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Annotation. In our previous investigations we studied subsidence of soils, which are alluvial, alluvial-dealluvial
loess-like deposits of the Middle-Upper Pleistocene age, lying on the Right-Bank Loess and Upland Plain (Middle
Dnieper, Ukraine). In this paper we study Neogene clays. Under some additional conditions of fractal nature of the loess
soil, obtained certain predictive estimations of the coefficient of porosity after the disintegration of micro-aggregates. We
discovered that under such conditions two different situations of particles packing may occur after disintegration of micro-
aggregates. Let k' be the coefficient of porosity and K' be the porosity of the soil after the disintegration of micro-
aggregates. These situations strongly depend on the fractal dimension of particle distribution by size. The results of our
experiments and calculations show that on the basis of the new theoretical models and the "Microstructure" technique,
having the values of the fractal dimension of the particle size distribution, it is possible to forecast the volume
deformations after the disintegration of the micro-aggregates. With dispersed and semi-dispersed methods of
preparation, the micro-aggregates disintegration occurs, resulting in increased content of fractions less than 0.01 mm.
Unlike loess soils, with the semi-dispersed method of preparation, increased content of clay particles is characteristic for
red-brown clays. Depending on the type of loess soil and specific experimental conditions, there may be the subsidence
deformation, swelling or suffusion. By using the results obtained, we study properties of undifferentiated Neogene-Lower
Quaternary, Neogene clays selected in Nikopol and Kamenskoye. The predicted values of the porosity coefficient will
vary from 0.499 to 0.635 for different types of exposure, accompanied by the decomposition of aggregates. The most
resistant to different types of impacts were undifferentiated Neogene-Lower Quaternary red-brown clays. The method
allows you to develop a new classification of soils, based on the stability of the soil structure as the stability of micro-
aggregates.
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In modern publications devoted to the problems of deformation and destruction of
various geo-materials, considerable attention is paid to the description of the
geometric properties of the structures formed by particles and pores. In [1,2] Russell
described soil compaction using an example of a medium with particle and pore sizes
that change during crushing. In [3,4] we have begun investigations of soil subsidence
based on the fractal dimension of the particle size distribution. Using elements of
fractal analysis by Zhang and Zhang [5] showed that the ratio between volumetric
deformation and the index of crushing is constant during crushing. Seblany et al. [6]
performed an analysis of the distribution of pores in the granular material. The effect
of dispersion and cohesion on the behavior of soils is also very essential. In [7]
internal and external factors of soil aggregates stability were studied, the author
identified the types and explained the mechanism of soil aggregates stability. The
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above brief review of publications shows that the search for new models of geo-
materials and soils is carried out in various aspects, a common tendency is to study
materials as complex dynamic systems.

In [1], the particle size distribution N (L>d,) was defined as the number of

particles being of any size L larger than d., where d, runs over the real numbers.
The fractal dimension D, of the particle size distribution is defined as follows

o In(N(L>d)
D, = lim (@) (1)

It follows from (1) that —D, In(d.) ~ In(N,(d,)) hence In(d, ™) ~In(N,(d,)) and finally
N, (L>d.)~yd ™ (2)

where y is a coefficient and the sign = means "approximately". In our further

equations we use the sign = taking in mind (2) and realizing that the obtained
formulas give us just some estimations of the real situation.
In fact (2) gives us an estimation of the particle size distribution N (L >d.) which

Is based on a fractal topological invariant D,. As it was mentioned in [1], modeling

the particle size distribution using fractals provides a good fit to experimental data [8,
9,10].
The particles forming the ground may have only a finite set of sizes

d,,d,,...d_,.d 3)

which are running from the largest d, to the smallest d_.

We assume that the porous structure A, formed only by particles of size d,, is
similar to the porous structure A, formed only by particles of size d,, for all
1<i, j <n. We will use the following denotations:

Vs - the volume of all considered particles,

A, - the structure formed only by particles of size d,,

V,(d;) - the volume of particles of size d,, which form the structure A,,

V,(d;) - the volume of pores of the structure A,

V(d;)=V,(d;)+V,(d,)- the volume of the whole structure A,

A, +A, +..+A  the porous structure, formed only by particles of size,
d,.d,,..d, , where k<n,

V(A, +A, +..+A) -thevolume of the structure A, +A, +..+A, .

Vv -the volume of the soil after subsidence,
Vv, =V -V, -the volume of the pores of the soil after subsidence.

