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ABSTRACT: This paper illustrates the use of the Seismic Dilatometer (SDMT) to assess the in situ
decay of stiffness with strain level (G-γ curves or similar) in different soil types. The approach adopted
in this study relies on the ability of the SDMT to provide routinely at each test depth both a small strain
stiffness (G0 from VS) and a working strain stiffness (constrained modulus MDMT from usual DMT interpretation). At various test sites working strain DMT moduli (GDMT or EDMT, derived from MDMT by elasticity theory) have been compared with same-depth reference stiffness decay curves back-figured from the
observed behavior under a full-scale test embankment (Treporti) or footings (Texas), obtained by laboratory tests (L’Aquila) or reconstructed by combining different in situ/laboratory techniques (Western Australia). Typical ranges of the shear strain γDMT associated to GDMT in different soil types have been inferred
from the intersection of the DMT data points with the reference stiffness decay curves.

1

INTRODUCTION

2

The seismic dilatometer (SDMT) is the combination of the flat dilatometer (DMT) with an add-on
seismic module for the measurement of the shear
wave velocity VS.
This paper is aimed at investigating the possible
use of the SDMT to estimate in situ decay curves
of soil stiffness with strain level (G-γ curves or similar), suitable to describe with reasonable accuracy
the non-linear pre-failure soil behavior.
Methods for deriving G-γ curves from in situ
tests have been proposed by various Authors (e.g.
Robertson & Ferrera 1993 and Fahey 1998, from
U/R cycles of the self-boring pressuremeter; Mayne
et al. 1999 and Marchetti et al. 2008, from SDMT;
Elhakim & Mayne 2003 and Mayne 2003, from the
seismic cone SCPT; Lehane & Fahey 2004, from
SCPT and DMT).
The approach adopted in this study relies on
the ability of the SDMT to provide routinely, at
each test depth, both the stiffness at small strains
(the small strain shear modulus G0 obtained from
the shear wave velocity VS as G0 = ρ VS 2) and the
stiffness at operative strains (as represented by the
constrained modulus MDMT obtained by the usual
DMT interpretation). Such two stiffness values
may offer guidance when selecting the G-γ curves,
i.e. the decay of the shear modulus G with the
shear strain γ.

SEISMIC DILATOMETER TEST (SDMT)

The seismic dilatometer (SDMT) is the combination of the mechanical flat dilatometer (DMT),
introduced by Marchetti (1980), with an add-on
seismic module for measuring the shear wave
velocity VS. First introduced by Hepton (1988),
the SDMT was subsequently improved at Georgia
Tech, Atlanta, USA (Martin & Mayne 1997, 1998;
Mayne et al. 1999). A new SDMT system (Fig. 1)
has been recently developed in Italy (Marchetti
et al. 2008).
The seismic module (Fig. 1a) is a cylindrical
element placed above the DMT blade, equipped
with two receivers spaced 0.50 m. The shear wave
source, located at ground surface, is an automatic
hammer or a pendulum hammer (≈10 kg) which
hits horizontally a steel rectangular plate pressed
vertically against the soil (by the weight of the
truck) and oriented with its long axis parallel to the
axis of the receivers, so that they can offer the highest sensitivity to the generated shear wave. When a
shear wave is generated at the surface (Fig. 1b), it
reaches first the upper receiver, then, after a delay,
the lower receiver. The seismograms acquired by
the two receivers, amplified and digitized at depth,
are transmitted to a PC at the surface, which determines the delay. VS is obtained as the ratio between
the difference in distance between the source and
the two receivers (S2–S1) and the delay of the
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Figure 2. Tentative method for deriving G-γ curves
from SDMT (Marchetti et al. 2008).
Figure 1. Seismic dilatometer test: (a) SDMT equipment (blade and seismic module); (b) Schematic test
layout.

