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ABSTRACT: The Seismic Dilatometer (SDMT) test has been increasingly used for stratigraphical logging and for defining geo-
mechanical parameters required for geotechnical design; however there are few examples of using it on site characterization of 
unusual geomaterials. This paper presents and discusses the use of SDMT for site characterization of typical unsaturated tropical soil 
profile from Brazil. The results showed that the SDMT was appropriate for detailed stratigraphic logging and estimative of 
geotechnical parameters. The Go/MDMT and Go/ED ratios were used to identify unusual soil behavior. The seasonal variability on 
SDMT data was also discussed, and it should be considered for proper site characterization of unsaturated soils. 

RÉSUMÉ: L’essai du Dilatomètre Sismique (SDMT) devient de plus en plus employé pour l'enregistrement stratigraphique et pour la 
définition des paramètres géo-mécaniques requis pour la conception géotechnique, par contre il existe peu d'exemples de son utilisation 
pour la caractérisation des sols non conventionnels. Cet article présente et discute l'utilisation du SDMT pour la caractérisation des sols 
tropicaux insaturés typiques du Brésil. Les résultats ont montré que le SDMT était approprié pour l'enregistrement stratigraphique détaillé 
et l'estimation des paramètres géotechniques. Les relations Go/MDMT and Go/ED ont été utilisées pour identifier le comportement non 
conventionnel du sol. La variabilité saisonnière des données SDMT a également été discutée, et doit être considérée pour la 
caractérisation appropriée des sols non saturés. 
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1  INTRODUCTION 

The design of geotechnical projects require an appropriate 
knowledge of the geotechnical parameters of the soils. The 
identification and classification the soil layers, as well as the 
estimative of the geotechnical parameters should be properly 
performed and they can be obtained by laboratory and/or in situ. 

Combined techniques, so-called hybrids tests, have been 
suggested as an approach to meet all the needs of a proper 
geotechnical site characterization and the Seismic Dilatometer 
(SDMT) test has been highlighted. Besides the definition of 
stratigraphical profile and the estimative of geo-mechanical 
parameters it is possible to determine the maximum shear 
modulus (Go) from the shear wave velocity (Vs) measurement. 

This paper presents and discusses the use of SDMT for site 
characterization of typical unsaturated tropical soil profile from 
Brazil. It also evaluates the seasonal site variability at the 
studied site since SDMT tests were performed in two different 
weather conditions (wet and dry seasons). It was showed that in 
situ test data in unsaturated soils should be interpreted taking 
into account the influence of soil suction, due to the interference 
of it in the estimative of geotechnical parameters as well as its 
application on geotechnical design, for example in settlements 
of shallow foundations prediction. 

2  UNSATURATED SOILS 

Although the water content and soil suction are recognized to 
vary seasonally during the year, geotechnical projects are 
usually based on short-term in situ investigations (Blight, 2003). 
In general, the geomechanical behavior of soils above the 
groundwater are dependent on the transfer of water and energy 
between the atmosphere and the soil (Cui, et al., 2007). 

Tropical soils are unusual geomaterials dominated by the 
structure formed by weathering process. Because of their high 
permeability and climatic conditions in which they are formed, 
tropical soils are frequently unsaturated. These unusual 
geomaterials have a cohesive-frictional behavior, where factors 
such as unsaturated conditions, macro and microstructure, 
cementation, nonlinearity of stiffness and genesis show greater 

influence on their behavior than the stress history (Vaughan et 
al., 1988). 

3  THE SEISMIC DILATOMETER TEST (SDMT)  

3.1  The Test 

The seismic dilatometer (SDMT) is a combination of the 
Marchetti dilatometer (DMT) with a seismic module. It consists 
of a cylindrical element installed above the DMT blade, 
equipped with two 0.5 m spaced geophones. The SDMT allows 
obtaining material index (ID), horizontal stress index (KD), 
dilatometer Modulus (ED) and the shear wave velocity (Vs) in 
the same test. Figure 1 shows the equipment for performing the 
test and the schematic representation of the SDMT. From Vs the 
maximum shear modulus (Go) can be determined using the 
theory of elasticity. 

