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PECULIARITIES OF DEGRADATION IN LOESS SOILS' DEFORMATION
AND STRENGTH PROPERTIES ON THE EXAMPLE OF DNIPROPETROVSK CITY

(Reviewed by the editorial board member B. Maslov)
Presentation of mathematical modeling results for the deformation and strength properties degradation process using the group
method of data handling. Testing of this method had been applied to longitudinal data on the variability of the properties of the geologi-
cal environment as an element of regional level natural — technogenic system.

Research Objective: to establish the peculiarities of massif degradation on the example of the longitudinal data research on perigla-
cial formation soils’ properties using methods of stochastic and inductive modeling.

Solution methods and software: stochastic modeling performed with methods of correlation and multiple regression analysis;
inductive modeling — with group method of data handling. Software: STATIST (O. Honchar DNU), trial version of STATISTICA, cus-
tomized program by Koryashkina L.S. (Candidate of physical-mathematical sciences, Associate Professor at O. Honchar DNU)

Results. These peculiarities indicate that there is subordination between subsidence properties degradation and changes in
aggregate content: this confirms the A.K. Larionov's theory about consecutive destruction of rock's aggregate system and de-
crease in coagulation-dispersion type connections as a result of increase of water film thickness during subsiding.

Scientific innovation. Methods of inductive mathematical modeling applied to the description of change pattern in loess soils’
exposed to technogenesis allows to objectively establish factorial variables whose changes affect the intensity of the process.
Coordinates, soils’ physical properties indicators were set as the factor variables. The evaluation of technogenic impact intensity

is not performed, which greatly simplifies the solution.

Practical significance. Inductive Modeling will enable more accurate predictions of strain.

Presentation of the basic research results. Peculiari-
ties of the loess soils' deformation and strength properties
have been the subject of scientific research for a long time
(Krokos V.I., Abelev Yu.M., Larionov AK., Lysenko M.G.).
The nature of subsidence as a physical-chemical process is
explained from the view point of theories by Denisov N.Ya.,
Sergeev E.M. and Minervin A.V. Subsidence change pat-
terns as a result of properties change in rocks exposed to
technogenic factors are researched insufficiently and repre-
sent a current scientific problem. A lot of attention is drawn to
the problems of subsidence properties degradation in soils
massifs' exposed to technogenesis [1, 4, 5].

There is a shortage of works dedicated to the change
patterns of loess-type and loess soils exposed to the simul-
taneous influence of high intensity transient physical fields,
for instance, in cities. To study the real processes in sub-
siding soils' composition changes, conditions and proper-
ties under their exposure to complex factors' impact one
needs to research longitudinal data series. Such sampling

is time-consuming. In some cases it is very difficult to re-
store the data about technogenic impact intensity. Methods
of permeability experimental modeling, consolidation in the
process of argillaceous soils formation are in the stage of
development [6]. Special attention is dedicated to the study
of the relationship between the soils' structural-textural
features and development of hazardous and unfavorable
processes [7, 8]. The study of soils' deformational behavior
as a result of microstructure peculiarities — is one of the
trends which has been both traditional and fast growing in
recent years [9, 10, 11]. Physical experimental modeling
methods contribute to the solution of forecasting problems
on condition that mechanical similarity criteria are strictly
adhered to. Due to the development of the nonlinear dy-
namics methods, the theory of dynamic systems [12] and
their application in tackling practical tasks in geology there
is a need to change modeling methods used for engineer-
ing-geological processes forecasting.
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Figure 1. Skewness of average values (in a year) (a) and particular values of periglacial formation properties' indicators (b)

Methods of inductive mathematical modeling allow to
solve a wider array of tasks in massif's condition evalua-
tion. To characterize the periglacial formation properties,
the total number of 3,104 monoliths was selected from the
aeration zone. The foundation is comprised of the standard
measurements of the properties' engineering-geological
indicators — materials of State Enterprise "UkrGIINTIZ,
OSC "DneproGiprotrans", "Ukrjuzhgeologija" that were
included into the common database (1956-2007
years).Stochastic analysis of average values (by the
measurement year) and particular values showed that data

skewness and kurtosis in the second case is several time
higher (Figure 1).

