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Pressuremeter tests on gneissic residual soil in Sao Paulo, Brazil 

Essais pressiometriques dans le sol r^siduel de gneiss de Sao Paulo, Bresil

C. S. Pinto -  Escola Politecnica da Universidade de S3o Paulo, EDUSP, Brazil 

M.AbramentO - Instituto de Pesquisas Tecnoldgicas do Estado de SSo Paulo, IPT, Brazil

ABSTRACT: This paper presents results obtained from 13 self-boring pressuremeter tests carried out on a gneissic residual soil in S5o 

Paulo city (Brazil), at the site of a future subway station. Additional SPT and seismic “cross-hole” tests were also performed at the site. 
The analysis concentrates on coefficient of lateral stress at rest (Ko) and shear modulus (G). The Ko values obtained ranged from 1.0 to 

as high as 3.0, suggesting the existence of locked-in stresses which were inherited from the rock mass. The decrease in shear modulus 
with strain amplitude is fitted with a simple hyperbolic curve.

RESUME: Ce travail present les rSsultats de 13 essais pressiometriques obtenus sur a sol residuel de gneiss dans un endroit & etre utilise 

par le Metro £ Sao Paulo (Brasil). Essais additionnells de SPT et "crosshole" sismique ont 6\£ effectugs aussi. L'analyse focalise sur le 

coefficient de la pouss^e en repos (Ko) et le module de cisaillement (G). Les valeurs de Ko obtenus ont 6t£ hauts, dans un intervalle de
1.0 jusqu'a 3.0. C'est utiliser une courbe hyperbolique pour dfcrire la reduction du module de cisaillement avec la deformation.

1 INTRODUCTION

Many underground facilities (subway and road tunnels, 
reservoirs) are under construction in Sao Paulo city. In general, 
geotechnical parameters for designing such structures are 

determined through laboratory tests. However, these tests present 
some major disadvantages: a) they cannot provide any 

information on the horizontal stresses prevailing in the ground; b) 
heavy sample disturbance may result in unreliable parameters; 
and c) laboratory tests can be very costly, related to a 

representative sampling, especially in a heavily heterogeneous 

deposit. This paper presents results obtained from the first set of 
self-boring pressuremeter tests carried out on a gneissic residual 
soil in Sao Paulo city (Brazil), at the site of a future subway 

station. The equipment used in the tests was the Camkometer 

Mark VElI-d. Additional tests, comprising standard penetration 

tests (SPT) and seismic crosshole tests were also performed at 
the site. A total of 13 pressuremeter tests were carried out in the 

same boring, seven in a mature residual soil soil and six in a 

saprolitic soil. Unload-reload loops were performed in all the 

tests in order to asses deformation parameters of the material. The 

test results were analyzed using the software provided with the 

self-boring pressuremeter. This paper focuses on the analysis of 
the coefficient of lateral stress at rest (Ko) and shear modulus 

(G). Correlations between SPT results and shear modulus are 

also presented.

2 SITE DESCRIPTION AND TESTS PERFORMED

Standard Penetration Tests performed at the site showed that the 

main soil deposit is comprised by a gneissic residual soil, 
characterized as a sandy silt with mica and quartz veins, medium 

to dense, gray and purple (Figure la). The water table is 2.7m 

deep. The deposit is typically constituted by a layer of mature 

residual soil soil about 12m thick, followed by a saprolite 10m 

thick topping weathered rock. The N SPT blowcounts for the 

mature residual soil ranged from 8 to 13, whereas for the 

saprolite it varied from 20 to 100. For depths greater than 20m 

the number of blows exceeded 50 for inserting the final 30cm of 
sampler. Therefore, for correlation purposes, the number of 
blows was extrapolated in these cases. The deposit can be very 

heterogenous, presenting quartz veins or gravel randomly 

distributed.

3 RESULTS

Horizontal in situ stress and Ko: The horizontal stress Obo was 
determined following the method developed by Marsland and 

Randolph (1977). In general, this method yields larger values of 
Cho when compared with the so called "lift o ff  method. This is 

attributed to a possible soil disturbance in the vicinity of the

a) N SPT b) Earth Pressure  
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Figure 1. Summary of tests results.
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probe, which would cause difficulty in determining the correct 
"lift off' position.

