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1 INTRODUCTION 

The Ménard pressuremeter prototype was developed 
by Ménard on 1955 to determine stress-strain soil 
parameters, and is composed by three overlaid 
chambers, one for measurements, and two safe cells, 
one inferior and the other superior, which protect the 
central chamber from the effects caused by the finite 
length of the equipment, by confining and inducing 
it to expand only in radial direction. 

The interpretation of pressure x volume curves 
from the tests allows the acquisition of a deformabil-
ity characteristic and a strength characteristic of the 
soil under test, known as pressiometer modulus and 
limit pressure, respectively.  Moreover, other soil pa-
rameters, such as cyclic modulus and shear modulus,
creep pressure and horizontal stress, can also be ob-
tained. 

However, those parameters do not correspond to 
the soil inherent mechanical characteristics as they 
rely not only on the material type as well as on the 
equipment type used, on the way the test hole is dug 
and on the operator experience. 

Currently, the Ménard pressuremeter is recog-
nized and used as a routine tool on geotechnical in-
vestigation, being particularly useful on the determi-
nation of stress-strain behavior of in situ soils 
(Schnaid, 2000). 

This manuscript presents the results of an in situ 
testing campaign performed on gneiss residual soils 
from Southeast Brazil. 

2 MATERIALS AND METHODS 

Ménard pressuremeter tests were performed on three 
selected sites (High geological-geotechnical risk are-
as numbered 1, 2 and 3 on Figure 1). Four boreholes 
(one at area 1, one at area 2 and two at area 3) were 
excavated throughout Auger drilling (Silva, 2016; 
Roque et al., 2014).  

Pressuremeter tests were performed at each bore-
hole at every meter, in order to verify the stress-
strain behavior for each soil layer previously identi-
fied during geological-geotechnical mapping previ-
ously executed in the study areas - mature and young 
residual soils. A Ménard pressuremeter, Type GC 
(Figure 2), belonging to Civil Engineering Depart-
ment, Universidade Federal de Viçosa (DEC/UFV) 
was used. Previously to the tests, the equipment was 
calibrated by volume and pressure loss. 

Test procedures followed ASTM D4719-87 e 
AFN P94-110-91 recommendations. Basically, tests 
were performed throughout the following phases: 
equipment saturation, pressure and volume loss cali-
bration, borehole execution, probe insertion and ex-
pansion on desired depth up to the achievement of a 
good pressuremeter curve 
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Figure 1: High landslide risk areas selected for in situ testing (Roque, 2013).  

 

 

Figure 2: Ménard pressiometer equipment used in the tests 
(Silva, 2016). 

3 RESULTS AND DISCUSSION 

In Table 1 it is presented a summary of all values ob-
tained for Ménard pressuremeter modulus (Em) for 
each performed test. In Figure 3 results for each soil 
type are presented, allowing a better comparison. All 
studied soils are residual soils from high-grade met-
amorphic rocks (gneiss) and no lithological differ-
ences could be noted in the material present on the 
selected sites. Mature residual soil is a clay sandy 
material, with plasticity index (PI) varying from 25 
to 36. Young residual soils are predominately sandy 
silty clayey materials, and with PI varying from 25 to 

29. Figure 4 and Figure 5 presents some examples of 
typical soils tested. 
 
Table 1: Results of limit pressure and Ménard pressuremeter 
modulus. 

Depth 
Area 1 - Borehole 1 Area 2 - Borehole 2 

Soil Em (MPa) Soil Em 

0 

Mature 

Residual 

Soil 

0 

Young 

Residual 

Soil 

0 

1 2.63 3.52 

2 1.63 5.69 

3 6.24 3.91 

4 13.62 6.11 

5 
Young 

Residual 

Soil 

6.51 3.13 

6 8.35 6.43 

7 5.73 5.46 

8 10.75 13.11 

Depth 
Area 3 - Borehole 3 Area 3 - Borehole 4 

Soil Em (MPa) Soil Em 

0 Soil 0 

Young 

Residual 

Soil 

0 

1 

Mature 

Residual 

Soil 

2.00 6.76 

2 2.06 7.19 

3 2.41 6.05 

4 3.12 6.24 

5 7.23 8.88 

6 12.18 14.17 

7 13.49 - - 

 
By definition, Em usually increases with depth. 

