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ABSTRACT The paper examines the correlations to obtain rough estimates of the shear wave velocity VS from nonseismic dilatometer tests (DMT) and cone penetration tests (CPT). While the direct measurement of VS is obviously
preferable, these correlations may turn out useful in various circumstances. The experimental results at six international
research sites suggest that the DMT predictions of VS from the parameters ID (material index), KD (horizontal stress
index), MDMT (constrained modulus) are more reliable and consistent than the CPT predictions from qc (cone resistance),
presumably because of the availability, by DMT, of the stress history index KD.
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Introduction

The paper examines the correlations to obtain rough
estimates of the shear wave velocity VS from non-seismic
dilatometer tests (DMT) and cone penetration tests (CPT).
While the direct measurement of VS is obviously
preferable, these correlations may turn out useful in
various circumstances.
As to DMT, using the seismic dilatometer (SDMT)
results obtained at 34 different sites, Marchetti et al. [1]
were able to draw a diagram (Fig. 1) — and interpolate a
correlation- providing estimates of the small strain shear
modulus G0 (hence VS) from the parameters ID (material
index), KD (horizontal stress index), MDMT (constrained
modulus) available from DMT.
As to CPT, using the seismic cone (SCPT) data several
Authors [2–7] developed relationships between the cone
resistance qc and VS. These CPT correlations are controlled
by various parameters: Geologic age (Pleistocene, Holocene, etc.), cementation, soil type, effective stress state.
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Flat dilatometer (DMT)

The Flat Dilatometer (DMT) is an in situ testing tool
Article history: Received Jun. 20, 2013; Accepted Sept. 30, 2013

developed some 30 years ago [8]. The DMT is currently
used in practically all industrialized countries. It is
standardized in the ASTM [9] and the Eurocode [10].
The DMT has been object of a detailed monograph by the
ISSMGE Technical Committee TC16 [11].
The ﬂat dilatometer consists of a steel blade having a
thin, expandable, circular steel membrane mounted on one
face. When at rest, the membrane is ﬂush with the
surrounding ﬂat surface of the blade. The blade is
connected, by an electro-pneumatic tube running through
the insertion rods, to a control unit on the surface (Fig. 1).
The control unit is equipped with pressure gauges, an
audio-visual signal, a valve for regulating gas pressure
(provided by a tank) and vent valves. The blade is
advanced into the ground using common ﬁeld equipment,
i.e., penetrometers normally used for the cone penetration
test (CPT) or drill rigs. The DMT can also be driven, e.g.,
using the SPT hammer and rods, but statical push is by far
preferable. Pushing the blade with a 20 ton penetrometer
truck is most effective (up to 80 m of proﬁle per day). The
test starts by inserting the dilatometer into the ground.
When the blade has advanced to the desired test depth, the
penetration is stopped. The operator inﬂates the membrane
and takes, in about 30 s, two readings: the A pressure,
required to just begin to move the membrane (“lift-off”
pressure), and the B pressure, required to expand the
membrane center of 1.1 mm against the soil. A third
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reading C (“closing pressure”) can also optionally be taken
by slowly deﬂating the membrane soon after B is reached.
The blade is then advanced to the next test depth, with a
depth increment of typically 20 cm.
The interpretation proceeds as follows. First the ﬁeld
readings A, B are corrected into the pressures p0, p1 that are
converted into the DMT intermediate parameters ID, KD,
ED (material index, horizontal stress index, dilatometer
modulus). Then ID, KD, ED are converted, by means of
commonly used correlations, to: constrained modulus M
(or MDMT), undrained shear strength su, coefﬁcient of earth
pressure in situ K0 (clays), overconsolidation ratio OCR
(clays), friction angle φ′ (sands), unit weight γ. Consolidation and permeability coefﬁcients may be estimated by
performing dissipation tests [11]. The C-reading, in sand,
approximately equals the equilibrium pore pressure.
More detailed information on the DMT equipment, test
procedure and all the interpretation formulae may be found
in the comprehensive report by the ISSMGE Technical
Committee TC16 [11].