Then, as the structure A, is similarto A for all 1<i, j <n, we can assume that,
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Vo(d)/V,(d,) =V, (d,) /V,(d) =k, @)

for all 1<i,j<n, i.e. the coefficient of porosity k, of A, does not depend on j.
Hereby the porosity

Vo(d)/V(d) =k, [ Q+k) =K, (5)

of A, also does not depend on j.

Equation (2) allows us to estimate the number N, (d,) of particles of size d. . Since
an increment of the function N (L >d,) is only due the particles of sizes from (3) (i.
e. in points d,,d,,...d ,,d ), according to equation (2) we can estimate the number of
particles of size d; for each d; from (3)

Ns(dj) ~ 7/dj+1_DS _ydj._DS = 7/(dj+1_Ds _dj__Ds) , (6)

where 1< j<n-1. It will be convenient for us to introduce an imaginary particle of
the smallest size d_,, so that the equation (6) holds for all 1< j<n and we have

Ny (d)) = y(d;,, ™ —d; ) =pd; > ((d,, /d)) ™ =D (7)

forall 1< j<n.
Following Russell [1], we assume that each particle of size d; has volume d.
Then, according to (7) we can estimate the volume Vv,(d;) of all particles of size d; as

Vs(dj) :dj3|\|s(dj):7/dj.3_DS ((dj+1/dj)_DS -1). (8)

forall 1< j<n.

We introduce the following denotations (*):

1. a;=d,/d; ,where 1< j<n, note that o, <1 because d,, <d,
2. B=(d,,/d;)™ 1=, -1, where 1<j<n.
Everywhere below we assume that the relation a=«,=d,,/d; holds, where

1< j<n. This assumption corresponds to the idea of the self-similarity of fractal
structures. Then we have  g=p,=a > -1 does not depend on j, where 1<j<n,.
Then it follows from (8) that

v, (dj) = %ijsts 9)

and it follows from the definition of the coefficient of porosity k, that

Vp(dj)zyﬂkpdj3_D5 ’ (10)
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where 1< j<n. Thus, (9) and (10) give the following
V(d;)=V,(d))+V,(d)) =B8@A+k,)d; ™, (11)

where 1< j<n.
We can calculate the total volume of particles by the following formula:

V=780 ™) (12)

Properties of structures A, + A, formed by particles of adjacent sizes were studied

in [3], where the case of the soil formed by particles of only two different sizes was
considered. By (10) and (11), v@,)<v,d,,) if and only if

BA+k )T <8k d, . After evident reductions we obtain
(d;/d; "™ <k, /(@+k,). As k /(1+k,))=K_ and d,/d_ =a, we have "™ <K . Thus
V(d;)<V,(d,,) ifand only if

a’™ <K, (13)

and it immediately implies that v(d,) >V, (d, ,) if and only

o™ >K, (14)

If ™™ <K, then, by (13), v(d,)<V,(d,,) and it means that the structure A is
completely enclosed in pores of the structure A,_, and the volume of the soil after
subsidence (that is, the volume of the structure A_,+A;) is equal to the volume of the
structure A_,. Thus, V(A +A)=V(d,,). S0, if «*™ <K, then

V(AL +A)=V(A ) (15)

If o> >K, then, by (14), v(d,)>V,(d;,) and it means that the structure A,
completely fills the pores of the structure A, and hence pores of the structure A, are
absent in the structure A _,+A,. Therefore, the structure A _ +A, consists of the
structure A, and particles of the size d, ,. It implies that V(A +A)=V,(d;)+V(d,).
Thus, if & >K then

V(A +A)=V,(A)+V(A). (16)

As the next assertion shows, in the case of formation of the complete structure
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A+A +..+A after subsidence there are possible two fundamentally different

situations.
Assertion 1. In the above denotations we have :
1. If ™™ <K, then the structure A, +..+A is completely enclosed in pores of

the structure A and V=V(A+A +..+A)=V(A) ;

2. If o™ >K_ then pores of the structure A +A,+..+A , are completely filled
with structure A and V =V(A +A +..+A) =V(A])+z::\/s(Aj).

Proof. The proof is by induction on n, if n=2 then the assertion follows from
(15) and (16).

1. Suppose that K,>a*™ then, by the induction hypothesis,
V(A +..+A)=V(A). However, by (13), we have V(A)<V,(A) and hence
V(A +..+A)<V,(A). It implies that the structure A, +..+A, is completely enclosed in
pores of the structure A. Therefore, V=V(A+A +..+A)=V(A).

