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On some aspects of modeling geodynamic risk in the territory of distribution of subsident soils
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Abstract. In modeling geodynamic risk, the issues of developing special
Received in revised form 21 October 2017 n_10de|s of risk on the territor_ies_of distribution of loess and loess-like sgb-
Accepted 13 November 2017 sident soils qnder tec_hnogenlc impact are of great relevanc_e. Developing

such models is a multi-stage process, which requires developing a model of
the geological structure of a studied massif and setting predicted values of the properties of loess soils for preliminary quantitative
evaluation of possible deformations in the natural conditions and in the zone of impact of constructions. Standard quantitative evalua-
tion concerning the subsidence is carried out using results of testing the sample in limit states. Prognosis of the degradation of sub-
sidence properties as a result of the break-up of the microaggregates in the zone of aeration is possible in conditions of impact of
changes in the microaggregate compound on the subsidence. Using the method of defining the granulometric composition of the soil
allows one to determine the area of soil condition in relation to dispersity. The method of GMDH allows one to develop a mathemat-
ical model of degradation of subsidence properties and calculate the predicted values of deformation in the zone of insufficient water
content. The degradation of the subsidence properties of subaerial horizons is manifested most significantly at mild (30% of possible)
increments of moisture and pressure of 0.1 mPa. In the area of additional pressure, predicted values of deformation insignificantly
increase under moisture due to degradation, with increased moisture the break-up of the aggregates of sand fraction is followed by
increase in the number of aggregates of smaller size (large-grained pulverescent A44%). The content of free thin fine-grained sandy
(4M?), and clayey particles (4M°, AM®) increases, connected with aggregates of thin fine-sandy and large-grained clayey. The share
of aggregates of large-grained pulverescent fraction also increases; the content of particles of this fraction assembled in the aggre-
gates decreases. The dependency of deformation intensity in conditions of degradation of paleosol is of another character: the intensi-
ty of degradation increases as the pressure rises. The analysis of predicted values of aggregate content, free and assembled particles
when there is change in moisture conditions showed that the process of the break-up of thin fine-sandy aggregates and increase in the
share of large-grained clayey aggregates (composed of thin fine-sandy particles) is followed by occurrence of free particles of thin
fine-sandy and thin clayey fractions.
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O HEKOTOpBIX aCMEeKTAX MOJCJMPOBAHHMS IeOJMHAMHYECKOI0 PHCKA HA TEPPUTOPHAX pac-
NPOCTPAHEHHUSs NPOCATOYHBIX TPYHTOB.

Moxkpuuxkas T.I1., Camoitnnu K.A.
Jnenposckuii nayuonanvuvlil ynusepcumem umenu Onecs Ionuapa, JJuenp, Ykpauna, e-mail:mokritska@i.ua