Moreover, the couple of seismograms recorded by the two
receivers at a given test depth corresponds to the same
hammer blow. The repeatability of the Vs measurements is
remarkable (observed Vs repeatability & 1%, i.e., a few
m/s).

Fig. 2 Seismic Dilatometer [1]. (a) Seismic dilatometer equipment; (b) schematic layout of the seismic dilatometer test
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Fig. 1 Flat Dilatometer [11]. (a) Dilatometer blade; (b) schematic layout of the ﬂat dilatometer test
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Seismic dilatometer (SDMT)

The SDMT is the combination of the ﬂat dilatometer with
an add-on seismic module for the measurement of the shear
wave velocity [12–15].
The seismic module (Fig. 2(a)) is a cylindrical element
placed above the DMT blade, equipped with two receivers
located at 0.5 m distance. When a shear wave is generated
at surface, 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, that determines the
delay. Vs is obtained (Fig. 2(b)) as the ratio between the
difference in distance between the source and the two
receivers (S2, S1) and the delay from the ﬁrst to the second
receiver (Δt). 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.

VS from DMT

The experimental diagrams presented in Fig. 3 and Eqs. (1)
to (3) [1] have been constructed using same-depth G0,
MDMT, ID and KD, values determined by SDMT at 34
different sites, in a wide array of soil types. The majority of
the sites are in Italy, others are in Spain, Poland, Belgium
and USA.
SDMT generates plentiful data points because each
sounding routinely provides proﬁles of G0 and MDMT. Of
the over 2000 data points available, only 800 high quality
data points have been considered, relative to uniform” onemeter soil intervals where log ID, KD, ED (dilatometer
modulus), MDMT, VS all differ less than 30% from their
average- used then to plot the data points — to insure a
proper match of the data. The DMT parameters have been
calculated with the usual DMT interpretation formulae
[11].
G0 =MDMT ¼ 26:177⋅KD– 1:0066 , ID <0:6,

(1)

G0 =MDMT ¼ 15:686⋅KD– 0:921 , 0:6<ID <1:8,

(2)

G0 =MDMT ¼ 4:5613⋅KD– 0:7967 , ID > 1:8:

(3)

Considerations emerging from the diagram [15]:
— the ratio G0/MDMT varies in a wide range (& 0.5 to
20 for all soils), hence it is far from being a constant. Its
value is strongly dependent on multiple information, e.g.,
(at least) soil type and stress history. Therefore it appears
next to impossible to estimate the operative modulus
MDMT by dividing G0 by a constant, as suggested by
various Authors;
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— if only mechanical DMT data are available, Fig. 3
permits to obtain rough estimates of G0 (and VS) by use of
the three DMT parameters ID, KD, MDMT;

Many other researchers have proposed correlations
relating DMT results to G0 before [1]. A well documented
method was proposed by [18]. Other methods are
summarized by Ref. [19] and in Ref. [20]. Then Ref.
[21] found in four NC clay sites (where KD & 2) G0/ED &
7.5. They also investigated three sand sites, where they
observed that G0/ED decreases as KD increases. In
particular they found G0/ED decreasing from & 7.5 at
small KD (1.5–2) to & 2 for KD > 5. Similar trends in
sands had been observed e.g., by Refs. [22] and [23].

5

Fig. 3 Ratio G0/MDMT vs. KD for various soil types [1]