arrival of the impulse from the first to the second
receiver (Δt).
The determination of the delay from SDMT
seismograms, normally obtained using a crosscorrelation algorithm rather than relying on the
first arrival time or specific single points in the
seismogram, is generally well conditioned. The
true-interval test configuration with two receivers
avoids possible inaccuracy in the determination
of the “zero time” at the hammer impact, sometimes observed in the pseudo-interval one-receiver
configuration. Moreover, the couple of seismograms recorded by the two receivers at a given test
depth corresponds to the same hammer blow and
not to different blows in sequence, which are not
necessarily identical. Hence the repeatability of VS
measurements is considerably improved (observed
VS repeatability ≈1 %, i.e. a few m/s). VS measurements are taken every 0.50 m of depth (while the
mechanical DMT readings are taken every 0.20
m). Validations of VS measurements by SDMT
by comparison with VS measured by other in situ
seismic tests at various research sites are reported
by Marchetti et al. (2008). Besides the shear wave
velocity VS, the SDMT provides the parameters
obtained from the usual DMT interpretation, e.g.
the constrained modulus MDMT (Marchetti 1980,
TC16 2001).
3

TENTATIVE METHOD FOR DERIVING
IN SITU G-γ DECAY CURVES FROM
SDMT

Research in progress, outlined by Marchetti et al.
(2008), investigates the possible use of the SDMT
for deriving “in situ” decay curves of soil stiffness
with strain level (G-γ curves or similar). Such curves
could be tentatively constructed by fitting “refer-

ence typical-shape” laboratory G-γ curves (see e.g.
Fig. 2, where G is normalized to G0) through two
points, both obtained by SDMT: (1) the initial
small strain modulus G0 (obtained as G0 = ρ VS 2),
and (2) a working strain modulus GDMT.
To locate the second point on the G-γ curve it
is necessary to know, at least approximately, the
shear strain corresponding to GDMT. Indications by
Mayne (2001) locate the DMT moduli at an intermediate level of strain (γ ≈ 0.05–0.1 %) along the
G-γ curve. Similarly Ishihara (2001) classified the
DMT within the group of methods of measurement of soil deformation characteristics involving an intermediate level of strain (0.01–1 %). The
above qualitative indications need to be confirmed
by further investigations.
As suggested by Marchetti et al. (2008), a working strain shear modulus GDMT can be derived from
the constrained modulus MDMT provided by the
usual DMT interpretation (Marchetti 1980, TC16
2001). As a first approximation, by referring to linear elasticity:
G=

1 − 22v
M
2(1 − v )

(1)

where ν = Poisson’s ratio. E.g. assuming ν = 0.2 (as frequently used), the working strain shear modulus may
be obtained from Eq. (1) as GDMT = 0.375 MDMT.
The potentiality of the above tentative method is
heavily founded on the basic premise that MDMT is
a reasonable estimate of the “operative” or working
strain modulus (i.e. the modulus that, introduced
into the linear elasticity formulae, provides realistic
estimates of the settlement of a shallow foundation under working loads). This assumption is supported by the good agreement observed in a large
number of well documented comparisons between
measured and DMT-predicted settlements or moduli (see Monaco et al. 2006; Marchetti et al. 2008).
The next section illustrates the use of the SDMT
to assess the in situ decay of stiffness at various test
sites, in different soil types, where both SDMT data
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and “reference” stiffness decay curves were available. Such stiffness decay curves were: (a) back-figured from the observed behavior under a full-scale
test embankment (Treporti) or footings (Texas),
(b) obtained by laboratory tests (L’Aquila), or (c)
reconstructed by the combined use of different in
situ/laboratory techniques (Western Australia). The
procedure adopted in all cases is the following:
1. Using SDMT data obtained at the same depth
of each available reference stiffness decay curve,
a working strain modulus GDMT (or EDMT) is
derived from MDMT by elasticity theory and
normalized to its small strain value G0 (or E0)
derived from VS.
2. The GDMT /G0 (or EDMT /E0) data point is superimposed to the same-depth reference stiffness
decay curve, in such a way that the data point
ordinate matches the curve.
3. The “intersection” of the GDMT /G0 (or EDMT /E0)
data point with the stiffness decay curve provides a value of the associated abscissa, i.e. the
shear strain γ (or other strain).
4
4.1