2. Suppose that K, <a™™ then, by the induction hypothesis, pores of the structure
A+A+.+A are  completely  filled  with  structure A and
V(A+A+.+A)=V(A )+ V.(A). However, by (14), we have V(A)>V,(A,)
and pores of the structure A , are completely filled with the structure A, . It implies
that pores of the structure A +A, +...+ A _, are completely filled with structure A, and

V=V(A+A+.+A)=V(A)+DV.(A).
Proposition 2. In the above denotations we have :
1. if K,>a*™ thenV =yB@1+k )d ™ ;

2. if K, <™ then V =yp(k,d, "™ +Z d>™)

Proof. 1.If K, >o™ then, by assertion 1.1, V =V(A) and it follows from (11)
that V = 8@+k,)d ™

21f K, <a*™ then, by assertion 1.2, v :V(A1)+Z::VS(AJ.) and it follows from
(11) and (12) that vV =,B@1+k)d,*™ +Z§yﬁd ;7% and after evident simplifications
we obtain v =yA(k,d, > + 3 d7™).

We put v, =V -V, for the volume of pores after subsidence. Then

kK'=V, IV, =V -V))IV,=(V V) -1 (17)

is the coefficient of porosity of the soil after subsidence and

—V IV =(V=V) IV =1—(V,/V) (18)

Is the porosity of the soil after subsidence.



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eotexHiuna Mexanika. 2018. No 143 123

Proposition 3. In the above denotations we have :

3-D, ” d.3b
1. If K, >a™™ then k':%—l and K':l—ZLJs_D.
_1d1* A+k,)d,
3-D, 3-D,
K, <a™™ thenk_kd—3and K_ 3:d —.
ZJ 1dJ B d Z d ’
Proof. 1.If K >a"™ then, by proposition 2.1, V =y(1+k,)d, ™ and it follows
1+k )d*>"®
from  (12), (17) that k- v)-1=S% T and by (18)
> .07
> .97
K=1-(V,/V)=1--—=1=2______|
Ve V)= (+k,)d* ™

2. 1f K, <" then, by proposition 2.2, V =y8(k,d " +Z?:1dj3*‘°s)and it follows
3-Dg _
Z d . k,d,>"™
3-D, n 3-D,
ZJ ldJ Zj:ldj
Zj=1dj3*Ds k d 3-Dg

K'zl—(\/S/V)zl—k d.30 Y - dSDS d.30 )
pn +Zj=1 j +Z

=1

from (12) , (17) that k'=(v /V,)-1= ¢ and by (18)

Using the results obtained in proposition 3 we study the properties of
undifferentiated Neogene-Lower Quaternary clays selected in Nikopol. The details of
our experiments and techniques are described in [4]. The specific weight of the soil is
2.58 g/sm®, natural soil moisture is 0.08. The granulometric content of the
composition is characterized by predominant of particle size less than 0.1 mm (Figure
1).
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Explanations to Fig. 1, 2: (A)- Aggregate method of sample preparation; (S) - semi-dispersed
method of sample preparation; (D) - dispersed method of sample preparation.
Figurel - The curves of granulometric composition of undifferentiated Neogene-Quaternary red -
brown clays N»-Q1 (Nikopol)
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Under dispersed and semi-dispersed methods of preparation of micro-aggregates
disintegration occurs, resulting increase in the content of fractions less than 0.01 mm.
Unlike loess soils, increased content of clay particles under semi-dispersed method of
preparation is characteristic for red-brown clays.

The study of the properties of Neogene clays (N;, gray and Nybv red-brown
clays) selected in the city of Kamenskoye shows that the content of clay particles is
very high (fig.2). The same patterns are characteristic of loess soils.
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Figure 2 - The particle size distribution curves of clays gray N 1., (a); clays red-brown N,bv (b)

(Kamensk)

