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Introduction

The engineering-geological and en-
gineering-geotechnical surveys for the 
construction of buildings and structures 
are often associated with a large number 
of different soil tests (static sounding, 
dynamic testing of piles, dynamic sound-
ing, static testing of piles “production” 
sizes, soil testing with a stamp and press-
ing meter, geophysical research, etc.). 
The results of such tests can vary sig-
nificantly in their reliability and number 
(Trofimenkov, Matyashevich, Leshin & 
Khanin, 1983; Ryzhkov, 1995; Viana da 
Fonseca, 2010; Abu-Farsakh, Yoon & 
Tsai, 2014; Togliani, 2018). So it is diffi-
cult to generalize the data obtained, since 

the researcher has to deal with many par-
ticular values of the desired indicator 
which does not reflect the conditions of 
various points on the site only, but also 
the reliability of the tests themselves. 
Neither Russian nor foreign regulatory 
documents on geotechnical issues con-
tain clear guidelines for the analysis of 
unequal tests, which in practice leads to 
a simplified approach when decisions 
are made based on the results of the most 
accurate method, and the results of other 
methods are considered as “safety net” 
and practically do not affect the decisions 
taken (Ryzhkov, 1995; Lunne, Powell 
& Robertson, 2004; Viana da Fonseca, 
2010; Zhang et al., 2010; Zhao, Sun, 
Zhang & Li, 2012; Abu-Farsakh et al., 
2014; Davies, 2015; Ryzhkov, Norshay-
an & Khamidullin, 2016; Xia, Xiong, 
Dong & Lu, 2017; Hu, Yuan, Mei, Qian 
& Ye, 2018; Lu & Zhang, 2018; Melni-
kov, Kalashnik & Kalashnik, 2018; Qiu, 
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Wang, Lai, Zhang & Wang, 2018; Khafi-
zov et al., 2019). Such an underutiliza-
tion of approximate test methods is char-
acteristic not only of Russian, but also 
foreign research practice. This situation 
seems abnormal, since it takes a lot of 
time and material resources to conduct 
approximate tests, and their influence on 
the final result is minimal.

This situation occurs in surveys 
for the construction of objects on pile 
foundations, when the bearing capacity 
of piles becomes the desired indicator, 
and methods of varying accuracy are 
used in parallel to determine it. Such 
methods usually include static sounding 
of soils and static tests of full-scale piles 
(according to modern terminology “soil 
testing with piles”) (Lunne et al., 2002; 
Ryzhkov & Isaev, 2016; Ryzhkov et al., 
2016; SP 24.13330.2011). These are the 
most accurate methods for assessing the 
resistance of piles, but they differ sig-
nificantly in many of their qualities, and 
therefore it is convenient to consider the 
role of approximate and “accurate” test 
methods in geotechnical surveys using 
their example (Mustafin et al., 2018; 
Khafizov et al., 2019).

Static sounding is a fast, cheap 
method for assessing the resistance of 
piles, which is widely used throughout 
the world (Lunne et al., 2002). By the 
reliability of the assessment of the re-
sistance of piles, sounding is inferior 
to the static tests of full-scale piles, but 
the static tests are much more expensive 
and longer. Static sounding, conducted 
to a depth of 10–15 m allows (using 
the appropriate computer programs) in 
a few minutes to evaluate the resistance 
of piles of any length in the considered 
depth range (e.g. 3–15 m). But the “er-

ror” in determining the desired resist-
ance of the pile is usually in the range of 
30–35% “according to sounding data by 
Russian standards” (Trofimenkov et al., 
1983; Ryzhkov & Isaev, 2016). Approxi-
mately the same reliability is in using 
the foreign methods for calculating the 
resistance of piles according to sounding 
data (Viana da Fonseca, 2010; Abu-Far-
sakh et al., 2014; Togliani, 2018).

At the same time, a static test of piles 
(“soil test of piles”) lasts several days, 
and before this, it is required to manu-
facture these piles, deliver these piles 
(test and anchor) to the place of testing, 
drive the piles and leave them for two or 
three weeks in the soil (“rest” of piles). 
All this takes about a month. Although the 
reliability of the result of such an assess-
ment of pile resistance is high (“errors” 
of less than ±5%), its cost is about 20–30 
times higher than the cost of determining 
according to sounding data, and the time 
spent (taking into account driving and 
“rest”) is tens and even hundreds of times 
more than when using static sounding. For 
these reasons, static tests are usually car-
ried out in rare cases (during the construc-
tion of high importance or in difficult soil 
conditions) and sounding is used every-
where (especially in foreign practice). 
At the same time, geotechnical experts 
all over the world consider the results of 
static tests of piles as conditionally “accu-
rate”, and the results of calculations based 
on sounding data as “close”.