 
Figure 1: SDMT equipment and schematic layout (Marchetti el al., 
2008). 

3.2  Go/MDMT vs KD and Go/ED vs ID ratios 

Several studies have demonstrate that the Go together with SPT, 
CPT or DMT data (Go/N60, Go/qc, Go/MDMT and Go/ED ratios) is 
an interesting approach to evaluated the presence of unusual 
geomaterials (Schnaid et al. 2004 and Cruz et al. 2012), such as 
the unsaturated tropical soils. These relationships allow 
evaluating the peculiar behavior of these soils (e.g. aging and 
cementation).  

These relationships provide a measure of the ratio between 
elastic stiffness modulus and stress-strain-strength parameter, 
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 which usually is expected to be higher in overconsolidated and 
cemented than remolded or normally consolidated soils, 
because these effects (stress history and cementation) are more 
pronounced in the Go than on qc, MDMT and ED. 

Cruz et al. (2012) interpreted DMT data obtained in both 
residual and sedimentary soils, as well as laboratory data 
(artificially cemented samples in triaxial testing and CemSoil 
box) and suggested two charts and their boundaries to identify 
cemented structures in residual soils. The author used the Go/ED 
vs ID and Go/MDMT vs KD charts presented on Figure 2. 

 

 
Figure 2: a) Go/ED vs ID and b) Go/MDMT vs KD plots (Cruz et al. 2012). 

4  STUDIED SITE 

The tests were performed at the Unesp testing site located in 
southeast Brazil, at the São Paulo State. The Unesp site is a 
colluvial Neo-Cenozoic deposit up to 13 m depth followed by a 
residual soil formed in the Quaternary period, between the last 
20,000 and 12,000 years in the Holocene epoch (De Mio, 2005). 
These soils suffered a pedogenetic and morphogenetic process 
typically of tropical zones, which resulted in a partly saturated, 
high permeability, cohesive-friccional behavior and bounded 
deposits. 

Geotechnical characterization of this site was previously 
performed by in situ (SPT, SDMT, SCPT and cross-hole) and 
laboratory tests (direct shear, triaxial and characterization tests). 
SPT samples revealed that the subsoil is a red clayey fine sand 
where the top 13 m has lateritic soil behavior (LA’) overlaying 
a soil of non-lateritic behavior (NG’) derived from weathering 
of sandstone rock. The MCT Classification System for tropical 
soils was used to define and classify the soils about its lateritic 
behavior. 

Changing on soil suction throughout the year at the studied 
site affect the mechanical behavior of the soil (Fernandes, 2016). 
So, it is important to evaluate the influence of unsaturated 
condition on soil behavior and the soil water characteristic 
curve (SWCC) is an important information in the site 
characterization of unsaturated soils. The curves presented in 
Figure 3 were obtained for the soil samples collected at 1.5, 3.0 
and 5.0 m depth by the drying method for the studied site. 

Rocha et al. (2016) presented in Figure 4 the water content 
profiles for the study site in the dry and in the wet season which 
a greater variation up to around 4 m depth due to the active 

interactions with the atmosphere. These authors discussed the 
influence of soil suction in qc and fs profiles, with a higher qc 
and fs values in the dry season up to around 4.0 m depth. 

 
Figure 3: Soil water characteristic curve (drying method) for 1.5, 3.0 
and 5.0 depth (Fernandes, 2016). 
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Figure 4: CPT data and water content profiles measured in a dry and in 
a wet season at the studied site (adapted from Rocha et al., 2016). 