Figure lb shows the variation of Ko=a'ho/°'vO with depth, 
where a'ho and a'vo are the effective horizontal and vertical 
stresses, respectively. For determining a'vo, the water table was 

considered at a depth of 2.7m, while the soil unit weight was 

determined as 18kN/m3. The results show that Ko values tend to 

decrease from 3.0 at the top of mature residual soil up to 1.0 at its 
base. One of the tests, at a depth of 14.5m, yielded a very high 

value of Ko=3.8, which is attributed to a local heterogeneity with 

higher strength as, for example, quartz veins or gravel. For the 

saprolitic soil, Ko varied between 1.0 and 3.0. These unexpected 

high Ko values suggest the existence of locked-in stresses in the 

residual soil layers, which were inherited from the rock mass.
Shear modulus: In all 13 pressuremeter tests performed at the 

site, unload-reload cycles were carried out in order to determine 

the soils shear modulus. A detailed analysis of the unload-reload 

loops performed during the cavity expansion showed that the 

shear modulus G varies with the cavity strain amplitude in a 

given loop and with the strain level in successive loops. To 

overcome this problem and to make possible comparisons 

between deformability parameters from many loops, a statistical 
analysis was performed in order to correct and reduce the moduli 
to a "reference value", G*ur, arbitrarily corresponding to a cavity 

strain amplitude of 0,1% and a strain level of 1,0%. The results 
show that the larger the strain level the higher the moduli, 
indicating that the deformation increases the stiffness of the 

residual soil.
Figure lc shows that for both mature residual and saprolitic 

layers, the reference modulus G*ur increases aproximately 

linearly with depth. However, there is a difference in the linear 

coefficient for both layers. These same trends can be obseved in 

the crosshole tests results, Go, in which the difference in the 

linear coefficient is even more remarkable.
Figure 2 presents correlations between moduli obtained from 

pressuremeter tests (Gur) and crosshole tests (Go) witn N SPT 

results. The final portions in the curves are shown dashed since 

they correspond to the region were N SPT values were 

extrapolated. The shear modulus presented a relatively smaller 

increase with N SPT when compared with classic expressions, a 

typical behavior of saprolitic soils (Barros & Pinto, 1997).

N SPT

Figure 2. Correlations between shear moduli and N SPT.

By combining results from cross-hole tests and from the 

unload-reload loops in the pressuremeter tests, it was possible to 

determine how the soil shear modulus decreases with cavity 

strain amplitude Ec or shear strain y. Figure 3 shows that there are 

two distinct curves for each typical soil layer, mature residual or 

saprolitic.
These curves were obtained suposing that the shear modulus 

variation with shear strain could be represented by a hyperbolic 

equation, G/Go=[l+YtGo/tmax)]'1, where Go is the shear 

modulus obtained from crosshole tests, y is the shear strain and 

xma, is the drained strength (Figure Id). In order to determine the 

drained strength from the expression xmax=a'bo sin<t)p, the peak 

friction angle (j>p was calculated following the formulation 

presented by Hughes et al. (1977).
The fitted hyperbolic curves were determined suposing an 

average value of Go/Tmtt*=1050 and Go/tm„=1870 for the mature 

residual soil and the saprolitic soil, respectively.

S hear S train, y or Cavity S train, ec 

Figure 3. Decrease in shear modulus with shear or cavity strain.

There is much discussion in the literature regarding the 
correlation between the cavity strain and the shear strain in the 
soil mass. For the present case, the results show that the cavity 

strain amplitude Ec can be considered numerically equivalent to 

the average shear strain in the soil mass y. The results suggest 
that, in this case, the correction to be applied in order to obtain 

the shear modulus variation with the shear strain, when the cavity 

strain is known, is equal to 0.5. There is no conclusion, in the 
literature, about the correction to be applied. Bellotti et al. (1989), 
for example, suggest a correction factor of 0.25, while Howie 

(1991) suggests 0.15.

4 CONCLUSIONS

Results from 13 self-boring pressuremeters carried out in the 
gneissic residual show that:

1. Ko values obtained for the residual soil were much higher 

than initially expected, ranging from 1.0 to as high as 3.0 in both 

mature residual and saprolitic soil. This suggests the existence of 
locked-in stresses which were inherited from the rock mass.

2. G varies with the cavity strain amplitude in a given loop and 

with the strain level in successive loops. To overcome this 
problem and to make possible comparisons between 

deformability parameters from many loops, a statistical analysis 
was performed in order to correct and reduce the moduli to a 
"reference value", G ur, arbitrarily corresponding to a cavity 

strain amplitude of 0,1% and a strain level of 1,0%. The results 
show that the larger the strain level the higher the moduli, 
indicating that the deformation increases the stiffness of the 
residual soil.

3. The decrease in shear modulus with strain amplitude can be 
fitted with a simple hyperbolic curve. A correction factor of 0.5 

was adequate for converting the decrease of shear modulus from 

cavity strain to shear strain.
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