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ABSTRACT 
 

The purpose of this work is to find the optimized number of probing to be performed as a means of 
minimizing its cost and maximizing its efficiency as well as the own foundations themselves. It will be used data 
from probing and load tests on CFA piles, each probing furnishing a particular bearing capacity value to a project 
CFA  pile like those mentioned through forecasting semi-empiric methods. Working with three up to fifteen probing 
and using combinatory analysis (it will be, at each fixed amount of probing to be researched, several possibilities 
among the potential fifteen available) it will be possible to answer this question. Of course the combinatory 
analysis will be technically possible because the soil variability found.  The load test values will show which of ,  at 
the answers coming from the semi-empiric methods,  must fit to the reality and aid to improve those who will not. 

 
  
1.Introduction  

In engineering practice, when the designer asks 
for geotechnical investigation tools he is looking 
for the better instruments at his reach to help him 
to project a foundation with the necessary means 
to achieve a safe project together with a 
competitive cost. In other words, he is using the 
better tools available to perfectly “see” what is 
going on the underground at a geotechnical point 
of view and consequently have much more data 
to take a better decision. The data for the 
analysis is the sum of two elements: fifteen SPT 
probing and three load tests performed at the 
Experimental Site at UNICAMP given that the 
load tests were performed on Continuous Flight 
Auger and the probing were performed at a wide 
range spread in the site. 
There is a question to the designer: what is the 
difference in terms of costs and benefits for 

perform three or four probing instead of let´s say 
fifteen as was performed in this  case? Should 
the designer ask just four or five probing to save 
some clients´ money  or, instead of it, ask eight, 
nine probing to get more information? How 
could be justified this more expensive choice? 
Which would be the parameters the geotechnical 
engineer should be based to take this kind of 
decision in such a more rational manner? 
In order to answer the questions above the 
probing will be worked using a statistical 
approach, or in a more specific way, 
combinatory analysis and an hypothetical 
structure will be used. 
 
2. Theoretical methodology  
 



Focusing the case, for instance, to perform only 
three probing at the whole site, it should be 
emphasized that, in the presented case, these 
must be thought as three among the fifteen in 
potential whatever they could be. This process 
will be as follows: chosen a fixed number, let´s 
say, five, of probing, there will be a lot of 
combinations five to five related to fifteen 
possible, each combination furnishing a 
determined particular parameter and all this 
amount of combinations compounding a wide 
group of combinations, in this case the “5 to 5 
under 15” group or “5-5/15”. Still, if were found 
as the particular parameter the bearing capacity 
value of each of them (from an estimation 
method concerning a  defined kind of pile) and 
after that an average value concerning all of 
them, it would be possible, by simplification and 
only in the presented case, to state that  this 
value could be the “real one”. In other words, it 
is been assumed that, for a specific soil, pile and 
estimation method there will be only one 100% 
reliable value of bearing capacity to be applied 
to foundation design ends, thus coming from the 
fifteen probing themselves. 
Therefore in this paper it will be used as a 
representative parameter from each probing by 
means of combinatory analysis the bearing 
capacity value, which will be obtained from 
three semi-empiric methods using as a model a 
project CFA pile equal to those available in load 
tests. The three semi-empiric methods used in 
this research are: Décourt&Quaresma (1982), 
Antunes&Cabral (1996) and Vorcaro&Velloso 
(2000), given that the first one was not  initially 
developed for CFA piles like the other two were 
and are supplied by NSPT values. It is important 
to say that either Décourt&Quaresma (1976) or 
Vorcaro&Velloso (2000) do not take in 
consideration at their analysis the soil layers that 
surround the pile shaft, by the other hand, 
Antunes&Cabral (1996) do that through factors 
related to the type of soil.  

