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Analysis of the behaviour of a drilled pier foundation in a weathered, foliated 
and folded slate

Etude du comportement d’un pieu en béton exécuté en place dans une ardoise pliée, foliée et altérée

R.P.Cunha & J.Camapum de Carvalho - Department of Civil Engineering, University of Brasilia, Brazil

ABSTRACT: This paper presents the results, and analysis, o f a load test carried out in a drilled pier foundation located in Brasilia, Brazil. 

This foundation, a mechanically bored and cast in place concrete pier, has a diameter o f 0.7 m and was founded in a weathered, foliated 

residual soil o f slate. The load test results were analyzed in the light o f direct shear tests performed with block samples of the site.

RESUME: Cet article present les résultats et études concernant un essai sûr le terrain réalisé sûr un pieux en béton à Brasilia, Brésil. Cette 

fondation, un pieux en béton avec 0.7 m de diamêter a etê perfurée mechaniquement dans une ardoise pliée, foliée et alterée. L’essai sûr le 

terrain a etê analysé ci joint avec des résultats d’essais réalisés au boîte de cisaillement sûr des êprouvéttes d’ardoise.

1 INTRODUCTION

In the Brazilian capital Brasilia and adjacent areas it is common 

the occurrence o f a weathered, folded and foliated slate, which 

serves as support layer o f the usual deep drilled foundations used 

in this region. This slate is formed by metamorphic geological 

processes and belongs to the Paranoah group o f the mezo- 

proterozoic age. The saprolitic and residual soils formed from this 

rock preserve its folded and foliated original characteristics. 

These soil formations emerge in extensive areas o f the Brazilian 

central plateau, being sometimes covered by a latosol denominated 

“porous clay” which can be o f a distinct origin.

Given the above features, it has been observed that the residual 

soil o f slate has a strong anisotropic mechanical behavior when 

sheared. This behavior is generally not considered in local design 

practice, however, as it will be briefly presented herein, its 

knowledge has a fundamental importance when selecting the most 

appropriate shear strength parameters for the design.

2 GEOTECHNICAL CHARACTERISTICS OF THE SLATE

The geotechnical characteristics o f the residual soil o f slate were 

obtained through standard geotechnical laboratory tests on 

undisturbed block samples. These samples were retrieved from 

the same block to reduce the soil heterogeneity interference on the 

laboratory results.

Table 1 presents the results o f the sieve and soil classification 

analyses carried out with the samples. Geotechnically speaking, 

the residual soil o f slate can be described as a silty clay to clayey 

silt o f low to medium plasticity, being classified as CL in the 

Unified Classification System.

Direct shear tests were carried out in order to determine the 

shear strength parameters (effective cohesion and friction angle) 

o f the samples. The different field orientation o f the foliations in 

relation to the shear planes imposed by the deep foundation were

Property Average Value (%)

Clay fraction 30

Silt fraction 67

Sand fraction 3

Plasticity limit 20
Liquid limit 44

Plasticity index 24

simulated by conducting direct shear tests with “rotated” samples. 

This procedure can be schematically shown in Figure 1, and 

simply consists in performing tests in which the shearing 

(horizontal) plane imposed by the equipment has an angle in 

relation to the average orientation o f the soil foliations. Three 

orientations were chosen: Horizontal, inclined at 45° and vertical, 

leading to a total o f 9 direct shear tests.
The strength envelopes for each o f the above orientations were 

plotted together with the laboratory data points in Figure 2. By 

adopting the Mohr-Coulomb failure criteria with this former figure 

it was possible to obtain the shear strength parameters o f Table 2.

In this table it is noticed that the initial expectation of 

intermediary parameters for the inclined orientation was not met. 

Indeed, it doesn’t seem to exist a variation trend o f  the magnitude 

o f the parameters in relation to the orientation o f the foliation. 

For instance, the friction angle is lower in the horizontal 

orientation than in the vertical one, which is the opposite behavior 

o f the cohesion parameter.

These preliminary results validate the idea o f using laboratory 

geotechnical tests, together with a structural geologic mapping of 

the foundation strata, to design deep foundations in the Brasilia 

geological sequences. As well, they demonstrate the variable
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Figure 1. Orientation o f the failure planes
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behavior in terms o f bearing resistance (and deformability) that 

one can expect at each foundation location o f the work site.

3 LOAD TEST RESULTS AND INTERPRETATION

A full scale load test was carried out in one typical deep drilled 

foundation located in the residual and saprolitic soil o f slate. This 

test was done in order to verify the design suitability of the shear 

strength parameters previously obtained in the lab. The load test 

followed the recommendations put forward by the Brazilian 

MB-3472/1991 norm, and it was carried out in slow loading 

intervals o f 20 % o f the working load up to the foundation failure. 

The top foundation block had its settlement controlled by 4 dial 

gauges, and tell tales were used to monitor the internal settlement 

o f the pier. This pier had an average diameter of 0.7 m and length 

of 12 m. Full details o f this load test can be found in Cunha and 

Camapum de Carvalho (1995).

In order to obtain the total (tip plus shaft) failure load of the test 

the method proposed by Van der Veen (1953) was adopted. It 

was possible then to define the bearing capacity o f this foundation 

and to compare experimental (field) and theoretical (Van der 

Veen’s exponential equation) load-settlement curves, as 

demonstrated in Figure 3. The theoretical curve of this figure is 

related to an estimated bearing capacity o f 2500 kN.

4 COMPARISON OF BEARING CAPACITY ESTIMATIONS

The theoretical bearing capacity of the pier was determined by 

using the formulas proposed by Beresantsev et al. (1961) and 

Meyerhof (1963) (bored piles), as presented in Table 3.

It is noticed that the lower results are obtained with the inclined 

foliation orientation, whereas the higher ones are related to the 

vertical orientation. This same trend of results was also obtained 

by another analysis on shallow foundation carried out by 

Camapum de Carvalho and Cunha, 1996, and demonstrates that:

1. In order to design foundations in such foliated soils it is 

important to establish lower and upper bounds o f soil resistance 

with basis on geotechnical tests on undisturbed samples of the site.

This point guides the engineer to select appropriate parameters 

for each foundation within the possible field range o f soil 

resistance. However, whenever possible, such selection should 

also rely on the guidance of a structural geologic mapping.

2. In order to “calibrate” the theoretical bearing capacity 

formulas a field load test should be carried out.

In this particular example the field orientation o f the foliations 

varied from 45 to 90° degrees to the horizontal plane (by visual 

assessment), indicating that values between the “inclined” and the 

“vertical” positions ofTable 3 could be used. By comparing these
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Figure 2. Direct shear test results

Table 2. Shear strength results from direct shear tests.

Foliation Cohesion (kPa) Friction angle (x°)

Horizontal 13.6 19.0

Inclined 29.8 10.0
Vertical 0.4 27.0

Table 3. Bearing capacity results via theoretical formulas.

Foliation Total (tip + shaft*) capacity (kN)

Beresantsev et al. Meyerhof*'

Horizontal 2105 3032

Inclined 1850 2717

Vertical 2220 3296

Shaft resistance by “alfa” method - Tomlinson (1971). 

“ Bored piles formula

Load (kN)
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results with the 2500 kN load test value one can conclude that, in 

this case, Beresantsev et al. formulas underestimated the 

resistance whereas the Meyerhof ones overestimated it.

5 CONCLUSION

It is concluded that the behavior o f foundations in this type of 

geological strata strongly depends on the orientation of the local 

foliation. This behavior can be taken on account by a proper 

program o f site investigation, lab. testing and geologic mapping.
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