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Received 12 October 2017 Abstract. Modeling of geodynamic risk is a highly relevant scientific issue;
Received in revised form 28 October 2017 its solution requires solving particular problems in creating a model of the
Accepted 10 November 2017 geological environment, selecting the risk factors, creating a model of pro-

cess, acknowledging the scenarios and prognoses. Geodynamic risk in the
areas of development of subsident soils can be defined as the possibility of massif deformations during changes in the soil condition
(degradation). The limit state is the state of full water saturation, when the possibility of subsidence is low. Application of the three-
term gradation to the scale of conditions sets the boundary values of soil moisture — the indicators of mild, average and critical
changes. The predicted condition of the massif is set by a system of features — independent variables, input parameters correlated
with values of moisture and values of degradation of subsidence properties. The predicted value of subsidence degradation under
additional loading and in natural conditions is found using the group method of data handling. Widespread presence of subaerial lo-
ess-like formation in the composition of the geological environment in stratigraphic-genetic complexes of different composition and
properties, and in water-bearing horizons, leads to intense development of exogenous geological processes and vulnerability of the
environment.
Typification of the geological structure of the massif was performed using the results of analysis of numerous engineering-geological
studies (Dnipro, 1960-2007). The total number of wells is 785, the depth varies from 15 to 56 m. The mapping of surfaces of particu-
lar horizons, terrain, thickness of aeration zone was developed using a "Surfer" demo-version. Interpolation was made using the
Kriege method. Development of models of surfaces of the top of and thickness of horizons and took the erosional washout into con-
sideration. The analysis of cartographic material shows that loess and paleosol horizons have different consistencies.
The following processes were modeled: the change in the condition in relation to moisture of the subsident soil massif within the
zone of low-intensive aeration, the value of additional pressure equals 0.3 MPa; the change in the condition in relation to moisture of
the subsident soil massif within the zone of averagely intensive aeration, the value of additional pressure equals 0.3 MPa (Fig. 5 b).
The results of the prognosis indicate the importance of predicting the subsidence degradation as a factor of geodynamic risk, maxi-
mum values reach 0.24 m. Comparing this value to the value of acceptable settling of constructions may suggest the practicability of
introducing the method of predicting subsidence to the practice of engineering-geological studies and planning.
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Pe3tome. MopenpoBaHue TreoAMHAMUYIECKOTO PUCKA — aKTyalbHas HaydHas NpoOieMa, peleHHe KOTOpOH MpeoaraeT peleHue
OTZENBHBIX 33134 110 CO3[AHUIO0 MOJEH T'eO0JIOTHIECKOH Cpelbl, BEIOOPY (haKTOpPOB PUCKA, CO3AAHHUS MOJEIH Tpolecca, 000CHOBa-
HUS CLIEHapHeB M MpOTHo3a. ['eoquHaMudeckuii puck B paifoHax pa3BUTHS MPOCATOYHBIX TPYHTOB MOXET OBITh ONPENENCH KaK Be-
posiTHOCTH JieopManuii MaccHBa MPH W3MEHEHUH COCTOSIHUS IPYHTOB (nerpamanmu). [IpefenbHbIM SBISETCS COCTOSHHE MOJIHOTO
BOJIOHACBILEHHUS, IPH KOTOPOM BEPOSTHOCTH NMPOCAJOYHOCTU Maja. [IpuMeHUB TpeXuIeHHYI0 IPpaaliio K IIKajde COCTOSHUM, MOX-
HO 3aJaTh IPaHUYHbIE 3HAYCHUS BJIAXKHOCTU IPYHTA — HHIUKATOPhl YMEPEHHBIX, CPEIHUX U KPUTHYECKHX W3MeHeHul. [Iporunosnoe
COCTOSIHME MaCCHBa 3aJ]aeTCsl CUCTEMOM NMPU3HAKOB — HE3aBHCUMBIMH IIEPEMEHHBIMU, BXOAHBIMU NapaMeTPpaMH, KOPPEIUPYIOLIIMU
€O 3HAYCHUSMHU BIAKHOCTH U 3HAYCHUSAMHU JETPafaluy MPOCaJOYHbIX CBOUCTB. [IporHo3Hoe 3HaYeHUE Aerpajalyu IpocagodHOCTH
IIPY JOIOJHUTEIBHBIX HATPY3KaxX U B IPUPOJIHBIX YCIOBUAX ONpeAeseTcss METOJOM IPYIIOBOro yuera apryMeHToB. [loBcemecTHOE
MIPUCYTCTBUE B COCTaBE TE€OIOTHUYECKON Cpenbl CyOa’paIbHOM JeCCOBHIHON (hopMalliH, 3aeraronel Ha cTpaTurpago-reHeTHIECKIX
KOMIIIEKCaxX Pa3IM4HOr0 COCTaBa U CBOMCTB, IPUCYTCTBUE BOJOHOCHBIX TOPU3OHTOB, IIPUBOIAT K AKTUBHOMY Pa3BUTHIO DK30TCHHBIX
TE0JIOTHYECKHUX ITPOLECCOB, YA3BUMOCTH CPEJIBI.
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Tunm3amnys reoIormIeckoro CTpOSHMSI MaCCHBA BBITIOJIHEHA MO Pe3yiIbTaTaM.00paboTKH MHOTOYHCIICHHBIX MAaTePUaIoB HHXKCHEPHO-
reojoruueckux ucciepoanuit (r. Juunpo, 1960 - 2007 rr.). OO1iee KoIH4ecTBO CKBakuH — 785, rnmyOuna usmensercs ot 15 mo 56
M. ITocTpoeHne KapT MOBEPXHOCTEH OTAEIBHBIX TOPU30HTOB, pelbe(a, MOITHOCTH 30HbBI a3PAllUH BBIIIOIHEHO C NIPUBJICUCHUEM JIe-
mo-Bepeuu [10 "Surfer", unrepnomnsnus BemonHsIack MeronoM Kpure. [Ipu moctpoenun Moeneil moBepXHOCTEH KPOBIX TOPU30H-
TOB U MOIIHOCTEN YUUTHIBAJICS SPO3HOHHBIN Pa3MbIB. AHAIN3 KapTOrpapUIecKuX Mojeneil MoKa3pIBaeT, YTo JIECCOBBIE U MAaNeonoy-
BEHHBIE TOPU30HTHI 00JIaJal0T Pa3IMIHON BBIIEP>KAHHOCTHIO.