As mentioned before, related to each method, it 
will be resulting an average bearing capacity 
according to the fifteen as a whole (the so called 
“real one”) and also, besides that, an average 
work load, or standard loading. This standard 
loading is achieved by dividing the “real one” 
average bearing capacity by a safety factor, often 
being the number two (FS=2) as a known 
pattern. It must be compared to combination by 
combination at all the groups, where it will be 
compared to the average bearing capacity value 
achieved by each of the combinations. 
Comparing, in fact, less accuracy or  
“incomplete” bearing capacities with the 
standard loading, will give a ratio between both 
which should be called “false safety factor” or 
FS´, in order to have a parameter to be compared 
to the real FS=2 related to the standard loading. 
It will be shown that all combinations of every 
group (3-3/15, 4-4/ 15, etc) will have this FS´ for 
each of the combinations, and an average, FS ‘ , 
related to the whole amount of combinations of 
the group as could be noted at table 1. 
Obviously that all what were told above make 
some sense because of the great  importance of 
soil variability in geotechnical investigation. For 
instance, at an  hypothetical  situation that at a 
determined site the geotechnical properties of a 
probing do not vary along the deep of the soil 
stratum or even among different probing 
covering the whole area, it will be unnecessary 
to apply any statistical forecast and would be so 
easy and practical to design any kind of 
geotechnical project just with one probing at all. 
Finally, after deciding by the three semi-empiric 
methods the ideal number of probing for each 
one (for each method, average bearing capacity 
value of their chosen group) these will be 
compared to load tests to evaluate which of the 
three will fit better in terms of bearing capacity 
and this will be the best answer to the initial 
question. 

 
 
 
 
 
 
 
 
 
 
 



Table 1 – “False” Safety Factors FS´ and FS ‘  related to the Group of Combination “3-3/15” 
Estimated Bearing Capacity of a project pile at determined soil profile from each of the probing available 

Number of 
Combination 

 

Average B. 
Capacity of 

the 
Combination 

Standard 
Loading 

Average B. 
Capacity / Standard 

Loading or FS  ́

Combination nº 
1 

Probing 1 
 B. Capacity 

Probing 2 
 B. Capacity 

Probing 6  
B. Capacity 

Q 1 S Q 1 / S = FS´1 

(…) (…) (…) (…) (…) (…) (…) 
Combination nº 

244 
Probing 10 B. 

Capacity 
Probing 14 B. 

Capacity 
Probing 15 
B. Capacity Q 244 S Q 244 / S = FS´244 

Average FS´  FS ‘  
STD  

COV (%) 
 
Because a research  simplification hypothesis 
regarding the columns´ loads of the hypothetical 
structure that will be used further  as been equal 
to each other it will be admitted that all the SPT 
probing will deserve the same “weight” or 
importance at the statistical analysis. When at 
comparing the “less accurate” bearing capacity 
values with the load tests, it will be done to make 
a choice of which method fits better and this will 
obviously take several probing in care as told 
before. Otherwise the authors could at the 
beginning take a closer probing to the load test 
and make all the forecasting calculation to 
already  evaluate the best method and then only 
with it continue with the statistical steps, but 
they prefer all probing must participate. Because 
its inherent geotechnical characteristics are 
different among themselves and some could 
appear for the methods used and others not, put 
just one probing to be analyzed by the methods 
would be a risk, for instance, suddenly one 
method is not pretty good and, if were take into 
account all the probing, some “hidden” 
characteristic could arise and perhaps chance the 
evaluation. After deciding what estimation semi-
empiric method will be the “best”, the other two  
will be suggested a kind of correction to be used 
with as the same  efficiency as possible. 
 
3. Field Methodology 
 
 The fifteen SPT probing and the three load tests 
on CFA piles used as source of the research were 
performed at the Experimental Site at 
UNICAMP, with an area about 1200 m2. The 
underground is characterized by Lateritic 
Diabase Residual Soil, formed  by an sandy-silt  
clay layer with high porosity and intense 
weathering (0 to 6m), followed by other layer of 

sandy-clay silt up to 18m, given that the water 
level is not found up to this deep. As could be 
observed, there are several geotechnical 
characteristics at the researched underground site 
(figure 1). 
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Figure 1 – Geotechnical characteristics. 

 
Aiming better comprehension of the probing 
distribution on the whole site, it were related to 
the alphabet letters as could be seen in figure 2, 
together with the three load tests. Related to each 
probing it were therefore calculated the 
compression bearing capacity, taking as model  
the CFA as same as the already tested (with  
L=12m and φ=0,40m). As a means of comparing 
costs it will be accepted that one CFA pile has 
the same total cost as five probing. 
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Figure 2 - Probing distribution and CFA piles. 

