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SYNOPSIS This paper presents the values of negative friction estimated from the extra
polation of the measured values of total skin friction in the static penetrometer tests and from 
Bjerrum’s method. These estimates are compared with the values obtained from tension tests on a 
series of five piles. One of the piles was untreated and the four others were either coated with 
asphalt or provided with 5.3mm thick collars, or both, in an attempt to reduce the skin friction. 
The most efficient of the treatments tested was a plain asphalt layer without the collars which re
duced skin friction by approximately 75% from an average of 5.2 * 10 Pa down to 1.3 x 105 Pa. The 
cost of the treatment is of the order of 2% of the cost of the foundation. The results and inter
pretation of four horizontal load tests are also presented.

INTRODUCTION

During the design of the foundations of the lar
gest steel mill in Brazil, located in Ouro Bran
co in the state of Minas Geraes, it was found 
that large patches of very soft clay existed in 
the valley which had been covered with up to 40m 
of compacted silty clay to sandy silt. Due to 
the established deadline for the beginning of 
operation of the plant, the foundations which 
would involve piling in large areas had to be 
designed to take into account the negative fric
tion which would develop along the piles. No 
evidence of previous experience of measured ne
gative friction in such fills with such a thick
ness could be found in the specialized litera
ture. This paper shows the initial estimates of 
negative friction values as well as the tension 
load tests conducted on a series of piles in or
der to minimize this negative friction.

SOIL CONDITIONS

The structures to be built had to be founded 
either on cut or filled areas, and in several 
cases on both. The soil conditions consisted of 
a typical Brazilian gneiss residual soil vary
ing gradually from a silty clay in the first few 
meters to a less mature and more sandy residual 
soil and to decomposed rock. The thickness of 
the residual soil layer varied from 6 to 38m.
A few large boulders could be found sporadically 
within the soil layer. The fill which was used 
to bring all areas up to elevation 996m consis
ted of the residual soil, both clayey and sandy, 
obtained from the cut areas. Figure 1 shows the 
results of a Standard Penetration Test and of a 
static penetrometer test performed next to the 
piles. The characteristics of this fill are 
shown in Table I. The fill varied in thickness 
from 0 to 40m and was in some areas compacted 
directly over very soft clay layers existing at 
the bottom of the valleys with a thickness of a

few meters. Through measurements during compac
tion of the fill it was estimated that settle
ments of these low permeability clay layers would 
cause negative friction in the proposed pile 
foundations, while it was concluded that the re
sidual soil layer would be fully consolidated 
before the execution of the.piles.
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TABLE I The negative friction was then estimated as:

; Liquid limit: 
¡Plastic limit: 
¡Plasticity index:

43 to 62% 
32 to 40% 
11 to 20%

Clay: 32 to 67% 
Silt: 17 to 65% 
Sand : 3 to 29% 
Grave 1:0 to 2 %

F = / (fsA)dz (2)

NEGATIVE FRICTION ESTIMATES

The first type of piles recommended by the de
signers was a 14" by 14" steel H pile with a 
thickness of one inch and a working load of 
2800 KN. Initial preliminary estimates were 
made of the possible negative friction to act 
on the piles. Two methods were used. The 
first one consisted of a direct extrapolation of 
the side friction of the static penetrometer to 
the pile. Based on a large number of static 
penetrometer tests coupled with adjacent Stan
dard Penetration Tests, a correlation was es
tablished between the unit side friction (fs) 
measured along the rods of the penetrometer and 
the number of blows (N) to penetrate the last 
30cm in the Standard Penetration Tests (SPT).
The best correlation obtained was:

f s(KPa)= 8.1 N (1)
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FIGURE 2

where L= length of the pile in the fill, in me
ters, and A= side area of the pile per meter of 
length considering the pile cross section as a 
square of 1411 x 14". The second method was the 
one recommended by Bjerrum (1973) where:

fs= Ka1 tan$ k(1 + 2K)a 1 / 3 (3 )

where = effective vertical stress at the con
sidered depth, (|) = true friction angle of the 
soil, K= at rest earth pressure coefficient, and 
k= a coefficient function of the plasticity in
dex as given by Bjerrum (1973). The estimated 
values of these parameters were:

a,= y z  where y= 19KN/m3above the water table 
and 9KN/m3below the water table, and 
z= depth in meters.

<$>e ~ 25°, K- 0.50 and k= 0.06 (for Ip= 17%)

Fig. 2 shows three curves of estimated negative 
friction versus depth. The extreme right was 
obtained with the first method and the extreme 
left was obtained using Bjerrum's method. Fol
lowing the experience of Hunter and Davisson 
(1969) who reported that the side friction in a 
tension test was 70% of the side friction in a 
compression test, a third curve was plotted on 
Fig. 2 which represents 70% of the skin friction 
obtained through the first method. At a depth 
of 30m the estimated negative friction is of the 
order of 2000 to 3000 KN, that is, of the order 
of the workinp load of the pile. Due to these 
results a 5 pile extraction test was programmed 
with untreated piles and piles treated to reduce 
friction.
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PROPOSED PILE TREATMENTS