STIFFNESS DECAY BY SDMT AT
VARIOUS TEST SITES
Treporti, Venice (Italy)

At the site of Treporti, Venice (Italy)—typical of
the highly heterogeneous, predominantly silty
deposits of the Venice lagoon—a full-scale vertically-walled cylindrical test embankment (40 m
diameter, 6.7 m height, applied load 106 kPa) was
constructed and continuously monitored towards
pore water pressures, surface settlements, horizontal and vertical displacements with depth (see
Simonini 2004 for details). The Treporti test site
was extensively investigated by means of piezocone tests (Gottardi & Tonni 2004), flat dilatometer tests (Marchetti et al. 2004), seismic piezocone
tests and seismic dilatometer tests (McGillivray &
Mayne 2004), continuous coring boreholes and
high quality laboratory tests (Simonini et al. 2006).
Significant results of the experimental program at
Treporti have already been published by various
research groups.
The Treporti embankment research has provided a unique opportunity to investigate the decay
of soil stiffness in situ by use of accurate measurements of local vertical strains in the soil under the
embankment, at 1 m depth intervals, provided by
sliding deformeters. Young’s moduli E (secant)
were back-calculated by Marchetti et al. (2006)
at the mid-height of each 1 m soil layer, assuming vertical and radial stress distributions provided
by current linear elasticity solutions, from local εv
measured by the sliding deformeter at the center of

the embankment under each load increment during construction (from small to working strains).
Figure 3a shows the progressive reduction of the
back-calculated moduli E under increasing load,
starting from the initial values E0 derived by elasticity theory from VS (G0) measured by SDMT,
assuming ν = 0.15. Such variation should reflect
the combined effects—of opposite sign—of the
increase in stress and strain level (stiffness should
increase with stress and decrease with strain). In
order to separate the two effects, the dependence
of E on current stress level was taken into account,
as a first approximation, by use of the classic Janbu’s relation:
E = KE pa (σ v′ /pa ) n

(2)

where KE = modulus number, pa = reference atmospheric pressure (100 kPa), σ ′v = current vertical
effective stress, and n = exponent generally varying
between 0.5 to 1, assumed = 0.8 (from back-fitting
of the observed moduli profiles). The variation of
the modulus number KE corresponding to E backcalculated under each load increment is shown in
Figure 3b, which clearly shows the decay of stiffness with increasing strain, even purged of the
effects of stress increase.
In situ curves of decay of soil stiffness with
strain level were reconstructed by Marchetti et al.
(2006), from the back-calculated moduli E shown
in Figure 3, at the mid-height of each 1 m soil
layer. To account for the effect of varying stress
level, such in situ curves (Figure 4) are expressed in
terms of variation of the ratio KE / KE0—where KE
is the modulus number corresponding to E backcalculated for each load increment (Fig. 3b) and
KE0 is the modulus number corresponding to the

Figure 3. Variation of (a) secant Young’s modulus E,
and (b) corresponding modulus number KE , back-calculated from local vertical strains εv measured at the center
of the Treporti test embankment under various loads
throughout construction (after Marchetti et al. 2006).
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tion” of the DMT data points with the observed
in situ decay curves indicates that the DMT working strain moduli are located in a range of vertical
strains εv ≈ 0.01 to 0.1 % in sand, ≈ 0.1 to 1 % in silt.
4.2 Texas A&M University national geotechnical
experimentation site

initial modulus E0, obtained by Janbu’s expression
for E = E0 and σ ′v = σ ′v0. The two sets of curves in
Figure 4 are representative of distinct soil layers:
(a) a sand layer between 2 to 8 m depth, and (b)
a silt layer between 8 to 20 m depth (which originated most of the observed settlement, maximum
measured εv ≈ 1%). (The initial part of the curves in
Figure 4 at small strains is missing, since the sliding deformeters did not provide measurements of
εv less than ≈ 0.5–1⋅10−2 %).
In Figure 4 the data points corresponding to the
DMT moduli EDMT (average values over each 1 m
measurement depth interval) are superimposed to
the same-depth observed in situ decay curves.
The moduli EDMT were derived from the constrained moduli MDMT using the theory of elasticity (Eq. 3):
E DMT =