The rank correlation of year's average values showed
that linear correlation with indicator's measurement year
was discovered for fraction composition 0.25-0.1 mm (rank
correlation coefficient r equals = 0.42); the negative corre-
lation — for deformation module and specific cohesion
(r =-0.57; -0.72 respectively). The correlation was not con-
firmed by regression. The particular values' rank correlation
showed that indicators have a sense of the spatial variable,
there is correlation of values with the sampling depth
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z.Thus, the rank correlation coefficient for soil density p
with sampling depth z equals 0.57, natural humidity w 0.21
and deformation module E 0.61.

Positive correlation with sampling year t was discov-
ered for the following indicators: content of particles bigger
than 2 mm with natural humidity w. per unit, (r=0.288).
Positive correlation with sampling year t was discovered for

absolute deformation value in case of compression testing
of naturally humid soil at the stage of normal compression
0.15 mPa (r=0.43), the internal friction angle Fi (r=0.66).
Negative correlation with sampling year t was discovered
for values distribution of specific cohesion ¢, mPa, (r=-
0.697), deformation module E, mPa, (r=-0.25). Rank corre-
lation values between the indicators are not high (Table 1).

Table 1
Correlation matrix for periglacial formation properties' indicators
(particular values)
WL wpP w PLS PL RO,1 DEF0,15 ESAT FI (o

WL 1.00 0.49 0.36 0.47 0.19 -0.14 0.10 -0.12 -0.40 0.48
WP 1.00 0.36 0.14 0.11 0.09 0.33 0.24

w 1.00 0.18 0.53 0.26 0.38 -0.16 0.16
PLS 1.00 0.14 0.1 0.12 -0.12

PL 1.00 0.16 -0.33 0.49 0.30
RO,1 1.00 0.32 0.62 -0.42
DEFO0,15 1.00 -0.30 -0.22 -0.23
E, sat 1.00 0.29 0.32
FI 1.00 -0.64
(o 1.00

Notes to Table. 1-5: 1. Only meaningful values of rank correlation coefficient are presented. 2. Empty cells mean the absence of mean-

ingful values of rank correlation coefficient. 3. WL, wl, WP,wp — plasticity limits, per unit; W,w — natural humidity, per unit; ps — soil particles'
density, gr/cm3; PL, p- soli density, gr/cm3; R 0,1 — fraction particle content 0,25-0,1 mm; DEF0,15 — absolute deformation during naturally
humid soil compression test at the level 0,15 mPa; E, sat — deformation module in water saturated condition, mPa; FI — internal friction

angle, degree; C,c — specific cohesion, mPa. 4. Symmetrical matrix elements are not displayed.

Multiple regression of indicators properties' particular
values in the inhomogeneous sample showed that correla-
tion models are standard in the set of the dependent and
independent variables irrespective of the multi — colinearity
signs (Table 2).

The multiple regression analysis method requires adher-
ence to strict conditions regarding the homogeneity of selec-
tive distribution; these conditions can not be fulfilled in this
case. To find the optimal model of correlation between the
indicators of subsidence, deformation and strength proper-
ties, group method of argument handling was used[4]. Stan-
dard, most often measured indicators were chosen as vari-
ables characterizing the inner properties of the formation.
Testing numerous possible variants allowed us to define the

optimal fraction of particle size content that determines the
values of relative subsidence. On the compression level
approximately equal to the common urban one, particle size
content is not a factor for subsidence degradation due to the
fact that fraction content is used as a nonlinear component in
the model which does not include time as a factor variable.

In the compression interval 0.05-0.1 mPa, with the linear
variable t the coefficient is high, the fraction interval for which
the time changes act as the subsidence factor is bigger.
Fraction content changes in time act as subsidence factor on
the compression levels which correspond to extra load
(0.3 mPa), for fraction content 0.5-0.25 mm. It is possible to
find correlation between changes in certain fractions content,
pressure and micro aggregates' size (Table 3).