 
The probing combination groups that will be 
presented later will try to simulate the  field 
engineer  decisions concerning to the amount of 
probing to be performed and also on which 
manner the probing should be distributed in the 
available area. Even without a great technical 
approach this kind of decisions are also  several 
times based in the own experience of the 
engineer together with his good sense. What 
normally is done is to dispose of  the probing 
combinations which are found inappropriate to 
the good field practice. What was done in this 
paper was dispose of some kind of combinations 
perfectly understood as out of the good 
engineering practice and this way were obtained 
15311 combinations. Therefore was adopted  the 
following restraints: 
• For each probing group, it were become a 

pattern at least one of the programmed  
probing be executed in the center area of the 
site, imagining it as having all its area been 
used by the construction, which is 
understood to have uniform distribution of 
loads onto the whole area. Thus, each 
combination will be scheduled to get at least 
one of the followings probing: I or F or G or 
J. 

• For each probing group, it were adopted 
some restraint conditions in such a way that 
it will not be allowed to exist probing 
combinations where only the center area will 
be investigated in detriment of the borders of 
the site. Therefore, the following pairs of 
probing will be disposed of the combinatory 
analysis when been together: I-F, I-K, I-L 
and I-G. 

• As a means of a standard initial number of 
probing to be executed when nothing was 

planned to the situation, a minimum number 
of three probing must be performed. 

It is also important to notice that, at a site of this 
size, about 1200 m2 , the local engineering code 
in use asks for six probing as a minimum. 
 
4. Obtained Results and Comments 
 
The results obtained by means of the three 
forecasting semi-empiric methods about the 
particular bearing capacity of each of the fifteen 
probing is demonstrated in the table 2, found 
bellow: 
Adopting therefore a factor of safety FS=2 as 
told before, and taking the average bearing 
capacity owing to Décourt&Quaresma (1982) of 
value 496,2kN, it will be found a standard 
loading of 248,1kN. The same process is to be 
used for Antunes&Cabral (1996) and 
Vorcaro&Velloso (2000) given 219,3kN and 
208,9kN at this order. The FS´ is defined as 
being the result of a ratio between any average 
bearing capacity value to a given standard 
loading: Q n/S=FS´. Since is understood that S is 
a constant, FS´ only will vary along the 
combinations due to a variation of the average 
bearing capacity value and when it, in a 
particular case, were equal to the average 
bearing capacity value of the fifteen probing 
(known as the “real one”), then FS´ will be equal 
to FS=2. In all the remain cases, FS´ will be 
different to FS=2 because all the average bearing 
capacity values also will be different. Therefore 
when having a FS´ different from 2 it is a sign 
that the combination which afford this average 
bearing capacity value is less accuracy than “the 
real one” combination (15-15/15 group). In 
addition, when FS´ value tends to FS=2, the 
average bearing capacity value tends to become 
closer of the so considered 100% reliable. It is 
important to notice that, instead of at a first sight 
it would seems, a FS´ number bigger than 2 
cannot be understood as “greater safety” before 
the designer´ eyes. For instance, in the 
combination group 3-3/15 using as source of the 
bearing capacity values of the probing 
Décourt&Quaresma (1982) method, at the 
combination number 241 is possible to see that 
FS´=2,29. In other words, the average bearing 
capacity value found is equal to S x FS´= 248,1 
X 2,29= 568,15kN and, to the designer who 
asked only this three probing, this will be his 



bearing capacity to project, with a standard 
loading of 568,15 / 2 = 284,08kN. Comparing 
the real average bearing capacity by 
Décourt&Quaresma (1982) as being 496,2kN 
with this work load of 284,08kN then the FS 
become 496,2 / 284,08 = 1,75 in fact. 
 
Table 2 – Estimated Bearing Capacity by means 
of semi-empiric methods. 

