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Abstract: The study considers the methods (separate stages) of designing pile foundations made of driven rein-
forced concrete piles on macroporous subsidence soils of the second type of subsidence using multi-storey build-
ings as an example. The paper provides a brief description of the buildings under consideration, analyzes the soil 
conditions of construction, including data on physical, deformation, strength, subsidence characteristics of soils 
and methods of their determination. Using the calculation, it establishes the type of soil conditions in terms of 
subsidence, describes the method of selecting the type of piles and their length in macroporous subsidence soils. 
The data of experimental studies of bearing capacity of driven piles in macroporous subsidence soils, justifica-
tion of the method of numerical studies of pile performance and theoretical evaluation of their bearing capacity 
are given. 
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INTRODUCTION 

The authors of this study conduct research on 
substantiation of soil conditions and develop-
ment of pile foundation design solutions for 

construction of civil multi-storey residential 
buildings constructed on macroporous subsid-
ence soils [1, 2, 3]. Such soils are widespread in 
Russia and other countries. They are found in 
the southern, south-eastern and south-western 
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INTRODUCTION 

The authors of this study conduct research on 
substantiation of soil conditions and develop-
ment of pile foundation design solutions for 

construction of civil multi-storey residential 
buildings constructed on macroporous subsid-
ence soils [1, 2, 3]. Such soils are widespread in 
Russia and other countries. They are found in 
the southern, south-eastern and south-western 

regions of our country (Krasnodar Krai, Repub-
lic of Adygea, Volgograd Oblast, Stavropol 
Krai, Chechen Republic, Republic of Crimea, 
Zabaikalye, etc.). Therefore, they are often 
called as regional soils. The conditions of con-
struction on such soils are referred to regional 
(or special). The article considers the methods 
(main stages) of pile foundation design on con-
struction sites composed of macroporous sub-
sidence soils using the example of civil build-
ings in Grozny with load-bearing walls and 
frame buildings [4, 5]. 
 
 
SOIL CONDITIONS OF A TYPICAL 
CONSTRUCTION SITE 
 
The construction site is located in the Chechen 
Republic. The relief of the site is relatively flat, 
with absolute elevations of 285.5-286.5 m and a 
slight slope to the southwest. To find out the 
lithologic structure of the site 47 boreholes were 
drilled to a depth of 4 to 25 m and 5 pits up to 
3.5 m deep were excavated. The engineering-
geological section of the experimental site is 
represented by the following soils (engineering-
geological elements): 
1. Soil-vegetation layer, thickness 0.2-0.4 m. 
2. Below there is a layer of low-moisture, 
macroporous subsidence loam, from semi-hard 
to hard consistency, yellow-brown color with 
inclusions of gypsum and carbonate salts (EGE-
1). The thickness of this layer varies from 9.6 to 
11.8 m.  
3. At a depth of about 10.7 m from the surface 
there is a 1.9-2.5 m thick layer of buried soil 
(EGE-2) represented by hard, semi-hard, sub-
sidence loam, dark brown in color with abun-
dant inclusion of salts. 
4. Below, at a depth of about 11.5 - 14.3 m, 
there is a layer of low-moisture, macroporous 
loam of tight plastic, yellow-brown color, with 
inclusion of carbonate salts. The thickness of 
this layer varies from 6.9 - 7.7 m (EGE-3). 
5. At a depth of 18.4 - 22.0 m from the surface 
there is a fine gravel with sandy fill (EGE-4). 
There is not groundwater up to a depth of 25 m. 

PHYSICAL, DEFORMATION, STRENGTH 
AND SUBSIDENCE PROPERTIES OF 
SOILS 
 
Since the foundations of civil buildings are sup-
posed to be constructed on macroporous subsid-
ence soils, the study of their properties at the design 
stage is envisaged on soils with different moisture 
content (natural and pre-moistened). To determine 
the physical, strength, deformation and subsidence 
properties of the base under consideration, soils 
were taken mainly in the form of monoliths and 
separate samples, specimens at the entire depth (72 
monoliths) in accordance with the requirements of 
GOST 12071-2000 [6]. Soils (monoliths, samples) 
were taken from the base of natural composition 
(low-moisture) and after its preliminary soaking 
(wet). Hereinafter in the text the term “low-
moisture soils” means macroporous base of natural 