M DMT ( + ) ( −
( − )

)

1
Berardi (1999)
Footing 3 m x 3 m
Footing 2 m x 2 m

normalizedYoungmodulus,E'/E0

Figure 4. Treporti test embankment—Curves of decay
of soil stiffness with vertical strain back-calculated from
local εv measurements (curves labeled “In situ curves”)
and their intersection with data points corresponding
to same-depth DMT moduli EDMT : (a) in the sand layer
2–8 m depth, and (b) in the silt layer 8–20 m depth (after
Marchetti et al. 2006).

In 1994 a Spread Footing Prediction Symposium
was conducted at the Texas A&M University
National Geotechnical Experimentation Site, as
part of the ASCE Geotechnical Specialty Conference Settlement ‘94. Five square footings, ranging
in size from 1 to 3 m, were constructed and tested
to obtain the complete load-settlement curves
(Gibbens & Briaud 1994a). The test site, composed
of medium dense silty fine sand, was extensively
investigated by in several situ tests (SPT, CPTU,
DMT, borehole pressuremeter, Cross-Hole, borehole shear test and step blade test). Laboratory triaxial and resonant column tests were executed on
reconstituted samples (Gibbens & Briaud 1994b).
Figure 5 shows the in situ stiffness decay curve
reconstructed by Berardi (1999) based on the
observed performance of the footings. The Young’s
modulus E’ was back-figured from the observed
load-settlement curves by use of a non linear iterative approach. The influence of current stress level
was considered “implicit” in the E′ values determined over a limited influence depth, assumed as
≈1÷2 B (B = footing width). In Figure 5 the decay
of E′, normalized to its initial value E0, is plotted
as a function of the relative displacement w/B %
(footing settlement w / width B).
From the results of two DMTs executed at the
Texas A&M University test site, Young’s moduli
EDMT (average values over an influence depth ≈1 ÷ 2 B)

(3)

0

Footing 1 m x 1 m

0.6

EDMT/E0
from DMT and Cross Hole:
w/B 0.25 - 0.45 %

0.4

0.2

0
0

where ν = Poisson's ratio (assumed equal to 0.15).
The rectangular shaded areas in Figure 4 denote,
for each soil layer, the range of values of the ratio
KE /KE0 corresponding to EDMT /E0. The “intersec-

Footing 1.5 m x 1.5 m

0.8

1

2

3

4

5

relave dis placement, w/B (%)
Figure 5. Stiffness decay curve at Texas A&M University National Geotechnical Experimentation Site (Berardi
1999) and superimposed EDMT /E0 data points.
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were derived from MDMT by Eq. (3), assuming ν = 0.2.
The initial values of E0 over the same depth interval
were derived from VS measured by Cross-Hole via
elasticity theory (for ν = 0.2). In Figure 5 the data
points corresponding to EDMT /E0 for each footing
size (3 m, 2 m, 1.5 m and 1 m) are superimposed
to the E′/E0–w/B curve reconstructed by Berardi
(1999). The “intersection” of the DMT data points
with the observ ed in situ decay curve indicates that
the moduli estimated from DMT are located in a
range of relative displacement w/B ≈ 0.25 to 0.45 %.
4.3

L’Aquila (Italy)