Probing 
Décourt& 
Quaresma 

(1982) 

Antunes&
Cabral 
(1996) 

Vorcaro& 
Velloso 
(2000) 

A 547,7 486,0 535,8 
B 468,5 471,0 367,9 
C 450,2 395,0 347,3 
D 454,6 433,2 384,9 
E 410,1 331,2 262,8 
F 443,1 357,3 316,1 
G 453,3 324,1 293,0 
H 518,0 487,0 478,0 
I 481,2 440,2 400,0 
J 473,6 421,4 378,0 
K 508,2 459,1 438,3 
L 636,4 538,0 627,3 
M 501,4 457,8 432,6 
N 503,7 445,1 421,0 
O 593,1 530,8 584,3 

Q n (KN) 496,2 438,5 417,8 
STD (kN) 59,7 64,6 103,6 
COV (%) 12,03 14,73 24,8 

FS  2,00 2,00 2,00 
Std Loading 

(kN) 
248,1 219,3 208,9 

 
On the other hand, having for instance the 
combination number 43 of the same group is 
possible to see that FS´=1,83, with therefore Q 43 
= 1,83 X 248,1= 454,02kN, with a work load of 
454,02 / 2 = 227,01kN less than what the 
foundation really supports (496,2 / 2 = 248,1kN) 
showing a case of over-design. Comparing the 
real average bearing capacity by 
Décourt&Quaresma (1982) as being 496,2kN 
with this work load of 227,01kN it is obtained 
FS= 496,2 / 227,01= 2,19 in fact. 
All the above conclusions are extended to FS ‘ 
parameter, which could be observed at the 
following tables which show all the 
combinations groups, the found FS ‘ value 
related to each of the combination groups as well 
as its standard deviation and variation coefficient 
(tables 3, 4, 5).  
It was explained above that, when having at a 
determined combination a safety factor FS´ > 2 it 
is the same thing having a FS <2 or, otherwise, 

having a safety factor FS´ <2 it will result a 
safety factor  FS > 2. This observation implies 
that when a FS´ number tends to rise its 
associated FS number tends to decrease or the 
contrary. 
 
Table 3 – Results of Combinatory Analysis using 
Décourt & Quaresma (1982) method. 
Combination 

Groups FS ‘  STD FS´ >2 
(%) 

FS´<2 
(%) 

FS´ 
Max 

FS´ 
Min 

3 -3 / 15 1,97 0,11 23,8 48,8 2,29 1,75 
4 - 4 / 15 1,98 0,09 24,3 40,2 2,27 1,77 
5 - 5 / 15 1,99 0,08 24,0 34,4 2,23 1,78 
6 - 6 / 15 1,99 0,07 23,3 28,9 2,20 1,80 
7 - 7 / 15 2,00 0,06 22,3 24,2 2,18 1,82 
8 -8 / 15 2,00 0,06 20,5 19,3 2,16 1,84 
9 - 9 / 15 2,00 0,05 18,3 15,3 2,13 1,86 

10 - 10 / 15 2,00 0,04 14,4 10,9 2,10 1,88 
11 - 11 / 15 2,00 0,03 8,5 7,4 2,07 1,90 
12 -12 / 15 2,00 0,03 1,1 2,2 2,05 1,93 
13 - 13 / 15 2,00 0,02 0 0 2,03 1,96 
14 - 14 / 15 2,00 -     
15 - 15 / 15 2,00  -     

 
Table 4 – Results of Combinatory Analysis using 
Antunes&Cabral (1996) method 
Combination 

Groups 
FS ‘  STD FS´>2 

(%) 
FS´<2 
(%) 

FS´ 
Max 

FS´ 
Min 

3 - 3 / 15 1,94 0,14 23,4 49,2 2,27 1,54 
4 - 4 / 15 1,97 0,12 25,8 43,5 2,25 1,60 
5 - 5 / 15 1,98 0,10 25,3 38,5 2,25 1,67 
6 - 6 / 15 1,99 0,09 25,0 34,1 2,23 1,72 
7 - 7 / 15 1,99 0,08 23,8 29,7 2,21 1,76 
8 - 8 / 15 2,00 0,07 21,7 25,8 2,20 1,80 
9 - 9 / 15 2,00 0,06 19,2 21,9 2,18 1,84 

10 - 10 / 15 2,00 0,05 16,1 18,5 2,16 1,87 
11 - 11 / 15 2,00 0,04 12,1 13,7 2,12 1,90 
12 - 12 / 15 2,00 0,03 5,5 6,6 2,08 1,93 
13 - 13 / 15 2,00 0,02 0 0 2,04 1,96 
14 - 14 / 15 2,00 -     
15 - 15 / 15 2,00  -     