0.5). “Wet soils” means macroporous base after its 
 

For the proposed construction of civil multi-storey 
buildings, macroporous soils were soaked gradual-
ly for 25-30 days. For this purpose, a pilot site was 
prepared previously, where a pit with the plan size 
of 20 x 20 m and depth of 0.4 - 0.5 m was made 
(Grozny). The surface of the excavation before 
soaking was filled with fine crushed stone (fraction 
3-10 mm) to a thickness of 7-10 cm. Along the pe-
rimeter of the pit, as well as along its area, wells 
with diameter up to 120 mm were made to a depth 
of 14-15 m, which were also backfilled with fine 
crushed stone. Wells on the area of the excavation 
were arranged on a grid of 4x4 meters. Water was 
supplied to the experimental site with a hose under 
low pressure. The flow rate was fixed by a water 
meter connected to the water supply system on the 
territory of the experimental site. The minimum 
volume of poured water was determined by calcu-
lation. Soaking was controlled visually and instru-
mentally by taking samples and soil samples from 
different depths and determining its weight mois-
ture [7, 8, etc.].   
The study of physical properties of soils was car-
ried out according to the current regulatory docu-
ments and recommendations (GOST 5180-2015, 
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A.I. Polishchuk, M.B. Marinichev, 2023, etc.) [9, 
10]. Analysis of the results of studies of properties 
of macroporous subsidence soils of the experi-
mental site revealed that up to the depth of 15 m 
the change in their density and moisture content 
within each engineering-geological element 
(EGE-1, EGE-2) is insignificant, which does not 
exceed 3-5%. Consequently, the soil base can be 
considered practically homogeneous and the mean 
values of the considered physical characteristics 
for each engineering-geological element can be 
used for forecast calculations (Table 1). 
Table 1 shows that the upper layer of low-
moisture loam of natural composition (EGE-1) 

belongs to the hard consistency state (IL 
and the same layer of loam additionally mois-
tened (wet) is characterized as soft-plastic (IL = 
0.66). After additional moistening (soaking) of 
the soil, complete filling of its pores with water 
did not occur. This is confirmed by the value of 
water saturation coefficient Sr = 0.72, which is 
less than Sr < 0.8...1.0. The characteristic of po-
rosity coefficient e of low-moisture and wet soil 
indicates its macroporous (loose) state, which is 
confirmed by the values e = 0.90 - 0.94, which 
are close to the value e = 1.0. 

 
Table 1. Physical properties of loess subsidence soils of the experimental site 

 

Deformation properties of macroporous subsid-
ence soils (EGE-1, EGE-2, etc.) were determined 
in laboratory conditions using compression devic-
es in accordance with the requirements of regula-
tory documents and standards: GOST 12248.4-
2020, SP 22.13330.2016, GOST 23161-2012. [11-
13]. Stages of loading on the soil samples were 
accepted in the range of 20 - 40 kPa until com-
plete stabilization of settlements. Settlement in-

crement not exceeding 0.01 mm / day was adopt-
ed as a stabilization criterion. The maximum pres-
sure on the soil samples in the experiments did not 
exceed 250 - 350 kPa. 
Comparison of the values of total deformation 
modulus of subsidence soils within the depth up to 
13-15 m shows that their values within each engi-
neering-geological element differ insignificantly. 
The deviation at the same pressure interval varies 

Note. In the numerator - properties of low-moisture natural moisture soils, in the denominator - 
pre-moistened wet soils. 
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Hummocky loam, 
macroporous 

EGE-1 
10,4 

1,59

1,79
 

1,41

1,44
 

12,5

23,6
 2,73 

0,94

0,90
 

0,36

0,720
 

0,94

0,90
 17,7 9,0 

< 0

0,66
 

Dark brown loam (inter-
layer), 

EGE-2 
1,9-2,5 

1,70

1,81
 

1,49

1,48
 

14,2

22,0
 2,72 

0,82

0,83
 

0,47

0,72
 27,1 16,9 10,2 

< 0

0,51
 

Yellow-brown loam, 
EGE-3 6,9-7,7 1,75 1,45 21,0 2,71 0,87 0,65 27,0 17,0 10,0 0,4 

Shallow gravel, 
EGE-4 

More than 
5,0 - - - 2,68 0,65 - - - - - 
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within 8-10%. In total, about 30 compression tests 
for low-moisture and wet macroporous subsidence 
soils were analyzed (Table 2). The analysis of the 
obtained results indicates that the values of the 
properties of the total deformation modulus of 
soils significantly depend on the moisture content, 
porosity, the magnitude of the applied pressure 
and structural strength of soils [14]. 