MopenmpoBaich Clieyomue COOBITHS: U3MCHEHHE COCTOSHHUS IO BIa)KHOCTH MacCHBa NPOCAJTOYHBIX TPYHTOB B 00BEME 30HEI
a’panuy c1aboif MHTEHCHBHOCTH, BeIMYKMHA JonoiaHuTensHoro pasieHus 0.3 MIla; cocTosHUS 1O BIQXXHOCTH MacCHBa IPOCAT0-
HBIX TPYHTOB B 00BbeMe 30HBI adpalliil CpefHeld MHTEHCHBHOCTH, BeMMYHMHA JomnonHuTenpHoro aasineHus 0.3 MIla (Puc. 5 6). Pe-
3yIbTaThl IPOTHO3a YKA3hIBAIOT HA BaXKHOCTb MPOTHO3a AETPajally MIPOCAJTOYHOCTH KaK (paKTOpa reoANHAMUYECKOTO PUCKA, MaK-
cHMallbHbIe 3HaueHus gocturaioT 0,24 M. CpaBHUBas 3TO 3HaYEHHE C BETUYHUHON JOMYyCTUMBIX OCaT0K COOPYKEHHUIH, MOKHO CIENIaTh
BBIBOJ] O I[€JIECO00Pa3HOCTH BHEJPEHUS] METOJMKHU MIPOTHO3a JETPafallii MPOCaJ0YHOCTH B NMPAKTHKY WHKEHEPHO-TEONIOTHIECKHX
HCCIIeI0BAaHUIN U IPOEKTUPOBAHUSI.

Kuroueswvie crosa: kapmoepaghuueckas mooens, 0epadayusi, puck.

Introduction. Developing a spatial model of sub-
sidence is one of the stages in forecasting geody-
namic risk during geoecological research. Modeling
geodynamical risk is a relevant scientific issue and
its solution is significant for the optimum manage-
ment of a territoriy's condition, planning measures
for protection through engineering. Methodological
aspects of calculating and forecasting risk is in
many ways related to the object of study. The strat-
egy of risk management is one of the issues which
is widely discussed all around the world (Parkash,
2014; Bles et al, 2009; China Earthquake Admin-
istration, 2008). Global methodological problems of
mapping and integral calculation of geodynamic
risk and methods of their solution are analyzed in
the article (Osipov et al, 2017). Interrelations be-
tween geochemical cyclic natural and technogenic
processes (Nuss, Blengini, 2018) are significant for
managing risk caused by pollution. Geodynamic
risk is related to tectonic and landslide activity (Po-
spisil, et al, 2017; Kuéeravcovad and DzurdZenik,
2016), and surface deformations of a natural and
technogenic character in cities (Zhantayeva et al,
2014). Spatial models of distribution of dangerous
landslide processes should be based on highly accu-
rate observations (Skrzypczak et al, 2017). It has
been proposed that the questions of spatial disinte-
gration of aggregated objects should be solved on
the basis of a probabilistic approach (Dong et al,
2017). For providing protection, it is important to
study relations between a possible dangerous event
and the resources necessary for its liquidation
(Robinne et al, 2018). An example of successful
spatial modeling of prognosis of wind erosion of
soils is the work by Simon Schmidt (Schmidt et al,
2017). The number of problems involved in model-
ing geodynamic risk includes problems of carto-
graphic modeling of hydrographic parameters
(Dong, 2017), problems of modeling the possibility
of landslide processes (Tien Bui, 2017). At the
same time, due to insufficient accuracy of progno-
ses of natural and technogenic catastrophes, the use
of warning systems such as civil defense sirens ,
messages in social networks (Nourbakhsh et al,
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2017) or dissemination of the results of observa-
tions collected by volunteers (Crimmins, 2017) is
still strongly advised.