 
Table 5 – Results of Combinatory Analysis using 
Vorcaro&Velloso (2000) method. 
Combination 

Groups FS ‘  STD FS´>2 
(%) 

FS´<2 
(%) 

FS´ 
Max 

FS´ 
Min 

3 - 3 / 15 1,92 0,22 29,9 55,7 2,54 1,39 
4 - 4 / 15 1,95 0,19 31,9 49,6 2,54 1,46 
5 - 5 / 15 1,97 0,17 32,9 45,4 2,49 1,52 
6 - 6 / 15 1,99 0,15 33,8 41,4 2,43 1,57 
7 - 7 / 15 1,99 0,13 34,2 37,4 2,38 1,61 
8 - 8 / 15 2,00 0,12 33,8 34,1 2,33 1,66 
9 - 9 / 15 2,00 0,10 32,9 30,3 2,28 1,70 

10 - 10 / 15 2,00 0,09 31,7 26,6 2,22 1,74 
11 - 11 / 15 2,01 0,07 29,1 22,5 2,17 1,79 
12 - 12 / 15 2,01 0,06 24,2 16,5 2,12 1,86 
13 - 13 / 15 2,01 0,04 14,3 14,3 2,06 1,93 
14 - 14 / 15 2,01 -     
15 - 15 / 15 2,00  -     



It was explained above that, when having at a 
determined combination a safety factor FS´ > 2 it 
is the same thing having a FS <2 or, otherwise, 
having a safety factor FS´ <2 it will result a 
safety factor  FS > 2. This observation implies 
that when a FS´ number tends to rise its 
associated FS number tends to decrease or the 
contrary. In other words, when having a  
maximum FS´ value it means a minimum FS 
value, what could not be good to the safety . 
When having a minimum FS´ value it means a 
maximum FS value, what could not be good to a 
rational project in terms of costs. Therefore, it 
will be very good to show this extreme values as 
was done at the above tables. In terms of safety, 
on table 5, the worst situation is at the 3-3/15 
group as also in the other two tables. Having a 
FS´=2,54 will furnish in this case a FS=1,57. 
Analysis of the two other tables at this  subject, 
table 4 given for FS´=2,27 a safety factor of 
FS=1,76 and table 3 given for FS´=2,29 resulting 
a safety factor of FS=1,75. The local engineering 
code allows FS lower than 2 up to 1,60 at a 
minimum in case of  load tests performed at the 
site. Based on that, at this case the worst 
situations in terms of safety of tables 3 and 4 do 
not represent a major problem and thinking just 
at this aim these group could be chosen. Related 
to table 5, at a 5-5/15 group with a FS´=2,49 
there will be a safety factor FS = 1,61 and thus 
approved. Thinking this way, only in terms of 
safety factor to evaluate the safety of the design 
could not be as right as using other instruments 
to measurement of this phenomena like failure 
probability (Aoki et al., 2002).  
Even thinking just on terms of safety factor 
itself, were showed above that even at the worst 
case it will be no problem at tables 3 and 4 
dealing  only with three probing and a little 
change on table 5 from 3-3/15 to 5-5/15 what is 
not so different from what local engineering 
code asks (6 as a minimum at a 1200m2 site like 
this one). In other words, using only the “safety” 
concerning will not necessarily  bring so good 
advances.  
The table´s extreme values related to costs are 
equally at group 3-3/15 at every table. It is worth  
noting that either the worst extreme on terms of 
safety or the worst extreme on terms of costs are 
on 3-3/15 group and both of them decrease to 
better values the way the number of probing  
increases (the probing  accuracy is increasing 