Methods

For a theoretical assessment of the 
information content of any approxi-
mate method, it is necessary to establish 
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quantitative criteria for the reliability of 
its results. These are usually data from 
the previous experience, in the form of 
a comparison of “accurate” and approxi-
mate indicators. When considering the 
reliability of determining the resistance 
of piles from sounding data, it is neces-
sary to compare the resistance of piles 
determined by this method with the re-
sistances taken as a standard, i.e. accord-
ing to the results of static tests of natural 
piles (Ryzhkov & Isaev, 2016) in the pe-
riod 1960s–1980s. Static sounding was 
performed by installation C-832 (heavy 
CPT rig of the USSR-Russ; the tenso-
metric cone penetrometer).

The resistance calculations of 
piles were conducted according to the 
method described in the Russian regu-
latory documents in force at that time, 
i.e. SNiP II-17-77, SNiP 2.02.03-85 (the 
calculation procedure has remained un-
changed to date). The engineering and ge-
ological conditions of the sites on which 
the comparison was carried out were 
characterized mainly by alluvial, deluvi-
al deposits, mainly clay, but in some cas-
es, sites with other deposits (fluviogla-
cial, moraine, etc.) were found. The sites 
were located in the European and West 
Siberian parts of the former USSR (Ufa, 
Sterlitamak, Salavat, Neftekamsk, Perm, 
Tyumen, Samara, Tobolsk, Nizhnevar-
tovsk, Ryazan, Moscow, St. Petersburg, 
Astrakhan, etc.). The tests were associ-
ated with industrial and civil buildings’ 
construction in the period 60–80 years 
of the twentieth century. Soviet norma-
tive documents carried out probing and 
static testing of the piles. The method of 
testing and processing the obtained data 
did not fundamentally differ from the 
modern Russian rules. The test results 

of 504 piles with a cross section from 
0.2 × 0.2 to 0.4 × 0.4 m (mainly 0.3 ×
× 0.3 m) and 3–18 m length were used. 
The tests were carried out in accord-
ance with the requirements of the valid 
standards for static testing of piles, i.e. 
State standards GOST 5686-51, GOST 
5686-78 (the criteria for assessing the 
ultimate resistance of piles did not differ 
significantly from the criteria currently 
adopted according to the State standard 
GOST 5686-2012. During static tests 
of piles, the load at which the draft was 
2 cm was taken as the ultimate resistance 
“which corresponded to Soviet standards 
(during this period, the requirements of 
regulatory documents in the USSR were 
mandatory)”.

Similar results for other approximate 
tests were obtained in the 1980s by the 
specialists of the Foundation Project In-
stitute (Ryzhkov et al., 2016).

Displayed on Figure 1 data allow to 
evaluate the accuracy of individual (sin-
gle or generalized) values of the resist-
ance of piles. But in practice there is usu-
ally a situation where it is necessary to 
assess not individual resistance values, 
but of the site as a whole, including find-
ing out the location of its sections with 
different pile resistances. In other words, 
it may be necessary to evaluate the nu-
merical “image of the site” in the form of 
a cartogram of the distribution (in terms 
of) of the resistance of piles. If such 
a cartogram is constructed according 
to approximate data, it will inevitably 
contain distortions of the true “image”. 
A similar problem arises when construct-
ing a geological-lithological (or numeri-
cal) section from approximate initial 
data. With inaccurate source data, such 
a section will also be distorted.
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For a theoretical analysis of the in-
fluence of the accuracy of the source 
data on the resulting cartograms, it is 
necessary to introduce some quantitative 
criteria.