Table 2
Regression model for particular values of loess formation (particular values)
The dependent variable Regression Model Model's parameter AR?
PL p=0,0008year+0,01z+0,0267w 0,992
WL WL=0,103*ps 0,97
Table 3

Coefficients for models' factor variables in loess type loams' subsidence

Compression mPa Fraction. R. mm Coefficients for variables' linear elements
T Year, t WL, WP w PLS PL R
0.25-0.1 0.0015 | + +
0.05-0.01 0.0011 + 0.0017
0.05 0.01-0.005 | + 0.01 0.005 | + +
1.0-0.5 + + 0.107
0.5-0.25 + 256.42 | 91.836 0.005 1.173 1.807
0.25-0.1 | + + 0.0055 -0.048 -0.028
0.1-0.05 0.867 | 24.604 | + 0.135 | 0.0317 -0.016 0.986
0.1 0.05-0.01 | + -0.053 + 0.0025 | +
1.0-0.5 + 0177 | + 0.001 0.0057
0.5-0.25 | + 0.07 -0.831 0.004 | + 0.002
0.3 0.25-0.1 0.03 0.006 0.378 0.006

Notes to Table 3-6: (+) — the variable is included as a factor one, as non-linear element: an empty cell means that variable is not in-
cluded as a factor one. R — content of a fraction in the range 0.25-0.1; 0.1-0.05; 0.05-0.01; 0.01-0.005 mm

Results analysis shows: the higher the compression,
the bigger is the aggregates' size whose changes in time
act as a factor in subsidence properties' degradation. Lin-
ear relation between functional and factor variables is due
to the controlling impact of the destruction process. In the
loads' interval 0.05-0.1 MPa which are nearly equal to
structural strength, accumulation takes place — slight in-
crease in fraction content 0.25-0.1 mm, because the in-

crease signs of relative subsidence (in the process of deg-
radation) and fraction content are not identical. The reason
for that is the destruction of big aggregates sized 0.5-
0.25 mm and of the fraction sized 0.1-0.05 mm, this is indi-
cated by the sign "+" or " —" in front of the coefficient. At the
compression level of 0.3 MPa takes place the destruction
of sand aggregates sized 0.5-0.25 mm. Coefficient analysis
at linear factor variable "fraction content" indicates, that
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linear relation between relative subsidence coefficient and
fraction content predominates at compression level 0.05—
0.1 MPa. This level is nearly equal to structural strength
limit. With linear variables at other compression levels coef-
ficients are lower or non-existent. Linear relation between
fraction content and subsidence degradation appears in
the dispersion range from 1 to 0.05 mm, which corre-
sponds to the sizes of macro- and microaggregates in
loesses [2, p. 146]. Non-linear relation of increase appears
in fraction 0.05-0.01 mm and subsidence degradation.
These peculiarities indicate hat there is subordination be-
tween subsidence properties degradation and changes in
aggregate content: this confirms the A.K. Larionov's theory
about consecutive destruction of rock's aggregate system
and decrease in coagulation-dispersion type connections
as a result of increase of water film thickness during sub-
siding [2, p. 225]. Fraction content 0.1-0.25 mm has the

biggest impact on the values of plasticity's lower limit, natu-
ral humidity and density.

All the functional variables — deformation properties in-
dicators have the spatial pattern (Table 4). Correlation be-
tween time and physical properties is more evident in the
models created for the undisturbed condition.

Values of the internal friction angle increase in time,
module's values — decrease. Increase in internal friction
angle values and the deformation module with depth re-
flects the relationship between values in their natural condi-
tion and the changes due to technogenic impact.ln some
cases values' decrease (increase) in time does not negate
relationship with the sampling depth; this affects the results
of the regressive analysis: models for properties regression
and the coordinate have not been received. Deformation
and strength properties' change in time are connected with
changes of medium's dispersion, they reflect degradation's
direction and intensity.