— Fig. 3 highlights the dominant inﬂuence of KD on the
ratio G0/MDMT. In case of non availability of KD, all the
experimental data points would cluster on the vertical axis.
In absence of KD — which reﬂects the stress history — the
selection of the ratio G0/MDMT would be hopelessly
uncertain. Hence as many as three information, i.e., ID, KD,
MDMT (though only two independent), are needed to
formulate rough estimates of G0 and VS. On the other hand
the poor direct correlability MDMT to G0, in absence of
additional information, was expectable. MDMT to G0 are
inherently different parameters, since at small strains the
soil tendency to dilate or contract is not active yet. Such
tendency substantially affects the operative modulus
MDMT, but does not affect G0. Said in a different way,
MDMT includes some stress history information, G0 does
not [16];
— based on the latest consideration, the use of NSPT or su
alone as a substitute of VS (when not measured) for the
seismic classiﬁcation of a site, as proposed e.g., by the
Eurocode 8 and by various national codes, does not appear
to be founded on a ﬁrm basis. In fact, if VS is assumed to be
the primary parameter for the classiﬁcation of the site, then
the possible substitute of VS must be reasonably correlated
to VS. If three parameters (ID, KD, MDMT) are barely
sufﬁcient to obtain rough estimates of VS, then the
possibility to estimate VS from only one parameter appears
remote.
Reference [17] shows some comparisons (Fig. 4) between
the proﬁles of VS measured directly by SDMT (solid line)
and VS estimated from mechanical DMT data (dashed line)
obtained in the same SDMT test, using the correlations (1)–
(3), at six sites in the area of L'Aquila where SDMTs were
performed. The two VS proﬁles (measured and estimated)
are in good agreement at each site.
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VS from CPT

A concern when estimating VS from qc is that the ﬁrst is a
small strain measurement, while the latter is a large strain
measurement. The factors controlling behavior at small
and large strains may not be exactly the same [5].
Reference [24] demonstrated that VS in sands is controlled
by the number and area of grain-to-grain contacts, which in
turn depend on relative density, effective stress state,
rearrangement of particles with age and cementation.
Penetration resistance in sands is also controlled by relative
density, effective stress state and to a lesser degree by age
and cementation. Thus, although strong relationships
between VS and penetration resistance exist, some
variability should be expected due to age and cementation.
Relationships between qc and VS (or G0) have been
investigated since the early 1980s. These investigations
have shown that cone tip resistance, cone sleeve friction,
conﬁning stress, depth, soil type, and geologic age are
factors inﬂuencing the relationship. One limitation of the
previous relationships is that most of them were developed
for either sands or clays, with no intermediate range of soil
types. Also, most of the previous relationships are for
relatively young deposits [5]. In this respect, the paper
refers to different equations that estimate VS (or G0) from
qc (or qt, corrected cone tip resistance).
Reference [2] considers all deposits ranging predominantly from Holocene to Pleistocene age and mostly
uncemented:
VS ¼ ½αVS ðqt – v Þ=Pa 0:5 ,

(4)

αVS ¼ 10ð0:55Ic þ1:68Þ ,

(5)

where σv is the total vertical stress, Pa is the atmospheric
pressure, Ic is the soil behavior type index.
Reference [3] accommodates all types of soils:


fs
1:67
VS ¼ ½10:1log ðqt Þ – 11:4 ⋅ ⋅100 ,
(6)
qt
where fs is the sleeve friction;
Reference [4] refers to sand, silt and silty clay of Venice
Lagoon:
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Fig. 4 Comparison of proﬁles of VS measured by SDMT and estimated from DMT data at six sites in the area of L'Aquila [17]

G0 ¼ 49:2⋅q0:51
c :

(See original references for measurement units in Eqs. (4)
to (14)).

overconservatism of the predictions, as recalled by Ref.
[25] in a compilation of cases in the literature.
As noted by by Ref. [26,27], the CPT cone appears to
destroy a large part of the modiﬁcation of soil structure
caused by the overconsolidation and it therefore measures
very little of the related increase in modulus. In contrast the
lower strain penetration of the DMT wedge preserves more
of the effect of overconsolidation.
Using the large calibration chamber Ref. [28], showed
that KD is much more sensitive to cyclic prestraining than
the penetration resistance qD of the DMT blade, and
presumably of the cone penetration resistance.
Reference [29] recently performed an extensive series of
comparative CPT and DMT in the calibration chamber that
proved the overconsolidation (OCR = 2–8) increased the
normalized qc by a factor 1.10 to 1.15, while KD by a factor
1.30 to 2.50.
Reference [30] also conﬁrmed KD is considerably more
sensitive than qt to stress history. At Treporti (Venice, Italy)
SDMT and CPTU soundings performed before embankment application and postremoval highlighted that the
overconsolidation effect is reﬂected to a maximum degree
by MDMT, that essentially increased thanks to KD, and to a
medium degree by qt.
As stated by Ref. [25], some of the reasons of the higher
sensitivity of KD to stress history are related to the effects
of one-dimensional overconsolidation (more stable grain
structure and increment of the horizontal effective stress
σ'h).