Pe3tome. I[Ipu MozmenpoBaHNY T€0JTHAMUYECKOTO PUCKA AKTYaTbHBIMHA SBIISIFOTCSI BOIIPOCHI CO3JJaHHS MPOCTPAHCTBEHHBIX MOJIENeH
pHICKa Ha TEPPUTOPHSIX PACTIPOCTPAHEHHS JTECCOBBIX M JIECCOBUIHBIX IPOCAOYHBIX TPYHTOB, IIOIBEPTAIONINXCS TEXHOTEHHOMY BO3-
netictuio. Co3maHue TakMX MoJENeil — MHOrocTymeH4artslii mponecc. HeoOxoauMo co3maTh MOMENb T'€OJIOTHYECKOTO CTPOCHUS
MAacCHBa, 337aTh MIPOTHO3HbIE 3HAYEHHSI CBOMCTB JECCOBBIX TPYHTOB JUIS IPEIBAPUTEILHON KOJMUECTBEHHOH OIEHKM BO3MOXKHBIX
nedopManuii B IPUPOAHBIX YCIOBUSX U B 30HE BIUSHUS coopyxkeHni. CTaHTapTHas KOJMWYECTBEHHAs OIEHKAa OTHOCHTENIBHOU Mpo-
CaJOYHOCTH BBIMNOJHACTCA IO pE3yJbTaTaM HUCHbITAHUA 06pa3ua B NPEACIIBHBIX COCTOAHUAX. HpOFHOS JAcrpaganvu 1mpocaaovyHbIX
CBOMCTB U3-3a pacraza MUKpOarperaTtoB B 30HE a’paliii BO3MOXKEH IIPU YCIIOBUH BIIHSHUS M3MEHEHHH MHKPOArperaTHoro cocraBa
Ha MpocafioyHoCTh. [IpuBieyeHne METOIUKH OIpeAeIeHUs TpaHyloMeTpuueckoro cocrasa rpyHra (Psmenxo T.I'., [11]) no3Bonser
YCTaHOBHUTbH 00J1aCTh COCTOSHUM IpyHTa No quctepcHocTd. Merox MI'Y A no3BosisieT mocTpouTh MaTeMaTHYECKy0 MOJENb Jerpa-
TN POCAJOYHBIX CBOMCTB, HATH IMPOTHO3HBIE 3HAYEHHs AeopManiii B 30He HEMOJIHOTO BOJOHACHIIIEHHS. MakCHMalIbHO BHI-
pakeHa Jierpajiays IpocaJovHBIX CBOICTB Cy0a’panbHOTO TOpH30HTa IpH yMepeHHOM (30% OT BO3MOXKHOTO) MPHPAIIEHUH BIIAXK-
Hocty u gasiennu 0,1 MIla. B obmacti momoMHNUTENBHBIX JaBIEHUH MIPOTHO3HBIE 3HAUCHUS AehOopManuii 3a cYeT Aerpajaiiy He-
3HAUUTENILHO YBEJIMYUBAIOTCS NPH YBIQKHEHHH, PACIajl arperaToB MECYaHOH (pakmuy IPH POCTE BIAKHOCTH COMPOBOMKIACTCS
YBEITMYCHHEM KOMHYECTBA arperaToB MEHbIIEro pasMepa (rpyGomsuieBateix 44 ). Veenmuumpaercst comepxanie cBOGOTHBIX TOHKO-
Menkonecuansix (AM ?), rumaucThIX yactui (AMP, AMP), cs3aHHbIX B arperatbl TOHKO-MEJKOIIECYAHBIX U I'PyOOTTIMHUCTBIX.
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Jlosst arperatoB KpYIHOIIBUIEBATON ()paKIUM TAKOKe YBEIMUIHMBACTCS, COAEPXKAHHE CBSI3aHHBIX B arperaThl YacTHUIl ATOH (hpakiuu
YMEHBINIAETCsI. 3aBUCUMOCTh MHTEHCUBHOCTH AehopManuy Mpu Aerpajalliy MaJeoNouyBEeHHOTO IPyHTa UMEET IPYroil XapakTep: ¢
POCTOM JaBJIE€HUS YBEITHMUMBACTCSI HHTEHCUBHOCTb JIETpajaliii. AHAJIN3 MPOTHO3HBIX 3HAYEHUH COAEpKaHUs arperaToB, CBOOOTHBIX
U CBSI3aHHBIX YaCTUIl IPU U3MEHEHUH COCTOSHHSA 110 BIAXKHOCTH TOKa3all, 4TO MPOIIECC pachaga TOHKO - MENKONECYaHbIX U YBENHU-
YEHHs JONU IPyOOTTIMHHUCTBIX arperaTtoB (COCTOSIIUX U3 TOHKOTJIMHUCTBIX YACTHI[) COTPOBOXKAACTCS TOSIBICHHEM CBOOOJHBIX Ya-

CTHUIL] TOHKO-MCJIKOIIECUaHbIX U TOHKOITIMHUCTBIX (bpaKIIPIfI.

Kuroueswvie criosa: necc, Mukpoazpezammuvlil cOCmas, 0epaoayusi, Mooeib

Introduction. The notion geodynamic “risk” is re-
lated to the calculation of possibility of damage,
vulnerability (Osipov et al, 2017). Geodynamic risk
can be defined as the possibility of development of
catastrophic, unfavourable or dangerous geological
processes. The objectivity of risk calculation is re-
lated to the duration of the observations, the level
of study of the cause-effect relationship (Bles et al,
2009). In areas with loess, loess-like deposits, tech-
nogenic impact leads to degradation of subsidence
properties and deformations (Narymanyants et al,
2004). Subsidence is a significant downward shift-
ed deformation, caused usually by two factors:
moisture and pressure (Mufioz-Castelblanco et al,
2012). Degradation of subsidence is the process of
directed change in the microaggregate composition
(Mokritskaya, 2015). Standard quantitative calcula-
tion of subsidence is performed using results of ex-
periments; testing of samples is made in limit states
of moisture and pressure. After supplementing the
results of the experiment with data on increment of
content of particles and aggregates, a connection
between evolution of microaggregate composition
and subsidence can be found. In this case, the algo-
rithm of developing models of risk conditioned by
the degradation can be described with the following
sequence of the stages: experimental defining of the
area of changes in the microaggregate and granu-
lometric composition, indicators of subsidence of
soils; developing a mathematical model of connec-
tion between dynamics of microaggregate composi-
tion and values of relative subsidence; prognosis of
degradation of subsidence properties in set condi-
tions; developing a special model of subsidence
degradation.