Following the destructive April 6, 2009 Mw = 6.3
earthquake, the area of L’Aquila was extensively
investigated by a variety of geotechnical and
geophysical testing techniques, involving several
working groups. Soon after the earthquake site
investigations, including Down-Hole, surface wave
tests and SDMT, were concentrated at a number of
sites selected for the construction of new temporary
houses for the homeless people (C.A.S.E. Project).
Advanced cyclic/dynamic laboratory tests,
including resonant column/torsional shear tests
(RC–CTS) and double sample direct simple shear
tests (DSDSS), were carried out on undisturbed
samples from several C.A.S.E. sites, in mediumto fine-grained soils, by a network of Italian
soil dynamics laboratories. Details and data are
reported in Monaco et al. (2012) and MS-AQ
Working Group (2010). The availability of both
SDMT and laboratory test results at three C.A.S.E.
sites (Cese di Preturo, Pianola, Roio Piano) permitted some calibration of empirical estimates of nonlinear parameters from SDMT (Amoroso 2011).
Table 1 reports the values of the shear wave
velocity VS measured by SDMT, the small strain
shear modulus G0 “in situ” obtained from VS, the
constrained modulus MDMT obtained by SDMT at
the depth of the samples tested in the laboratory
and the working strain shear modulus GDMT calculated by Eq. (1), assuming ν = 0.2. The values of
the normalized working strain shear modulus GDMT
/G0, also reported in Table 1, result 0.10 to 0.23 in
silt and clay, 0.37 in silty sand. In Figure 6 each
GDMT /G0 data point (red symbols) is superimposed

on the corresponding same-depth laboratory G/G0
curve (RC tests by University of Napoli Federico II,
DSDSS tests by University of Roma La Sapienza).
The range of values of the shear strain γDMT resulting from the “intersection” of the GDMT /G0 data
points with the laboratory curves (rectangular areas
in Fig. 6), also reported in Table 1, are γDMT = 0.24 to
0.48 % in silt and clay, γDMT = 0.16 in silty sand.
4.4

Western Australia

The G/G0 -γ decay curves presented in this section
were obtained at five different test sites in Western
Australia (Shenton Park, Ledge Point, Perth CBD,
East Perth, Margaret River). Such curves were constructed based on the results of several in situ tests,
including flat/seismic dilatometer tests (DMT/
SDMT), seismic cone penetration tests (SCPT) and
self-boring pressuremeter tests (SBP), and laboratory triaxial tests. Details can be found in Amoroso (2011), Fahey et al. (2003, 2007), Lehane et al.
(2007), Lehane (2010), Lehane & Fahey (2004), Schneider et al. (2008), Schneider & Lehane (2010).
The in situ normalized G/G0-γ decay curves
shown in Figure 7 (Shenton Park, silica sand, and
Ledge Point, calcareous sand) and in Figure 8
(Perth CBD, alluvial silty clay) were reconstructed

Figure 6. Laboratory GDMT /G0 -γ curves and superimposed GDMT /G0 data points at three C.A.S.E. project sites,
L’Aquila (Amoroso 2011).

Table 1. L’Aquila—Values of GDMT /G0 obtained from SDMT and corresponding shear strain γDMT determined from
the intersection with the G/G0 -γ laboratory curves at three test sites (Amoroso 2011).
Test site

Sample

Depth
(m)

Soil type

VS
(m/s)

G0
(MPa)

MDMT
(MPa)

ν

GDMT
(MPa)

GDMT /G0

γDMT
(%)

Cese di Preturo
Cese di Preturo
Pianola
Roio Piano

S3-C1
S3-C3
S1-C1
S3-C2

4.0–4.8
17.5–18.0
6.0–6.5
7.0–7.5

Silty clay
Clayey silt
Silty sand
Clayey silt

261
274
303
233

133
149
195
105

67
39
193
64

0.20
0.20
0.20
0.20

25
15
72
24

0.19
0.10
0.37
0.23

0.24
0.48
0.16
0.46
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by combining the information resulting from SCPT
and SBP. In particular:
– the initial part of the curves (γ ≤ 0.001 %) was
characterized by the small strain shear modulus
G0 obtained from VS measured by SCPT (no
SDMT data were available at these sites);
– the non-linear G/G0 -γ decay at medium to large
shear strains (γ ≥ 0.01 %) was estimated based
on SBP data, according to the procedure proposed by Jardine (1992);