6 Sensitivity of DMT and CPT to stress
history

7 Comparisons of VS measured/estimated
from DMT and CPT

Numerous researchers have found that DMT is considerably more sensitive than CPT to stress history, including
aging. In particular the horizontal stress index KD by DMT,
is increasingly recognized as a sensitive stress history
indicator, for possibly enhancing accuracy and reducing

The following paragraphs compare the proﬁles of VS
measured- by seismic dilatometer test (SDMT) or seismic
cone penetration test (SCPT) — and VS estimated from
mechanical DMT and CPT data at six research test sites
(Treporti, Moss Landing, Perth CBD, East Perth, Shenton

(7)

Reference [5] introduces two equations, one for
Holocene soils (8) and one for Pleistocene soils (9):
Vs ¼ 2:27⋅q0:412
⋅Ic0:989 ⋅D0:033 ⋅ASF,
t

(8)

Vs ¼ 2:62⋅q0:395
⋅Ic0:912 ⋅D0:124 ⋅SF,
t

(9)

where D is depth below the ground surface, ASF is an age
scaling factor equal to 1.00, SF is a scaling factor equal to
1.12;
Reference [6] relates equations to Holocene cohesive
soils (10), Holocene incoherent soils (11), Pleistocene
cohesive soils (12), Pleistocene incoherent soils (13):
– 0:13
VS ¼ 140⋅q0:30
,
c ⋅fs

(10)

0:02
Vs ¼ 268⋅q0:21
,
c ⋅fs

(11)

– 0:02
,
VS ¼ 182⋅q0:33
c ⋅fs

(12)

– 0:05
Vs ¼ 172⋅q0:35
:
c ⋅fs

(13)

Reference [7] concerns only very soft clay:
G0 ¼ 28:0⋅q1:40
c :

(14)
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Park, Margaret River). Some of these results are shown in
Ref. [31].
7.1

Treporti, Venice (Italy)

At the site of Treporti, Venice (Italy) a full-scale verticallywalled cylindrical test embankment (40 m diameter, 6.7 m
height, applied load 106 kPa) was constructed and
continuously monitored, from the beginning of its
construction until complete removal (four years later)
toward pore water pressures, surface settlements, horizontal and vertical displacements with depth [32]. The Treporti
test site was extensively investigated by means of piezocone tests [33], ﬂat dilatometer tests [34], seismic piezocone tests and seismic dilatometer tests [35], continuous
coring boreholes and high quality laboratory tests [36].
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The deposits are of Pleistocene age in the upper 10-15 m
and of Holocene age at lower depth and consist of alternate
layers of silty sand, sandy silt, clayey silt and silty clay.
Signiﬁcant results of the research program at Treporti have
already been published by various research groups [30].
DMT/SDMT and CPTU/SCPTU proﬁles (material
index ID, constrained modulus MDMT, horizontal stress
index KD, corrected cone resistance qt, sleeve friction fs,
shear wave velocity VS) obtained at different locations of
the embankment before construction and after removal, as
shown in Fig. 5, have been combined using DMT
correlations (1), (2), (3) and CPT Eqs. (4), (6)–(13). Figure
6 compare the proﬁles of VS measured — by ﬂat
dilatometer test (DMT) or cone penetration test
(SCPTU) — and VS estimated from mechanical DMT and
CPT data at Treporti test site.

