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Applicability of the Marchetti Dilatometer Test to Soft Ground in Japan
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SYNOPSIS To evaluate the existing correlations between Marchettl dilatometer test (DMT) resultsjr

conventional soil parameters for alluvial soft ground in Japan, field tests of the DMT were performed. As a reference
test to compare with the DMT results, self-boring pressuremeter tests, a serlies of the laboratory soil tests were con-
ducted. It was found that soil type., constrained modulus, coefficlient of lateral earth pressure at rest and undrained
shear strength estimated from the DMT well agree with that by the reference tests. Consequently, the typical existing
correlations could be reconfirmed for alluvial soft ground in Japan. .
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sounding same as cone penetration test (CPT). The
popularity of the DMT lies on the following reasons
(Lutenegger, 1988).

1) simple operation without speclal electric technique,

2) reproducible results,

3) cost effectiveness,

4) wide variation of penetration equipment and rods.
The dilatometer consists of a hard steel blade which has a
thin steel membrane on one side of the blade. The mem-
brane Is expanded by compressed gas after the blade is
inserted into ground. The pressures when the membrane
lift off the plane of the blade, when a central expansion
of the membrane leaches lmm and when the membrane tou- 15
ches the plane after unloading are measured as po, P1, Pz, .
respectively, Marchettl (1980) proposed the following
indices corrected by membrane stiffness using these i =1F
pressures. 204 =
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Material Index : Io = (py — po) ./ (Po — uo) (1)
Horizoftal Stress Index : Ko = (po — uo) / Gv' 2)
Dilatometer Modulus : Eo = 34.7(p1 — po) (3)

Fig. 1 Soil Profile and Properties at Komatsugawa site

where uo Is in situ pore water pressure and 0.’ Is effec- generally based on empirical correlations. These correla-

tive overburden pressure. The test mechanism is described
by Marchettl (1980) and the test procedures are shown in
Marchetti and Crapps (1981) and Schmertmann (i986) in
detail.

The results of the DMT are used to estimate unit weight,
coefficient of lateral earth pressure at rest, overcon-
solidation ratio, constrained modulus , undrained shear
strength for clays (Marchetti, 1980, 1985; Lacasse and
Lunne, 1988), friction angle of sands (Schmertmann, 1982;
Marchetti, 1985) and coefficient of consolidation
(Robertson et al., 1988). The Interpretation of the test is

tions, therefore, depend on local soll propertles,
However, there is no report on the evaluation of the
existing correlations for the ground In Japan.

The purpose of this paper is to evaluate whether it is
possible to estimate the soll parameters by using the DMT
results for the soft ground in Japan. To check the valid-
ity of the DMT result, the authors performed a large test-
ing program consisting of dilatometer tests, triaxial
tests, self-boring pressuremeter tests, cone penetration
tests and hydraulic fracture tests.
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Fig. 2 The variation of the DMT Indices with Depth

DESCRIPTION OF TEST SITE

The site was selected In an area named Komatsugawa In the
northern coast of Tokyc Bay. The ground was covered with
loose delta sand of 6 m underlain with soft alluvial cohe-
sive soll to the depth of 21 m. The ground water table was
1 m to 2 m deep from ground surface with seasonal varia-
tion. The soil profile and the typical results of the
laboratory tests are shown In Fig. 1. The cohesive soll at
this site contained 5 to 20 percent of sands and seemed to
be lightly overconsolldated as shown in Fig. 1.

INTERPRETATION OF TEST RESULTS

soil type

The varlations of the DMT Indices with depth at Komatsu-
gawa slite are shown In FIg. 2. The soll classification
method of the DMT proposed by Marchetti (1980) using
material index Io is as follows,

1.8 < Ip sand
0.6 <In< 1.8 silt
In < 0.6 clay

The Ip values of Komatsugawa site shown in Fig. 2 are very
small for clays and very high for sands. Since the range
of Ip values Is wide, it will be easy to determine a soll
type from this value.

Fig. 3 showg the relationship between Iop and fine contents
FC obtained from the laboratory test. Although the data
has a considerable scatter, a distinct trend in decreasing
Io with increasing FC seems generally reasonable. It can
be seen that the soil classification using Io {s reasonable
for alluvial soil deposit at Komatsugawa site. Particu-
larly, Ip of 1.8 seems to corresponds to FC of 50 % which is
the boundary between fine-gralned soll and coarse-grained
soll.

constrained medulus

Marchetti (1980) proposed the following equation to
estimate the constrained modulus Momr by using Eo.

Momr = Rm-Ep (4)
for Io £ 0.6 Rm= 0.14 + 2.36l0g(Kp)
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- Fig. 4 The variation of Constrained Modulus M
with Depth

for 0.8 < Io < 3.0 Rm = Rmo + (2.5 — Rwmo)log(Kp)

here Rvo = 0.14 + 0.15(Ip — 0.6)
for Io 2 3.0 Rm = 0.50 + 2log(Kp)
for Ko > 10 Rm = 0.32 + 2.18log(Kp)
Always Rm = 0.85

The variations of Mpmr calculated from Eq.(4) and the
constrained modulus by the laboratory oedometer test
Moep with depth are presented in Fig. 4. The Moeo values
are defines as the reciprocal of the coefficient of volume
compressibllity m. near preconsolidation pressure. It can
be seen from Fig. 4 that the Momr well agree with the Moep
and hence constrained modulus or coefficient of volume
compressibility can be predicted from the DMT for alluvial
cohesive solls.
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Fig. 5 Relationship between Lateral Stress Index Ko
and the Reference value of Ko

coefficlent of lateral earth pressure at rest Ko

Fig. 5 shows the correlatlon between horizontal stress
index Ko and reference values of Ko obtained from the
laboratory Ko-consolldation tests and from the self-
boring pressuremeter tests for coheslve soll at Komatsu-
gawa site. The lines shown In Fig. 5 denote the following
equations proposed by Marchetti {1980) and Lacasse and
Lunne (1988), respectively.