1

0.8

0.6

0.4

G DMT/G0 from DMT
and S C PT
γ DMT ≈ 0.04-0.15 %

0
0.0001

0.001

0.1

1

1

0.8

0.6
G/G0 from S B P
(J ardine, 1992) and

0.4

G/G0 from S B P
(J ardine, 1992) and

0.01

G/G0 P erth C BD, z = 9.45 m
G/G0 P erth C BD, z = 10.65 m
G/G0 P erth C BD, z = 12.05 m
G/G0 P erth C BD, z = 13.35 m
G/G0 P erth C BD, z = 15.20 m
G/G0 P erth C BD, z = 16.70 m
GDMT /G0 P erth C BD, z = 9.45 m
GDMT /G0 P erth C BD, z = 10.65 m
GDMT /G0 P erth C BD, z = 12.05 m
GDMT /G0 P erth C BD, z = 13.35 m
GDMT /G0 P erth C BD, z = 15.20 m
GDMT /G0 P erth C BD, z = 16.70 m

SILTY CLAY

G/G0 (Vs)
from S C PT

G/G0 S henton P ark BH1A, z = 1.3 m
G/G0 S henton P ark BH2A, z = 1.3 m
G/G0 S henton P ark BH2B, z = 2.3 m
G/G0 S henton P ark BH3A, z = 2.3 m
G/G0 S henton P ark BH2C , z = 3.3 m
G/G0 S henton P ark BH3B, z = 3.3 m
G/G0 S henton P ark BH1B, z = 3.3 m
G/G0 S henton P ark BH2D, z = 3.9 m
G/G0 S henton P ark BH1C , z = 4.3 m
G/G0 S henton P ark BH3C , z = 4.6 m
G/G0 L edge P oint BHB, z = 1.3 m
G/G0 L edge P oint BHB, z = 3.3 m
GDMT /G 0 S henton P ark BH1A, z = 1.3 m
GDMT /G 0 S henton P ark BH2A, z = 1.3 m
GDMT /G 0 S henton P ark BH2B, z = 2.3 m
GDMT /G 0 S henton P ark BH3A, z = 2.3 m
GDMT /G 0 S henton P ark BH2C , z = 3.3 m
GDMT /G 0 S henton P ark BH3B, z = 3.3 m
GDMT /G 0 S henton P ark BH1B, z = 3.3 m
GDMT /G 0 S henton P ark BH2D, z = 3.9 m
GDMT /G 0 S henton P ark BH1C , z = 4.3 m
GDMT /G 0 S henton P ark BH3C , z = 4.6 m
GDMT /G 0 L edge P oint BHB, z = 1.3 m
GDMT /G 0 L edge P oint BHB, z = 3.3 m

SAND
SILICA SAND
CALCAREOUS SAND

normalized shear modulus, G/G0

G/G0 (Vs)
from S C PT

normalized shear modulus, G/G0

The working strain shear modulus GDMT was calculated from MDMT obtained by DMT at the same
depths of the SCPT and SBP data used to define the
G/G0-γ curve, by use of Eq. (1), assuming ν = 0.2 in
sand and ν = 0.3 in silty clay. The values of GDMT /G0,
also reported in Table 2, result 0.08 to 0.31 in
1.2

1.2

0.2

– the central part of the curves (0.001% > γ > 0.01%)
was defined by simply connecting the initial
part obtained from SCPT (G0) and the final part
obtained from SBP.

0.2

G DMT/G0 from DMT
and S C PT
γ DMT ≈ 0.43-1.90 %

0
0.0001

10

0.001

shear strain, γ (%)

Figure 7. In situ G/G0-γ decay curves and superimposed GDMT /G0 data points at Shenton Park and Ledge
Point (sand), Western Australia (Amoroso 2011).