This article covers the issues of experimental calcu-
lation of indicators of degradation of subsidence
properties as a result of changes in the microaggre-
gate composition and certain aspects of developing
a mathematical model of predicting the degradation
of subsidence properties of a particular stratigraph-
ic-genetic soil horizon.

Literature review. Subsidence refers to “defor-
mation of loess sediments caused by their own
weight due to moistening” (Larionov, 1959), “col-
lapsing-incremental deformation in loess sedi-
ments” (Krayev, Kostyanoy, 1980). Works by
Kriger N. I. (Kriger, 1965) describe their most sig-
nificant peculiarities: “adaptability of loess proper-
ties in relation to geological environment” and
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“self-defense”. Here it is mentioned that these sed-
iments are capable of “degradation”, which the au-
thor refers to as “compacting, loss of subsidence
properties, vanishing of typical texture, leaching”.
The impact of evolution of microaggregate compo-
sition on the degradation of subsidence, in the pro-
cess of moisture increase in the aeration zone, has
been insufficiently studied.

Searching for connections between the structure of
sediments and their geomechanical properties is
relevant in different areas of application in geology
(Dong et al, 2017). Mokritskaya and Koriashkina
(Mokritskaya, Koriashkina, 2013) describe variants
of predicting relative subsidence. At this stage of
developing a model, it is recommended that the di-
rect indicators (classificational and extensive)
should be selected as variables — density of soil
phases, natural moisture, boundary flexibility, con-
tent of fractions. In standard definitions of granu-
lometric composition, pulverescent and clayey frac-
tions are only crudely distinguished, which does not
allow accurate description of the connection be-
tween evolution of microaggregate composition in
the process of subsiding and subsidence. Applying
the method described in (Ryaschenko, 2010) allows
one to identify the area of soil condition in relation
to moisture.

Geodynamic risk in the areas of distribution of lo-
ess soils is to a large extent related to the peculiari-
ties of their deformation. Current research on de-
formational processes in soils is focused on study-
ing microstructure using methods of tomography,
computer diagnostics of images (Miguel et al,
2017; Wu et al, 2017). The process of subsidence is
traditionally evaluated using the change in the coef-
ficient of porosity as a result of moisture and pres-
sure transfer (Abelev, 1936). The deformations in
conditions of insufficient water content are studied
through methods of physical modeling (Delwyn et
al, 2011; Yang et al, 2017). The work (Wang et al,
2017) describes the process of consolidation of dis-
persive soils in conditions of insufficient water con-
tent through the system of differential equations,
which are approved in the detailed study of micro-
structure. In description of the deformational pro-
cesses in soils with complex character of defor-
mation (capable of catastrophic reactions), new
models of soils, theory of fractals in particular, are
applied (Russell, Buzzi, 2012; Russell, 2011;
Mokritskaya et al, 2016).
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Methods. A prognosis model of the relative sub-
sidence of a particular stratigraphic- genetic hori-
zon can be obtained as a model of evolution of its
physical state (Mokritskaya, 2013) and dispersity as
a result of moisture. The values of relative subsid-
ence are calculated by standard compression tests
of soil at two limit moisture states of the soil
(Delage et al, 2005). The area of soil condition in
relation to dispersity is experimentally (Mokritska-
ya, Samoylich, 2016) identified through the number
of particles of pulverescent and clayey fractions at
different methods of preparation. The group method
of data handling (lvakhnenko, Yurachkovsky,
1987) permits analysis of the character of connec-
tion between the variables which characterize the
condition, and the construction of a model. Setting
the predicted condition of subaerial loess and pale-
osol horizons, one can calculate the value of rela-
tive subsidence of a horizon at the set stage of evo-
lution of dispersity.

