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1 INTRODUCTION 

The University of Western Australia (UWA) self-
boring pressuremeter (Fahey et al. 1988) was recon-
ditioned for a program of testing at the National 
Field Testing Facility (NFTF) in Ballina, NSW 
(Australia). The aim of the project was to identify 
in-situ stiffness parameters to back analyse the un-
drained load-settlement response of shallow founda-
tion field tests performed on the same site. The tests 
were performed in 6 different boreholes over depths 
between 2 m to 10 m below ground level. The pro-
gram involved tests with and without unload-reload 
loops, tests at different stress rates and stress holding 
tests. 

This paper presents profiles of the total horizontal 
stress, σho, the undrained shear strength, su, and the 
unload/re-load shear modulus, GUR of the Ballina 
clay at the NFTF and compares the predicted soil pa-
rameters with results from other field tests carried 
out at the site.  

2 SITE DESCRIPTION 

The Centre of Excellence for Geotechnical Science 
and Engineering (CGSE) has leased a 6.5 Ha soft 
soil site in the northwest of Ballina, NSW (Austral-
ia). The so-called National Field Testing Facility 
(NFTF) is being used to develop and demonstrate 

new and existing site investigation tools and to cali-
brate analytical and numerical geotechnical design 
methods. To date a large number of in-situ geotech-
nical investigations and a program of soil laboratory 
tests have been performed at or on samples from the 
NFTF site (Kelly et al. 2015; Pineda et al. 2014, 
Pineda et al. 2015). 

The soil stratigraphy in the area of the SBPM tests 
is summarized in Figure 1. The site comprises a 
crust of alluvial clayey silty sand to a depth of 1.5 m 
across the area of interest, underlain by a soft estua-
rine clay to a depth of approximately 12 m (increas-
ing to 22 m at other locations across the site). The 
soft clay overlays a transition zone of stiff clay, silt 
and sand. During the testing, the groundwater table 
was encountered at approximately 1 m below the 
ground surface.  

3 TEST PROGRAM AND PROCEDURES 

The program involved 27 SBPM tests in 6 different 
boreholes. A conventional drilling rig was used to 
predrill the first 1.5 m through the crust layer in each 
borehole, which was stabilized by an internal casing. 
After removing the drilling rod, the SBPM device 
was attached to the drilling rig and lowered into the 
borehole and self-bored continuously to the test 
depths. Due to the device setup, the maximum depth 
of self-boring was 2.65 m below the end of the bore 
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hole casing, where tests were conducted. The SBPM 
was then removed and the bore hole casing ad-
vanced.  

SBPM testing involves applying an internal pres-
sure to a rubber membrane that expands radially 
against the soil. Steel strips (called the “Chinese lan-
tern”) are used as a protection casing for the rubber 
membrane. Tests were carried out under stress con-
trol at rates of 1, 10, 50 and 100 kPa/min to a limit 
of 10 % of the average cavity strain.  

Unload/reload loops were performed in 8 of the 
tests at depths between 2 m and 11 m below ground 
level at different strain levels and strain ranges. The 
size of the loop (or amount of unloading Δp) was 
controlled by the pressure at the start of unloading 
(pi) and the assumed friction angle of the soil ′ 
(Fahey 1991): 
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where u0 is the in-situ hydrostatic water pressure. A 
membrane stiffness correction was applied to all 27 
tests. This involved measuring the membrane stress 
– strain response and subtracting this from the in-
situ test data.  
 

Figure 1. Aerial view of the NFTF showing the location of the SBPM tests, other in situ soil characterisation tests and 

foundation settlement tests. 
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Figure 2. Typical stress-strain curve of a SBPM test 
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4 INTERPRETATION 

Figure 2 shows a typical stress-strain response from 
a SBPM test involving one unload/reload loop. The 
stress-strain response is plotted for the uncorrected 
field data and the membrane corrected data. The 
membrane correction is strain dependent. The mem-
brane stiffness increases with cavity strain and con-
sequently the correction should reflect the strain lev-
el (rather than assuming a constant membrane 
stiffness). 
 The in-situ horizontal stress, undrained shear 
strength and unload/re-load shear modulus were de-
termined from the SBPM data and compared with 
field data from independent in-situ tests where avail-
able.  

4.1 In-situ horizontal stress, σh 

Estimation of the in situ horizontal pressure was 
achieved by the visual lift-off method described by 
Lunne & Lacasse (1982). This method is based on 
close visual inspection of the initial part of the test 
curve. O’Brien & Newman (1990) suggested that 
this initial part should not exceed a strain level of 
0.2%. The lift-off pressure is defined as the pressure, 
p0, at which the membrane starts to deform. This de-
formation is identified by the displacement of the 
three feeler arms of the pressuremeter. The average 
movement of all three arms is defined as the mem-
brane movement. The interpretation of the lift-off 
pressure was based on the average movement of all 
three feeler arms.  