Figure 2 shows a site of arbitrary 
shape, divided into n small sections, 
within which the ultimate resistance 
of piles can be considered the same. In 

practice, this is possible, for example, 
with plot sizes of 10–20 m2. Each sec-
tion will be characterized by its ultimate 
resistance of the piles (Fi), so that the en-
tire site can be represented in the form 
of a cartogram of these resistances. As 
already been noted, depending on the 
reliability of the method for assessing 
the Fi, this cartogram will differ to some 

FIGURE 1. Results of comparison of ultimate resistance of driven prismatic piles, calculated according 
to sounding data, Fsound with the resistance obtained by their static tests, Fstat: a – scattering diagram 
of Fstat–Fsound; b – histogram of the distribution of relations Fsound / Fsound, constructed according to 
the same data

   a                                                                          b

FIGURE 2. Scheme of dividing the site into sections and the scheme taking into account the hetero-
geneity of the soil when extrapolating the test results outside the test site: а – site plan (cartogram of 
ultimate resistance of piles Fi); b – zones of extrapolation of test results: 1 – “absolutely” heterogeneous 
soil; 2 – high heterogeneity; 3 – medium heterogeneity; 4 – almost homogeneous soil

                            a                                                      b
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extent from the true distribution of these 
resistances. The described approach was 
used by us earlier, but the methodologi-
cal methods used now seem somewhat 
outdated (Shennon, 1963).

Let us consider this in more detail 
from a modern perspective. The number 
of possible “site images” (N) is very 
large, it should be 

N = mn (1)

where:
m – number of possible values of piles re-
sistance (most often they are in the range 
of 100–250 kН, which with an accuracy 
of ±10 kН corresponds to m = 10–25);
n – number of sites into which the site is 
divided.

For objects of medium size (1,000–
–2,000 m2), with an accuracy of estimat-
ing the resistance of piles of ±10 kН,
the number of “site images” will be 
expressed with a value of two to three 
dozen digits.

Before testing, complete uncertainty 
is assumed, i.e., all possible values of Fi 
are assumed to be equally probable. The 
number of “site images” (N), as noted, 
should be equal to mn. After any tests 
are performed at the site, the uncertainty 
will decrease, and this decrease should 
depend on the accuracy of the tests and 
their number (more precisely, the number 
of sites on which they were carried out).

A quantitative analysis of such situ-
ations allows us to obtain a number of 
interesting regularities given below.

Results

The need for operations with large 
quantities is eliminated when using the 
concepts and representations of informa-

tion theory as mathematical models. So, 
for a quantitative assessment of the de-
gree of uncertainty of information about 
the resistance of piles on the site, it is ad-
visable to use the fundamental concept of 
information theory – entropy (Shennon, 
1963; Yaglom & Yaglom, 1973). In the 
general case, the entropy (H) is under-
stood as the quantity (Shennon, 1963)

 (2)

with:
pi – probability,
i – that state of the system (in the given 
case i – that “site image”),
N – number of states of the system (in 
this case, the number of possible “site 
images”).

Since before the tests all the values 
Fi are taken equally probable, the prob-
ability of each of the considered options 
(“site images”) before the tests will be 
the same and equal to pi = 1 / (mn). If we 
evaluate the uncertainty of such a situa-
tion by the value of entropy (H), it will 
be maximum and equal (in bits) (Yaglom 
& Yaglom, 1973):

 (3)

With the accuracy of determining the 
piles resistance ±10 kH and the range of 
possible values Fi = 0–2,500 kH, i.e. at 
m = 250 (250 possible values of Fi), the 
entropy will be 8 bits in each section be-
fore testing.

After the first test in any site, this 
uncertainty will decrease. Suppose that 
a test was performed at the k-th site and 
the result Fk was obtained. The equal-
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ity of probability is broken. On the test 
site (zone 1, shaded in black in Fig. 2b), 
the value of the sought indicator corre-
sponding to the test result Fk will have 
the maximum probability. The closest 
possible values of Ft–1 and Ft+1 will have 
a lower probability, more distant (Ft–2 and 
Ft+2) even less, etc. In adjacent sections, 
probabilities can be taken by interpola-
tion between the values in the test sec-
tion and outside the extrapolation zone. 
The distribution of Fk (in the k-th section) 
will depend on the accuracy of the test. 
It should correspond to the distribution 
of possible “errors”, which is considered 
known for this method (from a statisti-
cal analysis of data from previous ex-
perience). For statistical sounding, such 
a distribution is shown in Figure 1a.

The change in the probabilities in 
the k-th section will entail a decrease in 
the entropy (Нk), which will also affect 
the overall entropy of the site (Н), since 
according to the ideas of information 
theory, the entropy of the components of 
the system is equal to the sum of the en-
tropies of these components. In this case, 
the total entropy of the values of Fi over 
the entire site is equal to the sum of the 
entropies of individual sections.