Geodynamic risk in areas of development of
subsident soils can be calculated as the possibility
of massif deformations caused by change in the
soils™ condition. The limit state can be set as the
state of full water saturation, when the possibility of
subsidence is slight. Using three-term gradation in
scale of conditions in relation to moisture, the
boundary values of the soil moisture can be set —
indicators of mild, average and critical changes.
The predicted condition is set through a system of
features — independent variables correlated with
values of moisture and values of subsidence proper-
ties™ degradation. The predicted value of subsidence
degradation in case of additional loading and in
natural conditions is calculated with the group
method of data handling. This requires studying the
impact of change in the ratio of the number of ag-
gregates and particles of different fraction on the
values of possible deformations (subsidence). A
necessary condition for developing the model is
identifying the microaggregate composition of the
soil in three ways of preparation.

Development of spatial model of degradation
of subsidence properties requires solving the fol-
lowing problems:

- developing a spatial model of the geological com-
position of the massif;

- setting the volume of the aeration zone;

- calculating the predicted total values of subsid-
ence degradation of loess-like and paleosol hori-
zons;

- calculating predicted total values of deformations
caused by degradation of structure — break up of
aggregates when there is increase in moisture in the
zone of aeration under natural conditions and in the
zone of impact from construction.

Results. The territory of Dnipropetrovsk Oblast
partly covers two engineering-geological regions of
the lind order: the Ukrainian Crystalline Shield
(UCS) and the Dnieper-Donetsk Depression
(Bobrov et al, 2002). The Prydniprovsky Mega-
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block lies within their boundaries. There are exten-
sive Cenozoic deposits. The Paleogene period is
represented by the Buchakovska, Kyivska,
Obuhovska, Mejihirska and Berekska rock for-
mations. The Miocene section of the the Neogene
system is represented by formations of the Novo-
petrivska rock formation, Sarmatsky regional stage,
a layer of spotted clays. The Pliocene section is
presented by a layer of reddish-brown clays, which
are overlapped by deposits of the Eopleistocene and
Pleistocene epochs. The topping of Pliocene red-
dish-brown clays becomes rare towards the South,
and correspondingly the thickness of loess cover in
the South-East changes. The loess subzone (within
borders of the Prydniprovska right bank broken lo-
ess plain) has a wide distribution, and significant
thickness (up to 25-35 m). The lower part of the
Neopleistocene section includes 6 climatolites:
from Shyrokinsky to Tylyhulsky. The compound of
subaerial horizons includes the Zavadovsky,
Dniprovsky, Kaidaksky (marked) and Tiasmynsky
climatolites. The top of the Zavadovsky horizon is
observed to show signs of frost shattering. The
Dniprovsky climatolite is presented by moraine,
and mostly out-glacier deposits. The formations of
the Vitachevsky and Butskyclimatoles are over-
lapped by the unbroken deposits of the Prychorno-
morsky and Dofinivsky horizons. The alluvial de-
posits of the first-third terraces (a3Pllith),
(a2PIllvl), (alPIllds) are widely distributed.

The differences in the regional factors of en-
gineering-geological conditions are related to the
peculiarities of formation and washout of marine
shallow and continental pre-Quaternary deposits,
glacier and out-glacier, and alluvial Pleistocene de-
posits. Having a wide distribution of subaerial lo-
ess-like formation bedded on stratigraphic-genetic
complexes of different composition and properties,
wide distribution of disperse deposits of clayey
content, water-bearing horizons with peculiar pat-
terns of formation and regime, the regional geolog-
ical environment is varied in its engineering-