together). As mentioned, by research  
simplification hypothesis, there will be an 
hypothetical structure covering the site of such a 
manner that its columns loads will be the same 
related to all of them. Trying to make a 
sensitivity analysis varying the column load 
while keeping let´s say 10 columns to support 
the super-structure (simulating different 
buildings), will be presented tables which shows 
the projected number of piles related to the  
minimum FS´ value of each group (or number of 
probing indeed) at each research cases (tables 6, 
7 and 8). While interpreting table 6 could be 
observed that for column load of 600kN and 
1500kN whatever number of probing will be 
performed, whereas for the 1200kN case must be 
very different being necessary twelve probing 
and at least six probing at case 2000kN. Thus the 
number of probing in general to a costless 
solution is 12 probing at this way to analysis. 
Observing table 7 data it would be said that 
thirteen probing will became necessary 
concerning case 1500kN. Performing only six 
probing will result on 10 more piles in terms of 
costs, which means about 50 probing cost, in 
other words even taking some additional cost the 
probing become very cheap  taking into account 
its saving benefits. Finally regarding table 8 it is 
clear to state that thirteen probing must be 
chosen in order to allow a great saving of 
money. 
It is  very important to become clear that this 
kind of interpretation related to the set of data 
from tables 6, 7 and 8 bring the non-risk concept 
because by means of this tables calculation were 
accepted that the probing would be given the 
worst value ever related to cost point of view. 
Observing the great  cost difference between a 
CFA pile to a probing, about 5 times, it would 
become unnecessary be based on, for instance, 
the FS ‘ which would bring the probing number 
near the minimum but bringing some risk to the 
analysis. 
 
 
 
 
 
 
 
 
 



Table 6 – Building number of piles varying  in 
function of number of probing and column loads 
(Décourt & Quaresma, 1982)  

Column Load (kN) Combination 
Groups 2000 1500 1200 600 

FS´>2 
(%) 

FS´<2 
(%) 

FS´ 
Min 

3 -3 / 15 100 70 60 30 23,8 48,8 1,75 
4 - 4 / 15 100 70 60 30 24,3 40,2 1,77 
5 - 5 / 15 100 70 60 30 24,0 34,4 1,78 
6 - 6 / 15 90 70 60 30 23,3 28,9 1,80 
7 - 7 / 15 90 70 60 30 22,3 24,2 1,82 
8 -8 / 15 90 70 60 30 20,5 19,3 1,84 
9 - 9 / 15 90 70 60 30 18,3 15,3 1,86 

10 - 10 / 15 90 70 60 30 14,4 10,9 1,88 
11 - 11 / 15 90 70 60 30 8,5 7,4 1,90 
12 -12 / 15 90 70 50 30 1,1 2,2 1,93 
13 - 13 / 15 90 70 50 30 0 0 1,96 

 
Table 7 – Building number of piles varying  in 
function of number of probing and column loads 
(Antunes & Cabral, 1996)  

Column Load (kN) Combination 
Groups 2000 1500 1200 600 

FS´>2 
(%) 

FS´<2 
(%) 

FS´ 
Min 

3 -3 / 15 120 90 80 40 23,4 49,2 1,54 
4 - 4 / 15 120 90 70 40 25,8 43,5 1,60 
5 - 5 / 15 110 90 70 40 25,3 38,5 1,67 
6 - 6 / 15 110 80 70 40 25,0 34,1 1,72 
7 - 7 / 15 110 80 70 40 23,8 29,7 1,76 
8 -8 / 15 110 80 70 30 21,7 25,8 1,80 
9 - 9 / 15 100 80 60 30 19,2 21,9 1,84 

10 - 10 / 15 100 80 60 30 16,1 18,5 1,87 
11 - 11 / 15 100 80 60 30 12,1 13,7 1,90 
12 -12 / 15 100 80 60 30 5,5 6,6 1,93 
13 - 13 / 15 100 70 60 30 0 0 1,96 

 
Table 8 – Building number of piles varying  in 
function of number of probing and column loads 
(Vorcaro&Velloso, 2000) 

Column Load (kN) Combination 
Groups 2000 1500 1200 600 

FS´>2 
(%) 

FS´<2 
(%) 

FS´ 
Min 

3 -3 / 15 140 110 90 50 29,9 55,7 1,39 
4 - 4 / 15 140 100 80 40 31,9 49,6 1,46 
5 - 5 / 15 130 100 80 40 32,9 45,4 1,52 
6 - 6 / 15 130 100 80 40 33,8 41,4 1,57 
7 - 7 / 15 120 90 80 40 34,2 37,4 1,61 
8 -8 / 15 120 90 70 40 33,8 34,1 1,66 
9 - 9 / 15 120 90 70 40 32,9 30,3 1,70 