5  SITE CHARACTERIZATION BY SEISMIC DMT 

5.1  Test data 

Two DMT campaigns were carried out at the site, one in 
2014/Nov (dry season) and another in 2016/April (wet season). 
One DMT and one SDMT were carried out in each campaign. 
Figure 5 and Figure 6 shows the test data for the dry and the 
wet seasons, respectively. 

Figure 7 presents the water content (w) profiles for each 
season and there is a significant difference on it. This figure 
also shows the average DMT profiles in terms of ID, KD, ED for 
both seasons. Marchetti (1980) affirms that normally 
consolidated soils have KD values around 2. This index 
increases with overconsolidation, which can be caused by 
cementation and/or suction. The KD profiles indicate 
overconsolidation up to around 5.0 m depth in the dry season 
and up to around 2.0 m depth in the wet season (Figure 7). The 
SWCCs from the study site (Figure 3) indicated that the 
overconsolidation can be caused by soil suction since the water 
content values lower than 6 to 7% are located at the end of the 
macrostructure desaturation zone. In this part of the curve, a 
slight variation w can cause large variation of soil suction. 

5.2  Geotechnical parameters 

Strength and stiffness parameters are essential information for 
geotechnical design. The estimative of geotechnical parameters 

- 600 -



  Technical Committee 102 / Comité technique 102 

  was performed through the average DMT data for the two DMT 
campaigns, aiming to assess the seasonal variability in soil 
behavior prediction.  

Figure 7 shows the average profile of ID, KD, ED, friction 
angle () and constrained modulus (MDMT) from the tests 
conducted in both season up to 10 m depth. The moisture 
content profiles are also presented in this figure for the two 
campaigns to show the influence of the unsaturated condition 
on the parameters estimative. The estimated values were 
compared with reference values determined from triaxial and 
direct shear tests (Giacheti et al., 2006; Fagundes & Rodrigues, 
2015), and oedometer tests (Saab, 2016). 
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Figure 5: DMT and SDMT data carried out in a dry season (2014/Nov) 
(adapted from Rocha et al., 2015). 
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Figure 6: DMT and SDMT data carried out in a wet season (2016/April). 
 

The reference  angles were determined by direct shear tests 
(Giacheti et al., 2006) and they ranged from 30.1º at 1 m depth 
to 32.5º to 10 m depth, with an average value of 32.3º. 
Reference  angles were also determined at 1.5, 3.0 and 5.0 m 
depth by triaxial tests with suction control by Fernandes (2016). 
The average  angle was equal to 30.6° in the saturated 
condition and this parameter was not much affected by depth 
and soil suction as show in Figure 7. The cohesion intercept (c) 
was equal to zero at 1.5 m depth for the saturated condition and 
it increases with both depth and soil suction as show in Table 1. 

The reference constrained modulus (Moed) was determined in 
laboratory on undisturbed soil samples by oedometer tests every 
meter interval up to 5 m depth by Saab (2016) and they are 
presented on Figure 7. It was observed that the Moed values tend 
to increase with depth and with soil suction to all test depths. 

 
Table 1: Cohesion intercept (c) values for different depths and soil 
suctions determined by triaxial tests. 

Depth (m) 
Soil suction (kPa) 

0 50 200 400 
1.5 0.0 3.0 11.0 16.0 
3.0 1.2 6.5 13.4 21.5 
5.0 5.3 10.3 24.2 28.7 
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Figure 7: Estimated parameters from DMT tests carried out in different 
seasons. 
 

It can be observed on Figure 7 that the  angle estimated by 
DMT carried out in the dry season is equivalent to the reference 
values (direct shear and triaxial tests) below 5 m depth; 
however, the estimated values up to 5 m depth were much 
higher than the reference values. The estimated  angles by the 
DMT tests carried out at the wet season were also equivalent to 
the reference values below 2 m depth. Just the values estimated 
above 2 m depth were higher than the ones determined by the 
direct shear and triaxial tests. It is an indicative of the influence 
of soil suction and the cohesive-frictional behavior of the 
studied soil. Considering the approach for obtaining the 
strength parameters in sandy soils by DMT test only considers 
the  angle, the increase of the cohesion intercept (c) due to the 
soil suction is represented by an increase in  values. It can 
justify the high estimated  values above 5 m depth for the dry 
season and above 2 m depth in the wet season. 