Н = Н1 + Н2 + Н3 + … + Нk + … + Нn 
            (4)

This decrease in H will be the more 
significant, the more accurate the test. 
If, for example, the test had a zero error, 
the uncertainty in the k-th section would 
completely disappear: the probability of 
the value of Fk would become equal to 
1, i.e. p(Fk) = 1, and the entropy in the 
k-th section (Нk) would become equal 
zero (Hk = 1 log 1 = 0). Thus, if we take 
into account the result on the k-th site, 

the total entropy would become 8 bits 
less.

If the test result is partially extend-
ed to neighboring sites, the decrease in 
H will be even greater. Obviously, the 
possibility of such an extrapolation of the 
results will depend on the heterogeneity 
of the soil of the site. We conditionally 
distinguish four cases of site heterogene-
ity (Fig. 2b):

“maximum” heterogeneity, which 
does not allow any extrapolation of 
the results outside the test site;
high heterogeneity, allowing extra-
polation of the results to only one 
row, that is, to the nearest sections 
directly adjacent to the test site;
average heterogeneity allowing ex-
trapolation to two rows in all direc-
tions;
homogeneous soil, allowing extra-
polation to three rows in each direc-
tion.
Testing in any other part of the site 

would cause a similar decrease in en-
tropy in this site, which also depends 
on the accuracy of the test. This would 
further reduce the overall entropy of the 
site. Thus, each new test will reduce the 
uncertainty of our ideas about the val-
ues of Fi within the site, i.e. reduce the 
entropy.

Let us consider the idealized ex-
ample mentioned above, when the en-
tropy became equal to 0 in the test site. 
The dimensions of the sites were taken 
to be the same and equal to 3 × 3 m. In 
this case, in a homogeneous soil, the test 
results can be spread by 10.5 m in each 
direction, and the entropy value there 
will be 4 bits in this zone (interpolation 
between 0 and 8 bits). With medium het-
erogeneity, the test results can be spread 

–

–

–

–
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over 7.5 m, and the entropy value in this 
zone will be 4 bits, as in the previous 
case. With high heterogeneity, distribu-
tion is possible at 4.5 m (entropy is also 
4 bits) at maximum at 1.5 m (i.e. within 
the test site, entropy should be assumed 
to be 0, beyond it 8 bits).

Obviously, the decrease in the total 
entropy (H) will be the more significant 
the more homogeneous the soil.

The difference in entropy before and 
after the test characterizes the amount of 
information (Shennon, 1963; Yaglom & 
Yaglom, 1973)

I = H0 – H1 (5)

with H0 and Н1 the entropy before and 
after the test, respectively.

The second test at another section 
of the same site, as already noted, will 
lead to a similar decrease in the entropy 
of N. The third test will additionally also 
reduce the entropy, etc. The difference 
between the previous and subsequent 
entropy values will each time give the 
amount of information about the site (in 
bits) introduced by the new test.

This technique allows to evaluate the 
total amount of information contained in 
the results of any test group for any ac-
curacy and heterogeneity of the soil.

Let us consider the question of how 
much information this or that method 
of determining the piles resistance can 
bring depending on the reliability of its 
results and the number of points on the 
site at which such a determination was 
made.

Figure 3 shows the curves of the 
same amount of information on the piles 
resistance obtained by two independent 
types of tests of different accuracy for 
a different number of such tests. In Fig-
ure 3a, we examined static sounding and 
static tests of piles. In Figure 1b, the dy-
namic tests of piles (calculations of “fail-
ures” during driving) and static sounding 
were compared.

The solid lines show the “equiva-
lent” informative volumes of work, the 
dashed lines represent the same duration 
of field work. The shaded areas corre-
spond to situations where the time spent 
on testing the piles (without preparatory 

 

                a                                                         b

FIGURE 3. Lines of “equivalent” in their informative content quantities of soil tests of different reli-
ability (i.e. introducing the same amount of information about the piles resistance): a – comparison of 
static sounding with tests of piles with static load; b – the same with dynamic tests of piles. N3, Nu, 
are the numbers of tests, respectively, by sounding, static loads, and dynamic tests; Т3, Тu,  the dura-
tion of the test complex, respectively, by sounding, static load, dynamic tests
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and auxiliary works) is less than the time 
spent on the sounding during single-shift 
(single hatching) or two-shift (double 
hatching) work.

