depth Calculated values Measured values
(] Ap Ep Ap Ep
[MPa] [MPa] [MPa] [MPa]
Before L5 0.013 0.45 0.005 0.18
loading 3.0 0.027 0.95 0.019 0.66
After 1.5 0.056 1:95 0.047 1.64
the 1 stage 3.0 0.063 2.17 0.063 2.16
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FIG. 3. Computed total and effective horizontal stresses around dilatometer at p; pressure measurement
for coefficient of permeability &, = 10-8 m/s, for overconsolidation ratio: a— OCR =1, b~ OCR = 4
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FIG. 4. Computed pore pressure parameter B around dilatometer at p, pressure measurement for
coefficient of permeability &, = 10~8 and 10~? m/s, for overconsolidation ratio:a— OCR=1,b—~ OCR =4
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mud from Nielisz test site indicate that the
values of total horizontal stress obtained
at the centre of the membrane during p1
measurement were about 30-40% higher
than values calculated during p, measure-
ment. Thus pressures p, and p1 can be
treated as two different stress-strain states
representing soil response during dilato-
meter test.

The analyses show that calculated values
are higher than values obtained from di-
latometer measurements. It indicates that
the interpretation of dilatometer test data
based on numerical analysis requires not
only appropriate modelling of behaviour
during membrane expansion but also
modelling during dilatometer penetration.
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Streszczenie: Numeryczna analiza zachowania sie
gruntu organicznego podczas badar dylatometry-
cznych. W artykule przedstawiono wyniki obliczeri
numerycznych zachowania sie gruntu organiczne-
go w okolicy fopatki dylatometru podczas wyko-
nywania pomiaréw dylatometrycznych. Ocene
wywotanych stanéw naprezenia i ci$nienia wody
w porach przeprowadzono przy pomiarze ci§nienia
Po 1 p1. Obliczenia wykonano przy wykorzystaniu
metody elementoéw skonczonych z zastosowaniem
programu numerycznego Crisp opartego na spre-
zysto-plastycznym modelu gruntu ze wzmocnie-
niem typu zmodyfikowany Cam-Clay. Obliczenie
numeryczne przeprowadzono dla namuhu stano-
wiacego podtoza zapory czotowej zbiomika Nie-
lisz na rzece Wieprz w wojewodztwie lubelskim
(tab. 1). Analiza wynikéw obliczen numerycznych
stanu naprezenia i odksztatcenia podczas pomia-
réw dylatometrycznych wykonanych dla namutu
z Nielisza $wiadczy o niewielkich zmianach po-
czatkowego stanu naprezenia wywolanych pomia-
rem p, w poréwnaniu z istotnymi zmianami stanu



naprezenia przy pomiarze p; (rys. 2 1 3) Warto$é
sktadowej pionowej naprezenia catkowitego uzy-
skane w $rodku membrany przy pomiarze p; w sto-
sunku do naprezen uzyskanych przy pomiarze p,
sa wigksze 0 30-40%. Przeprowadzona analiza
numeryczna wskazuje, Ze cisnienia p, i p; repre-
zentuja reakcje gruntu podczas poziomego obcia-
Zenia przy dwoch istotnie réznych stanach napre-
zenia i odksztatcenia. Wyniki obliczen numerycz-
nych wykazaty wigksze wartosci modutéw dyla-
tometrycznych Ep w stosunku do warto$ci uzyska-
nych na podstawie badan dylatometryczych (tab.
2.) Fakt ten wskazuje, Ze przy interpretacji wyni-
kéw badan dylatometrycznych na podstawie obli-
czen numerycznych konieczne jest uwzglednienie
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zarbwno zmian wywotanych etapem pograzania
jak i wykonywania pomiaréw.
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