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ABSTRACT: Ménard pressuremeter test data are used for estimating the bearing capacity and settlement of
bored piles. The Ménard pressuremeter tests carried out on soils in different regions of Algeria are analyzed
by the numerical method called PRESSIDENT taking into account the Duncan and Chang model. Numerical
calculations taking into account the rheological parameters derived from this method are performed in order
to analyze the behaviour of a single bored pile subjected to a static axial load of some projects. The predictions are compared to the measured data, and show the applicability of the approach.
1 INTRODUCTION

2 INTERPRETATION OF MENARD
PRESSUREMETER TESTS

The Ménard pressuremeter test can be performed in
all kinds of grounds. It provides the measurement of
in situ stress-strain response of soils, and the geotechnical engineer with both a failure parameter
(the limit pressure pLM) and a deformation parameter
(the presssuremeter modulus EM). It is a particularly
good tool to analyze axial bearing capacity, pile settlement and behaviour under lateral loading (Briaud
1995). Direct correlations between the measured parameters and the design parameters are used for estimating the bearing capacity and settlement of piles,
and for their behaviour under lateral loading (Ménard 1957, MELT 1993).
Another trend of interpretation of these tests consists of identifying the usual soil parameters required
by simple constitutive models for soils in numerical
calculations. This paper deals with the estimation of
bearing capacity and settlement of bored piles using
the results of Ménard pressuremeter tests. The interpretation of Menard pressuremeter test results is performed by the method PRESSIDENT which is a
numerical program developed to analyze this test
taking into account the Duncan and Chang model
(Bahar et al., 1995). Then, numerical calculations
taking into account the rheological parameters derived from this method are performed in order to
predict the behaviour of a single bored pile subjected
to a static axial load. The predictions are compared
to the measured data, and the empirical methods.

2.1 PRESSIDENT method
PRESSIDENT (Pressuremeter Identification) computer program is developed at the Ecole Centrale de
Lyon, France (Boubanga, 1990; Bahar 1992). The
determination of the parameters of the non-viscous
and viscous constitutive model from the pressuremeter test consists in solving the inverse problem to
find a set of parameters which minimize the difference between the experimental data, the pressuremeter curve defined as the applied pressure versus
the cavity wall deformation, and the simulated curve
(Bahar et al., 1995). Only the non-linear elastic
Duncan model [described in several papers is presented in this study (Duncan & Chang, 1970). The
hyperbolic stress-strain relationship is developed for
incremental analyzes of soil deformations where
nonlinear behavior is modeled by a series of linear
increments. It takes into account a tangent modulus
Et and a bulk modulus B in the following form:
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Using the
approach, these parame 
ters are identified as follows. For cohesive soils, the
 be considered as undrained.
pressuremeter tests can
In these cases, the internal friction angle can be considered equal to zero. Then, the optimization proce2
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dure only leads to the definition of the parameter ke
and the undrained cohesion cu. Figure 1 shows an
identification example using the non linear elastic
Duncan model. For cohesionless soils, the pressuremeter tests can be considered as drained tests.
Moreover, the cohesion of these materials is equal to
zero. The procedure optimization procedure only
leads to the definition of ke end . For cohesivefrictional soils (general case), it will not be possible
to determine c and  if only one test is available, so
it will be necessary to make an assumption for one
of the two parameters c or . If two tests at two different depths can be analyzed it would be possible to
define the three parameters: ke, c and . For each
depth it is possible to calculate the value of c and ke
corresponding to different given values of  (20°,
25°,30°,...), so it is possible to determine several acceptable couples of values for c and . A representation of these acceptable values can be drawn for different tests realized at different depths (Fig. 2). The
values of c and  which have to be taken into account are the values acceptable for all the tests: intersection point between the different curves corresponding to different depths.