Ko = (Ko ./ 1.5)*“" - 0.6 (5)
Ko = 0.34Ko™ (Ko < 4) ()

where m = 0.44 for highly plastic clays and m = 0.84 for low
plasticity clays (Lacasse and Lunne, 1988). Concerning the
present data, It can be seen that the Ko values calculated
from Eq.(5) proposed by Marchetti (1980) may be over-
estimated and the Ko values from Eq.(6) by Lacasse and
Lunne(1988) is more reasonable for the present data.

The Ko values obtalned from various methods are plotted
against depth in Fig. 6. The Ko values by the DMT were
calculated from Eq.(6) for the present data of the DMT
with m = 0.54 as average value. The reference values of Ko
have obtained from Ko-consolidation tests, self- boring
pressuremeter tests, hydraulic fracture tests by BAT
(0-kochl et al., 1984) and predicted value from plasticity
index Ip. The method using Ir was proposed by Massarsh
(1979) aa follows. _ T T

Ko = 0.44 + 0.421# / 100 ‘ n

It can be seen from Fig. 6 that the Ko values obtained from
the DMT by using Eq.(6) are reasonable as far as comparing
to the Ko values obtained from self-boring pressuremeter
tests and Ko- consolidatlon tests that are generally
considered to be reliable to estimate Ko value. On the
other hand, it may be seen that the Ko values obtained
from hydraulic fracture tests are overestimated and the
Ka values from Ir» are underestimated.

undrained shear strength

Undrained shear strength S, can be predicted from follow-
ing equation proposed by Marchetti (1980).
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Fig. 6 Relationship between Ko Values Obtained
from Various Methods and Depth
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Fig. 7 Relationship between Undrained Shear
Strength Su and Depth

Su = 0,220.'(0.5Ko) -2% (8)

This equation can be applled for Io 5 0.8. Fig. 7 shows the
relationship between the undrained shear strength
obtalned from Eq.(8) and the Su. values from
unconsolidated undrained trlaxial compression tests. It
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Fig. 8 Correlation between Coefficlent of
Consolidation obtained from the DMT, the
CPTU and that from Oedometer Test

can be sald from Fig.7 that Eq.(8) proposed by Marchetti
(1980) can be used to estimate Su. In alluvial cohesive
soils.

coefficlent of consolidation

Robertson et al. (1988) demonstrated that the DMT closing
pressure, p=, is similar to pore water pressure In the
ground near the blade during penetration of the blade and
that the dissipation process of p= corresponds to that of
pore water pressure. On this basis, Robertson et al.
(1988) proposed the method to determine the horizontal
coefficients of consolidation Cn(DMT) by using the p=
dissipation curves of the DMT. Fig. 8 shows the relation-
ship between the Ca(DMT) values estimated by this method
and the vertical coefficlents of consoiidation C+(OED)
obtained from the laboratory oedometer test using the
samples at the same depth as the DMT. The horizontal
coefficients of consolidation obtained from the piezocone
dissipatlon test, Cn(CPTU), on the basis of the method
proposed by Torstensson (1977) , are also shown in Flg. 8.
The symbols of Cn{CPTU) in the figure are connected by the
line with the Ca(DMT) of the same depth. Although it will
be difficult to contrast Cy with C», Cn seems to approxi-
mate to Cv in case that Cy Is relatively high same as the
present data (Yoshikiini, 1979). It may be seen from Flg. 8
that the values of Cn(DMT) and Cn(CPTU) seem to be similar
and that the values of Cn(DMT) in accordance with the C.
obtained from oedometer for the highly plastic clay,
though the Cn(DMT) seem to be overestimated for low
plastic clay.

CONCLUSIONS

From a limited amount of results on alluvial soll at Koma-
tsugawa site obtained by the present study, the following
conclusions were obtained:

(1) Soil classification by the Material Index Io is suitable
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for alluvial deposit.

(2) Undrained shear strength and constralned modulus
estimated by the method proposed by Marchettl (1980)
show good agreement with the results of trilaxial
compression test and oedometer test , respectively.

(3) Coefficient of lateral earth pressure at rest obtained
from the method proposed by Lacasse and Lunne (1988) is
in accordance with that by self-boring pressuremeter
test and laboratory Ko-consolldation test. )

(4) The coefficient of consolidation obtained from the DMT
dissipation test proposed by Robertson et al. (1988) is
similar to that of laboratory oedometer test for highly
plastic clay, though It is not for low plastic clay.

The conclusions reduced from this Investigation may be
shown for the case of Komatsugawa site, However, this
investigation will provide a possibility of the DMT test
result.
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