 
Table 2. Data on the results of compression 

tests of loess subsidence soils 

Engineering-
geological 
elements 

Sample 
pressure 
interval, kPa 

Values of total defor-
mation modulus E of 
loess soils, MPa 
low-
moisture wet 

EGE-1 
100…140 7,1 1,6 
140…200 11,4 1,0 
200…250 14,2 1,3 

EGE -2 
100…140 7,7 11,1 
140…200 12,4 10,9 
200…250 15,4 14,0 

EGE -3 
100…140 7,8 - 
140…200 12,5 - 
200…250 15,6 - 

EGE -4 - 25 - 
 
Strength properties of soils  and c were de-
termined by the single-plane shear test accord-
ing to GOST 12248.1-2020. In the experiments 
the scheme of rapid shear under conditions of 
incomplete consolidation without preliminary 

compaction of soil samples was used. Under 
this shear scheme the values of strength proper-
ties are the lowest compared to other test meth-
ods (M.Y. Abelev, 1979, 1983, 2023; V.F. Si-
dorchuk et al., 1980; G.G. Boldyrev 1985-
1993). It was found that the specific cohesion 
characteristics for low-moisture soils are about 
three times greater than for moist soils. The 
characteristic of the angle of internal friction 
changes insignificantly. For low-moisture soils, 
the characteristic of the angle of internal friction 
is 1-2 degrees higher than that of moist soils 
(Table 3) [15, 16, etc.]. 
 

Table 3. Data on the results of laboratory tests 
of strength properties of macroporous subsid-

ence soils 

Engineering-
geological 
elements 

Strength 
properties of 
soils  and  

Values of strength 
properties of loess sub-
sidence soils c, kPa; , 
deg. 
low-
moisture wet 

EGE-1  42 10 
 24 22 

EGE -2  38 14 
 23 21 

EGE -3  25 - 
 22 - 

EGE -4  - - 
 - - 

 
 

Table 4. Results of studies of relative subsidence sl under pressure on soil samples 
 

BASE soil 
Design 

thickness 
of EGE, m 

Elementary 
layer thick-
ness hi, m 

Distance of 
sampling from 

the ground 
surface, m 

Relative subsidence sl,  at pressure , kPa 
Initial sub-

sidence 
pressure Psl

kPa 
20 60 100 140 200 250  

Hard, hummocky, 
macroporous loam 

EGE-1 
10,4 

2,7 -2,7 0,000 0,013 0,027 0,034 0,052 0,056 65 
2,7 -5,4 0,000 0,011 0,024 0,030 0,046 0,050 65 
2,7 -8,1 0,000 0,010 0,021 0,027 0,040 0,045 - 
2,6 -10,7 0,000 - - 0,025 - 0,042 - 

Hard, semi-hard, 
dark brown loam 

EGE-2 
2,2 

0,7 -11,4 0,000 0,010 0,013 0,017 0,021 0,023 - 
0,7 -12,1 0,000 0,011 0,012 0,015 0,019 0,021 - 
0,8 -12,9 0,000 0,011 0,012 - 0,015 0,013 - 

tight plastic loam, 
yellowish brown 

EGE-3 
7,3 

1,8 -14,7 - - 0,008 0,010 0,010 0,010 - 
1,8 -16,5 0,000 0,000 0,000 0,000 0,012 0,000 - 
1,8 -18,3 - - - - - - - 
1,9 -20,2 - - - - - - - 
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The subsidence properties such as relative sub-
sidence sl and initial subsidence pressure psl 
were determined in laboratory conditions in ac-
cordance with the requirements of GOST 
23161-2012 [12]. The values of relative subsid-
ence were established by the “two curves” 
method which implies testing twin specimens in 
compression devices taking into account the 
pressure from own weight of the soil and the 
pressure transmitted by the foundation sole at 
the considered depth. The values of the initial 
subsidence pressure parameter psl, according to 
the requirements of regulatory documents, were 
assumed to be equal to the pressure on the soil 
sample, at which the relative subsidence sl was 

sl = 0.01 (Table 4) [4, 17]. 
 