The algorithm of prognosis of subsidence degrada-
tion is peculiar in that the variables use relative in-
crement of fraction content. Choice of variables
should be acknowledged, for example, by the re-

sults of non-parametric correlational analysis of
relations between the changes in dispersity and the
values of deformation. Boundary values of moisture
and other variables of the models were set through
three-termed gradation of the frequency in a spe-
cially constructed scale, the length of which is cal-
culated using the interval of the moisture increment
which is theoretically possible for the soil. The pre-
dicted value of degradation increment for each limit
state is calculated using the group method of data
handling with the programme of L Koriashkina.
Results. We considered different variants of setting
the values of variables. The first variant calculated
the increment of particles, comparing dispersity of
the sample in natural condition with dispersity “af-
ter compression in water-saturated condition” (Ta-
ble 1 and Table 2). The values are calculated using
selective data of small volume (n = 14 - 16). In-
crease in the moisture of loess-like soil by 30% of
possible interval of increments will lead to the
break-up of aggregates and release of thin clayey
particles. The tendency is stable, and remains dur-
ing rise of moisture up to 60% of possible interval
of increments of moisture (see Table 1).

Table 1. Initial and predicted values of independent variables of the inductive model of relation between the increments of content of

certain fractions and relative subsidence of loess loam

Condition | W W, M| Mt MEA FM® | FM®
1 2 3 4 5 6 7 8
Wy 0,128 | 0,25 | 3586 | 2569 | -1,002 | -0,366 | -0,367
AMPA | A | A | FM® | FMP
Wo3 | 0164|0263 | 0499 | -6,974 | -21,881 | -0,467 | -0,308
Woe | 0,201 | 0,276 | 0,611 | -16,516 | -24,512 | -0,567 | -0,377

Notes to Tables 1 - 3:

1. o, u.f— natural moisture; p — density of the soil, g/sm® W, — upper boundary of flexibility of u.f.; average content (wo

line) and increase in the content (lines g 3; g g

N

M2 % — large clayey particles assembled in aggregates; M*!,% — free particles of fraction of 2.0 — 0.05 mm; M%*, % —

thin clayey fraction assembled in aggregates; F5 and F6 — degrees of freedom, u.f.

© g ks w

Al, A2, A3, A 5- content of aggregates of fraction of 0.5-0.25; 0.25-0.05;0.05 — 0.01; 0.002-0.001mm.

M 2 and M 6 — free particles of fraction of 0.25-0.05 mm and fraction of 0.002-0.001mm.

W, — initial condition concerning moisture; W o3 — increment of moisture by 30%; W, ¢ — increment of moisture by 60%;
The lines 4 — 6 (Fig.1) and the lines 3-8 (Fig.3) provide: average values (W, line); predicted increments of values after

compression in relation to the initial condition (lines W g3 W ).
7. Sign (-) —increase in the content at rise in moisture; sign (+) — decrease in the content at rise in moisture.

Subsidence degradation of paleosol horizon (n = 12
— 20) is expressed as the process of increase in the
number of large-grained clayey aggregates, sandy
particles and large pulverescent particles assembled

in aggregates (see Table 2). The properties of
Kaydaksky e PIl kd and Vitachevsky e PIlI vt pale-
osol horizons were studied.

Table 2. Initial and predicted values of model variables of degradation of paleosol horizons subsidence

Condition W A? AS M A M &A M 2 M ©
1 2 3 4 5 6 7 8
W, 0,073 5,998 -2,174 -0,118 3,634 -6,586 -1,455
W AA? AAS AM A AM &A AM 2 AM ©
W3 0,132 43,093 -18,618 -38,502 36,152 -29,951 -1,124
W o6 0,191 81,855 -35,365 73,134 68,670 -50,903 -1,124

Compression tests were performed in standard test
tubes according to current Ukrainian standards, at a

certain interval of pressures: from natural to addi-
tional. Using the group method of data handling
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allowed development of a mathematical model of
degradation of loess-like subaerial soils and calcu-
lation of predicted values of deformation in the
zone of insufficient water content (Fig.1). The deg-
radation in the area of pressures lower than the
structural robustness (0.1 MPa) is significantly low.
Maximum values of degradation of subsidence
properties correspond to the area of pressures which

0,0139

00020  ©:0032 0,0030

Esl0,05

Esl0,1

are close to the structural robustness — 0.1MPa. The
role of increments is insignificant. With moisten-
ing, the predicted values of deformation as a result
of degradation in the area of additional pressures
insignificantly increase. The values of relative de-
formations are quite high and should be considered
during planning.