Table 4

Coefficients at linear elements of models' factor variables for the physical-mechanical indicators of loess loams' properties

Variable Factor variable (upper line) and their values (lower line)
z t WL wpP w PLS PL
E 0.863 -0.543 0.226 -12.05 11.577 -0.832 | -
t z WL wpP w PLS PL
Fi - 0.781 -7.316 | - 56.953 0.101 14.639
z t year WL wpP w PLS
E, sat 0.705 | + 0.001 | - 0.358 4.654 -0.035

Notes to table 4-6: (+) — the variable is a factor one, the relation is non-linear; (-) — the variable is not a factor one; 0.705 — coefficient of the
linear polynomial element of ai Xi type, where a — is a coefficient at factor variable; X — factor variable, year — indicator's measurement year

Table 5
Coefficients at linear factor variables in models of paleosoil horizons' relative subsidence
Compression MPa Fraction R Coefficients at linear factor variables t. year
R t. year z WL w PLS PL R
0.01-0.005 + 0.069 0.006 | +
0.05 | meHee 0.005 + -0.119 + -0.004 | +
1-0.5 | + + 0.13 | 0.0016 | 0.0018
0.5-0.25 | + + 0.13 | 0.0016 | 0.0018
0.25-0.1 + + -0.009 -0.011
0.01-0.005 + -0.018 + 0.001
0.1 | meHee 0.005 0.217 0.289 + 0.055 -0.001
0.25-0.1 + + -0.106
0.15 0.1-0.05 + + -0.106
0.01-0.005 -0.693 | + 0.001 | +
0.2 | meHee 0.005 -0.693 | + 0.001 | +
0.5-0.25 + 17215 56.86 | + 0.031
0.3 | Menee 0.005 0.071 | + + + 0.069 | 0.0197 | +
Table 6
Coefficients of linear factor variables in models of paleosoil horizons' physical-mechanical properties
Physical properties indicators
Coordinates
Variable t z WL wpP w PLS PL
C -0.085 5.046 -1.063 -0.097 | + -0.398
C. sat 1.111 -1.694 -8.26 0.9
E 0.0048 24.528 -1.194 -0.192 1.676
E. sat + 0.94 80.57 -26.71 0.104
Fs. sat + + -126.23 67.23 270.17 1.111

Notes: Fs — internal friction angle, degree, complete water saturation condition

Result analysis of paleosoil horizons' changes study
shows that soil density is a linear factor variable, while solil
particles density is non-linear in the majority of models (Ta-
ble 5). Linear relation between the sandy and silt fractions'
content and subsidence degradation is discovered in the
compression interval 0.05-0.1 MPa; this points out to the
relationship change between the compressions' interval in
which aggregates' destruction is a factor for subsidence deg-
radation. Linear relation between clay fraction content
changes in time appears only at the level of 0.3 mPa, in all
other cases linear relation is poorly defined or absent. Sub-
sidence models' spatial pattern is confirmed at the initial
compression levels. In this model selection factions act as
factor variables. Coefficient values are smaller than in loess-

like loams' models. In paleosoil horizons microaggregate
content changes are less defined than in loess-like loams.

Linear connections with measurement year are con-
firmed only for the deformation module values (Table 6),
the tendency does not correspond to mechanical properties
indicators' changes for subsiding loess-like loams. In the
process of subsidence degradation in paleosoil horizons
fine sand aggregates' and fine clay aggregates' accumula-
tion is accompanied by a decrease in the fraction content
0.01- 0.005 mm.

Conclusions:

* For loess-like loams and paleosoil horizons the ag-
gregate composition changes in the process of subsidence
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degradation are characterized by different trends, which
leads to the decrease in massif's anisotropy.

* Indicators of loess-like loams deformation properties
do not lose the character of spatial variables. The internal
friction angle values increase in time, while module values
— decrease; but with depth — they increase.

* For loess-like loams, deformation and strength prop-
erties' changes in time are connected with the medium's
dispersion changes which reflect direction and intensity of
degradation.

* Result analysis of paleosoil horizons' changes study
indicates that soil particles' density is present as non-linear
factor variable in the majority of models.