This happens primarily because, among several other 
causes, an increase on geostatic pressure, which 
leads to higher pressure variations for lower volume 
variations of the probe, so generating higher Em val-
ues. 
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Figure 3: Results of Ménard pressuremeter modulus (Em) with 
depth. 

 
The results observed on Figure 3 shows that, in 

general, a constant increase could be observed for 
gneiss mature residual soils (black lines). For young 
residual soils a different behavior can be observed, 
as only for more deep layers an increase in pres-
suremeter modulus can be noted. Up to a depth equal 
to 6 m there is no considerable variation on these pa-
rameter on some tests. Authors believe that this dif-
ferent behavior is mainly due to the high heterogene-
ity observed on these soils due to the presence of 
preserved foliation and high biotite rich layers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Typical mature residual soils observed in the study 

area. 

 

In general, Ménard pressuremeter modulus (Em) 
values are higher for young residual soils than for 
mature residual soils. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 – Typical young residual soil observed in the study ar-
ea. 

 
Gambim & Rosseou (1975) and Clarke (1995) have 
suggested some correlations between pressuremeter 
tests and soils types. Based on such proposals and 
considering the results from pressuremeter tests per-
formed for the soils under study, the resulting soil 
classification are presented on Tables 2, 3, 4 and 5. 
 
Table 2: Soil classification for borehole 1according to Gambim 
& Rosseou, 1975). 

Area 1 – Borehole 1 
Depth Soil Type Soil Classification  

0 

Mature residu-
al soil 

--- 
1 Soft clay 
2 Soft clay 
3 Medium clay 
4 Medium clay 
5 

Young residual 
soil 

Medium clay 
6 Medium clay 
7 Silt 
8 Silt 
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Table 3: Soil classification for borehole 2according to Gambim 
& Rosseou, 1975). 

Area 2 – Borehole 2 
Depth Soil Type Soil Classification  

0 

Young residual 
soil 

--- 
1 Soft clay 
2 Soft Clay 
3 Medium Clay 
4 Medium Clay 
5 Medium Clay 
6 Medium Clay 
7 Silt 
8 Silt 

 
Table 4: Soil classification for borehole 3 according to Gam-
bim & Rosseou, 1975). 

Area 3 – Borehole 3 
Depth Soil Type Soil Classification 

0 

Young residual 
soil 

--- 
1 Soft clay 
2 Soft clay 
3 Soft clay 
4 Soft clay 
5 Medium clay 
6 Stiff clay 
7 Stiff clay 

 
Table 5: Soil classification for borehole 4 according to Gam-
bim & Rosseou, 1975). 

Area 3 – Borehole 4 
Depth Soil Type Soil Classification 

0 

Young residual 
soil 

--- 
1 Silt 
2 Silt 
3 Silt 
4 Silt 
5 Silt 
6 Stiff clay 

 
The classification based on Gambim & Rosseou 
(1975) however, did not correlate well with grain 
size distribution curves obtained from samples col-
lected in the same area. 

4 CONCLUSIONS 

Results have shown that it is possible to predict an 
increment in pressuremeter modulus (Em) with 
depth for gneiss mature residual soils like the ones 
occurring in the studied sites. Nevertheless, for 
young residual soils the Em is more constant along 
the profile.  

Based on the results, it become clear that the de-
termination of deformability on gneiss residual soils 
should for use in geotechnical projects should be 
based on site-specific studies. 

There is also a need for more detailed studies on 
determination of Em for metamorphic residual soils 

such the ones tested on the study, in order to try to 
establish reliable range of values for this parameter. 
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