At the first glance the calculation re-
sults shown on Figure 3 reveal a para-
doxical result: the amount of information 
from a sufficiently large number of ap-
proximate tests may (due to heterogene-
ity of the soil) exceed the amount of in-
formation from small exact tests. In this 
case, the concept of “test inaccuracy” 
conditionally includes the insufficient 
adequacy of the design scheme used.

The calculation performed for the 
idealized conditions described above 
shows that on a site divided into 100 
sections in homogeneous soils (accord-
ing to the criteria adopted above), 20 ap-
proximate tests with a unit test error of 
±30% characterize the site in much the 
same way as one “exact” test with an er-
ror of ±5%. With medium heterogeneity, 
the same number of approximate tests is 
equivalent to two exact ones, with high 
heterogeneity – to five ones (with two 
exact tests equivalent to six–eight ap-
proximate ones), and with “maximum” 
heterogeneity nine (two exact tests are 
equivalent to five approximate ones). 
The accepted separation of soil heteroge-
neity levels in this mathematical model 
is taken for reasons of convenience. It is 
of no fundamental importance, i.e. tak-
ing any other division, we get about the 
same result.

A similar conclusion is drawn from 
a consideration of the average values of 
the desired characteristic ͞ϝ. In this case, 
it is more convenient to use the standard 
deviation of the test results (σ) or its rela-
tive value – the coefficient of variation 
(υ = σ / F) (Gmurman, 2000). The very 

consideration of average characteristics 
also deserves attention, since the aver-
aging of test results is one of the stages 
in establishing the calculated charac-
teristics (according to the standard ISO 
2394:2015 and the national standards of 
many states, including Russia).

The value of the coefficient of vari-
ation υ should be , where υ1 
and υ2 are the coefficients of variation 
due to the inaccuracy of the test and the 
heterogeneity of the soil, respectively. 
The coefficient of variation υ2 for ho-
mogeneous soils can be taken equal to 
0.025, with an average heterogeneity 
of 0.1, with a high heterogeneity of 0.2. 
Non-accuracy of tests can be character-
ized by coefficients of variation of 0.2 
(approximate test) and 0.025 (“accu-
rate”). Naturally, the coefficients of vari-
ation adopted for the example are not of 
fundamental importance, since they are 
only an illustration of the laws under 
consideration.

Relative test errors should be equal 
in accordance with the rules of error 
theory:

Δ = tα υ (6)

where:
tα – Student’s coefficient, depending on 
the accepted confidence probability (α) 
and the number of test results.

The calculations of the errors of the 
average test results of various accuracy 
also confirmed the prevailing effect of 
soil heterogeneity. For example, the er-
ror of the average result from two exact 
tests turns out to be the same as the av-
erage of 15 approximate ones – in ho-
mogeneous soils; six approximate – in 
soils of medium heterogeneity; and only 
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three approximate ones – with high 
heterogeneity.

Obviously, all of the above does not 
apply to the site as a whole only, but also 
to any part of it, to a separate engineer-
ing-geological element.

Thus, the heterogeneity of the soil 
significantly reduces the value of “accu-
rate” tests. It makes the results of such 
tests seem less representative. If, for 
example, we assume that at some point 
on the site an “exact” test revealed the 
ultimate resistance of a pile of 600 kH, 
is there a guarantee that at 15–20 m from 
this point the ultimate resistance will not 
be one and a half times lower if neither 
sounding, nor drilling was carried out in 
this part of the site? Obviously, the an-
swer is negative. For this reason, an in-
sufficient number of tests may in some 
cases turn out to be more dangerous than 
their insufficient accuracy. At the same 
time, “accurate” tests, as already noted, 
are very expensive, complex, and time 
consuming. Complex and expensive 
methods cannot be applied in volumes 
that allow taking into account the actual 
heterogeneity of the soil. The use of such 
a simple method as static sensing com-
pletely solves the mentioned problem.

However, it should be noted that in 
addition to random errors, the results of 
any tests may contain a systematic er-
ror, which is not eliminated by increas-
ing the number of tests. Such an error 
can be eliminated only by comparing 
a part of the approximate results with the 
“exact” ones taken as a standard. The 
works by Ryzhkov (1995), Ryzhkov and 
Isaev (2016), and Ryzhkov et al. (2016) 
describe the method used in Bashkorto-
stan for sharing approximate and “accu-
rate” methods for determining various 

geotechnical parameters, including the 
bearing capacity of piles. Its essence is 
that the whole territory of the studied site 
is estimated by the approximate method 
(“express method”), and in the most typ-
ical place or in several places called key 
sites, “exact” tests are carried out, ac-
cording to which the adjustment is made 
to the approximate estimates. The ad-
justment involves the refinement of the 
calculation reliability coefficient (γk) as 
applied to the conditions of a particular 
site. 