Fig. 5 DMT/SDMT and CPTU/SCPTU proﬁles at Treporti–Venice Lagoon (Italy) — Before construction and after removal

Fig. 6 Comparison of VS measured by SCPT and estimated from CPT and DMT data at Treporti–Venice Lagoon (Italy) — Before
construction and after removal
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Moss Landing, California (USA)

Moss Landing (California, USA) is a Holocene site
composed of alluvial sand over stiff clay [37].
SDMT and SCPTU proﬁles (ID, MDMT, KD, qt, fs, VS)
obtained at two different locations, as shown in Fig. 7,
have been combined using DMT correlations (1), (2), (3)
and CPT Eqs. (4), (6), (8)–(13). Figure 8 compare the
proﬁles of VS measured — by DMT or CPT — and VS
estimated from mechanical DMT and CPT data at Moss
Landing test site.
7.3

East Perth (Western Australia)

East Perth is a research site, studied by the University of
Western Australia since 1989 [38]. It is a Holocene soft
clayey site, located along the banks of the Swan River
close to the center of Perth (Western Australia).
During 2010 a pair SDMT-CPT was performed [39] and
the geotechnical proﬁles (ID, MDMT, KD, qt, fs, VS), as
shown in Fig. 9, have been combined using DMT
correlations (1)–(3) and CPT Eqs. (8)–(14). Figure 10
compare the proﬁles of VS measured — by DMT or CPT —
and VS estimated from mechanical DMT and CPT data at
East Perth test site.
7.4

Shenton Park (Western Australia)

Shenton Park, as well as East Perth, is a research site,
studied by the University of Western Australia since 2006
[39–42]. It is a Holocene Pleistocene calcareous sandy site,
located about 3–4 km from the west coast and close to the
center of Perth (Western Australia).
Many DMT/SDMT and CPT/SCPTU tests were carried
out [39–41] and the representative geotechnical proﬁles of
these siliceous dune sands (ID, MDMT, KD, qt, fs, VS), as
shown in Fig. 11, have been combined using DMT
correlations (1), (2), (3) and CPT Eqs. (4), (8)–(13). Figure

10 compare the proﬁles of VS measured — by DMT or
CPT — and VS estimated from mechanical DMT and CPT
data at Shenton Park test site.
7.5

Margaret River (Western Australia)

Margaret River is a Pleistocene silty and clayey site,
located about 300 km South of Perth (Western Australia).
During 2010 several in situ and laboratory tests were
performed [39] and a SDMT–CPTU pair, as example, has
been plotted in Fig. 12. DMT correlations (1), (2), (3) and
CPT Eqs. (4), (6), (8)–(13) have been introduced to
compare the proﬁles of VS measured — by DMT or CPT
— and VS estimated from mechanical DMT and CPT data
at Margaret River test site (Fig. 13).
7.6

Perth CBD (Western Australia)

Perth CBD is a Pleistocene sandy and clayey site, located
in the center of Perth (Western Australia).
DMT and CPT/SCPTU tests were carried out [43,44]
and the representative geotechnical proﬁles of the top dune
sands and bottom alluvial deposits (ID, MDMT, KD, qt, fs,
VS), as shown in Fig. 14, have been combined using DMT
correlations (1), (2), (3) and CPT Eqs. (4), (8)–(13). Figure
13 compare the proﬁles of VS measured — by DMT or
CPT — and VS estimated from mechanical DMT and CPT
data at Perth CBD test site.
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Conclusions

The comparisons predicted vs. measured VS proﬁles, at the
six investigated research sites, suggest that the DMT
predictions of VS are more reliable and consistent than the
CPT predictions.
This is probably due to the fact that the evaluation of VS
from DMT includes the horizontal stress index KD that is

Fig. 7 SDMT and SCPTU proﬁles at Moss Landing — California (USA)
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Fig. 8 Comparison of VS measured by SDMT or SCPT and
estimated from CPT and DMT data at Moss Landing — California
(USA)

Fig. 9

Fig. 11

Fig. 10 Comparison of VS measured by SDMT or SCPT and
estimated from CPT and DMT data at East Perth (a) and Shenton
Park (Western Australia) (b)