 
ESTIMATION OF SOIL CONDITIONS 
TYPE IN TERMS OF SUBSIDENCE 
 
To evaluate the type of ground conditions in 
terms of subsidence of the construction site un-
der consideration, we plot the stress variation 
from the soil self-weight zg along the depth of 
the subsidence stratum, taking into account its 
engineering-geological structure (Fig. 1). 
 

 
Figure 1. Schematic diagram for determining 

the type of ground conditions by subsidence for 
macroporous soils: a - geological column; b - 
stress distribution diagram from own weight of 

the soil zq 
 

For this purpose, we previously calculate [4]: 
 
Z = 2.7 m,  zg = 15. 9  2.7 = 42.92 kPa; 
Z = 5.4 m,  zg = 15. 9  5.4 = 85.86 kPa; 
Z = 8.1 m,  zg = kPa; 
Z = 10.7 m,  zg = kPa; 
Z = 11.4 m,  zg = 

kPa; 
Z = 12.1 m,  zg = 

kPa; 
Z = 12.9 m,  zg = 

kPa; 
Z = 14.7 m,  zg = 

kPa; 
Z = 16.5 m,  zg =  1.8) =  271.43 
kPa; 
Z = 18.3 m,  zg = 

kPa; 
Z = 20.2 m,  zg = 

kPa 
 
Using the graph (Fig. 1), we can find the depth 
where the condition zg psl is fulfilled, i.e., zg 
is the stress from own weight of the soil; psl is 
the initial subsidence pressure. This condition is 
fulfilled at the depth z = 4 m, where zg = 66 

psl = 65 kPa as shown Fig. 1 and Table 4.  
To determine the subsidence from own weight 
of soil Ssl, we conventionally divide the subsid-
ence stratum into layers 2.7-2.8 m thick for 
EGE-1 and 0.7-0.8 m thick for EGE-2. In this 
case, the subsidence Ssl within the subsidence 
strata is calculated starting from the depth z = 4 
m, where the stress from own weight of the soil 

zg is equal to the initial subsidence pressure psl 
( zg psl = 65 kPa). For the soil strata 
of tight plastic loam (EGE-3), lying below 
EGE-2, the breakdown into separate layers is 
not performed, as the considered thickness of 
tight plastic loam (EGE-3) practically does not 
possess subsidence properties and has permissi-
ble limits of relative subsidence sl. Using the 
data of Table 4 we plot the dependence of rela-
tive subsidence sl on the applied external pres-
sure p on the soil (Fig. 2): sl = f (p). All initial 
data for calculations are summarized in Table 5 
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Figure 2. Relative ground subsidence sl de-
pending on the external applied pressure p: 

1...4 - respectively, for EGE-1 soil at -2.7, -5.4, 
-8.1 and -10.7 m from the ground surface; 5...7 
- respectively, for EGE-2 soil at 11.4, 12.1 and 

12.9 m from the ground surface. 
 
 
Table 5. Relative subsidence sl, at acting stress 

caused by own weight of the soil zq 

 
Soils 

Distance to 
the bottom of 
the layer un-
der consider-
ation from 
the ground 
surface, m

Stresses zq at 
the base ele-
vation of the 
layer under 
consideration, 
kPa 

Relative 
subsidence 

sl at acting 
stress zq 

EGE-1 

-2,7 42,9 0,012 
-5,4 85,8 0,020 
-8,1 128,8 0,025 
-10,7 170,1 0,030 

EGE -2 
-11,4 182,0 0,020 
-12,1 194,8 0,017 
-12,9 208,4 0,014 

 
The expected soil subsidence from the action of 
its own weight Ssl (cm) within the subsidence 
strata is determined from the condition (Krutov 
V.I. et al., 2013; Polishchuk A.I., Marinichev 
M.B., 2023): 
Ssl sl,i hi Ksl,i = 0.02 x 270 x 1 + 0.025 x 270 
x 1 + 0.03 x 260 x 1 + 0.02 x 70 x 1 + 0.017 x 