The theoretical basis for this adjust-
ment is the “Bayesian” approach to shar-
ing data obtained directly on the study 
site, and as a result of a statistical analy-
sis of data from previous experience. 
The Bayesian formula is used, which 
allows to estimate the probabilities of 
various assumptions (“a priori hypo-
theses”) again after obtaining any spe-
cific data about the studied object (Kay, 
1977; Ryzhkov & Isaev, 2016). The role 
of “a priori hypotheses” is played by sta-
tistically processed data from previous 
experience. In this case, these are the 
probabilities of the possible values of 
the bearing capacity of piles. It should be 
noted that domestic specialists usually 
use discrete distributions without taking 
into account the analytical distribution 
law, while the foreign ones prefer con-
tinuous distributions.

In the process of practical applica-
tion of the obtained results we revealed 
certain inaccuracies and unnecessary 
complications that were eliminated, and 
their modern interpretation is given be-
low (Djamaev, 2018).

The reliability coefficient (γk) is pro-
posed to be determined by the formula 
(Abu-Farsakh et al., 2014):
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 (7)

where:

 – average ratio of  

in key areas,
Δr – an amendment that reflects the im-
pact of random events, determined by 
Table 1 and correction reflecting the in-
fluence of random, determined by Tables 
1 and 2,
Fu,sound, Fu,full – limit resistances of piles 
based on probing data and static tests.

As practice has shown, the coef-
ficients k’1 and k’2 should be limited to 
0.8 and 1.25, i.e. for values k’1 or k’2 
less than 0.8, take 0.8, for k’1 or k’2 more 
than 1.25, take 1.25. In addition, it was 
proposed not to take the reliability coef-
ficient γk less than 0.95, i.e. upon receipt 
of the values γk < 0.95, the acceptor is 
γk = 0.95.

Obviously, the number of results of 
“accurate” tests can be very insignifi-
cant and static sounding allows it to be 
reduced to values that are economically 
optimal.

In some cases, the corrective infor-
mation may be the data of previous sur-
veys, including that in neighboring ter-
ritories, similar in terms of engineering 
and geological conditions. The above 
considerations show that it is advisable 
to consider the approximate methods of 
soil testing such as static sounding as 
a necessary element of research, comple-
menting more accurate tests. Small ex-
act tests, no matter how thoroughly they 

were carried out, without the use of “ex-
press methods”, which can be “probed” 
the entire site, characterize only those 
areas where they were carried out.

The conducted studies contribute 
to the alternative to the approach estab-
lished in the survey practice to establish 
estimated geotechnical indicators. The 
adoption as the calculated indicator of 

TABLE 1. Values of Δr at one key site (one static pile test)

k’ ≤ 0.7 0.8 0.9 1.0 1.1 1.2 1.25
∆r 0.12 0.11 0.10 0.10 0.08 0.03 0.00

TABLE 2. Values of Δr for two key sections (two static tests of piles)

k’
1

∆r value at k’2 equal
≤ 0.7 0.8 0.9 1.0 1.1 1.2 1.25

0.7 0.11 0.10 0.07 0.05 0.03 0.01 –
0.8 0.10 0.10 0.09 0.07 0.05 0.03 0.04
0.9 0.07 0.08 0.09 0.08 0.07 0.06 0.04
1.0 0.05 0.07 008 0.07 0.07 0.06 0.05
1.1 0.03 0.05 0.07 0.07 0.06 0.06 0.05
1.2 0.01 0.03 0.06 0.06 0.06 0.03 0.03
1.25 – 0.04 0.04 0.05 0.05 0.03 0.00
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the result of the most accurate test or 
simply the minimum result does not fully 
take into account the test conditions and 
the specifics of a particular site. Never-
theless, despite the absence of objections 
to the presented ideas, the “Bayesian” 
methods for adjusting the approximate 
results are not considered by most of 
engineers. Apparently, the informational 
concepts that are so familiar with the use 
of computers are too unusual in theo-
retical questions of geological methods. 
More than 40 years have passed since 
the publication of the article by Kay 
(1977) on the application of the Bayes-
ian approach to choosing the permissible 
load on a pile; nevertheless, practically 
no one develops this direction except 
for a narrow circle of Russian geologi-
cal specialists. The Bayesian approach is 
mentioned neither in the Western Euro-
pean, nor in the Russian regulatory docu-
ments (Doc, 1990; EN 1997-1:2004; EN 
1997-2:2007; GOST 5686-78; GOST 
5686-2012; ISO 22475-2:2005; ISO 
22475-4:2005; ISO 22475-1:2017; SP 
47.13330.2012), nor in the textbooks on 
the foundations. Nevertheless, its appli-
cation allows (without reducing the reli-
ability of the foundation) to take the load 
on piles 5–10% higher than the current 
regulatory documents recommend (Ry-
zhkov & Isaev, 2016).