The calculation of the predicted values of the volumetric deformation during the
decomposition of soil aggregates subjected by mechanical and chemical influences
shows that the clay in the Neogene age is characterized by a commonality in the
predicted behavior caused by changes in the micro-aggregate state (Fig. 3). The
predicted values of the porosity coefficient will vary from 0.499 to 0.635 for different
types of exposure, accompanied by the decomposition of aggregates.
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Figure 3 - Predicted values of the fractal dimension of the particle size distribution and
volumetric deformations of: Neogen - Quaternary clays N1-Q (a); Neogen clays Nobv (b); N 1.2,
Kamenskoe, Nikopol (c)
Explanations for Fig 3:
A, S, D - aggregate, semi-dispersed and dispersed method of preparation;
- porosity coefficient predicted values.
- the value of the fractal dimension of the particle size distribution.
I:l - predicted values of volumetric deformation of soils.
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The most resistant to different types of impacts were undifferentiated Neogene-
Lower Quaternary red-brown clays. The atypical behavior of the red-brown Miocene
clays is manifested in the fact that the greatest deformations are possible as a result of
chemical influences (semi-dispersed method), in this case the micro-aggregate
structure is preserved. The most sensitive were the oldest gray-blue montmorillonite
clay N 1.,, they are prone to swelling soaking and, as a result, decompression.

Conclusion. Deformation associated with the processes of destruction of
aggregates, accompanied by the destruction of the soil structure and changes in
strength properties. As a result of predictive determinations of the fractal dimension
of the particle size distribution and a quantitative assessment of the expected
deformations, we make conclusions about clay sensitivity. Red-brown calcareous
clay, regardless of the rock formation age, will be characterized by less sensitivity
compared to clays of the montmorillonite composition. The method allows you to
develop a new classification of soils, based on the stability of the soil structure as the
stability of micro-aggregates.
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AHoTauif. Y nonepegHix Hawwux [SOCNIMKEHHSX MW BMBYamM NpOCIidaHHA [PYHTIB, K € emoBianbHAMK,
€enoBianbHO-AENOBIaNbHUMKM - NeconofibHMMM  Bigknagamyu CepeaHbO-BEPXHBOTO MMENCTOLEHY, L0 MPUCYTHI Ha
MpaBobepexHin Tlecosin piHuHI (CepeaHe MpuaHinpos's, YkpaiHa). Y npegctasneHiin poboTi My BUBYAEMO TMMHU
HeoreHy. 3a gesikux gogatkoBux ymMoB dpaKTanbHOi MPUpoan NbOCOBOIO FPYHTY MW OTPUMAni NEBHI MPOrHO3HI OLjHKM
KoediLlieHTa nopucTocTi nicna posnagy Mikpoarperatis. My BUSBMNM, WO 3a TakUX YMOB MOXYTb CTATUCS ABi PisHi
CWTyaLil ynakoBKM YacTOK rPyHTY nicns posnagy Mikpoarperartis.. Lli cuTyauii gyxe 3anexatb Big ¢ppakTanbHoM
PO3MIPHOCTI PO3MOAINY YacToK 3a PO3MIPOM. Pe3ynbTaTh HaliMX eKCEepPUMEHTIB Ta PO3paxyHKiB MOKasytoTb, WO Ha
OCHOBI HOBMX TEOPETUYHMX Moaenen Ta meToauknm "MiKpocTpykTypa", SKWO € 3Ha4YeHHs (pakTanbHOi PO3MIPHOCTI
PO3Mogiy po3mipy YacTUHOK, MOXxHa nepeabaunti ob'emHi gecdopmalii nicns gesiHTerpauii Mikpoarperaris. Ha BigMiHy
Bl IbOCOBMX [PYHTIB, ANS YEPBOHO-OYpUX [NWH XapakTepHWi MiLBWLLEHUA BMICT [MHUCTUX 4YaCTUHOK Mpu
HaniBgucnepcHoOMy €nocobi NMPUroTyBaHHS. 3anexHo Bif TUMYy NbOCOBOTO FPYHTY Ta KOHKPETHWUX eKCepPUMEHTaNbHUX
YMOB MOX€ BUHUKHYTU OCifaHHs, Habpsik abo cyosis. BukopucToBytoumn pesynbtaTti, OTPUMaHi B CTaTTi, M BUBYAEMO
BITACTMBOCTI HEOTEH-HIMKHBOYETBEPTUHHUX Ta HEOTEHOBWX MKH, BidibpaHux y Hikononi, KameHcbkomy. IMporHo3oBaHi
3Ha4YeHHs KoedpilieHTa nopuctocti ByayTb 3miHioBatuca Big 0,499 go 0,635 ana pisHMX TwniB BNAMBY, LWO
CYNPOBOXKYIOTbCS PO3KNaaaHHAM arperatiB. Hambinbl CTiiKMK 4O pisHWX TUNiB ygapis 6ynn HeaudepeHuinoBaHi
HEOreH-HMKHbOUETBEPTUHHI YepBOHO-Oypi rmuHK. MeTog Ao3sonse po3pobuTit HOBY Knacudikawito rpyHTIB, 3aCHOBaHy
Ha CTIAKOCTI CTPYKTYPU I'PYHTY SIK CTIMKOCTI Mikpoarperaris.