70 x 1 + 0.014 x 80 x 1 = 5.4 + 6.75 + 7.8 + 1.4 
+ 1.19 + 1.12 = 23.7 cm,  
where, n is the number of layers into which the 
subsidence stratum is divided; 
       sl,i is relative subsidence, determined for 
each ith layer of the subsidence stratum at the 
acting stress ( zg + zr); 
hi is the thickness of the considered ith layer of 
soil, m; 
       Ksl,i is the coefficient of operating condi-
tions of the base. 
Thus, it is established that, there are layers of 
macroporous soil (loam) with total thickness z = 
12,9 - 4,0 = 8,9 meters within the depth where 
the condition zg > psl fulfills. The subsidence of 
the considered soil thickness caused by the ac-
tion of its own weight is more than 5 cm (Ssl = 
23.7 cm). Consequently, the ground conditions 
of the site under consideration belong to the 
second type of subsidence. 
 
 
JUSTIFICATION OF PILE TYPE AND 
LENGTH 
 
For the buildings to be constructed on pile 
foundations, we accept prefabricated reinforced 
concrete prismatic piles with a cross-section of 
300 x 300 mm, which are sunk into the ground 
ready-made from the bottom of the excavation 
[2, 4, 18]. This is because of the developed ma-
terial and technical resources in the construction 
area (Chechen Republic), where driven rein-
forced concrete piles will be produced in the 
required volume. Since the base of the construc-
tion site under consideration is composed of 
macroporous hard loams, the piles should be 
driven into such soils by means of leader holes, 
the cross-sectional area of which should be 15-
20% smaller than the cross-sectional area of 
prismatic piles. It is recommended that the 
depth of the leader wells is approximately 10.5-
11.0 m from the surface of the foundation. 
Within this depth lies the EGE-1 (upper from 
the base surface). The bearing layer for factory-
made prismatic piles is recommended to be 
hard, semi-hard, dark brown loam, which is part 
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of EGE-2. The depth of immersion of the lower 
end of prismatic piles into the bearing layer 
should be at least 1.0 m in accordance with Ta-
ble 1. 
 
 
EXPERIMENTAL AND NUMERICAL 
DATA ON BEARING CAPACITY OF 
DRIVEN REINFORCED CONCRETE 
PILES IN SUBSIDENCE SOILS 
 
The bearing capacity of the considered driven 
reinforced concrete piles was determined exper-
imentally based on the results of field tests by 
static push-in load.  Static tests of full-scale 
piles were carried out in macroporous subsid-
ence soils of natural composition (low-
moisture) and on pre-wetted (wet) soils in ac-
cordance with the requirements of Russian 
standards (GOST 30672-2019, GOST 5686-
2020, SP.24.13330.2021, etc.) [19, 20, 21]. In 
the experiments, driven reinforced concrete 
prismatic piles of 10 m length and 30x30 cm 
cross-section were used. The load on the natural 
piles was transferred by a hydraulic jack with a 
manual pumping station providing the required 
operating pressure. The displacements of the 
test piles were measured by deflection meters. 
According to SP 22.13330.2016 (c. 7.3. 5) [13], 
the bearing capacity of the pile (partial value of 
the ultimate resistance) Fu under push-in load 
was assumed to be the load under the influence 
of which the tested pile received a settlement 
S Su,mt .2 if the pile was 
tested at a conditional stabilization equal to 0.1 
mm in 1 hour, if sandy soils and clay soils of 
solid consistency were under its lower end. Su,mt 
is the limit value of the mean foundation settle-
ment of the designed building, which is set ac-
cording to the instructions of the design organi-
zation. In the considered case, the value of Su,mt 
was accepted equal to 12 cm (SP 
22.13330.2016). Based on the above formula, 
the settlement S corresponding to the bearing 
capacity (ultimate resistance) of the pile Fu at 
natural moisture content was S = 0.2 x 12 = 2.4 
cm (24 mm). The experimental results are pre-