SDMT and CPT proﬁles at East Perth (Western Australia)

DMT and SCPTU proﬁles at Shenton Park (Western Australia)
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Fig. 12

SDMT and CPTU proﬁles at Margaret River (Western Australia)

Fig. 13 Comparison of VS measured by SDMT or SCPT and estimated from CPT and DMT data at Margaret River (a) and Perth CBD (Western
Australia) (b)

Fig. 14 DMT and SCPTU proﬁles at Perth CBD (Western Australia)
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noticeably reactive to stress history, prestraining/aging and
structure, scarcely detected by qc from CPT [25]. As it clearly
appears from Fig. 3, the ratio G0/MDMT is strongly dependent
on (at least) both soil type and stress history. Hence using
only one parameter to estimate VS (or G0) may be the reason
of the higher uncertainty of the CPT predictions.
In addition, the CPT predicted VS are subjected to the
additional uncertainty arising from the selection of which
one of the numerous existing correlations is adopted, the
choice of the correlation depending on geological age,
cementation, soil type, effective stress state.

13.

14.

15.

References
16.
1. Marchetti S, Monaco P, Totani G, Marchetti D. In Situ Tests by
Seismic Dilatometer (SDMT). In: Proceedings of the From Research
to Practice in Geotechnical Engineering, ASCE Geotech. Spec.
Publ. No. 180 (honoring J.H. Schmertmann), 2008, 292–311
2. Robertson P K. Interpretation of in-situ tests-some insights. Mitchell
Lecture. In: Proceedings of the 4th International Conference on
Geotechnical and Geophysical Site Characterization (ISC’4). Porto
de Galinhas, Pernambuco, Brazil, September, 2012
3. Hegazy Y A, Mayne P W. Statistical correlations between Vs and
CPT data for different soil types. In: Proceedings of the Symposium
on Cone Penetration Testing (CPT’95). Swedish Geotechnical
Society Linköping, 1995, 2: 173–178.
4. Simonini P, Cola S. On the use of the piezocone to predict the
maximum stiffness of Venetian soils. Journal of Geotechnical and
Geoenvironmental Engineering, 2000, 126(4): 378–382
5. Andrus R D, Mohanan N P, Piratheepan P, Ellis B S, Holzer T L.
Predicting shear-wave velocity from cone penetration resistance. In:
Proceedings of the 4th International Conference on Earthquake
Geotechnical Engineering. Thessaloniki, Greece, 2007
6. Madiai C, Simoni G. Shear wave velocity-penetration resistance
correlation for Holocene and Pleistocene soils of an area in central
Italy. In: Viana da Fonseca A and Mayne P W, eds. Ge-otechnical
and Geophysical Site Characterization. Proceedings of the 2nd
International Conference on Site Characterization. Porto, 2004
7. Bouckovalas G, Kalteziotis N, Sabatakakis N, Zervogiannis H.
Shear wave velocity in a very soft clay-measurements and
correlations. In: Proceedings of the 12th International Conference
Soil Mechanics Foundation Engineering (ICSMFE). Rio de Janeiro,
Brazil, 1989,191–194.
8. Marchetti S. In Situ Tests by Flat Dilatometer. Jnl GED, ASCE,
1980, 106, GT3: 299–321.
9. ASTM D6635–01 (2001, 2007). Standard Test Method for
Performing the Flat Plate Dilatometer. Book of Standards, 14
10. Eurocode 7 (1997 & 2007). Geotechnical Design Part 2: Ground
Investigation and Testing. EN 1997–2: 2007
11. Marchetti S, Monaco P, Totani G, Calabrese M. The ﬂat dilatometer
test (DMT) in soil investigations. A Report by the ISSMGE
Committee TC16. May 2001, 41. Reprinted in Proceedings of the
2nd International Conference on the Flat Dilatometer, Washington D
C, 2006, 7–48
12. Hepton P.Shear wave velocity measurements during penetration

17.

18.
19.

20.

21.
22.

23.

24.

25.