* Compression intervals in which aggregates destruc-
tion is a subsidence degradation factor depends on the
type of soil, because for loess-like loams and paleosoil
horizons the difference in coefficients at linear factor vari-
able "fraction content" is one order of magnitude or more.
Microaggregate content changes in paleosoil horizons are
less defined, than in loess-like loams.
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OCOBNMBOCTI AErPAOALIT AE®OPMALINHUX TA MILHICHUX BNTACTUBOCTEWN NECOBUAHUX MPYHTIB
HA NPUKNALI m. AHINMPOMNMETPOBCHKA

HaeedeHo pe3ynbsmamu mamemamu4Ho2o modentogaHHs1 deghopmayiliHux i MiyHiCHUX ennacmueocmeli 8 npouyeci deepadayii 3 suKkopucma-
HSIM Memody epynoeozo o6niKy apaymenmis. Ljeli Memod 6ye 3acmocoeaHutli Onsi onucy MiHnueocmi enacmusocmeli 2eosio2iyHo20 cepedosuwa
SIK esleMeHma npupodHO — MeXHO2eHHOI cucmemMu pe2ioHasIbHO20 PieHSI.

Mema OocnidxeHHs1: ecmaHosumu ocobnugocmi dezpadauii Macusy Ha npuknadi mpueanoao docnidxeHHs OaHUX MPo elacmueocmi nepuansiyi-
anbHUX r'pyHmie 3 euKkopucmaHHsIM memodie cmoxacmu4Ho20 ma iHOykmueHo20 mModesitoeaHHsi. Memodu piweHHs1 i npozpamMHe 3abe3ne4eHHs1: cmo-
Xxacmu4He MoOeJs108aHHs 6UKOHaHO MemodaMu KopessiyiliHo — pe2peciliHo20 MHOXUHHO20 aHani3y; iHdykmueHe Modesllo8aHHs1 — MemodoMm 2pyrnoso-
20 ypaxyeaHHs1 ap2ymeHmie. [IpozpamHe 3abe3neyeHHsi: STATIST (QHY im. O. MoH4yapa), STATISTICA (trial — eepcisi), asmopcbka npozpama (kaHo. ¢his.-
mam. Hayk, doyeHm [HY im. O. MNoHyapa J1.C. KopsiwkiHa). Pesynbmamu nidmeepdxyroms nionopsiokoeaHicme dezpadayii enacmueocmell i 3MiH a2-
pe2amHoz2o cknad, wjo niomeepdxye meopiro A.K. JlapioHoea npo nocnidoeHe pyiiHyeaHHi azpe2amueHoi cucmemu rnopodu i 3MeHWeHHI 3e'si3kie
KoazynsiyitiHo — dicnepeaayiliHo2o muny e pesynbmami 36inbweHHs1 MoesuwUHU 800HUX M/1i8OK Npu ocidaHHi [2, c. 225]. Haykoea Hoeu3Ha. Memodu
iHOyKmMueHO20 MamemMamu4Ho20 ModesTlo8aHHs 3acmocosyrombCsi O5isi onucy 3MiHU enacmueocmel siecogux ' rpyHmie , ujo niddaromescsi mexHoze-
He3y, 0o3eo0J1sie 06'ekKmu8HO ecmaHo8umu ¢hakmopian 3MiHHUX , 3MiHa sIKUX ennueae Ha iHmeHcueHicmb npouyecy. KoopduHamu, ¢hi3u4Hi Moka3HUKU
enacmusocmeli 6ynu obpaHi hakmopHUMuU 3MiHHUMU. OyiHKa iHMeHcueHOCMi MeXHO2eHHO20 8IIU8Y HEe BUKOHYEMbLCS, W0 3Ha4YHO CMPOWYE 8upi-
weHHs1. lMpakmuyHe 3Ha4YeHHs1. IHOykmueHe ModesiroeaHHs1 003801UMb 8UKOHY8amu 6inlbw MoYHi Npo2Ho3u deghopmayii.