sented in the form of graphs showing the de-
pendences of pile settlements on external load 
(presented below). 
To evaluate the performance of prefabricated 
reinforced concrete piles in macroporous sub-
sidence soils of the second type, the authors 
simultaneously carried out numerical studies 
using the Midas FEA NX software. At the same 
time, the influence of soaking of the foundation 
soils (e.g., emergency soaking) on the bearing 
capacity and settlement of piles, as well as on 
the development of non-uniform deformations 
of pile foundations was revealed. 
To simulate the loading (“performance”) of 
soils in the base, the model of hardening soil at 
small deformations (HS small) was used [22]. 
This model accounts for the relation of soil 
stiffness and strength to stress and strain, as well 
as its over consolidation during load history. 
This allows for more accurate modeling of its 
nonlinear deformation under loads. The dis-
cussed model provides a correct description of 
cyclic loading and pore pressure development 
under undrained conditions, which is important 
for complex engineering problems. A linear-
elastic model with its stiffness characteristics 
was used for the pile material. Soaking of the 
subsidence soil was taken into account in the 
modeling by lowering its strength and defor-
mation characteristics (Figs. 3, 4). 
The investigation results of driven reinforced con-
crete piles' performance in low-moisture and wet 
subsidence soils are presented in Fig. 5. It is estab -
lished that in low-moisture and wet (soaking wet) 
loess soils, the pile settlements recorded during 
field tests are much smaller compared to the set-
tlements obtained by numerical modeling. 
For example, the pile settlement is 4.5 mm under 
an external load of 140 tf for low-moisture soils, 
while the pile settlement obtained by numerical 
modeling under the same load of 140 tf is much 
larger and amounts to 15.0 mm. In wet subsidence 
soils, the same trend is also observed. With an ex-
ternal load of 100 tf, the pile settlement is 5.5 mm, 
while in the case of numerical modeling, the pile 
settlement at the same load in wet soil is 12.5 mm. 
According to the results of field static tests, a load 
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end of prismatic piles into the bearing layer 
should be at least 1.0 m in accordance with Ta-
ble 1. 
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DATA ON BEARING CAPACITY OF 
DRIVEN REINFORCED CONCRETE 
PILES IN SUBSIDENCE SOILS 
 
The bearing capacity of the considered driven 
reinforced concrete piles was determined exper-
imentally based on the results of field tests by 
static push-in load.  Static tests of full-scale 
piles were carried out in macroporous subsid-
ence soils of natural composition (low-
moisture) and on pre-wetted (wet) soils in ac-
cordance with the requirements of Russian 
standards (GOST 30672-2019, GOST 5686-
2020, SP.24.13330.2021, etc.) [19, 20, 21]. In 
the experiments, driven reinforced concrete 
prismatic piles of 10 m length and 30x30 cm 
cross-section were used. The load on the natural 
piles was transferred by a hydraulic jack with a 
manual pumping station providing the required 
operating pressure. The displacements of the 
test piles were measured by deflection meters. 
According to SP 22.13330.2016 (c. 7.3. 5) [13], 
the bearing capacity of the pile (partial value of 
the ultimate resistance) Fu under push-in load 
was assumed to be the load under the influence 
of which the tested pile received a settlement 
S Su,mt .2 if the pile was 
tested at a conditional stabilization equal to 0.1 
mm in 1 hour, if sandy soils and clay soils of 
solid consistency were under its lower end. Su,mt 
is the limit value of the mean foundation settle-
ment of the designed building, which is set ac-
cording to the instructions of the design organi-
zation. In the considered case, the value of Su,mt 
was accepted equal to 12 cm (SP 
22.13330.2016). Based on the above formula, 
the settlement S corresponding to the bearing 
capacity (ultimate resistance) of the pile Fu at 
natural moisture content was S = 0.2 x 12 = 2.4 
cm (24 mm). The experimental results are pre-