26.

27.
28.

29.

9

testing. In: Proceedings of the Penetration Testing in the UK. ICE,
1988, 275–278
Martin G K, Mayne P W. Seismic ﬂat dilatometer in Piedmont
residual soils. In: Proceedings of the 1st International Conference on
Site Characterization (ISC’98). Atlanta, 1988, 2: 837–843
Mayne P W, Schneider J A, Martin G K. Small- and large-strain soil
properties from seismic ﬂat dilatometer tests. In: Proceedings of the
2nd International Symposium on Pre-Failure Deformation Characteristics of Geomaterials. Torino, 1999, 1: 419–427
Monaco P, Marchetti S, Totani G, Marchetti D. Interrelationship
between small strain modulus G0 and operative modulus. In:
Proceedings of the International Conference on Performance-Based
Design in Earthquake Geotechnical Engineering (IS-Tokyo 2009).
Tsukuba, Japan, 2009, 1315–1323
Powell J J M, Butcher A P. Small strain stiffness assessments from
in situ tests. In: Proceedings of the 2nd International Conference on
Geotechnical Site Characterization (ISC’2). Porto, Portugal, 2004,
2: 1717–1722
Monaco P, Totani G, Amoroso S, Totani F, Marchetti D. Site
characterization by seismic dilatometer (SDMT) in the city of
L’Aquila. Rivista Italiana di Geotecnica. Anno XLVIII, 2013, (3) (in
press)
Hryciw R D. Small-strain-shear modulus of soil by dilatometer.
ASCE Jnl GE, 1990, 116(11): 1700–1716
Lunne T, Lacasse S, Rad N S. State of the art report on in situ testing
of soils. In: Proceedings of the XII ICSMFE, Rio de Janeiro, 1989,
4: 2339–2403
US DOT- Briaud J L,Miran J. The Flat Dilatometer Test. Departm of
Transportation–Fed Highway Administr, Washington, D C, Publ
No. FHWA-SA-91–044, Feb, 1992, 102
Tanaka H, Tanaka M. Characterization of sandy soils using CPT and
DMT. Soils and Foundations. 1998, 38(3): 55–65
Sully J P, Campanella R G. Correlation of maximum shear modulus
with DMT test results in sand. In: Proceedings of the XII ICSMFE.
Rio de Janeiro, 1989, 1, 339–343.
Baldi G, Bellotti R, Ghionna V, Jamiolkowski M, Lo Presti D C F.
Modulus of sands from CPT's and DMT's. In: Proceedings of the
XII ICSMFE. Rio de Janeiro, 1989 , 1: 165–170.
Schneider J A, McGillivray A V, Mayne P W. Evaluation of SCPTU
intra-correlations at sand sites in the Lower Mississippi River valley,
USA. In: Proceedings of the 2nd International Conference on
Geotechnical Site Characterization (ISC’2). Porto, Portugal, 2004,
1: 1003–1010
Marchetti S. Sensitivity of CPT and DMT to stress history and aging
in sands for liquefaction assessment. In: Proceedings of the CPT
2010 International Symposium Huntington Beach. California, 2010
Schmertmann J H. (1984). Comparing DMT with CPT in NC/OC
Sand Bucket Tests. DMT Digest No. 4. GPE Inc, Gainesville, Fl,
USA, 1984
Baligh M M, Scott R F. Quasi static deep penetration in clays.
ASCE Jnl GE, 1975, 101(No. GT11): 1119–1133
Jamiolkowski M, Lo Presti D C F. DMT research in sand. What can
be learned from calibration chamber tests. In: Proceedings of the 1st
International Conference on Site Characterization (ISC’98). Atlanta,
Oral presentation, 1998
Lee M, Choi S, Kim M, Lee W. Effect of stress history on CPT and

10

30.

31.

32.

33.

34.

35.

Front. Struct. Civ. Eng.