Conclusions

Approximate tests performed on the 
studied site in a sufficiently large amount 
can carry more information than the small 
number of “accurate” tests. This is due 
to the fact that under conditions of real 

heterogeneity of the soil, the accuracy of 
a particular test does not guarantee the 
representativeness of the result obtained 
(i.e. its type for a given site).

Due to the fact that an increase in the 
number of measurements does not re-
duce “systematic errors”, it is optimal to 
use static sounding in combination with 
a few “accurate” tests, which can be used 
to correct the sounding results, minimiz-
ing systematic (for this site) errors. An 
updated methodology for correcting ap-
proximate determinations of the piles re-
sistance with the data of static sounding 
and statistical tests of piles is proposed.

Using this technique allows to make 
more economical (5–10%) and more 
reliable decisions when choosing pile 
lengths. Inaccuracies in determining 
the piles resistance are compensated by 
a special reliability factor, adopted in-
dividually for each particular site. This 
coefficient is established by comparing 
the approximate values of the piles re-
sistance (according to the sounding data) 
with the values taken as a standard (i.e. 
the results of tests of full-scale piles with 
a static load directly on the study site). 
This approach is acceptable for the cor-
rection of any approximate indicators 
(not necessarily according to sounding 
data), and the calculation of particular 
values of such indicators can be carried 
out according to the norms of any coun-
try. It is only necessary to clarify the cor-
rections reflecting the influence of ran-
dom factors (see Δr values in Tables 1 
and 2) depending on the accuracy of the 
calculations used. With the accuracy of 
determination corresponding to the scat-
tering diagram in Figure 1, you can use 
Tables 1 and 2.
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Summary

Role of accuracy and quantity of 
field tests in engineering-geotechnical re-
searches for construction. The aim of this 
work is to summarize previously conducted 
studies on the optimization of the unequal ge-
otechnical testing program and on the selec-
tion of the desired calculation indicator based 
on the results of such tests. The approximate, 
but quick and cheap tests (“express methods”) 
are recommended to be performed on a large 
scale and considered as a means of assess-
ing the geotechnical structure of the site as 
a whole. It is proposed to carry out expensive 
“accurate” tests in a reduced volume and to 
use them as a means of correcting approxi-
mate tests. In the article, these issues are 
considered by the example of determining 
the bearing capacity of piles according to 
the data of static sounding (cone penetration 
testing – CPT), dynamic and static tests of 
full-scale piles. We propose the mathematical 
model for evaluating the informative content 
of the test complex, based on the concepts 
of information theory. The site is mentally 
divided into several sections, each of which 
is characterized by one of the possible val-
ues of the ultimate resistance of piles of 
a certain length. All variants of “placement 
in the plan” of possible values of pile resist-
ances (“site images”) are considered. Ini-
tially, when nothing is known about the true 
value of the pile resistances in each section, 
all possible values of the pile resistances are 
assumed to be equally probable, i.e. the un-
certainty of the situation is maximum. In the 
theory of information, such uncertainty is 
quantified by the value called entropy. When 
any test is performed at the site, the uncer-
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tainty decreases, and the more accurate the 
test the more significant is the decrease. The 
difference in entropy before and after the test 
represents the amount of information (in bits) 
that these tests carry. The calculations using 
this model showed that the information con-
tent of a large number of approximate tests 
can (due to heterogeneity of the soil) exceed 
the information content of small exact tests. 
Only one approximate test method can lead 
to the systematic error (overestimation or 
underestimation of the average value of the 
desired indicator). It is necessary to carry out 
control “exact” tests and approximate tests to 
eliminate such a danger. A technique is pro-
posed for adjusting approximate estimates 
based on data from “accurate” tests, which 
ensures optimal “safety margins” in deci-
sions being made.
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