0,0135

0,0058__ 0,0064

0,005

Esl0,3

Fig. 1. Predicted values of degradation of relative subsidence of loess subaerial sediments, calculated using the results of experi-
mental calculations of changes in the aggregate composition, free and assembled particles at the stages of pressure of 0.05, 0.1 and

0.3 MPa.
Notes to Fig. 1:

[ - predicted values of relative subsidence at average moisture of the selection;
Il the same at low intensity of increments of moisture;

— the same at mild intensity.

Esl 0.1 — relative subsidence at the pressure stage of 0.1 MPa.

Analysis of the results of prognosis of changes in
the microaggregate composition of loess-like soils
after compression tests (the second variant of se-
lecting independent variables (Fig. 3), n = 14), indi-
cates that the general tendency remains constant:
the degradation is highest at the stage of pressure of

0.1 MPa (Fig. 2). The composition of variables in-
cluded in the regressors™ content in the second vari-
ant (Table 3) is selected to characterize positive and
negative connections, only direct indicators identi-
fied in the experiment were selected.

Table 3. Predicted values of variables of a model of subsidence degradation in loess-like loams

Condition
w A4°3 AMZA AM® AM ® AM % ) AAY AM 2
W o3 0155 | -3272 | -15529 | -4,217 -4,322 10,903 1,548 13,072 | -11,631
W s 0,202 | -9381 | -20,242 | -6,088 -6,451 18,052 1,479 17,039 | -23,843

Analyzing the values of linear terms of the model
leads to the following conclusion: the break-up of
aggregates of sandy fraction under increase in
moisture is followed by increase in the number of
aggregates of smaller size (large-pulverescent 44°).
An increase was observed in the content of free-
thin fine-sandy (4M?), and clayey particles (4M°,
AM®), assembled in thin fine-sandy and clayey ag-
gregates. The process of degradation of subaerial
loess-like loams is described as the process of
break-up of aggregates formed by thin-grained fine

114

sandy and clayey particles with release of particles.
The share of aggregates of large-grained pul-
verescent fraction increases, the content of this
fraction’s particles assembled in aggregates de-
creases. Both predicted relations between the deg-
radation of loess-like loams indicate the complex
discontinuous pattern of the process. The soils in
natural condition deform in the area of pressures
due to the break-up of aggregates before and after
0.15MPa in different way. In the area of pressures
with higher structural robustness, the deformation
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due to soil degradation is higher at lower moisture
(see Fig. 2), at the initial stage the dependency it is
0,020 -
0,015 -

0,010 -

0,005 -

Relative deformation, E sl

0,000

of the reverse character.

0 0,05 01

0,15 0,2 0,25 0,3 0,35
Pressure P, MPa

0,155 —m— 0,202

Fig. 2. Predicted values of the degradation of subsidence of loess-like soils at stages of pressure of 0.05 — 0.3 MPA

Notes to Fig. 2:

1.

,; =3
The relation between intensity of deformation at
degradation of a paleosol is of a different character:
as the pressure rises, the degradation intensity in-
creases. The degradational process is also discon-
tinuous, although the shifts were manifested only
during significant changes in the soil condition in

relation to moisture (Fig.3). There were no shifts
observed during rise of moisture by 30% (insignifi-

0,015 +
0,01 -

0,005 -

— predicted value of natural moisture of 0.155 f.u. (insignificant change in condition).
— predicted value of natural moisture of 0.202 f.u. (mild change in condition).

cant change); during the increase in moisture by
60% (mild change), two phases were observed,
caused by destroying the structural robustness of
soil. The degradation of subsidence properties of
paleosol horizons must unavoidably be taken into
account in zones of impact of natural and additional
loading.

0,014

Relative deformation, E sl

0 0,05 0,1

0,15 0,2 0,25 0,3 0,35
Tuck P, MIla

Fig. 3. Predicted values of subsidence degradation of paleosols during insignificant and mild change in the soil condition in relation

to moisture

Conclusions. The results of analysis and prognosis
of the degradation of subsidence properties of lo-
ess-like and paleosol horizons using methods of
physical and mathematical modeling (correlational,
regressive types of analysis, GMDH) indicates:

- The type of process in degradation of sub-
sidence properties of subaerial loess-like
and paleosol horizons is identified through
genesis of the soil,

- The degradation of subsidence properties of
loess-like soil is maximum in the area of
pressures close to 0.1 MPag;

- Subsidence degradation in most cases is
described as an uneven process consisting
of two phases;

- The values of degradation of subsidence
properties, which is followed by change in
microaggregate composition, are signifi-
cant and can affect the conditions of opera-
tion of the man-made structures.
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