0.01

0.1

shear strain, γ (%)

1

10

Figure 8. In situ G/G0-γ decay curves and superimposed
GDMT /G0 data points at Perth CBD (silty clay), Western
Australia (Amoroso 2011).

Table 2. Western Australia—Values of GDMT /G0 obtained from SDMT (or DMT + SCPT) and corresponding shear
strain γDMT determined from the intersection with the G/G0 -γ reference curves at five test sites (Amoroso 2011).
Test site

Borehole or
sounding

Depth
(m)

Soil type

VS
(m/s)

G0
(MPa)

MDMT
(MPa)

ν

GDMT
(MPa)

GDMT /G0

γDMT
(%)

Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Shenton Park
Ledge Point
Ledge Point
Perth CBD
Perth CBD
Perth CBD
Perth CBD
Perth CBD
Perth CBD
East Perth
Margaret River
Margaret River

BH1A
BH2A
BH2B
BH3A
BH2C
BH3B
BH1B
BH2D
BH1C
BH3C
BHB
BHB
NML4
NML4
NML4
NML4
NML4
NML4
BH6
BH3
BH5

1.30
1.30
2.30
2.30
3.30
3.30
3.30
3.90
4.30
4.60
1.30
3.30
9.45
10.65
12.05
13.35
15.20
16.70
16.00
6.00
9.00

Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Silica sand
Calcareous sand
Calcareous sand
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Silty clay
Soft clay
Soft clay
Silty clay

252
252
267
267
280
280
280
282
283
283
217
361
334
373
388
319
324
260
87
174
362

105
105
118
118
129
129
129
132
132
132
78
215
212
264
286
193
199
128
12
55
256

42
40
35
33
36
36
35
42
63
72
16
176
52
67
130
86
56
101
1.8
13
68

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.30
0.30
0.30
0.30
0.30
0.30
0.20
0.20
0.20

16
15
13
12
14
13
13
16
23
27
6
76
15
19
37
25
16
29
0.5
4
20

0.15
0.14
0.11
0.11
0.11
0.10
0.10
0.12
0.17
0.20
0.08
0.31
0.07
0.07
0.13
0.13
0.08
0.23
0.04
0.07
0.07

0.09
0.07
0.06
0.04
0.15
0.09
0.05
0.07
0.04
0.05
0.09
0.06
0.50
1.80
0.63
1.40
1.90
0.43
5.50
1.75
0.36
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calcareous sand, 0.10 to 0.20 in silica sand, 0.07 to
0.23 in silty clay. The dot symbols in Figures 7 and
8 represent the position of the GDMT /G0 data points
on the corresponding in situ reference G/G0-γ decay
curves. The range of values of the shear strain γDMT
resulting from the “intersection” with the in situ
G/G0-γ curves (shaded areas in Figs 7 and 8), also
reported in Table 2, are γDMT = 0.04–0.15 % in sand
and γDMT = 0.43–1.9 % in silty clay.
The G/G0 -γ decay curves shown in Figure 9
(East Perth, soft clay) and Figure 10 (Margaret
River, silty clay) were reconstructed by combining
the information resulting from in situ SDMT and
laboratory triaxial tests. In this case:
– the initial part of the curves (γ ≤ 0.001 %) was
characterized by G0 derived from VS measured
by SDMT;
– the non-linear G/G0 -γ decay at medium to
large shear strains (γ ≥ 0.1 % at Margaret River,
γ ≥ 0.5 % at East Perth) was estimated from triaxial tests according to Atkinson (2000);

normalized shear modulus, G/G0

1.2

G/G0 (Vs)
from S DMT

Gs/G0 East Perth z = 16 m
GDMT/G0 East Perth z = 16 m
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Figure 9. In situ G/G0-γ decay curves and superimposed
GDMT /G0 data points at East Perth (soft clay), Western
Australia (Amoroso 2011).