5.3  Go/MDMT vs KD and Go/ED vs ID ratios 

Figure 8 shows the Go/ED vs ID and Go/MDMT vs KD charts 
suggested by Cruz et al. (2012) for the average values of Go, ID, 
KD, ED and MDMT for both SDMT campaigns carried out at the 
studied site. All the test data are plotted above the line which 
separates the DMT sedimentary international database and 
nearby to the cemented structures of the residual soils. It 
indicates that the bonded structure of the unsaturated tropical 
sandy soil produces Go/ED as well as Go/MDMT that are 
systematically higher than those measured in sedimentary soils. 
Moreover, it is interesting to note that Go/ED vs ID and Go/MDMT 

vs KD charts are affected by soil suction. As a result, these 
charts should be interpreted considering the soil suction 
influence. In this case, the water content profile and the SWCC 
curves are very useful information for it. 
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 6  SETTLEMENT PREDICTION 

Monaco et al. (2006) presented an extensive database, which 
demonstrates that the DMT is a useful tool for settlement 
prediction. These authors showed that the mean ratio between 
estimated and measured settlements is approximately 1.3. In 
this paper, the predicted settlements by DMT carried out in both 
the dry and the wet season are compared to measured 
settlements by in situ plate load tests carried out in the studied 
site by Agnelli (1997) at 1.0, 2.0, 3.0 and 4.0 m depth. 
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Figure 8: SDMT data plotted on: (a) Go/ED vs ID and (b) Go/MDMT vs KD 
chart for the studied site (adapted from Cruz et al. 2012). 

 
According to Terzaghi & Peck (1967), the stress for shallow 

foundations of commercial and residential buildings in sandy 
soils should not cause an allowable settlement higher than 25 
mm. This criterion was used for defining the applied stress on 
the plate load tests carried out at the studied site. The DMT-
predicted settlement values (DMT) and the ratio between 
estimated and measured settlements (MEAS/DMT) are summarized 
in Table 2. 
 
Table 2: Predicted and measured settlements at the studied site. 

Depth 
(m) 

DMT (mm) 
dry season 

MEAS/DMT

dry season
DMT (mm) 
wet season 

MEAS/DMT

wet season
1.0 2.3 10.9 8.8 2.9 
2.0 4.0 6.3 18.2 1.4 
3.0 9.0 2.8 21.9 1.1 
4.0 21.0 1.2 24.2 1.0 

 

It can be observed in Table 2 that the predicted settlement from 
DMT carried out at the dry season was satisfactory just for the 
load plate support elevation of 4 m (MEAS/DMT = 1.2). In the 
other hand, the DMT-prediction was satisfactory for all the load 
plate elevation bellow 2 m depth for the wet season. This 
behavior can also be associated to the influence of soil suction, 
which affects po and p1 and, consequently, MDMT, as can be seen 
in Figure 7. 

7  CONCLUSION 

 The estimated geotechnical parameters ( and MDMT) based 
on the DMT carried out in the dry season worked well for 

the soil below 5.0 m depth. This estimative also worked 
well below 2.0 m depth for the DMT carried out in the wet 
season. The observed differences are caused by the 
influence of soil suction on the studied site; 

 The soil from the studied site has an unusual behavior 
according Cruz et al. (2012) charts. The structure of 
unsaturated tropical sandy soils produced Go/ED and 
Go/MDMT, which are systematically higher than those 
measured in sedimentary soils; 

 Soil suction should be considered to assess seasonal 
variability in the in situ site characterization of unsaturated 
tropical soils, since it can significantly affect soil behavior. 
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