
1 INRODUCTION  

The prebored Menard pressuremeter is a field test 
widely used in the design of deep foundation, how-
ever in Brazil this technique is not yet used as a rou-
tine technique for geotechnical engineer. The reason 
could be the doubt concerning with the possibility of 
using the available correlations in the international 
literature for estimating geotechnical parameter and 
bearing capacity, especially when lateritic, high po-
rosity and unsaturated soil are being study. 

The load transfer response of the pile is a very 
important parameter in order to estimate the bearing 
capacity of the foundation system when the point re-
sistance is not the main resistance to take into ac-
count. For that reason, could be very important to 
get a reliable value from a field test or another tool. 

Chang and Zhu (2004) presented a correlation for 
obtaining the unit shaft resistance of the pile from 
the results of Menard pressuremeter in the residual 
soils of Singapore. This soils is characterized by 
gray to black inter bedded mudstone and sandstone 
or reddish sand stone and mud stone conglomerate. 
The weathered rock is always weak and friable alt-
hough it structure tend to be well preserved to a  

 

 
great deep. 
The author proposed the following correlation for 

the soils analyzed: 
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Where fSU= unit shaft resistance 
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The correlation gotten shown a value us R
2 

= 
0,602 

 
In this paper the proposed correlation will be used 

to estimate the unit shaft resistance of excavates, 
flight auger and omega piles in order to evaluate if it 
is suitable in the Brazilian residual and no saturate 
soil. 

2 Material and method 

The research was performed at the Soil Mechanics 
and Foundations Experimental Field, at the 
UNICAMP Campus, in Campinas, SP, Brazil 
(Carvalho et al., 2000). 

Several field tests (SPT-T - standard penetration 
test with torque measurement, CPT, “Cross-hole”, 
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ABSTRACT: A study about the assessment of the lateral friction of piles using data from the Menard 
pressuremeter is presented in this work. This field test is used in several parts of the world, mainly to estimate 
geotechnical parameters of the soil. It is also used to estimate the bearing capacity of piles. In Brazil, this test 
is being used with more frequency by the geotechnical engineers; however there are a lot of doubts about the 
possibility of use of the exist available correlations in the international literature for estimating geotechnical 
parameter and bearing capacity, specially when lateritic, high porosity and unsaturated soil are being study. In 
order to carry out this work, some load pile tests were done in the Experimental Field of Foundations and Soil 
Mechanics of Unicamp (State University of Campinas), São Paulo, Brazil. Load pile tests were done in three 
omega, three continuous flight auger and three bored piles, all with 12m of length and 0.4m diameter. The 
piles were instrumented in depth with strain-gages for determining the load transfer in depth. From the ob-
tained results the authors show the possibility an adjustment of the parameters for the correlations proposed in 
order to estimate the lateral friction of piles through Menard pressuremeter, when lateritic, high porosity and 
unsaturated soil is surrounding the pile. 



Marchetti Dilatometer, Refraction Seismic, Vertical 
Electric Investigation) as well as laboratory tests on 
disturbed samples (characterization tests) and undis-
turbed samples (triaxial, oedometer, simple com-
pression) collected from a 16 meter deep well have 
already been performed at this location. Static load 
tests (compression, tension, horizontal) have also 
been performed on pre-molded concrete, bored and 
continuous flight auger piles, all instrumented along 
the shaft with strain-gages.  

The local subsoil is composed of basic 
migmatites, in which occur intrusive rocks from the 
Serra Geral Formation (diabasic), covering 98km
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of the Campinas region, about 14% of its total area. 
Diabasic bodies are also found incrusted into the 
Itararé Formation and in the Crystalline Complex, as 
“sills” and dikes. At the outcrops, it may be seen that 
the diabasic is quite fractured, with the formation of 
small blocks; the fractures are usually open or then 
filled with clayey material.  

The experimental field subsoil profile is formed 
of residual diabase soil, presenting an approximately 
6,5m thick superficial layer composed of high poros-
ity silty-sandy clay, followed by a clay-sandy silt to 
the depth of 19 m; the water level is reached at 17 m 
(see figure 1). The soil of the first layer is collapsi-
ble, presenting collapse ratios ranging from 2,4% to 
24%, depending on the applied pressure, according 
to Vargas (1978). Some results of the field tests per-
formed at the UNICAMP Experimental Field are 
presented below (Table 1). 

 
Figure 1. Soil profile with depth of the experimental site, 
Campinas, São Paulo. After Albuquerque et al. 2001. 

 
 
 

Table 1. Average results of the field tests 

Soil Depth NSPT qt fc 

(m) (kPa) (kPa) 

Reddish brown 
silt-sandy clay 

1 4 392 28 

2 2 589 19 

3 3 883 36 

4 4 1324 63 

5 5 1864 85 

6 6 2502 130 

Clay-sandy silt, 
mixed (residual 
soil) 

7 5 2453 168 

8 5 2256 193 

9 5 2158 204 

10 6 2009 221 

11 7 2551 254 

12 10 2404 238 

13 10 2600 265 

14 7 2551 224 

15 6 2354 198 

2.1 Reaction System 

The reaction system was composed of a reaction 
beam, double “I” section, designed to support loads 
applied on its axis, 5.3m in length and by a steel tie-
rod system composed of ST85/105 (Dywidag) spe-
cial bars, 32mm in diameter, nuts, plates and steel 
sleeves, all manufactured with the same material. 
The piles’ location is presented in Figure 2. 
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Figure 2. Pile location on the Experimental Field. 