T. Mokpuukas, K.reon.H., gou., mokritska@i.ua,
[HenponeTpoBCKWUIA HaLuMOHanNbHbIN YHUBepcuTeT umeHu Onecs MoHuvapa,
np. K. Mapkca, 36, r. AHenponeTpoBck, 49044, YkpanHa

OCOBEHHOCTU OErPAOALNU OE®OPMALIMOHHbIX U MPOYHOCTHBLIX CBOMCTB NNIECCOBUAHbLIX FPYHTOB
HA NMPUMEPE r. JHEMPONETPOBCKA

lNpueedeHb! pesynsmambsi MameMamu4ecko2o ModesiuposaHusi de¢hopmMayUOHHbIX U NMPOYHOCMHbLIX ceolicme e npoyecce deezpadayuu ¢ uc-
nonb30e8aHueM 2pynnoeoz2o Memoda yyema apaymeHmos. dmom memod 6bi1 npuMeHeH 0151 OnucaHusi u3MeH4Yu8ocmu ceolicme 2eoso2uyeckoll
cpedbl Kak asileMeHma npupooHO — MexHOo2eHHOU cucmeMbl pe2uoHasIbHO20 YPOBHS.

Lenb uccnedosaHusi: ycmaHosumes ocobeHHocmu dezpadayuu Maccusa Ha npumMepe 011umesnibHoO20 ucciedoeaHusi OaHHbIX O ceolicmeax rne-
puansiyuanbHbIX 2pYHMOE C UCMO/Ib308aHUEM MEeMOO08 CIMoxacmu4ecko2o U UHOyKmueHo2o modenupoeaHusi. MemoOdb! peweHusi U npozpamm-
Hoe obecreyeHue: cmoxacmuyeckoe ModesiupoeaHue 6bIMOJIHEHO MemodamMu KOpPPesyUOHHO-Pe2PecCUOHHO20 MHOXeCMBEHHO20 aHau3a;
uHdykmueHoe ModesiupoeaHue — MemodoM 2pynrnoeo2o yvyema apa2ymeHmos. [lpoepammHoe obecneyeHue: STATIST (OHY um. O. MoH4vapa),
STATISTICA (trial — eepcusi), asmopckasi npoepamma (kaHO. ¢pus.-mam. Hayk, doyeHm [HY um. O. NoH4apa, J1.C. KopsiwkuHa). Pe3synsmamsbl yKka-
3bl8arom Ha conod4uHeHHocmb Oez2padayuu NPocadoyHbIX ceolicme u Uu. Hull azp 1020 cocC , Ymo nodmeepxxGaem meopuro
A.K. lapuoHoea o mnocnedoeamenbHOM paspywleHuUU azpe2amusHoli cucmemMbl MOpodbl U yMeHbWeHUU ces3ell Koa2ynsiyUuOHHO-
ducnep2ayuoHHO20 muna e pe3ysbmame yeesiudeHuUss MosWUHbl 800HbIX M/IEHOK npu npocadke [2, c. 225]. HayyHast Hoeu3Ha. Memodb! uHOyK-
MueHO20 MameMamu4ecKo20 MOdesIupPO8aHUsT MPUMEHSIIOMCS ONsi ONuUcCaHUsi U3MEHEeHUs1 ceolicme J1Iecco8bIX '2pyHMos, nodeep2arouyuxcs mex-
HO2eHe3y, Ymo no3eoJsisiem 06bLeKMU8HO ycmaHo8UMb haKmMopHbIe nepeMeHHbIe, U3MeHeHUe KOMOopPbIX 8/lusiem Ha UHMeHCUBHOCMb Npoyecca.
OueHKka UHMEHCUBHOCMU MEeXHO2eHHOo20 eo3delicmeusi He 8bIMOIHAeMCs, YMo 3Ha4umesnbHO ynpoujaem peweHue. [TpakmuyecKkoe 3HayeHue:
UHOyKmMugHoe ModesiuposaHue o380/1uMm 8bINo/HAMb 6os1ee Mo4HbIe MPO2HO3bl dehopmayuu npocadku.