geological conditions, unstable, intense in the de-
velopment of exogenous geological processes and
vulnerable. The typology of the geological content
of the massif is made based on the results of ana-
lyzing numerous engineering-geological studies
(Mokritskaya, 2013). The unified data base on the
conditions of loess soils includes materials of re-
search made by the Ukrainian State University of
Engineering-technical Research, Dnipro State Road
Project-investigation and Scientific-research Insti-
tute, Dnipro State Institute for Transport Develop-
ment, and Design Bureau “Yujukrgeologia” (South
Ukrainian Geology). The total number of wells is
785, the depth varies from 15 to 56 m. The data is
representative, but the zone of historical construc-
tions — the right bank of the city — is better studied.
The wells were put on the map of factual material,
the materials of the topographic survey were in-
cluded on a scale 1:25,000 in 1986 and 1995, and
satellite images were taken into account (2008, in-
ternet source , the Google Earth programme). Map-
ping of the surfaces of certain horizons, terrain, and
thickness of the aeration zone was conducted using
the “Surfer” demo-version, interpolation was per-
formed using Kriege’s method. The development of
models of horizons™ top surfaces took into account
the erosional washout in the basins of the following
erosional systems: Tonnelna, Vstrechna, Rybatska,
Aptekarska, Yevpatoriiska, Krasnopolska and
Lotsmanska.

The analysis of the cartographical model in-
dicates that loess and paleosol horizons have differ-
ent stability. The basin of the Krasnopovstancheska
ravine has no Buhsky (vdPIlI bg), Udaisky (vd PlII
ud) and Vitrachevsky (ed PIIl vt) horizons. The
central part of the city (Gagarin Avenue) has no
Vitachevsky and Udaisky horizons (Fig. 2, a, b).

At the next stage, on the basis of data analy-
sis (2003, Design Bureau “Yujukrgeologia”) the
map of depths of the ground water level, and the
map of the thicknesses depths of the aeration zone
on a scale 1: 25000 (Fig. 3) were constructed.

a)
Fig. 2. Discontinuity in depth conditions of loess soils. Scale 1:25 000 Conditional signs (for Fig. 2 a, b)

b)
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Prychornomorsky horizon (vd PI1II pc);
Buhsky horizon (vd P111 bg);
Vitachevsky horizon (ed PIII vt);
Udaisky horizon (vd P 111 ud);

Pryluksky horizon (ed P 111 pl);
Tiasmynsky horizon (vd PII ts);

Kaydaksky horizon (ed P 11 kd);
Dniprovsky horizon (vd P 11 dn);

Zavadovsky horizon (ed P 11 zv).

/Wi

Fig. 3. Conditions of aeration zone depth. Scale 1:25 000
@ — zone of full water saturation;

On the basis of the results of experiments
(Samoilych, Mokritskaya, 2016), we studied the
relation between the microstructure and the
degradation of the subsidence, developed a
mathematical model of degradation of soil
subsidence and calculated predicted values of
relative subsidence of the horizons.

Predicted values of subsidence degradation
of the massif were calculated using the following
formula:

ASSL = ZmSSL, (1)

m — thickness of the horizon, m;

& — predicted value of subsidence degradation of
the horizon in conditions of moistening, loading
and evolution of microaggregate composition;
AS; - total value of subsidence degradation of the
massif within the area of aeration zone in condi-
tions of moistening and change in microaggregate
composition.

The following processes were modeled:

— Change in the conditions in relation to the
moisture of the subsident soil massif within the
zone of low-intensive aeration, the additional pres-
sure equals 0.3 MPa (Fig. 5 a);
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C- — aeration zone.

— Moisture conditions of the subsident soil
massif within the zone of averagely intensive aera-
tion, the additional pressure equals 0.3 MPa
(Fig. 5 b).

The results of the prognosis prove the im-

portance of forecasting the subsidence degradation
as a factor of geodynamic risk; highest values reach
0.24 m. Comparing this value to the value of ac-
ceptable settling of a construction, we can conclude
that the method of forecasting subsidence degrada-
tion is useful in the practice of engineering-
geological studies and planning.
Conclusions. We developed a cartographic model
of the prognosis of degradation of subsidence prop-
erties in the zone of impact of the constructions un-
der different variants of disturbance in the condi-
tions of subsident soil massif.

The digital model of subsidence degradation
in the massif of loess and loess-like soils is a neces-
sary component of a geodynamic risk model.

The significance of the obtained scientific re-
sults lies in the substantiation of the necessity of
forecasting geodynamic risk (subsidence degrada-
tion) in order to solve the problems involved in
planning and rational usage of nature in all its di-
verse aspects.
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Fig. 5. Predicted models of geodynamic risk of subsidence degradation in the massif of subsident soils under change in its condition

within the aeration zone (1:25 000).

a) model of degradation in the massif under averagely intensive change in its condition;
6) model of degradation in the massif under highly intensive change in its condition.
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