10 - 10 / 15 110 90 70 40 31,7 26,6 1,74 
11 - 11 / 15 110 80 70 40 29,1 22,5 1,79 
12 -12 / 15 110 80 70 40 24,2 16,5 1,86 
13 - 13 / 15 100 80 60 30 14,3 14,3 1,93 

 
As one example of what was told, based on 
Décourt&Quaresma (1982) method, the FS ‘  
value of the 3-3/15 combination would furnish a 
number equal to FS ‘ = 1,97 which results at a 
average bearing capacity Q 3-3 / 15 = S x FS ‘  = 
248,1 x 1,97 = 488,8kN given that a work load 

of 488,8 / 2 = 244,4kN. When using this value 
against the column loads the results are, in 
growing order of loads: 30, 50, 70 and 90 piles 
with just three probing. Could be asked why then 
just three instead of twelve? As this FS ‘ value is 
just a mean, it would be possible to perform the 
case of FS´ = 1,75 what bring to a prejudice of 
10 piles (combinations with FS´< 2 are about 
48,8 % at this group). At the other two methods 
the same logic is valid. 
Although it were understood the process of 
choice ran by means of  a “non- risk”  and the 
number of probing chosen for each method was 
related to the cost´ s worst case of FS´, in order 
to be compared to the load tests it will be 
adopted the FS ‘ value of the combination. For 
instance to Décourt & Quaresma (1982) the 
average bearing capacity concerning the 12 
probing chosen is given by Q 12-12 /  15 = FS ‘ X 
S= 2,0 X 248,1 = 496,2kN. Related to Antunes 
& Cabral (1996) there will be Q 13-13 /  15 = FS ‘ 
X S = 2,0 X 219,3 = 438,5kN and to Vorcaro & 
Velloso (2000) there will be Q 13-13 /  15 = FS ‘ X 
S = 2,01 x 208,9 = 419,9kN.  
The slow load test on the CFA piles have been 
furnished the following values: 960kN, 975kN 
and 720kN, from the CFA 1 to CFA 3 if a mean 
of 885kN. It is important to say that even the 
nearest probing to the load tests did not furnish a 
closest value as perhaps expected, on the 
contrary. 
The method which best fit to the average load 
tests is Décourt & Quaresma (1982) with a ratio 
of 885,0 / 496,2 = 1,78. Antunes & Cabral 
(1996) with a ratio of 885,0 / 438,5 = 2,01 and 
Vorcaro & Velloso (2000) with a ratio of 885,0 / 
419,9 = 2,11 complete the sequence. There will 
be no  more growth at the number of probing to 
try to improve these two methods to reach the 
first one as the same 1,78 ratio. 
 
5. Conclusions 
 
Some conclusions were taken: 
• The great importance of soil variability in 

geotechnical investigation, for instance the 
two methods which needed more  probing 
were Antunes&Cabral (1996) and 
Vorcaro&Velloso (2000) which were the 
ones with the greater variability as 
demonstrated.  



• The underground is characterized by 
Lateritic Diabase Residual Soil which have 
great geotechnical  variability, given that in 
the future, with more research at other 
experimental fields to observe if they 
behave the same manner to the same tools 
applied at the present case, could be 
proposed a kind of correlation relating soil 
origin to choice of number of probing. 

• The role of the field engineer who have the 
power to not perform probing which are 
not good to the field practice. 

• The analysis concerning the number of 
probing in relation with column load 
demonstrated that the choice of the better 
number of probing must depend at the size 
of the structure as well as its loads.  

• The analysis concerning the number of 
probing in relation with column load 
demonstrated that if, in other cases which 
were not mentioned   at this paper, the cost 
of the pile were closer to the probing as 
closest as used in this case the conclusions 
could be changed to maybe a few less 
probing. 

• The amount of data available permit to 
understand how a wrong decision 
concerning the number of probing can 
create a more expansive design sometimes 
because few meters of probing left. 

• The worst situations in terms of safety do 
not represent a major problem to the 
design. 

•  The probing nearest to the load test did not 
show any difference before its average 
value. 

• The conclusions achieved at this paper are 
not allowed to be used beyond the site they 
were originated, the Experimental Site at 
UNICAMP (Campinas State University, 
Campinas/SP, Brazil). 
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