KntoyoBi cnoBa: nec, hpakran, nopucTicTb, AechopmaLisi, rpaHyIOMETPUYHUIA aHani3

AHoTauums. B npegpiaylnx HaWMX UCCNEOoBaHUSX HaMK Bbino M3yyYeHO OCedaHue rpyHTOB, MPEeACTaBASOLLIMX
coboil antoBManbHble, dMOBUANBHO-AEMNOBUANBHBIE NECCOBUAHbIE OTNOXEHUS CPEOHEro W BepxXHero NnencToLeHa,
3aneratowme Ha lMpaBobepexHoi NeccoBor BO3BbILEHHON paBHWUHE (CpeaHuin [Henp, YkpauHa). B npeacrasneqHomn
paboTe Mbl M3y4aem HEOTEeHOBbIE MWHbLIL. [P HEKOTOPLIX AOMOMHMTENbHLIX YCROBUSX (hpakTanbHOM npupoasl
NeccoBOro rpyHTa bbinn nomnyyeHsl onpeaeneHHble NPOrHo3HbIE OLIEHKN KOIduULMeHTa NnopucTocTh nocne pacnaga
MuKpoarperatoB. Mbl 0BHapyXunu, YTO B Takux YCMOBUSX MOTYT BO3HUKHYTb [BE pasHble CUTyaLun YNakoBKM YacTul,
nocrne pacnaga MuKpoarperatoB. JTW CUTyauuW CUIbHO 3aBWUCAT OT (hpakTarbHOM pa3MepHOCTW pacrnpesenieHns
yacTiy no pasmepam. PesynbTaTbl HalWwWX 9KCMEPUMEHTOB M PAaCYETOB MOKAa3biBalT, YTO HA OCHOBE HOBbIX
TEOPETMYECKUX Moaenei n metoga «MUKPOCTPYKTypa», UMEst 3HaYeHUst ppaKTanbHOM Pa3MepHOCTH pacnpeaeneHus
yacTuy, no pasmepam, MOXHO MPOrHO3vpoBaTb 0ObeMHble Aedopmaumv rpyHTa nocne pacnaga Mukpoarperatbl. B
OTNMYME OT JIeCCOBbIX MOYB MOBbIWEHHOE COAEPXaHWe TAMHWCTBIX YacTUL Mpu  MOMyAMCNEPCHOM  crocobe
NPUrOTOBIIEHUS XapaKTepPHO ANA KPacHO-KOPUYHEBbLIX IMUH. B 3aBMCMMOCTM OT TWna necca U KOHKPETHbIX YCIOoBuiA
aKcnepumeHTa, MoryT Habniogateea gedopmauum ynnoTHeHus, HabyxaHus unm cyddosns. Vicnonb3ys pesynbTarthl,
nonyyeHHble B CTaTbe, Mbl W3y4aeMm CBOMCTBA HEPACUNEHEHHbIX HEOreH-HMKHEYETBEPTUYHBLIX HEOreHOBbIX TIUH,
oTobpaHHbIX B Hukonone, KameHckom. MporHo3npyemble 3HaueHust koadduumeHta nopuctoct OyayT BapbMpOBaTHCA
ot 0,499 no 0,635 ans pasHbix TUMOB BO3AENCTBMS, COMPOBOMXIAIOLWMXCA pasnoxeHuem arperatoB. Haubonee
YCTONYMBBLIMU K Pa3fnyHbIM TUNam yAapoBBO3LENCTBUI Bbinn HeanddepeHLUMPOBAHHbIE HEOTEH-HUKHEYETBEPTUYHbIE
KpacHO-kopuyHeBble rMuHbl. Cnocob no3sonseT paspabotaTb HOBYK KNacCU(MKALMIO TPYHTOB, OCHOBAHHYK Ha
CTabuIbHOCTW CTPYKTYPbI MOYBbI Kak CTabUBbHOCTI MUKPOArperaTos.

KntoueBble cnoBa: necc, ppakran, nopucTocTb, AeopMaLus, rpaHynoMeTpuyeckuin aHanms

Cmamms Haditiwrna do pedakyii 24.11. 2018
PekomeHdosaHo 0o OpyKy d-pom mexH. Hayk T.B. ByHbko
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