– the central part of the curves (0.001% > γ >
0.5 % at East Perth, 0.001% > γ > 0.1% at
Margaret River) was defined by simply connecting the initial part obtained from SDMT (G0)
and the final part obtained from triaxial tests.
The working strain shear modulus GDMT was calculated from MDMT obtained by SDMT at the same
depths of the samples tested in the laboratory by
use of Eq. (1), assuming ν = 0.2 at both sites. The
values of GDMT /G0, reported in Table 2, result 0.04
in soft clay and 0.07 in silty clay. The values of the
shear strain γDMT resulting from the “intersection”
of the GDMT /G0 data points with the reconstructed
reference G/G0 -γ decay curves (dot symbols in Figs 9
and 10), also reported in Table 2, are γDMT = 5.5 %
in soft clay and γDMT = 0.36 to 1.75 % in silty clay.
4.5

Summary of results at various test sites

The results obtained at all the test sites previously described are schematically summarized in
Figure 11. The shaded areas in Figure 11, superimposed to “typical shape” G/G0 -γ curves, represent the range of values of the normalized working
strain shear modulus GDMT /G0 determined in different soil types (sand, silt and clay, soft clay) and
the corresponding shear strain γDMT determined by
the “intersection” procedure. Based on the available information, the “typical range” of shear strain
associated to the working strain moduli GDMT can
be approximately assumed as: γDMT ≈ 0.01-0.45% in
sand, γDMT ≈ 0.1–1.9% in silt and clay, γDMT > 2% in
soft clay.
The above results are in agreement with preliminary literature indications (Mayne 2001, Ishihara
2001). Moreover, the calculated values of the ratio
GDMT /G0—which could be regarded as the shear
modulus decay factor at working strains—are in
line with the trends observed by Marchetti et al.
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Figure 10. In situ G/G0-γ decay curves and superimposed GDMT /G0 data points at Margaret River (silty clay),
Western Australia (Amoroso 2011).

Figure 11. Possible use of the SDMT for calibrating the
selection of in situ G/G0 -γ decay curves in various soil
types.
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(2008), who investigated the experimental interrelationship between small strain and working strain
stiffness using SDMT in sand, silt and clay. In particular, the diagrams of the ratio GDMT /G0 vs. the
DMT horizontal stress index KD (related to OCR)
constructed by Marchetti et al. (2008) using the
SDMT results at 34 different sites, in a variety of
soil types, indicated that the G decay in sands is
much less than in silts and clays, and that the decay
curves in silts and clays are very similar. Also, for
all soils the decay is maximum in the NC or lightly
OC region (low KD).
Figure 11 depicts the possible use of the SDMT
for calibrating the selection of in situ G/G0 -γ decay
curves in various soil types.
5

CONCLUSIONS

The results presented in this paper support the possible use of the SDMT to assess in situ the decay of
stiffness with strain level and to address the selection of the G -γ curves in various soil types. This
potential descends from the ability of the SDMT
to provide routinely, at each test depth, both a
small strain stiffness (G0 from VS) and a working
strain stiffness GDMT (derived via elasticity theory
from the constrained modulus MDMT provided by
the usual DMT interpretation). “Reference typicalshape” laboratory G-γ curves may be tentatively
fitted through these two stiffness values. A significant premise of this approach is that, to locate the
second point on the G-γ curve, it is necessary to
know (at least approximately) the shear strain γDMT
corresponding to working strain modulus GDMT.
Typical ranges of γDMT in different soil types
have been inferred from the “intersection” of the
SDMT data points with same-depth reference stiffness decay curves—back-figured from the observed
field behavior under full-scale loading, obtained by
cyclic/dynamic laboratory tests or reconstructed
by the combined use of different in situ/laboratory
techniques—at various test sites.
Based on the available information, typical
ranges of γDMT can be approximately assumed as:
γDMT ≈ 0.01–0.45 % in sand, γDMT ≈ 0.1–1.9 % in silt
and clay, γDMT > 2 % in soft clay.
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