After Albuquerque, 2001. 
 
Nine piles were constructed in the investigation 

site, 3 bored, 3 flight auger and 3 omega. The char-
acteristic of the pile are illustrated in table 2. 

 
Table 2 Characteristic of the piles analyzed 

Type Length (m) Diameter (m) 

Bored 12 
 

0,40 

Flight auger 0,40 

Omega 0,39 

2.2 Instrumentation 

A 12.5mm diameter and 0.60m long steel bars were 
used for the installation of the strain-gages, bonded 
in a complete bridge. After installing the instru-
ments, the bars were submitted to tension loadings 
in order to verify the quality of the instrumentation. 
At the test location, these bars were later united as 



they were being placed into the steel tube 
(φ=50mm), which was placed shortly after pouring 
the pile concrete. The bars were threaded at the 
ends, and connected by threaded sleeves of the same 
material.  

The instrumentation was installed at four loca-
tions: the top of the pile (reference section) and at 
depths of 5m, 11.1m and 11.7m along the shaft. Af-
ter this process, a cement mixture was injected from 
bottom to top, through a plastic hose previously 
placed next to the steel bars. 

2.3 Load Tests 

Slow maintained load tests were performed for each 
type of pile, according to the directions established 
by the Brazilian Standards (NBR12131/91), adopt-
ing slow load (SML); the loadings were performed 
in increases of 120kN, up to the load in which the 
displacements indicated rupture of the pile-soil con-
nection. Unloading was made in consecutive stages, 
in load reductions of 25% of the total load achieved 
in the test.  

From the base of the pile head block to the depth 
of 0.6m, the soil was bored, keeping this area as a 
reference section, to determine its Modulus of Elas-
ticity. To perform the load test, a 2000kN capacity 
load unit was used, installed between the reaction 
beam and the pile head block. 

2.4 Pressuremeter test 

The pressuremeter tests were done using a Menard 
type following the procedures recommended by the 
ASTM D4719/07 standard. The probe was subjected 
to pressure increments of 25 kPa.  

The Menard pressuremeter tests were done at the 
2, 4, 8, 10, 12, 14 and 16 m of depth, in order to 
study the distinct geotechnical materials of the two 
strata already presented in the Figure 1.  

The boreholes to introduce the PMT and perform 
the tests were done using manual auger until the 
considered depth. The diameter of the auger was 65 
mm. Once the test depth was reached, the Menard 
pressuremeter probe was positioned and test has be-
gun. The incremental expansion was attained by 
successive increments of pressure with small inter-
vals (25 kPa) until the soil failure (limit pressure) 
was reached. 

3 RESULTS AND DISCUSSION 

The net limit pressure (P
*

L) with the depth is shown 
in table 3 and figure 3. 

 
 
 

Table 3. Values of P*L obtained in the experimental site of 
Unicamp with depth. After Fontaine, 2004. 

Depth (m) P
*

L  (kPa) 

2 112,79 

4 202,3 

8 416,83 

10 598,12 

12 809,13 

14 743,03 

16 650,81 
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Figure 3. Variation of P*L in the profile of Unicamp experi-
mental field 
 

It can be noted that de P*L is increasing with 
depth until 12 m approximately. After this deep, 
there is a diminish of the value of around 8 % and 20 
% for 14 and 16 m deep, probably because de influ-
ence of the ground water level (see table 1). 

Figure 4 presents the measured lateral friction re-
sistance in the piles studied getting form the instru-
mentation. All the values shown are taken as the av-
erage found for the each kind of pile analyzed. Note 
that the lateral resistance is decreasing with deep for 
any kind of pile varying form 4,4 % of the total re-
sistance in bored piles, 9,9 for flight auger pile and 
13,2 % for omega pile. 
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Figure 4. Variation of the lateral friction resistance with 
depth in the instrumented piles. 

 
Figure 5 presents the correlation found between 

the measured lateral friction resistance in piles and 
the value of P*L obtained from the results of the 
Menard pressuremeter. 
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Figure 5. Relationship between the lateral friction re-
sistance and net limit pressure for the piles studied in the 
experimental field of Unicamp 

 
The correlation found and the value of R

2
 is pre-

sented in table 4. 
 

Table 4. Obtained correlation’s equation for the piles analyzed 

Pile Correlation’s equation R
2 

Bored FL= - (PL*/1,75) + 453 0,87 

Flight auger FL= - (PL*/1,53) + 576 0,84 

Omega FL= - (PL*/0,77) + 1146 0,86 

 
Notice that the correlation factors are quite good 

for geotechnical engineering correlation, which 
means that the correlation look to be a good tool for 
estimating the lateral friction value for the condition 
where the pile were installed. As any empirical cor-

relation care have to be taken when other geotech-
nical condition are found. 

4 CONCLUSIONS 

The results are indicating that the value of P*L 

obtained form the Menard pressuremeter could be 
useful to asses the lateral friction resistance of the 
studied piles. 

The obtained correlations between P*L and lateral 
resistance of the piles have very nice correlation’s 
coefficients, showing values higher than 80 %. This 
fact let use the proposed correlation in foundation 
projects, since the characteristic of the soil and pile 
construction technology would be similar as it was 
presented in this paper. 
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