Based on results published by Bjerrum et al 
(1969), Claissen and Horvat (1974) and Fellen- 
ius (1975), among others, it was decided to test 
the efficiency of an asphalt layer coated pile 
to reduce skin friction. The five piles to be 
tested are presented in Fig. 3. They are piles
2, 3, 4, 5, and 6. In each test th$ two ad
jacent piles were used as reactions. The dis
tance between the axis of two neighboring piles 
was 1.5m. Pile number 4 was covered with a 
layer of asphalt cement with a penetration of 
80/100 applied hot with a brush and although the 
specified thickness was 3mm, it varied roughly 
between 1 and 3 mm. Piles 2 and 5 were also 
covered with the same asphalt layer and 5.3mm 
thick and 25mm wide collars were welded around 
the pile at every six meters with the expecta
tion that they would be efficient in preventing 
the damage which might be done to the asphalt 
layer of pile 4 by the quartz grains. Hoping 
that these collars might also reduce skin fric
tion, it was decided to test one pile with 
collars and without asphalt (pile number 3). As 
the basic reference, pile number 6 was an un
treated pile. The cost of welding of the collars 
and the painting of the piles with asphalt was 
of the order of 4% the cost of the piling. The 
five piles to be extracted were driven down to 
30.5m and the two end piles were driven to ap
proximately 40m. Pile 7 stopped on a large 
boulder at 35m. Fig- 4 shows the driving dia
grams of all five piles driven with a diesel 
hammer with a 30KN piston and a 2.5m drop. All 
of them fall within the zone limited by the 
curves of pile 3 without asphalt and with collars 
and the untreated pile 6. It is interesting to 
note that down to 24 meters, which corresponds 
to two 12m elements, the curves are quite the 
same for the six piles showing no influence of 
either the asphalt layer or the collars in re
ducing driving resistance and that the differenee 
increased progressively between 24 and 36m. The 
authors believe that this is mainly due to fac
tors like disalignment of the pile, or time of 
paralization of the driving rather than to the 
treatments applied to the piles.

TENSION LOAD TESTS RESULTS

Fig. 5 shows the results of all tension tests 
performed between one and two months after the 
driving of the piles. The highest value of side 
friction was, as expected, the one correspond
ing to the untreated pile with a peak value of 
2400 KN and a "residual" value of 2250 KN. The 
lowest value corresponding to the pile coated 
with asphalt and without collars was 600 KN, 
that is, roughly 26% of the untreated pile skin 
friction. These values correspond to average 
skin frictions of 5.2 x 10s Pa and 1.3 * 10 Pa 
respectively. The two piles treated with asphalt 
and collars exhibited the same skin friction of 
800 KN. This value is a little higher than the 
minimum one obtained with asphalt and without 
collars, which shows that the quartz grain did 
not damage the asphalt layer and that the col
lars did not have the effect of reducing side 
friction. Due to lack of time, the test of the 
pile treated with collars and without asphalt 
(Pile 3) had to be interrupted, but the begin
ning of the curve on Fig. 5 shows clearly that it 
would be inefficient in reducing skin friction.
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HORIZONTAL LOAD TESTS

Figure 6 presents the results of four horizontal 
load tests performed at earth level on piles 1 
and 6, in the direction of major inertia, and 
piles 2 and 7, in the direction of minor inertia. 
Applying Poulos' method (Poulos, 1971) to analyze 
the results of these tests, for the load of 2 00KN, 
the values of horizontal soil modulus (Es) pre
sented in Table II were obtained. The following 
observations can be done in relation to these 
values. The modulus obtained from the tests on 
piles 7 and 2 do not represent the real value of 
Es since the soil inside the pile was driven a 
few meters as it adhered to the steel, leaving 
the pile only partially in contact with the soil 
in its first few meters. In the case of piles 6 
and 1, it could be seen that the collars created 
a small void which lead to a fictitious reduction 
of Es of the order of 20%.

TABLE II

Pile Inertia with collars Es (kPa)

6 H ma j or no 4300
1 H

-*■ major yes 3400
7 T ■> mi nor no 1500
2

I minor yes 740
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CONCLUSIONS

The measured value of total skin friction along 
the untreated pile is very close to the value 
estimated from the static penetrometer test skin 
friction, assuming a value of friction in ten
sion equal to 70% of the one in compression.
The method recommended by Bjerrum also leads to 
a value which is close to the measured one with
in the degree of precision of the adopted para
meters. The coating of the piles with asphalt 
cement contributed significantly to reduce the 
skin friction. The surrounding soil did not pro
duce great damage to the coating during driving 
as the observed reduction in skin friction is of 
the order of 75%. This result was obtained with 
a coating whose cost is of the order of 2% of the 
piles in place. The welding of collars around 
the pile, either to protect the asphalt layer, 
or to reduce the skin friction, was not as effi
cient as initially hoped for. The cost of the 
collars would increase the cost of piling by an
other 2%. Finally, due to the observations con
cerning the horizontal load test, it is recom
mended that special care be taken to fill the 
void which might be created around the first 
few meters of the piles when horizontal loading 
is to be applied, and especially so if it is to 
be applied in the direction of minor inertia.
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