For the interpretation, the average strain of the 
arms was plotted versus the internal pressure in semi 
logarithmic space (see Figure 3). A straight line was 
fitted over the initial linear part of the curve. The 
point, at which the test curve deviated from the 
straight line was taken as the lift-off pressure.  

In Figure 4, the lift-off pressures, and hence the 
in-situ horizontal stresses, with depth are plotted 
considering the average of all three feeler arms. The 

total horizontal stresses with depth are compared to 
an estimate of the vertical stress profile, which is 
based on measurements of the natural density ob-
tained from laboratory tests (Pineda et al. 2015).  
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Figure 3. Example of lift-off pressure interpretation 
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In addition, two horizontal stress profiles are shown 
as an upper and lower boundary for the SBPM tests, 
using k0 values of 0.7 and 1.5. The earth pressure 
coefficient, k0, was determined based on the effec-
tive stress ratio (k0 = σ′h / σ′v) using an estimated 
hydrostatic pore pressure profile and the water table 
level encountered prior to the tests in the boreholes 
of the SBPM. Results of SDMT and interpretations 
of CPT tests (Pineda et al. 2015) indicate a k0 value 
in a range between 0.5 – 0.65. 

4.2 Undrained shear strength, su 

Various methods have been proposed for interpret-
ing the undrained shear strength from pressuremeter 
tests. A commonly used method is that provided by 
Windle & Wroth (1977). Their interpretation method 
follows the Gibson & Anderson (1961) approach for 
the interpretation of a Menard pressuremeter test. 
The method is based on an elastic – perfectly plastic 
soil model characterized by an undrained shear 
strength, su, and a shear modulus, G. The pressure-
meter is assumed to be infinitely long and following 
the assumptions of a cylindrical cavity expansion. 
These assumptions are axial symmetry, soil homo-
geneity and undrained behaviour.   

Undrained shear strength is derived from the gra-
dient of a plot of applied cavity pressure against the 
natural logarithm of the cavity strain once a plastic 
state has been achieved (see Figure 5). 

Figure 6 shows the derived profile of the un-
drained shear strength obtained from the SBPM 
tests. This profile is compared to results from cone 
penetrometer tests (CPT) and shear vane tests (Kelly 
et al. 2015) and shows good agreement. In previous 

studies it was observed, that results of vane shear 
tests are usually lower than those from SBPM tests 
(Lacasse et al. 1981).  In this study it was found, that 
the vane shear test results tend to be higher than 
those from the SBPM test. This difference could re-
sult due to the strain dependent membrane correction 
carried out in this study. In previous literature, the 
method used for the membrane correction is not al-
ways apparent. Benoit & Findlay (1993) pointed out, 
that the membrane correction method used can have 
a significant impact on interpreted soil values. This 
is illustrated in Figure 5. The effect of the membrane 
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Figure 6. su profile with depth at NFTF 
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correction increases the softer and shallower the soil 
is. In the present case, the ratio between the correct-
ed undrained shear strength and the uncorrected 
(su,corr / su,uncorr) can be as high as 60%. 

4.3 Shear modulus, G 

The shear modulus can be derived either from the in-
itial part of the test curve or from unload/reload 
loops conducted at various stress levels. Because the 
initial part of the test curve is more likely influenced 
by installation disturbance, the shear modulus was 
interpreted analysing unload/reload loops, and de-
fined the ‘unload/ reload’ shear modulus, GUR. The 
shear modulus derived from an unload/reload loop is 
dependent on the size of the loop. This size can be 
expressed by the strain range. In Figure 7, the shear 
modulus, GUR, normalized by the mean effective 
stress, p′, is shown over different strain ranges. As 
anticipated, the shear modulus decreases with in-
creasing strain range. This behaviour was observed 
and described earlier by Allan (1995) on tests per-
formed on London Clay. 

5 CONCLUDING REMARKS 

Interpreted results from a programme of 27 self-
boring pressuremeter tests in soft clay at the Nation-
al Field Testing Facility, Ballina, NSW (Australia) 
have been presented. 

The interpreted soil stresses, undrained strength 
and shear modulus are shown to compare well with 
results from independent tests at the same site. It 
was shown, that the self-boring pressuremeter is a 
reliable device to capture the non-linear stiffness be-
haviour of the clay at different in-situ stress levels 
(depths). 

The pressuremeter results will be used to back an-
alyse the undrained load-settlement response of shal-
low foundation field tests carried out at the NFTF. 
Results will be published at the Embankment Predic-
tion Symposium hosted by the CGSE in September 
2016.  

An automated inverse analysis tool is being de-
veloped to derive optimized geotechnical properties 
for engineering design directly from SBPM tests 
(Gaone et al. in prep.). 
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