sented in the form of graphs showing the de-
pendences of pile settlements on external load 
(presented below). 
To evaluate the performance of prefabricated 
reinforced concrete piles in macroporous sub-
sidence soils of the second type, the authors 
simultaneously carried out numerical studies 
using the Midas FEA NX software. At the same 
time, the influence of soaking of the foundation 
soils (e.g., emergency soaking) on the bearing 
capacity and settlement of piles, as well as on 
the development of non-uniform deformations 
of pile foundations was revealed. 
To simulate the loading (“performance”) of 
soils in the base, the model of hardening soil at 
small deformations (HS small) was used [22]. 
This model accounts for the relation of soil 
stiffness and strength to stress and strain, as well 
as its over consolidation during load history. 
This allows for more accurate modeling of its 
nonlinear deformation under loads. The dis-
cussed model provides a correct description of 
cyclic loading and pore pressure development 
under undrained conditions, which is important 
for complex engineering problems. A linear-
elastic model with its stiffness characteristics 
was used for the pile material. Soaking of the 
subsidence soil was taken into account in the 
modeling by lowering its strength and defor-
mation characteristics (Figs. 3, 4). 
The investigation results of driven reinforced con-
crete piles' performance in low-moisture and wet 
subsidence soils are presented in Fig. 5. It is estab -
lished that in low-moisture and wet (soaking wet) 
loess soils, the pile settlements recorded during 
field tests are much smaller compared to the set-
tlements obtained by numerical modeling. 
For example, the pile settlement is 4.5 mm under 
an external load of 140 tf for low-moisture soils, 
while the pile settlement obtained by numerical 
modeling under the same load of 140 tf is much 
larger and amounts to 15.0 mm. In wet subsidence 
soils, the same trend is also observed. With an ex-
ternal load of 100 tf, the pile settlement is 5.5 mm, 
while in the case of numerical modeling, the pile 
settlement at the same load in wet soil is 12.5 mm. 
According to the results of field static tests, a load 

of 100 tf was taken as the bearing capacity of the 
pile in wet (soaking wet) macroporous soils. The 
pattern of the resulting graph indicates that the 
actual bearing capacity of the pile was not estab-
lished due to the limitation of the maximum load 
in the test system used. At the same time, a value 
of 145 tf was found to be the bearing capacity of 
the pile according to the results of numerical mod-
eling (at 24 mm settlement) as shown in Fig. 5. 
Due to the idealized conditions of numerical 
simulation, as well as the discreteness of the 
problem to be solved, compiled for a single pile, 
the relationship between settlement and external 
load after the first iteration, as a rule, has a di-

vergence from the natural plot and does not al-
low to accept initial stiffnesses for modeling a 
larger-sized pile group. The applied principle of 
iterative refinement of strength and shear prop-
erties at the pile-soil contact continues until the 
shape of the load-displacement branches ap-
proximates the experimental data. Perfect con-
vergence is achieved with great difficulty, since 
the full-scale plot incorporates and displays a set 
of nonlinear processes. The description of these 
processes is not possible with simplified models 
that imply an inseparable connection between 
the pile and the soil during loading [25]. 

 

 
Figure 3. Basement-foundation-structure system with separation of the considered pile foundation 

(right) 
 

                                       
Figure 4. Calculation model of a 30x30 cm pile 10 m in length consisting of solid elements in the 

given engineering-geological conditions 

Interface 

Pile 300 mm, 
Load 100 tons 
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Fig. 5 shows plots of pile settlement-load depend-
ence for iteratively refined interface properties. 
Ultimately, a certain convergence of the results 
was achieved, which allows the synthesized graph 
to be applied in finite element analysis of the 
whole system. At the same time, it accounts for 
the varying properties of the base soils in the man-
ifestation of subsidence properties for loess sub-
sidence soils of the second type of subsidence. 

As a result, after the calculations with regard to 
the verified stiffnesses, the deformations of the 
system are obtained. They show a high conver-
gence with the results of geotechnical monitor-
ing and can be used for predicting the settlement 
of single piles on loess macroporous subsidence 
soils of the second type of subsidence, consider-
ing their possible soaking. 

 
 

 
Figure 5. Sequential approximation of the calculated load-settlement diagram to the actual depend-
ence obtained from field tests of a single 30x30 cm pile 10 m length at a construction site made of 

wet macroporous soils 
 

Thus, the correct analysis of ground conditions 
of the planned construction, the rules for select-
ing the structural solution of piles for multi-
storey civil buildings, as well as the peculiarities 
of finite element analysis allow us to justify the 
main stages of designing pile foundations on 
macroporous subsidence soils of the second 
type of subsidence, considering the possible 
soaking of the compressible thickness of the 
base. 
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