DMT results in sand. J Engineering Geology, 2011, 117(3-4): 259–
265
Monaco P, Amoroso S, Marchetti S, Marchetti D, Totani G, Cola S,
Simonini P. Overconsolidation and stiffness of venice lagoon sands
and silts from SDMT and CPTU. Journal of Geotechnical and
Geoenvironmental Engineering, May 14 online publishing, 2013
Amoroso S. Prediction of the shear wave velocity Vs from CPT and
DMT. In: Cui Y J, eds. Proceedings of the 5th International Young
Geotechnical Engineers’ Conference–5th iYGEC 2013. The authors
and IOS Press, 2013
Simonini P. Characterization of the Venice lagoon silts from in-situ
tests and the performance of a test embank-ment. In: Viana da
Fonseca A, Mayne P W, eds. Ge-otechnical and Geophysical Site
Characterization, Proceedings of the 2nd International Conference
on Site Characterization. Porto, Rotterdam: Millpress, 2004, 1: 187–
207
Gottardi G, Tonni L. A comparative study of piezo-cone tests on the
silty soils of the Venice lagoon (Treporti Test Site). In: Viana da
Fonseca A, Mayne P W, eds. Ge-otechnical and Geophysical Site
Characterization, Proceedings of the 2nd International Conference
on Site Characterization. Porto, Rotterdam: Millpress, 2004, 2:
1643–1649
Marchetti S, Monaco P, Calabrese M, Totani G. DMT-predicted vs
measured settlements under a full-scale instrumented embankment
at Treporti (Venice, Italy). In: Viana da Fonseca A, Mayne P W, eds.
Ge-otechnical and Geophysical Site Characterization, Proceedings
of the 2nd International Conference on Site Characterization. Porto,
Rotterdam: Millpress, 2004, 2: 1511–1518.
McGillivray A, Mayne P W. Seismic piezocone and seismic ﬂat
dilatometer tests at Treporti. In: Viana da Fonseca A, Mayne P W,
eds. Ge-otechnical and Geophysical Site Characterization, Proceedings of the 2nd International Conference on Site Characterization.

Porto, Rotterdam: Millpress, 2004, 2: 1695–1700
36. Simonini P, Ricceri G, Cola S. Geotechnical char-acterization and
properties of the Venice lagoon hetero-geneus silts. In: Proceedings
of the 2nd International Workshop on Characterization and
Engineering Properties of Natural Soils. Singapore, London: Taylor
& Francis, 2006, 4: 2289–2328.
37. Robertson P K. CPT-DMT correlations. Journal of Geotechnical and
Geoenvironmental Engineering, 2009, 135(11): 1762–1771
38. Boylan N, Randolph M F, Low H E. Enahncement of the ball
penetrometer test with pore pressure measurements. ISFOG 2010,
Perth, Western Australia, 2010
39. Amoroso S. G–γ decay curves by seismic dilatometer (SDMT).
Dissertation for the Doctoral Degree, L’Aquila: University of
L’Aquila, 2011
40. Schneider J A, Fahey M, Lehane B M. Characterization of an unsaturated sand deposit by in situ testing. In: Proceedings of the 3rd
International Conference on Site Characterization– ISC’3. 2008,
633–638
41. Lehane B M, Fahey M. (2004). Using SCPT and DMT data for
settlement prediction in sand. In: Viana da Fonseca A, Mayne P W,
eds. Ge-otechnical and Geophysical Site Characterization, Proceedings of the 2nd International Conference on Site Characterization.
Porto, Rotterdam: Millpress, 2004, 2: 1673–1679
42. Fahey M, Schneider J A, Lehane B M. Self-boring pressuremeter
testing in Spearwood dune sands. Australian Geomechanics J, 2007,
42(4): 57–71
43. Lehane B M, Mathew G, Stewart D. A laboratory investigation of
the upper horizons of the Perth/Guildford formation in Perth CBD.
Australian Geomechanics Journal, 2007, 42(3): 87–100
44. Fahey M, Lehane B M, Stewart D. Soil stiffness for shallow foundation design in the Perth CBD. Australian Geomechanics J, 2003,
38(3): 61–90