2.2 Site investigation
The PRESSIDENT method has been used to identify
the properties of Annaba sites, located in the east of
Algeria. The soil stratigraphy encountered on the
different sites consists of muddy soft to very soft
brownish clay. The thickness of the clay layer is
about 25 to 30 m. The ground water table was about
5 m depth from the ground surface. The clay is saturated. The natural water content wn varies between
18% and 60%. The plasticity index varies between
26% and 35%. The shear strength parameters derived from consolidated undrained triaxial tests with
pore pressure measurement range from 10° to 21°
for the friction angle and from 11 kPa to 36 kPa for
cohesion. Consolidation testing indicates that the
soils are unconsolidated with a high compressibility
index, Cc ranging from 0.11 to 0.41. Figure 3 shows
geotechnical parameter profiles.
The undrained cohesion obtained using the
PRESSIDENT method and empirical methods proposed by Menard (1957), and Amar & Jézéquel
(1971) presented in Figure 4. In these figures, it can
be noted that, for limit pressure less than 300 kPa,
the undrained cohesion values deduced from the
PRESSIDENT approach are close to those obtained
from the empirical methods. For limit pressure higher than 300 kPa, the undrained cohesion values deduced from the PRESSIDENT approach were on the
average 170% higher than those deduced from the
empirical methods. There are a lot of factors that can
explain the observed difference in the values of cu
obtained by different methods.
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Figure 1. An example of identification for cohesive soil.
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Figure 2. Identification of c and  parameters for cohesive frictional soils.
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Figure 3. Soil insitu test profiles.
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measured natural water content varies between 10
and 35%. The plasticity index varies between 10 and
30%. The shear strength parameters derived from
consolidated undrained triaxial tests with pore pressure measurement range from 11° to 26° for the friction angle and 18 kPa to 212 kPa for the cohesion.
Consolidation testing indicates that the soil is normally consolidated to overconsolidated with medium compressibility, Cc ranging from 10 to 14%.
In this case, for each layer, using PRESSIDENT,
it would be possible to define the three parameters,
ke, c and  using two pressuremeter tests performed
at two different depths (Fig. 2). Table 1 summarizes
the average values of Duncan model parameters for
each layer. Figure 6 compares the simulations curves
obtained using the average values and the experimental data for the silty clay layer.
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Figure 4. Undrained shear strength against net limit pressure.
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The two empirical methods are established by
correlation between limit pressure obtained from
pressuremeter tests and undrained shear strength obtained from field vane and triaxial tests for soft soils.
Very often, pressuremeter undrained shear strength
obtained using cavity expansion methods are significantly higher than the values obtained using other in
situ or laboratory tests. High undrained shear
strengths from pressuremeter tests have been frequently observed. The measured cu will be affected
by the in situ or laboratory method used and the
stress path followed during the test (Wroth, 1984).
Wroth (1984) showed that the undrained shear
strength derived from pressuremeter tests should be
larger than the strengths derived from field vane
tests due to the nature of the different stress paths.
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3 LOAD-SETTLEMENT PREDICTION OF A
BORED PILE
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Figure 5. Limit pressure and pressuremeter modulus profiles.

3.1 El-Djazair Mosque project

700

The building complex is situated in the central axis
of the famous golf of Algiers, facing the Mediterranean Sea. The minaret is a very slender parallelepiped with a total height of 265 m above ground and a
squared plane with the side of 26.5 m.
The Geotechnical investigation survey for the
Minaret involved four pressuremeter boreholes
down to 70 m depth, 3 boreholes to the same depth
and 1 borehole to the 90 m depth for soil sampling
and 28 SPT (Standard Penetration Test). The limit
pressure and pressuremeter modulus profiles are
shown in Figure 5. The soil stratigraphy encountered
on the minaret site consists of 10 m thick silty clay
layer, underlain by silty sand extending to a depth approximately 40 m, underlain by sandy marl to the maximum explored depth. The marl consistency increases
with depth. Groundwater was encountered at a depth of
approximately 6.50 m. The soils are saturated. The
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Figure 6. Simulation of pressuremeter curves by PRESSIDENT.
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spread between 0.65 and 0.84 times that deduced
from static axial load tests by extrapolating Chin's
method. According to the French Design Code
(MELT 1993), the creep bearing capacity Qc corresponding to the end of the pseudo-elastic resistance
for the pile can be obtained by Qc = 0.5Qpu + 0.7Qsu.
The Qc obtained values is ranging between 14.25
MN and 16.27 MN, which was conservative compared to vertical pile test results.

Table 1. Average values of identified model parameters using
PRESSIDENT approach.
Depth
Soil layers

ke

kb

(m)

c





(kPa)

(°)

(MPa)

Silty clay

0 - 10

1104

1076

135

12

106

Silty sand

10 - 40

2297

2252

165

27

510

Sandy marl 40 - 70

5317

5213

200

35

1758

Table 2. Bearing capacity obtained using the French Design
Two static vertical pile load tests, PV-01 and PV02, are performed on non-working bored piles of
1000 mm diameters and 51.5 m lengths. For the
bored pile construction, rotary drilling was employed for bored pile excavation under bentonite.
The pile is instrumented by 27 extensometers over in
entire length, defining a total of 9 measuring sections (3 extensometers by section at 120°) according
to the project specifications. The piles are loaded up
to 21.8 MN, 1.5 times the design working load
(14.50 MN) of the foundation piles. The adopted
loading cycle increments for the test piles are in according to the project specifications. Figure 7 shows
the load-settlement curves.
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3.1.1 Ultimate resistance
With a settlement value S0 100 mm, using failure
criteria of 1/10th of the pile diameter as the total settlement (MELT 1993), the ultimate resistance Qult of
the pile was not achieved under the maximum load
test of 21.8 MN (2180 t). At this loading, the average settlement was about 19.2 mm for the two piles.
As the test load was released to 0.65 MN, the residual settlements measured were 5.00 mm and 6.00
mm. Various methods were used to assess the ultimate pile capacity, among them the Chin method
(Chin 1970). By using this method, a plot is made
between settlement divided by corresponding applied load and the settlement as shown in Figure 8.
The slope of the best linear fit gives the ultimate
load which is 34.4 MN and 31.4 MN for PV-01 and
PV-02 respectively. According to EUROCODE 7,
part 2, the ultimate load Qult can be calculated from
Ménard pressuremeter tests using the equation:
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Figure 7. Static axial load settlement curves.
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Qpu and Qsu are the ultimate tip load and the ultimate
skin friction respectively, where A is the pile section, kp a bearing factor based on soil type and pile
type, pLM is the limit pressure, p0 is the horizontal
earth pressure at rest, P is the pile perimeter and qsi
is the unit shaft resistance at a depth zi. By using
these equations and the Ménard pressuremeter test
results, it is possible to predict Qult given in Table 2
for the fourth limit pressure profiles. The bearing
capacity values computed using Pressuremeter
Menard Tests (PMT) direct design pressuremeter lie

Settlement / Load, S(mm)/Q(kN)
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Figure 8. Ultimate pile capacity by Chin method.
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3.1.2 Settlement predictions
In Fascicule 62-V (MELT 1993), two methods are
proposed for settlement prediction of static vertical
load pile. In the first the settlement is arbitrarily defined as a percentage of the pile diameter. The second method is a determination of load transfer q-z
curves as a function of Ménard pressuremeter modulus as proposed by Frank and Zhao in 1982 (Gambin
& Frank 2009). Numerical methods are also used for
settlement prediction of piles. The axial response of
static vertical bored piles is investigated using
PLAXIS3D FOUNDATION (Brinkgreve & Swolfs
2007), which is based on finite element method.
Linear elastic behavior is assumed for the pile and
the Mohr-Coulomb criterion is considered for soils.
The 3D mesh consists of 26176 tetrahedral elements
with 10 nodes. PLAXIS imposes a set of standard
fixities to the boundaries of the geometry model.
The 3D finite element simulation was performed
considering the geostatistical stresses characterizing
the initial state, automatically generated. The initial
stresses within the soil mass are established assuming that they are characterized by an earth pressure
coefficient ko condition, according to the consolidation state of the soil layers. Numerical calculations
were performed for the two static axial pile, 51.5 m
deep and 1 m diameter, subject to maximum service
load. The method of Frank and Zhao (Gambin &
Frank 2009) was also used to find the mobilized vertical stress versus the tip displacement. Figure 9
shows the experimental load-settlement curves, the
predicted by the Frank-Zhao method, the predicted
by PLAXIS code taking into account PRESSIDENT
approach and laboratory tests and the one predicted
by Chin method. Frank and Zhao method and 3D
calculation using parameters derived from laboratory tests give results quite close and provided ultimate resistance lower than those obtained by the
PRESSIDENT approach and experimentally
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Figure 9. Comparison of measured and calculated loadsettlement curves

The shear strength parameters derived from consolidated undrained triaxial tests with pore pressure
measurements are c’=57 kPa and ’=23°. The
Young modulus at 0.2% strain derived from unconsolidated undrained triaxial tests is E=50 MPa. The
results of three Menard pressuremeter boreholes,
given in the exercise, are used to define the soil parameters by the PRESSIDENT approach. Figure 10
summarize the evolution of undrained cohesion
evaluated by means of the approach and by the empirical relationships proposed by Ménard (1957) and
Amar and Jézéquel (1972), and by triaxial tests. On
the basis of the results obtained by means the
PRESSIDENT approach, a soil profile is proposed
(Fig. 11). Then, each layer is characterized by an average value of the initial Young Modulus E, the undrained cohesion cu and the parameter A.
The calculation of the bearing capacity and settlements of a bored pile using the parameters derived
from the two methods are achieved using FLAC3D
software (Itasca, 2005) considering an elastoplastic
model with Mohr Coulomb criterion. Figure 11
gives the parameters used for achieving the calculations. Figure 12 compares the results obtained from
PRESSIDENT approach to the experimental data
(Reiffsteck, 2006). For this case again, one can note
that the method is in a fairly good agreement with
the measured load-settlement curve on site.

3.2 Exercise of ISP5
The pile, 0.5 m in diameter and 12 m deep, was
drilled using a continuous flight auger. The static
pile loading test is carried out in accordance with
European standard EN ISO 22477-1-1. It is a staged
loading test, which consists in loading the pile by increments ΔQ equal to 0.1Qmax until Qmax is reached.
The limit load Qu is conventionally defined as the
settlement at pile head equal to the higher of the two
values: either 20 mm or B/10, which is here equal to
50 mm. The pile is embedded in a 9.6 m thick clay
layer, below a 2.4 m thick silt layer. The water table
is located 1.8 m below ground level. The laboratory
tests carried out on soil samples extracted close to
the pile location showed that the site physical properties were relatively homogeneous.
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the results show that the Frank and Zhao method and
numerical calculations using laboratory tests give results quite close and provided ultimate resistance
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4 CONCLUSION
The usual soil parameters required by simple constitutive models for soils in numerical calculations are
determined using PRESSIDENT method which is a
numerical program developed to analyze pressuremeter tests. Numerical calculations taking into account these parameters are performed in order to
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